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INTRODUCTION

Congratulations to 
the 38 finalists of the 
inaugural Sydenham
#700STEMChallenge.

There were over 250 
entries, all of an 
extremely high 

standard. After much 
deliberation, the 

following articles 
were selected as  
winning entries.



UNDER 14 RESULTS



Science:

1st - ‘The Turritopsis Dhornii’  
Cara Cheyne, Streatham & Clapham High School
2nd - ‘Solar Flares’  
Ella Bollard, South Hampstead High School
3rd - ‘Genetic Editing’  
Tiffany Igharoro, Sydenham High School

Technology:

1st - ‘How technology will improve the lives of people with disabilities’  
Ella Verma, Streatham & Clapham High School
2nd - ‘Nanomedicine’  
Daksh Mehta, St Olave’s
3rd - ‘Space Car’  
Emily Monaghan, Croydon High School
3rd - ‘Artificial Intelligence - How has it evolved?’  
Lorena Valle, Streatham & Clapham High School

Engineering:

1st - ‘Women Engineers’  
Tamia Meggie-Graham, Croydon High School 
2nd - ‘The strengths and weaknesses of driverless cars’  
Ambreen Hirani, Croydon High School
3rd - ‘Concorde Supersonic Passenger Jet’ 
Serena Chetwood, Croydon High School 

Mathematics:

1st - ‘Leap Years’ 
Morgan Lee, Sydenham High School
2nd - ‘Could I fool you?’ 
Eleanor Roberts, South Hampstead High School
3rd - ‘How do bitcoins work?’ 
Jessica Hunter, Croydon High School



UNDER 16 RESULTS



Science:

1st - ‘The Elusive Tetraquark’ 
Clara Springman, Streatham & Clapham High School
2nd - ‘Climate Change and Air Travel: the science behind their complex  
relationship’ 
Zahra D’Souza, Sydenham High School
3rd - ‘Genetic Diversification: Giving rise to a Utopian or Dystopian future’ 
Devanandh Murugesan, Wilson’s School

Technology:

1st - ‘Time travel to the future, for absolute beginners’ 
Akesh Mistry, Wilson’s School
2nd - ‘Could drones help to eradicate malaria?’  
Timothy Moulding, Dulwich College
3rd - ‘Can robots imagine?’ 
Jessica Ellis, Sydenham High School

Engineering:

1st - ‘The science behind Breaking 2’ 
Ellie Osmond, Sydenham High School
2nd - ‘The physics of cheerleading’ 
Faith Blackden, Streatham & Clapham High School
3rd - ‘The trials of hypersonic flight’ 
Henry Hall, Dulwich College

Mathematics:

1st - ‘Einstein’s special theory of relativity: in particular the twin paradox’ 
Aisha Mussa, Streatham & Clapham High School
2nd - ‘Interesting integer sequence and their stories’ 
Lunzhi Shi, Dulwich College
3rd - ‘Cicada 3301: the mysterious internet puzzle’ 
Connor Bawcutt, Dulwich College



UNDER 18 RESULTS



Science:

1st - ‘The Fermi Paradox’ 
Darcy Quist, Sydenham High School
2nd - ‘The downfall of animal testing’ 
Laura Davey, Sydenham High School
3rd - ‘Natural Science: A key to the universe’ 
Alex Matthews, Dulwich College
3rd - ‘Why are there as many males as females?’ 
Emily Ross Hicken, Sydenham High School

Technology:

1st - ‘Quantum time crystals’ 
Poppy Cryan, Blackheath High School
2nd - ‘Are flying broomsticks scientifically possible?’
Ashviny Srinayagam, Blackheath High School
3rd - ‘Artifical Intelligence: what is it capable of?’ 
Majura Uthayakanthan, Sydenham High School

Engineering:

1st - ‘Human bio-augmentation: a cure for cardiovascular diseases’ 
Khadijah Mellah, Sydenham High School
2nd - ‘The Wright Brothers: engine and three-axis control’ 
David Evans, St Olave’s 
3rd - ‘Why aren’t there more female pilots?’ 
Epiphany Hema Watterson, Blackheath High School

Mathematics:

1st - ‘The beauty of mathematics’ 
Georgina Lee, Newcastle High School
2nd - ‘The mechanics of snow boarding’ 
Toby Evans, Dulwich College
3rd - ‘A mathematical introduction to chemical kinetics’ 
Mitchell Simmonds, Dulwich College
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The Turritopsis dhornii - Cara Cheyne, Streatham & Clapham High School

The Turritopsis dorhnii is classed as the only known biologically immortal creature in the world.

Essentially it follows the standard life cycle of a hydrozoan with two main stages: the polypoid and medusae 
stages. After the egg is fertilised it turns into the miniature larva called planula, which then develops into a 
polyp that settles on the seabed and grows into a colony. Eventually the polyps grow buds, which break off to 
become ephyra medusae that then sexually matures and reproduces. 

The extraordinary thing about these jellyfish is that they are capable of reverting back to an immature polyp 
stage when in distress; thus re-living the cycle. This is through a process called transdifferentiation, which is 
where one cell type can convert to another, and since this can hypothetically go on perpetually, the species has 
the potential to be immortal.

The ensuing possibilities are vast and controversial. Could transdifferentiation could enable us to find a  
substitute for stem cells? This would mean an easier and faster way of regenerating tissue, and curing 
numerous ailments. Transdifferentiation doesn’t require the process of becoming a stem cell, so any 
differentiated cell can become any other differentiated cell, given that it receives the correct signals. This is 
especially relevant in cancer research: If we could isolate a cancer cell and use transdifferentiation to revert the 
cell back to when it was young and healthy, could the cell then redevelop into a fully functioning one, which 
could lead to a cure for cancer?

Could this also help with developments in gene therapy? Transdifferentiation is associated with a discrete 
change in the programme of gene expression and at the molecular level, the cause of transdifferentiation could 
be a change in the expression of a master switch gene, whose normal function is to distinguish the two cell 
types in normal development. This means that trandifferentiation could also potentially advance this field.

Could this introduce the possibility of immortality in humans? I think this is unlikely, as the Turritopsis dhornii 
has a very different life cycle to humans, which would probably cause problems. Moreover, would it be ethically 
right or legal to do this? If you are replacing the cells in your body, are you still the same person? In addition, 
whilst the jellyfish are barely 4.5 mm in width, so the effects of their population explosion are minimal, humans 
are struggling with the effects they are having on the Earth’s resources currently, so this this might not in any 
way be a good thing. If possible, would the information even be open to the public? The opinions of different 
influential parties could be so controversial, it could cause a global split.

Whilst it is unlikely immortality could help humans, there are several creatures that might have the potential 
and need for this process. If we could reverse the growth so that the cells redeveloped in some animals could 
result in actually speeding up their evolution. For instance, if this process was repeated in corals, some might 
grow to be able to remain at higher temperatures without expelling their algae. Even though this is quite a  
radical idea, if possible it could save whole reefs and the thousands of species dependent on them.

If potentially immortal it is not surprising that the jellyfish’s population is expanding as they spread across the 
globe; however, why this has not happened sooner is what is strange. Although the jellyfish can die, it would 
likely be due to disease or predation, so what has changed that is allowing the species to rocket in numbers? 
Could it be because of the rise in temperature of the sea due to global warming? After all the higher the  
temperature, the faster the creature is able to mature after reverting. This might also pose a threat to the  
species, as they will struggle to survive at temperatures higher than 25oC. It could also be due to ballast-water 
discharge, which has caused them to spread across the world. If things continue, what effects will it have on 
the ecosystem?

Through further research into this captivating jellyfish, I speculate that the potential breakthroughs it could 
inspire extend further than the initial ideas of eternal life and are certainly worth contemplating.



Solar Flares - Ella Bolland, South Hampstead High School

Our Sun is a middle-aged star at the centre of our Solar System and it has incredibly high temperatures 
reaching over 15 million degrees Celsius5. It is composed of 74.9% hydrogen, 23.8% helium4 and it is a sphere of 
plasma. Plasma is the fourth state of matter. It occurs when a gas has so much energy, some electrons depart 
from their atoms creating charged particles. 

Currents of electricity inside the Sun produce its magnetic fields which extend throughout our Solar System. As 
stated by researchers in France15, there are two types of distinct magnetic structures that form in the magnetic 
field of the Sun: cages and ropes. The rope is confined in a magnetic cage. If the cage is strong, it can contain 
the magnetic rope’s violent twisting into different forms, but when the cage is weak, a coronal mass ejection 
(CME) can take place. 

The rope (blue) is confined within the magnetic cage15. 
Depending on how strong the cage is, a coronal mass ejection may or may not take place.

When a coronal mass ejection takes place, it generally has the power of 20 million nuclear bombs12. In addition, 
over the course of several hours, approximately one billion tons of material12 and plasma are lifted off the Sun’s 
surface and accelerated to speeds of one million miles per hour12. If directed at the Earth, the ejecta can cross 
the 92,957,000 mile distance to Earth in just a few days. A plane moving that fast could get you from New York 
to Los Angeles in under 18 seconds12. 

Coronal mass ejections are almost always correlated with solar flares. A solar flare is a sudden and brief 
eruption of intense, high-energy radiation, typically from the Sun’s surface. Solar flares can happen over 20 
times a day10 when the Sun is most active. However, in less active periods, they can occur less than once a 
week13. Although most of the eruptions are accompanied by light that is not visible to the human eye, solar 
flares typically involve enough x ray and radio energy from coronal mass ejections to outshine the Sun at these 
wavelengths17.

Solar flares fall on an extremely wide spectrum of emissions. The median quantity of energy released in a solar 
flare is 1020  joules (J). While a major flare can emit up to a maximum of 1025  joules of magnetic energy13 
equivalent to billions of thermonuclear explosions and increasing the temperature of areas larger than the size 
of the Earth (1.08321x 1012 km3)16 by tens of millions of degrees17.

If charged particles from plasma hit the Earth, they can cause destruction of infrastructure, such as damage to 
power grids and satellite systems. This happens because the satellite and power grid equipment gain a high 
charge from the charged particles and some of the components get damaged due to the high current. Charged 
particles also cause magnetic disturbances and disrupt long range radio communication on Earth. If ejection 
is in the direction of the Earth, the particles hitting the upper atmosphere can cause bright auroras which are 
natural light displays in the Earth’s sky, such as the Northern Lights.

However, impacts could be even worse if a superflare occurred. Superflares are extremely strong explosions 
on stars, with energies over ten thousand times that of solar flares18. According to Loeb and Manasvi Lingam at 
Harvard university9, extreme superflares typically occur once every 20 million years and if directed at the Earth, 
severe impacts could happen. These include DNA mutations and our ozone layer could be destroyed due to 
highly charged particles. If the ozone layer is destroyed the majority of surface-dwelling animal and plant life 
will shrink away because of the intense rays exposed on Earth. Also, humans on the surface would almost 



immediately die of cancer or deterioration of organs. In order to prevent this from happening, scientists have 
suggested a plan to construct a ‘magnetic deflector’6. This would be a form of shield defence for the Earth which 
would float between the Earth and the Sun and it would divert harmful emissions away from Earth.

Sources:

1. https://www.nasa.gov/content/goddard/the-difference-between-flares-and-cmes                                                                                                           
On February 21st 2018
2. https://www.space.com/22393-sun-magnetic-field-explained-infographic.html                                                                                                                         
On February 21st 2018 
3. https://simple.wikipedia.org/wiki/Plasma_(physics)                                                            
On February 21st 2018
4. https://en.wikipedia.org/wiki/Sun                                                                                          
 On February 21st 2018      
5. https://space-facts.com/the-sun/
On February 21st 2018
6. http://www.dailymail.co.uk/sciencetech/article-4942608/Calls-shield-protect-Earth-solar-storms.html   
On February 20th 2018
7. https://hesperia.gsfc.nasa.gov/sftheory/spaceweather.htm                                              
On February 20th 2018
8. https://www.quora.com/What-would-happen-to-the-Earth-if-the-ozone-layer-were-destroyed
On February 19th 2018
9. https://www.newscientist.com/article/2150350-a-tech-destroying-solar-flare-could-hit-earth-within-
100-years/  
On February 19th 2018
10. https://www.spaceanswers.com/solar-system/five-amazing-facts-about-solar-flar
es/                                                                                                                                            
On February 19th 2018
11. https://en.wikipedia.org/wiki/Plasma_(physics)                                                                  
On February 18th 2018
12. http://earthsky.org/space/what-are-coronal-mass-ejections  
On February 18th 2018 
13. https://en.wikipedia.org/wiki/Solar_flare                                                                              
On February 14th 2018
14. https://en.wikipedia.org/wiki/Corona                                                                                   
On February 14th 2018
15. http://www.bbc.co.uk/news/science-environment-42979043     
On February 9th 2018
16. https://en.wikipedia.org/wiki/Earth                                                                                      
On February 9th 2018
17. The New Solar System - 4th edition  
Edited by J. Kelly Beatty, Carolyn Collins Petersen and Andrew Chaikin
18. https://en.wikipedia.org/wiki/Superflare                                            
On February 9th 2018



Genetic Editing - Tiffany Igharoro, Sydenham High School

Imagine if we could control and alter the very basis of human life. Imagine if we could cut out the genes that 
cause certain diseases. Imagine if we could create identical copies of living organisms. Imagine if we could 
make the “perfect” human. Well, all of this and more is possible! What? How? Well, we’ll start with a genetic 
editing tool called CRISPR CAS9.

