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What do you think of the
Science Journal?

Do you have any ideas about how we
could make the read more enjoyable?
Speak to a member of staff in the
Biology, Chemistry or Physics
Departments and ask if they can pass
on your comments. Your feedback is
much appreciated.

Have your say...

CH science journal wants to know what
you think about scientific affairs - please
email: 19ademaa@christs-
hospital.org.uk, 19shibkx@christs-
hospital.org.uk, or JAHW@christs-
hospital.org.uk with your views on the
topics discussed in this issue.

We look forward to hearing your views!
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Car Safety in Everyday STEM

Cars were built for the simple use of carrying a people and things from Point A to Point B
in a quick and efficient way. This sounds quite simple on paper, but have you ever stopped
to think about the safety regulations that this kind of equipment requires?

To start, without any safety features, cars would be significantly more hazardous. Seatbelts
prevent passengers from being tossed around when at high speeds, airbags inflate upon severe
impact to shield the rider (by absorbing part of the force), and brakes stop the vehicle altogether.
Imagine a world without any of that — nothing to protect you when you’re in an automobile.
Consider all the added unnecessary casualties and injuries than would happen annually.
Although scientists are unable to give a specific percentage of how greatly the mortality rate
would increase, they do believe it would increase massively.

Also, apart from how dangerous these automobiles would be without these accessories, they
would also increase how much you would pay for repairs on your car, creating a rise in anxious
or stressed drivers and even forcing users to be more dependent on their own and the other
drivers’ discernment and skill (or lack thereof). These are just a few of the extra things that life
without car safety precautions would provide, but there are many other reasons that could be
named and delved into.

Overall, car safety is helping us in so many more ways than we've ever thought of, keeping us
from spending less on injuries and damages, less driving tension and being able to freely depend
on things other than people’s judgements. Without car safety, our lives would be unimaginably
different.

By Phoebe-Lucy Ebosele-Park, 03, Coleridge A ‘ . -
B a

Generative Al o =

Having just written two sentences on generative Al for the questions column, I decided to write
an article to further discuss the matter.

Al can be dated back to the 1950s when SNARC (Stochastic Neural Analog Reinforcement Cal-
culator) was created, the first artificial neural network. Back then, Al was incredibly useful but
needed experts to operate it. Shortly after SNARC’s invention, another narrow intelligence, cre-
ated by IBM worker Arthur Samuels, was taught to play checkers (or as we call it draughts). A
narrow intelligence is an intelligence catered to a small task, the first of these biologically was
the earliest known life form: these micro-organisms only had the intelligence to perform basic
bodily functions, such as respiration and movement. Later, the Homo Erectus evolved and
started to shape the world. Further along the evolutionary chain, Homo Sapiens, with an even
wider intelligence, was able to communicate complex thought and work in large groups. Our
intelligence grew exponentially until we made SNARC, after which the progress of Al also grew
exponentially.

At that time, Al was usually made for one task, but it was outstanding at its job: Al could beat
the world’s best chess player even when the developer couldn’t - equally Al could plan your day
or make a tournament bracket. This brings us to recent years when company Open Al made
ChatGPT in 2022. This was a remarkable step in the progress of Al. OpenAl can process lan-
guage better than most humans and can write exceptional essays in seconds. However, it
doesn’t understand what it’s writing.

Humans can, in theory, master any task laid before us, this is unique to human intelligence. Al
development could lead to AGI (Artificial General Intelligence), which could start out as narrow
intelligence (like an insect) but come to be better and more capable than humans

at any possible task. Most Al researchers say that this could happen this centu-

ry, or even in just a few years' time. Humanity isn’t really prepared for this, so

the only step forward is to be cautious and control Al progress very tightly and

keep this from governing our everyday lives.

By Bailey Marten, LE, Middleton B



Sunscreen

During the summer months when the sun can be relentless, applying sunscreen be-
comes a key part of our daily routine. Obviously, this is to prevent sun burn, however
there are many more problems that can come from sun rays, such as skin cancer, premature
aging and more. But how does the sun, something so vital to our survival, cause these painful
(and in some cases deadly) issues? And how does sunscreen, a simple cream, prevent this?

As we all know, the sun releases solar radiation made up of UV rays,
there are two types of these rays: UVA and UVB. UVA makes up 95% of
the radiation that comes from the Sun and has a longer wavelength com-
pared to that of UVB. UVA is the perpetrator of the long-term effects of
N UV radiation, due to its ability to penetrate the first layer of the skin
(the epidermis) down into the dermis. In this layer, it breaks down colla-
gen and elastin fibres, proteins that give the skin strength and elastici-
ty. UVA also weakens capillaries buried deep into the skin which leads
to redness, skin discolouration and visible blood vessels. Moving onto a
bigger issue caused by UVA, skin cancer. UVA produces reactive oxygen
species (radicals) which distort DNA - this can lead to a mutation within the
DNA, causing cancer. To further worsen the problem, it can damage Langerhans cells, which
are major antigen presenters, as well as triggering the release of cytokines, cells that signal spe-
cific molecules to shut down immune activity. This prevents the body’s immune system from
acting against the other problems UVA causes, increasing the risk of skin cancer.

