SCIENCE JOURNAL

2 0 2 2

Editors' Note

Dear Readers,
Even amidst the struggles of the pandemic during the past
few

months,

continue

our

putting

writers

and

together

editors

our

have

fascinating

persevered

to

collection

of

articles. The amount of time and effort our writers have spent
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their ability has been incredible to witness, reflecting their
dedication and passion for science poured into the pages of
this journal.
Our article selection this year touches upon many aspects of
science, including natural sciences such as biology, chemistry,
physics, and human sciences like psychology, giving writers the
opportunity to explore their topics of interest and further their
learning beyond the classroom. So, whether you are a science
enthusiast or just a casual reader, this journal will certainly
teach you something new.
In addition, we would like to appreciate the work of our designers
on the journal covers. They are based on the designs of the Nobel
Prizes, demonstrating the potential that our students have shown
to be future influential figures at the forefront of scientific
discovery, research and innovation. The Junior & Middle Phase
cover is inspired by the Nobel Prize in Physiology or Medicine
(2021), awarded jointly to David Julius and Ardem Patapoutian
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understanding

of

complex systems", with onehalf jointly to Syukuro Manabe
and Klaus Hasselmann and the other half to Giorgio Parisi.
The covers of the Junior and Senior Phase journals can also
be viewed together as one cohesive image: a depiction of
humans interacting with nature. This not only shows how
the scientific disciplines as a whole are greater than the
sum of its parts, but also represents the collaborative work
conducted
journal.
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The True Significance of
Sleep on Young People
Evan Zhang 10W

Sleep. Being one of the major factors with an undeniable bearing on the wellbeing of
humans, it appears that sleep and its effects have been well-studied and documented by
countless studies in recent years. One of the key targets of this increased research is to
increase the wellbeing of young people. It is not uncommon to see informational material
spreading facts about sleep in areas frequented by youths such as schools, but sometimes
these facts and figures overwhelm and dominate somebody’s conscience, or perhaps on the
contrary are only acknowledged with a cursory glance. What exactly are the effects of sleep
that have such an ‘astronomical’ impact on young people? How truly significant are these
effects? And perhaps more importantly: To what degree should young people care?

WHAT IS SLEEP? WHAT IS ITS PURPOSE?
First, we must gain a deeper understanding
of what sleep is, beyond the fact that we
spend one-third of our lives doing it. Nobody
truly knows its biological purpose, however
we do have a good understanding of what it
does. Sleep is a stage or a point on our
scale of consciousness, which ranges from
being fully ‘awake’, to being in a coma. It is
a stage in which your brain and body are
surprisingly

active

despite

your

apparent

lack of awareness.
There are 4 main stages of sleep, which each serve different purposes, with Non-Rapid Eye
Movement (NREM) stages 1 and 2 essentially setting you up for further stages of sleep. Stage
3, also known as ‘deep sleep’, is key in restorative sleep, which facilitates bodily recovery and
growth, in addition to increased creativity in the forms of fluency, flexibility, originality and
figural

creativity.

Stage

4

represents

REM

sleep,

which

has

8

levels

of

brain

activity

comparable to when you’re awake. It is believed to be key for memory consolidation and the
capacity to learn. Research suggests this is from the strengthening of the neural connections
that form our memories (“Sleep, Learning, and Memory | Healthy Sleep,” 2022).
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Younger people generally have an increased duration of REM sleep compared to older
people.

EFFECTS ON THINKING ABILITIES AND ACADEMIC PERFORMANCE
It is understood that sleep facilitates the capacity to learn and remember. A lack of sleep
results in impairments in neurocognitive and psychomotor performance. This essentially means
the ability to think and process information, as well as physical movements linked to cognitive
processing. These are skills necessary for learning and thereby academic achievement. In a
survey conducted among adult workers, a percentage of 21% of poor sleepers failed 1 or more
years at school (Pilcher & Walters, 1997). A study regarding a survey of 3000 high school
students showed that students with higher grades reported more total sleep and earlier
bedtimes. A test conducted by Italian professors on teens showed that sleep deprivation
indicated a difficulty in learning new abstract concepts (Curcio, Ferrara, & Luigi De Gennaro,
2006). From this evidence, we can see that students with poor academic performance tend
to have more irregular, shorter and poorer quality sleep than their peers. This all results in
degraded thinking abilities and thereby decreased academic performance.

EFFECTS ON PHYSICAL HEALTH
Sleep contributes to the functioning of virtually every system in the body. This can be through
the strengthening of the immune system, regulation of hormones and toxins in the brain, as
well

as

physical

tissue

recovery

from

injuries.

This

regulation

of

hormones

is

specifically

important in the development stages during the teenage years. According to the Hong Kong
Center for Health Protection, there is an association between sleep patterns and the risk of
obesity and diabetes. Those who sleep for a shorter duration would have about twice the risk
of being overweight or obese. Apart from hormonal factors, the production of insulin, which
allows glucose to be converted into energy, is affected. A further 2018 study suggested that
longer sleep duration and greater sleep efficiency were also favorably associated with waist
circumference, systolic blood pressure, high-density lipoprotein cholesterol, and fat mass
(Cespedes Feliciano et al., 2018). As we can see, this evidence shows that a lack of sleep can
be directly correlated with an increased risk of health concerns significant later in life.

EFFECTS ON MENTAL HEALTH
Most people are familiar with increased irritability and sensitive emotions as a result of sleep
deficiency. However, among young people especially, larger consequences can stem from
sleep deficiency. According to Stanford University (2015), sleep is believed to help regulate
emotions, and its deprivation is an underlying component of many mood disorders, such as
anxiety, depression and bipolar disorder
. A 2016 study reached the conclusion that restricted
sleep led to greater negative affective behavior in a peer social context
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(McMakin et al., 2016). Two Pittsburgh University professors’ study suggest sleep may interfere
with how the putamen, the part of the brain relating to goal-based actions, functions. This
could disrupt mood and put a person at risk of depression (Ryan Wellington Logan, Hasler,
Forbes, & Mcclung, 2017). From this, we can form the informed opinion that sleep does in fact
affect the mental and emotional state of teens in particular.

CONCLUSION
It is clear that the consequences of not achieving sufficient sleep are severe – this can cause
serious detriment to one’s ability to function efficiently, and affect their physical and mental
health. A Journal of American College Health study suggested a phenomenon in which many
students could damage their own academic performance by choosing to deprive themselves
of sleep before examinations or class work (Pilcher & Walters, 1997). However, how much time,
otherwise used to complete daily tasks such as studying, should be sacrificed for sleep? It is
impossible to state an exact figure, but it can be agreed upon that one needs to find a
balance between completing tasks and sleeping. The concept of sleep debt is essentially the
deficit of how much sleep you need, and how much sleep you get. The accumulation of this
deficit can have implications and ultimately lower your ability to complete the tasks you
initially set out to complete (WebMD, 2021). This cycle can be perpetual. It may be more
favorable to avoid accumulating sleep debt in the first place.
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Dust
Vaibhavi Palshetkar 10E

Dust is approached by humans as a phenomenon that simply occurs when an object remains
unused for a period of time. While that certainly is the case, it becomes more of an issue
when it affects major problems such as health and air pollution. This article discusses what air
is, the role of dust in it, what dust is, and finally, what problems it can cause.

AIR
Air

is

an

invisible

surrounding
called

the

Earth.

Earth’s
of

itself

there

as

concentrations
group

gases
is

remain

whose

It

of

can

gases

also

atmosphere.

concentrations
vary,

mixture

in
a

the

group

constant,

be
The

mixture
whose
and

concentrations

a

vary

depending on space and time. Standard
Dry Air is the name given to the gases
making up the Earth’s atmosphere at sea level. Furthermore, it is also a standard scientific
unit of measurement. Some gases in the atmosphere are a result of volcanic eruptions, such
as water vapour and carbon dioxide. Others are noble gases, such as Helium and Argon.
Nitrogen and Oxygen are the primary gases in the atmosphere, making up 78.11% and 20.95%,
respectively. Fig. 1 shows the composition of gases in the atmosphere.

DUST
There are two types of dust:
Aeolian
is

the

Aeolian
and

and
focus
dust

primarily

Cosmic.

Aeolian

of

this

article.

is

atmospheric

originates

from

dry and arid regions.
Dust in the atmosphere is produced by saltation (when winds carry particles through the air),
which is then transported through the troposphere which is the lowest layer of the Earth’s
atmosphere, containing 75-80% of the atmosphere’s total mass. Fig. 2 shows how saltation
creates air-borne dust particles.
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All dust, at its core, is simply fine (small) solid particles.
Dust

on

Earth

originated

is

usually

from

composed

volcanic

of

eruptions

particles
and

that

pollution.

Household dust is composed of approximately 20-50%
dead skin cells (Bronswijk, 1981, p. 37). Other aeolian dust
is composed of minute quantities of paper and textile
fibre,

animal

dander,

pollen,

meteorite

particles,

etc.

Fig. 3:

Figure 3 shows that dust particles are not composed of a

View

of

a

dust

particle

through an electron microscope

singular substance, as seen by the uneven surface.

DANGERS OF DUST:
The

hazards

of

dust

can

be

minor

or

life-threatening.

Some examples are listed below:

Allergies:

Most dust allergies occur post-cleaning. This is

because dust particles are
a

Fig. 4: Labelled

result

of

vacuuming,

diagram of a

being

able to circulate in the air as

agitated

sweeping

and

by

processes

dusting.

Dust

such
mites

as
are

microscopic organisms.

dust particle, composed of

They are approximately 0.3mm and therefore cannot be

many microscopic particles

seen by the naked eye (Mayo Clinic, 2021). Dust mites

inhabit upholstered furniture, bedding and carpets. They thrive in humid environments,
and instead of drinking water, absorb moisture from the air. Dust particles are composed
of decaying bodies of dust mites and their feces, and the protein present in these is the
cause of the allergy. Symptoms of a dust allergy include rhinitis (an inflammation of the
mucous membrane lining the nose), sneezing, wheezing, bloodshot eyes, and itching.

NATURAL HAZARDS:
In dry and barren soil, strong winds are able to lift large
quantities of dust and sand, leading to the formation of
dust

storms.

They

are

common

in

arid

and

semi-arid

regions, where dust particles are in abundance. In 2015,
Iran was affected by large-scale dust storms that caused
air and water pollution. Khuzestan province’s rivers were
drying

out

as

the

dust

storms

occurred,

changing

storms

can

affect

both

internal

and

Fig. 5: Image

of a dust mite

from a microscope

landscape from a wetland to a wasteland.
Dust

its

external

organs.

Particles

more

than

10

µm

(micrometers) cannot be inhaled and therefore cause damage to external organs such as
the eyes and skin. On the other hand, particles smaller than 10
diseases.

µm

can cause respiratory
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DISEASES:
While exposure to any type of dust for a
prolonged period of time generally causes
respiratory damage, cancer can also be a
consequence.
inhalation
asbestos,

Diseases

of

caused

inorganic

silica)

are

by

dusts

given

a

the

(coal,

common

name of pneumoconiosis, simply meaning
‘dusty lung’. An example of such a disease
is

Coal

Worker’s

Pneumoconiosis,

Fig. 6:

also

The Dust Bowl, a dust storm that struck
America in the 1930s.

known as Black Lung Disease. This

occurs when coal dust is inhaled, and continuous exposure to it results in scarring of the
lungs. Due to the nature of the disease, it is considered to be most common among coal
miners,

who

are

constantly

exposed

to

coal

dust.

Lung

cancer

can

be

caused

by

exposure to asbestos dust.

VEHICULAR PROBLEMS:
Dust particles are able to scatter light, reducing visibility when driving or when outdoors.
Dust particles kicked up by vehicles are responsible for 33% of the air pollution (Kumar,
2007).
prevent

This

becomes

casualties.

problematic

Dust

particles

on
can

traffic-heavy
also

enter

roads,

the

where

filters

of

a

visibility
vehicle

is

able

and

to

affect

efficiency by reducing airflow, therefore resulting in overheating and internal damage.
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The Function Of The Thymus
Timothy Chan 9D

AN OVERVIEW OF THE IMMUNE SYSTEM
Multitudes
pathogens

of

germs,

can

viruses

duplicate

and

rapidly.

other
And

through sheer numbers, this duplication can
result in an organism with a mutation that
can adapt to resist the initial defences of
the Immune System and then continue to
multiply.
these

To

counter

harmful

the

threat

pathogens,

the

posed

by

Immune

System has adapted and evolved.
The Human Immune System can be organised into the ‘Innate Immune System’ & the ‘Adaptive
Immune System’. The Innate Immune System was ready from birth and is the first line of
defence in general. This is what most people think of when discussing the immune system:
various cells (Macrophage & Neutrophil) killing bacteria at the site of infection as platelets
close the cut and inflammation takes place (Delves, P., 2021). It’s very effective but the use of
the Innate Immune System to counter infections can be very energy-intensive, weakening the
body’s defences and thus making them more susceptible to other diseases. As such, it is the
role of the Adaptive Immune System to create the right antibodies and respond to combat
the pathogens of the infection. The process is slow but so effective and precise that it turns
the tide of the infection and prevents the infection from recurring on such a scale. In a few
weeks, only a faint scar remains at the site of the infection. But how is it prepared for every
possible enemy?

THE ADAPTIVE IMMUNE SYSTEM: B CELLS & T CELLS
The Adaptive Immune System - largely consisting of T Cells, that create receptors (which will
be discussed shortly), and B cells, which produce antibodies (both are white cells produced
from bone marrow) - includes one of the most extensive archives known in existence, and it
contains a response for every possible infection. To explain, we need to take a step back
and discuss proteins.
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Most living things are mostly made of proteins, which come in various shapes. The Innate
Immune System can recognise some of those proteins, including that of enemies, through
receptors on the cell. And a protein piece recognised by the Immune System is an
‘antigen’. However, there are still hundreds of millions of proteins (and others yet to be
created through evolution) that the Innate Immune System cannot detect, meaning it
cannot

recognise

hundreds

of

millions

of

proteins

needed

to

identify

harmful

microorganisms.

The ingenious solution is that in the human body, at least one cell has a receptor for the
millions of different antigens that could exist and do exist - It has the potential to
recognise any possible antigen in existence.

The way this works is complicated, but in essence, the adaptive immune system’s T Cells
change parts of its genetic code randomly, creating billions of combinations that create
billions of receptors and therefore means numerous protein puzzle pieces that are now
antigens (i.e recognisable proteins) (Janeway CA Jr, Travers P, Walport M, et al., 2001). If
an infection occurs, the dendritic cells (of the Innate immune system) take samples of the
pathogens and if a T Cell recognises the sample, it then multiples with one half heading
towards the site of infection and the other heading towards B Cells. The T Cell receptor
proteins can tell the B Cells to create the right antibodies, which stick to the pathogens
and neutralize the threat (as the pathogens are then disposed of by macrophages of the
Innate Immune System) (Alberts et al., 2002).

This means we are theoretically prepared to counteract any infection. Think about that
for a moment: We have at least one cell of our Immune System that can recognise and
respond to any pathogen that could conceivably exist. At least one to fight the Spanish
Flu, SARS-CoV-2, and any other microorganism mutation.

But if there is such a variety of antibodies, what mechanism prevents the creation of
antibodies that recognise and attack the body’s cells?

And that, finally, is where the Thymus comes in.
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AN OVERVIEW OF THE IMMUNE SYSTEM

Fig. 2: Location of The Thymus

Fig. 3: Representation of the
development of T Cells in the Thymus

THE THYMUS: T CELL DEVELOPMENT SCHOOL
The Thymus, located above the heart and between the lungs, is an organ that most
people probably don’t know about. Nevertheless, it is highly important to the safety of the
body for its role in training T Cells. Every T cell born goes to the Thymus and goes through
a process that can be summarised into three tests; 1. The T cell can make working
receptors; 2. Positive selection: To check if the T Cells are accurate at recognizing the
receptors

of

cells

(in

the

immune

system)

that

they

will

function

with;

3.

Negative

Selection: The T Cell will be forced to interact with proteins of the body, and must not
recognise those proteins (and thus the cells of the body) as a sign of threat (Shah, n.d.).
If it fails at any point, the T cell is disposed of and components reused - after all, if a T
cell sees the main proteins of the body as a threat, it could cause autoimmune disease
(where your immune system attacks the body’s cells) (Tsuchiya, Asakura & Yoshimatsu,
1989). Eventually, only 2% of T Cells pass all three tests and leave the thymus to circulate
the body.