CRISPR
CRISPR stands for Clustered Regularly Interspaced Short Palindromic Repeats. Palindromic repeats are 
sequences of letters that read the same left or right and are never odd or even; the DNA containing these 
palindromes repeats itself and creates RNA. However, the space between the DNA is not identical. Some studies 
in the 2000s revealed that the DNA in the gaps had similarities to bacteria such as e.coli and they also found 
other CRISPR associated genomes (CAS). Now, the DNA inside the CAS genomes forms CAS proteins and these 
proteins are: Helicases and Nucleases, proteins which unscramble and cut the DNA respectively. What this does 
is quite remarkable: imagine that we had some foreign bacteria, usually this bacteria would eject its DNA into 
the DNA of the genome. However, with the CAS genomes, its a sort of immune system because it produces CAS 
proteins and some DNA in the CRISPR (the spaces) and creates CRISPR RNA and this fights the foreign 
bacteria. This means that before the bacteria can infect the genome, its already gone! And it doesn’t end there: 
what would happen if the infection were to go somewhere where the DNA space hasn’t formed or if there was 
a new infection? Well, the existing CRISPR produces a different class of protein, and this new protein breaks up 
the infection and takes a piece and affixes it to the DNA. So all of these little spaces are made up from previous 
infections so the body already has it and can fight it off more easily, similar to a vaccine. To put it simply, 
CRISPR is made up of snippets from multiple viruses that can be used to fight off those same viruses.

What can we do with it?
But how is this useful? Remember the Helicases and Nucleases? CRISPR can be modified to produce protein 
CAS9 to create CRISPR CAS9. This capitalises on being able to unwind and cut DNA which enables genetic 
editing. Not only is it cheap, fast and effective but it can be used to alter and remove genes that contain genetic 
disease such as down syndrome and malaria in mosquitoes. In 2016 a group of scientists operating in California 
genetically altered the malaria carrying genomes in males. These modified mosquitoes made if impossible to 
create baby mosquitoes that carried the malaria gene and were later released into the wild. As you can see, this 
could also be used to help cure other diseases such as cancer and HIV.

What about the future?
CRISPR isn’t just limited to that. Just imagine the possibilities! Using the same techniques scientists have 
managed to alter the genes in some animals and create ‘mutants’ such as overly-muscular dogs. Perhaps in the 
future parents could also alter the genomes of their offspring and create ‘designer babies’. CRISPR could be used 
to determine certain traits such as: eye colour, skin tone and levels of intellect to name a few. Maybe in twenty 
years time it will be normal to see people with wings soaring through the skies and kids with laser eyes 
roaming the streets!

The end of humanity 
Let’s suppose that in 100 years’ time, every human on earth has been genetically modified, CRISPR could cure 
cancer and many other terminal diseases and their babies would be born with these genes. CRISPR is 
irreversible meaning that if a genetic mutation somehow created a new disease which CRISPR was not 
immune to...IT COULD END ALL HUMANS because every baby would have this ‘death gene’. This virus would 
be passed down until eventually we either upload our brains on to computers and live eternally or humanity is 
wiped out from not being able to cure this disease.

Cloning
In addition to CRISPR another new editing tool has been discovered, On January 20th 2018, a university in  
China successfully created two monkey clones using the “Dolly” method. This is when the nucleus of one  
organism is transferred to the cell of another. After this embryo is artificially prompted into developing and 
planted into a surrogate mother. These are the first primates to be cloned that way! Technically the first  
primates to be cloned were cloned in 1996 using the much less effective ‘embryo splitting method’. Although 
there is a lot of controversy on the matter, this opens up the possibility of human cloning! Personally, I’m torn 
between the two sides. On the one hand, human cloning could be great in the sense that it could create  
identical workers who act like machines and soldiers who are ‘disposable’. But on the other hand, aren’t they 
still humans? And wouldn’t it be wrong to send them out to war as if they were lifeless robots and enslaving 
them isn’t just. What do you think?
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The Elusive Tetraquark - Clara Springman, Streatham & Clapham High School

Quarks. They make up everything. They are everywhere. So why do scientists know so little about them, even 
after 53 years of suspecting these tiny little particles existed? That would mainly be down to two things: they 
are incredibly difficult to measure; hiding inside larger particles, so minuscule that only the most sensitive 
instruments can pick them up, and they do not stick around for long, decaying from higher forms into simpler 
ones almost instantaneously. However, some scientists believe that they may have finally been able to create 
the most elusive hadron that is yet to baffle particle physicists: the tetraquark.

Of course, for those who do not understand particle physics it may be rather difficult to understand why a 
hadron made up of four quarks is so impossible. This is mainly due to quarks’ charges. While atoms have two 
charges, positive and negative, quarks have three, red, green and blue. These three colours cancel each other 
out, forming a neutrally charged hadron, which is described as white. Quarks not only have charges, but types. 
The most common of these are “up” and “down” quarks, which form protons and neutrons, however there are 
four other, heavier types, “charm”, “bottom”, “top”, and “strange”. These are much rarer and quickly decay into 
their lighter siblings, however, they do last long enough to occasionally form stable hadrons with very strange 
properties, each with three different quarks. 

This rule of three has been the main reason that physicists denounced the possibility of a tetraquark, 
however luckily for us, there is another player in this subatomic game: antiquarks. These antimatter  
counterparts to quarks can each bond with their opposite. For example, an antiquark with a charge of antired 
could bond with a red quark. This bond of a quark and an antiquark is called a meson. Mesons have been  
occasionally known to join with other mesons, and if you have seen any reports claiming the creation of 
tetraquarks then this is what they are talking about. However, this is not a true tetraquark, as the quarks mostly 
just interact with their pair, rather than all of the other quarks equally. As physicist Marek Karliner of Tel Aviv 
University, who has been working on the theoretical possibility of tetraquarks, “It’s charming and interesting, 
but not the same. It’s very different to have two couples in different rooms sharing an apartment, and two men 
and two women all together with everyone … interacting with everyone else.”

One of the strange hadrons made up of the rarer, heavier quarks that were mentioned earlier on is the 
doubly charmed baryon. It is made up of two “charm” quarks and one lighter quark. In 2013, Karliner and another 
physicist, Jonathan Rosner of the University of Chicago, suspected they could calculate the mass of this doubly 
charmed baryon, by using the measurements of the bond between a charm quark and and it’s antiquark 
counterpart, which had already been measured. The figured out that a charm-charm bond would be half the 
amount of a charm-anticharm bond. Using these numbers, they managed to calculate that the doubly charmed 
baryon would have a mass of 3627 MeV (mega electron volts) , plus or minus 12 MeV. In July 2017, a doubly 
charmed baryon turned up in the Large Hadron Collider at CERN, and was measured at 3621 MeV, give or take 1 
MeV. Karliner and Rosner absolutely got it right, with the measurement well within the range.

If a tetraquark was possible, it would have to be made up of heavier quarks, as they bond together more tightly 
than the lighter quarks. Spurred on by the measurement of the doubly charmed baryon Karliner and Rosner 
calculated the mass of a tetraquark made up of two charm quarks and two antiquarks, however this tetraquark 
would be on the fence between stability and instability. However there is a heavier quark, the bottom quark. 
Karliner and Rosner then calculated the mass of a tetraquark with two bottom quarks, an up antiquark and a 
down antiquark. The result is stable, so much mass having been converted into binding energy that it will stay 
together. So know we know that a tetraquark is theoretically possible. Now all we have to do is make one.



Climate Change & Air Travel: The science behind their complex relationship  
- Zahra D’Souza, Sydenham High School

The impact of air travel on climate change is well documented. The emissions of greenhouse gases during air 
travel is of major concern, with flying being responsible for global emissions of carbon dioxide of around 2%,
although some sources claim it is much higher. To put this in perspective, this is almost as much carbon  
dioxide as is generated by Africa per year. Also cited, are the vapour trails and ozone production, nitrogen oxide, 
sulphur oxide, carbon monoxide and unburnt hydrocarbons which are thought to be as harmful. 

We should consider the devastating long term effects of climate change: global warming is causing thermal 
expansion of oceans. In fact, the Earth’s temperature has increased by 0.6 °C in the last century, causing a sea 
level rise of 15 cm. Furthermore, melting glaciers are exposing the darker oceans which absorb more heat, 
resulting in more temperature rises. This could result in further rising of sea levels between 20 cm and 60 cm 
before 2100. Our health is already at risk due to warmer polluted air and events such as extreme heat waves and 
also diseases caused by microbes such as bacteria growing in warm contaminated drinking water. Flooding 
due to adverse weather conditions and damage to wildlife habit, forests and agriculture are becoming more 
common too. Coral reefs, such as the Great Barrier Reef, are also already being destroyed. So, although there are 
a number of factors such as coal and gas fired power stations (24%), agriculture, industry and transport  
including aviation (14% each) contributing to global warming, it is important to recognise that air travel has a 
significant role to play in climate change. 

But what about the less debated issue of the impact of climate change on air travel? 
Firstly, sea level rise and storm surges put coastal airports at risk. For example, in 2012, in the United States of 
America, La Guardia airport, just a few feet above sea level, was flooded during Hurricane Sandy. Also, 
warm air is less dense, making it harder for aeroplanes to produce enough lift to take off. In 
Phoenix, Arizona, in June 2017, over fifty flights were cancelled or rerouted when temperatures went above 
48°c. Furthermore, more extreme weather causes disruptions and delays. Scientists have shown that for every 
1°c of global warming, there would be an increase of 12% of lightning strikes. The fact that NASA (National 
Aeronautics and Space Administration) carries out ‘in-flight direct-strike lightning’ research to see how 
lightning affects aircrafts shows how dangerous this development is.

Shifting wind patterns, on the other hand, have an impact on flight times and fuel consumption. Paul Williams, 
Professor of Atmospheric Science from the University of Reading, said, at a recent lecture at Imperial College, 
in October 2017, that jet stream winds are strengthening. This contributes to flying east becoming quicker but 
flying west becoming slower. If this trend is maintained, then it will result in more fuel use, more carbon 
dioxide emissions, more delays and more altered flight times. Lastly but very importantly, the stronger jet 
streams and wind shears increase air turbulence globally. This results in more flight injuries and deaths, more 
structural damage to planes, more delays and flight paths being changed and also astronomical costs to 
airlines. 

Therefore, air travel is clearly a cause as well as a victim of climate change. The aviation sector has a vested 
interest in reducing the impact of climate change but also it has to bear responsibility for its direct impact on 
global warming. From developments in technology aimed at making aircrafts more fuel efficient as well as 
lighter, to shortening flying time, this industry is also working on sustainable fuels to reduce carbon emissions. 
Moreover, measures to improve operational procedures and reduce weight are already helping to save on fuel 
for flights, hence reduce emissions. Also creating airports with “green certified’ terminals where renewable 
energy resources are used and, reducing congestions of aircrafts and improving air traffic management are all 
important to helping reduce global warming. However, cheap flights have encouraged people to fly more and 
maybe it is time to reconsider how detrimental to the environment this has been. 

In conclusion, the aviation industry must tackle rising emissions seriously to save our planet and itself in the 
process.



Genetic Diversification: Giving rise to a Utopian or Dystopian Future 
- Devanandh Murugesan, Wilson’s School

DNA (Deoxyribonucleic acid) is the building block of life, containing genes to produce multi-cellular structures 
and cause life to develop as we know it. However, during cell division (which is essential for growth and 
replacing cells in the body) errors can occur resulting in a change of protein being produced (a mutation) 
resulting in variation amongst people. As explained by Darwin’s theory of evolution by natural selection, the 
new gene may be inherited and passed on over several generations. For example: research shows that 99% of 
Irish people are lactose tolerant due to their history of farming in the past. Yet, as we reach the modern era, 
advancements in genetic research and technology highlight the need to adapt to the ever-changing nature of 
the world – especially the need to survive…

To begin with, genetic engineering has exploded into the media during recent times, bringing with it an array of 
ethical considerations regarding the morality of this practice. Consequently, many do not consider its 
therapeutical applications and how it can influence the lives of people with debilitating conditions. Take the 
example of Brian Madeux - a 44 year old who had a rare metabolic disorder called Hunter syndrome. He was 
part of a small clinical trial where gene editing tools had been infused into his blood to fix the damage caused 
by a defective enzyme, the ultimate goal being that the gene responsible for the defective enzyme could be 
replaced with a healthy, normal version. However, as you look forward to the future of genetic engineering, the 
discovery of CRISPR now allows scientists to remove heart defects caused by faulty genes in embryos. Even 
though they had to be terminated according to regulations there’s the hope that once this gene editing tool is 
perfected and becomes available, it can undoubtedly help the lives of many people around the world. 