The second type of UV ray is UVB. UVB makes up only 5% of the solar radiation on Earth, how-
ever due to its shorter wavelength and higher frequency - it has a higher amount of energy than
UVA. Although it only penetrates to the epidermis layer, it is still able to pack a punch! UVB is
responsible for the most common side effect from being out in the sun, the inflammation, swell-
ing and pain we know as sunburn. Sun burn is a result of the damaged cells releasing inflam-
matory signals, that leads to the immune system getting rid of them. UVB also damages DNA
and can form mutations such as pyrimidine dimers, which is a DNA error that can cause can-
cer.

Most sunscreens hold chemical filters that act as sponges and absorb the UV rays. Examples
include: avobenzone (absorbs UVA); octinoxate (absorbs UVB) and octocrylene (absorbs UVB
and some UVA with shorter wavelengths). Each of these prevent UV rays from penetrating the
skin: they do this by absorbing the high energy levels from the rays and releasing it as harmless
heat, away from the skin. Sunscreens also contain physical/mineral filters that reflect the UV
rays instead of absorbing them. Chemicals like zinc oxide (ZnO) and

titanium dioxide (TiO2) create a physical barrier on the skin that can

reflect and scatter the harmful UV rays, blocking them from entering

the skin.

Sunscreens are all measured on the same scale: SPF (Sun Protection
Factor). The score given to the sunscreen can dramatically increase
the price of a bottle, but is it really that important? Yes! The number
given to a sunscreen displays the amount of time you can spend in
the sun without being burnt compared to if you were to go without.
For reference, you can last about 10 minutes in the sun with no sun-
screen without being burnt, so a sunscreen that is SPF30 means you
can last 30 times that period - in theory you should be able to last
300 minutes without being burnt. Along with this, the number also
refers to the rough percentage of UV it blocks: SPF15 blocks 93%,
SPF30 blocks 97%, SPFS0 blocks 98% and SPF100 blocks 99%. —

By Ollie Young, UF, Peele B



Korean Skincare

One of the things modern humans care about most is their appearance, especially
their face. There has always been a large market for beauty products, and nowadays we
car Many people reading this may be familiar with Korean skincare, but what makes it dif-
ferent from regular skincare we’d find at our local pharmacy?

Korean skincare, known more commonly as K-beauty, is known for its multi-step routines that
deeply cleanse and hydrate the skin, giving it that almost ‘glass-like’ complexion. K-beauty
products commonly use natural ingredients like green tea and snail mucin (the mucus that you
see in a snalil trail). These products may not be as strong as active ingredients in western prod-
ucts but are less harsh on the skin due to their ingredients coming from the earth.

On the other hand, western skincare tends to require fewer products — its main goal is to com-
bat specific issues that may plague your skin, like acne and blemishes. The active ingredients
in western skincare are usually synthetic, like retinol and hyaluronic acid — the potency of these
ingredients can lead to some irritation, with many customers complaining that prolonged use of
these strong products has caused their issues to unexpectedly flare up.

Looking more deeply at some of the chemistry behind the skincare, a common chemical in
many skincare products worldwide is salicylic acid. The name ‘salicylic acid’ comes from the
Latin word ‘salix,” meaning willow tree, which is where the chemical was first isolated. Willow
tree bark has been used for medicinal purposes across the globe for centuries, with it being
known for its pain-relieving properties. Nowadays, willow bark extract is used in a lot of K-
beauty brands as a natural alternative to salicylic acid, which is more prevalent in western
skincare.

Salicylic acid has many benefits for the skin, including dissolving dead skin cells, reducing red-
ness and treating acne. It has molecular formula C7HeO3 and structural formula HOC(4H,COOH
— this shows us that salicylic acid contains a benzene ring, a carboxyl (-COOH) group and a hy-
droxyl (-OH) group. Salicylic acid is also a beta-hydroxy acid (BHA), which is a type of chemical
exfoliant; it works by dissolving the oils (sebum) in your pores, which prevents dead skin and
oil buildups. BHAs are also fat-soluble, while their alpha counterparts are water soluble, thus
making them better for rougher and greasy skin.