It's a vital organ that trains the T Cells of the immune system to tell friend from foe. So
why does it wither away?
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THE SLOW DETERIORATION
The Thymus is in a state of decline shortly after birth as it is gradually replaced with fat cells - a
process of degeneration accelerated around the time of adolescence - it essentially regresses
into a piece of fatty tissue as people age, but produces a sufficient amount of T Cells before
puberty (Palmer, 2013). There are other locations in the body where T Cells can develop, but the
decline of the Thymus does severely limit the immune system in the elderly, as they become more
susceptible to infectious disease, the flare-up of autoimmune disease and cancer in contrast to
younger people.

WHY THE THYMUS MAY DECLINE
In natural selection and evolution, creatures with random genetic mutations that on occasion
improve

the

chance

of

them

surviving

to

reproductive

age.

This

results

in

their

genetic

adaptations becoming part of the population over generations. This means that there is no
persistent evolutionary pressure through natural selection that incentivizes old age, therefore
the Thymus did not adapt to continue functioning as people age since there is a lack of
evolutionary concern to keep people alive in old age. However, natural selection is not the only
factor of evolution. Notably, the advent of modern medicine means more people are surviving to
reproductive age. This could mean genetic drift playing a greater role in human evolution in
addition to natural
CONCLUSION

selection.

With

genetic

drift,

genetic

differences

are

more

varied

in

populations, perhaps meaning that the greater variety given by modern medicine (as harmful
mutations are less likely to cause immediate death) could include a mutation in which the
Thymus lasts longer because people reproduce at an older age and live longer.

As most T Cells are developed at an early stage in life in the Thymus, it is a reason to get
vaccinated at infancy, when the Thymus is still active and can more easily develop various
Memory T Cells corresponding to the antigens presented by vaccination ("Understanding How
Vaccines Work | CDC", 2018). Based on our understanding of the Thymus, the Immune System
and vaccination we could try to understand the rationale of Immunotherapy for cancer and
neurodegenerative disease (e.g Alzheimer's Dementia). For example in cancer treatment, we
aim at developing T Cells to identify specific proteins of particular cancer cells, then have the T
Cells order B Cells to produce the respective antibodies and finally use the Immune System to
clear up the cancer cells ("Immunotherapy for Cancer", 2019). This mechanism could be applied
to tackle neurodegenerative disease if specific pathogenic proteins could be detected (Valera
&

Masliah,

2013).

For

instance,

researchers

are

trying

to

develop

a

vaccination

against

Alzheimer’s disease.
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While in the lifetimes of most people, the thymus will simply deteriorate with age as part of a
general decline in the strength of the immune system as people get older - Millions of T Cells
(and receptors) will be made, but the ability to do so declines with old age. If the lifetime of the
thymus could be extended, there could be more progress in Immunotherapy for noninfectious
diseases.

SUMMARY
The organ is responsible for the bulk of development for T Cells to prevent mutations of cells
that identify the body as a threat. These cells use random combinations of genetic code to
create

millions

of

receptors

that

in

turn

allow

millions

of

protein

puzzles

(now

antigens)

recognizable. This stunning variety of receptors, in turn, allow the Immune system a method of
response to recognise a pathogen and thus the ability to fight against the pathogen more
effectively. While the decline of the Thymus is one of the factors in the general decline in the
functional abilities of the immune system as people get older.

DISCLAIMER
Please note that this is a summary of a very, very small part of the immune system. The best way
to gain a better understanding of the immune system is to learn from the factual statements of
professionals, scientific journals and trusted government sources. It is important to gain a better
general understanding of the system dedicated to your protection but if you have concerns over
your health, consult a doctor.
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Do We Really Exist?
Quinny Lin 7D Exist?
Do We Really

As far as we know, we exist. Anyone
who

doubts

that

must

be

insane.

According to scientific theories created
by us, Earth was created through the
Big Bang 13.8 billion years before the
common

era.

Life

appeared

on

Earth

3.7 billion years ago, and we came into
existence around 2 million years ago.
We

all

know

that

we

exist

without

a

doubt. But what if none of this was
real? Perhaps life is just a simulation created by a civilization far more advanced than
us. Or perhaps we’re living in a dream. So how do we know we definitely exist? To find
out, we need to cast all our previous knowledge and thoughts aside and consider this
question from a different perspective.

WHY DO WE EXIST?

Through

the

years

the

debate

of

whether we exist or not has been a
popular

topic

among

scientists.

Imagine if we were actually living in
a simulation. Hypotheses have been
made

by

scientists

about

constraints of this simulation (if we
exist in one). The theory is, when a
simulation runs, there must be times

when it makes a mistake. But no glitches could be detected, but they could still exist
without us knowing anything.

French philosopher René Descartes once stated, “I think

therefore I am”. You can’t be nothing if you think you’re something, this makes you a
thinking matter. In 2016, a debate at the American Museum of Natural History brought a
new idea into the spotlight. Lisa Randall, a physicist from Harvard University stated that
the chance of us living in stimulation is “effectively zero”.“Why simulate us? I mean, there
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are so many things to be simulating,” she said. “I don’t know why this higher species would want to
bother with us.”

WHY DON'T WE EXIST
Although many people would like to stick with the good old reality. For starters, no one can disprove
the fact that we don’t actually exist. For all we know, we could be dreaming. Dreams seem real, you
could be dreaming about doing all these things when in fact, your real body lies in bed. The thing is,
when you’re awake you know that you’re awake, but when you aren’t you don’t know that you aren’t.
René Descartes even went so far as to suggest that an evil genius demon has tricked us into believing
that we were real. He asks if we can disprove this idea.
Another example is the book “Why the World Does Not Exist” by Markus Gabriel.

“Ever since Galileo and Newton, it has been suspected that colours do not actually exist.”
Markus Gabriel states in his book.

They may be a part of our wild imagination, or just an illusion. We know that our senses can sometimes
be deceitful. You could mistake a stranger for someone you know. Your brain could change the size of
an object that you see. A scientific experiment once concluded that if you focus on something, it is
possible to witness colour change. This shows how our sense of sight can deceive us. Basic elements
such as time, colours, numbers and space don't exist at all, they might just be our senses deceiving us.
But without time and space, we won’t exist at all. Therefore we don’t.

CONCLUSION
If you believe that you exist then you do. We probably will never find out whether we exist or
not. But one thing is for sure, we will be pushing technology further and gaining a deeper
understanding of our planet including ourselves. After all, what is the nature of reality?
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Instantly Improve 1/3 of Your Day!
Cyrus Ng 10F

Sleeping. Something that humans do for over a third of their lifetime (Aminoff et al., 2011), and
one

of

the

most

simple

and

instinctive

processes

that

we

control.

However,

perhaps

unbeknownst to you, our body controls the complex mechanics of this operation, and it is
amongst the most beneficial activities we undergo. This article will elaborate on these topics,
and provide three simple ways you can improve your sleep.

WHAT ARE THE STAGES OF SLEEP?
It is likely you have heard that sleep consists of multiple stages. This section will explain the
specifics of these stages and consolidate your understanding of the processes of sleep. First
and foremost, it is important to acknowledge that sleep is the repetition of one cycle.
Although it may depend from person to person, you undergo roughly 4-6 sleep cycles per
night (Yetman, 2020). Each one of said cycles include 4 stages–stage 1, stage 2, stage 3, and
REM sleep. Stage 1 is simply “dozing off”; in other words, though your body is starting to relax,
you can still easily be woken up. Normally, this period lasts for a mere 5 minutes. Stage 2 is a
10-25 minute process that involves the body entering a more unconscious condition, with the
slowing

of

breathing

and

heart

rate,

relaxing

of

muscles,

and

decreasing

of

body

temperature. Slow-wave sleep, which is another name of Stage 3, continues the functions of
Stage 2 paired with enacting some of the beneficial effects absorbed during REM sleep.
After this 20-40 minute period, the body gradually enters REM, or rapid eye movement, sleep.
Surprisingly, the brain appears to be in an active state, and two major specialties of the last
stage are the paralysis of muscles and continual movement of the eyes. Not only that, but
dreams are most likely to occur during this stage (Suni, 2021). The importance of REM sleep is
that it provides the favourable benefits explained in the following section. Next, let us go
deeper–no pun intended–and into the real reasons we need sleep.

WHY IS SLEEP IMPORTANT?
The most common arguments, especially that of parents, provided for sleep are “it’ll make you
energised tomorrow” or “it’s important for healthiness”. These frequent naggings are actually
scientifically supported. Before delving into the specifics, it is helpful to demonstrate the
extremes. An 1898 study consisted of an informative, albeit unethical, experiment involving
sleep-deprived dogs. Although the dogs survived for two weeks, it had clear degenerative
effects on brain function (Bentivoglio & Grassi-Zucconi, 1997).
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Humans react similarly, with sleep deprivation causing mental health issues, slowdown of
productivity, and in serious cases, even death. Apart from the brutal consequences without it,
sleep

improves

physical

health

and

provides

the

energy

for

completing

everyday

tasks.Moreover, growth is crucially supported by healthy sleep, especially in children and
teens. Alongside growth, the process speeds up repair for our heart and blood vessels (NHLBI,
NIH, 2022). Sleep is also an undeniable element of learning and memory. Briefly, our brain
updates itself during these periods, and it not only consolidates our memories, but also
prepares us for paying attention the next day. Studies even show that one-fourth of students
received substantially lower grades as a result of insufficient sleep (Rehm, 2020). In other
words, if you wish to be both healthy and smart, sleep is your friend.

HOW CAN YOU IMPROVE YOUR SLEEP?
This section will skip over well-known facts, such as the benefits of abstaining from caffeine
before sleep or avoiding blue light, since explaining them seems redundant. Instead, the three
tips provided in this part are not only obscure to the public, but also supported by studies and
human biology.

First of all, what is something you can do to improve your sleep while awake? The answer is to
increase your exposure to bright light during daytime, whether by means of natural sunlight or
simulated by bright indoor lighting. Put simply, our body has an internal circadian rhythm that
controls our sleep patterns, and light supports this system. In fact, studies have shown that this
tip increases sleeping time by 2 hours and the efficiency of sleep by 80% (Mawer, 2020).

The second tip is also related to the circadian rhythm, with it being a consistent sleep-wake
cycle. By attuning your mind to a stable sleeping pattern, falling asleep and optimising its
benefits is far more efficient. In fact, participants in an experiment who slept at different
times each day stated that they felt tired and unenergized afterwards (Rehm, 2020).

The

last

way

of

improving

sleep

is

the

most

simple–setting

your

bedroom

temperature.

Although your parents may be afraid of you catching a cold, human biology establishes that it
is easier for us to sleep at colder temperatures. The optimal temperature for most people is
20 degrees Celsius, but this statistic may vary. If you are doubting that such an effortless
solution can yield effects, one study demonstrated that bedroom temperature has a larger
effect on sleeping quality than elements such as external noise (Mawer, 2020).

If you exercise the tips above, your sleep is biologically proven to ameliorate. After this article,
you have a consolidated summary on the stages, reasons, and catalysts of sleep.
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“I can feel your pain”: Empathy and
its Neurological Explanation
Wenxin Mao 09F

NOAH'S STORY
Popularity, wealthy parents, and now an admissions letter to an Ivy League college – Noah has
everything a teenager could wish for, yet he ends up being a rapist. “We did her a favor,” Noah
said matter-of-factly. Dressed flawlessly, Noah was trying to explain to a psychiatrist why he
had

done

this.

Noah

was

diagnosed

as

having

sociopathic

features:

a

complete

lack

of

empathy and an inability to feel even the slightest regret or remorse after hurting others.
Research(Bonn, 2014) shows that many, if not all, serial killers are sociopaths. Most homicides
are committed without logical thought and are performed on impulse; however, the majority of
serial murders or other sequential crimes are elaborately staged without the least concern for
other people.
WHAT
IS EMPATHY?

According to the Oxford English Dictionary, empathy is “the ability to understand and share the
feelings

of

Einfühlung,

another”
empathy

(Oxford
literally

Learner’s
means

Dictionaries,

“feeling

into.”

n.d.)
In

Taken

from

comparison,

the

the
root

German
of

the

word
word

“sympathy” means “feeling with.” Empathy is part of humans’ biology: it enables one to connect
and experience how another person is feeling without language. Empathy is fundamental to
human behavior and to a sense of happiness; it brings people together and builds mutual
connections. However, empathy is not a unidimensional concept. It is composed of affective
and cognitive dimensions: affective arousal, emotion understanding, and emotion regulation
(see Figure 1; Decety, 2010).
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WHY DOES EMPATHY DEVELOP?
The concept of “face” has been an essential component of communication since the
origins of humankind. Regardless of language, a person can generally sense another’s
emotions and how they feel about a particular situation.

Our brain contains cells called mirror neurons, which allow us to unconsciously mirror
peers’ facial expressions. This process explains why laughing, and sometimes crying, can
be contagious. Individuals who have larger social circles, closer connections, and more
satisfying relationships often display greater empathy. Babies can mimic a variety of
facial expressions mere moments after birth. Crying is especially contagious as babies
are unable to distinguish between their own distress and others.’ Interestingly, the habit of
mimicking others’ expressions is unique to humans; although some animals can copy each
other, they cannot mimic with the same precision and flexibility as humans. This ability is
the earliest precursor to empathy. Although the human brain does not fully develop (in
terms of cognitive capacity) until age 25, it has nearly completely grown in size by age 3.
Empathy, along with personalized care and attention, is essential for normal development
in infancy, a period when the brain is thought to be at its most vulnerable and malleable.

An investigation (Spitz, 1947) compared babies raised in an orphanage with those who
grew up in cold prison nurseries. The orphanages staffed one nurse for every eight babies,
and there were sheets in between cribs to prevent diseases from spreading. Orphans
were mostly alone and received limited attention and interaction, whereas prison babies
had special attention from their mothers. The study results were remarkable: 37% of the
orphans who received little empathy died before age 2 versus 0% of the children raised in
prisons.
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NEUROLOGICAL BASIS OF EMPATHY
Recent advances in neuroscience have allowed for a more in-depth understanding of
empathy development beyond simply describing behavior. The human brain develops in
stages.

The

first

region

to

evolve

is

located

deep

within

the

brain:

known

as

the

“reptilian” brain, this region is used for the most fundamental functions such as regulating
a

person’s

heartbeat

and

reproduction.

These

tasks

are

completed

automatically

because they are too important for conscious control. The next region is the limbic
system, which does not develop completely until the start of puberty. The areas that
regulate

sleep,

appetite,

pleasure,

motivation,

and

attention

are

typically

under

conscious control. This region is also where many stress-response systems send direct
signals to the “reptilian” brain. Next, a region of the brain called the neocortex system,
surrounding the midbrain, governs relationships and emotions. This region also plays a
role in empathy (Silani, Lamm, Ruff, & Singer, 2013). Mirror neurons are found in this area
as well. This highest and outermost brain region is the most advanced, unique to the
human brain: it enables language, abstract thinking, and planning (see Figure 2).
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From a very early age, infants’ perceptions of and responses to others’ affective states
contribute to affective arousal through self–other emotional resonance that is partly
based on the mirror neuron system. Babies already display a certain degree of empathy
at birth. The phenomenon of reflexive or reactive crying emerges as early as 18 to 27
hours after birth: newborns who are exposed to the sound of another crying often show
signs

of

distress.

However,

babies

have

not

quite

developed

empathy

at

this

point

(McDonald & Messinger, 2011). They also depend on their caregivers to regulate stress
through the stress-response system: caregivers’ responses to a baby’s distress can help
the baby control its feelings and differentiate its own distress from another person’s.

By about 6 months of age, most babies who are developing normally will no longer
directly start to cry upon hearing others crying. Primary caregivers provide babies a
template for future interaction. For instance, caregivers teach infants how to respond to
specific situations: when a person cries, they offer what they think could be comfort.
Babies learn to provide help in this way – but not exactly empathy. For example, if a 1year-old saw another wailing, they would most likely bring their own parents to assist.
However, by 2.5 years old, babies learn that people have different perspectives and will
likely get the other child’s mother for help.

