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INTRODUCTION

Congratulations to 
the 21 finalists of the 

second Sydenham
#700STEMChallenge.

There were many  
entries, all of an 
extremely high 

standard. After much 
deliberation, the 

following articles 
were selected as  

the top three entries 
for each category.



UNDER 14 RESULTS



Science:

1st -  Radiocarbon Dating The Shark That Time Forgot 
Emily Boland, Streatham & Clapham High School

2nd -  What is changing as the moon moves further away?
Maya Vyas, Streatham & Clapham High School

3rd - The Discovery of a New Microscopic Vessel in the Leg Bone 
- Gabrielle Hobson, Sheffield High School

Technology & Engineering:

1st -  Wind Turbine Rap
Lara Kerr, Wimbledon High School

2nd - The Highs and Lows of Supersonic Passenger Planes
Elodie Owens, Sydenham High School

3rd - Is teleportation possible?
Tiffany Igharoro, Sydenham High School



UNDER 16 RESULTS



Science:

1st - Stress: its effect on the brain
Ashwini Garneti, Sheffield High School

2nd - Why is glass transparent?
Asiya Qureshi, Northwood College for Girls

3rd - The Periodic Table
Julia Grzywacz, Wimbledon High School

Technology & Engineering:

1st - Quantum entanglement and teleportation
Constance Harris, Norwich High School

2nd - Virtual Reality: A giant leap for medicine
Aditya Chougule, Wilson’s School

3rd - Light activated robotic stingrays
Ella Bolland, South Hampstead High School

3rd - Has the film industry accurately portrayed space?
Samah Mughal, Wimbledon High School

Mathematics:

1st - What is the most beautiful equation?
Morgan Lee, Sydenham High School

2nd - About Right
Eleanor Roberts, South Hampstead High School

3rd - Mathematics: The order and the chaos
Amia Guha, Oxford High School



UNDER 18 RESULTS



Science:

1st - LIGO: The ultimate streaming app for Black Holes
Samar Al-Haddad, Notting Hill & Ealing High School

2nd - Will doctors ever become extinct due to the existence of artificial  
 intelligence? 
Madhulika Joglekar, Norwich High School

3rd - Neglected Tropical Diseases
Darcy Quist, Sydenham High School

Mathematics:

1st - Quantum Computing 
Joshua Soyke-Pinnon, Dulwich College

2nd - Journey of the number zero  
Elena Gupta, Wimbledon High School



#700STEMChallenge
FINALISTS MAGAZINE

UNDER 14 
SCIENCE ESSAYS



Radiocarbon Dating The Shark That Time Forgot  
- Emily Boland, Streatham & Clapham High School 

In early August 2016 a team of Marine Biologists at the University of Copenhagen performed an experiment 
to find the life span of a Greenland Shark. The experiment was motivated by a Danish fishery biologist, Paul 
Hansen, who reported 50 years ago that Greenland Sharks only grow a few centimetres over several years. The 
Marine Biologists experimented on 28 female sharks that were caught by accident during the Greenland  
Institute of Natural Resources annual fish and shrimp survey. One of the Greenland Sharks was 18 ft in length 
so marine biologists knew for a fact that the shark had to be at least a couple of hundred years old. 

The researchers found a new clever way of finding the lifespan of the sharks by radiocarbon dating the lenses 
in their eyes. Carbon dating can be used to find out the age of objects up to 50,000 years old. Although this  
method has been used before on whales it had never been used on a fish. They discovered that Greenland 
Sharks can live to be hundreds of years old. The 18 ft long shark turned out to be 400 years old. This smashed 
the word record for the longest living vertebrate on the planet. 

Carbon dating is a method which scientists use to measure the age of an organic object that is deceased or 
has stopped growing. Carbon 14 or radiocarbon is absorbed through the food chain by every living being which 
means all living beings have radiocarbon inside their tissues. Radiocarbon is an isotope of carbon. The nucleus 
of an ordinary carbon atom has 6 neutrons and 6 protons, but the nucleus of a radiocarbon atom has an extra 
2 neutrons. This makes radiocarbon atoms unstable and therefore they decay. Over time more radiocarbon is 
absorbed into the tissues of living beings through the food chain, so it replenishes the radiocarbon that has 
decayed. By measuring how much radiocarbon is left in a living being after it dies scientists can tell how long 
ago it died. 

Although, in the case of the Greenland Shark the researchers were able to carbon date the age of the shark by 
looking at how much radiocarbon was in its eye lens. The proteins in the centre of its lens were put there when 
the shark was in its mother’s womb and other proteins built up over time. Scientists were able to carbon date 
the proteins at the very centre of the lens.

Carbon 14 is not the only carbon isotope. Other carbon isotopes such as carbon 13 and carbon 12 are both  
stable isotopes. Carbon 14 is an unstable isotope and has a half-life of 6000 years. This means the Carbon 14 in  
a dead object will reduce by half every 6000 years. Carbon 14 is created when cosmic rays impact nitrogen in 
the atmosphere. The atmosphere is made up of 80% nitrogen and therefore Carbon 14 is very common in the 
atmosphere. Most carbon 14 is produced at altitudes of 30,000 – 50,000 feet. Carbon 14 moves around the  
atmosphere and reacts with oxygen to create carbon dioxide. Carbon dioxide also enters the oceans and  
dissolves in the water. Plants in the ocean absorb carbon dioxide with a small fraction of Carbon 14 in it. When 
fish eat the plants, they absorb the Carbon 14 and it progresses up the food chain until eventually it reaches 
the predators at the top of the food chain. Once an animal dies the intake of Carbon 14 stops and the Carbon 14 
inside the animal slowly decays.

Marine biologists made use of atomic bomb testing in the 1950s to aid them in finding the age of the sharks. 
The atomic bomb testing added major levels of radiocarbon to the atmosphere and during the 1960s the levels 
of radiocarbon peaked, and it leaked into the ocean. The researchers found that the two smallest and youngest 
sharks had extremely high levels of radio carbon. However, the third smallest shark was the first one of the 
sharks that abnormally peaked in carbon levels, so scientists deduced that this shark had to have been born in 
the 1960s. Most of the sharks retained normal levels of carbon but they varied in size. They then compared the 
carbon levels and size to determine the age of the shark. This shark may be believed to be the oldest vertebrate 
in the world, but it probably isn’t. So, with the help of radiocarbon dating we can hopefully find even older  
vertebrates.
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What is changing as the Moon moves further away?  
- Maya Vyas, Streatham & Clapham High School

When the Apollo astronauts landed on the Moon, they left two very important objects: one, an American flag, a 
symbol of their great achievement and two, a retro-reflector unit packed with small mirrors on the Moon’s  
surface. From the Apache Point in New Mexico, we are able to carry out a laser ranging and the lasers we fire 
travel to the Moon, get reflected back and get detected in the observatory. By doing this, we can calculate the 
distance between the Earth and the Moon. Over years of constantly checking the distance from the Earth to 
the Moon, scientists have deduced that the Moon is slowly, but steadily moving away from Earth and towards 
the Sun. It moves at a rate of 1.5 inches per year. This means that gradually, over thousands of years, the moon’s 
impact on Earth will decrease.

We have looked up at the night sky and seen the Moon, an astronomical body that has been orbiting around us 
for over 4.5 billion years, just shortly after the Earth was formed. But what would change if the natural satellite 
we are so accustomed to in the night sky were to leave us? Would we be in trouble if the Moon just wasn’t there 
anymore?

A few immediate ideas come to mind when thinking about the effects of the moon moving away from Earth. 
Of course it will be darker at night, however this is definitely not a difficulty considering we have streetlights, 
torches and accessible lighting in our houses. One of the major problems would be the change in tides. The 
gravitational force of the Moon and the Sun pulls the water in the Earth’s oceans and makes it bulge outwards, 
causing a frequent change between high and low tide, depending on where the Earth is in its rotation. At New 
Moon and Full Moon, the gravitational pull of the Sun and the Moon combines and creates especially strong 
and extreme tides, called Spring Tides. Although the Sun and the Moon both influence on the sea tides, the 
Moon’s pull is twice as strong because it is so much closer to our planet than the Sun. Bearing this in mind, if 
the Moon is further away, or completely gone, the strength of the tides would be much weaker; we would still 
have high and low tides, however, it would only amount to around half of that in the absence of the Moon.
Without the strong and substantial tides we have today, the sea and plant life that depends on tides and the 
constant movement of the ocean would be in critical danger. On a more positive note, this may lead to many 
sea creatures evolving and possibly introducing a type of species… 

One affect the Moon’s absence might be an advantage for some people, is that without the Moon the length of 
a day would decrease. When the Earth rotates, it is slowed down by something called Tidal Friction. As you 
already know, the Moon’s gravitational pull makes the water in the ocean bulge outwards. The Friction occurs 
between the water tides and the sea bottoms, particularly where the sea in shallow. Tidal Friction helps prevent 
the Tidal Bulge from staying directly under the moon. The attraction between the Moon and the water in the 
bulge acts as a brake on the Earth’s rotation and slows down the Earth’s daily rotation speed by a tiny fraction 
of a second. Because of this, in many years to come days would be much longer. But, without the moon, the 
Earth would be spinning much faster and a day (on a cosmic scale) could be several hours shorter. This is also 
going to have a profound influence on nature and the weather system would change drastically.

In conclusion, because of the Earth’s relationship with the Moon, there are many possible consequences if the 
Moon was to leave us, which would at some point in time become a reality. The strengths of the tides would be 
much weaker; this would affect sea life, fishing industries and the ecology of the ocean. Also, our future  
generations may have shorter days. This will have a massive impact on weather systems nature and mankind.  
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The Discovery of a New Microscopic Vessel in the Leg Bone 
- Gabrielle Hobson, Sheffield High School

Our bones are one of the most important components in our body. They give us structure and movement (with 
the help of our muscles), as well as producing red and white blood cells in our bone marrow, allowing us to 
transport oxygen to all our necessary organs, producing antibodies to help prevent infection and diseases, and 
collecting the carbon dioxide produced in respiration for us to exhale.