As some A Level Chemists might know, salicylic acid is closely related to the chemical aspirin.
Aspirin is also known as acetylsalicylic acid and is formed (to nobody’s shock) by reacting sali-
cylic acid with acetic anhydride (CH3CO)20 in the presence of an acid catalyst like sulfuric or
phosphoric acid: this is a type of esterification, called an acetylation reaction. In simpler terms,
the -OH group in salicylic acid is swapped out for the acetoxy (-OCOCH3) part of the acetyl
group - this gives aspirin the molecular formula of CoHsOs4 and structural formula
CH3COOCgH4COOH. Aspirin is a common anti-inflammatory medi-
cation and is hydrolysed (split up by water) into salicylic acid and
acetic acid in the body. This well-known property of aspirin has ac-
tually caused some people to try to apply it topically as a paste!
Some studies have been conducted to prove whether this actually
benefits the skin, with one concluding that it does help soothe the
skin when it flares up due to a histamine reaction (hay fever) but
doesn’t do anything to stop itching.

All in all, skincare is something that is used to keep a healthy ap-

pearance, and with the rise of social media, is has been much easi-

er to find what really makes the difference to your routine. K-

\ beauty is a very novel idea, but it is deep-rooted in chemistry with
a more organic approach — I can’t wait to try it out!

\ By Amer Ademola-Ali, DG, Lamb B



Railway 200 - what’s the fuss?

You may have seen a stylized National Rail logo around this year, proudly adorned with the
words “Railway 200”, and you might have been wondering what it’s all about.

200 years ago, on the 27th September 1825, the Stockton and Darlington Railway opened a line
between Shildon, Darlington and Stockton. This was the first of its kind, using steam locomo-
tives to transport coal and (a few years later) passengers, and as such heralded the start of a
new era of transportation — rail travel. Over that time, so much has changed. From the “railway-
mania” era in the 1840s - when no fewer than 263 Acts of Parliament were passed for new rail-
way companies in a single year - right through to the present day, with Crossrail, High Speed 2
and other groundbreaking projects still ongoing - our railway system has an extremely interest-
ing history with so much to learn.

Christ’s Hospital has a wealth of railway history of its own, far beyond the station you see to-
day. The lines serving it — yes, lines (plural) — opened in quick succession in the mid-19th Cen-
tury. The London, Brighton and South Coast Railway was first, extending their “Horsham
Branch” to Pulborough and Petworth in 1859, followed two years later by another branch to
Shoreham/Brighton via Steyning. The third and final line, the Horsham and Guildford Direct
Railway, came shortly after that. Most stations open with the line that serves them, but Christ’s
Hospital (West Horsham), as it was then known, opened in 1902 with the School’s move. Of its
seven platforms, 1/2 (one track, platforms on both sides) were a dedicated line for the School,
3/4 served trains towards the South Coast and 5/6/7 served Guildford trains. CH was a vital
junction in its time, with both lines diverging close by — the Guildford line just North of the sta-
tion at Stammerham Junction and the Steyning line a little way South at Itchingfield Junction.

INERR RN RRNRRRRGRRRRRRRRARANA|

But you ask, “why don’t we have these lines anymore? That Guildford line sounds like a great
connection to the West, and that Brighton line would definitely be useful for House Outings!”
The answer comes down to a man you’ve probably heard of: Dr. Beeching. As you've probably
worked out, CH didn’t fare well in the “Beeching Axe”. Not only were both the Steyning and
Guildford lines closed, but the magnificent station building was also lost - the tiny station
building we know today was once a waiting room on then Platforms 2&3. I'll save the “was
Beeching a hero or a villain?” debate for another day, but you can make up your own mind.

One final note; did you know Christ’s Hospital once had a namesake steam engine? Number
913 “Christ’s Hospital” was built as a member of the Southern Railway’s Schools Class, a type
of mixed traffic steam locomotive. We don’t think it visited much (if at all) in revenue service,
but it was named here as per the procedure for the class, all of which were named after public
schools in the Southern Region (though they eventually had to head North to the likes of
Shrewsbury, Cheltenham and Malvern!). Sadly, CH didn’t make it into preservation but is sur-
vived by classmates Cheltenham, Repton and Stowe. You can however see a bit of it on-site...

If you’re interested in learning more about the railway history of Christ’s Hospital, please do vis-
it the Museum. We have a fantastic display including a film, a functioning model of the Station
(1960s era) and a plethora of artefacts, including an original brass nameplate from “our” en-
gine. It’d also be remiss of me not to mention CH’s Model Railway Club — we’re always looking
for new members to run and maintain our layouts.

Railway 200 will be celebrated on the 27th September 2025.

