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Cancer is one of the most deadly diseases that has records dating back to Ancient Egypt.

Although there is currently no singular cure for cancer, chemotherapy is one of the most

widely used treatments for the disease. 

WHAT IS CANCER?

Cancer is identified through the abnormal way cells divide and grow in the body; old cells

in the body may not die when they are supposed to, while new cells grow at a higher rate.

As the number of cells in the body multiplies and spreads, these cells may create growths

also known as tumours, which are lumps of tissue formed in the body. These tumours can

either be malignant or benign. Malignant tumours spread cancer by spreading into healthy,

normal tissue nearby; sometimes malignant tumours can grow back even when surgically

removed. Benign tumours, however, do not spread cancer but can grow to be quite large.

Most cancers can be diagnosed and classified into 4 stages according to how much the

cancer has spread, with stage four being the most widely spread. 
N O M A D I C   |   2 4
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WHAT IS CHEMOTHERAPY?

Chemotherapy, meaning “chemical therapy”, is the use of

chemicals or drugs to treat cancer. 

It is used to cure or alleviate cancer by easing the

symptoms, shrinking tumours and generally keeping the

cancer under control. Other treatments for cancer include

surgery, radiotherapy and biotherapy. 

The chemotherapy treatment was first developed at the

beginning of the 1900s. Interestingly, it was discovered

from mustard. People exposed to nitrogen mustard were

found to have lower white blood cell counts, leading

scientists to wonder whether mustard agents could help

cure cancer. 

Chemotherapy treats cancer by targeting and eliminating

the fastest multiplying cells using cytotoxic drugs,

substances that are toxic to cells. However, because

chemotherapy indiscriminately kills cells, they can also kill

healthy cells. This is the cause of most common side effects

for chemotherapy treatments: nausea and vomiting, hair

loss and sensitive skin, fatigue, anemia and many more.

As a disease, cancer is

often genetically inherited

and caused by changes in

a person’s genes and DNA.

Cancer can also be due to

environmental and outside

factors. Generally, there

are over 100 types of

cancer, appearing in

different organs and cells

in a person’s body.

Therefore, cancer isn’t just

one singular disease —

there are many different

types and differences in

the ways each cancer

grows and spreads. 

In the United States alone,

there were around 1.8

million newly diagnosed

cancer cases and 606520

recorded deaths in 2020. 
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TYPES OF CHEMOTHERAPY DRUGS

There are five types of chemotherapy drugs classified according

to how and when they kill cancer cells. Depending on the type of

cancer, chemotherapy can either cause complete or partial

remission, which means that chemotherapy has either completely

or partially cured the cancer. 

There are many ways people receive chemotherapy, the most

common being intravenous and oral chemotherapy. This means

that the chemotherapy drug is administered through the veins or

can be eaten and ingested. Chemotherapy is usually taken in

three week cycles, where the patient has to have three weeks

time to recover. Usually, patients are either given a specific time

for chemotherapy treatment, or they may have to take the

treatment for as long as it still works. 

In systemic treatments, the oldest type chemotherapy, alkylating

agents such as cyclophosphamide, melphalan, and temozolomide

circulate throughout a person’s bloodstream. The drugs target

and kill cells that are in the process of dividing and multiplying by

destroying the cell’s DNA in the nucleus (cells go through different

phases in the cell cycle, resting and active growing, then mitosis,

meaning the cells divide and have created two of itself). This kind

of chemotherapy takes advantage of the cell cycle and destroys

the DNA or RNA inside the cell that instructs the cell how to divide

and multiply itself. However, use of alkylating agents may cause

bone marrow to be destroyed in the process, which can lead to

leukemia, bone marrow and blood cancer. 

Antimetabolites are chemotherapy drugs that interfere with the

metabolism of cancer cells, stopping their growth. These drugs

are mostly used to treat leukemia (blood cancer), breast and

ovarian cancer, and cancer in the intestines, but they can be used

to treat other types of cancer as well. 

Steroids, on the other hand, help minimize side effects of

chemotherapy, such as vomiting and nausea. They are

recommended to prevent allergic reactions as well. 

CYCLOPHOSPHAMIDE

MELPHALAN

TEMOZOLOMIDE
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https://www.cancer.gov/about-

cancer/understanding/what-is-cancer

https://www.cancer.org/cancer/cancer-

basics/what-is-cancer.html

https://www.who.int/cancer/resources/keyfac

ts/en/

https://www.news-medical.net/health/History-

of-Chemotherapy

https://www.nhs.uk/conditions/chemotherapy

/

https://www.cancer.net/navigating-cancer-

care/how-cancer-

treated/chemotherapy/understanding-

chemotherapy

http://chemocare.com/chemotherapy/what-

is-chemotherapy/cancer-cells-

chemotherapy.aspx

https://www.cancerresearchuk.org/about-

cancer/cancer-in-

general/treatment/chemotherapy/how-

chemotherapy-works

https://iconcancercentre.com.au/brochure/ho

w-chemotherapy-works/

https://www.webmd.com/cancer/how-chemo-

works#1

https://www.webmd.com/cancer/antimetaboli

te-medications-overview

CONCLUSION

Chemotherapy has been a treatment that

has been around for over a century. From

mustard agents to antimetabolites,

chemotherapy has come a long way.

Though there probably will never be a

single cure for as complex a disease as

cancer, there is no doubt that

chemotherapy is a widely effective

treatment that stops persistent cancer

cells from staying alive. 

BIBLIOGRAPHY
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A mysterious, abnormal, yet

fascinating experience that people

undergo. The topic of Déjà vu has

been a seemingly implausible

phenomenon since the dawn of human

existence. Many accept it as a

supernatural episode that only arises

during the scene of movies, or only

transposes in the minds of a deranged

person. However, little do they know,

scientists have been actively searching

for the ultimate truth of this

occurrence, busily probing through the

theories that have been discovered.

The truth is about to be revealed, but

it is vital for us to first all investigate

what Déjà vu is. 

WHAT IS DÉJÀ VU?

Déjà vu also known as ‘already seen’ in French

is a complicated sensation to be rightfully

explained, but in simple terms, it is the

sensation that you’ve already experienced an

event, when it is evident that you never have.

In fact, ⅔ of people globally have

experienced this phenomenon. Since Déjà vu

is an experience that is very brief and occurs

without much notice, it is nearly impossible

for scientists to investigate and discover an

answer for it. But thanks to recent

advancements in neuroimaging and cognitive

psychology, scientists were able to convey

various theories that could possibly be the

cause of Déjà vu.  
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THE PROVEN DISORDER

A medically proven cause of Déjà vu

is temporal lobe epilepsy. Since the

temporal lobe is responsible for long

term memories, a specific region of

the temporal lobe, the rhinal cortex,

detects familiarity of memories.

Which is linked to the occurrence of

Déjà vu. 

Temporal lobe epilepsy is a chronic

disorder that is often characterized

by focal seizures that originate in the

temporal lobe of the nervous system.

Although it only lasts a minute or

two, it can have multiple causes,

including brain infection, stroke or

even brain tumor. It is caused by the

dysfunctional neurons in the brain

that disturbs the electrical urge that

‘fire’ neurons. These urges are then

spread across the brain, causing

seizures. These seizures are only

involved in some areas of the lobe,

such as the amygdala and the

hippocampus. “Clinical reports show

that some patients who suffer from

temporal lobe epilepsy report

experiencing Déjà vu, almost as a

sort of warning, before an epileptic

seizure event," said Micheal Hook, a

PHD assistant professor at the Texas

A&M Health Science Center College

of Medicine.
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THE THEORIES 

The Detection of familiarity theory 

Have you ever seen something familiar but

no matter how hard you try you couldn’t

recall where and when it was from? That is

where the hologram theory lies. It is when a

distant memory suddenly comes to light, it

is familiar but you couldn’t identify it. 

According to scientists, this is due to our

memories being stored in holograms within

our brain. Holograms only require a small

amount of sensory information, such as a

familiar sound to trigger our brains, it will

then remind us of past experiences and

sketch out a hazy picture of it. So when we

experience that sensation again, like the

familiar sound, instead of coming to a

conclusion of where or when you’ve

experienced it, your brain summons the old

memory without clearly labelling it.

Therefore causing you to feel like you’ve

been there or experienced it before, but in

reality, it is merely similar to one of your

past experiences. 

In 2006, The Leeds Memory Group have

tried recreating Déjà vu in the lab.