To allow bones to do this they need to have a closed circulatory loop (CCL) to transport fresh blood into the bone 
through the arteries, and through the veins to transport used blood out of the bone. Until now the function of 
the CCL in long bones was not clear.

The lead researchers of the study are “Prof. Matthias Gunzer and Dr. Anja Hasenberg from the Institute for 
Experimental Immunology and Imaging at the University Hospital of the University Duisburg-Essen (UDE) in 
Germany,” (University of Duisburg-Essen, 2019). The team observed and identified the long bones of mice, where 
they found a new type of capillary that perpendicularly crosses the long axis of hard bone, which is termed  
cortical, hence the name of the new type of capillary being called “Trans Cortical Vessels” (TCV). The team 
found hundreds to more than a hundred thousand of those in a mouse’s tibia.

However, trauma surgeons have been making use of these small capillaries for a long time, as it is a fast and 
direct way to access the patient’s veins, where surgeons can inject drugs or fluids directly into the patient’s 
leg bone. The technique was first developed in the military and is used on battlefields - the technique is called 
Intraosseous Infusion.

The team did this by using a technique called “Clearing.” This technique is where scientists are able to turn an 
organ, or bone in this case, clear by washing away the fatty membranes around the cells. Although it has been 
proven difficult to do so with a bone, the team from the University of Duisburg-Essen were able to do so. They 
used a chemical called ethyl cinnamate, which is a component of cinnamon, to make the bone glass-like. This 
allowed the team to use a microscope to inspect the mouse’s leg bone, and when taking a closer look, they  
discovered the “Tran Cortical Vessels”, small capillaries that run from the bone’s surface to the bone marrow. 
After they found the new type of capillary, they decided to stain an immune cell called neutrophil and pass it 
through the TCVs, where they were able to watch the neutrophil pass through the TCVs, as well as also being 
able to take photographs of the process. 

Although many things that are in mice are not necessarily in humans, however, to gain a greater insight Prof. 
Gunzer volunteered to undertake an MRI scan of his leg lasting many hours. The capillaries were not seen 
clearly in Prof. Gunzer’s MRI, however, the team noticed that there were small holes in the bone tissue, which 
with further research, could be proven to be TCVs. 

The researchers also noticed that the number of TCVs increased in mice that had rheumatoid arthritis, an  
autoimmune disorder that wears away the joints, as well as the mice that were exposed to radiation, which 
means researchers will need to find out how to stop the increase of TCVs to be able to combat conditions like 
rheumatoid arthritis. 

Last year, another article published by Nature Neuroscience found similar networking in the skull. These  
vessels run from the outside of the skull to the brain. Prof. Gunzer said that this information served as  
“independent confirmation of our findings”, ultimately meaning if the capillary is in our bones, it will be in all 
our bones - not just our tibia.

Once the new capillary is proven to be in humans, new technology and devices will be able to restructure the 
world of medicine forever. An example of this is in the treatment of strokes as surgeons will be able to use the 
TCVs to have direct access to the brain, allowing them to be able to remove the blood clot with minimally  
invasive techniques. This would mean the patient would have a higher survival rate and a quicker recovery 
time, essentially lowering the death toll of strokes worldwide. No longer would approx. 32,000 people die from 
strokes each year in England, instead, the condition could be seen as non-life threatening as the techniques 
improved. Not only could this be applied to strokes, but many other conditions and diseases as well, allowing 
people to live healthier and less painful lives for longer.
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Stress: its effect on the brain  
- Ashwini Garneti, Sheffield High School

Stress. The state that many teenagers know all too well. What exactly is stress? According to the Cambridge 
dictionary, stress is ‘great worry caused by a difficult situation, or something that causes this condition’  
(dictionary.cambridge.org). With the reformed GCSEs, most students will have to sit a total of 33 hours of exams; 
which means that this term will become even more common. How does this stress affect our bodies? Minds? In 
this article, I will be particularly focusing on the effect of stress on the brain.

The human brain is the command centre for the human nervous system. It receives signals from the body’s 
sensory organs and outputs information to the muscles (www.livescience.com). It is essentially a super- 
computer that responds to stimuli within milliseconds ensuring that our organs provide necessary responses.

A stressful situation - whether something environmental, such as a looming work deadline, or psychological, 
such as persistent worry about passing exams - can trigger a cascade of stress hormones that produce several 
physiological changes. A stressful incident can make the heart pound, breathing quicken and muscles tense. 
This combination of reactions to stress is also known as the “fight-or-flight” response because it evolved as a 
survival mechanism, enabling people and other mammals to react quickly to life-threatening situations  
(harvard.health.edu Understanding the stress response).

Some studies on the effects of stress on the human nervous system have shown that it can cause structural 
changes in different parts of the brain (Lupien et al., 2009). Chronic stress can lead to atrophy of the brain (Sara 
Hian et al., 2014). The amount and intensity of the changes are different according to the level and duration of 
stress (Lupien et al., 2009). 

Did you know that chronic stress can affect your memory? Memory is one of the important functional aspects 
of the nervous system. Short term memory is dependent on the function of the frontal and parietal lobes, and 
long-term memory on the function of large areas of the brain (Wood et al., 2000). The conversion of short term 
memory to long term memory is dependent on the hippocampus, and it also represents the highest level of 
response to stress (Asalgoo et al., 2015).  Various studies have shown that stress can cause functional and  
structural changes (McEwen, 1999) in the hippocampus, including atrophy and neurogenesis (Lupien and  
Lepage, 2001). This suggests that there is an inverse relationship between the level of cortisol (a hormone 
released in response to stress and low blood-glucose concentration) and memory (Ling et al., 1981), and that 
memory improves when the level of plasma cortisol decreases (Seeman et al., 1997). 

However, stress does not always affect memory. Under special conditions, which are unfamiliar or life- 
threatening, stress can temporarily improve the functioning of the brain, and therefore memory (McEwen and 
Lupien, 2002). In summary, the effect of stress on memory is highly dependent on the time of exposure to the 
stressful stimulus (Schwabe et al., 2012).

Cognition is another important feature of brain function. Cognition is reception and perception of stimuli, and 
its interpretation, which includes learning, decision-making, attention and judgement. Stress has many effects 
on cognition (Sandi, 2003). Cognition is also mainly formed in the hippocampus amygdala and temporal lobe 
(McEwen and Sapolsky, 1995). Being exposed to stress, can cause pathophysiologic changes in the brain, and 
these can be manifested as behavioural, cognitive and mood disorders (Li et al., 2008). 

Stress has effects on cognition both acutely and chronically (McEwen and Sapolsky, 1995). 

Stress can affect the immune system in different ways. Severe stress can lead to malignancy by suppressing 
the immune system. Stress can decrease the activity of cytotoxic lymphocytes, and lead to growth of malignant 
cells, genetic instability and tumour expansion (Reiche et al., 2004). 

Stress, whether acute or chronic, has a detrimental effect on the function of the cardiovascular system  
(Rozanski et al., 1999; Kario et al., 2003; Herd, 1991). Stress can cause an increase in blood pressure, increased 
blood lipids and disorders in blood clotting, can cause cardiac rhythm disturbance, and subsequent heart attack 
(Rozanski et al., 1999; Vrijkotte et al., 2000; Sgiofo et al., 1998). 

Can we do anything to mitigate the effects of stress? Yes, and the NHS offers the following suggestions;  
exercise, a positive outlook, connecting with people, making time for yourself and avoiding unhealthy habits all 
help to minimise stress (NHS.uk).

To conclude, stress may induce both beneficial and harmful effects. The beneficial effects of stress involve  
preserving homeostasis of cells or species, which leads to continued survival. As discussed above, various  
factors, such as hormones and neurotransmitters, are involved in the body’s response to stress. 



The dysregulation of these can lead to emotional and mood disorders, cardiac dysfunctions, and even  
malignancies (EXCLI Journal 2017;16:1057-1072 — ISSN 1611-2156).
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Why is glass transparent?  
- Asiya Qureshi, Northwood College for Girls

disperses the light that hits them. But when this quartz is heated enough, the molecules gain more energy, 
which make the molecules vibrate until the bonds between them break, and become a flowing liquid, like ice 
melts into water. But unlike water, this change is irreversible, liquid silicon dioxide does not change back into 
a crystal solid once it cools. Instead, as the molecules lose more and more energy, it is harder for them to move 
into an orderly position, which results in something called an amorphous solid. This is a solid material but it 
has the atomic structure of a liquid, which allows the molecules to move freely and fill in any gaps. Because of 
the atom’s free movement, the surface of the glass is even on a microscopic level, so when light hits it, the light 
travels straights through the gaps between the atoms, instead of bouncing off into different directions. But to 
understand why light is actually able to pass through glass instead of being absorbed as with most solids, you 
need to look at these atoms at a subatomic level.