By Oliver Brelsford, DG, Lamb B



How Key Fobs Work in our School g

Have you ever tapped your fob against that glowing blue metal reader,

watched the light turn green, with a "beep" sound, the door open instantly,

and wondered how it all works? It feels like everyday magic: seamlessly unlock-
ing the places you're allowed to go to and keeping the others securely shut with
one thin card. Yet, few people stop to think about what’s happening behind the
scenes.

You might think that this is an act of wizardry, but this isn’t everyday magic: it’s
everyday science. Specifically, a technology called RFID, which stands for Radio

Frequency Identification. It’s a smart, wireless system that keeps our school se-

cure while ensuring only the right people can access specific areas. RFID is why
you can fob into music school, but not another boarding house!

Let’s break it down.

When you tap your key fob or hold it near the reader, the reader emits radio
waves, which activates the chip inside your fob. Once “woken up”, the chip sends
a unique identification code back to the reader through those same radio waves.

The reader then sends this code to a central system, which checks a database to
see if your fob is authorized for that specific door. If it is, the system temporarily
cuts off the electricity, the electromagnetic lock is now unlocked. At our school,
this system is powered by Paxton, a company that specializes in access control
technology.

There are many advantages to using RFID key fobs. First, the entire process hap-
pens in just milliseconds—you don’t even have to break stride. Second, one fob
can give access to multiple doors, replacing the need for carrying separate keys
or relying on staff to unlock rooms. Third, it's more hygienic—you don’t need to
touch shared surfaces like doorknobs or keypads. Lastly, it’s cost-effective in the
long run because there’s less need for physical key management or security per-
sonnel at every entrance.

Now that you know how RFID keeps our school running smoothly, you might
never look at your fob the same way again.

And if you've wondered about how fobs can be cloned, or the difference between
RFID types like NFC (Near Field Communication), well that’s a whole other dis-
cussion! Also, RFID is used in more than just security systems. It's found in li-
brary books, event ticketing, and even tracking animals.

Looking ahead, RFID technology is likely to evolve further as technology contin-
ues to develop, and we can expect to see even more sophisticated applications of
RFID technology that silently make life safer, more efficient, and more conven-
ient. Take a moment to appreciate this ingenious technology and the efforts of
various researchers!

By Carter Liu, DG, Middleton B




How muscle is built (simplified)

What is hypertrophy?

Muscle hypertrophy is the increase in muscle size that occurs when muscle fibres grow in vol-
ume. This growth happens as the muscle fibres increase in cross-sectional area (sarcomeres in
parallel) or length (sarcomeres in series). As the fibres expand, both contractile proteins (like
myosin and actin) and non-contractile proteins (such as connective tissue) are added. The con-
tractile proteins allow muscles to generate more force, while the non-contractile proteins pro-
vide structural support but do not contribute to force production. Hypertrophy, therefore, is a
process of muscle fibers increasing in size due to the combined addition of both types of pro-
teins.

Mechanical tension + hypertrophic adaptation:

Hypertrophy is a signalling-based adaptation — it happens in response to specific training stim-
uli. When you train with enough mechanical tension, your muscles react by building more con-
tractile proteins (actin and myosin). These proteins get organised into new myofibrils, which
drives a process called myofibrillogenesis. Your muscle fibres grow by adding more myofibrils
side-by-side, increasing the muscle’s cross-sectional area (CSA). This is known as active me-
chanical tension. By spreading the load over a bigger CSA, the muscle becomes able to handle
greater loads. There’s also passive mechanical tension, which comes from stretching the mus-
cle. This can trigger the addition of sarcomeres in series, making the muscle fibres longer.

A key factor in all this is the force-velocity relationship, which explains how much force a mus-
cle can produce depending on how fast it’s contracting. Slower reps let more myosin motors
stay attached to actin, producing more force and maximising mechanical tension — especially as
you approach failure. Faster reps cause those motors to detach quicker, which reduces force
output. That’s why slower, controlled movements are better for hypertrophy. And just to note:
this slowing down isn’t always intentional - it naturally happens when your muscles are under
more stress.

Muscle Damage:

Muscle damage happens when excessive tension or stretching disrupts sarcomeres, often called
“microtears.” However, this term is misleading- muscle fibres don’t literally tear under normal
conditions. Instead, damage occurs at the microscopic level and happens inside the sarcomere’s
structure, especially where the fibres are held together (through Z-disk streaming, myofi- \\
brillar disarray, and desmin degradation). Eccentric contractions cause the most dam-
age because the muscles are stretched while trying to contract, and fewer crossbridg-
es are active to take the load. If the damage is severe, the sarcolemma can get
messed up, allowing excess calcium ions to flood the muscle. That triggers en-
zymes called calpains, which degrade structural proteins and make the damage
worse.