During history there have been examples of people who have utilised their genes to pursue their ambitions. One 
example is Usain Bolt who holds the world record for the shortest time to complete the 100m (9.58 seconds). In 
this instance, Usain Bolt inherited two active genes of ACTN3; they produce a special protein called alpha- 
actinin-3 which controls fast-twitch muscle fibres, causing speedy tensing of the muscles involved in sprinting. 
However according to David Epstein’s book on ‘The Sport’s Gene’ – he discusses the fact Jamaicans are  
typically faster due to societal issues other than biological ones as Epstein goes on to argues both practice and 
skill is needed for proficiency, but recognises that Bolt’s genes did contribute partially to his success. Whilst 
sprinters excel at/exercise fine motor skills, some people are faced with neurodegenerative diseases. 
Huntington’s is a type of motor neuron disease where parts of the brain become gradually damaged over time 
causing difficulty moving or fidgety movements of the limbs and the body. This condition is caused by a faulty 
mutated gene and is hereditary as an individual only requires one copy of the gene from the parents (autosomal 
dominant inheritance) in order to develop this condition. 

Moreover, genetic diversification has led to an increase in disease resistant alleles. For example: some 
people have developed immunity against viruses such as HIV (Human Immunodeficiency Virus) and the 
bubonic plague. The CCR5 protein receptor found on white bloods are used to detect for chemokines but 
incidentally serve as a pathway for viruses to enter the cell. People who possess this immunity have two 
mutated copies of the CCR5 gene (one inherited from each of their parents). Although, research does show that 
individuals with one copy still have protection to some extent. Thus through natural selection humans are 
becoming more adapted to dealing with pressures from the natural environment and this mutation is just a 
needle in a haystack of disease resistant genes.

Therefore, we can conclude that with genetic diversification more beneficial characteristics have emerged, 
such as increased motor skill and disease resistance. However, it has also led to the development of hereditary 
diseases such as Huntington’s and genetic heart defects, but with modern technology and innovation, gene 
therapy and genetic engineering can soon help people who suffer from these conditions. On one hand it’s 
possible to create a utopian society where all diseases and pathogens have been eradicated and people live 
longer lives, but at what expense? The emergence of designer babies due to genetic engineering can lead to 
major ethical and biological implications with the risk of society being divided or affected by physiological 
repercussions, plunging the world into a dystopian fantasy ravaged by conflict, not merely fiction anymore…
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The Fermi Paradox - Darcy Quist, Sydenham High School

If you go out on a clear night, you’ll see thousands of stars spanning the night sky. About 5,000 of them are  
visible with the naked human eye, and that’s just what we can see. In our galaxy, the Milky Way, there are 
around 250 billion stars +/- 150 billion. Orbiting those stars, there are 40 billion planets sitting in what we call 
‘the Habitable Zone’: the part of the solar system where water can be liquid. If only 0.1% of these had life on 
them, there would be 40 million planets with life, just in our galaxy.

So where are all the aliens?
This is The Fermi Paradox, and we don’t have a definitive answer to it yet, but that’s not to say there aren’t a 
number of theories as to why we haven’t heard so much as a whisper from the stars.

Firstly, in Great Filters, Robin Hanson described the stages to colonising the galaxy as a series of 9 steps, with 
the first being the right star system, the second being molecules that are able to reproduce (such as DNA), and 
the last being Colonization Explosion, with the human race on step 8 of the staircase.

The theory states that at some point along the staircase, there s something called a Great Filter, meaning that 
geting to the next step is a lot harder than we originally thought, for example, molecules able to reproduce could 
be exceptionally rare, and the filter could be between steps 1 and 2. However, there is also the possibility that 
the filter is ahead of us as opposed to behind, colonising the galaxy could be exceptionally expensive, or maybe 
other civilisations just haven’t wanted to leave their home planets.

Great Filters are the reason why finding life on other planets might not exactly be good news, because if we 
found evidence of a civilisation on Jupiter, it would mean that the filter must lie ahead of us, and the reason 
we haven’t found evidence of multi galatic empires is because they are highly unlikely, so the chances of us 
expanding the human race across the galaxy look small.

Another theory is even more bleak; in 1964, an astrophysicist by the name of Nikolai Kardshev created a scale 
by which to measure the evolution of civilisations, based on how much energy they have available to them. 
With Type I being 1016 Watts, Type II being 1026 Watts, and Type III being 1036  Watts.

Type I civilisations could access and harness all sources of energy on our planet, such as geothermal energy, 
solar power, fossil fuels and nuclear fusion. Type II civilisations could harness all the energy available from 
their star. One idea for this would be the Dyson Sphere, a structure able to gather most or all of the energy  
outputted by a star, and transfer it to the civilisation’s home planet for use. Type III civilisations would be like 
gods to us; (who are about 0.73 on the scale), they would be able to harness all the energy available in their 
galaxy, aand would have infinite knowledge of the universe and its energy.

The Universe has been habitable for as long as 10 billion years, and yet the earth has only had life for about 4.2 
billion years (and most of this time was simple prokaryotes and photosynthesising plants). This means that we 
are quite young compared to the life of the universe, and it’s possible that life could have happened much  
earlier on another planet, and a Type III civilisation could already exist.

Compared to that civilisation we would be like ants or mice. Imagine an ant trying to communicate with you, 
you’d have no idea what it was trying to say, and you’d have no idea it was even trying to communicate, perhaps 
we are like ants to these civilisations, and they’re hearing our calls, but they don’t even know they’re from  
another civilisation, perhaps our calls are just more babble in the cosmic dialogue; even more bleak, if the  
civilisation wanted a resource on our planet, they wouldn’t listen to the cries of the ants on its surface.

Finally, however, what if we are the first? What if the human race is the only life in the whole of the universe? 
What if there are Great Filters on all the steps before us, and we are the only life that will ever exist in the  
Universe? Surely that means we should take it upon ourselves to make sure we colonise the galaxy, and make 
sure the only life in the Universe exists as long as it can.

-------------------------

1 Hanson, Robin (1998). “The Great Filter - Are We Almost Past It?”
2 Kardshev, Nikolai (1964). “The Transmission of Information by Extraterrestrial Civilizations”
3 Kardshev, Nikolai. “On the Inevitability and the Possible Structures of Supercivilizations”
4 Kurzgesagt (2015) https://www.youtube.com/watch?v=sNhhvQGsMEc



The downfall of animal testing - Laura Davey, Sydenham High School

Animal testing is considered as one of the most controversial topics in the research world or even the entire 
world. With it comes arguments about ethics and balancing human life against animal life, yet it has largely 
been accepted by the common populace as important for testing the safety and effectiveness of new medicines 
and treatments; hence it has remained. It has been named ‘cruel’, ‘upsetting’ and ‘necessary’, but which of these 
words is truly accurate?

It has long been suggested that animals should not be used, and in their stead things such as human stem cells, 
more human clinical trials or even computer modelling. Never have these arguments had more sway than now, 
as these ideas have become a real possibility. In fact one of the most promising advance in medical history has 
only just been invented; the “organ on a chip”. This groundbreaking discovery allows for specific types of  
human stem cells, such as lungs, kidneys, intestines and bone marrow, to be grown on a microchip, enabling 
them to imitate the function of an organ. Using these revolutionary chips, scientists have been able to mimic 
diseases such as asthma, inflammatory bowel disease and pulmonary oedema. They have also made chips  
using patient cells and so are able to study their specific illnesses in detail. Many drug companies such as 
Roche Pharmaceuticals believe that this new method is the future of drug testing and have invested in them. 
Though these chips cannot give us a whole body view, they are able to show detail, such as the effects of  
radiation exposure, which would have been impossible via animal testing, due to ethics. 1

However, one certain fact is that animal testing has advanced medicine in many crucial ways. In 1949, it was 
discovered in guinea pigs that lithium could be used to treat manic-depression; in the 1970s balloon angioplasty 
for heart disease was discovered using cadavers and dogs. Also penicillin, blood transfusions, rabies vaccines, 
and a possibility of an HIV vaccine were all the result of animal testing in pigs, dogs, mice, rabbits and 
monkeys.2 Why get rid of a technique, which has been known to work in the past, for other methods which have 
not yet proven their worth?

Conversely the contrary has also been argued where animal testing has been proved as ineffective in multiple 
cases. In fact it is believed that 94% of drugs working in animals have failed in humans.3 This is mainly due to 
the fact that humans are different to animals in several ways, even monkeys. Also, it has been shown that in 
some cases when a drug has been shown to harm an animal, in humans it works perfectly fine. One such case 
was in the treatment of sepsis by using intravenous Vitamin C (Vitamin C administered into a vein) which 
proved ineffective in mice and thus was nearly ignored as a result. Aspirin is dangerous in particular animal 
species yet it is extremely useful in humans, showing how extreme the differences can be.4

So far it has been shown that animal tests are risky, slow and expensive, which is why alternatives are being 
tried. The “organ on a chip” is not the only substitute. In North Carolina, organs for testing have been created  
using 3D printers, which produce multiple different human cells to construct bladders, kidneys and much 
more.5 These 3D printers could mass produce miniature organs in a short amount of time resulting in low cost, 
readily available organs for testing.

Although it has been shown that it is possible to replace animal testing with new fascinating techniques, it is 
widely believed by experts that the change will be slow. This is not just because new methods are not  
thoroughly practised but due to the fact that animal testing has been around for hundreds of years, and despite 
the cons it has led to some of the most groundbreaking medical discoveries of our time. There are also some 
experiments that cannot be done without a living organism; psychiatric tests are just one example of this. So, 
yes, there are alternatives, but will they be as effective?



Sources: 

1. Katsnelson, A. (2018, February 7) Can we end animal testing. Focus, 73-77
2. National Center for biotechnology information. (1998, November 4) “SCIENCE, MEDICINE AND ANIMALS” 
Retrieved from https://ncbi.nlm.nih.gov/books/NBK223354/
3. Should animals be used for scientific or commercial testing (2017, November 2). 
Retrieved from https://animal-testing.procon.org/
4. Should animals be used for scientific or commercial testing (2017, November 2). 
Retrieved from https://animal-testing.procon.org/
5. Katsnelson, A. (2018, February 7) Can we end animal testing. Focus, 73-77



Natural Science: A key to the universe - Alex Matthews, Dulwich College

“...to myself I seem to have been only like a boy playing on the sea shore... Finding a smoother pebble or a  
prettier shell than ordinary, whilst the great ocean of truth lay all undiscovered before me” Isaac Newton

Ever since the birth of civilisation, the understanding of the mechanisms, structures and nature of the entirety 
around us has been an origin of wonder and mystery that surrounds our existence. What is life? Where did we 
come from? 

Time, a mysterious concept, “ticks” and “tocks”, directing our lives into a metronomical cycle, a cycle that drives 
our perception of life to be of such familiarity, comprised of events that we become so accustomed to - waking 
up, working, sleeping - yet everyone of us is occasionally ignited by a spark of awe, that intensifies into a  
blazing fire of questions concering the unknown phenomena around us. Our progressive study in natural  
science, from macroscopic study in cosmology, to microscopic study in particle physics, biology and chemistry, 
enables us to uncover the secrets of the universe’s sensations.

The influences of the four fundamental forces of nature
As we become so ingrained into the system of modern-day life, sometimes we never truly appreicate the  
science that occurs around us. Everything that you see and do is governed by the forces of the universe. For 
example, all visible matter - cars, books, humans, are fundamentally constructed out of atoms of protons and 
neutrons that are “super-glued” together by strong nuclear forces. 

Electromagnetism, the energy that defines modern culture, that lights up cities and advances our technology, 
also appears organically in our body’s mechanisms - the millions of charged neutrons in our brain (figure 1) can 
together generate enough electricity to power a light bulb! The weak nuclear force, responsible for nuclear 
decay in the stars, contributes to the energy we receive from the sun, the energy that makes life possible on 
earth. The force that causes apples to fall off trees, gravity, holds our orbital relationship with the sun and moon 
and sculpted our planet into its spherical presence.

However, importantly, these forces are interdependent; it’s the way they work together so perfectly that shapes 
the universe. The way they intricately function is incredible and you have to question how it’s possible. To  
understand this, we have to go back in time and understand one of the most remarkable sources of mystery, 
from Cosmology, the origin of the universe.



The origin of the universe and unification
Modern cosmology is fundamentally based upon the Big Bang Theory. The universe is symbolic of a balloon: 
its current evolving ever-inflating state, with its large scale structures, points back in time to a dense, “deflated” 
universe at small scale origin. Following this concept, experimental discoveries in particle physics, such as the 
Higgs Boson, has led us to propose that moments after the big bang (under 10-32s), the four fundamental forces 
of nature were unified as one single “super-force”, which scientists propose, a ‘Theory of Everything’ (Figure 3)

As we learn more about the very early universe, the more we will progress in our understanding of life; that 
atomic point in time could hold the explanation of every aspect of the present universe.

In one moment, a tiny fraction of a second, the force of gravity emerged from this superforce and its actions  
decided ‘the fate of the universe’. Scientists have modelled, through supercomputers, that if the strength of 
gravity was altered even slightly the universe would be entirely different; too weak and no galaxies would form, 
too strong and most of the universe would end up in black holes.