Atoms are made up of a nucleus with electrons orbiting around it, but most of this is actually empty space. If 
an atom were the size of a football stadium, the nucleus would be the size of a pea in the centre, whereas the 
electrons would be like grains of sand distributed in the seats surrounding the pitch. This analogy shows that 
light can easily pass through these vast empty spaces, without affecting any of these particles. The question is 
not why glass is transparent but why are not all material transparent. The answer has to do with the different 
energy levels that electrons in an atom can have. So, coming back to the analogy of the football pitch, think of 
an electron which is initially assigned to a certain row, but it is possible for it to jump to another, better row, but 
this requires energy. So as light photons (light particles) pass through the gaps of the atom, electrons can  
absorb the light photons to gain enough energy need to make the jump. But the problem is that the energy  
passing through has to be the right amount for the electron to jump to the next row. Otherwise, the photon will 
just pass by, without the electrons gaining this energy to make the jump. But it so happens that the rows  
between the electrons are so far apart that a photon of visible light passing by cannot provide adequate energy

Glass plays such an important role and has been around for centuries due to its amazing property of being both 
solid yet transparent, therefore it has been used for a range of things. From windows that let light shine through 
yet protect us from the outside. To lenses that both enable us to see the vastness beyond us, and enlarger the 
smallest things in front of us. It is difficult to understand modern life without glass, yet we rarely think about 
glass and its impact while it being such an important material to us. As glass’s most useful property is it being 
invisible, we often forget that something right in front of us is actually there. 
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If you look through multiple layers of glass, with an object at the end, 
you will notice that you do not see the layers of glass but actually just 
the object itself. How can something so solid be so invisible? To  
understand this, we need to understand what glass actually is and 
where it came from. 

It all begins in the earth crust, where the two most common elements, 
silicon and oxygen are found. Together they form silicon dioxide, 
which are arranged in a hexagonal atomic structure called a regular 
crystalline, which is also known as quartz. Quartz is usually found in 
sand, where it makes up most of its grains, and also the main material 
in most types of glass. Glass is not made up of multiple tiny pieces of 
quartz, but instead the edges of this crystal structure reflects and 

for an electron to make the jump, therefore it does not absorb the 
photon and it passes straight through the atom. But on the other 
hand, photons from ultraviolet light provides the electron with 
just enough energy to pass to the next row, and are absorbed by 
the electrons. Therefore, the sun rays (ultraviolet rays) cannot 
pass through glass, meaning you cannot actually get tanned 
through glass. This shows that when electrons in an atom absorb 
the light photons passing through them, the object is therefore 
opaque, whereas in glass, the electrons do not absorb the light 
photons, and let them pass straight through the atom, therefore 
making it transparent.



The Periodic Table  
- Julia Grzywacz, Wimbledon High School

The periodic table - a table we are all obliged to learn at school. Created by Dmitri Mendeleev in 1869 - a  
discovery that happened a century and a half ago seems irrelevant? But do we really understand the erudition 
and intellect that goes behind ordering the table so meticulously? Today, we all know the ‘Periodic Table Song,’ 
as catchy as it is, however we do not reflect twice the importance that this major discovery has in the industry 
and our everyday lives, that are accompanied by technology and digital advances. 

When somebody says the word technology, I guess you are reminded of electric cars, the infamous Toyota  
Hybrid? Or social media and phones? Well, smartphones are made up of nearly 30 elements, beautiful metals, 
such as gold, silver and copper are used in the internal wiring of phones as well as lithium and cobalt in the 
battery. The bright colours displayed on our screens are made by rare elements such as terbium and the  
dazzling lights and adverts in big cities like Tokyo and New York are produced by Neon. We are trying to find 
more ecological alternatives day by day, but what holds the significance of the developing world? Nevertheless, 
we do not realise that we use discoveries made by chemists from the past, for example, Neon was discovered in 
1898, and is widely used today.  1“Chemistry represented an indefinite cloud of future potentialities,” that can be 
manipulated to stimulate more efficient, cutting-edge technology. For example, lead is being reduced in many 
electronic products due to the negative effects on health, and replaced with harmless elements because of all 
the research that has been done using the periodic table to decipher the toxic element. 2”In practice, it is not 
possible to limit or stop the use of lead in such products if you don’t have other materials that can deliver the 
same benefits without being significantly more expensive,” but the booming world of research suggests this 
being a possibility that the discoveries of the periodic table have allowed scientists too. 3”In principle, I believe 
that we have opened a new door by making it possible to produce new types of materials,” all with help of the 
periodic table. 

Another significance of the periodic table is reducing world pollution and problems, like climate change and 
global warming to mass scale production in industry. The identification of the properties of nitrogen, carbon 
and other pollutants from the periodic table, helped develop a breakthrough when scientists (like Professor  
Edward Cocking) found a specific strain of bacteria that could intracellularly colonise crop plants to fix the 
atmospheric nitrogen problem. Similarly, understanding the combustion of fossil fuels, helped scientists to 
invent the catalytic converter that converts toxic gases from the internal combustion engine into less-toxic 
pollutants by catalysing a redox reaction. These converters are coated in an expensive, thin layer of platinum 
that acts to decrease the toxic pollutants by reacting, pollutant reduction will help promote a healthier  
environment, relating back to the importance of the periodic table. The scrupulous ordering of the table reveals 
the importance in our daily lives because everything that revolves around us is based the table that helped 
scientists predict outcomes of experiments. 

Many people don’t register the overall significance and the fact that the periodic table is an essential factor 
to increase the progress in modernising technology and finding new solutions to numerous problems in the 
present and past. However, it is not only useful in the area of technology: but also in learning about how life was 
before humans dominated the Earth.
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LIGO: The ultimate streaming app for Black Holes  
- Samar Al-Haddad, Notting Hill & Ealing High School

Playlist One: Physics Lesson Number One
One of the first things we are taught in Physics is the fact that we cannot scream in space. True. After all, a 
sound wave requires a medium, like air/water/solids, to travel through, and space is mostly a vacuum. However, 
we were never aware of all the other existing supernovas that could sing and stream their music right through 
our very own planet. In 1968, Rainer Weiss of MIT came up with the idea of LIGO and the construction of the 
perplexing observatory began in 1994.

Playlist Two: LIGO?
LIGO. I call it the ultimate streaming app for Black Holes. The Laser Interferometer Gravitational-wave  
Observatory is a pair of two observatories that work in unison to detect gravitational waves from our universe. 
One is situated in Hanford (WA) and the other in Livingston (LA) where they both have a 2.5 mile1 [LIGO, MIT 
(2015)]arm each crossing with a forty-kilogram2 [Albert Lazzarini, LIGO Deputy Director (2016)] mirror placed at 
their intersection; sent down each arm is a laser which produces the purest light that can be possibly made so 
that the detection of gravitational waves would be easy and undisturbed. These split light beams have to be in 
phase so that protons can be measured by their movement. The sensitivity of LIGO is so great that any trucks 
or heavy vehicles moving nearby could cause interference and slightly disrupt the process of picking up the 
waves travelling through space; hence, the area around the two observatories has been cleared from traffic and 
constructions.

Playlist Three: First Detection
NASA had been waiting for the first ‘song’ from space whose arrival had been ‘predicted by Einstein almost 
one-hundred years ago’3 [Prof. David Reitze, LIGO Executive Director (2016)]. On September 14th 20154, the first  
direct detection of gravitational waves in human history left the world dumbfounded. 3 M energy in  
gravitational waves was produced by two black holes with masses 36 M and 29 M that merged to form a 62 M 
black hole, 1.3 billion years ago5 [Mandar Patil, Cornell University,(2017)]. Einstein never imagined it would be 
possible to catch these waves due to their miniscule size6 [Alexa Staley, LIGO Research Intern, (2016)]. But as we 
know, what we think as impossible can be made possible with science.

Playlist Four: Wavy
But what are gravitational waves? Why are they important? Gravitational waves are ripples in the fabric of 
space-time7  [LIGO operated by Caltech and MIT] caused by events with astounding amounts of energy. They 
stretch space-time horizontally and compress it vertically, carrying the record cataclysmic events in the 
universe much like the Big Bang which was also detected; now we can hear the birth of the Universe8  [LIGO 
operate by Caltech and MIT (2018)] which has been recorded and currently sits on the NASA website. 

Playlist Five: Black Holes Singing
Now, what did the gravitational waves detected in 2015 even mean? According to the studies of MIT professors, 
when two black holes move into each other’s gravitational fields enough, they begin to spin around each other 
at almost the speed of light, (thousands of kilometres in a fraction of a second); they keep spinning, at  
increasing speeds, until they merge into one bigger black hole9 [Prof. Gabriela Gonzalez, LSU LIGO  
Spokesperson and Research Scientist, (2016)]. Once they merge, their frequency rises and their amplitude  
increases creating a short, high-pitched cosmic chirp10 [Janna Levin, TED (2011)] which was essentially the 
gravitational waves recognised by LIGO. These waves have a frequency outside the audible range for us  
humans (20 to 20,000 Hertz), so the scientists who work with these excerpts of ‘space songs’ have to change 
the frequency so we can hear it. How do they create these waves from just spinning around each other? Their 
mass is converted into energy in the form of gravitational waves; just like a ripple forming on a still pond11 [Prof. 
Kip Thorne, Caltech LIGO Co-Founder, (2016)]. Fortunately, using LIGO, we have been able to detect waves more 
frequently and we are more aware of the songs sung by the neutron stars and densest locations of our very own 
space.
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Will doctors ever become extinct due to the existence of artificial intelligence?  
- Madhulika Joglekar, Norwich High School

The concept of artificial intelligence (AI) appears to be one that is very recent, but Greek mythologists have 
found that the idea has in fact been around for longer than we think. The Greek god of metalworking and  
sculpture, Hephaestus, is believed to have built many characters, including a bronze killer-robot named Talos 
whose role was to guard the island of Crete. (Pettit, 2018) However, AI was never explored until the 1950s when 
scientist Alan Turing conducted the ‘Turing Test’ to test a computer’s degree of intelligence. This experiment 
involved a machine acting as a human being and trying to fool a human interrogator. In 2014, the first ever robot 
posed as a 13 year old Ukrainian boy and managed to pass the Turing Test. This revolutionary result suggested 
that AI has grown and could take over the roles of human beings. (Hern, 2014)

It has been questioned whether doctors will ever be replaced by artificial intelligence, and several experiments 
have taken place to find out. In 2017 at Harvard University, a smart microscope with the ability to diagnose 
lethal blood infections and a 95% accuracy level was created using AI. Dr James Kirby, associate professor of 
pathology, said that the machine was ‘a living data repository’, storing more than 100,000 images of bacteria. 
(Beth Israel Deaconess Medical Center, 2017) Dr Bertalan Meskó from the Medical Futurist Team claims that AI 
is ‘the stethoscope of the 21st century.’ He explains that the use of AI in medicine is not to challenge doctors, but 
instead is to enhance the level of precision and quicken the tasks of human minds. (Norman, 2018) To achieve 
this, the machines are programmed to analyse data in a matter of seconds and reduce the proportion of wrong 
judgments doctors can make during diagnosis and treatment. Modern AI systems include artificial neural  
networks (ANNs), fuzzy expert systems, evolutionary computation and hybrid intelligent systems. 