In sum, caregivers’ affective signals towards infants serve as an instrument for social
learning and emotional exchange. These responses later become infants’ own emotional
experiences

that

lay

a

foundation

for

shared

emotional

meaning

(Decety,

2010).

Therefore, caregivers’ affective behavior towards infants, especially when babies are
crying or happy, are critical in this stage of empathy development (Perry, Szalavitz, &
Snow, 2010).

Emotional understanding and regulation represent cognitive aspects of empathy which
develop

throughout

childhood

and

adolescence.

Individuals

use

perspective-taking

processes to put themselves in another’s place and better understand what that person is
feeling. This ability develops through both interpersonal and intrapersonal experiences.
Gradually, as some parts of the brain continue to mature (e.g., the medial prefrontal
cortex and ventromedial prefrontal cortex), children become sensitive to social norms
and selective in their responses to others. Empathy develops as a result.
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BACK TO NOAH AND THE STORY OF MICHELLE
Why did Noah, a young man from a seemingly perfect family, end up a criminal? This
outcome is partly attributable to his childhood experience: Noah had gone through 18
nannies by age 3. Each nanny responded differently to Noah’s cues, and once Noah was
used to one nanny’s response, she was replaced with another because his mother thought
each

nanny

was

becoming

“over-involved.”

Therefore,

despite

the

many

material

advantages he had been given, Noah’s affective dimension of empathy (affective arousal)
did not develop properly. His baby brain learned that every time he became attached to
someone,

they

would

eventually

leave.

Similarly,

people

who

lack

empathy

during

childhood do not find relationships satisfying. They instead seek pleasure elsewhere such
as through food, sex, or drugs. Some of these behaviors can lead to tragedy.

Though unlikely, there are exceptions. The next story is about love and resilience.

Michelle came from a messy family. Her mother was a drug addict, her father was an
alcoholic, and both had chaotic relationships. Once, her mother’s boyfriend held Michelle’s
younger sister’s head under water as punishment, eventually killing her. Michelle blacked
out when she heard the news. When the human body encounters trauma that it considers
inescapable, rather than deploying a “fight or flight” response (which could cause harm),
the body prepares for injury and blood loss by slowing down the heart rate and releasing
opioids that calm and numb part of the body. Michelle went into a distant and dissociative
state in the face of intense emotional pain and helplessness. Michelle also entered puberty
at a relatively young age and looked much older than she was. Early puberty is common in
children

raised

in

high-stress

environments

because

their

bodies

adjust

to

reproduce

earlier.

Yet

even

during

a

traumatizing

and

highly

stressful

childhood,

Michelle

managed

to

experience moments of empathy and thus grew to be more empathetic than an average
person. She took care of her siblings, including her step siblings. Michelle’s father struggled
with alcohol during her early years but was caring when he was conscious. Her sensitivity
allowed her to seize the few positive moments with her family. Research shows that people
who mirror their peers’ facial expressions and body language most frequently are often the
most sensitive and empathetic. This pattern indicates that, under certain conditions, some
children can become empathetic even if treated poorly. They want to protect and prevent
others from being hurt because they know what it feels like.
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CONCLUDING REMARKS
Empathy is a natural ability that develops through inter- and intrapersonal processes
involving affective arousal, emotion understanding, and emotion regulation. Empathy is
fundamental to healthy social interaction but comes with natural vulnerability. People
have become increasingly distant over the last few decades: families are shrinking, singleparent families are becoming more common, close relatives are moving away, and the use
of technology is increasing. For children, time for free play and interaction has been
replaced with structured, adult-led activities. Children now have fewer chances to learn
how to negotiate and communicate with others, which are important social learning
processes

through

which

people

develop

the

cognitive

dimension

of

empathy.

Understanding the neurological foundations of empathy can pave the way for future
research. Although empathy may not be the most important component of interaction, few
things can be accomplished without it.
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Exoplanets
Sin Ying Cheung 7R

How many planets are there in the universe?
No one knows for sure, but right now, scientists
are

discovering

more

and

more

planets

outside the solar system.
For centuries, humans have thought that Earth
was the only planet with life. But nowadays,
scientists
search

for

and

astronomers

extraterrestrial

are

life.

striving

Many

to

people

believe that alien life or creatures exist. It’s
only a matter of time to come across its relics.

It seems impossible to discover planets millions of light years away from our planet with
intelligent life. However, our galaxy has 100-400 billion planets! If we search every single
planet out there, it would be unsurprising to discover extraterrestrial intelligence.

EXTREME ENVIRONMENT
When

you

hear

the

term:

exoplanets,

the

first

thing you would probably think of is planets with
extreme environments, with no possibility of life.
True, some planets do have harsh environments,
for example:

WASP-76b, an exoplanet that showers molten iron. This planet was discovered in 2013
and is tidal-locked to its star. “This means that one side of the planet always faces the
star causing incredibly hot temperatures of around 2,500 degrees C.”
Another example would be Upsilon Andromeda b, an exoplanet that has an extreme
difference in its temperature between dayside and nightside. “While the dayside has
temperatures

as

high

as

1,600

degrees

C,

the

nightside

is

a

lot

cooler,

falling

to

temperatures as low as -20 degrees C.”
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SEARCHING FOR LIFE ON EXOPLANETS
“Astronomers look for exoplanets by looking at the influences these planets have on the
stars they orbit.”
One strategy to look for exoplanets is to look for "wobbly" stars. From a long way, this
uneven orbit makes the star look like it is wavering.
Many exoplanets are found using this method. However, only big planets can be seen in
this manner.

In 2009, NASA launched a space telescope named
Kepler to search for exoplanets. Kepler searched for
exoplanets in a wide selection of sizes and orbits.
These planets orbited around stars that ranged in
various sizes and temperatures.

“Some
Kepler

exoplanets
are

rocky

found

planets

by
that

are at a special spot from their
star.

This

area

is

called

the

habitable zone, where life could
be possible.”

Spacecrafts in the future could detect traces of a similar atmosphere to our own with
Oxygen,

carbon

dioxide,

and

methane.

These

gases

would

be

a

clear

indication

of

possible life. Astronomers in the future can do this by first sending spacecraft out to test
the

atmospheres

of

planets

and

collect

data,

then

use

this

data

along

with

other

information collected by it as well to determine whether it is habitable or not.

WHAT ARE PLANETS?
To understand more about exoplanets, let’s first understand more about planets and how
they were formed.
A planet is a large circular object that orbits a star due to gravity. It has also cleared its
environment of smaller objects like asteroids.
Planets are formed from a type of gas (that is released when a star is forming) and dust
around it. The gas acts as glue which holds the tiny particles of dust together, forming
larger rocks that are like the building blocks of the planet.
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If this formation happens farther away from its star, to the point where water can freeze,
ice can be added into the building blocks. Gas molecules can be slowed down enough to
be drawn onto the planet. This is how gas planets are formed.
The rocky planets, on the other hand, form in the warmer regions, nearer the Sun. Planets
like our own, Earth, may take millions of years to form after its star was born. This is
because there isn't much of the gas left for these planets.

WHAT I THINK
I think that in the distant future, we would be able to travel to exoplanets and live on them.
Who knows what happens in space? Even astronomers and scientists aren’t sure, they are
only publishing theories with evidence and proof. But right now, we should consider easing
global warming on Earth as the first priority. A lot of people just think that we can travel to
another planet and settle down in 10 years. However, the truth is that exploring other
planets and acquiring the technology for space settlement is a long process, which may
take decades and decades.

CONCLUSION
With so many planets, solar systems and stars in our galaxy, you might think it would be
easy to find one with life. But in fact, it isn’t.
The boundary of our galaxy is 100,000 light-years away from Earth! (Which is VERY, VERY
FAR AWAY) The farthest distance that our spacecraft have been able to travel is about 22
billion and 5 hundred million km away from earth, and our galaxy is about 1 hundred
quintillion (basically a lot) km in diameter.
The larger the galaxy, the harder it is to find a planet with signs of life. This is because
galaxies have millions of stars and planets and each planet can be very far from each
other. Our technology isn’t advanced enough to do a search on every one of these planets.

Of course, it might be possible to travel farther distances to space in the remote future.
But right now, it’s best to focus on what’s in front of us.
Discovering signs of life on exoplanets outside our solar system can help find humans a
better

place

to

live.

This

is

because

signs

of

life

means

there

are

certain

resources

available on that planet, like some sort of food and maybe even oxygen and air. We might
even eventually move to that planet and live there.

What do you think? When would we be able to find an exoplanet with life? When would we
be able to travel to that planet?
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Vaccines – Are They
Harmful or Healthy?
Nicolas Wong 10R

As of today, 9.5 million vaccines in Hong Kong have been administered. With the capricious
emergence of vaccines such as Pfizer and CoronaVac, people have grown accustomed to
these vaccines. Some people have felt optimistic about the preponderant arrival of vaccines,
while others have grown apprehensive. Many also have had contrasting thoughts on the notion
of vaccines.

The word “vaccine” refers to a substance administered to an organism to prepare them for the
arrival of a pathogenic virus or organism. The usage of the word vaccine has risen in popularity
due to the rising surge of COVID-19. It is worth noting that vaccines can be the pivotal end to
this

pandemic.

However,

should

vaccines

be

discouraged

or

encouraged?

On

one

hand,

vaccines can effectively protect an organism against harmful micro-organisms. On the other
hand, vaccines could lead to adverse side effects such as allergic reactions; acting as a
foundation for a multitudinous plethora of consequences. As such, this article submission will
ascertain the question, should vaccines be discouraged or encouraged?

HOW DO VACCINES WORK?
When

you

administer

a

vaccine,

an

antigen

is

passed

into

your

bloodstream. Antigens are foreign substances that induce immune
responses in the body. This antigen is a part of a virus or pathogenic
organism. When the antigen is passed into your bloodstream, your
immune system responds to these antigens by producing antibodies.
While

the

responds
effectively

body
to

is

these

prone

to

these

antigens

counteract

a

by

reactions,

producing

pathogen.

The

the

immune

antibodies
immune

system

that

system

can
also

produces “B” cells, a type of lymphocyte, which remember how to
make

specific

antibodies.

As

such,

when

a

pathogenic

organism

invades your body, your immune system can create antibodies to
eradicate the foreign invaders.

Fig. 1
('Dids', 2019)
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SUCCESSFUL EXAMPLES OF VACCINES
Polio is an illness caused by the poliovirus. The
disease leads to muscle paralysis, as well as
breathing problems. Polio was most common in
the 1950s, but it was eventually eradicated by
the arrival of polio-virus eradicating vaccines.

The conduciveness of vaccines is evident. As
such,

ever

since

the

introduction

of

polio

vaccines in the 1980s, numbers have dropped

Fig. 2:

Graph

showing

the

decrease

of

reported cases of polio (BBC, 2019)

steeply

in

the

following

decades.

For

reference, In the 1950s, one million people

would die each year due to polio. However, after the creation of the polio vaccine, the number
of people immune to the virus would rise – which would lower the eventual number of people
who died. By 2018, only 134 people had polio, of which none had died since. Additionally, as of
2021, a case study conducted by Our World in Data has suggested that over 2 billion children
have been saved by vaccines. As such, these numbers and figures are no more than facts
about how successful vaccination is.

Another example of the success of vaccines is the eradication of smallpox. Smallpox is a virus
that has been claimed to be eradicated. Smallpox was a fatal disease that was caused by the
Variola virus. It was highly contagious, and it would lead to a distinctive rash throughout a
victim’s body. In 1950, there were 50 million cases of smallpox. It had an average fatality rate
of 7%. But in 1977, the introduction of the smallpox vaccine would eradicate smallpox. As such,
there had been 0 cases of smallpox ever since 1980.

WHAT ARE THE ADVANTAGES?
ABILITY TO PROTECT PEOPLE
On one hand, vaccines should be encouraged due to their ability to protect people of all ages
including

the

elderly,

the

young

and

the

middle-aged

from

pathogenic

and

malignant

diseases. Since the introduction of vaccines, many people have become immune to dangerous
diseases. This is because vaccinated bodies can remember what antibodies to produce in the
case of a pathogen’s entry into the body. As such, due to the inoculating ability vaccines have,
many people can be immune to the antigens produced by pathogenic organisms. As such,
when more people are immunised, fewer people fall ill. Also, vaccines can help lead to “herd
immunity”, which refers to widespread immunity to a pathogen in a community. Though direct
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vaccination may help protect specific individuals, vaccines can also indirectly protect people
who

are

unable

to

take

a

specific

vaccine.

As

such,

it

can

indirectly

protect

immunocompromised people and people in different age groups that are unable to take the
vaccine.

Herd

community

immunity

(or

helps

commonly

these

referred

communities

to

as

the

of

herd)

people.
are

When

vaccinated

a

large

hence

portion

of

a

immune

to

a

pathogenic disease, the transmission of these diseases are less prevalent. This means people,
who are not immune to these diseases are essentially protected.

ECONOMIC BENEFITS
Another

reason

why

vaccines

should

be

encouraged

is

that

vaccines

are

cheap

to

manufacture. When it comes to costs, according to the Centre for Disease Control, an MMR
(Measles, Mumps, Rubella) vaccine usually costs 13 USD, while a DTaP (Diphtheria-TetanusPertussis) vaccination usually costs 27 USD. As such, for this reason, there is more incentive for
purchasing vaccines. This means that vaccines can be provided to a diverse multitude of
people

and

different

social

statuses.

Moreover,

global

trade

for

vaccines

promotes

globalization, which all in all, promotes intercountry connections.

WHAT ARE THE DISADVANTAGES?
CAN CONTAIN HARMFUL SUBSTANCES
Vaccines can also contain aluminium and formaldehyde. Substances like aluminium in vaccines
can

cause

neurological

and

physical

problems.

Aluminium

can

lead

to

Alzheimer’s,

deterioration of the peripheral and central nervous system as well as breast cancer. Other
substances like Formaldehyde in vaccines can cause depression and problems relating to
cognitive functions. Likewise, it can lead to anxiety, as well as the inability to execute simple
basic movements. As such, the presence of harmful substances may be a reason why vaccines
should be discouraged – as people could be put at risk of damage. When people are exposed
to vaccines that contain these chemicals, detrimental effects can be imposed on their daily
lifestyle. It can also lead to complications that may be fatal.

UNWANTED REACTIONS
Vaccines can also be deadly for some people. Though hard to predict and easy to overlook,
vaccines can make a person’s immune system over-react to the substances in a vaccine.
However, vaccines can also cause unwanted complications that can be fatal. According to a
case study conducted by A Husby, out of 5 million people, 48 people had been diagnosed with
myocarditis (heart inflammation) after taking the Pfizer vaccine. Additionally, according to the
drug office in Hong Kong, 1 in 100,000 people tend to get strokes, while 1 in 50 people tend to
get fevers from vaccines.
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SO, SHOULD VACCINES BE ENCOURAGED OR DISCOURAGED?
All in all, vaccines can, on one hand, protect people from many
pathogens and on the other hand, potentially cause harm. From
the evidence that has been presented, it is clear that vaccines
should

be

encouraged.

encouraged

is

disadvantages.
harmed

with

that
When

how

The

their
you

many

reason

vaccines

advantages

juxtapose
people

how

can

should

outweigh
many

be

be
their

people

protected

are
from

pathogens, you can notice a great gap. While fatal reactions
occur

in

100,000

people,

over

2

billion

people

can

be

protected from deleterious diseases. Moreover, it can protect
people who have not taken vaccines through herd immunity. As
such, this can lead to the protection of immunocompromised
people, who are people with weaker immune systems. Also,

Fig. 3
(Barbhuiya, n.d.)

vaccines have high availability worldwide, as they are very
cheap to manufacture. Also, only a few vaccines contain harmful substances. Ultimately,
vaccines should be encouraged as they have many pivotal benefits that can protect society as
a whole.
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Coconut Crabs: An Enigma
Kelly Leung 10D

GENERAL
Crabs are one of the 8,000 kinds of decapod crustaceans while coconut crabs are one of the
species. Coconut crabs, also called robber crabs, are nocturnal land crabs found in the
southwest Pacific and Indian ocean. They grow up to 1 metre from leg tip to leg top with a
weight of about 10 pounds with pincers able to exert a bizarre force of 3,300 newtons, the
larger the mass, the greater the pinch force. Just for a reference, human beings only have a
mouth bite force between 1,100 and 1,300 newtons (Osterloff, 2022.) Fully grown coconut
crabs have a range of colours from light violet to brown and deep purple with young adults
defaulted brown colour with black stripes on their legs. ("coconut crab | Habitat & Facts",
2022) Moreover, they live long as they continue to grow to reach their maximum size until
they are around 40-60 years old. (Ly & Werner, 2022)

They usually spend daylight hours in a burrow which is about 0.6 metres deep for protection
and a space as food storage. As for food, they usually feed on fallen fruits, carrion and
sometimes the shells of other crabs as the shells contain a lot of calcium for the crab to molt
properly.