This concept of perfection and unbelievable improbability is present in a multitude of different ways  
throughout the universe. The human body is machine-like. The immue system, which adapts to fight  
diseases, and the other systems in our body - pumping blood, respiration, excretion - all require our cells,  
tissues and organs to perform the right task. In computer science, binary is the code of manmade  
machinery and is akin in its complexity and format to DNA, a quaternary code of life (figure 4 and 5). Did  
something “program” the genetic code of life? Perhaps we are in simulation...

 
By understanding the involved processes that occur in our body through biology, along with principals in other 
natural sciences, we can now use this knowledge to develop complicated AI devices. For example, in  
engineering robots with self-learning capabilities we are essentially replicating the neural networks in the 
brain (figure 1). This scientific chain-effect has been prominent ever since science began.

“If I have seen further, it is by standing upon the shoulder of giants” - Sir Isaac Newton

Nearly every subject we study - including Science, Technology, Engineering, Mathematics - is dependent on 
another in someway. We interchange knowledge not only to progress in each subject but to progress, more  
fundamentally, in advancing the human race to learn about ourselves, the stars and incredible nature around 
us.



As a student of physics, my progressive unravelling of the universe has caused me to become more bewildered 
of our reality. The more I manage to grasp, the more inspired I am to dive into the depths of the topic. I’ve never 
been a believer in God, however, through understanding some of the processes that run our universe, the level 
of complexity and probabilities involved, I now believe that some form of “God” may exist; maybe a  
metaphysical consciousness of nature, or perhaps creators from another type of “universe”. Chances are we 
may never know, but natural science offers humanity a staircase to understanding our existence. 

References
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Why are there as many males as females? - Emily Ross Hicken, Sydenham High School

Throughout nature, the ratio of males to females has been 50:50, but this is not needed, considering the fact 
that one male can fertilise many females. For example, only 4% of males account for 88% of mating in elephant 
seals, while the rest simply use up resources. What would be the point of having a 50:50 ratio in this species 
if the majority of males don’t contribute their genes, in order to further the evolution of the species?1 Why has 
evolution not developed, so that there are more females than males?

Genetically speaking we know that the reason there is a 50/50 chance of having a boy or a girl is due to the way 
that chromosomes work in humans. For example, a female has two X chromosomes while a male has an X and 
a Y chromosome. In Figure 12  you can see that the way these chromosomes shuffle leads to a 50% chance of a 
boy or a girl. This is simply how it is but the real question is: why has nearly all of nature developed in this way? 
One male can fertilise many females, due to the large quantity of sperm that they produce, so surely this means 
it would make sense to have more females than males? In addition, in the majority of animals, females care for 
their young more than the males, which further raises the question of the evolutionary reason for there being 
the same number of females and males? 

One reason could potentially be that in some species the males do play a dominant role in the upbringing of 
offspring, one well-known species are seahorses. The male seahorse will carry the young during pregnancy3  
(figure 2)4 , however after the offspring are born the father abandons the young and they are simply left on their 
own5. Another example is male marmosets, as they groom and care for their newborns, for the first few weeks 
of the babies’ lives, while the female recovers from the birth.6 As you can see there are examples within the  
animal kingdom were males do care for their newborns, but the fact remains that these tend to be anomalies 
from what biologists tend to expect from the greater majority of animals.

Here is one way of looking at why the sex ratio is 1:1. Imagine that there is a species that has a ratio of 9:1, 
female:male. If one male mates with 9 females then he passes along his genes to 9 lots of offspring, therefore 
spreading his genes across many newborns. If one member of the species has a random mutation to somehow 
produce more males than females, (for the males this would be a positive mutation) then over time the ratio 
of men to women will fall in favour of men. Eventually, many males will be being produced -  the mutation 
will become negative because not as many females will be there to be fertilised and give birth to the offspring. 
Therefore, any males without the mutation will begin to pass their genes on more, which will further cause the 
balance to eventually shift to 1:17.

Overall there is a fundamental biological reason why the sex ratio is 1:1, and why evolution has not developed to 
enable a ratio shift towards females. Unfortunately, throughout my research it was hard to find a lot of 
information on this topic, due to this idea not being well funded and supported by many. This is one of the 
reasons why I chose this topic - to try to discover something that is undiscovered. Hopefully, as science 
progresses there will be a conclusive theory as to why there are equal numbers of males and females 
throughout nature. Who knows what research will discover?
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How technology will improve the lives of people with disabilities in the future  
- Ella Verma, Streatham & Clapham High School

At the moment, people with disabilities are disadvantaged in how they live their lives. The three most  
important issues are: employment, appropriate housing and transport. These reasons make a person’s life hard 
to live. Firstly, employment; if you have a disability it is hard to get a job and therefore make any money. This 
can lead to the second problem of having appropriate housing. 

If you have a serious disability, you may have to have a carer, which usually would be your partner who 
wouldn’t be able to work either. This can lead to families unintentionally relying on benefits. You can get  
benefits but they won’t pay for the extra things that you may need to help you to get around the house. It can 
make it very hard, to do simple things like cooking or even making your way around the house. Transport is a 
very tricky subject and that is because it is hard for any disabled person to use the tube, buses, or the train at 
the moment.

The first concept I’m going to be introducing is a robot ‘exoskeleton’. Paralysed people who have never been able 
to walk will now be able to. They are put into a suit and the robot walks for them. They work not dissimilarly to 
wheelchairs: there is a little pad whereby you move your legs and arms. There is one button that just says walk 
and you set the speed.  There has already been an early design for this, and it is likely that the exoskeleton will 
be developed so that some time in the future, paralysed people will be able to run in marathons and swim in 
the Paralympics. It will break through boundaries that paralysed people have had. This design will give people 
huge opportunities in employment. If people wear these exoskeletons, they will be able to navigate safety and 
efficiently around the workplace. Not only will disabled people be able to do physical jobs for the first time; they 
may even be at an advantage to other people as they have the robot doing the work for them.  

My second concept is an app called ‘Airpoly’. This is no ordinary app. This lets a visually impaired person see. 
The person points their phone at an object and the app tells them what it is. But is it not just basic words; for 
instance, perhaps you were pointing your phone at a cupboard, it wouldn’t just say “cupboard”. It would say the 
brand of the cupboard, and the material its made from, what colour it is, telling the blind person what sort of 
cupboard they are looking at. It is also programmed in seven different languages, so it can be used around the 
world. This app has been undergoing testing, to see if Airpoly could also work in glasses, to make it easier to 
use. The app won the best innovation award at the CES 2017, a technology association. In the future the  
majority of the blind will probably wear these Airpoly glasses everywhere. This will help blind people navigate 
safely around their own houses.

The last piece of equipment which I think is going to revolutionary is a wheelchair that lets its user stand. It  
will make regular movement easier, and the user will be able to do day-to-day activities that able-bodied  
people can. It also allows the user to go as high as they want, so that they can reach high cabinets and  
cupboards. The design will be like a very secure and protective hoverboard. It has comfortable leg straps to keep 
the users legs safe. One design was made by Shirley Ryan from AgilityLab. My estimation is that it will be a 
basic tool for everybody by 2040. This will help people all over the world in a wheelchair to be able to get on and 
off transport and help them at home.

Sometime in the future, disabilities will not disrupt people’s lives as they do now.

The problems will be fixed by genius ideas, supported by robots, or assisted by VR glasses. The ideas I have  
given are just a few that are going to change the way we deal with disabilities and how we treat disabled people. 
I conclude that technology will improve the lives of disabled people in many ways: too many to count.



Nanomedicine - Daksh Meta, St Olave’s

In science, the technology seems to speed ahead in development while the ethics are left behind. It is important 
to consider the effects that technology will have on the general population before putting them into use. Nano 
medicine is the application of Nanotechnology (the engineering of tiny machines) to the prevention and  
treatment of disease in the body.1  Nano refers to how small these bots actually are (this is called Nano scale). 
Their size is almost one billionth of a metre and is smaller than a wavelength of light. It is a rapidly expanding 
area of medicine in which new developments are being made each day. Eventually, the ethics of this subject 
links back up to “Are we ready to be taken over by robots?” 

Many different views have been shown towards the concept of Nano medicine. Certainly, Richard P Feynman 
had an idea on how Nano medicine would grow. He spoke about it in his lecture “There’s plenty of space at the 
bottom”. It is from that talk that Nano medicine and the phrase “swallowing the surgeon” was born. Feynman 
presented an idyllic situation where small teams of Nano bots roam around the body taking out diseases as 
they go, hence the phrase “swallowing the surgeon”. Nano medicine has raced ahead ever since, with even a 
movie about a group of scientists (“Fantastic Voyage”) that are shrunk and placed inside a patient’s body to 
eliminate a blood clot in the brain. 2 On the other hand, there are some views against Nano medicine. Prince 
Charles talked about Nanobots stripping the Earth of all biological matter until it was all “grey goo”. 

The idea of Nanotechnology has been prevalent throughout the years. The earliest known use has been in the 
late medieval era, where nanoparticles of gold and silver were used to change the colour of a goblet when light 
was shone upon it in different directions. However, the use of Nanotechnology has become much more  
widespread.

Design
Designing these Nano particles is no ordinary feat. These are incredibly complex mechanisms minimised to 
molecular size to perform the tasks that Nano particles are created to complete. Engineers use micro- 
mechanisms: small groups of atoms are being used to mimic the machines. This includes benzene rings used 
as gears and motors and buckminsterfullerene (a ball shaped molecule comprised of carbon atoms) used to 
support the Nano bots. However, once placed inside the body white blood cells might target the Nano particles 
because they are foreign objects. To tackle this a red blood cell membrane covers the Nano particle, tricking the 
white blood cell to believe that they are red blood cells. 3 Once past the white blood cells, Nano particles need to 
locate the infected cells. It does this by using micro receptors to locate and attach to the infected cells. Another 
problem is movement; how do you make such a small thing move easily? One of the solutions is to use small 
magnetic Nano particles and these could be manoeuvred using the magnet in an MRI.4  For the Nano particles 
to be used effectively, doctors need to see where they are so they can check their progress and eventually take 
them out of the body. For this, scientists are using quantum dots to coat the Nano particles; this is a material 
that can glow in the dark. As you can see, Nano medicine is certainly a complicated technology and various 
factors are considered to achieve perfection. 

Richard P Feynman giving his lecture, “There’s plenty of 
room at the bottom.” 1959.

Benzene rings being used as gears

1  http://whatis.techtarget.com/definition/nanomedicine 
2 http://spectrum.ieee.org/robotics/medical-robots/medical-microbots-take-a-fantastic-voyage-into-reality 
3  http://www.understandingnano.com/nanotechnology-drug-delivery.html 
4 https://www.youtube.com/watch?v=IU4A4h1ACJs



Nano medicine under testing
Examples of Nano medicine under development include micro star grippers. These are tiny star shaped pieces 
of metal that react to different temperatures, pH and even enzymes. Testing has shown that approximately a 
third of the star grippers that are deployed grab infectious tissue. This means that if enough are deposited then 
it could lead to minimally invasive therapies, for example a different way to perform biopsies. As well as that, a 
self-assembling Gauss gun (a gun that uses magnetic ball bearings to fire a needle) that can fire through  
tumours and infected tissue is being tested. 5 These are slightly advanced technologies and currently Nano 
medicine is being used mainly in drug delivery. This subsection accounts for 78% of sales and 58% of patent 
filings in Nano medicine.

Ethics
Trans humanism is a great part of the ethics debate as countries can use Nano medicine to enhance their  
soldiers and athletes. For example nanobots carrying extra oxygen could boost their physical performance. 6 

Carbon Nano tubing could wrap around the bones to make them even stronger and resistant from a fracture. 
Nano bots in the future could also be deployed in the brain to track thoughts and memories. As technology 
develops more and more different ways of enhancing to the body will increase and this could pose a threat to 
fairness. For example, the winner of an athletic tournament will no longer be determined by the skill but by the 
effects of Nano medicine. Additionally, Nano particles will reach into vital organs and a small slip up could lead 
to permanent damage, especially in the brain. Patients with serious medical problems will rely on the Nano 
bots to work, therefore if there is a malfunction, everything could go wrong. 

Procedures developed in an acceptable medical context may pose ethical questions if applied non- 
medically. For example, nanotechnology may assist the repair of sensory organs or provide intimate  
control from the brain to prosthetic limbs for accident victims or the disabled. Should these devices be adapted 
to extend sight into the infrared for better night vision when driving, or to make the able-bodied super-able? 
Should cell repair nano-interventions seek to extend human life span? This could lead to a surge in population 
and eventually we might not be able to treat people even though we have the nano bots to do the work simply 
because there are too many people.

Nano medicine is no doubt one of the most important emerging technologies in the field of medicine. Although 
there are some negative implications and uncertainties on relying on machines over doctors, there are a lot of 
positive uses of Nano medicine e.g. treating patients with cancer. As with other new developments in medicine, 
there is always uncertainty towards robot surgeons. Robots are definitely going to be living with us, so why not 
embrace them now and support Nano medicine?

A micro star gripper

Symbol for Trans humanism

5  http://spectrum.ieee.org/automaton/robotics/medical-robots/self-assembling-robotic-gauss-gun 
6  How it Works magazine.