Researchers began by hypnotising patients

and generating a memory in their minds.

That memory could be as straightforward as

seeing a certain word with a particular font

or even playing a moving game.

Subsequently, patients were put into groups

to be either instructed to wipe out the

memory entirely or make an attempt to fs 

hold onto it. After the hypnosis, researchers

would create that exact same image for

them and observe if the volunteers could

identify and correlate the present image to

the one drilled in their brains under

hypnosis. The result shocked many people

but aligns with the theory itself. Most

patients were able to validly recognize the

similarity between the current scenario and

the memory injected during the hypnosis.

However, they were only left with a sense

of familiarity but couldn’t put anything into

place. 

“We cannot consciously remember the prior

scene, but our brains recognize the

similarity. That information comes through

as the unsettling feeling that we’ve been

there before (which is Déjà vu), but we

can’t pin down when or why.” explained by

a researcher, Anne Cleary from Colorado

State University. 
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The Dual processing theory 

This theory was first presented by Dr Roberts

Efron in the 1960s. Dual processing is when the

current sensation that you are experiencing

enters your brain at separate times. This is

normally due to you feeling overly tired or

stressed, causing a delay in your brain. Imagine

you caught a glimpse of a woman coughing, this

image immediately travels to your brain’s

temporal lobe and enters from both the right

hemisphere and left hemisphere, at a different

speed. Your brain will then process the image,

but due to the delay, your brain will then receive

the same image a second time. Hence, it will

notify you that you’ve already seen it before,

when in fact it was the same image, solely

arrived at different times. However, your brain

isn’t aware of that. In conclusion, it indicates

that your brain couldn’t align the two same

images correctly, which may cause Déjà vu. 

The Dream theory 

Do Dreams actually come true? The answer

might be yes if you agree with this theory.

Research done in 1966 by Zugar investigated the

relationship between remembered dreams and

Déjà vu experiences and found a surprising

correlation between the two. This theory

suggests that reality occurs according to your

dream. However, this theory is very controversial,

it is often argued that it’s simply due to a

person’s self-fulfilling prophecy. A recent study

has shown only a 10% success rate that matches

up the theory, meaning only 10% of the time

people felt that their experience aligns with this

dream theory. 

SO IS DÉJÀ VU JUST A FANTASY? 

Researchers have been

investigating Déjà vu and

attempted to justify it. However,

they haven’t yet come to a single

conclusion. Over the years,

scientists have already pointed out

many possible theories, such as

dual processing and the dream

theory. With all the theories and

knowledge I’ve suggested, maybe

Déjà vu is more than just a fantasy? 
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With fossils found at least 150 million years

before those of the dinosaurs, spiders have

had centuries to diversify their renowned

spider webs into the phenomena they are

today. The result of that is the survival of a

staggering 50000 spider species currently

known to scientists, all of them diverse and

different as they spread to all corners of the

world. However, despite the attention spider

webs gain from general audiences, the

spider silks that create them are lesser

known, and largely neglected. 

PRODUCTION OF SPIDER SILKS

It might be a surprise for most to learn that

there are 7 different types of spider silks in

existence. 

The first and one of the most important is the

dragline silk, known for its strength and used

to anchor the spider web, form the threads

that extend from the centre of the web, and

even act as “lifelines” for spiders to hang

from. The Capture spiral silk, or orb web spiral

silk, is another well known type of spider silk

that - due to its stickiness, elasticity, and

slight electrostatic charge - is ideal for

trapping and capturing prey. Commonly used
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with this is the Aggregate silk, which

forms the sticky coating on capture

threads. Disk attachment silks are

used for attachments to surfaces,

for instance to make spider webs

more secure; while the Minor

ampullate silk provides temporary

security during web construction.

Egg sac silk, being the stiffest silk, is

used as the outer egg sac silk layer

and protects the offspring while

Swathing silk forms the inner egg

sac layer, and due to its strength, is

used to wrap prey as well. 

Spider silk is produced through silk

glands inside the abdomen of the

spider. Naturally, there are 7 types

of silk glands, and although no

species have all 7 silk glands, most

have a few. While in the silk glands,

the spidroin proteins that make up

spider silk are kept in a liquid state

called “Dope” under carefully

regulated body chemistry. For

instance, a high level of salt and low

level of acidity would keep the dope

in liquid state during storage while

the opposite would link the proteins

together during the spinning

process, of which occurs through the

spinnerets at the end of the spider’s

rear, and turns the liquid proteins

into spider silk. The spinnerets are

made up of spigots, from which a

single thread comes out after its

solidification via gravity, or the

spider pulling it with its hind leg.

CHEMICAL COMPOSITION OF THE SPIDER SILK

It is clear that the seemingly simple spider silks are a

lot more complicated than first thought. Additionally,

the chemical composition of this substance is even

more complex than its diversity, and it is this that

sets the spider silk apart from other materials. 

 

Firstly, the Spidroin proteins mentioned are formed

from amino acids, which make up proteins. The amino

acids glycine and alanine, are nonpolar, meaning

that they both share an equal number of electrons

when combining to form molecules and are neutral.

Hence, the forces between the proteins they form are

strong, and contribute to the overall strength of

spider silk. Glycine and alanine are also small amino

acids, and can therefore pack together tightly to

increase toughness. Furthermore, these amino acid

proteins are hydrophobic, therefore they are not

attracted to water. This contributes to the insolubility

of spider silk. Other than the main amino acids, other

polar amino acids like arginine are also present in a

small quantity. The unequal sharing of electrons in

the protein molecules formed from these amino acid

proteins causes it to be slightly charged, leading to

polar interactions and bonding for the formation of

spidroin proteins. 
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There are 2 types of spidroin molecules

in spider silk - Spidroin 1 and 2, each of

which contain 3 different regions. One is

the “amorphous matrix” - a solid without

a definite shape and form. This

substance contributes to the elasticity of

the spider silk. Contained within this are

the other two crystalline solid regions

that contrastingly add to the strength

and toughness of the spider silk due to

the strong intermolecular forces that

hold the particles of crystalline solids

together. 

The first amorphous matrix region is

formed through helical spirals largely

made up of the glycine amino acid. It,

along with other amino acids, are

arranged in a repeating 5 protein

sequence in which a 180 degree turn

occurs after each sequence. The spiral

shape created as a result is also known

as a “b spiral”, which is how the

amorphous matrix region contributes to

the silk’s elasticity. In fact, the capture

spiral silk, known as the stretchiest silk

type, has around 43 repeats in a strand

of spider silk, enabling it to stretch 200

times its original length. 

The first of the two crystalline solid

regions is rigid, as it is formed out of

aaaa

alanine amino acids linked into blocks

through hydrogen bonds. These blocks,

also known as “Beta sheets”, contribute to

the crystalline structure in this region.

While the hydrogen bonds contribute to

the tensile strength of spider silk, the

hydrophobic property of the Beta sheets

makes up for water loss during the silk's

solidification process and makes spider

silk insoluble in water. The second, less

rigid crystalline region is mainly composed

of the alanine amino acid protein. Like

the amorphous region, the amino acids

are arranged into sequences, though this

time in one composed of 3 amino acid

proteins that turn after each repeat to

create helix structures connected to beta

sheets from the rigid region to the b-

spirals of the amorphous region. 

During storage as dope in the silk glands,

spidroin molecules appear as coils of rod

shapes moving freely in liquid solution. To

solidify into spider silk as they pass

through the narrowing tubes that lead to

spigots, the randomly arranged spidroin

molecules uncoil and align themselves

into parallel chains. These parallel chains

themselves have yet another name -

fibroin proteins, formed from the spidroin

1 and 2 proteins. It is this that ultimately

forms the infamous spider silk.
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ADVANTAGEOUS PROPERTIES OF

SPIDER SILK

The chemical composition of spider silk

might be complicated, but the range of

properties gained by the silk as a result

fulfills the survival needs of the spiders.

These properties include toughness (130

megajoules tougher than kevlar used in

bullet proof vests); lightweightedness (six

times less dense than steel); elasticity,

largely due to its energy absorption

capacity (approximately 100,000 joules

of energy as the maximum); and

stickiness for certain silks like the

Capture spiral, due to the aggregate silk

gland that produces aqueous glue

coatings, as well as the cribellate silk - a

“wooly” form of capture spiral silk -

created by the cribellate family of

spiders to cling to prey. To produce this

type of Capture silk, cribellate spiders

like the Triangle weaver and Ogre faced

spider have specialised “leg bristles” that

form thin strands on the silk.