("coconut

crab

|

Habitat

&

Facts",

2022)

("Fiddler

Crab",

n.d.)

With

the

most

obvious, coconuts. They unfurl coconuts by either releasing them from a tall height or use their
pincers to penetrate the coconut, exposing it. To forge for food, they also use their drawn-out
legs to climb up trees with heights of two metres (Ly & Werner, 2022) and go up to either
fetch coconuts or to attack birds on the top that are trying to escape from them. (Oliver,
2021)

Fig. 1: Coconut crab
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Fig. 2: Coconut crab opening a coconut

ANATOMY
Coconut crabs have a pair of pincers (chelae) which are usually asymmetrical with the left
more immense than the right and two pairs of lengthy periopods with pointed dactyls allowing
them to not only amble, but to fasten tree barks and other surfaces. In addition, they have a
diminutive pair of appendages with little claws, with females using them to take care of their
eggs and males using them in sperm transfer whilst breeding. Furthermore, coconut crabs
have sexual dimorphism resulting in males being more mammoth than females and females
having three large pelpods vertically nestled on their abdomens used to carry the eggs. They
also have lungs located in the thoracic area used for gas exchange. (Ly & Werner, 2022)
Since they have lungs to breathe in air, they can’t swim and would drown if they were
underwater for an extended period of time. (Osterloff, 2022)

Fig. 3: A diagram of coconut crab
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CYCLE AND REPRODUCTION
In a cycle of coconut crabs, the female would carry the eggs which take 25-29 days to
mature with her releasing the ripe eggs in the sea by shaking them into the water
afterwards.

Once

the

eggs

are

released,

the

eggs

would

immediately

hatch

as

microscopic zoeas (the first larval stage) which will live in water and feed on small
organisms. After 20-30 days, zoea would evolve into a glaucothoe (the midway stage)
and leave the sea to reside in a shell for about three to fours weeks as a form of
protection until they are too large for all the other shells. As they grow, they would tuck it’s
abdomen under it’s sturdy tergal plates. Afterwards, it would bury itself in moist sand and
transform into a small adult. (Ly & Werner, 2022)

In the process of reproduction, coconut crabs mate on land between May and September
(Osterloff, 2022) with the male crab holding the female’s chelae with his and pushing her
onto her back. Then he would transfer his spermatophore (male reproductive system
including his sperm cells) with the sperm entering the female's. The eggs would fertilize
internally and pass out of her body onto her pleopods in an egg mass or a sponge holding
thousands of fertilized eggs which would appear orange in colour (refer to Fig. 5). When
the tides are the highest, the female crab would release the eggs as the high tides would
give the eggs a higher chance to be pushed away from shore, so they would be able to
find more organisms to feed on when they hatch. (Ly & Werner, 2022)

Fig. 4: Coconut Crab Life Cycle
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Fig. 5: Coconut crab eggs

BEHAVIOUR
Coconut carbs are relatively nocturnal to avoid predators They usually don’t get into quarrels
and only get out of their burrows to hunt for food or a mate. As coconut crabs mostly go hunt
for food at night, their sensitivity to smell is very important with 40% of their brain exquisitely
searching for scent for coconut crabs to survive. The smell of fruits, nuts or animals would
attract the crab to it. (Gallagher, 2021) Coconut crabs that live on large islands tend to
frequently move a new borrow with a crab on a smaller island staying in one and maintaining
it. When they are digging burrows, they usually dig 1 metre deep. When it is time for them to
molt, they would prepare by overfeeding themselves and stay in their burrow for up to 3-16
weeks

whilst

molting

as

they

rely

on

their

exoskeleton

to

protect

themselves

against

predators. Once they finish molting, they will feed on its own shedded exoskeleton.

Not only were they observed for their behaviors, they were a part of the hypothesis for The
International group for Historic Aircraft Recovery (TIGHAR) to figure out what happened to
Amelia Earhart and Fred Noonan who disappeared on the 2nd of July, 1937. It was said that
they were trying to fly to the pacific island, but instead landed on Nikumaroro island with the
guess that Noonan died and Amelia was left alone on the island where they were coconut
crabs. In 1940, the British made a colony on the island and sent a telegram saying that a
partial human skeleton could potentially be Amelia Earhart, but only 13 bones were found. The
theory of where the 193 other bones that went missing would turn to the coconut crabs who
were on the island. TIGHAR had made numerous trials to see if the crabs were capable to
haul

bones

and

conducted

the

experiment

with

a

pig’s

carcass

to

observe.

They

have

concluded that crabs do drag bones back to their burrow and Tom King who was the
investigation

group’s

former

chief

archaeologist

thinks

that

Earhart

died

on

the

island.

Following her death, it is speculated that the crabs devoured her bones and dragged them
into their burrow. (Hartigan, 2022)
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Fig. 6: Top view of coconut crab

Fig. 7: Blue coconut crab

BENEFITS & DRAWBACKS
Not only that, coconut crabs help in the spreading of coconut seeds as they may leave
fragments of the coconut behind before going back to their burrow and could also serve
as a host to some parasites. Coconut crabs are also seen as a delicacy in some cultures
and some restaurants with tourists wanting to see and eat a coconut crab as they are
not that hard to catch. (Ly & Werner, 2022) If you are going to eat it, you still have to be
careful. Even though the crab is not lethal, it can turn deadly due to its odd selection of
food. It is believed that the poison comes from the plant toxin which would explain why
some coconut crabs are poisonous and some others aren’t. ("Coconut crab", n.d.)

Some people may not see a problem as they think that since coconut crabs are able to
live long, it means that they won’t be endangered, but The International Union for
Conservation of Nature (IUCN) have considered coconut crabs as a vulnerable species.
They aren’t that sure about the population of the coconut crabs, but evidence shows that
throughout the past 60 years, population has dropped to a minimum of 30% and is seen
to continue for the upcoming 20 years. Currently, the only place with a large amount of
coconut crabs is either an island with a low population or just no human beings at all.
(Gallagher, 2021)
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The Human Brain
Katrina Hon 10R

THE HUMAN BRAIN
There are two types of people in the world: Those who stay determined despite obstacles and
those who regularly procrastinate. These thoughts are all connected to what is said to be the
most powerful thing in the world – the human brain (“How Does the Human Brain Compare to a
Computer? | Crucial.com”, 2020). The brain controls your emotions, memory, motor skills, and
the function of organs within the body (“Mayfield Brain & Spine”, n.d.). In fact, an average
human being has 86 billion brain cells.

From the moment our alarm wakes us up to the moment where we set it again before going to
bed, we lose and gain brain cells. The purpose of losing brain cells is to accumulate waste that
makes them lose their function and degenerate. Have you ever encountered a situation where
you question yourself: How can I boost my brain power? Is it possible to strengthen my ability to
memorize things in a short period of time? How can the brain facilitate this?

MINDSET AND THE BRAIN
The human brain is connected to thousands of neural pathways. These pathways send signals
from one section of the nervous system to another, enabling it to control different aspects of
human

behaviour,

such

as

one’s

emotions,

consciousness

and

even

one’s

mannerisms.

An

example of this is one’s mindset, which is a set of information including your thoughts and
beliefs collected during nervous transmission.

According to Neuro Tray, mindset changes are a result of the brain modifying its neuronal
connections and adapting to a certain situations due to past experiences (Tuarez, 2020).
Changes

occur

between

synapses,

the

gaps

between

neurons

(brain

cells)

that

enable

neuronal communication. These changes are identified as synaptic plasticity, controlling how
effectively one neuron communicates with another. The human brain enables us to make
decisions

through

perspectives,

the

forming
brain

will

behaviourial
gradually

patterns

adjust

and

–

by

viewing

develop

new

situations
neural

from

pathways.

different
Mindset

formation impacts how you view the world and yourself, reinforcing the most intimate beliefs
and feelings about yourself (Mariama-Arthur, 2017). The way you cope with different obstacles
is

also

dictated

by

your

mindset.

This

results

in

the

automatically act in response to signals sent to the brain.

development

of

new

mindsets

that
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Research conducted by the American Psychiatric Association shows that this theory has led to
the discovery of the human brain’s ability to adapt through growth and reorganisation, now
widely recognised as ‘neuroplasticity’ (“The Dynamic Brain: Neuroplasticity and Mental Health |
The Journal of Neuropsychiatry and Clinical Neurosciences,” 2020).

Thus, although some may claim that artificial intelligence is more powerful than human beings,
their lack of a mindset due to lacking neuroplasticity deprives them of creativity and the ability
to make decisions. They are also unable to learn continuously like human beings due to this
(Toews, 2021). Mindset formation impacts how you view the world and yourself, reinforcing the
most intimate beliefs and feelings about yourself (Mariama-Arthur, 2017). The way you cope
with different obstacles is also dictated by your mindset.

MEMORISATION
Having the ability to memorize every detail in a piece of information seems impossible, yet it
has been scientifically proven that there is no limit to the amount of information one can
remember. An average person can store up to 2.5 million gigabytes of information and it is also
believed that the human brain generates enough power to illuminate a lightbulb. By writing and
reading out information repetitively through rehearsal, the brain will gradually store the data
into our long-term memory.

Memories are formed when groups of neurons get reactivated. Any stimulus in the brain results
in a specific pattern of neuronal activity, in which your memories are stored by changed
connections between neurons ("Memory and the Brain | Boundless Psychology", n.d.). This
occurs when signaling molecules called neurotransmitters transmit messages between neurons,
in addition to the elimination of extra synapses which happens in between early childhood and
adulthood.

Researchers from the Norwegian Center for Learning Environment and Behavioural Research in
Education discovered differences in brain area activation while reading handwritten versus
typed text. Additionally, one’s memory of handwritten words is tied to the movements required
to write each letter. Meanwhile, typing on a keyboard activates fewer areas of the brain –
neural pathways adapt much slower in comparison to reading aloud and writing. As a result, it
is recommended to handwrite notes during revision in order to ensure the effectiveness of
memorisation.
To conclude, the human brain is more powerful than you think. Though humans are becoming
increasingly concerned due to the rise of artificial intelligence, it is believed that nothing in the
world is more powerful than the human brain due to its neuronal capacities that allow for
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mindset formation and memorisation. After all, the brain processes information faster than a
computer, making it the most complex yet fascinating organ in the human body.
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Black Holes
Natalie Tsang 7E

WHAT ARE BLACK HOLES?
Many

people

have

heard

of

black

holes,

but

never

thought about it clearly. Black hole is something that is
very dangerous and very far away from us. It is something
that contains a lot of mighty gravity, it is so powerful that
light can’t even escape, in addition, they are invisible
and very hard to estimate or look at black holes, it is very
hard to spot them. In that situation, scientists have to use

Fig.1:

Artistic Representation of a

black hole (Childers, 2021)

a space telescope or special equipment to investigate
the star’s distance between the black hole and compare
it to other different stars.

HOW BLACK HOLES ARE FORMED:
Black holes are created very soon after the big bang,
black holes are formed when gigantic, extremely massive
stars collapse, causing a supernova and an exploding
star effect.

WILL BLACK HOLES AFFECT THE EARTH
OR OTHER PLANETS?
Black holes do not go around the universe and eat the
planet one by one, they follow the rule of gravity just like

Fig.2: Real image of the M-87

other objects in space. The black hole can affect the

black hole (Wikipedia

planets only if the orbit of the black hole is very close to

Contributors, 2022)

the solar system.

WHAT IS INSIDE A BLACK HOLE?
In the center of black hole, there is something called a gravitational singularity; it is a place
where quantities are measured for gravitational fields. That place is where gravity and
density are infinite and space time extends and extends into boundless time, which means,
the time in space will go faster and that makes the time on earth much longer.
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CAN YOU SURVIVE IN BLACK HOLE?
It is a very dangerous action to go in black hole and there is an extremely low chance that
people will survive when entering black hole. Basically, nothing can possibly escape black
hole. The gravity is too strong and that causes the time and place to go back home. People
might wonder if you are stuck in black hole, will you still survive? Another fact is that if you
are stuck in a black hole, you will slowly expand and tear apart and get damaged from the
warping of space.

WHAT HAPPENS IF YOU FALL INTO A
BLACK HOLE?
As I was saying, if the weather or not, if you survive
in black hole it is not likely to be true, you will tear
apart from the powerful gravity. When you go in,
you won’t be able to come out and you will regret
going in.

Fig.3: Diagram of a Black Hole
(Haynes, 2020)

WHO DISCOVERED BLACK HOLE?
Albert Einstein was the first person who predicted black holes in 19166, however, the term
“black hole” was named many years later in 1967 by american astronomer John Wheeler.
After that, other scientists were very curious about the new discovery and so they kept
investing and exploring the black hole until now.

DIFFERENT TYPES OF BLACK HOLE
Black

holes

can

be

huge

and

tiny,

but

they

also

have

names,

stellar,

intermediate,

supermassive, and miniature. There are four in total with different sizes. People said that
the most common one that forms in a black hole is the stellar death.

CONCLUSION
All in all, black holes are a fascinating concept that provides groundbreaking insight into
how our universe works.
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Monosodium Glutamate
Seung June Yoon 7F

WHAT IS MSG?
Monosodium Glutamate (MSG) is a flavour enhancer commonly found in various foods such as
canned vegetables and processed meat. It boosts the flavour of foods by stimulating taste
receptors, resulting in its signature umami taste. Many automatically associate MSG with
artificial ingredients, when in fact MSG occurs quite naturally. It consists of two ingredients:
sodium (the very same substance used in table salt), and glutamate, an amino acid. Both of
these ingredients are quite common. Sodium is a commonly used flavouring which, according
to the Food and Drug Administration, the average American ingests up to 3400mg a day of.
Glutamate can be found naturally in various foods such as tomatoes and cheeses. In addition,
it is believed that once consumed, the glutamate in MSG is treated the same as natural
glutamate by the body.

Fig 1. A photo of MSG

MSG is known to have a signature savoury taste, similar to that of noodle broths and cooked
meats. The glutamate interacts with taste buds on our tongue to create the flavour, while the
sodium helps crystalize and store the additive while also adding to the flavour.

01

Fig 2. MSG's Chemical Composition
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HOW WAS IT DISCOVERED?
MSG is known to have a signature savoury taste, similar to that of noodle broths and cooked
meats. The glutamate interacts with taste buds on our tongue to create the flavour, while the
sodium helps crystalize and store the additive while also adding to the flavour.

ALLEGED HEALTH HAZARDS
MSG received its bad reputation in 1968 when Dr. Robert Ho Man Kwok wrote a letter titled
“Chinese Restaurant Syndrome” to The New England Journal Of Medicine. He wrote that he
had

experienced

symptoms

similar

to

an

allergic

reaction

after

dinner

at

a

Chinese

restaurant, pondering whether his illness had been caused by Monosodium Glutamate.

Dr. Kwok’s letter triggered global panic, fueled by both the then common bias against Asian
eating customs as well as a fear of chemicals in foods. Despite the lack of reliable evidence,
MSG quickly absorbed the blame for Chinese Restaurant Syndrome. Despite the FDA labelling
Monosodium

Glutamate

as

“generally

recognized

as

safe”

in

the

1990s,

the

use

of

this

additive remains controversial.

Some

of

the

reported

side

effects

of

MSG

include

headaches,

flushing

and

sweating,

numbness, nausea or stomach ache, chest pain, and heart palpitations.

When Kwok's letter was published, scientists rushed to research and investigate the popular
food additive.

In a 1969 study, mice showed severe damage to their brain and retina after being injected
with MSG. After its results were released, many jumped to announce that MSG could cause
brain damage. Much inflammatory and exaggerated journalism followed, with headlines such
as “Chinese food make you crazy? MSG is No. 1 suspect”.