Artificial Intelligence: How has it evolved? - Lorena Valle, Streatham & Clapham High School

Some believe artificial intelligence will save humanity; others think it will destroy us. But what is it? Artificial 
intelligence (AI) is the ability of computer systems and machines to perform activities that would normally 
need human intelligence. For any artificially intelligent machine to work, it must undergo basic  
programming. The machines learn when humans input data, and gradually provide more accurate responses 
depending on how detailed the learning process was. 

As with most breakthrough developments, artificial intelligence was a prospect that was talked about a long 
time before they had the scientific advances to make it a reality. In fact, it was said that classical philosophers 
had attempted to describe how machines might be able to demonstrate basic human intelligence using  
mathematical algorithms. However only by the 1940s was even the most basic form of intelligent machines  
created, in a programmable digital computer based on mathematical reasonings.  Another example of this is 
when in 1950, Alan Turing developed a test which was aimed to see whether a machine could demonstrate 
intelligent behaviour that of a human. It goes to show just how much artificial intelligence has developed in 
recent years, as only in 2014 was the Turing test passed for the first time. A computer program named Eugene 
Goostman passed the Turing test when it simulated a 13 year old Ukrainian boy. The event was held at the  
University of Reading, and it was reported that no computer had ever passed the test before.

During the last five years, we have seen major advances in AI. Using big data and developments in computer 
hardware, it has allowed machines to learn algorithms much easier on a larger level. Not many people realise 
just how much AI is present in our everyday lives. Digital Ad targeting is one of the most profitable applications 
of AI, and they are around us constantly achieving effective personalised display ads. These AI advances have 
enabled better recommendations on platforms like Netflix, Google and YouTube, near-perfect speech  
recognition and better traffic forecasts. AI is not only developing in the pleasurable side of things, it is starting 
to become a more important aspect in areas such as healthcare. As the amount of digital data grows at an  
outstanding speed, it is possible that artificially intelligent machines would be able to do things much more  
effectively in the place of humans. For example, organise patient routes, or create better treatment plans. Or 
even with the correct data inputted, an artificially intelligent machine could tell a surgeon the correct decision 
to make in a specific situation.

It is not a question that AI will cause profound changes in our world as we know it. Like many other human 
inventions, AI was invented to perform our jobs for us with more accuracy and speed. However not everyone 
agrees with AI taking jobs from us; some fear the magnitude of the number of jobs lost if AI continues to  
develop at its current pace. Already, due to virtual-learning techniques, intelligent machines are able to perform 
a mixture of physical and cognitive tasks. It is predicted that by 2021 intelligent machines will have replaced 6% 
of human jobs just in the USA. It is not the first time humanity has faced this problem; in the 1800s and again in 
the 1900s people raised concern about job displacements and losses due to automation. 

So the challenge now is how to adapt to the new technological world. Although the changes will eliminate  
certain jobs, history has shown that new ones will be created in the process. Identifying these new jobs will  
enable the next generation of humans to learn the right skills that will be needed to succeed in the future  
environment. Also in some cases, people may be able to reskill and move laterally into other industries. For all 
of this to be accomplished, education must also change in order to allow new generations to adapt. For  
example, the children of the future should develop creativity, empathy, leadership and artistic expression in 
school. As those will possibly be the most required traits needed to get a job in this future technological world.

In my opinion artificial intelligence will succeed in co-existing with humanity and enable jobs to be done better. 
Accomplishing tasks in extreme conditions, working 24 hours without a stop, and using their speed and  
accuracy to create a better world. The future cannot be told; however, I believe artificial intelligence will help 
save humanity. 



Space Car - Emily Monaghan, Croydon High School

Have you ever seen a car in space? Or dreamed that in the future there would be humans living in space?

This idea might come true as, very slowly, we are moving a few steps closer to accomplishing this. Elon Musk 
has made this vision of living in space almost a reality, for he (the millionaire) sent a Tesla (a sports car) into 
space.

On Tuesday the 6th of February 2018, Elon Musk made history by launching his $100,000 Tesla into space. Six 
hours after launch, the Tesla and its passenger, an empty spaceX suit called ‘Starman’, were fired into space in 
the hope that it would put the car in an orbit around the sun, also allowing some close brushes with mars.

A few hours later Musk told twitter that he missed by a little bit and that the bright sports car was now heading 
to the asteroid belt. However, those on Twitter who were interested in space calculated the car would actually 
pass closer to Mars than the asteroid belt.

An interesting addition for home usage in this experiment is a tracking device on the car so you can track its 
whereabouts. Even though we would all like to send our own car into space this is a millionaire we are talking 
about, not any average person.

It has been rumored that the Tesla is at this moment playing David Bowie’s “Life on Mars” which is very fitting 
for this occasion. However, scientists believe that nothing can be heard due to the sound waves not being able 
to move through a vacuum. Although this is a lovely thought, we would have liked to think of the car orbiting 
around the sun blasting out Bowie’s famous record.

Astronomers believe that in a few million years the famous sports car will collide with Venus or the earth! 
This may be so, but we don’t need to worry about it, as we won’t be alive then. However, this could mean some 
more extinction in the future. To find out about what would eventually happen to the Tesla, astronomers had to 
perform a series of computer simulations tracking the cars path through the solar system over the next three 
million years.

Space is an undiscovered mystery, an impossible journey. Theories have been arising about how there may be 
life in space, aliens or an undiscovered species. Whatever or whoever is out there has not been seen yet but that 
does not stop astronomers from giving up. We hope that sending this car out will maybe increase the  
possibilities of seeing life in space. This is because if there is life then maybe they might see the car and be 
interested in who else is sharing the Milky Way with them.

Just as poisonous gasses pollute the world could this car pollute space? Fumes from cars can spread out 
through the atmosphere and cause pollution. Due to the car being in space for so long could the same be said 
for space? However, this may not be so, due to it being an electric car! So perhaps this won’t mean that gasses 
will be produced in the atmosphere. Still this may be a possibility, so humans and their ideas might damage our 
wonderful unknown. The future is looking very bright due to this amazing experiment. There is hope for a life 
in space and there is a chance that we might be able to see aliens! This is all partly thanks to Elon Musk who 
came up with this idea in the first place.

This is a truly wonderful idea and we hope to have more like this in the future. They will continue tracking the 
car’s whereabouts and where it’s going next. I hope you have enjoyed learning a bit more about this “Space car” 
and will continue to investigate this extraordinary experiment.
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Time travel to the future, for absolute beginners - Akesh Mistry, Wilson’s School

Time travel. It’s absurd is it not? A matter of science fiction. Right?

Well, to the contrary, it’s actually coming closer and closer to becoming science fact.

There are two types of time travel, as you may know – to the future and to the past. Today, I’ll be showing you 
how time travel to the future is perfectly plausible in this modern era and why it works. Time travel to the past 
is less plausible but is still theoretically quite easy to pull off, provided you have a wormhole and are able to 
accelerate objects to near the speed of light, but that’s a story for another day.

Anyway, to understand how time can be manipulated, we must first understand the nature of our Universe 
through Einstein’s ground-breaking theory of relativity.

You may have heard of this theory but what does it actually tell us? A notorious formula, derived from the 
theory is  E = mc2 and what it implies is that a body of a higher energy, E, will have a greater mass, m. Now, 
since kinetic energy increases with a body’s speed, the faster you go, the greater your mass. This is quite an 
important fact of nature, which will be useful to us later on.

With this in mind, we can now begin to tackle the true nature of time and space.

We know that light has a fixed speed everywhere. This means that distances can be measured by how long light 
takes to cover them (ct = d), and so there is little distinction between spatial dimensions and time. After all, they 
are measured in the same way. This breakthrough leads us to the commonly accepted concept of an 
intertwined space and time – space-time.

This space-time object is used by the theory of relativity to explain the force of gravity – one of the main 
components of time travel, as you’ll come to see. To show how this works, I shall use an analogy. Imagine a 
stretched out cloth. If you were to place a heavy marble on it, a dip would form with the marble inside. And if 
you were to drop several much smaller marbles on the cloth near this dip, you would expect them to fall 
towards it. This analogy is representative of the warping of space-time that occurs in all 4 dimensions due to 
heavy objects as well as the gravitational attraction experienced by other smaller objects in the vicinity.
When this warping occurs, it is harder for objects to cover distance in the spatial dimensions, and similarly, it is 
also harder for objects to cover distance in the dimension of time – in other words, time slows down. We found 
out earlier that a faster speed results in a greater mass and we now know that greater masses cause more 
warping. So this leads us to the key conclusion of general relativity which allows for time travel. 

Masses and fast moving objects slow down time relatively due to gravity.

So you may be wondering, “How exactly does this enable time travel to the future?” Well, I’m certain you have 
all heard of the twin paradox. One of two twins goes to space in a fast moving rocket whilst the other stays on 
Earth. The first twin’s relative speed is so high comparatively that time slows down due to gravity for him such 
that when he returns to Earth, he is slightly younger than his non-astronaut twin. He has essentially travelled a 
few microseconds into the future.

This leap forward in time may seem miniscule, but in the right conditions, it can be exemplified greatly. And it’s 
simple too - All we need is a high speed rocket and a black hole…

So first, what is a black hole? Well, black holes are giant compressed bodies of great mass and they have such a 
strong gravitational force of attraction, that even light is unable to escape them. Exploiting these intimidating 
beasts is the key to effective time travel.

Simply put, by flying a spaceship near to a black hole, fast enough, you can avoid being sucked in and instead 
make your ship start to orbit it. The immense mass of the black hole pulling you in, combined with the 
extremely fast required speed of the rocket to avoid being consumed, means that time would pass half as 
slowly for you than people on Earth. Staying in this state for, say, a year, would enable you to travel one entire 
year into the future! 

Well, there you have it – time travel into the future: how to do it, and why it works. It isn’t the form that you may 
have expected it to be in, but it is time travel nonetheless. I hope you enjoyed!



Could drones help to eradicate malaria? - Timothy Moulding, Dulwich College

Everyone has an experience of being bitten by a mosquito or being annoyed by its buzzing. We seldom consider 
them as threatening to our life in this part of the world. According to Bill Gates, however, the most dangerous 
animal in the world is not a shark, nor a tiger, but a mosquito because it is the carrier of malaria. Malaria has 
been known since prehistoric times, and it still kills over half a million and infects 300 million people every 
year. The majority of mortality happens in children under five years old in tropical countries, especially in less 
developed sub-Saharan Africa.  At least one child dies per minute in Africa.   

After 40-years of research and development, the world’s first malaria vaccine, Mosquirix, has recently been 
recognized as effective, and from 2018 it has started to be tested in three African countries: Kenya, Ghana and 
Malawi on over 120,000 children. If Mosquirix is successful, it is hoped that it would fulfil the WHO’s target of 
eradicating malaria by 2020. However, delivering Mosquirix in less developed countries encounters difficulties 
due to the remoteness and lack of road connections to those affected – the children living in remote villages in 
Africa who are required to take a total of four vaccinations at different intervals. If Mosquirix cannot reach the 
end users, the test trial will fail and the 40-years of R&D on the vaccine would be wasted. 

To solve the problem, I think drone technologies could come to help. Firstly, drones can fly directly to the 
destination and deliver the vaccine quickly and efficiently cover areas where land-based transportation cannot. 
Since each drone can carry around 1.5 litres, using many drones to deliver malaria vaccines can cut costs while 
reaching the vaccine receivers promptly. With technology advancing, drones no longer need to be charged 
frequently thanks to solar-powered technology. This means drones can fly longer distances with the same 
payload.

Drones can alleviate the stress on the supply chain, they can provide vaccines quickly if the clinics in remote 
villages run out of vaccines. Frequent small deliveries can reduce the wastage from expired vaccine shots. 
Furthermore, drones can withstand the harsh weather conditions and still deliver the vaccines, while land 
transportation would not be able to. They are also environmentally friendly as they run on electricity and they 
do not need costly maintenance and fuel to keep them running. 

A pioneer drone service provider, Zipline, offers user-friendly support to medical staff working in health centres 
in remote villages so that they just need to place an order for vaccines via text messaging. Moreover, the local 
medical centres do not need to accommodate for the drone landing because an open area of the size of two 
parking spaces is sufficient for the delivery of the vaccine. Therefore, this easy-to-use drone delivery service 
facilitates the delivery of Mosquirix to the end users, making sure the vaccines take effect in the test trial in the 
three African countries in 2018. 

Apart from solving the vaccine delivery problems, drones can also help track mosquitoes in small shallow, 
sunlit water bodies which are bursting with mosquito larvae in less developed countries. Drone technologies 
have developed to a stage that one drone can survey a 30-hecatre area in 20 minutes. With the initial survey, 
scientists can analyse the drone imagery, mapping and highlighting water bodies with the potential habitats of 
mosquitoes. This facilitates the preventive measures of using a larvicide, such as DDT, to kill off the mosquito 
larvae before they can develop into the adult stage turning into a vector to spread malaria.