Other than the internal properties of

spider silk, the surface of spider silk is

also antimicrobial, which prevents spider

webs from rotting. This is firstly because

the substance potassium hydrogen

phosphate acidifies the spider silk and

prevents bacteria from infecting the silk

content. Another developing hypothesis is

that there is an outer coating of fat or

protein on the silk surface that stops

bacteria from reaching the nitrogen

within spider silk that helps with growth. 

INTEGRATIONS WITH STRUCTURAL

PROPERTIES OF SPIDER WEBS

Looking at the larger picture, the chemical

composition of spider silk often combines with

the structural advantages of the spider web to

result in other immensely useful abilities.

A notable one is the web’s unique reaction to

the application of force, and eventually

damage. While normal elastic materials would

redistribute the applied force in an attempt to

avoid damage, and therefore end up weakening

the entire structure, spider webs instead

localise the force. This occurs partly due to the

“hierarchical structure” - referring to layer after

layer of complex structure - that ultimately

results in the web remaining its strength on all

other parts of the structure. Another main

reason for this is the nonlinear behaviour of

spider webs that; although when force is first

applied deforms like normal elastic materials;

the certain area stretches out a certain area as

the force increases, then stiffens until it breaks.

In other words, certain threads are sacrificed so

that the rest of the web remains intact. 

In addition to these more significant properties,

small adjustments can also be made to adapt

to specific situations. For instance, spiders have

been known to change the stiffness of spider

silk in certain parts of the web depending on

whether food or protection from the

environment is more important at the time. If

food is the priority, a spider would make the silk

more elastic to catch prey, whilst if security and

protection is the priority, it would stiffen the silk

for strength.
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IN RELATION TO SURVIVAL

To assist the survival of spiders, spider webs are brought into the picture,

as the spider silk largely exerts its many advantages through these webs.

For one, spider webs are used to catch prey for food using the capture

spiral, aggregate and swathing silk. In fact, spiders are found to have

added extra glue to capture spiral silks if they are especially in need of

food. The structure of the spider web is important here too as spiders rely

on the vibrations that are felt when prey hits the web. If, however, the

spider misses this vibration, they can also pluck areas of the web to

achieve the same purpose. Shelter, another important survival need, is

achieved through building spider webs to protect offspring, and using

egg sac silk to weave spider egg sacs that contain offspring. The nursery

web, for example, is a type of web built around silk egg sacs tied to

leaves until they hatch. 

Nevertheless, even without the spider web, spider silk itself has important

purposes as well. Transportation is one such example. An example

method is bridging, when a spider needs to travel across a gap, and to

do this they release a line of silk, and let the breeze connect it to another

surface. Once it does, the spider tightens the thread and travels across.

Ballooning is another travelling method, involving the release strands of

silk that are picked up by the wind or electric field to relocate young

spiders in an attempt to increase their survival rates. Furthermore,

Jumping spiders often leap across chasms, and to do this they anchor a

safety line made out of dragline silk to prevent themselves from falling to

their deaths. 

Lastly, spider silk is used to assist the reproduction of spiders, and help

make up for the lack of flight that some other insects have by assisting

their journey to finding a mate. While female spiders release pheromone,

which is a chemical that can act as a stimulus for behavioural changes

for the receiver. They secrete this on their silk so that the scent given off

can be followed by male counterparts; draglines left by previous male

spiders are followed by other males to help them find female spiders.

Courtship can also be displayed on a female’s spider web through

vibrations sent via movement, or even the remodelling or minor

destruction of the web. Spider silk can later on be used by males to bind

his mate to prevent cannibalism, as it is known to occur among spiders.
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CONCLUSION

To conclude, spider silk plays a huge role in the survival of spiders. They not only create the

spider webs with all its advantageous properties and abilities, but also single-handedly

provide spiders with means of transport and can ensure the continued reproduction. Hence

survival of the whole species. For something so deceivingly plain and practically invisible, it

certainly has earned its place among the most fascinating and successful natural

substances known to mankind. 
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Moonlight, what does it represent? Romance, the dark side of nature, happiness. But when it

comes to usefulness, it is nowhere near the Sun's level of usefulness. The Moon is only

1/400,000th the brightness of the Sun and the Moon itself is usually not enough to provide

people with the light they need at night. Chinese scientists and engineers, however, have

figured out a way to make the sky brighter at night. And their solution is to make an

artificial moon.

In October 2018, Chengdu Aerospace Science and Industry Microelectronics System

Research Institute announced the idea of making the first artificial moon in China, the

capital of Sichuan Province - Chengdu. The Institute has been conducting research and

testing on this technology, it was expected to be initially launched into space in early 2022

and start to orbit around the Earth. The final process of lighting will be demonstrated,

verified and launched too. In 2022, three more Artificial moons will be launched if the

artificial moon project was considered successful by scientists.

In an exclusive interview from China Daily in Oct 2018 with Wu Chunfeng, head of TianFu

New Area Science Society in Chengdu, he told China Daily that, “The man-made moon is

essentially an illumination satellite designed to complement the moon at night, though it is

predicted to be 8 times brighter.” 18
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WHAT IS AN ARTIFICIAL MOON? 

What is an Artificial Moon? This China artificial moon is a man-made version of the

Moon, said to be 8 times brighter than the real Moon itself. It was planned to brighten

up the dark sky at night by using a reflective coating 500 km above Earth to reflect

sunlight towards Chengdu in Sichuan Province. Chengdu has a population of 16.33

million, twice as much as Hong Kong, and its land is 13 times bigger. The purpose of

making the artificial moon is to help conserve energy and replace some street lights in

Chengdu. In addition, the brightness of the light can be controlled to light up specific

areas which make life easier for people at night in Chengdu. Not to mention the

artificial moon can illuminate 36000 - 64000 km sq of land.

HOW DOES THE ARTIFICIAL MOON WORK? 

The artificial moon’s purpose is to act as a nightlight similar to how the Moon shines. The

man-made moon will have a reflective coating that can deflect sunlight back to Earth.

One scientist said the artificial moon is basically an illuminated satellite designed to

complement the Moon at nighttime. The brightest possible Full Moon under the optimal

conditions has an illuminance of about 0.3 lux (unit for illuminance), but it's mostly just

0.15-0.2 lux. "That means that the ‘artificial moon’ might provide an illuminance as high

as 1.6 lux," said John Barentine, author of The Lost Constellations. He added “It’s hard to

calculate the luminance of the artificial moon without knowing the actual size of the

reflective surface if 1.6 lux were evenly released to the whole sky (solid angle = 2π
steradians), then it would be equivalent to a sky brightness of 1.6/(2π) = 255 mcd/m2.”
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PROS - Let’s start off with the good things, the

artificial moon itself is a good idea because it can

conserve energy, replace some street lights and

save a lot of money. The location and brightness

of the artificial moon can be controlled or

targeted to light up certain areas as told. The

luminosity can be acclimated, adjusted, or

completely turned off when needed. Most

importantly, it can make lives easier for the

people who work at night and with this good

amount of light source, they could help rescue

teams when there are blackouts or hazards going

on at night. In areas where power outages are

caused by natural disasters such as floods, storms,

earthquakes and others, you can also use artificial

moonlighting to relieve panic, light rescue, and

convenient resettlement.

For example: On 08/08/2017, there was an

earthquake on Sichuan with a 7.0 magnitude

earthquake, it happened at night too. But because

that earthquake happened in some deserted

areas, the firefighters and the medical personnel

weren't able to save the people who were stuck or

trapped, out in time. But with this artificial moon

giving out a solid amount of light in rural areas, all

of the people trapped or stuck might get out in

time because the light will help the medical

personnel settle things faster.

For diurnal animals (animals who wake and sleep

with the rising and the setting of the sun), this

artificial light might be helping at nighttime for

food gathering, orientation, the pursuit of suitable

mates etc. because they do not have night vision

like nocturnal animals (animals who are active

during nighttime and rests during daytime) and

they need light to see things clearly.

CONS - Now let’s look at the potential

negative impacts. Many scientists worry

about harmful physiological consequences

for humans, animals and plants, in which

the absence of normal alternations

between day and night must disrupt

different species metabolic behaviours,

including sleep.