ANNs consist of inter-connected computer processors called ‘neurons’, which perform parallel computations 
for data processing. They have been used in surgical diagnostic applications such as glaucoma, abdominal pain 
and appendicitis. PAPNET, a system of neural networks, has been used in cervical screening. Fuzzy expert  
systems perform reasoning, thinking and recognition of real-world phenomenon. They have been used in  
diagnosing lung cancer, acute leukaemia and breast cancer. Evolutionary computation uses ‘Genetic  
Algorithms’ – they work by creating many random solutions to a problem, and have been used to predict  
outcome in critically ill patients, lung cancer and response to blood thinning tablets. Hybrid intelligent systems 
use combinations of the above mentioned technologies in a complementary manner and are used to diagnose 
breast cancer and analyse mammograms. 

Although there are numerous advantages to integrating AI within traditional medicine, the biggest threat is to 
doctors’ jobs. Pathologists and dermatologists, for example, whose primary role is diagnosis, could be subject to 
competition by AI systems. Surgical branches are also at risk, as the human body can pose restrictions on the 
task of surgery. For example, it is difficult for a surgeon to make a precise incision and keep a steady hand for 
long periods of time. This can be overcome by machines which do not succumb to tiredness. In 2016, a robotic 
surgeon successfully removed a patients’ retinal membrane at John Radcliffe Hospital in Oxford and the  
patient was cured of blindness. This shows that AI is already beginning to supersede the roles of doctors.  
However, a significant limitation of AI is that it simply relies on algorithms and computer programming.  
Doctors not only treat patients, but also show empathy. Patients require trust in their doctor, which they will 
never be able to receive from a machine that cannot communicate humanely.

AI is rapidly developing globally and in the near future it will frequently be used as a tool by doctors in  
diagnosis and data analysis. However, whilst AI could significantly enhance modern medicine, it lacks the 
human qualities which are invaluable in doctors. A machine cannot establish a connection with a patient; it 
cannot provide comfort or kindness. This would completely change a patient’s experience and remove the  
aspect of ‘care’ within healthcare. Although AI can be very helpful in assisting alongside human doctors, the 
idea of every doctor being replaced by technology seems too farfetched.
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Neglected Tropical Diseases  
- Darcy Quist, Sydenham High School

In the Ebola outbreak of 2014, around 28,000 people were infected/suspected to be infected with the disease1. 
Every year, an estimated 290,000 to 650,000 people around the world die from flu2. Today, around 36.7 million 
people worldwide are infected with HIV/AIDS3. These diseases dominate health headlines every day, and  
although they are frequent and in some cases life threatening, there is a much more prevalent group of  
diseases. This group infects over a billion people in 149 countries4, more than the entire population of Europe. 
You’d think given that 1 in 7 people are infected by them, you’d read about the 500 million deaths a year5 just as 
we did with Ebola, but since they will probably never affect us, they never make the headlines. These diseases 
are the Neglected Tropical Diseases, or NTDs.

NTDs are diseases that affect the lowest income populations of Asia, Africa and the Americas (around 2.7 billion 
people who live on less than $2 a day6). Although it might seem as though this essay is going to be doom and 
gloom, the 20 diseases are actually grouped together because of a worldwide pledge from the World Health 
Organisation (WHO) to eradicate at least two, and control the rest by 20204. One of the reasons they have been 
chosen7 is that they are a cause of slower development of LEDCs, and they cost billions of dollars a year by  
impacting the productivity of workers affected8. Most are either stigmatising, debilitating, or life threatening; 
with a huge disease burden of an estimated 8.6-21.2 million disability adjusted life years between them9. You’d 
think because of their massive impact, they would all be chronic or hard to treat but in fact all of them are  
easily treatable or preventable, they were just neglected as they only affect the poorest in the population, unlike 
a disease such as cancer which affects anyone.

Dracunculiasis is one of the 20 NTDs, caused by the horrific parasitic worm Dracunculus medinensis,  
measuring up to 800mm long10. When a human drinks water infected with the larvae of D. medinensis, the male 
and female worm mate; whilst the male dies, the female makes her way through the subcutaneous tissue of the 
host. This causes intense pain for the victim, until the worm reaches the lower leg up to a year after  
infection, where she emerges from the skin causing a painful blister11, and confining the patient to their bed for 
up to 6 months, generally in the height of farming season. Dracunculiasis is easily preventable with education 
on avoiding stagnant waters, and case containment in endemic villages. In 1985, 20 countries were endemic for 
Dracunculiasis and there were 3.9 million cases worldwide, but thanks to the eradication campaign of the WHO, 
in 2018 there were only 21 cases in just three countries12, meaning Dracunculiasis looks to be the first NTD to be 
completely eradicated. 

The movement to eliminate and eradicate NTDs is a massive example of international and commercial  
cooperation not seen very frequently, or rather, not written about very frequently. Huge pharmaceutical  
companies such as Glaxosmithkline (GSK), so often demonised by the media and anti vaccine campaigners 
have actually made an incredibly important contribution. 14 different drugs have been donated to the WHO to 
eliminate NTDs, with GSK for example donating an unlimited supply of Albendazole - used in the treatment of a 
disfiguring NTD known as Lymphatic Filariasis or Elephantiasis - for as long as it is needed13. The total  
projected cost by 2020 to meet the goals set out in the pledge is $2 billion, which is around 1/325th of America’s 
defence budget14. That’s America’s defence budget in just one year. Health and cooperation it seems is much 
cheaper than war.  

Although reading the news today may be more depressing than anything, with headlines on Brexit and  
Economic Crises dominating the media, it’s important to remind ourselves that International collaboration is 
possible. Even though you might never read another article on it, in LEDCs all over the world, NTDs are being 
eliminated, and millions of lives are being improved by organisations like the WHO, not for their economic  
advantage, but because of their humanity.
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Wind Turbine Rap!  
- Lara Kerr, Wimbledon High School

We’ve all heard of turbines but what is the deal?
They could power our lives and our future’s seal, 
Employments rates would go right up, 
And once a turbine has started it doesn’t stop.

So, look where you’re going and that advice heed
DON’T SLAM INTO A TURBINE WHEN IT’S SPINNING AT SPEED!

1 6-Watt turbine powers 5500 EU homes,
Turbines can come even bigger and they power loads!
And they’re a much better than fossil fuels,
Cause they don’t hurt the earth and they’re renewable.

As turbines spin they can’t be heard,
So often prove threat to migrating birds.
The blades spin at 1-80 miles per hour,
All for creating a truck-load of power!

So, look where you’re going and that advice heed,
DON’T SLAM INTO A TURBINE WHEN IT’S SPINNING AT SPEED

The wind produces kinetic energy as it blows past,
It turns the rotary blades which then spins a shaft,
Shaft turns ‘round connects to a generator,
That produces electricity to use now or later.

The method’s fool-proof and the method’s fast,
And new technology that’s gonna last,
And power our modern energy lust,
And for that we can thank Mr Charles. F Brush!

So, look where you’re going and that advice heed, 
DON’T SLAM INTO A TURBINE WHEN IT’S SPINNING AT SPEED

Turbines can be offshore, and turbines can be on land,
They can be on cliffs, or field or marsh or sand.
They can be placed easily and don’t destroy the ground,
They won’t disturb the neighbours ‘cause they don’t make a sound.

Look where you’re going and that advice heed,
DON’T SLAM INTO A TURBINE WHEN IT’S SPINNING AT SPEED! 
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The Highs and Lows of Supersonic Passenger Planes  
- Elodie Owens, Sydenham High School

Introduction

Super-sonic planes are the small minority of planes that can travel at, or faster than, the speed of sound.  
Although there have only been two super-sonic planes used in commercial aviation ( and only one in use at the 
moment), super-sonic commercial Aviation is an important topic in Aviation and is making people consider 
whether super-sonic planes are the future of passenger planes.

Introduction: Concorde

The world famous passenger plane Concorde (used by Air France and British Airways), could fly at the speed 
of Mach 2 (around 1350 mph) which is over 2 times faster than the speed of sound. The Concorde’s four Rolls-
Royce/ SNECMA Olympus 593 engines allowed Concorde to go at this speed using “reheat” technology which is 
simply adding fuel to the final stage of the engine which produces the extra energy needed for take-off and the 
transition to supersonic flight. Over 2.5 million passengers were delivered safely by Concorde to their  
destinations at over twice the speed of sound.

Introduction: boom

This up and coming passenger plane is a newer and faster airliner named “boom” whose investors include 
Virgin Atlantic and Japan Airlines. It can fly at the speed of Mach 2.2 and is 2.6 times faster than some other 
commercial passenger planes in the sky at this very moment. Also, boom can cross the Atlantic in around three 
and a quarter hours, the North pacific in five and a half hours, and L.A to Sydney in under six hours.