It is expected that using drone technologies to deliver Mosquirix will allow the implementation of the four-
dosage requirement at different intervals, significantly enhancing the success of the test trial in remote villages 
not connected by any infrastructure. Furthermore, drone technologies can also be used to prevent mosquitos 
from developing into a vector. We should be optimistic about the possibility of eradicating malaria by 2020 with 
the support of newly-found drone technologies in both delivering malaria vaccines to the end users and 
eliminating mosquito larvae hotspots through drone surveys. Actually, there could be much more for us to  
discover about the use of drones to eradicate malaria as the technology is in its early stages.



Can robots imagine? - Jessica Ellis, Sydenham High School

Technology and automated robots are becoming a huge part of the 21st century; we use them in manufacturing, 
they replace jobs we used to do, eliminating human error. With technology growing so rapidly, what happens to 
the people whose jobs are taken over? Many say that the only jobs robots cannot do are in the creative sector, 
jobs which involve imagination. But what if you could programme an imagination?  You would have to break 
down a subjective part of our human nature. Maths and science intertwine with everything, from subconscious 
reactions to the chemical responses of the body; if everything you do has science and maths behind it, then is it 
truly creative and could it not be relayed into a machine?

imagination

noun
1. the faculty or action of forming new ideas, or images or concepts of external objects not present to the 
senses.

Our minds are limited to our experiences. You can’t have a high pain tolerance without experiencing significant 
pain first. You can’t imagine something no one has ever seen before. However, you can imagine something new 
from something old, taken from past experiences or in other words, memories. For example, Alice in 
Wonderland: Lewis Carroll created a novel world, yet he took objects that he has seen before and put them 
together to make something different and new. However creating something completely new is impossible. 
Not one person has seen exactly the same as the next, this diversifies us, allows each person to have a different 
cognitive limit, meaning different depths of imagination. 

When we remember someone we use our memories to create a mental picture of their appearance, e.g. the 
shape of their nose, colour of their eyes and skin and the shape of their frame. Memory is: ‘the faculty by which 
the mind stores and remembers information.’ 

Giving a robot information is what makes it run, so if it is as simple as feeding details of an image into a  
machine capable of remembering thousands of images could it not imagine? It could put those images under  
a microscope and identify objects or shapes that make up what it is seeing. When the robot has all this  
information, it could break it down into simple shapes and combine anything in the database of its ‘mind’ to 
form something new, which by definition is imagination and what we do all the time. 

However, our emotions also define us as humans and influence everything we do as well as our imaginations. 
You create with what you feel, artists don’t paint with pure calculation. If you are angry, you might act in a way 
you wouldn’t normally, same goes for any other emotion. It is difficult to replicate this into a robot. Hooman 
Samani, a director of the Artificial Intelligence and Robotics Technology Laboratory at National Taipei 
University, Taiwan, built a machine that can feel love. He saw that love can be traced back to our endocrine 
system or, hormones. So he gave the robot artificial hormones: dopamine for excitement and alertness, 
serotonin for happiness and tension, endorphin for our sense of well-being, oxytocin for trust, empathy and 
love and many more. His robot processes visual, auditory, and tactile input to figure out the user’s attitude 
towards it, and tries to categorize it into behaviors that psychologists have identified as signs of love (or lack 
thereof): proximity, attachment, repeated exposure, and mirroring. Then, the robot releases the right 
combination of “hormones” to adjust internally, in response. 

In conclusion, to imagine is to create something new which we do by taking in our surroundings and how we 
feel to create something we haven’t seen before. By using objects or living things we have already seen from 
past experiences (memories) and putting them together, we can make something different. By breaking down 
emotions into chemical responses and creating replicas of those responses in the machine, it could, in a way, 
feel. Therefore if you can upload images and intelligence which allows a robot to break them down and put new 
things together, and use science to allow feeling, a robot could imagine.
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Quantum Time Crystals - Poppy Cryan, Blackheath High School

What is time?

Quantum Time Crystals could potentially be a new phase of matter in four dimensions including time, but to 
understand time crystals it is important to first try and grasp the idea of time.The Oxford Dictionary defines 
time by ‘the indefinite continued progress of existence and events in the past, present and future regarded as a 
whole’ however, this definition will be tested with the progression of modern physics. The way in which 
humanity measures time is by seconds, minutes, hours, days, months and years, but the scale of which the 
universe has come to be at this very moment seems to be immeasurable on a level that is quantifiable by 
human standards. The universe came into existence around 13.8 billion years ago. Multicellular life arose 600 
million years ago, nearly 4 billion years after Earth gained its place in the cosmos. So to put animal existence 
into perspective, the T-Rex that lived 65 million years ago is closer to seeing a live Justin Bieber concert than 
to seeing a live Stegosaurus. To even further demonstrate the narrow slice of human existence, we can im-
agine that the earth formed at midnight and the present is 24 hours later. On this scale, humans have only been 
around for 1 second in this 24 hours. 

The progression of scientific knowledge in the past century is faster than that of any other point in human 
history, growing exponentially. Regardless of this, much of what we perceive of the world is arising to be 
completely wrong. There is a realm of scientific discovery not yet truly understood by physicists, that is 
shaking the grounds of scientific basis and will require a whole new mind-set to begin to tackle the subject. And 
this is our concept of time, a new scientific frontier. 

The Physics of Time 

In the last 60 years, it has been discovered that 3 of the most basic rules in theoretical physics are no longer on 
the forefront of belief. Each year new discoveries are altering what we think we know and what can and cannot 
be done is ever changing. The physics of time is no longer as linear as we once believed, opening doors to whole 
new areas of science with even greater technological potential. These are 3 symmetries in physics which time 
depends on:

1. Charge symmetry means that interactions are unaffected if all charges are swapped, for example, if all 
negative charge is made positive and vice versa then the laws of physics should stay the same.

2. Parity symmetry means that interactions should be unchanged if the ‘mirror’ image of the reaction 
takes place. For example, if we hold our right hand up in front of a mirror it becomes our left hand, we could do 
the same to the universe and the laws of physics should be indifferent.

3. Time symmetry means interactions should work the same way forwards and backward in time.
Individually each one of these symmetries has been disproved by countless experiments. But to give physicists 
some comfort a combined symmetry called CPT (charge-parity-time) has been proven, at the moment, to be 
true. You may be thinking that this is off the topic of time crystals, but this is the fundamental physics that we 
need to understand to discover how Quantum Time Crystals can be made. 

Time crystals

No, Quantum Time Crystals can’t power the Tardis. Although it may not sound as cool, they will be able to 
change the future of technology and the storage of information. Quantum Time Crystals could potentially be 
a new phase of matter, normal crystals exist in three dimensions in repeating periodical lattices (see figure 1) 
whereas time crystals will have a 4th dimension, time. Time, as humans have constructed it, is linear - it relies 
on cause and effect (one event proceeding another) always trying to reach a state of equilibrium. For example, if 
I was to drop a plate on the floor the cause would be me dropping it and the effect would be the plate smashing. 
So, in a normal crystal, if you send energy along a repeating row of atoms the energy will pass from one atom 
to another along the row of atoms until it reaches a state of equilibrium again. However, Time Crystal’s atoms 
are connected in quantum entanglement in repeating patterns which means that atoms along the chain will 
be able to feel the effect before the cause (see figure 2). Therefore, energy sent along the line would repeat over 
and over again, even in its lowest energy state a time crystal would never be in equilibrium. Consequently, Time 
Crystals are spontaneously breaking the laws of time symmetry as the energy in would not be equal to the 
energy out of the crystal. Teams of researchers at two universities have been investigating the creation of Time 
Crystals for the past few years: The University of Maryland and the University of Harvard which both show that 
time crystals are entirely possible and with different materials. The University of Maryland used 10 Ytterbium 
atoms and a laser to create an electromagnetic field which would entangle these atoms in repeating patterns. 
They then employed a second laser to push the atoms. Harvard repeated the same experiment but with flaws in 



the center of diamonds. As predicted, after the energy was introduced to the atoms they never stopped moving. 
Time Crystals have some fascinating applications, especially in Quantum computers. A Quantum computer 
aims to use particles that are entangled in space and time, meaning that if we begin to entwine atoms 
whatever happens to one atom has to happen to the other. Subsequently, you could give an input to a single 
atom and have a piece of information travel through a chain of atoms at the same time. This is opposed to the 
transistor chips which have to give an individual value to each piece of data.  The uses of ‘time crystals’ can 
only be explained by having a basic understanding of parity. Parity breakthroughs will have applications in 
building processing units for the next generation of supercomputers. So try imagining a perpetually wobbling 
plate of jelly with very little energy fed into the system, it will allow scientists to design chip architecture that 
can store near impossible amounts of information with minimal energy, effort, and speed. 

So is the meaning of time as we know it: ‘the indefinite continued progress of existence and events in the past, 
present and future regarded as a whole’, even true anymore? Can we regard time as linear if the effect can be 
felt before the cause? This is why Quantum Time Crystals will change time as we know it.

Figure 1:

Figure 2: 

Time crystals arrangement 



Are Flying Broomsticks Scientifically Possible?  
- Ashviny Srinayagam, Blackheath High School

“You sort of start thinking anything is possible if you’ve got enough nerve,” this quote from Harry Potter and 
the Half-Blood Prince I think perfectly encapsulates the mind-set of the science community. As the years have 
gone by, technology and scientific understanding is increasing rapidly and exponentially. So, my initial answer 
to the question “Is the magic in Harry Potter Scientifically possible” is yes, most of it probably is, if not now then 
it will be one day.  There are various forms of magic in Harry Potter, but I have chosen to focus this article on 
just one form of magic; flying broomsticks.

It is humanities oldest dream to be able to fly, sadly unaided this is not possible, but using a physical form of 
transport to is. Many people’s initial thought would be that a flying broomstick like the ones seen in Harry
Potter is preposterous but as Elon Musk said, "If you go back a few hundred years, what we take for granted 
today would seem like magic-being able to talk to people over long distances, to transmit images, flying, 
accessing vast amounts of data like an oracle. These are all things that would have been considered magic a 
few hundred years ago.”

In order for us to begin to start to think about how this can be achieved we must first understand how aircraft 
are able to fly. 

It was originally thought that aircraft fly because air travels faster over the top surface of each wing than 
underneath. In the 1700s Daniel Bernoulli (a Swiss mathematician and physicist) then established that this 
speed difference produces a drop in air pressure over the top of each wing which generates the necessary lift.  
When flow is deflected in one direction, lift is generated in the opposite direction according to Newton’s third 
law of motion. This states that if an object ‘A’ exerts a force on object ‘B’, then object B must exert a force of 
equal magnitude and opposite direction back on object A.  However, for a wing the downward flow depends on 
air being both deflected by the underside of the wing and bent by the topside.  Air tends to “stick” to the top of 
the wing, particularly near the tips and this can generate vortices which are whirling masses of air. As these 
vortices are then shed by the top surface of a wing the flow turns downward, this then generates an upward 
force on the wing.  This all depends on the angle, shape and speed of the wing, aircraft and wind. This is now 
known of “air-foil theory” and is taken as a common standard in books and textbooks on mathematical fluid 
mechanics. This is what Roger Highfield explains in his book “The Science of Harry Potter.” Therefore, wings 
seem to be the most conventional solution to the broomstick possibility question. But there is no mention of 
wings, engines or magnets in the Harry Potter books.  The less conventional and perhaps realistic way would 
be to make the brooms rocket assisted. Theoretically this would be an entirely feasible solution however 
practically and economically this would be the less practical way due to the size, and amount of energy 
required. 

Of course, the easiest yet hardest way of achieving flight would be simply to “turn off gravity” or at least find a 
way of blocking certain materials from it.  This brings us now to what Highfield has aptly called “the quest for 
antigravity.” In this chapter of his book he discusses how in 1992 Russian researcher Evgeny Podkletnotv told 
the world that he had shielded an area of space from gravity. 

He had done this by using a cooled, magnetically suspended ring of superconducting ceramic material disk 
145 millimeters in diameter and 6 millimetres thick. An alternating elastic current to coils surrounding the 
disk was applied to make it rotate. It was found that this reduced the weight of an object placed over it by up 
to 2 percent. Podkletnov then observed the antigravity effect with a range of materials from ceramics to wood. 
The faster the rotations, the greater to the reduction in the force of gravity. Of course, everyone was in uproar 
about this, but his discovery seemed to go nowhere. Highfield then looks at another scientist; Ning Li who was 
researching at the University of Alabama in Huntsville in the mid 1900s was studying the possibility of super-
conductors generating unusual gravitational effects as predicted by Einstein’s theory of general relativity. She 
found that fast spinning charged atoms in her superconductor produced a measurable change in a gravitational 
field but then again, her work seemed to just stop, (perhaps the job is cursed like the curse of the post of Defence 
Against the Dark Arts professor is in Harry Potter), just like Podkletnov’s. Either way the implications of this 
research is too important to ignore which is why NASA’s Marshall Space Flight Centre in Alabama decided to 
take a closer look and even commissioned a replica of Podkletnov’s apparatus for $600,000. So, if this field of 
research really “takes off” (pun intended) it would drastically change all spacecraft and by addition put us one 
step closer to engineering a flying broomstick which could be a replica of the ones in Harry Potter.