This artificial light might destroy some of

the natural habitats when there is light all

day and night. Research has shown that

nocturnal animals are highly sensitive to

the light and phases of the real Moon. They

are always awake and active when the sun

goes down. In order to hunt, mate, or avoid

heat and predators, they become more

active at night. Then, if nighttime is always

bright, the nocturnal eagle owls or other

nocturnal animals they won’t know when

day or night is and their natural habitat will

be severely affected. For example is Birds

that usually migrate at night, hunt at night,

or navigate by moonlight and starlight. The

artificial moon can cause them to wander

off flying paths and toward the dangerous

and unfamiliar landscapes at night.

Lastly, some people say that the artificial

moon might interfere with astronomical

observations. Stargazers have to avoid a

full Moon because the brightest of the

moon and also the cities’ light pollution

make stars much harder to see, but the

artificial moons will cause much more light

pollution than anyone is saying, according

to John Barentine, author of The Lost

Constellations.

PROS AND CONS OF THE ARTIFICIAL MOON

Everything has its advantages and disadvantages. So should we send an artificial moon

into space?
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CAN THE ARTIFICIAL MOON BENEFIT PEOPLE'S LIVES IN CHENGDU? 

In conclusion, I have talked about the background, explained how the artificial moon

works and walked through the pros and cons of the artificial moon, and some highlights

of its technology. In my opinion, I think that making an artificial moon is a really smart

idea despite all the harm it might do to nature and environment. I believe that Chinese

scientists, sooner or later, would optimize the artificial moon and resolve the problems

mentioned above.

You might be asking why Chengdu instead of other places in China? According to my

research, Sichuan Province is one of the most heavy earthquake zones in China. Also,

amongst all seismic places in China, Sichuan province has the best economic status, this

artificial moon as said above, will help Chengdu a lot by relieving panics and having

more convenient settlements if an earthquake happens again.
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WHAT IS GENE THERAPY? 

Gene therapy is an experimental technique

where scientists/ doctors use genes to help

treat and/or prevent certain incurable

diseases such as cystic fibrosis, cancer,

severe combined immunodeficiency (SCID),

hemophilia, etc (National Geographic, 2019).

This technique might be able to cure

'incurable' diseases through manipulating the

genes of a patient's cell (Hirsch, 2014).

HOW DOES IT WORK? 

Doctors will firstly replace or inactive the

problematic genes (the genes that are

causing the disease) and sometimes followed

by the insertion of new genes into the body

to help treat a specific type of disease. This

healthy gene will either replace the damaged

mutated gene, inactivate a mutated gene, or

this inserted gene could be a completely new

type of gene (FDA, 2018). 

Doctors are able to insert the gene into the

body by using something called viral vectors.

Viral vectors are modified, weakened or

inactivated viruses that have lost their ability

to cause a disease, for example, an HIV viral

vector won't actually cause HIV. The two most

"well-known" vectors are retroviruses and

adenoviruses (Mayo Clinc, n.d).

Retroviruses are types of viruses that are

made up of RNA instead of DNA (Sheil, 2017).

They also have the ability to transcribe their

RNA into DNA after entering the cell (they are 
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able to do this because of an enzyme

called reverse transcriptase). The retroviral

DNA will then "join" into the chromosomal

DNA of the host cell. The advantages of

using retroviral vectors are that they are

able to permanently change the host cell's

genome and that there is no toxicity

related to the viral protein. The

disadvantages are that they have a low

transduction efficiency and that there also

needs to be cell division for transduction

to take place (Carrier, n.d). 

Adenoviruses are a type of virus that

contains a double-stranded DNA genome.

They introduce their DNA into the nucleus

of the cell. The advantages of using

adenoviral vectors are that they are able

to integrate the genes into the host

genome, there is also a high transduction

efficiency and the transduction doesn't

require cell division. The disadvantage is

that there is a strong immune response to

adenoviruses (Carrier, n,d).

There are three ways to get the vector

carrying the gene into your body. There are

by using IV infusions or IV injections

(Cleveland Clinic, 2019). What happens is

that the vectors are introduced into the

body by directly injecting the vector into

specific tissue. The other way is when

doctors collect the patient's cells, add the

vector in a lab, and then insert it back into

the body (also using IV infusions/ IV

injections).

If the process is successful, the new gene

will be able to make a functioning protein.

TYPES OF GENE THERAPY

There are two different types of gene

therapy: somatic gene therapy or germline

gene therapy.

Somatic gene therapy is when doctors will

transfer a section of DNA into any body cell

except those that produce sperm or eggs

(Hirsch, 2014). The effects of this type of

gene therapy won't be passed onto a

future child- usually, this type of gene

therapy aims is to cure a disease in only

the patient (Omics Technology and Bio

Engineering, 2018)

On the other hand, germline gene therapy

is when doctors will transfer a section of

DNA into a cell that does produce sperm or

eggs. The effects of this type of gene

therapy will be passed onto future

generations (Hirsch, 2014)
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RISKS / CHALLENGES 

Since this is still an experimental technique,

there are many risks and challenges that

doctors and scientists have to overcome

before gene therapy will be able to be used

as a cure for the public.

Some of these problems that scientists are

facing at the moment are unwanted immune

system reactions which means that the body

might see the viral vector as an intruder and

attack it (Mayo Clinic, n.d.). This could

cause inflammation and in severe cases,

organ failure.

Another problem is targeting the wrong cells

or targeting too many cells. This means that

the virus could affect more than one type of

cell, it could also infect the cells that are

healthy, which will cause the originally

healthy cells to become damaged and

diseased. This could cause other types of

diseases, like cancer. If the new genes get

inserted into the wrong place in the DNA, it

could lead to a tumor-forming cell. The body

could also get infected with the actual

disease (Mayo Clinic, n.d)

The body could also get infected with the

actual disease from the viral vector even

though it has been modified (Mayo Clinic,

n.d.). Scientists and doctors do not know

what will happen once the virus enters the

patient's body. The virus could regain its

original ability to cause the disease.

BENEFITS

Even though many problems can occur

during gene therapy, there are also many

benefits. The most obvious one being that it

can cure diseases that are known to be

"incurable".

Other than completely curing the disease,

gene therapy can also be used to provide a

more patient-friendly treatment plan (Hect,

n.d.). For example, patients with diabetes

and hemophilia have to get repeated

injections to help manage their disease

since biomolecule only exists for a certain

time in the blood before it is broken down

(American Cancer Society, n.d). Gene

therapy inserts functional DNA copy into

cells, so that functional biomolecules can be

made constantly which means that it could

result in a more long-term fix.

Gene therapy is also very, very precise and

accurate meaning that it could be able to

help cure cancer by eliminating the cancer

cells without having to damage the healthy

cells, unlike chemotherapy where both

cancer and healthy cells are damaged

(Mayo Clinic, n.d).
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TECHNIQUES 

Many different techniques have been used

during gene therapy trials (since gene

therapy is currently only available through

taking part in a clinical trial). 

The first technique is called Gene

Augmentation Therapy. It is used to help

treat a disease that is caused by a

mutation which stops a specific gene from

producing a functioning product (MedLine

Plus, n.d.). This technique will be able to

help treat people with diseases that make

their organs/body parts stop working, like

cystic fibrosis (Your Genome, 2016).  

The second technique is used to kill off

specific cells. The point of this technique

is to insert DNA into a diseased cell which

aaa
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will cause it to die. There are two different

methods that are used. The first one is

inserting DNA that contains a "suicide"

gene. This "suicide gene" will produce a

toxic product that will kill off the diseased

cell. The second method is inserting DNA

that will cause the diseased cell to be more

evident in the immune system, this will

cause the immune system to attack the

diseased cells (Your Genome, 2016). For

this technique, it is important that the

doctors target the correct cells, or else they

will be killing cells that are actually healthy.

The third technique is called Gene

Inhibition Therapy. It is used to stop the

activity of a certain gene that helps grow

disease-related cells (Your Genome, 2016).

This treatment is usually used for diseases

such as cancer or infectious diseases.



RESULTS

There have been successes in treating many

diseases and there have also been barriers.

So far, there have been successes in treating

diseases like SCID- caused by the mutation of

different genes that are involved in the

development and functioning of the immune

system (NIH, 2019), hemophilia- where the blood

doesn't clot normally since there aren't enough

sufficient blood-clotting proteins, retinitis

pigementosa (RP)- a genetic disorder that causes

vision loss that could lead to blindness, and

leukemia- a blood cancer that causes a rise in

the number of blood cells (Robinson, 2019).