The repair process begins with inflammation, which helps clear out the damaged
tissue. Neutrophils arrive first and release reactive oxygen species (ROS) to
break down debris. After that, macrophages move in — they start in a pro-
inflammatory state (M1) to remove damaged proteins, then switch to an anti-
inflammatory state (M2) to support repair. In this phase, they release growth fac-
tors like IGF-1 to help stimulate the regeneration of muscle fibres. But if inflamma-
tion drags on for too long or becomes excessive, it can lead to fibrosis — where healthy
muscle gets replaced with stiff, non-functional tissue that can’t contract properly.



Frequency:

Hypertrophy is primarily driven by the accumulation of muscle protein synthesis (MPS)
exceeding muscle protein breakdown (MPB) over time. The primary stimulus for MPS is me-
chanical tension, which occurs during resistance training. When a muscle is exposed to suffi-
cient mechanical loading, it activates signalling pathways (e.g. mTORC1) that initiate protein
synthesis, leading to the repair and reinforcement of myofibrillar proteins - this is the process of
hypertrophy.

However, the MPS response to a single resistance training session is transient. MPS is elevated
for roughly 24-48 hours post-exercise (depending on training experience, intensity, and muscle
group size). After this window, MPS returns to baseline, and the muscle is no longer in a state
of hypertrophy. If no further stimulus is provided, the muscle may shift toward a state of atro-
phy where MPB is dominant.

This is where training frequency becomes important. By applying mechanical tension again
shortly after the MPS window closes - roughly every 48 hours - you can maintain a consistent
anabolic signal. In practical terms, this means training each muscle group every other day is
optimal for maximising growth, as it reduces the time spent in a non-hypertrophic or potentially
atrophic state.

Higher-frequency training also allows for more high-quality volume across the week without ex-

cessive fatigue per session, leading to more effective recruitment of high-threshold motor units
and repeated stimulation of MPS, both of which are key for long-term hypertrophy.

Motor Unit Recruitment:

The Henneman Size Principle describes how motor units are recruited in a specific, sequential
order during voluntary muscle contractions. A motor unit is made up of a motor neuron and all
the muscle fibres it activates. Smaller motor units, which control Type I (slow-twitch) fibres, are
recruited first, while larger motor units, which activate Type II (fast-twitch) fibres, are recruited
later as force demands increase. This orderly recruitment is based on the size of the motor neu-
ron and its threshold for activation.

Smaller motor neurons have lower activation thresholds, meaning they require less neural in-

put to fire. This makes them more efficient for low-intensity, endurance-based activities. In con-

trast, larger motor neurons - which activate fast-twitch fibres - only fire when higher levels of

force or power are needed. These fibres produce more force due to their greater size and higher

concentrations of actin and myosin. They also contract more rapidly because of faster myosin
/ / ATPase activity, which increases the rate of cross-bridge cycling. Additionally, Type II fibres
have a more developed sarcoplasmic reticulum, enabling faster calcium handling, which
improves contraction speed and power.

However, the same characteristics that make Type II fibres strong and fast also
make them less resistant to fatigue. These fibres rely heavily on anaerobic energy
systems such as glycolysis, which generate ATP quickly but with a lower yield
and increased accumulation of byproducts like lactate and hydrogen ions. This
contributes to metabolic acidosis and impairs performance. The rapid cross-
bridge cycling and high energy demand also lead to faster depletion of ATP and
phosphocreatine stores, causing earlier fatigue.

As a result, training close to failure - while maximising motor unit recruitment - is
also significantly more fatiguing, particularly due to the heavy involvement of these
less fatigue-resistant, high-force fibres.



The Effective Reps Model:

The effective reps model suggests that the final five reps performed before reaching failure are
the most beneficial for stimulating muscle growth. This is because higher-threshold motor units
begin to be recruited within that close proximity to failure. As failure approaches, motor unit
recruitment progressively increases, as described earlier, which is accompanied by a sharp rise
in fatigue. This fatigue is largely due to a reduced capacity of the sarcoplasmic reticulum to re-
lease calcium, as well as a decreased sensitivity of the contractile proteins (actin and myosin) to
calcium.

As fatigue builds, motor control starts to break down, leading to altered movement patterns and
less efficient technique. This is where training methods using RIR become valuable - they allow
for sufficient recruitment of high-threshold motor units, while also managing fatigue more effec-
tively. By balancing effort and recovery, RIR-based training can enhance strength adaptations
by ensuring adequate effective reps are achieved without compromising movement quality or
recovery capacity.