DEBUNKING
So are the alleged health hazards of monosodium glutamate reasonable? Let us take the
aforementioned 1969 study as an example. While the injection did result in severe retina and
brain damage, the dose of MSG was received directly into the bloodstream instead of being
consumed, which could have significantly affected the results.
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Pharmacological Research in Milan indicated that Chinese Restaurant Syndrome could
be largely caused by auto suggestion or the nocebo effect. The nocebo effect is when
negative expectations of people cause more severe reactions than expected.

After evaluating the participants 20 minutes for a three hour period, the results showed
that the group who received the broth without MSG reported CRS symptoms while the
group who received the MSG did not.

The results indicate that in a double blind situation where participants cannot be sure
whether they are consuming MSG or not, the results tend to sway less in the favour of
those who oppose MSG.

Numerous other studies have been later proven to be false or unreliable. For example,
in 1969 a psychiatrist told the New York Times that his findings on MSG challenged its
safety for pregnant women. However, his study examined the effects of significantly
large doses on pregnant mice, thus his results cannot be generalized to the way
humans consume MSG.

However, a small subset of individuals - less than 1% of the general population - may
experience adverse effects after consuming more than 3 grams of MSG directly due to
glutamate. However, keep in mind that the average serving of food containing MSG
only has about 0.5 grams of the additive. For the majority of people, MSG is perfectly
safe when consumed in moderate amounts.

CONCLUSION
In conclusion, there is no sufficient evidence to prove that MSG is indeed harmful. If
you enjoy consuming foods containing added MSG, there is no need to stop. The
additive is not a poison, and will not cause adverse reactions if consumed in regular
amounts. While MSG does have mild side effects when too much of it is consumed, the
same can be said for other common additives such as salt or sugar. The additive itself
is not the problem; it is how we consume it that matters.

52

BIBLIOGRAPHY
Sarah E. Tracy: What is MSG, and is it actually bad for you?. (2022). Retrieved 3 January
2022, from https://ted2srt.org/talks/sarah_e_tracy_w
(2022). Retrieved 9 January 2022, from https://dash.harvard.edu/bitstream/handle
Nast, C. (2018). It's a Myth that MSG Is Dangerous, So Let's Stop Freaking Out About It.
Retrieved 9 January 2022, from https://www.self.com/story/we-all-really-need-to-stopfreaking-out-about-msg

ț

Zanfirescu, A., Ungurianu, A., Tsatsakis, A., Ni ulescu, G., Kouretas, D., & Veskoukis, A. et al.
(2019). A Review of the Alleged Health Hazards of Monosodium Glutamate. Comprehensive
Reviews In Food Science And Food Safety, 18(4), 1111-1134. doi: 10.1111/1541-4337.12448
Barry-Jester, A. (2016). How MSG Got A Bad Rap: Flawed Science And Xenophobia. Retrieved
9 January 2022, from https://fivethirtyeight.com/features/how-msg-got-a-bad-rap-flawedscience-and-xenophobia/
The Truth About MSG. (2017). Retrieved 9 January 2022, from
https://www.azumio.com/blog/health/why-msg-has-a-bad-rap
Is MSG Truly Unhealthy? All You Need to Know. (2022). Retrieved 9 January 2022, from
https://www.healthline.com/nutrition/msg-good-or-bad#safety
Kamal Niaz, J. (2018). Extensive use of monosodium glutamate: A threat to public health?.
EXCLI Journal, 17, 273. Retrieved from
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5938543/
The MSG Myth: Clarifying the Controversy Surrounding Monosodium Glutamate. (2022).
Retrieved 10 January 2022, from http://ursa.browntth.com/the-blog/the-msg-mythclarifying-the-controversy-surrounding-monosodium-glutamate
What Is Monosodium Glutamate? Know The Foods That May Contain MSG. (2022). Retrieved
10 January 2022, from https://www.ndtv.com/food/what-is-monosodium-glutamate-knowthe-foods-that-may-contain-msg-1809225
Singh, M. (2005). Fact or Fiction? The MSG Controversy. Retrieved from
https://dash.harvard.edu/bitstream/handle/1/8846733/Sing05.pdf

IMAGES
Ross, S. R. (n.d.). Monosodium glutamate crystals [Photograph]. Monosodium Glutamate.
https://commons.wikimedia.org/w/index.php?curid=4184812
Monosodium glutamate structural formula. (n.d.). [Photograph]. Monosodium Glutamate.
https://commons.wikimedia.org/wiki/File:Monosodium_glutamate_Structural_Formula_V1.sv
g

53

What is a Protease Inhibitor
and How Does it Work?
Vijay Sathappan Narayanan 9F

GENERAL
The human body is not just a living organism – it is quite literally a planet. 40 trillion cells
spawn and thrive inside.

For bacterium and other microorganisms, the body is seen as a utopian ecosystem, rich in
resources, warmth, and space. A perfect place to move in as a family! Some organisms are
welcome to live inside of your bodies. Most, however, are not. Identifying what is deadly and
what is not is the job of our immune system.

When the COVID-19 pandemic struck, researchers were baffled by how our immune system
was helpless against the virus. The virus bypasses the immune system by disrupting immune
cell action. As COVID-19 is a respiratory virus, it enters your body through the respiratory
system.

WHAT IS A PROTEASE INHIBITOR?
To prevent SARS-COV 2 (COVID-19) from disrupting our immune system, researchers decided
to prevent the virus from making copies of itself. For this, they used protease inhibitors.

Protease inhibitors were first released in 1995 and have been proven to combat HIV and AIDS
effectively. The first protease inhibitor approved by the FDA in America (Food and Drug
Administration)

was

Saquinavir,

released

by

Hoffman-La

Roche.

According

to

the

US

Department of Health and Human Services, deaths from AIDs in the United States fell from
50,000

to

approximately

18,000

with

the

introduction

of

protease

inhibitors.

Before

the

release of protease inhibitors, the death rate from HIV had been increasing by 20% annually.
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This graph shows how HIV-related deaths fell by 60% in the United States after 2 years following the introduction of protease inhibitors.

Another protease inhibitor drug to be approved by the FDA was known as Amprenavir, which
revolutionized the medical field by being more cost-effective and by being the first protease
inhibitor

to

be

approved

for

twice-a-day

dosage.

Production

was

discontinued

by

the

manufacturer in 2004, as Fosamprenavir had superseded it in terms of effectiveness.

Fosamprenavir is a pro-drug of Amprenavir. A pro-drug is a medication that is digested within
the body to form another active drug. It can be used to improve how the drug is absorbed by
the body. In this case, Fosamprenavir is the pro-drug and Amprenavir is the active drug.

HOW DOES THE DRUG WORK?
With the definition of a protease inhibitor behind us, let us now look at the drug works. We
first need to take a step back to understand how SARS-COV 2 can replicate itself.
The virus is a single strand of RNA (ribonucleic acid, which is similar to DNA) wrapped in a
protein envelope. This contains genetic instructions for the virus to replicate itself. When it
invades a human cell, its RNA is translated into a polypeptide chain, which allows enzymes to
continue replicating. These special enzymes are enzymes that begin the replication process.

Before these enzymes start the replication process, they need to be separated from each
other. To do that, the protease enzyme present in the virus cuts up the polypeptide chain into
multiple different parts to begin the replication process.

It is now vital to prevent the protease enzyme from making further copies of the virus to
control the spread of the virus inside the body.

Protease inhibitors, like Fosamprenavir, interfere with replication. They tightly bind with the
protease enzyme, preventing it from cutting up the polypeptide chain. Therefore, the virus will
not be able to make further copies of itself.

55

PROTEASE INHIBITORS AGAINST COVID-19
Recently, the pharmaceutical giant, Pfizer released a new oral vaccine against COVID-19
called Nirmatrelivr. Nirmatrelivr was co-packaged with Ritonavir, another protease inhibitor
drug. The package is sold under the name of Paxlovid.

The medication is not authorized for the prevention of COVID-19, pre-exposure or postexposure. Pfizer has stated that it is only used as a vaccine for COVID-19 patients.
Before the drug gained approval, Pfizer signed an agreement with the Medicine Patent Pool
to allow Nirmatrelvir to be manufactured and sold in 95 countries. A Pfizer spokesperson said
that the agreement will allow local medicine manufacturers to produce the pill. The drug was
still quite in demand for countries with significantly smaller COVID-19 outbreaks. (Nolen,
2021)

Disclaimer: Information contained in this section on Nirmatrelvir was taken as of January 2022. This may have
been updated on the date of publication.

SUMMARY
Protease inhibitors have been a great tool to be used against once thought incurable
diseases. This is also extremely useful in combating COVID-19 as it is being used as a vaccine
against the virus.
Who knows? Maybe in a short while, we will be living in a COVID-free world thanks to
protease inhibitors.
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Is the COVID-19 Vaccine Safe?
Tari Ng 10F

GENERAL
With the rollout of COVID-19 vaccines on 10th March 2021, many people around the world
have

gradually

been

inoculated,

providing

safety

and

security

against

the

original

and

mutated COVID-19 strains. However, some still question “is the COVID-19 vaccine actually
safe?” This question has often sparked public discourse due to the varying opinions there are
at large. This article will explore the safety and efficacy of a range of vaccines, provided by
different brands.

WHAT IS A COVID-19 VACCINE?
The COVID-19 vaccine aims to boost immunity in our
body so we could be immune to the coronavirus that
causes

the

COVID-19

disease.

It

is

designed

to

develop the memory of your immune system on how
to fight the coronavirus. Vaccines achieve this by
triggering

the

response

of

T-lymphocytes,

sending

generic instructions… So how is it developed? The
vaccines are developed through 6 crucial steps:
Pharmaceutical

quality,

non-clinical

research,

clinical

trials,

scientific

evaluation

and

authorization, large scale production and studies after authorisation. (EMA, 2020)

The main components of a vaccine typically include the antigen, preservatives, stabilisers,
surfactants,

residuals,

dilutants

and

adjuvant.

The

antigen

is

the

active

component

that

generates an immune response or the blueprint for making the active component. (WHO,
2020). Preservatives such as 2-phenoxyethanol which are used in the mRNA vaccine are to
avoid the contamination of the vaccine after getting it open. Surfactants are to keep all
components

blended,

preventing

clumping

of

elements.

Residuals

are

small

numbers

of

substances used during the production of vaccines. Diluents, such as sterile water, are used
to get the vaccine into the correct concentration. Adjuvants like aluminium salts are used to
boost the response of the immune system. (WHO,2020)
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DIFFERENT BRANDS OF VACCINES
The

common

brands

of

COVID-19

vaccines

are

Astrazeneca,

Moderna,

Pfizer-BioNTech,

Novavax and Johnson & Johnson.

Different COVID-19 vaccines include the mRNA vaccines, carrier vaccines and protein submit
vaccines. Each of these have different ways of attacking the virus and enhancing one’s
immune system. mRNA vaccines produce S protein. Carrier vaccines rely on the reproduction
of cells. Protein submit vaccines rely on producing antibodies.

The mRNA vaccines: Pfizer-BioNTech, Moderna
The mRNA vaccine employs genetically modified mRNA to guide your cells on how to produce
the S protein located on the COVID-19 virus's surface. Your muscle cells begin producing S
protein fragments and expressing them on cell surfaces after immunisation. Antibodies are
produced as a result of this. These antibodies will help you fight the COVID-19 virus if you
become infected later.

The carrier vaccines: AstraZeneca, Johnson & Johnson
Genetic engineering can be used to generate carrier vaccines. A vaccine protein-coding
gene

is

introduced

into

another

virus

or

cultured

producer

cells.

The

vaccine

protein

is

produced when the carrier virus reproduces or the producer cell metabolises. This method
produces

a

recombinant

vaccine,

in

which

the

immune

system

recognises

the

produced

protein and provides long-term protection against the target virus.

Protein subunit vaccines: Novavax
Only the bits of a virus that effectively activate your immune system are included in subunit
vaccinations. This form of COVID-19 vaccination contains S proteins, which are non-toxic.
Antibodies and protective white blood cells are produced after your immune system identifies
the S proteins. If you are infected with the COVID-19 virus later, the antibodies will help you
fight it.

SIDE EFFECTS OF THE COVID-19 VACCINE
The mRNA vaccines: Pfizer-BioNTech, Moderna
A study was held by the PMC to see the side effects of individuals after taking the mRNA
vaccines. There were 956 participants and 60% of them reported at least one side effect.
90%

recorded

discomfort

or

redness

at

the

injection

site,

67%

recorded

tiredness,

59%

recorded fever, 55% recorded headache, 21% recorded nausea or vomiting, 20% recorded
chest

pain

and

shortness

of

breath

and

2%

of

participants

experienced

joint

or

bone

discomfort.
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Under rare conditions, the mRNA vaccines can cause myocarditis and pericarditis. Myocarditis
is the inflammation of the heart muscle and pericarditis is the inflammation of the lining
surrounding the heart (WHO,2021). People were scared that after the vaccination they will
develop these symptoms. However, the chance of getting diagnosed with myocarditis and
pericarditis is negligible. A study done by Nature Medicine had shown that in the 38,615,491
vaccinated individuals only 0.004% are diagnosed with myocarditis and pericarditis. (Nature
Medicine, 2021)

The carrier vaccines: AstraZeneca, Johnson & Johnson
The side effects recorded for carrier vaccines are injection site responses (discomfort, skin
redness, and oedema), Headache, exhaustion, muscular pains, nausea, fever, swollen lymph
nodes, clots in blood, allergic reactions, paresthesia, hypoesthesia and tinnitus.

The effect of blood clots is frequently discussed as it’s deadly. A blood clot is like a clump of
blood that looks like gel. When you cut or scrape your skin, little blood clots grow to seal up
the wounded area and halt the bleeding. They are, however, harmful when they grow inside a
blood artery, where they can cause thrombosis (blocking blood flow), a disease that kills up to
100,000 people in the United States each year. (Katella, 2021). A blood clot rarely happens
after a carrier vaccine; only 3.1 people among 100,000 will be diagnosed with a blood clot.

Protein subunit vaccines: Novavax
The side effects recorded are injection site pain or tenderness, tiredness, headache, muscle or
joint pain and feeling unwell. (Australian Government of Health, 2021). Rare side effects
include lymphadenopathy, hypertension, rash, erythema, pruritus, urticaria and injection site
pruritus (European Medicines Agency, 2021).

CONCLUSION
Overall,

COVID-19

comprehensive

and

vaccines
strict

are

before

developed
its

through

manufacture

different

and

steps

distribution

which

are

complex,

process.

The

types

of

vaccines on offer include mRNA, carrier and protein subunit, working differently and causing
different side effects. The side effects that are most concerning are myocarditis, pericarditis
and blood clots. It is shown that only a minority of individuals will develop these diseases.

It is hard to neglect the side effects that will be brought by the vaccine, however, studies have
supported that it is better to take the vaccine than not to.
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By comparing the side effects of the COVID-19 vaccines and the symptoms of the actual
COVID-19 virus, the symptoms of the COVID-19 virus show a more severe effect on our body. If
you are diagnosed with covid 19 you may develop respiratory failure, acute respiratory distress
syndrome (ARDS), sepsis and septic shock, thromboembolism, and multi-organ failure including
injury to the heart, liver or kidneys. (Centre for Health Protection, gov.hk, 2021). Additionally,
taking the COVID-19 vaccines reduces your chances of contracting and transmitting the
COVID-19 virus. Vaccines can also assist in the prevention of major diseases and death (CDC,
2022). Research conducted by the Centre for Disease Control and Prevention (CDC), it is
stated that there is a higher chance of death if you were diagnosed with COVID-19 and are
unvaccinated.

Among

unvaccinated

persons

(range

=

64.0–725.6

[cases]

and

1.5–11.4

[deaths]) than among fully vaccinated persons (range = 7.4–230.9 and 0.1–0.7) (CDC, 2022).
From these statistics, a conclusion can be reached that vaccines should be taken to safeguard
one from the COVID-19 virus and to prevent hospitalisation or death. Although the vaccines
have yet to be proven completely safe, it is clearly the best way for us to fight the ravaging
COVID-19 global pandemic now.
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How COVID-19 Infects
Your Body and its Origins
Nicholas Tsang 9E

WHAT IS COVID-19?
Covid-19 is a virus that can be spread very easily to one and
another via the respiratory system. Covid-19 is caused by
the

SARS-CoV-2

virus.