Some of the barriers that have been encountered

are trying to find a more reliable and safer way

to deliver the genetic material into the cells

without having to use viral vectors, making sure

that they target the correct cells, and finding

ways to help reduce the risks of side effects after

the treatment.

DISCOVERY 

Scientists are trying to research new ways to

deliver the genetic material into the cells (as

mentioned above). They have found that stem

cells can be used (Mayo Clinic, n.d.). Doctors will

"train" the stem cell to become a certain type of

cell that is needed to fight a certain disease.

There are also liposomes which doctors believe

might be a replacement for viral vectors

(Creative Biogene, n.d). Liposome-based vectors

could be designed to safely target a specific cell

by targeting molecules (Mayo Clinc, n.d.).

WHAT DOES GENE THERAPY MEAN

FOR THE FUTURE? 

Even though gene therapy is a work

in process at the moment, if the gene

therapy is successful, it will be able

to help prolong people's lives and

improve quality of life by being able

to cure "incurable" diseases (Science

Care, 2016)
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The rapidly increasing global demand for

meat production has since caused a

deadly side effect, climate change.

Climate change first started hundreds of

thousands of years ago. It was only around

the beginning of the 20th century when

scientists realized how big of a problem

human civilization has caused on the

unnatural deterioration of the environment

at an alarming rate. Today, scientists and

companies have come together to counter

one of the biggest problems that cause

climate change, greenhouse gases. So

what are greenhouse gases, what has

exactly been done so far and how can

plant-based meat possibly be the solution

for this massive problem?

WHAT CONCERNS DOES MEAT BRING?

The main greenhouse gases we’ve all

heard of include carbon dioxide, nitrous

oxide, and methane. These greenhouse

gases absorb some of the heat in the

atmosphere produced by the sun and

prevent it from escaping from the earth.

Without greenhouse gases, we would

simply freeze to death at night without the

sun. However, many scientists strongly

believe that the level of greenhouse gases

is now so high on our planet it causes

global warming. Methane and carbon

dioxide both contribute to climate

change. The intensive production of

animal farming and meat has caused a

rapid increase in greenhouse gases.

Animals such as cows, pigs, sheep are

responsible for producing more

greenhouse gases than planes, cars,

trucks, ships, and trains combined! 
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Additionally, these animals are crucial sources of diseases and viruses. To counter

this problem, many farmers have fed animals antibiotics to prevent illnesses from

spreading. Around 70-80% (20 million pounds) of antibiotics sold in the US are sold

for use in livestock farms. 

The overuse of antibiotics has also caused a concern with human consumptions as

this causes more people to become antibiotic resistant, leading to diseases not

being able to be treated. Along with health issues, deforestation for farmland has

also caused massive destruction in ecosystems. Furthermore, it approximately takes

2500 gallons of water and 12 pounds of grain to produce only one pound of meat.

The inefficiency of producing meat can also be proved by comparing how it takes 56

million acres of land to grow feed for animals while only 4 million acres of land is

used for producing plants for humans to eat. An estimated 45% of our planet’s land

has been turned into farmland which almost released a trillion tons of greenhouse

gas into the atmosphere! Although methane does not stay as long in the atmosphere

as carbon dioxide, it is far more effective at absorbing heat. This means that more

heat is trapped in the earth’s atmosphere, making the earth warmer. But now it might

be too late to stop global warming as the level of greenhouse gases in the air is

already high enough to cause further temperature rise. What we can do now is cut

back on greenhouse gas emissions to stop the warming from getting out of control. 
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WHAT HAS BEEN DONE?

In recent years, the strategy of making

plant-based meat has shifted to target the

goal of making ‘meat’ taste as close as

possible to the real deal. Scientists have

made it possible to achieve the goal by

binding different plant-based ingredients

together to taste, feel, sound, and look the

same as real meat. 2 companies known as

‘Impossible Foods’ and ‘Beyond Meat’ -

whose products can recently be found in

Hong Kong supermarkets - have worked

towards achieving this goal. So how is meat

being made from plants?

An incredible amount of technology, effort,

time, money, and experiments were put in to

create the perfect meat alternatives. Heme

(short for hemoglobin) is a molecule found

in every single living plant or animal that is

an essential ingredient to make these plant-

based meat taste real. Scientists used many

heme proteins from different plants to

compare the unique tastes and textures

each plant produces. When leghemoglobin

(found in the roots of legumes -- soy plants)

are mixed with plant-based protein, fats,

and nutrients, it would taste and smell like

meat from a cow! Fermentation is also a

much more sustainable way of producing

heme. Yeast is used to making other

proteins. By inserting DNA from soy protein

into the yeast (which is also called

genetically engineered yeast), instead of

fermenting and getting beer, lots of

leghemoglobin is produced. Before being 

properly used in products, scientists have to

determine whether it is safe for human

consumption by conducting a

comprehensive toxicology study involving

the use of rats. Now, since heme is properly

determined to be safe to eat in our

everyday diet, we have also found that it is

healthier compared to eating red meat, like

beef. 

Protein is an important part of a balanced

diet, and it doesn’t only come from meat.

Plants like beans, peas, and nuts also

contain high sources of protein. Studies

have shown that a plant-based diet can

reduce inflammation by almost 30% when

exercising compared to meat which is why

many athletes have chosen to take this

approach instead. Soy or potato protein has

been used in recipes to create the protein

needed in the meal. It is rich in fiber and

minerals including magnesium, potassium,

phosphorus, and iron. Fats and binders are

also used in the plant-based meat recipes

for burgers at impossible meat. The fats

used are coconut oil and sunflower oil,

which gives it sizzles when cooking - just

like a real burger would when cooking.

Moreover, a substance called

methylcellulose is carbohydrate found in

foods like canned soup and is used as a

binder to bring all the ingredients to stick

together. Overall, impossible meats offer

fewer calories, fats, and cholesterol

compared to real meat. It’s a significantly

more sustainable method of eating meat

and is considerably more healthier!
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WHAT ARE SOME OF THE IMPACTS SO FAR?

A life cycle analysis conducted by the University of

Michigan showed the environmental impact of a

plant-based burger from Beyond Meat compared

to a beef burger. In summary, the beyond burger

used less energy, land, and water to produce, and

emits fewer greenhouse gases than a regular beef

burger. Around 99% less water is used in a Beyond

Meat burger, 93% less land, 46% less energy, and

90% less GHGE (greenhouse gas emissions). 

Apart from benefitting the natural environment, a

plant based diet is also shown to be better for our

health. Meat often contains high levels of

cholesterol and saturated fats. Eating high

amounts of these foods could potentially increase

your risk of various diseases such as: :heart

disease, stroke, obesity, high blood pressure, high

cholesterol, diabetes and many other cancers.

Making the switch to plant based meat could be

our future!

CONCLUSION

In conclusion, this is why plant-based diets are a

much more efficient way of transferring natural

resources into energy. If crops used to feed

animals were eaten by humans, around 3.5 billion

people can be fed. In the coming years, plant-

based meat will only become more and more

popular, which lowers the price drastically. Not

only will the experience be identical to eating real

meat, but it also is better for the environment,

better for animal welfare, and is much better for

the planet. As Impossible once said ‘ small actions,

done widely, add up to big changes for the plant’. 
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Originating from the Latin word "Circa Diem"

to mean around a day, science has

circulated the knowledge of biological

clocks and body rhythms for centuries. First

noted in 1729 by French astronomer Jean-

Jacques d'Ortous de Mairan, he observed

the idea of biological timekeeping from the

movement of his Mimosa plants. He

described the movement through a 24-hour

cycle, such as leaves opening and closing

throughout the day and night and later

observed the plants in constant darkness,

realizing that even without sunlight, the

leaves continued to open and close leading

to the discovery of an internal clock. One

endogenous biological clock that could still

tick even without external stimulus, and reset

itself to allow a changing of solar cycles

throughout the seasons. 

 

   

Simply put, the circadian rhythm is based on

physiological and behavioural rhythms such

as sleep through a 24-hour cycle. From the

circadian pacemaker set in our brain, our

body rhythms change and adapt to help

regulate body functions, and play a physical,

mental, and behavioural role daily. This is a

method that keeps nocturnal animals from

leaving their shelter during the day and can

help alert a plant when to flower for the

best chance of attracting pollinators.
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WHAT IS THE DIFFERENCE BETWEEN THE

CIRCADIAN RHYTHM AND THE BIOLOGICAL

CLOCK?