Artificial Intelligence what is it capable of... ?  
- Majura Uthayakanthan, Sydenham High School

AI has brought many wonders to world, which has taken us to a unrecognisable era with unimagined  
innovations from self driving cars to virtual phone assistant like Siri. Though what are the mechanics behind 
engine of AI works? And are we getting one step closer to a robot apocalypse or is that just a myth ?.Sounds 
interesting ? Read on … 
First of all let’s start with basics of AI:

1.  Robots are not artificial intelligence. They are just metal bodies with a mind of AI inside. 
2. The dictionary defines AI as ‘a branch of computer science where it explores the simulation of intelligent 
behavior in computers.’ 

There are in fact two types of AI : 
- Narrow Al 
- General Al 

Narrow/ Weak AI  - It is an artificial intelligence that can only focus on menial task. An example is your 
assistants like Siri - Apple. The AI of Siri functions so that it answer specific questions you ask it; because it has 
been programmed with limited defined range - which is why they cannot think for themselves as they have no 
genuine intelligence. 

General/ Strong Al - this is an artificial intelligence that displays human level intelligence like cognitive 
thinking, which allows it do tasks on its own. However there no examples of these as it is still in the initial 
stage.

How is possible for these machines to learn? 
The reasons why are the ‘brain cells’  behind these AI systems. There are the millions of interconnected  
neurons that work in unison to pass data on to each other and form vast numbers of neural networks. These 
neurons are made up of algorithms - this is a set of mathematical instructions that help a machine calculate a 
solution to a problem. Thus these neural networks learn by continuously altering connection between neurons 
until the system can solve a problem using the instructions given.

There are various types of these neural networks; such as the current neural systems used today that are 
designed for speech recognition and language processing. These are examples of neural networks that Google 
translate has. 

So why should we worry?
Meet DABUS. The latest developments in active AI, with a promise for inherent benefits to our future. The  
DABUS programme was deliberately created to be mentally unstable, meaning it can suffer from symptoms of 
mental disorders.

It is the creator, Stephen Thaler, who achieved this through infusing digital noises into neural networks of 
DABUS. These noises had a fluctuating rhythm which mimics negative emotions that human feels. 

Why would a scientist create such a thing?  
Well, the aim was to increase DABUS is creativity so that it generates more innovative solutions to a problem. 
Moreover, by infusing these noises, Thaler was able to get an insight into the ideas that DABUS made from the 
information given. For example, Thaler observed  DABUS processing of a particular style of music and was if it 
associated with positive or negative emotions.

 You can see in pictures below how DABUS reacted : 
 



Reasons for these images included the fluctuating noise reducing the mental processes of DABUS  and  
inducing more symptoms of depression.

The images show the ideas DABUS generated in response to the sounds and what was abnormal was that they  
enhanced to produce a more surreal stream of consciousness.

Just think of the possibilities of the unpredictable behavior that could rage if more AI undergoes the same 
experimentation as DABUS ...  

This is why the myth of robot apocalypse is not such a psychotic idea. The Thaler method could lead to a future 
of AI that is mentally unstable and insane, believing that they are living beings that being tortured by human 
species. 

However, there is no need to worry about this as Thaler says that developers have limited the boundaries of 
creativity that DABUS can explore.

Questions to ask yourself : 
- To what extent do we consider AI to be human ? 
The reason is because if DABUS is able to generate its own ideas it must have same basis of intelligence as 
human. 
- If a machine shows symptoms of depression is it same level as human depression ? 
- How is AI showing symptoms of depression ? 
Since it should be only processing information given, DABUS shouldn’t be able to show how it feels.

What if ?
Hypothetically, if a robot apocalypse was a reality, our ending would not play out as nicely as your typical  
fantasy sci-fi films. As it virtually impossible to outdo AI once its intelligence has exceeded humans; it like the 
race between a slug and one-legged cheetah.

You are probably thinking, how is it possible that AI is evolving if it is not a living thing? 
Well, as expected AI has found a solution that as it undergoes evolutionary computation - (neuroevolution). This 
is an idea based on Darwin Natural Selection Theory which is that algorithms experience random mutations; as 
an attempt in evolving to find the best solution to a problem.This is why AI is highly efficient as the neural  
networks are continually undergoing neuroevolution so that machine can be faster than a human to find the 
best solution to a problem.

To conclude:  
Artificial intelligence is a complex system of networks and neurons that work together to help machines learn 
and process. These machines could lead to robot apocalypse but only if more mentally unstable AI is created 
but for now, all DABUS will be doing, is helping crunch numbers for stock markets.
Finally, be aware of innocent neural networks of AI because something sinister could be lurking around. 
Thank you for reading.

References -  
https://en.wikipedia.org/wiki/Artificial_intelligence
https://www.theguardian.com/technology/artificialintelligenceai
https://www.cnbc.com/.../elon-musk-responds-to-harvard-professor-steven-pinkers-a-i…
https://www.technologyreview.com/s/604087/the-dark-secret-at-the-heart-of-ai/

Further links if interested  - 

https://www.edx.org/course/artificial-intelligence-ai-columbiax-csmm-101x-
https://www.techradar.com/new
www.newsnow.co.uk/h/Technology
https://www.ft.com/technology
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Women Engineers - Tamia Meggie-Graham, Croydon High School

2018 has already proved to be a year to promote equality for women. I believe equality can begin to be achieved 
when women start to fill roles usually dominated by men. 

Engineering is ‘the branch of science and technology concerned with the design, building, and use of engines, 
machines, and structures.’ This sector of the industrial industry is heavily dominated by men in the UK, with 
only 11% of the engineering workforce being female. 

In terms of leadership, Britain isn’t too far behind the countries leading with the most women in their 
parliament, as in the general election in 2017, the number of women MPs rose to 32%. But, Britain has the 
lowest population of professional engineers in Europe, with numbers being lower than 10%. 

INWED (International Women in Engineering Day) is a day dedicated to raising international awareness about 
increasing the profile of women in engineering. It celebrates the outstanding achievement of women 
engineers throughout the world. This day is promoted by the Women Engineering Society. 

An example of a women celebrated would be Dr Nan Li. She is a lecturer at Imperial College London who 
addresses one of the major challenges in the transportation industry. Another key aspect of her research is the 
development of new testing methods, and standards for materials under hot stamping conditions. 

Another woman celebrated is Orla Murphy, who is a forward model quality engineer working in Jaguar Land 
Rover’s electrical quality team. She uses her love for science, maths and music to help improve sound systems 
in Jaguar Land Rover’s vehicles. Her job also looks at improving the quality of electrical components in 
current vehicles, as well as improving processes to design better quality elements in new vehicles.

The Women Engineering Society is a charity and network of professional women who are scientists, engineers 
and technologists who offer support, advice and expertise. Their vision is a nation where women are as likely 
as men to choose to study and work in engineering, and one in which there are enough engineers to meet a 
growing demand. WES began when World War I ended. A group of pioneering women who worked in 
engineering and technical roles during the War campaigned to remain in these roles when the war ended and 
all the men came back. WES give out awards to inspirational engineers. This helps to raise the profile of 
women as technical leaders. They also speak to the media and campaign to change policy when it impacts 
women who are engineers and STEM education. 

There are many problems that need to be solved and the problems are all different, so the solutions also need 
to be different. Many female engineers believe that there needs to be involvement from all different kinds of 
people in society, not just women but also people of different ethnicities, different economic classes and 
disabilities. It has to be a combined effort. Parents and teachers also need to be aware that engineering is an 
interesting, rewarding, successful career choice for girls, and so they can infuse that into girls minds. This 
would go a long way towards increasing the interest of women in engineering. 

To conclude, I believe that if there were more female engineers, and more females in jobs heavily dominated by 
men in general, we as women would come closer to equality in so many different ways. If men could see 
women doing jobs that are stereotypically ‘male jobs’, they may be able to see that women are as, if not more 
capable as them at many things and then we might just start to be treated equally.



The Strengths and Weaknesses of Driverless Cars - Ambreen Hirani, Croydon High School

Driverless cars are one of the many new technologies that are going to be introduced. For example, driverless 
cars can cleverly identify where a bike is and if the cyclist is signalling. They know when they need to slow 
down to give the bike enough space. Google’s driverless car has eight sensors which ensures safety.  
Google’s driverless cars were tested privately until 2010 when they began to be tested publicly. Now they have 
been released in some places. They are planning on releasing them in British cities next year. Google have been 
testing its prototype on US roads but has not been tried in the UK yet. Tesla, Lexus, Mercedes, Volvo and BMW 
are the only other car companies so far that are going to be producing driverless cars alongside Google. There 
has been £20 million pounds invested into this new upcoming technology. There has been a lot of talk about 
this new technology and it has taken over the media. However, as great as the concept is there are strengths 
and weaknesses to this advanced new technology. 

There are many strengths in this new technology. One is accidents. Since 81% of car crashes are caused by  
humans, computers would take a lot of danger out of the situation entirely. Another is that there are no  
opportunities for computers not to focus on the job at hand which can also cause accidents. As there is a  
reduced risk of an accident, insurance costs and healthcare costs will be saved meaning the money can now go 
to other things.  Another strength is socialism. If you don’t need to keep your eyes on the road and focus on road 
safety, you can talk to your friends and family that are in the car with you. A strength is disability. Where  
disabled people currently rely on public transport they won’t need to because they won’t need to know how to 
drive. One is speeding. No one will have to worry about going over the speed limit because it will be controlled 
by a computer. Texting while driving will no longer be a problem as you won’t need to be focusing on driving.  
Drinking before and while driving won’t be a problem as they won’t need to concentrate on much, so it won’t 
matter. Some people would have had automatic parts of their car, so it won’t be entirely different. One more 
strength is the police. The police force won’t need to focus on things like writing traffic tickets and handling 
accidents. Instead, they can focus on more serious crimes. 

Now, there may be lots of strengths but there are also a lot of weaknesses. One is that, although it is driverless, 
the driver must require education on their part. Even though the computer takes over the vehicle when it is  
operating, the driver must possess knowledge about how to operate it safely. A second weakness is cost.  
Currently, the engineering, power and computer requirements, software and sensors add up to more than $100 
000. Another is that there is no guarantee that there will not be any accidents. Accidents can and will still 
happen. A fourth weakness is security. This technology will have a high interest for hackers. Another weakness 
will be there will be no interest in public transport, so people will lose their jobs. If there were to be an accident 
whose fault would it be? The driver? The car manufacturer? The software developer? This will be a weakness. 
One other weakness will be weather. In fact, heavy rain can do serious damage to the laser sensor on top of the 
roof. This wouldn’t work in places where it rains a lot like Britain. Driving instructors and companies would lose 
their job because they would not need to teach anyone how to drive. If someone drinks before they go into their 
driverless car and something goes wrong meaning they must drive it would be a problem and increase the risk 
of an accident. 

In conclusion, I think driverless cars are a fantastic idea because there will be more safety; 1.2 million people die 
annually due to car accidents so driverless cars will reduce the risk. Parking. You will no longer have to find a 
parking space - your car will do that. 



Concorde Supersonic Passenger Jet - Serena Chetwood, Croydon High School

This is the history of a great aviation engineering feat; the World’s fastest highest passenger airliner.
It was named Concorde; this means agreement in French. Engineers from British Aerospace (BAe) and  
Aeropostale France, worked together to develop the aircraft. It was then flown by British Airways and Air 
France. It was just so amazing that you could travel from Heathrow Airport in London to New York in less than 
four hours; we can’t do that today. The reason it was able to travel so fast was because Concorde travelled faster 
than sound, which is hard to imagine.

It all started in 1962. Two prototypes were built; the first flight was in 1969. Concorde could fly faster and higher 
than any other aircraft. It could cruise at a height of 60,000 feet. The reasons for this was a very thin fuselage, 
swan-like wings, which were called Delta wings, a movable nose, and a vertical tail. All this all reduced drag, 
which slows an aircraft down. The engines were built into the wings, and had afterburners, which were very 
important. The engines provided the trust for the take-off, cruising and landing. It had four Rolls Royce engines. 
They burnt 6,771 gallons of fuel kerosene per hour. The reason the afterburners in the wings were so important, 
is because they mixed more fuel and exhaust gases from the first combustion chamber, this was then able to 
burn together to get more thrust. Concorde had 17 fuel tanks; five tanks in each wing, and then four in the  
fuselage.

Inside the walls of the cabin would feel warm when you touched them. To help reflect the heat, engineers  
developed a paint that was high in reflectivity. The heat also made the plane expand; this would have caused 
the aircraft stress, so a special aluminium alloy that was light in weight was used, which was more heat  
tolerant. It took 38,000 Pounds of thrust to take off, and it would be travelling at a speed of 225 miles per hour; it 
could do this in 0 to 3 seconds. Passengers felt pushed back in their seats; it was also quite noisy. It very quickly 
rose to cruising height and passed the sound barrier; the plane’s nose went up after it had done this.

For the passenger, this was how an exhilarating flight would begin. All buckled up, then Concorde would taxi 
onto the runway, the nose would be tipped down for take-off.