The

virus

is

estimated

to

have

infected 273 million people worldwide. This virus has a lot
of genetic mutations. Some of which have enhanced the
virus’s ability to spread even faster and have an even bigger
impact on our bodies.

Fig.1: A diagram of the Covid-19 virus.

GENETIC MUTATIONS
The coronavirus has many mutations. These mutations have made
the human body vulnerable to the virus. The covid variant Delta
has 23 mutations. These 23 mutations help spread the virus even
more rapidly. On average, the original coronavirus can spread to
2-3 people on average, however, the mutation delta spreads to
about 6 people at once. Even though Delta has fewer mutations
than other coronavirus mutations. Not only is the variant easily
widespread, but it is also extremely deadly. Omicron, a newer
covid

variant,

is

even

deadlier.

It

has

twice

the

number

of

mutations that Delta has, making it twice as lethal.

Fig.2: A diagram of the covid
variant Omicron.

THE ORIGINS OF THE VIRUS

The beginning of the life-threatening epidemic began an extremely long time ago. Approximately
25,000 years ago, an ancient coronavirus struck Eastern Asia and claimed the death of many
lives. However, the human immune system has two main parts. The general part acts as a defense
against harmful viruses which can be also compared as “intruders” to our bodies. The other part
is the adaptive immune system. The adaptive part is like a library, with millions of books and
knowledge about every single harmful disease that your body has ever encountered. Once the
virus enters your body, the adaptive part will immediately identify the genetics of the virus and
thus communicate with the general immune system part in order to fight the virus.
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INFECTION
What actually happens when the virus enters your body? The virus can enter your body not only if
the infected ones sneeze or cough. When they normally talk or sing, the virus is still transmitted
through the air. The virus will then enter your body when you are breathing(respiration). Once
the virus enters your body, it will be attached to your throat. After a while, your immune system
will be activated, leading to symptoms of a cold, such as coughing, sneezing, and more. After a
while, these effects will subside and the body will recover. In simple terms, this is how the body
fights against the coronavirus. Only on rare occasions will serious infections actually occur.

SERIOUS INFECTIONS
In most cases, you wouldn’t experience a serious effect from the coronavirus, however, in some
rare cases, there is a possibility that you will die. The virus duplicates itself rapidly, spreading it
from the throat to the lungs. The gas exchange will be disrupted, causing the infected ones to
find it difficult to breathe. It doesn’t end here, the alveoli is an important part of the lung where
it distributes oxygen to the bloodstream. There is a small gap where the bloodstream and alveoli
lie. When the coronavirus enters the alveoli, it will increase the distance between the alveoli and
the bloodstream. This will make oxygen very hard to enter your body. When breathing becomes
nearly impossible, it is laboured by machines.

The gap between the bloodstream and the alveoli grows even wider, making it very hard for
oxygen to pass through. That is when machines come in and help pump more oxygen into your
body. It will help pump in the sufficient amount of oxygen you will need to circulate your body.
The coronavirus multiplies itself in such speed that the gap will be too huge and the alveoli
would be filled with liquid, making it impossible for the oxygen to enter the bloodstream. An
external machine would replace the lung’s function. The process is quite complicated, as the
external machine enriches the blood outside the body with oxygen and then inserts it back into
the body.

The issue can escalate even further. The immune system still has such a violent reaction to the
virus that the system would be a much bigger issue than the virus itself. The Immune system will
attack the blood vessel, therefore making us insufficient in blood.
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VACCINES
There are 2 types of vaccines that most people take- The Sinovac and the BioNtech. Both have
different ways to protect our bodies from the virus. The Sinovac vaccine protects the body by
injecting a small amount of the Covid-19 virus, so that the immune system will react to this and
create a new system where it will fight off the coronavirus. The BioNtech vaccine would alter
your DNA and make you immune to the virus.

Fig 3: A picture of the vaccine.

Fig 4: Diagram of the Sinofect Vaccine

CONCLUSION
To conclude, the coronavirus has a surprising origin and its immense power can cause many
problems to humanity. Overall, just wear masks when leaving your home, wash your hands often
and also remember to be vaccinated because you will be practically immune to the virus.
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String Theory: A World
Where Particles Are Strings
Isabelle Woo 10W

String theory sounds like your everyday fantasy or fairy tale. Like seriously, particles can be
strings? However, it is true this theory is actually one accepted by theoretical physicists and is
a candidate for the famously sought out idea, “the theory of everything”. String theory is in
simple terms, a theory that will solve many paradoxical problems. The most significant being
for how gravity would work for the quantum world, such as electrons and photons. So before
we get in further, what actually is, string theory?

THE CURRENT MODEL OF OUR UNIVERSE:
Also

known

as

the

standard

model.

Also

known

as

the

point

particle

theory.

Scientists

basically suggested that every particle is a point in space. For example: every electron is a
certain point with a certain electric charge and a certain mass. This made it possible for
physicists to define them and calculate their interactions. And over time, scientists have
found that everything in the universe can be made with a certain set of particles governed by
four force particles, completing the standard model of particle physics. But there is an issue,
this all seemingly too good to be true model, does not include gravity. Leading scientists to
rack their brains and come up with a new idea. String theory.

Fig 1: (Kurzgesagt – In a Nutshell, 2018)

Fig 2: (String Theory Wallpaper, 2022)
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THE THEORY THAT BRINGS THE UNIVERSE TOGETHER
As being a candidate for the theory of everything, it literally means it is a theory. For
everything. String theory would be the bonding of the quantum world and the material world
together. As the way the quantum universe works doesn’t seem to be explainable with the
idealistic idea that point particles interact with space and time, physicists have turned to the
more conceptual world, and suggest that the particles we observe are not only occupying
the four dimensions of space time, but additional dimensions as well that we have not found
or observed. Particles in our universe would then be made up of one element, which are
these vibrating strings of energy. If you observe these particles up-close, they can be made
up of an open or closed string, and particle mass would be made up of the length of the
string and it’s tension. The length of the string would also imply the different vibrations
possible within the string and therefore imply the properties of the particle. So what can
these strings do? Well since they vibrate, they can hold energy, they can stretch, they can
also merge and split apart. These last properties are important as it lets particles interact,
and decay into other particles. Interactions between these vibrating strings, in up to 26dimensions, will also create all the particles in our universe. To visualize this idea, imagine
this,

when

you

pluck

a

guitar

string,

it

has

its

own

thickness,

length

and

composition.

Depending on where you look at the string from, it could be a dot, line or even a circle as the
string vibrates, which would explain how particles can be circles. When the string vibrates it is
constantly changing shape in a back and forth motion, distributing the surrounding air and
making sound waves that we hear. So envision this string touching neighbouring guitar
strings, all vibrating at different speeds. If all the strings were creating their own sounds in
their own movements, what kind of new melodies would we hear? These melodies will
represent the particles created.

Fig 3: Perspectives of Strings
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WHAT IS SOLVED?
As I mentioned above, string theory would provide a foundation for how gravity works for
quantum particles. In quantum mechanics, all physical forces are carried by certain particles.
However in Einstein's theory of general relativity it instead describes gravity as a reaction of
large bodies eg: planets, curving the fabric of spacetime. If the universe was a performance,
particles would be actors and gravity would be a stage. Essentially, gravity is the geometry of
spacetime. This curve of the fabric of space time would be made up of interactions between
gravity

particles

or

“gravitons''.

However,

when

physicists

imagine

what

gravitons

would

behave and look like, they calculated that if two of these particles collided with each other
or if it was included in the standard model, it would create an infinite amount of energy in a
confined

space,

which

shouldn’t

be

possible.

String

theory

would

essentially

let

these

gravitons collide with each other and rebound without producing an infinite amount of
energy. Another issue string theory solved was black hole entropy. Entropy is the number of
ways you can arrange a system, but since we cannot see into a black hole, we are unknown
to the particles and the way these particles are arranged in a black hole. However, if we tally
up the possible arrangement of these “hypothetical strings” instead of particles, we can get a
much more accurate count of the black holes entropy.

Fig 4: (Musser. G, 2020)

SUPERSTRING THEORY:
As all great scientists like to do, they like to improve on their predictions and theories, hence
the existence of superstring theory. The existence of string theory seems like it could check
out to work for practically everything in the universe, however it comes with three major
issues. One, this model exhibits strings only behaving like bosons eg: photons, yet the universe
also contains a category of particles called fermions eg: electrons, which right now are not
included in the theory. Secondly, one of the particles predicted in the model of string theory
is called a tachyon, its mass seems to be an imaginary number, which is the square root of a
negative number and therefore it is not possible for it to exist. Thirdly our spacetime has 4
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dimensions but string theory requires 26 meaning we are missing quite a lot of undiscovered
dimensions. Superstring theory solves two of these paramount issues. To include fermions in
the model, the idea is to add spinors on the strings, which mathematically will describe the
fermions in the standard model and no longer predict tachyons as well. Our model now has a
symmetry between fermions and bosons, predicting an equal amount of fermions to bosons,
known

as

supersymmetry.

undiscovered

or

unobserved

However,

superstring

dimensions

which

theory

leads

to

will
a

still

require

landslide

of

the

an

extra

rest

of

6

our

problems.

Fig 5: (ScienceClic English, 2021)

THE IMPLICATIONS
Firstly, the model doesn’t seem to match up with the idea of an
expanding universe, and additionally, we can’t even see if string
theory can be proven! As to “observe” or see, we need light,
meaning we need to send an electromagnetic light wave to the
object, have it reflect back to our eye, so our brain can process
the image. However, particles are so small, to the point where the
light wave just passes through them. Sure we could shorten the
wavelength so the light would have a higher chance of reflecting
off the particle, but shorter wavelength means more energy, and

Fig 6: Heisenberg's
Uncertainty Principle

will alter the particle. So basically, by looking at it, we change it
and

hence,

we

cannot

observe

it.

This

is

the

Heisenberg

uncertainty principle, and it serves as a conundrum to proving
string theory. Finally, there are still at least 6 missing dimensions
in

superstring

theory,

and

supposedly,

they

are

wrapped,

somewhere in the vastness of space-time, which is why we
Fig 7: (Asaad, A, 2020)
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CONCLUSIONS
So one might argue that string theory is fundamentally flawed. As we cannot experiment
with it or make accurate predictions with it, like how proving a normal scientific theory would
be like, there is no proof it will work. Yet the theory still makes sense and flows out perfectly
meaning the math still matches up meaning scientists did do something correct. While string
theory may not be the answer to our universe, it has still proven useful in solving other
scientific dilemmas and possibly providing a blueprint for the true theory of everything.
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How Magnetism Works
Jason Ying 7D

MAGNETISM
When you think of magnets, what is the first thing that pops up in your brain? Magnets are
essential to daily life, serving a variety of everyday purposes. Without the Earth’s magnetic
field, compasses will malfunction, and you will have no idea where to go as you are lost. Let’s
look at how magnets and compasses work.

MAGNETS
Magnetism is a non-contact force. That means it can affect nearby objects without touching
it, just like the gravitational force. A magnetic field is created by moving/accelerating
charged particles, such as an electron. Speaking of magnets, they have 2 sides. The red side
is the north pole. The blue side is the south pole (Fox, 2010). If you put 2 magnets together,
north pole facing north pole, or south pole facing south pole, the two magnets will repel
each other. However, if you put two magnets together, but this time north pole facing south
pole, or south pole facing north pole, the two magnets will attract each other. A piece of iron
will attract on both sides, but they are not magnets. In fact, to verify whether an object is
magnetic, you must test repulsion. Why? It is because other irons can be attracted to both
sides of the magnet, but if an object is magnetic, it should repel on either the north pole or
the south pole of a magnet.
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FUN FACTS
-

(Marie Helmenstine, 2019) To demagnetize a magnet, you must heat it up until the

magnet reaches the Curie temperature (about 540

℃ ).

Cool it down, and you’ll have a

useless piece of iron. This is because…
-

(Unknown,

n.d.)

Magnets

can

be

made

with

electricity.

This

is

known

as

electromagnetism. Magnets can also produce electricity. The movement of a bar magnet
near a wire produces electricity.
-

(Unknown, 2018) The earth’s magnetic field is protecting us from deadly radiation from

the sun. That is why you see Northern Lights, as the radiation bounces off the globe.
-

("MRI scan", 2018) An MRI machine is a magnetic tube similar to an X-ray. You lie inside

the tube and it can examine almost any part of the body.

EXPERIMENT – MAKE YOUR OWN MAGNET
Materials:
-

Paper clip

-

Permanent magnet

Steps:
-

Straighten the paper clip
Stroke the paper clip 20 times with the magnet, in the same direction. The more you

stroke it, the more magnetic it is. This works because the magnetic domains are lined up,
making the object magnetic.
-

Try to repel the paper clip by placing the south/north pole of the permanent magnet

next to the paper clip
Note: Don’t place the magnets near electrical devices or else the circuits could be damaged
due to the interactions between different magnetic fields, especially with strong magnets.
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CONCLUSION
Magnetism is one simple thing that protects us from radiation, one simple thing that makes
navigation easier than ever. Magnetism is a subject that you will find fascinating.
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RoboBees: The Answer to
Pollinator Decline or a Buzzkill?
Nivedha Babu 10E

THE IMPORTANCE OF POLLINATION
Pollination is a process that is essential
to our ecological survival system. All of
the world’s seeds need to be pollinated
and almost 80% of the crops we use in
our day-to-day lives are pollinated by
animals, predominantly insects ("Why is
Pollination Important?", n.d.). We need
pollination

for

survival

our

of

our

food

ecosystem

security,
cycles

the
and

food production. In addition, pollination
promotes clean air and helps purify

Fig. 1:

Illustration

of

pollination

robots

in

action

(Metz, 2021)

water, which prevents the erosion of plant roots that hold soil in place ("Why is Pollination
Important?", n.d.) – erosion is the process by which the earth gets worn down by natural forces
("Erosion", n.d.). Therefore, we simply cannot live without pollination.

However, recent reports have shown a massive decline in insect populations due to climate
change. The advancement in technology, however, could create a viable solution to this crisis.

ROBOBEES: THE SOLUTION?
A RoboBee, as the name suggests, is inspired by the biology of bees and is a man-made system
that can perform a multitude of roles in agriculture on cultivable lands and perform agriculture
retrieval in the case of natural disasters. RoboBees are autonomous machines that have the
ability of self-directed flight, where they can accomplish synchronised behaviour in large groups
("RoboBees: Autonomous Flying Microrobots", 2019).

THE MANUFACTURING
The manufacturing of RoboBees can be simply divided into three parts – the body, the brain and
the colony ("RoboBees: Autonomous Flying Microrobots", 2019). The body consists of

76

constructional

parts;

these

develop

the

RoboBee’s ability to fly independently using an
effortlessly-integrated power source. The brain
consists of “smart” sensors that imitate the eyes
and antennae of a bee; these allow RoboBees
to sense and respond to surroundings on the fly.
Finally, the colony works on coordinating the
practices of the single independent RoboBee.
This

allows

multiple

RoboBees

to

act

as

one

efficient, cohesive unit.

Fig. 2:

A

sliced

view

of

a

RoboBee

with

sophisticated machinery (HoneyDrone, n.d.)

THE ADVANTAGES OF ROBOBEES
Colony Collapse Disorder (CCD) is currently on the rise. This occurs when only a few nurse bees
remain in their colony to tend to their queen and immature bees when most of the worker bees
leave and flee. This results in the drastic reduction of the honeybee population, threatening
crops that survive and thrive on bee pollination ("Colony Collapse Disorder | US EPA", 2021). This
is where RoboBees come in – smaller than the smallest of bees, it works as an efficient pollinator
with

their

lightweight

Autonomous

Flying

body

meant

Microrobots",

for

flight

2019).

missions

RoboBees

can

and

climate

also

help

monitoring

with

the

("RoboBees:

repopulation

of

endangered plant species by releasing them into the forestry with dire need of pollinators.

Additionally, in order to increase work productivity and efficiency, humans have been using
machinery to replace large-animal labour for quite some time now. RoboBees could be the
stepping stone to supplementing the labour of small animals
(Albright,

2014),

which

is

a

right

step

in

the

ethical

direction.

Another unexpected advantage of RoboBees is that their
functions

aren’t

limited

to

just

pollination.