 

Biological clocks are intricate. Their cycle is

generated via a feedback loop, where the

production of proteins is activated by genes.

When the cells reach a critical threshold with the

amount of protein, the genes are stopped to

prevent signals from continuing, and eventually

causes a protein to degrade over time until the

genes startup. Over the time of 24-hours, these

genes not only trigger protein production, but

furthermore control gene activation, govern

clock stability, and translate light information in

the eyes to help keep sync with the external

environment. 

However, despite their terms being used in

conjunction, biological clocks and circadian

rhythms are different. Instead, the case is that

the circadian rhythm is a type of biological

clock. One of four biological clocks is located

slightly above the eyes where the nerves are

located. These biological clocks -also known as

rhythms- are the circadian rhythm (the 24-hour

cycle), the diurnal rhythm (synced with day and

night), ultradian rhythm (with a higher frequency

and shorter rhythm), and infradian rhythm (which

last longer than 24-hours). 

Nearly every tissue and organ contains biological

clocks, which allows them to adapt to different

environmental cues, such as exercise, social

activity, temperature, and most effectively, light.

Light is tied to the day and night cycle and

allows for the body to be more effective in

different functions at different times of the day. 
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HOW DOES IT WORK? 

Practically all body rhythms- processes and systems- are optimized at various 24-hour points.

The digestive system will wait until meal times to repeat proteins, and the endocrine system

suits normal energy expenditure to regulate hormones. This all begins with the master clock

also known as the circadian pacemaker, known to have over 20,000 neurons (nerve cells). 

 

The circadian pacemaker can be found in the suprachiasmatic nucleus (SCN) in the

hypothalamus, which can be found near the center of the brain. After receiving input through

light through the eyes at different times of day, Period and Cryptochrome genes are sent to

regulate body activity from the SCN. These activate or switch off feelings of wakefulness,

alertness and sleepiness, and build up the cell nucleus at night and less so during the day.

However, exposure to light and different times of day can reset the times when the body turns

on the genes, which is where the treatment of bright light therapy originated from to help

those suffering from sleep-related problems.
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WHAT INFLUENCES THE CIRCADIAN RHYTHM?

Apart from environmental cues such as light, exercise,

social activity and temperature, our age and Circadian

rhythm sleep-wake disorders (CRSWD) can change the

patterns of our sleep. While different ages experience

circadian rhythm differently, CRSWDs are identified via

different characteristics and problems a patient might

be suffering from. 

Jetlag

Quickly triggering the crossing of time zones, the

experience of intercontinental flights can disrupt the

circadian rhythm, as different time zones have different

light and dark cycles. The SCN becomes confused with

the different input of light at irregular times and can

cause fatigue and sleeping problems until full

adjustment. 

 

Work shifts

Obligations to work may cause disruptions, such as

working during the night and sleeping while the brain

sends signals of alertness. The disruption in sleep

schedule puts the brain at odds with daylight hours and

can cause problems with sleeping. 

Sleep disorders 

Different disorders can range from advanced (ASPD) or

delayed sleep phase disorder (DSPD), non-24 hour

sleep-wake disorder (N24), and irregular sleep-wake

rhythm disorder (ISWRD). While all similar-sounding,

they tend to affect smaller numbers of people and are

similar in causing fatigue and alertness at different

times of day with the big difference being the cause.

ASPD is caused by age, DSPD are also known as “night

owls” and are affected by genetics, behaviours and the

teenage group, N24 is more common in blind people,

and ISWRD is connected to brain conditions such as

dementia or a traumatic brain injury. 
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CIRCADIAN RHYTHM IN CHILDREN AND BABIES 

Circadian rhythms aren't developed in babies until

after a few months, which causes erratic sleeping

patterns for days, weeks or even months. At about 3

months old their circadian rhythm develops with

environment adaptations and changes to the body.

From 2 to 9 months old, hormone cortisol develops,

and afterward, toddlers and children maintain a

reasonably consistent sleep schedule with matured

body functions and circadian rhythm. Only 9 to 10

hours or so are needed at this age, similar to teens. 

CIRCADIAN RHYTHM IN TEENS 

Unlike a child, teenagers experience a sleep phase

delay, a shift in their circadian rhythm that allows for

fatigue to set in much later in the night. Not only may

they sleep and wake up later, but their peak hours of

sleep at night are from 3 am to 7 am.

CIRCADIAN RHYTHM IN ADULTS

With older ages, the circadian rhythm may change

more and more. To maintain good sleep hygiene, their

sleep and wake times should stay relatively the same

for the required 7 to 9 hours of sleep every night.

Adults most likely will receive melatonin earlier in the

night, and reach their peak hours of sleep or fatigue

from 2 to 4 am, and 1 to 3 pm. The elderly may find

themselves sleeping and waking up earlier, but it is

normal for the ageing process. 

 

While different CRSWDs and ages may cause problems

relating to sleep, it may also be caused by stress,

medication, or poor sleep habits such as watching a

screen too close to bedtime, having an uncomfortable

sleeping space, or eating or drinking late at night. 
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WHAT CAN THE CIRCADIAN RHYTHM DO

FOR YOUR BODY? 

In terms of advantages, the circadian

rhythm maintains not only the mental and

physical systems, but also consistent and

restorative sleep. However, it is essential

to keep a consistent sleep schedule as the

circadian rhythm has its side effects.

 

Insomnia is a common sleep disorder that

can affect the quality of sleep and

continue to affect your wellbeing during

the day. Without proper signalling from

light and darkness, you may suffer

symptoms of insomnia and your body

systems might stop functioning optimally.

Furthermore, disruptions could contribute

to obstructive sleep apnea (OSA) and

cause continuous lapses in breathing,

lowered body oxygen levels, and

interruptions with sleep. However, these

can easily be fixed by improving your sleep

hygiene. 

HOW CAN YOU MAINTAIN A HEALTHY

CIRCADIAN RHYTHM?

While there are specific treatments for

those suffering from CRSWDs, there are

also easy ways to fix poor sleeping habits

just by improving sleep hygiene. Early

morning exposure to the sun can reinforce

strong circadian signals, while daily

exercise can help support the internal 

clock and make it easier to fall asleep.

Avoiding caffeine in the afternoon can

also prevent awareness providing

stimulants from throwing off the balance

between sleep and wakefulness. While

this does differ from person to person,

caffeine can take the form of chocolate,

tea leaves, and coffee beans. 

 

It is recommended to keep a consistent

sleep schedule or limit the amount of

blue light received before bed to

reinforce a stable rhythm. Dim lights and

reduced use of electronics before

bedtime is advised, but a doctor should

be consulted if problems continue to

persist with drowsiness during the day, or

issues surrounding sleep. 

 

While medication with stimulants or

hypnotics such as melatonin can help

change your cycle, doctors tend to use

bright light therapy also known as

phototherapy which helps people shift

sleeping patterns into something normal.

This treatment can also improve Seasonal

Affective Disorder and other certain

conditions by simply sitting near a light

therapy box, which gives off a bright light

similar to natural light. The therapy may

cause side effects of eyestrain,

headache, nausea, irritability or

agitation, and euphoria at its worst, but

improves symptoms within just a few days

to two or more weeks. 
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CONCLUSION

In conclusion, the circadian rhythm is a complex clock originating in our brain, using the

different input from our lights to make and activate changes in our feelings or behaviour.

Not only can it help with our awareness and health, and prevent all sorts of disorders or

health issues in our body systems and functions. 
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Quantum mechanics is notorious for being

extremely counterintuitive and illogical,

which is true. There is a famous saying that

“Everything not forbidden is compulsory” by a

renowned Nobel physics laureate. Our brains

are not wired to understand the peculiarities

of quantum physics, just like how we cannot

envisage dimensions greater than 3.

Quantum physics is quite the opposite of the

normal, classical physics, so it takes time to

change our assumptions. 

To understand quantum physics, we must

establish a solid understanding of the

particles in the Universe. Everyone knows that

atoms consist of protons, neutrons and

electrons, but is that really all? Unfortunately,

that is only the tip of the iceberg. Protons

and neutrons are classified as hadrons, which

are made up of two or more quarks. Quarks  
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make up protons and neutrons, and can be

separated into six different flavours: Up,

Down, Top, Bottom, Strange, Charm.

Protons are made up of 2 up quarks and 1

down quark, whilst neutrons are made up

of 1 up quark and 2 down quarks. Ever

wondered why protons have positive

electric charge and neutrons are neutral?