The Lows

Although supersonic commercial aviation is regarded as an engineering marvel, it has its flaws. For example, 
the engines are usually very noisy and cause much discomfort to the passengers. Also, maintenance costs are 
very high. On top of that, ticket prices are not available to most as the average cost for a one way ticket  to fly 
on Concorde from London to New York was £4,350! In the below paragraphs, I am going to analyse some of the 
biggest flaws of Supersonic commercial travel.

Environmental issues

In order to fly so fast, Supersonic aircraft have to fly higher than other aircraft which scientists have recently 
discovered could cause a higher risk to global warming than any other type of pollution. Furthermore,  
supersonic aircraft use a lot of fuel which means that they create a lot of pollution.

Economic issues 

Cost wise, supersonic travel is extremely pricey as you would expect from the high ticket prices. Due to high 
maintenance needs and the raising price of fuel, the cost of running a supersonic passenger plane is  
significantly more costly compared to other commercial airliners. In addition, so as to pay these fees, the ticket 
prices are expensive which means that other, cheaper airliners are much more efficient for most people.

Customer experience

Although the service on supersonic commercial airliners is usually high standard, the actual ride is not so  
comfortable. The cabin is quite often cramped and the flight is bumpy and noisy. Passengers on Concorde also 
said that sometimes they could smell fuel from the engines which put them off their food. 

The Highs

Supersonic aircraft are known for their immense and record-breaking speed. The Concorde, as an example, was 
able to cross the Atlantic ocean quicker than the difference in time zone between London and New York. This 
makes supersonic planes a popular choice with wealthy businessmen as it is a fast and easy (although  
expensive) way of travelling. Another thing is that, although the ride is often uncomfortable, the service is  
usually luxurious and mimics modern first class services.



Customer experience

Supersonic passenger planes often imitate a business class experience and, on the newer passenger plane 
boom, so does the ticket price. This means that you can, have a pleasant experience on board and, get to your 
destination much quicker than on a standard passenger aircraft, which imitates a fast, efficient and business 
class standard of travelling for many businesses nowadays.  

Conclusion

To conclude, the disadvantages of commercial supersonic air travel outweigh the benefits of flying on a  
supersonic passenger aeroplane. Therefore, if new, and upcoming supersonic aircraft (such as “boom”) do not 
address and eradicate these important issues, it is unlikely that supersonic passenger planes will  
commandeer the modern commercial flight industry in the near future. The concept of supersonic travel 
nonetheless, is beginning to catch on in the military world so, consequently, we may see supersonic planes 
being flown as military aircraft. Already, the US army and Chinese military are experimenting with supersonic 
planes.
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Is teleportation possible?  
- Tiffany Igharoro, Sydenham High School

We see it in science fiction films all the time; a person is at one point in space and they are almost instantly 
transported to another location. There have been major breakthroughs in quantum physics with scientists in 
china teleporting thousands of photons, but the question arises: will we ever be able to teleport human beings?

Quantum Entanglement 

Despite being subject to the common misconception that teleportation is transporting a physical ‘thing’ from 
one location to another, think of teleportation as transferring information from one object to another, so that 
it becomes and identical copy of the original information holder. To do this teleportation relies on quantum 
entanglement. This is a phenomenon that arises when two particles are created at the same time and place, so 
they effectively have the same existence. This continues even after the particles are separated, as an  
experiment on one particle seems to instantaneously influence the state of the other particle (without  
surpassing or being as fast as the speed of light). This means that the particles will always remain relative to 
each other and while one may be observed to ‘spin up’, for instance, the other will always be observed to ‘spin 
down’ and vice versa despite the fact that it is impossible to ‘predict’, according to quantum mechanics. If a 
third particle interacts with the first entangled particle, the change that occurs in the entangled particle is  
mirrored in its twin; teleportation.

Teleportation 

In 2017, a team of scientists in China created ‘4,000 pairs of photons per second’(BBC Earth Report)  and sent 
one photon from each entangled pair in a beam of light to a satellite called Micius. Although this may sound 
great, there have been multiple problems regarding long distance links between two entangled particles  
because an ‘entangled photon can only travel about 150km down a fiber optic channel before being absorbed’. 
In addition to that, teleporting a human would require billions of different entangled particles since there are 
‘approximately 7x10(to the power of 27)’

( Dr Helmenstine 2017) atoms in the average human’s body and around 41 different chemical elements are 
found in most people bodies. To be able to create entangled particles to begin with they must be created at the 
same time so how would we created an entangled particle when the first particle of a human is made? How 
would we know when the particle would even be created? Currently the process seems to be too ponderous to 
carry out however I speculate that as human technology advances the possibilities that are available to us will 
progress; perhaps with the aid of genetic engineering tools such as CRISPR CAS9 we would be able to know and 
create the first human particles of a particular body thus being able to achieve entanglement and teleportation.

Quantum Computing

Albeit, human teleportation may not be around for a few more centuries, hundreds of possibilities regarding 
quantum technology remain.  The speed at which entangled particles communicate is almost instant and this 
could revolutionize computing as we know it. Take smart phones for instance: Before Subject A can send a 
message to Subject B, Subject A must first establish a connection with the internet, this message would then 
have to be transported to the IM company before being verified, encrypted and then sent to Subject B.  
However, using entanglement these messages could be truly instant, and there would be no need for encryption 
as observing the particles changes the way they behave so if anyone were to ‘spy’ on the activity between  
Subject A and B, they would know instantly, and the person spying wouldn’t be able to see the activity since 
they would  be changing the particles. Furthermore, since quantum computing relies on subatomic particles, 
qubits (quantum bits) would have a value of neither 0 or 1 but both simultaneously this actualizes the  
possibility of faster more powerful computing. In fact, these computers would be able to solve complex math 
problems such as calculating pi to trillions more digits than we can or finding large prime numbers. Many 
companies such as Google and IBM have begun to develop these supercomputers one of the most well-known 
examples is googles GETTY. 

Conclusion
 
Although it is technically possible to teleport a human, assuming we were able to entangle all of their particles, 
it would most probably take us a few centuries to figure out. Meanwhile, we can focus on the incredible but still 
achievable possibilities that await us in the world of quantum technology. I’m most fascinated by the outcome 
of a quantum computer that is paired with artificial intelligence as it could have enough power to truly think. 
However, I believe that we should make it one of our top priorities to ensure that these technologies are ethical 
and are used for good as Stephen Hawking once said ‘The development of Artificial intelligence could spell the 
end of the human race’. 
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Quantum entanglement and teleportation  
- Constance Harris, Norwich High School

I know what you’re thinking. Here we go again, another long essay on particles, cloning and entanglement. You 
must be sick of them by now. Your brain probably feels like it has been quantum entangled with a paper  
shredder. But I’ll do my best to be original, interesting and make you think...

First of all, let me just explain the basics of quantum entanglement. Imagine two particles entangled. This 
means that both particles are dependent on each other. If something happened to one of the particles, the other 
particle would be affected. A bit like twin telepathy! If you know the original state of the two particles (so their 
relationship), then if one particle changed you would know without looking what happened to the other. This 
connection has a lot of potential for future communication systems. The problem is, you can’t know everything 
about the particle before it will change, because the process of measuring its state changes it. But this would 
make communications very secure, as you would be able to tell if the message had been intercepted and read, 
because it would have changed.

For other aspects of science, quantum entanglement opens up huge possibilities. This could be used for  
communication, teleportation, travel and more. The prospect of having a instant exchange of information is 
mind blowing. However, this exchange of information might sound exciting for the possibilities of faster than 
light travel. But the transfer from one particle to the other is instantaneous. This means if you tried to measure 
the speed of the experiment, it would be distance divided by zero. The time is zero, so the speed is indefinite.

My favourite bit, teleportation… Imagine two iPads, entangled and placed on opposite sides of the earth. The 
object you want to teleport (e.g a pen) would be scanned by iPad1. iPad2 would have the same information as 
iPad1, so would then create an exact copy of the pen from the scan. So what would happen to the original pen? 
The laws of physics prevent there being two exact clones in existence at once and to get all of the necessary 
information, the original would have to be destroyed. 

So Star Trek could be realistic after all! Well, to be able to scan an object and get all of the information about it at 
once would be incredibly hard. But not impossible. In fact, scientists have already teleported single particles. In 
2017, Chinese scientists teleported the quantum state of a photon from Tibet to a satellite.

Let’s imagine that human teleportation is possible. You are scanned, destroyed and a copy of you appears in 
another place. But are you still you? You have been destroyed, the copy has your brain. But it’s just that; a copy. 
Would you remember and feel how it is to be destroyed? If part of your brain is damaged, it can affect your 
memory. So you could argue that memories are physical and could be teleported.

Suppose you believe in souls. Are souls material; would they be transferred? There is no physical evidence for 
there being a soul in our bodies. But people still believe there is a soul. The soul would not be detected by the 
scanner, so when you reappear you don’t have a soul. What would it mean to not have a soul? Surely a soul 
is what defines who you are. We are told ‘if you are good, your soul will go to heaven’. If you don’t have a soul, 
you can’t. If you don’t have a soul, aren’t you just a body trudging through life, like a cracked egg shell, with its 
insides drained out?

Overall, quantum entanglement and especially teleportation holds lots of potential for the future. But scientists 
are a long way off from teleporting a human being. If they did finally manage to create the technology to  
teleport a human, we should first of all just ask ourselves the question: Would I be still me?



Virtual Reality: A giant leap for medicine  
- Aditya Chougule, Wilson’s School

The development of virtual reality (VR) has led to massive improvements in all areas of life: pilot training; 
automobile development; military training, as well as video games. VR seems to be the next big thing after the 
advent of the internet but still has massive potential, especially in the field of medicine- a major benefactor of 
the technology.