The effective reps model suggests that the final five reps performed before reaching failure are
the most beneficial for stimulating muscle growth. This is because higher-threshold motor units
begin to be recruited within that close proximity to failure. As failure approaches, motor unit
recruitment progressively increases, as described earlier, which is accompanied by a sharp rise
in fatigue. This fatigue is largely due to a reduced capacity of the sarcoplasmic reticulum to re-
lease calcium, as well as a decreased sensitivity of the contractile proteins (actin and myosin) to
calcium.

As fatigue builds, motor control starts to break down, leading to altered movement patterns and
less efficient technique. This is where training methods using RIR become valuable - they allow
for sufficient recruitment of high-threshold motor units, while also managing fatigue more effec-
tively. By balancing effort and recovery, RIR-based training can enhance strength adaptations
by ensuring adequate effective reps are achieved without compromising movement quality or
recovery capacity.

Conclusion:

Muscle grows when it gets the right stimulus, recovers properly, and repeats this process often
enough.

The primary stimulus for hypertrophy is mechanical tension, especially when training close to
failure with slow, controlled reps. That’s because more myosin stays attached, meaning more

force = more growth signal.

It doesn’t matter if you do S reps or 15 reps - If you stop your set with the same number of reps
in reserve (RIR), you get the same growth stimulus.

But, higher reps = more fatigue, especially in fast-twitch fibres, more fatigue = longer recovery,
longer recovery = less frequent training

So, to maximise growth, use lower reps (4-8) to reduce fatigue, train close to failure to recruit
high-threshold motor units, train each muscle every 48 hours to stay in an anabolic state and

manage fatigue with smart RIR so you can stay consistent.

Don't chase soreness - muscle damage is a side effect, not a goal.
Lower fatigue = faster recovery = higher frequency = more effective hypertrophy.

By Danny Biddlecombe, DG, Middleton B
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The Fiery Chemistry behind Capsaicin

I cannot count how many times I've eaten something spicy and have regretted it instantly.
I was at a family gathering, where I foolishly ate a slice of a chili pepper thinking it would be
nothing. Hit with immediate regret, I looked around for a cup of milk — in a Chinese Restaurant,
which was probably the last place you’d expect to have a cup of milk lying around. In front of
me were two beverages: a cup of water and a glass of wine (I am over 18). I thought to myself,
whatever is responsible for the spiciness is probably an organic compound, so it would probably
be soluble in ethanol, which I had in front of me in that glass of wine. I took a sip, and magical-
ly, the burning sensation was gone. This made me question, why do we feel the spiciness? And
why do we drink milk to get rid of it?

The compound responsible for the sense of spiciness is called capsaicin. It has the chemical
formula C;sH27O:N, and it is a solid at room temperature. As you can probably tell, capsaicin is
an organic compound, so it does not dissolve well in water (as it is non-polar). Instead, it dis-
solves pretty well in organic solvents, such as ethanol and benzene. Capsaicin can be found in
plants of the genus Capsicum, where molecules of capsaicin are located in sacs along the fruit’s
inner wall, which break open when the fruit is cut open, and the molecules spread themselves
onto the seeds.

Capsaicin binds itself to a receptor which can be found on our mouth and our tongue (TRPV1).
This receptor is actually a receptor that’s also responsible for detecting unpleasant heat, which
explains why we describe spice as ‘hot’. When capsaicin binds to the receptor, we get a false
sense of heat, when there is actually no temperature change involved whatsoever.

So you’ve followed the order of this article — you've cut open a chili pepper and ate a piece of it.
Your tongue tingles unpleasantly as the capsaicin in the pepper binds to receptors in your
tongue. And now, you feel like a human flamethrower. You reach for a cup of oat milk and
drink it. Wait, why doesn’t the heat go away? Turns out, the main reason why cow’s milk re-
lieves the heat as good as it does is because of the protein casein, which is found in cow’s milk.
Casein makes up for around 80% of the proteins in milk, and it is abundant in the milk of other
mammals as well.

So why can casein relieve the heat? You may ask. Casein itself is lipophilic, which means that it

loves binding to lipids. A defining characteristic of a lipid is its long hydrocarbon tail, which

similarly capsaicin also has. Therefore, casein binds very well to the capsaicin that had clung

itself to the receptors on your tongue, carrying it away and washing the spiciness down your
throat.

Another reason why milk relieves heat so well is
because it contains fats. As mentioned above, cap-
saicin is an organic compound, so it naturally dis-
solves better in non-polar solvents, like fat.

Surprisingly, capsaicin is also used as a pain-
reliever, for injuries like arthritis, muscle aches
and sprains. The numbing sensation capsaicin
brings covers the pain, and it usually comes in the
form of lotions or patches.