This is due to quarks, as up quarks have a

fractional charge of ⅔ and down quarks

have a charge of -⅓. Multiplying by the

corresponding number of quarks results in

1, which is exactly right. The same method

can be repeated for the neutron and no

charge should be obtained. 

Now, you might wonder whether quarks are

made up of anything smaller? Quarks are

actually bound together by the massless

gluon, which instead of having an electric

charge, it has colour charge. Colour here

has no relation whatsoever to the normal

perception of the word and is studied in a

field called quantum chromodynamics.

Even in the subatomic realm, there must

be a force binding quarks together which

in turn binds the hadrons together, but

what is it? It is called the strong nuclear

force or sometimes the strong interaction,

the strongest of the four fundamental

forces in nature(the rest being the

electromagnetic force, weak interaction

and gravity in order of strength). However,

this effect is only observable at very

miniscule distances- around 1 femtometre

which is 1 x 10-15 metres and is 6 x 1039

times stronger than gravity.

What about an electron? Is it made up of

quarks too? The answer is no. The electron

is an elementary particle, something that

cannot be further broken down into.

Quarks and gluons are also elementary

particles, unlike protons and neutrons.

Electrons are actually part of a larger

group of particles called leptons, which

also includes neutrinos and muons.

Leptons do not undergo the strong nuclear

force but respond to all three other forces.

An interesting property of leptons is that

they have a half-integer spin. Spin is a

form of angular momentum and can be

thought of as rotations. Spin ½ means that

it has to be rotated 720 degrees (2 full

rotations) before it reaches the same

configuration as it has started with. Spin is

one of the four quantum numbers, which

are used to describe the energies and

position of electrons. Going off on a slight

tangent, there is an extremely important

rule called the Pauli Exclusion Principle

which states that no two identical

electrons can occupy the same quantum

state simultaneously. This is due to a weird

property called superposition, which

means that particles(like the electron) are

in two different positions at once, which is

quite strange but nevertheless true. 

A not so intimidating equation of this

exclusion principle would be Ψ(x) = Ψ1(a) x

Ψ2 (b) where Ψ(greek letter psi) is the

wavefunction, which determines the

probability of the electron’s position. The

first term Ψ1 (a) shows the probability of 
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finding electron 1 in state a and the

second term Ψ2 (b) shows the probability

of finding electron 2 in state b. Taking the

product of the two wavefunctions will

result in the probability of the first

electron being in state a and the other

electron being in state b. Another

important fact about wavefunctions is that

Ψ(x) Ψ*(x) = |Ψ(x)|2, which means that the

square of the amplitude of the

wavefunction will give us the probability

density function(probability of finding a

particle at a certain position)- this is

called the Born rule. Additionally, if you

take the integral of the wavefunction from

negative infinity to infinity(the entire

space), the sum of the probabilities will

equal 1, which means there is a 100%

chance of finding the particle(also called

normalisation of the wavefunction). A

wavefunction is a wave and can be

represented by many different equations,

but these equations are mostly

trigonometric, complex or exponential.

Moving away from the mathematics, let’s

return to the particles. Leptons are

actually part of an even bigger group of

particles called fermions. Fermions include

all the 6 flavours of quarks and leptons,

one of the two main edifices of particle

physics. All fermions obey the exclusion

principle and have half-integer spins. One

more quick fact- particles made up of 3

quarks are called baryons(part of

fermions) and particles made of 2

quarks(typically one quark and one

antiquark) are called mesons (not part of 

fermions). Antimatter is a different subject

which is full of intriguing facts, but a

memorable property of it is that it has an

opposite charge to its normal matter

particle(e.g. the antiparticle of the

electron is the positron, which has a

positive charge). 

What about the rest of the particles, other

than fermions? Those are called bosons,

which have integer spin, disobeys the

exclusion principle(or rather obeys Bose-

Einstein statistics) and carries force. They

are also referred to as force-carrying

particles. Photons and mesons are good

examples of bosons. By the way, two

electrons that collide could emit a gauge

boson such as a photon which can be

illustrated by squiggly diagrams called

Feynman diagrams. There are also three

other types, the W(+ and -) and Z boson.

These bosons are responsible for the weak

nuclear force and are also referred to as

intermediate vector bosons. At very high

energies, they behave similarly to the

photon, which is called the electroweak

unification. Vector bosons are bosons

which have spin 1(gauge bosons are also

vector bosons). The elusive Higgs

boson(experimentally detected in 2012) is

also another example of a boson(scalar

boson), but it is slightly different as it has

no spin. Technically, it is thought to be one

of the four remaining degrees of freedom

of the Goldstone bosons after electroweak

symmetry breaking. Elementary particles

interact with the Higgs field, giving rise to

their masses, but to study that in more 
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detail requires quantum field

theory(extension of quantum physics into

particle physics and special relativity) with

a deeper look into symmetries. In technical

terms, symmetries are connected to the

many different conservation laws(e.g.

conservation of mass or energy) which is

called Noether’s theorem. 

In the Standard Model, symmetries can be

described as Lie groups which are

mathematical objects and there are 3

main types of these groups: U(1) X SU(2) X

SU(3). Each group represents one of the

three fundamental forces with the

exclusion of gravity- electromagnetism,

weak interaction and strong interaction

respectively. U stands for Unitary and SU

stands for Special Unitary, and is studied

under Lie groups, which are fundamental

to physics. 
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This is pretty much a good introduction to

the elementary particles in the Universe.

The briefly mentioned neutrino is an

extremely light particle and does not

interact with matter, making it difficult to

detect, hence its nickname ‘ghost particle’.

Approximately 100 trillion neutrinos are

passing through us now, a relatively

shocking fact. The Standard Model

encompasses all these elementary

particles- an analogue to the Periodic

Table of chemistry. The Standard Model is

speculated to be incomplete, especially

with the hypothetical conjectures of

quantum gravity (existence of spin 2

gravitons) and supersymmetry which

includes extra heavier partners of the

currently known elementary particles, but

nonetheless it is the best model right now.

Theoretical Physics might await a new

paradigm shift soon. 
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Like all things, Earth will be

eventually destroyed. Similar to how

people take refuge in other

countries during wars, to what

extent is it possible for us to live on

Mars? Can we safely say that Mars

can be our second home one day? In

this article, I will take you on a

journey to explore the conditions on

Mars and to what extent is it

possible to live there.

A GUIDE TO
THE MARS
BY SAMRIN MONAMI 11D

WEATHER

Mars has been cold since the end of the Hesperian

period (1.8 billion years ago) because of the lack of

plate tectonics or continental drift. The weather on

Mars is very much like Antarctica. However, Mar’s

atmosphere contains ionizing radiation 700 times

higher than the Earth’s, making it very dangerous.

Experiments such as NASA’s Twins study found that

spending time in this amount of radiation can lead to

changes in gene expression, and problems in the

immune system and gut microbiome. 

One of the ways researchers have found to reduce

the amount of ionizing radiation is lithium hydride

which is capable of blocking radioactive particles

over long distances. However, the main problem with

lithium is its instability in the presence of moisture,

which the scientists are working on.
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SOIL

Subsequently, Martian soil found on the surface of Mars is toxic due

to the presence of perchlorates such as calcium perchlorate. It is

estimated that 0.5%  of it is harmful to both humans and plants. In

plants, a massive deterioration of chlorophyll has been found, along

with the deterioration of the oxidizing power of roots and the size of

the plant. Although evidence shows that some bacterias have

overcome perchlorates, the high level of UV radiation stands in the

way as it breaks molecular bonds, creating more dangerous chemicals

which eventually lead to the death of the bacteria. 

FOOD AND WATER

As humans, food and water are an integral part of our lifestyle. In

order to start the food supply cycle on Mars, scientists have studied

the characteristics of cyanobacteria.

 

Due to cyanobacteria’s magnificent photosynthetic abilities, nitrogen-

fixing activities and lithotrophic lifestyles, studies suggest using the

products of their culture to support the production of food, fuel and

oxygen to support the survival of other organisms and human beings.

70% of our body is made up of water and just a 5-8% decrease of

water in our bodies can cause fatigue, making water supply the top

obstacle to overcome in order to stay on Mars. It is suggested that a

more developed system than the “ISS water recovery system” needs to

be built to make sure it happens. 