VR has provided great advantages to the medical community, with medical students benefitting tremendously 
from the technology as a teaching tool. See for most medical students, learning anatomy begins with textbooks 
and ends in a dissecting laboratory; this has been the path followed for more than a century now. However, 
there are limitations to this traditional approach as illustrations are two dimensional and prosections and  
cadavers only show the body in a stagnant state. VR is a game changer here as not only does it offer a 3D view 
of the human body that can be manipulated, rotated and expanded, it also provides students access to the  
body as it would be in real life: heart beating, blood flowing, lungs rising and falling. VR learning modules are  
slowly coming into the spotlight with institutes such as the University of Carolina San Francisco and  
Australia’s Monash University adopting this approach for learning. 

Moreover, the scope of VR as a teaching tool is not confined to undergraduates, with technology companies 
pitching it as a tool for the next generation of surgical trainees, or as an aid for established surgeons to learn 
new operations. Imagine this: a virtual university where, by wearing a VR headset, almost unlimited numbers  
of trainee surgeons from an unlimited number of countries could share a theatre in London or New York, and  
be trained by surgeons in those cities- breathtaking, isn’t it?    

On the topic of surgery, augmented reality (AR) has helped surgeons better plan their procedures, as well as  
informing their work during operations. Several specialties have experimented with AR, including  
hepatobiliary, craniofacial and cardiology. Unlike VR, in which the wearer is transported to another  
environment, AR keeps the user within their current environment but overlays visual or audio information 
on top of it. In surgery, CT and MRI scans are used to create 3D reconstructions of a patient’s anatomy, which 
surgeons can then view through AR headsets. These anatomical maps can be explored in 3D before surgery or 
overlaid on to a patient on the operating table during the procedure- this allows surgeons to essentially gain 
x-ray vision, allowing them to see inside a patient before they pick up a scalpel. For example, Philip Pratt, a 
research fellow at the department of surgery and cancer at Imperial College London, is leading a team that is 
experimenting with Microsoft’s mixed reality system, HoloLens, for planning plastic surgery procedures. 



Furthermore, the extensive possibilities of environments VR users can immerse themselves in opens the door 
for this technology to be used in psychiatric and palliative medicine. VR is already being trialled for treating 
mental health conditions such as PTSD and specific phobias, e.g. someone with a phobia of heights may use a 
VR headset to simulate being on top of a high building as part of exposure therapy, allowing patients to  
confront their fear in a safe environment. Moreover, the National Institute for Health Research has already 
invested £4million in a project aiming to use VR to deliver psychiatric therapies for psychosis. VR is also being 
used as a tool within palliative medicine: the Royal Trinity Hospice, in South London, has been using VR to offer  
“bucket list experiences” to people who are bedbound or physically unable to undertake them. For example, 
giving a woman with motor neurone disease the experience of swimming with dolphins. 

However, there are a few practical difficulties with expanding the use of VR in medicine. The cost of buying new 
headsets is likely to put off cash strapped universities and healthcare organisations- high end headsets go into 
the thousands of pounds and that’s without the added costs of installing the 360o cameras needed to produce 
AR content. Also, surgery is a hands-on discipline: seeing an operation through a surgeon’s eyes is one thing 
but holding the scalpel and making incisions is another. Although to bridge this gap, haptics technology has 
been designed, which adds touch to the senses VR can simulate. 

In conclusion, while VR use in medicine is in its infancy today, its growth is predicted to be immense in the 
next few years, with researcher Markets and Markets setting the market value for VR and AR in healthcare to be 
worth nearly $5billion by 2023. I particularly wish to study medicine at university and personally cannot wait to 
be training with this technology in the years to come. 
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Light activated robotic stingrays  
- Ella Bolland, South Hampstead High School

Engineers at Harvard University have created a robotic ray - an artificial creature composed of rat heart muscle 
cells (also known as cardiomyocytes) overlaid on a body of elastomer, shaped as a stingray, which is capable of 
enacting the undulating, rhythmic motion of an actual stingray.
 
The ray’s elastomers body contains a template consisting of an extracellular protein, called fibronectin, which 
guides the growth of the cardiomyocyte cells into a radiating pattern like the muscles of an actual sting ray. 
 
It is also comprised of a gold skeleton which is coated in 200,000 two day old rat embryo cardiomyocytes. These 
are genetically engineered to respond to blue light through optogenetics, where cells are genetically equipped 
with light responsive molecules. When exposed to light, the cardiomycytes contract and the rays wings flap. 
The cardiomyocyte cells are printed on in a serpentine pattern that dictates the motion of the wing as the cells 
contract one after the other. Each wing is engineered to a different light pattern allowing the raybot to turn and 
navigate underwater obstacle courses.

 
 This is an image of what the robotic sting rays look like.
 
But why make a robot ray? An advancement of the robot ray is the capability to activate muscle cells with light 
instead of electricity as it allows scientists to control precisely which part of a muscle contracts. This can be 
incredibly useful because lots of biological functions contain muscles contracting in a precise sequence, like 
swallowing and how the heart beats, so therefore the rays can lead to biological improvements.
 
In addition, there are many improvements in other fields due to robotic rays such as tissue engineering, as 
many features in this ray are found in the heart. So learning to structure and control heart cells in a method 
such as this could lead to creating artificial hearts.
 
This is vital as the heart is the most significant organ in the human body, and in the US, the main cause of 
death is heart disease as around 600,000 people die from this annually. Furthermore, approximately 100,000 
people are diagnosed with heart failure every year and if the heart failure has reached advanced stages, up to 
94% of patients will die in one year. Due to these statistics, it makes it evident that the technology used in the 
robotic ray could make major tissue engineering developments and be lifesaving to millions of people.
 
Also hybrids such as these rays pave the way for artificial creatures that are capable of using many sensory 
inputs and responding with complicated behaviours which is an advancement towards synthetic cognition. It 
also has helped improve the understanding of the movement of sting rays to marine biologists.
 
In conclusion robotic stingrays are making an impact on the future of STEM and hopefully will lead to further 
advancement in marine biology, synthetic cognition, and artificial creatures and hearts. 
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Has the film industry accurately portrayed space?  
- Samah Mughal, Wimbledon High School

From film biographies to fantastical aliens the cinematic industry has been continually interested in space and 
exploring the possibilities that lie outside our own planet. Some films, such as ET, can be misleading with their 
portrayal of space and far-fetched theories, whilst others, for example Gravity, try to take on a more factual and 
informative depiction of space. The space industry is developing faster than ever, encouraging more films to 
showcase new ground breaking technology and discoveries made by space programmes such as NASA. The 
limited knowledge we have about space creates a huge scope for the entertainment industry to feed audience’s 
curiosity and educate people on the vast potential of space.

Almost all science-fictional movies that include space are guilty of slightly bending the truth about the  
reality of space. Star Wars is famous for its dramatic explosions in space and whilst it’s true that explosions 
occur in space, they are usually much smaller due to a lack of oxygen, so the fire will quickly vanish into a 
vacuum. Furthermore, there are no particles in space and sound needs particles to travel in waves, therefore 
explosions would be silent. A more extreme example of how space is presented in a fictional rather than factual 
way is through the depiction of aliens. Scientists have acknowledged that it is possible that ‘aliens’ exist as the 
universe is incomprehensibly big and still expanding, however, it is very unlikely that extra-terrestrial beings 
would look similar to humans. This is because the unique composition of humans was reliant on so many  
factors and it is near impossible that aliens would have a similar structure to humans. Many aliens in movies 
are shown as human eating, however this would require them to have the ability to process certain molecules 
and have a similar biochemistry to humans. This is evidently highly unlikely, undermining films based on  
human eating aliens.  People are intrigued by movies that explore the potential of space, despite them often 
being slightly unrealistic, and so are drawn to watching movies that push the boundaries of possibility. This 
usually includes films sacrificing scientific accuracy for dramatic effect, resulting in the unrealistic portrayal of 
space in many intergalactic blockbusters. 

This is not the case for all films and many directors try hard to maintain a more accurate portrayal of space. 
An example of one of these movies is Gravity, featuring Sandra Bullock and George Clooney, and even with its 
own scientific advisor, Kevin Grazier, many scientists were still disappointed by the film. Gravity’s plot revolves 
around a realistic event, therefore the magnifying glass was on the accuracy of the movie, making scientific 
mistakes more prominent. In the movie the astronauts are told that Russia has shot down a satellite in Low 
Earth Orbit and that this would affect the communication satellites. This is one of the major errors of the film 
as communication satellites operate at over 100 miles above the debris field, thus making the whole storyline a 
little far-fetched. Matt Kowalski’s death in the movie caused uproar from many scientists, including Neil  
deGrasse Tyson, as the scene completely disobeys the laws of physics. When Sandra Bullock is holding  
Clooney by a tether, they are both stationary, however when she lets go Clooney drifts off, suggesting that he 
gains momentum from some unexplainable force. Newton’s First Law states that any object at rest will remain 
at rest unless acted upon by an external force, therefore a simple tug from Bullock’s character of the tether 
would have allowed Clooney to arrive back to safety. Apart from a few errors, on the whole Gravity was mostly 
accurate and many other films like this are being produced, trying to display space in a more realistic and  
accurate way. 