By Elden Yung, DG, Lamb B



Antihistamines

Whether it is sneezing after the bloom of new plants in the spring, having itchy eyes
around pets who have dander filled coats, or having hives after eating certain foods, the ma-
jority of the population have experienced a form of an allergic reaction. Thankfully, the first point
of call for many of these symptoms is an easily accessible class of medications called antihista-
mines. These magic drugs commonly line the shelves of everyday supermarkets so you may have
heard of some of the well-known ones like loratadine (Clarityn), fexofenadine (Allevia), or cetirizine
hydrochloride (Piriteze), but have you ever wondered how they ac-
tually work?
+ The most common use of antihistamines is for hay fever (which is
suffered by approximately 49% of the UK population) but the medi-
~ - cation can also be used for the management of mild typical allergic
o e reactions to food proteins (which are suffered by approximately
: 20% of the UK population). Allergies happen when the immune
ﬁ ’-:/ system mistakes something harmless—Ilike pollen, dust mites, or
/
/

food proteins—for dangerous invaders. When this happens, the
body releases chemicals to fight off the supposed threat. One of the
main chemicals involved in this is histamine.

Histamine is stored in certain immune cells and released during
an allergic reaction. It causes many of the symptoms we associate
with allergies, such as swelling, itching, redness, and increased
mucus production in the lungs.

ANTIHISTAMINE

Antihistamines work by blocking histamine receptors—specifically a type called H1 receptors. The
receptor can be thought of as a lock and histamine as a key. When histamine binds to the H1 re-
ceptor, it “unlocks” the allergic symptoms. Antihistamines imitate a key that fits into the lock
without turning it. By sitting in the receptor and not activating it, they prevent histamine from
binding and causing symptoms. This is why taking an antihistamine can reduce sneezing, runny
noses, rashes, and other symptoms of allergic reactions.

Antihistamines come in two main types: first generation and second generation. First generation
antihistamines, like diphenhydramine, can cross into the brain and cause drowsiness. This is why
they are sometimes used as sleep aids or to help with motion sickness. Second generation antihis-
tamines, like loratadine and cetirizine, are designed not to enter the brain as easily. This means
they are less likely to make you sleepy so are better for daytime use.

Because they are available over the counter, antihistamines are often used without much thought.
But just because they are easy to get does not mean they are risk free. Overuse can lead to a de-
creased sensitivity in some cases or make you drowsy at the wrong time—Ilike during lessons or
while driving.

Some people also take antihistamines daily during allergy season, and that can be fine for short
periods. But long-term daily use should be discussed with a healthcare professional to prevent
possible harm. Antihistamines are generally safe when used as directed, but it is important to fol-
low instructions carefully. Here are some tips to help you to use them safely: read the label care-
fully — always check the dosage and how often you should take the medicine; avoid mixing — do
not mix antihistamines with alcohol or other sedatives, especially first-generation types, as this
can cause excessive drowsiness or even be dangerous; avoid mixing — Do not mix antihistamines
with alcohol or other sedatives, especially first-generation types, as this can cause excessive
drowsiness or even be dangerous; know your symptoms — use antihistamines for symptoms like
sneezing, itching, and runny nose, but not for conditions they do not help with, like colds caused
by viruses.

Finally, talk to a doctor — If you have other medical conditions or are taking other medicines,
check with a healthcare provider before

By Arabella Allingham, DG, Leigh Hunt B using antihistamines regularly.
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The science of the touchscreen - putting
the world at your fingertips

The string of innovations which have enabled the wonder of digital technology to dominate our
society (for better or worse) is composed of countless exceptional inventions (the transistor, sili-
con chip and short-range wireless technology are just a few to name) without which our daily
lives would be drastically different. Standing out among these is the combination of advance-
ments that constitute the modern phone touchscreen. Despite being used hundreds of times a
day by most people who have smartphones, we rarely question how this simple yet essential
technology works. This article will focus on the rapidly developing chemistry, physics and even
biology of such a device.

There are multiple types of touch screen, one example being the resistive touchscreen. This
consists of two layers of conductive material which make contact when the screen is touched -
it was used in early smartphones. However, Steve Jobs’ first iPhone did away with the resistive
method and instead opted for a capacitive touchscreen, favouring its improved sensitivity - this
may have been new to smartphones, but it had first been used in CERN in 1976. Following this,
almost all major phone brands converted to the capacitive touchscreen. Due to its prevalence
over the resistive touchscreen, this is what this article will explore further.

The capacitive touchscreen usually consists of an LCD (liquid crystal display) covered by a
mesh of transparent conductive material, such as indium tin oxide, below a layer of toughened
glass. The liquid crystal display is composed of thousands of pixels formed of tiny liquid crys-
tals in a state of matter between liquid and gas. When light and the right electrical impulses are
sent through these crystals, they can change phases (sub-states of matter if you will) and let
the certain colours of light pass through and out to the viewer, forming the output of the
screen.