Studies of organic compounds inside sedimentary rocks and boron on

Mars have suggested that liquid water was present on Ancient Mars

and further assisted the presence of the gale crater ( a 3.5-3.8 billion

year-old dry lake on Mars spanning 154 km in diameter). It also

suggests that it is possible to initiate a water system on Mars. Since

most water on Mars is in the form of ice, 8 groups of students

directed by NASA have started drilling into and extracting water from

simulated Martian subsurface ice stations using revolutionary

technologies.
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POLLUTION (DUST HAZARD)

Despite all of the problems and potential solutions above, one of the biggest challenges,

dust particles, stands in the way of making it sustainable for humans to live on Mars. A 2002

study found that the dust particles (such as olivine, pyroxene and feldspar) found on Mars

can create highly reactive molecules when reacted with water, which can cause lung

disease or cancer.  

CONCLUSION

To summarize, although it is complicated to simply go and inhabit Mars for a long period of

time, robotic exploration and more powerful technology might one day pave the way for

humans to stay on Mars in the long term. After all, Mars is always there, waiting to be

reached. 
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Have you ever gotten a small cut on your

skin? Chances are, there would’ve been a bit

of bleeding, but then it probably subsided

after a little while. If that is the case,

congratulations! You have an intact

haemostatic system!

The haemostatic system is a very important

part of life. It prevents too much blood from

flowing out of a damaged blood vessel,

because as we know (probably from TV and

books), bleeding excessively isn’t quite

suitable for life. Now, before we begin,

please keep in mind that the actual

haemostasis process is far more complicated

than what is written here. This is only a

simplified version!
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A BRIEF INTRODUCTION TO BLOOD

The main function of blood is to transport nutrients and oxygen to your body’s

respiring cells, to remove waste products of metabolic reactions, such as CO2 from

aerobic respiration. The blood is primarily composed of red and white blood cells,

platelets and plasma. 

Red blood cells are responsible for transporting oxygen around the body, they

contain haemoglobin, which is a red protein, and is what gives blood its signature

crimson colour. It has 4 subunits, each of which can carry a molecule of oxygen. They

have a large surface area from their biconcave (donut-like) shape to maximise

diffusion efficiency. Red blood cells lack organelles, such as a nucleus, to carry as

much haemoglobin in the cells as possible, so red blood cells are basically little bags

of haemoglobin!

White blood cells are what we thank for defending the body against sickness. There

are 2 types of white blood cells: Lymphocytes and phagocytes. Lymphocytes produce

antibodies complementary to the antigens of a pathogen, immobilising them so that

phagocytes can come to engulf and digest them. Some of the lymphocytes turn into

memory cells, which rapidly reproduce these antibodies upon other encounters,

making us immune to the pathogen.

Last but not least, platelets.

They are the main character of

today’s article.  They are not

actually cells, but cell

fragments. They cannot divide,

nor do they have a nucleus.

However, they are of utmost

importance for blood clotting!

Plasma is a straw-coloured

liquid that is 91% water, which

means it can carry soluble

molecules, such as glucose and

amino acids from digestion, and

hormones to parts of the body

that need it.
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VASOCONSTRICTION

The first step to haemostasis is vasoconstriction. When platelets flow out of the injury, they

come in contact with the collagen in the vascular wall. This will cause platelets to start

breaking down, releasing various chemicals called clotting factors. There are 13 clotting

factors, all essential to blood clotting; One of which is named thromboplastin, an enzyme

we will take a look at later. One of the others is a hormone called Serotonin, produced in

the CNS (central nervous system). It causes the blood vessel walls to contract, resulting in

less blood flow around the injury. If the vessel rupture is small enough, this alone may be

enough to stop the bleeding!

PLATELET PLUG

Almost immediately after vasoconstriction, the “platelet plug” is formed. The platelets start

clumping together, with a fibrinogen molecule bound between the two platelets, forming a

temporary plug. This plug alone is very unstable, and is basically buying the body time whilst

the body prepares for a more advanced process.

HAEMOSTASIS

When the lining of the blood vessel is damaged, a process known as haemostasis (aka blood

clotting) is triggered. There are 3 major parts to haemostasis: Vasoconstriction, the platelet

plug, and finally, coagulation.
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FIBRIN CLOT

If the plug is unable to stop the bleeding,

the actual process of “coagulation”

occurs, ending with the scabs that we

may be familiar with. 

This is also where the thromboplastin

steps in, and everything gets more

complicated than before...

Thromboplastin is an enzyme that hastens

the cleaving of prothrombin into another

enzyme named thrombin. This happens

rapidly at the site of the injury.

Then, thrombin breaks up the plasma

protein, fibrinogen, which are binded

between the platelets, into long insoluble

threads of fibrin. The insoluble mesh of

fibrin gathers around the “platelet plug”

and traps cells flowing in the blood,

forming a bigger plug to stop bleeding.

The platelets in the clot shrink, and start

drawing the mesh together. It’s a bit like

when we tie our laces, bringing the sides

of the shoe together and tightening it.

After the wound heals, another fairly

complicated process named fibrinolysis

takes place. Fibrinolysis is the process in

which fibrin is removed. During

fibrinolysis, Plasmin, an enzyme, breaks

down fibrin. In addition, a vasodilator

relaxes the contracted blood vessels, and

normal blood flow returns to normal. 

BLOOD DISORDERS

As you can probably imagine, blood

clotting is very important, so it’s no

wonder that when the system does not

function properly, it could lead to serious

health problems, namely

blood disorders.

HAEMOPHILIA

One such disorder is named Haemophilia.

This is a genetic disorder in which a

person’s body has low levels or none of a

type of clotting factor. There are 13

different clotting factors, all of which are

essential for blood clotting. So when even

one or two of them are missing, the

clotting sequence will not happen

correctly, resulting in excessive bleeding

even from the smallest of cuts. Treatment

of this disorder includes regularly

injecting them with their missing

coagulation factors.

PRIMARY THROMBOCYTHEMIA 

On the other hand, primary

thrombocythemia is characterised by

excessive platelets made in the bone

marrow by cells that can differentiate

into whatever they want: stem cells. This

means that there would be a lot of

unnecessary clotting. As with all things,

an excess is never good. So whilst blood 
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clotting is generally a useful process, a

tendency to clot when there is no

need, isn’t. This disorder increases the

chance of a clot forming in vessels

leading to vital organs, such as the

coronary arteries. This can seriously

impede blood flow, limiting the amount

of oxygen getting to the respiring

tissues, and cause the heart tissues to

respire anaerobically. As anaerobic

respiration produces lactic acid, it

lowers the pH of the cells, which

denatures enzymes. This kills the heart

cells, and eventually, a heart attack

will occur.

Furthermore, there may also be

bleeding. Now, you may be thinking:

What? Wouldn’t excessive bleeding only

occur when there are low platelet

counts?

That is true, to some extent. However,

excessive bleeding could also occur in

patients with high platelet counts, as

those unnecessary blood clots in other

parts of the body will use up many

existing platelets for clotting.

Therefore, there may be a lack of

platelets to clot where they are

actually needed.

Patients who do not have symptoms

usually do not need treatment.

However, those who do may regularly

take low doses of anticoagulants, such

as Aspirin, which is very effective in

making platelets clump together less.

SUMMARY

Blood clotting is extremely complicated, yet it is

tremendously fascinating to witness the

processes and the sheer amount of things that

our bodies do to protect us. Accidents happen

everyday, and blood clotting protects us from

excessive blood loss. In addition, when the

bloodstream is exposed to the surroundings, it is

far more susceptible to pathogenic

microorganisms entering. The blood clot

minimises the risks of that. 

Blood clotting is activated when collagen is

released from the damaged blood vessels. There

are 3 major parts of this process:

Vasoconstriction, where the blood vessels

narrow to limit blood flow to the wound;

platelet plug, in which the platelets stick

together to form a temporary “plug”; and fibrin

clot, in which the complicated coagulation

cascade breaks down fibrinogen into fibrin, an

insoluble mesh, trapping cells to form a barrier,

which shrink to draw the mesh together.

Fibrinolysis is when fibrin is broken down where

it is no longer needed to restore normal blood

flow.

Blood disorders, such as Haemophilia and

Primary Thrombocythemia, both result in

devastating impacts on the body. Haemophilia is

characterized by the lack of one clotting factor,

leading to excessive bleeding. Primary

Thrombocythemia is a disorder in which the

patient has too many platelets, which can cause

blood clots in vessels leading to vital organs,

and excessive bleeding when those platelets are

used for the unnecessary blood clots.
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