The theme of space is so widely used in the film industry so it’s difficult to judge whether it has been accurately 
portrayed overall. However, it is evident that many sci-fi movies have used space to generate imaginative ideas 
of what lies in the universe outside Earth and generally, scientists are not as bothered by fictional movies as it 
is clear they are not trying to depict space in a realistic way. Ironically they tend to crack down more on movies 
such as Gravity where the directors make an effort to try and portray space accurately, thus making it more 
obvious when they go wrong. These are usually pedantic errors, but are worth mentioning as these movies 
influence people’s perceptions of space. Minor mistakes made deliberately in space films display how space is 
somewhat romanticized in films to create a more dramatic and tense movie scene, leading to small  
inaccuracies in the portrayal of space in films.
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What is the most beautiful equation?   
- Morgan Lee, Sydenham High School

Beauty is to please the senses or mind aesthetically, many beautiful solutions have been reached over the years 
by mathematicians and physicists. 

Euler’s identity is arguably the most beautiful maths equation, it connects some complicated and unrelated 
concepts in a surprisingly concise form. 

Explaining Euler’s identity starts with pi. Over the years pi has cropped up all over maths, in the mid-17th  
century mathematicians found an infinite sequence involving odd numbers: 
   π/4 = 1 - 1/3 + 1/5 - 1/7 + ...

Which is breathtakingly simple. Although pi’s most well known use is in geometry for circles, such as working 
out circumference, πd, and area, πr2, it has uses throughout maths. 

Calculus is the branch of mathematics that looks at change, it looks not at the change itself, but rate at which 
change occurs. Imagine that we have some quantity y which changes with time t. dt/dt denotes the rate at 
which y increases with respect to t. This process, known as differentiation calculates the rate at which other 
quantities y change with time.

Sine and cosine are also used in different aspects of maths to where you would expect, and their graphs can 
be found in everyday life, as sound is made up of vibrations, which is represented as a sine wave. Sometimes 
mathematicians write sin θ and cos θ, not talking about θ as an angle or even angles at all, instead, a value 
which can be as large as we like and the quantity sin θ and cos θ are then thought of as defined by the following 
graphs.
 

These graphs continue in an oscillatory way, the number θ only has to increase from 0 to π/2 for sin to increase 
from 0 to 1. One link between sin θ and cos θ which is immediately evident is one graph can be obtained from 
the other, simply by shifting it along by an amount π/2, but even more remarkable relationships between the 
two quantities emerge as soon as we consider the rate at which they change with θ, and it turns out that:

 d/dθ(sin θ) = cos θ 
In other words the rate at which sin θ increases with θ is cos θ and it is almost true the other way round too but 
not quite;
 d/dθ(cos θ) = -sin θ 
We can see evidence of this in the graph themselves. For whenever cos θ is positive sin θ is increasing with θ 
and a negative sign in the second equation is right because whenever sin θ is positive then cos θ is decreasing 
as θ increases. 

Imagine that you lend someone some money, say 1 pound and you manage to persuade them to agree to an 
interest rate of 100% per annum, then after one year you will collect 2 pounds. But if you are even more cunning 
you might try to persuade the borrower to agree to a compound interest rate of only 50% every six months it 
sounds the same but it isn’t; after six months you get £1.50 and after another six months you get £2.25. In the 
same way an interest rate of 33 1/3% payable three times a year give you a return of £2.37 which is a little better 
still, so, is there perhaps a fortune to be made in this way? Actually, as we keep increasing the value of n  
indefinitely the quantity (1+1/n)n in fact tends, or converges, to a finite limit and that limit is 
 e = 2.718281828459... 



Now, if we have some quantity y which depends on time t, its rate of change dy/dt will usually be given a different 
expression to that for y itself. Thus, if y = t2 then dy/dt = 2t, and if y = sin then dy/dt = cos t and so on.

Exponential growth is very rapid. Initially, at t = 0, y = 1 but by t = 1 this is multiplied by a factor of e.  And by t = 2 
it has multiplied by factor e again, and so on. So the particular quantity et is such that

 d/dt = d/dt(et) = et

The quantity et can also be represented as an infinite series

 et = 1 + t + t2/2! + t3/3! + t4/4! + … 

This can simplify to 

 e = 1 + 1/1! + 1/2! + 1/3! + 1/4!

Sin θ and cos θ also can be calculated by infinite series
 
 sin θ = θ - θ3/3! + θ5/5! - θ7/7! + …
and 
 cos θ = θ - θ2/2! + θ4/4! - θ6/6! + … 

Now we have some relatively simple and attractive infinite series representations for sin θ, cos θ and et, we 
take the series representation of et, and substitute in the imaginary quantity t = iθ, where θ is a real number. So, 
 
eiθ = 1 + iθ - θ2/2 - iθ3/3! + θ4/4! - iθ5/5! …  

Separating out the real and imaginary gives us

 eiθ = (1 - θ2/2 + θ4/4! - …) + i(θ - θ3/3! + θ5/5! - … )

Extraordinarily, the two infinite series in brackets here are also the ones for sin θ and cos θ that we have  
already looked at, so we arrive at 

  eiθ = cos θ + i(sin θ)

This has been obtained by putting together a whole variety of sophisticated mathematical ideas, including  
calculus, infinite series and imaginary numbers. The formula is of great practical value, it greatly simplifies 
many of the calculations and therefore it is why engineers or physicists using oscillations use both e and i. 

And finally, by substituting in the special value θ = π, and noting from sin θ and cos θ oscillations that sin π = 0 
and cos π = -1, we obtain at last

 eiπ = -1

This amazing connection between e, i and π is viewed by many mathematicians as quite simply the most  
beautiful equation in the whole subject… so far…  
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About Right  
- Eleanor Roberts, South Hampstead High School 
 
Estimation is one of the less well defined areas of mathematics, because it only produces an approximate value. 
While it is very useful for quick, rough sums, in the world of precise measurements, exact equations and  
calculators, it seems a little messy and inaccurate. However, in day-to-day life, we use estimation  
unconsciously all the time, and usually, we’re close enough to the true value for it not to matter. But, sometimes, 
we’re terrible at estimations. It’s important to spot when out estimations are too far out, to prevent us from  
losing out.

Imagine a company offered three subscriptions, the basic one costing $56, then both the middle and premium 
subscriptions costing $125. Surely the third option is the best value? It’s the same price as the lesser option, but 
you get more. Actually, maybe it’s not. Companies exploit the fact that consumers use other products to  
estimate the value of the item. With this example, the company never wanted to sell the middle option, it’s only 
there so that consumers will use it to judge their estimates on. The fact that the premium and subscription cost 
the same amount of money makes the consumer base their estimate on the comparison, which suggests that 
the third option is much better value than the second. As the first had no comparison, its value is harder to  
estimate so the consumer will go for the seemingly best value option. This explains why, in a study of 100 
people, 84 picked the third option, with 16 picking the first. But, when the middle option was removed, only 32 
people opted for the (now) second option with 68 picking the first. This shows that we should think carefully 
about what we are comparing to what, or whether the company is trying to cheat you.

Another thing that is likely to throw off an estimation is ownership. When people own something, they  
estimate its worth as much more than it actually is. For example, in a study, researchers asked students either 
with or wanting tickets to a match, how much they were willing to buy/sell their ticket for. The ticket holders 
asked for much more than the ticket seekers. It wasn’t a small margin either. On average, those with tickets  
valued them at around $2,400, while on average, ticket seekers were willing to pay was $170. When asked why 
they priced them as they did, ticket holders talked about emotional value and the memories that would be 
made, whereas those without just thought of the things they could have bought with the money, so took away 
the psychological factors linked to the game. This shows how much ownership can affect our decisions, as 
owning something as simple as a ticket can increase its estimated value by over $2,230. So, when selling an 
item, remember that those around you might not factor in its emotional value when buying.

A third factor that can affect our estimation of value is bias. If you have a prejudice against something, you are 
more likely to undervalue it. This can be seen when people were asked to value two drinks, where one was pure, 
the other diluted with malt vinegar. Why should knowing this affect your decision? But, those who were left in 
the dark all rated the diluted drink over the original, as they were only going on taste. Whereas, those who were 
told that the drink had vinegar in it all chose the first, untainted drink, over the second, which they  
wrinkled their noses at even before tasting. This difference shows that even if something is better, if you come 
at it thinking that it’ll be worse you’ll estimate it’s value lower than you should. From this, we should learn that 
even if we do use our previous knowledge, we should still use what’s in front of us before we estimate  
anything’s value.

So, while estimation is a useful tool that we use subconsciously, it’s important to think about when and how we 
are estimating, and whether we’re bringing other things into consideration that might not be relevant, or could 
be purposely twisted to shape our estimation, so we can avoid unnecessary errors in our judgement.
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Mathematics: The Order and the Chaos  
- Amia Guha, Oxford High School 

One can think of mathematics as order. It is how we quantify and understand the great chaos that is the  
universe. So long is a metre and so much is a cup; maths is the means by which the mysteries around us can be 
measured. 

The story of humankind is the story of beings with an endless need to seek facts, to use logic and to have order. 
From the invention of basic number systems with place values circa 3400 BC to today’s complex mathematical 
theories and laws, it is evident that humankind is ever searching for the divine truth rooted in the  
understanding of the universe [(http://www.accountingdegree.com, 2019]

Mathematics is what keeps society in order. As long as one plus one equals two, everything else falls into place. 
It is also clear from our history that understanding of mathematics has a direct correlation with the  
development of society [Fatima, 2014]. During the Paleolithic, early men could count and began to record  
information on cave walls; their limited mathematical knowledge was reflected in their living conditions and 
way of life [Storyofmathematics.com, 2010]. However, as time passed, humankind became more intelligent and 
their understanding of mathematics improved incredibly. This is reflected in the gradual upwards arc of  
societal development from then on [Roser, 2019]. 

But, mathematics is not only what runs our world. It also translates the infinite and seemingly unknowable 
universe into terms our humble equipment and ignorant minds can understand. Furthermore, not only can we 
gather information, but mathematics has enabled us to physically send people outside our planet and robots to 
different galaxies [Wilson and Dunbar, 2018].