The glass layer is usually toughened using the process of chemical tempering, in which it is
submerged in molten potassium nitrate. The larger potassium ions replace the sodium ions in
the glass’ outer layer, making the structure of the glass much stronger and reducing the glass’
liability to crack, as there is far less space between particles.

When a finger touches the screen, a small electrical current travels from the indium tin oxide to
our finger - as human skin is partially electrically conductive, some of the charge is transferred
to it. This change in current is then detected by the mesh and the x-y position of each line on
the mesh which has had its current interrupted is used to calculate the location and or move-
ment of the touch via a processor.

However, some companies, such as Samsung, have begun to shake their touchscreens up
somewhat. New phones may incorporate in-cell and on-cell technology. When in-cell technology
is used, the conductive mesh is embedded into the toughened glass, and when on-cell technolo-
gy is used, the conductive mesh is on the outside of it. These techniques are more complex to
produce, so are more expensive, but enable phones to be thinner, and improve saturation.

The screen is designed to only accept the touch if it has the resistance of human skin. This is
why a touchscreen can’t be used when most gloves are worn, or even if a metal implement is
used. This is why during South Korea’s 2010 cold snap, people resorted to
carrying small sausages around with them, as sausage lining has the
same conductivity has human skin!

Hopefully this dive into the tale of the touchscreen has given you a new un-
derstanding of its complexities and revealed some of the hidden miracles of
everyday technology.

By William Crawford, UF, Peele B



Opinions Column

We wanted you - our wonderful readers - to contribute to this term’s science journal. We
presented you with the following question and asked you to give us your opinions:

“What STEM innovation has had the biggest impact on your life this year and
why?”

We had so many amazing responses that we couldn’t fit them all into this issue, so we chose
the ones that we deemed the best! There were, however, a couple that really stood out to us, so
congratulations to Angel Adebola and Elizabeth Hiltunen for your outstanding answers. Go
to Mrs Harrier-Wilson’s classroom for your reward!

Advancements in neurotechnology this year - especially brain-computer interface - have
transformed and inspired me to explore into the potential to restore movement for patients with
neurological damage. As an aspiring neurosurgeon, I have been shown the real-world power of
life-changing science.

Precious Ajireloja, DG, Thornton A

Stem-cell-derived heart muscle tissue (called cardiomyocytes) were used to treat heart failure.
Using living patches of tissue and implanted them into the hearts of monkeys. I recently wrote
an EPQ mentioning heart disease as one of the biggest causes for death, especially in pregnant
black women.

Angel Adebola, DG, Leigh Hunt A

One of the most crucial STEM innovations of the modern day era is Al. Al means artificial
intelligence, and was developed in 1956. From then on, it has grown, but why is this so
important? It aids me in everyday life and studies. Students’ results have soared and I believe
they will continue to do so.

Tazkiya Yazid, UF, Barnes A

The driverless car had the biggest impact on me. I can go anywhere [ want, without a driver. It
is very convenient.
Tommy Xie, LE, Lamb A

What has impacted me the most is hand held fans, this is because though they are simple, they
can be so versatile. You could have water sprays attached, different speed settings, ones you
can manually power. They keep you cool while it is hot, as this summer has started
prematurely.

Alice Baker, UF, Leigh Hunt B

For me, this year’s most surreal innovation was the artificial womb — premature lambs
suspended in fluid-filled bags like a NICU and lava lamp hybrid. It’s feels like science fiction,
tugging at the edges of what birth even is. It looks like a futuristic Airbnb — sterile yet also
strange.

Elizabeth Hiltunen, DG, Thornton B

New Artificial Intelligence chatbots, since it replaced much of my online searches (non-
schoolwork).
Jason Chow, GE, Lamb A

Al has had the biggest impact on my life this year. I used ChatGPT to prep for Science exams,
and its answers were impressively detailed. I even asked it to condense this response so it was
under 300 characters - and the result was nearly identical in meaning to my original.

Jeremy Agudeogu, UF, Peele B



Meet the Editors

From left to right: Amer Ademola-Ali, Janelle Harrier-Wilson, Kotoha Shiba

Special Thanks:
Thank you to Elden Yung for taking the picture above!

Quiz
1. What does RFID stand for? 5. Give the names of three different
2. What percentage of UV does antihistamine products you can
SPF50 sunscreen absorb? buy over the counter.
3. Why would drinking alcohol 6. Which number was assigned to
help relieve spiciness? CH’s very own steam engine?

4. Which food did people carryin 7. How is aspirin split up into in
Korea to use for touchscreens? the body? What products form?
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