Unlike

regular

bees, RoboBees can be used outside of agriculture. They
can

also

be

used

for

search

and

rescue

missions

–

RoboBees would be able to fly swiftly over broad, wide
areas

and

locate

victims

much

more

effectively

than

humans. These robots can also scour dark tunnels that are
dangerous for humans (Beck, 2016).

Fig. 3:

Microrobot

for

crop

pollination and rescue (Harvard
Wyss Institute, n.d.)

77

THE DISADVANTAGES OF ROBOBEES
With all these benefits, however, RoboBees also come with major drawbacks. To begin with,
RoboBees create extreme catastrophes economically.

For instance, we would have to take into consideration that the bee population right now is
around 80 to 100 million. If most insects were to disappear on an extreme scale, replenishing
them with RoboBees would cost a hefty sum – something that would only serve the wealthy
(Dorin, 2020).

Next, RoboBees can also threaten our natural environment. The manufacturing of RoboBees in
itself would already be environmentally degrading – materials such as plastics, carbon fibres,
wires and foils, just to name a few, are some of the structural materials required to produce
RoboBees. Additionally, RoboBees would inevitably be damaged when working in open fields. If
they are in unretrievable condition, they would litter our environment, leaking chemicals into our
waterways and contaminating oceans and forestry (Dorin, 2020). This is especially worrying, as
the current design is easily damageable yet non-biodegradable. Lastly, RoboBees are also
hazardous to our food chains. If RoboBees were to be eaten by amphibians, birds or reptiles,
whose diets constantly rely on flying insects, these animals would be intoxicated. This would
affect our entire food chain, threatening human health (Dorin, 2020).

SO, ARE ROBOBEES WORTH IT?
When computers were first introduced, our society truly feared them
as we believed that it would create havoc and chaos in our world.
This was mainly for the fact that this was something new – this was
something that society was not used to and something that only the
rich could afford. Now, look how the tables have turned. Technology
has added so much convenience to our day-to-day lives and is
something that we would not dream to live without. Thus, instead of
rejecting

RoboBees,

we

should

embrace

the

advancement

of

technology and celebrate modernity. RoboBee creator Robert Wood
compares the advancement of technology to something of fiction:
“Science fiction has been promising us a lot throughout all of our
lives; now it is starting to come to fruition” (National Geographic,

Fig. 4: Components of a
computer system
(Hubert, 2015)

2020). Fiction – something that was once seen as impossible and
part

of

an

alternate

universe

–

is

finally

bursting

into

reality.

Implementing RoboBees is one of our very first steps.
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Cloning
Eugenia Chan 10N

WHAT IS CLONING?
Cloning is the process of creating exact genetic copies of living organisms. Cloning happens
often in nature when a cell reproduces through binary fission. Some clones already exist in
nature, such as single-cell bacteria which reproduce by making exact copies of themselves.
Scientists can also clone organisms and animals in a lab, such as pets, although no one has
ever succeeded in cloning a human before.

TYPES OF CLONING/ HOW CLONING WORKS
Natural cloning
Clones that occur naturally are natural clones, and they already exist in nature, such as some
plants and single-celled organisms, like bacteria. Identical twins are also a type of cloning.
Examples of natural cloning are binary fission, budding and fragmentation.

Binary fission:
Binary fission is when an organism splits into two smaller organisms. This method usually
occurs in single celled bacteria and protoctists, but some animals such as flatworms also use
this type of cloning to reproduce.

Monozygotic

(identical)

twins

are

also

an

example

of

binary

fission.

It

occurs

when

a

fertilised egg cell splits into two, creating two genetically identical embryos which will grow
in the same placenta. Meanwhile, dizygotic (unidentical) twins will share 50% of the same
DNA as they are two eggs that are fertilised at the same time and so have separate
placentas.

Budding:
Budding is when another organism grows from the parent organism, creating a daughter
organism that will soon fall off, creating a new organism that is genetically identical to the
parent organism. Budding occurs in Hydra, a small freshwater organism, but is also common
in many types of yeast.
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Fragmentation:
Another cloning method, fragmentation, occurs when an organism grows from a separated
part of the original organism, creating a new genetically identical organism. This cloning
method occurs in starfish and some species of annelid worms.

Artificial cloning
Artificial cloning is to clone an organism in a lab by making a copy of the gene or segments
of DNA. The three different types of artificial cloning methods are gene cloning, reproductive
cloning and therapeutic cloning.

Gene cloning:
Gene cloning makes identical copies of a part of DNA, such as a gene. It is inserted into a
circular piece of DNA, called a plasmid. The plasmid then is introduced to bacteria through a
process called transformation, which is a heat shock that makes the bacteria take up the
plasmid. Then using antibiotics, the bacteria carrying the plasmid is selected by putting them
in antibiotics as plasmid typically contains an antibiotic resistance gene. Then, the bacteria
which have the plasmid that needs to be copied are grown into a large colony.

Gene

cloning

can

be

used

for

biopharmaceuticals,

such

as

insulin

or

human

growth

hormones, gene therapy and gene analysis for scientists to understand that particular gene
more.
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Reproductive cloning:
Reproductive cloning is making genetically identical organisms on purpose and putting a
cloned embryo into an uterus and carried by a surrogate mother before giving birth.

The cloned organism is generated through a process called Somatic Cell Nuclear Transfer
(SCNT). First, the nucleus of a cell of the animal that is going to be cloned is put into an egg
cell that has its nucleus removed. Then, the egg is shocked with an electric current to make it
start reproducing. Finally, the egg is put into a surrogate mother’s or an artificial uterus for it
to grow then given birth.

Therapeutic cloning:
Therapeutic cloning is used to produce stem cells of the same genetic makeup as the
patient. Like reproductive cloning, the nucleus of a cell of the patient is going to be put into
the donor’s egg cell that has its nucleus removed. Then, the cell is stimulated to divide and
the cell develops into an embryo. After four or five days the stem cells are removed and the
stem cells from the embryo are cultured for therapeutic use. Although human stem cells have
been produced this way before, it has never been used to treat people.

EXAMPLES & USES OF CLONING
Cloning has many uses, for example treating people with genetic disorders and researching
genes to know more about them. It is also a method of reproduction for some organisms.
Also, the gene cloned can also be used for gene therapy and even producing an organism
with an identical genetic makeup.

The most famous organism that is a
clone

is

a

sheep

called

Dolly.

She

was a Finnish Dorset sheep who was
cloned

with

reproductive

cloning.

She was the first successfully cloned
mammal from an adult cell, and was
cloned by scientists in Scotland. Born
on 5 July 1996, she died five months
before her seventh birthday due to a
lung disease and was
euthanised on 15 February 2003, the disease not related to Dolly being a clone. Her
body was preserved and is on display at the National Museum of Scotland in Edinburgh.
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ETHICS
Although cloning of humans can save peoples’ lives, it remains controversial of whether it is
ethical. Now that mammals can be cloned, soon humans may also be able to be cloned.
Yet, as concerns about the ethical issues of cloning humans, such as choosing particular
traits they have, which violates the principles of human dignity, freedom and equality. Also,
the process of cloning may lose a lot of lives and even then, the pregnancy may fail.

PROS/ CONS OF ARTIFICIAL CLONING
There are positives and negatives for artificial cloning, such as cloning may help us in
reviving extinct species and allow us to examine those that are extinct, help scientists
understand more about different species of organisms and let people have children with
themselves. Also, the stem cells made during therapeutic cloning can also help people with
genetic diseases. Yet, there are ethical issues about cloning as said above.

CONCLUSION
Cloning, by definition, is making exact genetic copies of living organisms. Cloning often
happens in nature but can also be artificial. The three methods of artificial cloning are
gene cloning, reproductive cloning and therapeutic cloning. There are many uses of cloning
and the first mammal ever to be cloned with an adult cell is a sheep called Dolly. Though
cloning can be useful medically and for research, the ethical issues of cloning are still
controversial.

Although

humans

cannot

be

cloned

now,

cloning

may

still

be

a

future
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Dark Energy
Alicia Tsui 9R

WHAT IS DARK ENERGY?
Dark energy makes up approximately 68% of the universe, while dark matter takes up around
27%. All existing matter on Earth takes up 5% of the universe. Well, what is dark energy? Dark
energy is a mysterious force of energy that affects the universe on the largest scales, and is
responsible for expanding the universe at an accelerating rate, and not at a constant rate. You
can think of it as a strange fluid that fills up space.

HOW DOES DARK
ENERGY WORK?
Direct evidence that proved the
existence
shown

of
in

dark

energy

was

by

two

1998

international teams. Dark energy
is

detected

by

how

much

it

affects the rate of the universe’s
expansion
affects
celestial
Figure 1: Matter-Energy Content (Matter-energy content of

and

the

how

formation

objects,

like

much
of

it

vast

galaxies

and groups of galaxies through

the universe, 2021)
gravitational unsteadiness. Dark energy also opposes gravity, but how so? One of the scientists
described dark energy as throwing some keys up just to find it flying back up into the sky
instead of falling back down.

Dark energy is persistent, and it doesn’t go away when the universe expands. According to
Sean Carroll (2022), the author writes, “The amount of dark energy is constant throughout
both space and time: about one hundred-millionth of an erg per cubic centimeter. It doesn’t
dilute away, even as space expands.” (An erg is a unit of energy). Well, how fast is the universe
expanding? Currently, it is expanding at 67.36 kilometers per megaparsec. (A megaparsec is
3.26 million light years) Take a look at Figure 2.
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Figure 2 shows the expansion of
the

universe.

expansion

is

The

rate

accelerating

of

since

the Big Bang, the beginning of
the

universe.

curve

is,

The
the

shallower

the

faster

the

expansion. Around 7.5 - 8 billion
light years ago, the pace of the
expansion

quickened,

due

to

dark energy.
Figure 2: The Expansion of the Universe (Science Mission
Directorate, 2022)

WHAT IS THE DIFFERENCE BETWEEN DARK ENERGY AND DARK
MATTER?
You have probably heard of the term dark matter before. Many people confuse it with dark
energy. Dark matter actually makes up around 27% of the universe, and it is made up of
unknown subatomic particles that do not reflect, absorb, or emit light in any sort of way. Since
it doesn’t interact with the electromagnetic field, it is very difficult to detect. Well, how is dark
matter different from dark energy? In simple words, dark energy accelerates the expansion of
the universe, while dark matter slows it down; Dark energy opposes gravity, but dark matter
works with gravity and glues our universe together. Without dark matter, galaxies would fly
apart and go off track. They are both equally important and unique to the universe.

Figure 3: An Image of Dark Matter (Dark Matter, 2021)
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CONCLUSION
Dark energy is still a very mysterious force of the universe, and they make up a large portion of
the universe. There are still many unknown components to dark energy and the universe,
waiting

to

be

discovered.

Maybe

someday,

one

of

you

reading

this

article

will

find

out

everything about dark energy, perhaps even the universe.
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How Do Semiconductors
Work?
Peter Yoon 10D

INTRODUCTION
What do you think the most essential things in life
are right now? Now, all people will have different
answers such as food, shelter, and for some people
who

have

had

supply

issues

during

Covid-19,

it

might be toilet paper. However, I think that one of
the

most

essential

semiconductors.

things

Without

it,

in

life

there

right

now

would

be

is
no

washing machines, no internet, no computers, and
no transportation either.

WHAT ARE SEMICONDUCTORS
There are three types of solid-state materials: conductors, semiconductors and insulators.
Conductors are materials that allow electricity to flow through them at room temperature.
The

opposite

temperature.

of

conductors

is

Semiconductors

insulators.
are

in

the

Electricity
middle

cannot

of

flow

conductors

through
and

them

at

insulators.

room
What

determines whether a material is a conductor, an insulator, or a semiconductor is the spacing
of the energy levels.

For electricity to flow through, electrons must shift from the lower

energy level to a higher energy level. Conductors have no gap between the energy levels,
which allows electrons to shift from the lower energy level to the higher energy level easily. In
contrast, in insulators, there is a large spacing between the energy levels, thus making it
difficult for electrons to shift. Although with a huge amount of energy electrons in insulators
can shift from the lower energy level to the higher level as well, this is likely to break or melt
the insulators first. This means that it is practically impossible for insulators to conduct
electricity. Semiconductors have a medium-sized gap between the energy levels, so with
energy added, electrons can possibly shift from the lower energy level to the higher energy
level. So, what are some examples of these semiconductors? There are multiple materials
used for producing semiconductors. The most common example is Silicon.

MANUFACTURING PROCEDURE
However, Silicon in nature is only found as a compound called Silicon Dioxide. Silicon
Dioxide is basically sand, which means that the source of Silicon is very abundant.
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However, Silicon Dioxide itself doesn’t have semi-conductive properties, we must first remove
the

oxygen.

To

remove

the

oxygen,

it

is

combined

with

carbon

and

then

heated

at

an

extremely high temperature. However, even with the oxygen removed, the pure Silicon cannot
conduct electricity. This is because at room temperature, pure Silicon has a gap too wide
between the energy levels for electrons to shift. It will only be possible for electrons to shift
when a lot of kinetic energy is added to the pure Silicon by heating. Thus, a process called
doping is used to make Silicon conductive. To understand doping, you must understand how
an atom is made up. In the centre, there is a nucleus
with protons and neutrons, and orbiting the nucleus
are electrons in shells. If you look at the periodic
table, Silicon is in group 14 (or in the IGCSE periodic
table, it is in group 4). For doping the Silicon, the
elements

used

must

have

one

more

or

one

less

electron in the outer shell. Therefore, they either use
an element from group 15 or group 13 in the periodic
table, as the last digit of a group
in the periodic table indicates how many electrons there are in the outermost shell. The
element that is most commonly used in group 15 for doping is Phosphorus, and in group 13,
Boron. Phosphorus has 5 electrons in the outer shell, and when it is inserted into the Silicon,
one of the electrons can move around freely as the four other electrons are able to bond with
the

Silicon

electrons.

Doping

with

Phosphorus

makes

Silicon

an

N(negative)-Conductive

Semiconductor. On the other hand, Boron only has 3 electrons in the outer shell. Consequently,
when it is inserted into the Silicon, one of the Silicon electrons cannot bond, creating holes
that are often called “Electron holes”. The electron holes allow electrons to move through it,
and this turns it into a P(positive)-Conductive Semiconductor.

THE

DIFFERENCE

BETWEEN

AN

N-TYPE

AND

P-TYPE

SEMICONDUCTOR
As there are two types of Semiconductors, how current flows through them is also different. In
an N-Type semiconductor, electron movement occurs in a conduction band. And because the
electron

flow

happens

primarily,

electrons

are

the

majority

carriers

in

an

N-Type

semiconductor. In contrast, while there is electron flow in a P-Conductive semiconductor, it
happens in a valence band. However, electrons are not the majority carriers in a P-Conductive
semiconductor; the electron holes are. While there are majority carriers, there are also minority
carriers. But what are the majority and minority carriers? As its name suggests, the majority of
carriers make up most of the charge carriers in a semiconductor. Meanwhile, the opposite is
true for minority carriers. They make up the minority of the charge carriers in a semiconductor.
In an N-Type semiconductor, the majority carriers of P-Conductive semiconductors are its
minority carriers and vice versa.
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WHAT ARE THEY USED FOR?
Semiconductors are most commonly used to build transistors. Transistors allow more complex
semiconductors to be built, as complex electronic chips are made from billions of transistors
connected. To make transistors, semiconductors need to be arranged in an NPN formation. A
transistor’s job is to control voltages and currents.

All transistors are composed of a P-conductive layer, an N-conductive layer, a layer of Silicon
Oxide for insulation, and lastly a layer of conductive polysilicon on top. There are three
terminals

in

a

transistor.

Two

N-Conductive

terminals

are

separated

by

a

P-Conductive

terminal. When a voltage is applied to the transistor, the top of the P-Conductive terminal
becomes conductive. This is caused by induction (an electrical conductor gains an electrical
charge by being near another electrically charged object). When the top of the P-Conductive
terminal becomes conductive, it lowers the barrier separating the two N-Conductive layers.
This allows electrons to flow through. Inside a
transistor,

electrons

terminal.