We owe all of the extraordinary advances of humankind to mathematics. Mathematics is basically an extensive 
collection of truths which are able to harness the universe’s unfathomable chaos and spin it into marvelous 
theories and create rules and laws, thus deriving order [Huber-Dyson, 1998]. This ability to derive order out of 
chaos is the foundation to everything we have created. Give someone an equation and it does not matter how 
difficult the numbers are, they can calculate the answer. Similarly, the complexity of modern day science,  
technology and engineering can be distilled to the most basic mathematics. 

Science is reliant on mathematics for its numbers, units of measurement and data collection among other 
things. Science, like mathematics, seeks the truth, doing so by investigation through experiments and the 
application of the scientific method. Science therefore uses mathematics as its concepts remains immutable 
truths which can thus be used in an experiment. Science also uses mathematics to organise data in the form 
of units or data displays (ie. graphs and charts). Engineering and technology are based around mathematics as 
well. They both seek to solve problems using science and mathematics. Linear algebra is used to design  
electrical circuits, whereas geometry is useful for creating shapes and structures and boolean algebra is  
needed for coding. All of these subjects are interconnected and interdependent and mathematics is probably 
the strongest common thread. It is as Roger Bacon scholar of the 13th century, once stated: “Neglect of  
mathematics works injury to all knowledge, since he who is ignorant of it cannot know the other sciences or 
the things of the world.” [Fatima, 2019] 

So the question now is, where will the future lie? Humankind’s concept of mathematics is very deep and very 
complex but true mathematics, the truths outside of human understanding, is endlessly deep and endlessly 
complex; it is the universe. What mathematics needs now are creative thinkers, people are ready to challenge 
our concept of mathematics and thus try to understand the universe more. As Albert Einstein famously  
remarked, “Imagination is more important than knowledge. For knowledge is limited to all we now know and 
understand, while imagination embraces the entire world, and all there ever will be to know and understand” 
[Nilsson, 2019].  One can think of mathematics as order. But one can also think of it as the self-same chaos 
which defines the universe. Mathematics now needs young, creative students who can “embrace the entire 
world” and through them, I believe humankind can discover more than we ever thought we could know. 
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Quantum computing  
- Joshua Soyke-Pinon, Dulwich College

Although many people may have heard of quantum computing, few understand its fundamentals and its  
implications in society. It combines aspects of quantum physics, algorithmic computer science and underlying 
mathematical principles to create a different approach to standard computing methods, and hopefully superior.

First let’s look at the physics which comes from the quantum realm. Quantum computing harnesses three main 
concepts: Superposition, Entanglement and Quantum tunneling. In essence, Superposition is the ability for 
something to exist in a combination of “states”. This is akin to playing two different notes on an instrument at 
the same time, the result being a superposition of the two notes. However, when performing certain  
measurements on quantum systems you get random outcomes due to the nature of superposition. This  
quantum “randomness” can be harnessed as mentioned later. Secondly, Quantum entanglement is the  
extremely strong correlation that exists between quantum particles even if separated by large distances. This 
rejects the principle of local realism whereby information about the state of a system is only determined by its 
immediate surroundings. Quantum entanglement therefore allows these computers to discover correlations, 
previously impossible, between for example; co-ordinates or data points, increasing processing speed. Finally, 
some high-tech firms such as D-Wave systems (leading the race in quantum computing) use quantum  
tunneling whereby due to the wave-like properties of particles, an electron wave has a finite probability of  
passing through usually impassable terrain, e.g an electric field. D-Wave uses this to allow their computers to 
search through these “barriers” within the computer saving time and increasing efficiency. 

Moving on to the Computer Science behind Quantum computing which touches on many fields. In classical 
computing information is stored in binary bits – either 0 or 1. In contrast quantum computing uses “qubits” to 
encode information as 0s, 1s or a superposition of both 0 and 1. Therefore these qubits can store much more 
data than standard bits. Turning to algorithms, many algorithms for short-term quantum applications require 
finding the “best” solution, likened to finding the most efficient solution which plagues computer scientists 
to this day. One such example is finding the lowest energy state of a molecule (achieved by trying various 
combinations of molecule bond length) which quantum computers succeed in. This is important as it means 
quantum computers consume much less energy than conventional CPUs. Indeed, the D-Wave 2000Q uses 
25kW of power compared to 2600kW of a traditional supercomputer. Combining all this together, computation 
is performed by initializing a QPU (like a CPU but quantum) into the base state and then adjusting the system 
towards the problem to be solved such that it remains in a low-energy state throughout the process.

The mathematics behind quantum computing is very intricate and complex and therefore I will outline the 
important details. Quantum computers rely on gates acting in a two-state system. In quantum mechanics these 
states are written       and       however as mentioned before, qubits can also be in a superposition represented by 

States of qubits can also be represented as 2D vectors e.g. ├├=   =        and visa versa. This is important because 
it is easy to mathematically represent gates as 2x2 matrices acting on qubits e.g. NOT gate            . In terms of 
modelling quantum states, a classical computer requires two complex numbers. So to model n quantum states 
it requires 2n complex numbers and hence 2n bits. A quantum computer requires only n qubits to describe n 
quantum states. Hence, modelling quantum systems on quantum computers requires linear time compared to 
exponential time.  

Due to the unique strengths of quantum computers they have many useful applications in Machine Learning, 
Financial Modelling, Security systems and Chemistry. In Machine Learning, many algorithms are commonly 
represented as graph problems (a graph being a series of points connected by lines). Quantum computing can 
construct “virtual graphs” with improved accuracy and more complex interactions, improving success rates. In 
Finance, quantum computers could be set up to detect market uncertainties and optimize trade. In Security the 
ability of these computers to do large-number prime factorization, due to Shor’s algorithm (which runs  
specifically on quantum computers), could be used to break encryption algorithms. Finally in medicine,  
molecules and proteins could be simulated permitting more efficient chemical reactions and potential new 
drugs.
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Journey of the number zero  
- Elena Gupta, Wimbledon High School

Zero means nothing – how can nothing mean something? 

We live in a world in which the position of a number denotes its value. In this decimal system, the number zero 
has two main purposes: to represent an empty position (a placeholder) and “nothing”.

Before the introduction of the number zero and a place value system, writing very large numbers was a  
problem.

Long before the concept of zero was fully developed, the Babylonians (around 1770 BC) had a sexagesimal (base 
60) system which used commas as place holders. For them 1, ,25 would mean 1x60x2 + 25 = 3625. This increased 
the chance of misunderstanding, mostly due to leaving a gap to indicate zero.

By about 331 BC, they developed a special sign consisting of two small wedges placed obliquely. This was 
invented to serve as a placeholder where a number was missing. However, there is no evidence of this sign 
appearing at the end of a number, implying that an absolute positional system was never achieved.

Around 130 AD, Ptolemy used the sexagesimal system and 0 as the empty place holder in his work “Almages”. 
The symbol O was taken from the Greek word “ouden” meaning nothing. However, the zero was only limited to 
showing fractions of time (minutes and seconds).

The zero as we know it today was introduced around the 2nd Century BC  by the Indians. For the first time the 
value of nothing was given a real value. 

The Indian mathematician Brahmagupta defined zero in his book Brahma-Sphuta-Siddhanta (written in 628 
AD):

1. The sum of zero and a negative number is negative, the sum of a positive number and zero is positive; the 
sum of zero and zero is zero. 

                       0+ (-a) = -a, a+0 =a, 0+0 =0
2.    A negative minus zero is a negative. A positive minus zero is a positive .Zero minus zero is a zero. A  
       negative subtracted from zero is a positive. A positive subtracted from zero is a negative.                                                                                 
                      (-a)-0= -a, a-0 =a, 0-0 =0, 0-(-a) = a, 0- (a) =-a
3.     The product of zero multiplied by a negative or positive is zero. The product of zero multiplied by zero is  
        zero.
                     0 x (±a) = 0, 0 x 0 = 0
4.      Zero divided by zero is infinity 
                     0/0 is ∞

Additionally, Mahavira, an Indian mathematician, wrote about the operation of zero in his Ganita Sara  
Samgraha (800 AD).

“When any number is multiplied by any zero, the result is zero, or when zero is added to or zero is subtracted 
from any number, the result is always the same.”

                     a+0=a                          a-0=a                           a x 0=0

It then made its way to the Arab empire with the name “Sifr”meaning vacant, where it was then used by  
Al-Khwarzimi in his book “On the calculation with Hindu numerals” (830 BC). This is one of the oldest surviving 
manuscripts using Hindu numerals.

Al-Khwarzimi is often referred to as the “Father of Algebra” for completely revolutionising the Islamic and 
Western world by using the numbers 1 to 9.

It was lastly introduced to Europe by Fibonacci, who started using it in his equations after his travels to the 
East. In his book “Liber Abaci” he translated the word for zero as “zeuro”.

It was used in European mathematics only after the 12th Century. This late incorporation is largely due to the 
belief in the Aristotelian Doctrine, which proved the existence of God. The doctrine didn’t acknowledge the void 
and infinity, and so didn’t acknowledge the number zero. Christianity agreed with Aristotle’s view and  
questioning him meant questioning the existence of God.



In the 1400s, the zero was popularised throughout Europe by merchants using it illegally to help with their 
trade. As it arrived to England, it was given the name “cipher”. 

This concept of emptiness became fundamental in the 1600s. Sir Isaac Newton and Wilhelm Liebniz developed 
calculus by working with numbers approaching to zero. Without it we would not have the basis of Physics,  
Engineering and many aspects of computing.

Algebra, algorithms, and calculus, three pillars of modern mathematics, are all the result of a notation for  
nothing.
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