When

Negative

terminal,

around

freely

a

will

flow

differently

voltage
the

is

applied

electrons

start

in

moving

that

each
to

a

move

towards

the

positive terminal as the current flow is always
from negative to positive. As the electrons move
towards the positive terminal, electron holes will
form

back

enable
voltage.

in

more

the

negative

electrons

Consequently,

to

terminal.

flow

free

to

This

the

electrons

will

source
move

around and other electrons will move through
the electron holes.
In a positive terminal, things are a bit simpler. Current flowing in a positive terminal causes
electron holes to move towards the negative terminal. This is made possible by shifting valence
electrons (electrons that can form a chemical bond). Therefore while the electron holes shift
from positive to negative, the actual electrons still flow from negative to positive.
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CONCLUSION
Semiconductors are essential in life. They are used in computers, transportation, phones,
medical care devices, military equipment and many more. Semiconductors will continue to
evolve. Over the last seven decades, the transistor density has increased rapidly. According
to Moore’s law, the transistor density doubles about every two years. As the amount of
information that a computer chip can handle is proportionate to the number of transistors in
the chip, the increasing density of transistors will allow more information to be processed
and handled. For example, TSMC, a Taiwanese chip manufacturing company is going to
apply

3nm

technology

this

year,

which

will

increase

transistor

density

dramatically.

In

addition, materials other than Silicon such as carbon and conductive polymers have been
discovered to have semi-conductive properties. All this will accelerate semiconductors and
computer chips to evolve in the future.
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Space Elevators
Vielle Diamond Tsang 9W

BACKGROUND
Imagine
travel

just
to

anywhere
price.

being
space

for

an

able

to

anytime

affordable

Wouldn't

that

be

incredible? Space travel truly
is an amazing way to uncover
the

secrets

of

our

universe.

But right now, that wouldn’t
be possible as
space travel takes up a significant amount of fuel, energy and money. In this article, I'll
be discussing what space travel is, the issue with space travel, and the solution towards
the issue, such as the Space Elevator.

PROBLEM WITH SPACE TRAVELS
Space

travel

may

be

impractical

due

to

several

unavoidable

issues,

such

as

budget.

Launching a rocket would consume a significant amount of fuel energy, as well as costing
a significant amount of capital. To launch a normal rocket into space, 384 tonnes of
rocket fuel is required to power a 20-tonne rocket to carry a 10-tonne satellite into
space. *With the amount of energy and fuel we have to use, only about 2% is what we
actually want to send into space. Launching 1 kg into space costs $20,000, which means
launching that 2% into space would cost US$200,000,000 (HKD$1,600,000,000). Let’s put
this into perspective.
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For an average human to go into space, it would cost around US$1.3 million (for the fuel),
US$40 million for a car, billions for a space station, and a quadrillion to create a Death Star
(Star Wars). Hence, one of the main issues with space travel is definitely the fuel price.

SOLUTION? WHAT IS A SPACE ELEVATOR
One possible solution could be space elevators! Now you may be wondering what space
elevators are. A space elevator is essentially an elevator that would be able to ascend
from the earth’s surface all the way to space in a matter of around 2 days. This idea
sounds simple and straightforward, but producing the actual space elevator would be a
lot more difficult, considering the fact we never built a structure like this before and if it
falls the consequences would be very serious.

HOW DOES A SPACE ELEVATOR WORK AND IS IT REALISTIC?
NASA

was

fascinated

by

this

idea

and

even

funded

a

project

to

study

the

feasibility

of

constructing a space elevator. After 6 months of investigation, scientist Bradley C. Edwards
reported back that a space elevator is possible. Building it could be a challenge though, as we
do not have all the materials needed to create one. For example, we would need something
stronger than steel for the tether . Instead, one material that could be suitable for the tether is
graphene. If space elevators were able to be produced, it could be the future of space ascent.
It would be the best way to travel into space as we can save a large amount of energy which
also significantly reduces the cost. What would originally cost $200,000/kg will now only cost
$200/kg. One way to power the space elevator is by building a nuclear reactor into the
elevator.

A space elevator could cost $20 billion but it would greatly reduce the cost of

building future space structures.

If the construction of the space elevator could be built

correctly, it will facilitate space exploration for mankind

WHAT IS NEEDED TO BUILD A SPACE ELEVATOR
To build a space elevator,
engineers

will

combine

four main components: the
tether, the counterweight,
the

anchor

and

the

climber.
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The tether is the rope that links the space station and the earth’s surface. The counterweight
and the space station are at the top of the elevator, keeping the center of mass well above the
geosynchronous orbit level. Thus, it would produce sufficient upward centrifugal force from the
earth’s rotation to travel against the downward gravitational force, as well as make sure that
the cable stays upright, tight and taut when the earth rotates slowly.

PROBLEMS WITH BUILDING THE SPACE ELEVATOR
As simple as the concept sounds, building the space elevator is going to be a challenge that
many scientists will have to collaborate on. If scientists really take building a space elevator into
consideration, it will take approximately 20 years, owing to the lack of technology and material.

Although a space elevator is more economic in the long term, its start-up cost is incredibly high.
Just making the tether would cost around US$20 billion dollars and around another US$80
billion dollars to build the other elements. Completing this space elevator would cost around a
total of US$100 billion dollars. However, creating a rocket is only

USD1.6 billion. Look at the

large difference!

BENEFITS FROM SPACE ELEVATOR

CONCLUSION

The operating price for the space elevator is

NASA and other scientists do believe that a

low for each ride. A normal space rocket costs

space elevator would be a great solution for

USD $20,000 per kg. On the other hand, the

space travel. Using a space elevator instead

space elevator would only cost US$100-200 per

of space rockets would be a lot better for

kg. Unlike rockets which are usually used only

the

once, we could use space elevators to make

burden to go into space. Even though it is

travelling into space a more routine procedure.

risky to build a space elevator, such as mass

environment

and

reduce

the

financial

destruction, the benefits definitely outweigh
the issue.
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The Human Brain and Personality
Annabel Suen 9F

INTRODUCTION
The brain is one of the most important organs in the human body, controlling everything from
breathing and behaviour to thoughts, the five senses and emotions. Though scientists have
made rapid advances in technology since they started investigating the brain in 335 BC,
however, a huge part of the brain still remains a mystery.

Thus, understanding this powerful organ can lead to important discoveries that can improve the
world around us: What can be discovered that could explain the way we act? Can movie
scenes like mind control be turned into reality?

THE STRUCTURE AND FUNCTION OF THE BRAIN
The cerebrum, cerebellum, and brainstem are the three main sections of the brain.

THE CEREBRUM
The cerebrum is the brain's largest component, and it sits
above the brainstem and above the cerebellum. It can be
divided into two hemispheres: right and left. It is responsible
for giving and receiving information from the sensory organs
and

controlling

functions

such

the
as

body.The

vision,

touch

cerebrum
and

controls

hearing,

as

motor
well

as

Fig. 1: Diagram of the three

emotions, thinking, speaking, and learning.

main parts of the brain

Surrounding the cerebrum, the cerebral cortex
is a thin layer of neural tissue that comprises
cell

bodies

and

dendrites

–

branched

extensions of a nerve cell – and has up to six
layers of nerve cells. Due to its lack of whitecoloured myelin – insulating layers that encase
neurons

and

improve

electronic

impulse

transmission – the cortex is also known as grey

Fig. 2: Diagram of the four main lobes

matter (Physiopedia, 2020)

In humans, this has an uneven surface with many ridges and folds, which increase its surface
area so that more information can be processed. Based on these folds, neuroscientists have
divided the brain into 4 primary lobes: Frontal, parietal, occipital, and temporal.
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Each lobe has its own functions. The frontal lobe is responsible for the highest levels of human
thinking, controlling speech, behaviour, and body movement. Behind this frontal lobe, the
parietal lobe controls visual precipitation, the sense of touch and pain, language and symbol
use, and interpreting signals from sensory information. The temporal lobe, located underneath
the frontal lobe, controls memory, hearing, linguistic understanding, organisation, and pattern
identification. Located at the back of the cerebrum, the occipital lobe interprets colour, light,
and movement and controls spatial orientation. The insular lobe cortex is an additional lobe
located deep inside the lateral sulcus of the cerebrum. This lobe’s functions include motor
control,

compassion,

cognitive

function,

homeostasis

and

self-awareness.

Because

of

the

interplay between the different functions of each lobe, the cerebrum as a whole can control
many functions.

The central fissure of the brain divides these lobes into two halves; the right hemisphere of the
brain

controls

nerve

signals

of

the

left

side

of

the

body

and

vice

versa.

Although

both

hemispheres act as one, they have slightly different functions. The left hemisphere is in charge
of “logical” functions such as speech, writing and thinking while the right hemisphere controls
“creative” functions such as imagination, music and arts. A mass of fibres, known as the corpus
callosum, connects these two hemispheres by transmitting messages between sides.

Plentiful white matter also exists beneath the cerebral cortex. White matter comprises axons
and nerve fibres transmit data to all across the cerebral cortex.

THE CEREBELLUM AND BRAINSTEM
In order to achieve full physical and mental function, the cerebellum and brainstem cooperate
with the cerebrum. The cerebellum is located behind the brainstem, at the back and bottom
area of the brain. It controls a few functions related to movement and coordination, including,
maintaining balance, coordinating movement, attention, fear response and vision and motor
learning.

Researchers

believe

that

the

cerebellum

is

also

responsible

for

thinking

and

processing language; however, information on these functions is not fully explored and known.
Damage to the cerebellum can affect movement, coordination and balance, and can also
result in conditions such as Ataxia and Dystonia.

The brainstem connects the cerebellum and cerebrum to the spinal cord. It sends signals
between the brain and the body to control subconscious actions like breathing, regulating your
body temperature and your sleep cycle . The midbrain, pons and medulla oblongata are the
three parts of the brainstem. The midbrain is the upper part of the brainstem and is important
for monitoring eye movement. The pons, meanwhile, helps maintain your balance and facial
expressions. The medulla oblongata is the lower part of the brainstem and is primarily useful for
subconscious activities such as breathing, heart rate, swallowing, and blood pressure.
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White matter tracts connect areas of the cortex, allowing messages to travel all over the
brain

and

into

deeper

structures.

Deeper

structures

include

the

hypothalamus,

pituitary

gland, pineal gland, thalamus, basal ganglia and the limbic system.

Keeping the body in homeostasis is the hypothalamus’s main
role. It controls the automatic system, and behaviours such as
sleep, thirst, hunger and sexual response. It also balances
bodily fluids, emotions, blood pressure, body temperature and
the release of hormones. When sensory organs send signals to
the brain, the hypothalamus is alerted to unbalanced factors.
It then releases suitable hormones into the bloodstream to
balance

back

the

pituitary

gland

to

body.

The

produce

hypothalamus

essential

works

hormones

to

with

the

Fig. 3: Diagram of deeper

maintain

structures in the brain

homeostasis and send them throughout the body.

They control many glands that produce hormones in the endocrine system. The hypothalamus
influences growth and development, it commands the pituitary gland to produce and release
growth

hormones.

oxytocin,

Some

antidiuretic

of

the

hormone

hormones

and

that

thyrotropin

are

secreted

hormone.

The

by

the

pineal

hypothalamus

gland

is

are

positioned

among the two hemispheres, right in the centre of the brain. It releases melatonin, a hormone
that regulates the body’s circadian rhythms and makes people feel drowsy. When it is dark,
the pineal gland releases more melatonin, which helps people sleep. However, it is possible
that this gland may contain more secrets than we previously thought, especially since its role
varies across different species. The basal ganglia, a group of subcortical nuclei, is the
message

centre

for

different

bodily

functions,

it

controls

fine

motions,

muscles

control

personality and sensation. The limbic system is in charge of our emotional and behavioural
responses such as survival behaviours. It controls behaviours such as feeding, the flight or
flight response, reproduction and memories. The limbic system is composed of five main
components: The basal ganglia, thalamus, hippocampus, amygdala and hypothalamus , the
thalamus, hypothalamus, basal ganglia, hippocampus and amygdala.

The brain communicates with the body by sending signals via the spinal cord to peripheral
nerves around the body, nerve cells receive the signals and send them to different parts of
the

body

by

releasing

chemical

and

electrical

signals

to

each

other.

Neurons

have

a

distinctive branched shape with a lot of filaments, extending from the cell body towards
nearby cells. Dendrites, the ‘branches’ of a neuron, bring signals into the cell, while the axon
passes the signal to the next neuron. The brain and the nervous system work by sending
signals

through

cells

as

electrical

charges;

between

neurotransmitters or electrical charges are used.

cells,

chemical

messengers

called
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IS PERSONALITY LINKED TO THE BRAIN?
Personality is the unique way of thinking, feeling and behaving, everyone’s personality is similar
and different in a few ways. Personality includes attitude, beliefs, opinions and mood which are
clearly expressed during social interactions. It includes characteristics, both inherited and
acquired,

that

define

and

distinguish

people.

Behaviour,

emotions

and

thoughts

are

all

controlled by the brain, so, does personality have something to do with the brain?
Personality is a set of behavioural characteristics that influence the choices we make and how
we react to our environment. DNA begins to shape one’s personality, leading the body to
simulate more of a specific type of neurotransmitter than others, making us more or less
sensitive

to

different

environment.

hormones.

Scientists

have

Personality

linked

certain

is

also

brain

developed
regions

to

through

experiences

personality,

and

however,

the

complexity of the human brain and behaviour have made these links hard to discover and
confirm. Although there is no conclusive evidence of how different structures of the brain are
linked

to

personality,

personality.

Memory

there
and

are

a

few

experience

suggestions

are

some

of

to

how

the

brain

aspects

structure
that

is

shape

related

to

personality.

Childhood experiences, both positive and negative, have a role in forming our core beliefs. Our
core beliefs give us a sense of self and are a huge part of our personality. In order to fulfil our
needs, some personality traits could be developed. Many parts of our brain have to work in
order to store and form a memory. Memories can be classified as short-term memory or longterm memory. Long-term memories are most likely the ones that impact one’s personality. As
memory is no longer recalled, the connections between nerve cells are weakened and slowly
disappear. When memory can no longer be recalled, personality traits and impressions could
also disappear with it. Personality can also be related to the frontal lobe. The frontal lobe is
responsible for personality expression, motivation, impulse control and social behaviours. A
famous case of frontal lobe damage is that of Phineas Gage. In 1848, Gage was injured in an
explosion that caused a railway spike to drive through his skull, damaging most of his frontal
lobe. Gage survived the injury and was able to speak and walk to a nearby cart that sent him
to the doctor (Cherry, 2021). After the injury, Gage’s personality and behaviour changed
drastically,

from

a

hardworking

and

pleasant

man

to

a

rude

and

aggressive

alcoholic.

Researchers found damage to both of his prefrontal cortices, responsible for rational-decisionmaking and emotional processing, thus implying that the frontal lobe influences personality.
International

research

suggests

that

personality

characteristics

are

related

to

different

thicknesses and volumes in different parts of our brain. Scan examination showed that people
tend to have more neurological tendency with a thick and less wrinkled outer brian layer while
open-minded people had a thinner outer brain layer. A study by scientists has found that
different traits are associated with the thickness of the cortex, how folded the cortex is and the
volume of the brain.
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THE FUTURE OF THE BRAIN
As technology advances, new technologies that can be connected to the brain are being
developed that aids people in their daily lives, an example is a bionic limb.

A bionic limb is an artificial limb that works by
receiving signals from one’s muscles to move.
Bionic limbs are designed to replace a missing
limb and to improve the life of people who lost
their

limbs.

These

artificial

limbs

are

usually

made of lightweight materials such as plastic,
aluminium,
limbs
muscle

have

titanium
built-in

signals

and

and

metal

computers
react

to

alloys.

Bionic

that

detect

commands

Fig. 4: A bionic limb

and

activity of the motor cortex in the brain.

Electrical impulses are sent from the brain and microchips from the artificial limbs translate
them into digital signals that circuits and motor parts of the limb understand, the processed
signals

are

then

converted

into

movement.

Sensors

like

artificial

skin

on

the

bionic

limb

produce digital signals that are converted to sensory signals that the somatosensory cortex
(the brain’s touch and feel centre) can understand. There are many different types of bionic
limbs and the most advanced and effective ones are mind-controlled, the user has to undergo
a targeted muscle reinnervation surgery in order to use the limb. Through the operation, the
bionic limb is connected to the impulses and nerves from the brain that were once connected
to the lost limb. The surgery links the nerves that once controlled the joints of the lost limb to
the residual limb’s muscles to create a more effective and natural control process. The brain
impulses are then linked to a computer that directs the bionic limb’s movements.
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