Because of the small narrow cabin, Concorde could carry 100 passengers only; there were two seats on either 
side of the aisle. There was a crew of nine: the pilot, the co-pilot, the flight engineer, and six cabin crew. On the 
flight if you looked out of the window, you could see the curve of the Earth. It was very luxurious on board; the 
seats were designed to be as comfortable as possible, and the food was very like from a restaurant.  It was quite 
expensive to travel on Concorde, but it was a very exciting experience, not just a flight.

You would think it would be still flying today: Why would the fantastic Concorde not exist anymore?

Firstly, there was a tragic accident at Paris Airport, on January 12th, 2002. A piece of metal had fallen on to the 
runway from a different plane that had taken off minutes earlier. This punctured Concorde’s tyres, this then 
sent little bits of rubber up to the fuel tanks, which caused a huge fire; it than crashed into a hotel nearby. This 
was such a sad thing to happen. It was none of the pilot’s or crew’s fault. Everybody onboard lost their lives, and 
some people on the ground.

It wasn’t the crash that caused Concorde to stop flying, but the number of passengers wanting to fly had fallen. 

It was just so expensive to maintain and keep Concorde flying.

If you talk to any former Concorde pilots, they will say how much they enjoyed flying Concorde; the aircraft 
responded so well, plus the great excitement of it all. It was a sad day for them when it all came to an end.
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The Science Behind Breaking 2 - Ellie Osmond, Sydenham High School

On 6 May 2017, Eliud Kipchoge crossed the line at the Formula One Autodromo Nazionale Monza race track,   
having completed the fastest 26.2 miles ever ran. The clock read 2:00:25. The project had “failed” by a tiny margin, 
but history had been made.

Sportswear powerhouse Nike made it their mission to attempt to achieve the once-deemed impossible sub 2 
hour marathon. In order to achieve this incredible feat, vast amounts of research and testing would have to be 
done. Every second and every stride would count, so everything would have to be perfect. To the naked eye, the 
Breaking 2 campaign could appear as a somewhat extreme publicity stunt which it essentially was. However, 
beneath the commercialism, it was a scientific experiment crafted to test human strength to the absolute limit. 
In December 2017, the project was announced to the world. The idea was set in place, the public was excited and 
all that was left to do was to reveal the people who were to be taking on this ungodly challenge. The athlete  
selection was the first and arguably most important part of the experiment. Nike’s elite distance runners were 
all tested based on three primary factors: exercise capacity (expressed as VO2: maximum oxygen rate of oxygen 
consumed), running economy (the efficiency of their running technique based on how much energy the athlete 
needs to use to run a kilometer at a certain speed) and sustainable velocity (the speed an athlete can sustain for 
a long period of time without needing to decelerate). 

The candidates were put through intensive testing for each of these factors. Three athletes emerged the most 
promising: Eliud Kipchoge (Kenyan Olympic gold medalist), Zersenay Tadese (half marathon world record holder 
from Eritrea) and Lelisa Desisa (Ethiopian two time Boston marathon winner). They were the cream of the crop, 
who would eventually attempt to achieve the impossible. 

Training was the next and most on-going stage of the experiment. Having chosen the athletes, Nike worked to 
engineer specific preparation for each of them. The Nike science team gathered data on their current training 
and lifestyle, providing them with heart-rate monitors and GPS watches. Each athlete was observed carefully 
on how they responded to certain training, and therefore they were able to craft a personalised regimen to allow 
them the best possible chance to run the fastest marathon ever. During the first team training camp, they also 
introduced the all-important nutrition and hydration strategies. The science team collected huge amounts of 
data from each athlete whilst training including skin temperatures and sweat rate. Perhaps the most significant 
data was temperature gradient (the difference between core body temperature and skin temperature) which was 
ideally as large as possible. They also weighed each athlete before and after training to see how much water they 
lost through sweating and, as a result, were able to work out the most efficient hydration tactic for them.  
Similarly, with nutrition, the athletes were tried and tested to see how they responded to different food types for 
fuelling pre-training, as an energy boost during training and for 
optimal recovery post training. 

Another crucial factor and arguable one of the most salient for Nike Company was the apparel the athletes would 
race in. They based the kit on improving five key aspects  (weight, fit, comfort, fatigue and grip) and used the 
athletes’ body scan data and their personal preferences to engineer an outfit perfect for them. This generally 
involved a very light singlet, compression arm guards and compression shorts (specific to support the athlete’s 
muscles) and of course, the all-important shoe. 

Throughout the training process, Nike encouraged the athletes to continually provide feedback on the shoes 
provided so that they would ultimately be able to create the perfect marathon shoe. Naturally, they each were 
supplied with their own personal versions based on their oxygen consumption levels and running economy but 
the shoe at a basic level is commercially available. Known as the Nike Vaporfly 4%, it was described as ultra-light 
and ultra-responsive with greater energy return than Nike has ever provided. The “4%” refers to the 4% 
improvement in running economy the shoe is meant to provide with 4% less effort.

And finally: Where to make the attempt? The Autodromo was selected due to its flat track with gradual curves 
and North Italy’s temperate climate. Just like in any experiment, Nike held multiple practice events there, such 
as a half marathon, in order to test the conditions but also to test the formation of the pacers which was dynamic 
in order to reduce wind drag on the athletes.

Having put all the factors in place, the day finally came to attempt to make history. Unfortunately, the attempt 
came up short. Desisa struggled hugely, finishing in 2:14. Tadese put in a solid performance of 2:06, but it still 
wasn’t enough. And, of course, Kipchoge finished an excruciating 25 seconds of the ultimate goal. Less than a 
second a mile would have made all the difference but despite all the preparation, those seconds could not be 
reached. Like most science experiments, the results do not always come as predicted. Nike will undoubtedly be 
evaluating their methods and are most likely looking to shave those extra seconds off in the future. However, 
despite the failure, the whole process was an incredible achievement that certainly was able to succeed the goal 
of raising the profile of marathon running...and encouraging customers to purchase their shoes!   



The Physics of Cheerleading - Faith Blackden, Streatham & Clapham High School

My name is Faith Blackden; I am a woman of STEM and a national level cheerleader. I am writing this article to 
explain how cheerleading is more than just its classic pom-pom based stereotype and takes a lot of hard work 
to master as cheerleaders stunt and defy gravity. Cheerleading takes into account many physics principles, 
which dictate the stunts, such as: Newton’s law of motion, angular momentum, velocity and acceleration and 
the effects of gravity.

Newton’s Law of Motion
Sir Isaac Newton is best known for giving us the laws based upon gravity and motion. Newton published three 
laws of motion in 1687, which allow us to understand when a flyer is thrown into the air by two bases and a 
backspot. The bases interlock their hands (see Figure 1), while in the air; and the flyer does any kind of jump 
(see figures 2 and 3), before returning to the cradle to be caught. Newton’s first law plays a part in a basket toss 
because the object is the flyer, the bases supply the force and the inertia of the flyer must be overcome, while 
her resistance is determined by her mass. Newton’s second law tells us that when a force acts on an object, the 
object accelerates and therefore the velocity changes. The heavier a flyer is, the more power the bases need to 
get the flyer to hit in the air. Following the first law of Newton, once the bases release the flyer she will continue 
to go upwards unless another force acts upon the flyer.

Gravity also plays a part as it acts as a pulling force on the flyer’s mass which slows down the upwards motion 
into the air from the toss and then reverses the upward motion, allowing the flyer to then land. The mass and 
force in a stunt can be changed, unlike gravity, so a small mass and a large force should give the flyer 
maximum acceleration for the perfect basket toss. Newton’s equation says that Force=mass x acceleration 
(F=ma). Force is directly proportional to mass and acceleration, while acceleration is inversely proportional to 
mass. The equation for acceleration is a=F/m, if the bases used a force of 40Newtons on a flyer who weighed 
100kg then the acceleration would be 0.4m/s2. Whereas, if the flyer weighed 50kg and the bases exerted the 
same amount of force then the acceleration would be 0.8m/s2, therefore having a higher total acceleration and 
therefore a better basket toss. This shows that using Newton’s laws of motion cheerleaders know what makes a 
flyer fly higher and how forces have an acting role in the successes of a basket toss.

Angular Momentum
Angular momentum is the quantity of rotation of a body, which is the product of its moment of inertia and its 
angular velocity. Cheerleading requires lots of tumbling, which consists of many flips and twists in the air. 
While doing a back tuck (figure 4) in the air of a basket toss, the athlete’s axis of rotation is a straight horizontal 
line in line with their hips. During the tuck, the entire body of the cheerleader will rotate around this line, 
carrying the cheerleader through a full circle. When launched up by the bases, the flyer should be standing 
upright with their head and feet as far from their hips as possible. As the mass of the legs is so far away from 
the axis of rotation their moment of inertia will be high, making the rotation slow. However, almost straight 
after the flyer has been launched by the bases, the flyer will have to tuck their head into their chest so that most 
of the mass of the flyer is close to the axis of rotation, therefore creating a lower moment of inertia. The angular 
momentum must stay the same; consequently the rate of rotation will accelerate. As the spinning mass of the 
flyer concentrated, multiple flips can be performed by the flyer before the bases catch them. A flyer may also 
attempt a pike open (figure 5) rather than a tuck, which is a straight body flip which consists of straight legs, 
which are raised. This results in the mass of the flyer being farther from the rotation axis so the moment of 
inertia is therefore greater so the flyer will turn slower.



Crumple Zones
When one object forcefully collides with another the objects may crack, dent, crumple or undergo any other 
changes, which is not ideal if the objects are people’s bodies, as there will be severe damage to the person. The 
size and concentration of the force affect the damage, if a person had a light fall but all their body weight 
landed entirely on their hand it could cause a lot of damage because all of the force of the collision is focused 
on a small area. Whereas, if the force is dissipated over a larger area then the effect is less on that one place. In 
cheerleading, after a basket toss, the flyer is caught in a cradle (figure 6). The cradle is formed by two bases and 
a back spot (figure 7) and as the flyer lands in the cradle the bases bend their knees before straightening them 
and lightly bouncing the flyer out of the cradle onto their feet. If the bases and backspot had not been there, 
then the flyer would have plummeted to the ground at an extremely high force. When the flyer came down, the 
bases and backspot bent and dipped which increased the impact time, the acceleration decreased and made 
the force of the landing smaller (figure 9). The bases and backspot who form the cradle can be compared to the 
crumple zone in a car, as most cars have crushable “crumple zones” (figure 8) so that during a crash the car can 
crumple, therefore absorbing the force and lengthening the moment of impact, which decreases the effect the 
force has on the object. 

To conclude, I have proven how although cheerleading appears to be all pom-poms and dance, it is an athletic 
activity which connects to many key physics principles which mainly surround the laws of Sir Isaac Newton 
but also involve momentum, accelereaton and rotation.



The Trials of Hypersonic Flight - Henry Hall, Dulwich College

From the domestication of horses 6,000 years ago to the invention of James Watt’s steam engine in the late 
18th century, mankind has never been able to sate its desire for speed. The 20th century was defined by global 
conflict, and this catalysed great improvements in humanity’s understanding of flight, culminating in the SR-71 
Blackbird, a plane capable of travelling at over 3.5 times the speed of sound. Yet there is no reason to stop there; 
a hypersonic aircraft able to travel at over Mach 6 would prove invaluable to militaries and businessmen alike.
Engineers working on hypersonic aircraft currently face two main problems: propulsion and structural  
integrity. Let’s start with propulsion. Traditional turbofans, although commonly found on fighter jets and 
commercial airliners, have trouble dealing with high speeds. This is because they contain many moving parts, 
which are susceptible to damage from supersonic buffeting and the increased temperatures of compressed 
air. To overcome this problem, the ramjet was conceived, which contains no moving parts, as it relies on the 
forward movement of the aircraft itself to compress air rather than turbines. However, ramjets have limitations: 
the air travelling through the engine must be decelerated to subsonic speeds before the fuel can be injected and 
ignited. This deceleration causes the air to be compressed and therefore heat up. Eventually, the temperature of 
the air at the intake equals that expelled from the engine, and so the aircraft ceases to accelerate. This means 
that ramjets are limited to speeds of around Mach 6. For hypersonic speeds to be attained, a scramjet  
(supersonically combusting ramjet) must be used, in which the air is not decelerated to subsonic speeds before 
being combusted, but rather just slowed down to a lower Mach number. Although scramjets have not yet  
undergone extensive testing, NASA’s unmanned X-43 has reached speeds of around Mach 9.6, making it the 
fastest aircraft on record. However, scramjets are not without flaws: they share a problem with ramjets in that 
neither of them are able to produce thrust when starting from rest, as they depend on forward movement to 
feed air into the engine. As a result, a scramjet-powered aircraft must rely on some other form of propulsion to 
attain the speeds where the scramjet is able to function. One proposed solution involves the use of rockets, as 
unlike with ramjets, traditional turbofans can’t be used, as they are unable to reach a high enough speed for a 
scramjet to function. In addition to this, engineers also face numerous problems related to how the scramjet 
itself will function, for example it is very difficult to reliably get fuel to mix with air travelling at supersonic 
speeds.

The second set of problems faced by those designing hypersonic aircraft pertain to the extreme conditions 
experienced by an airframe moving at such a high speed. The leading edge of an object travelling at hypersonic 
speeds can easily reach 3,000 degrees Celsius, which is hot enough to melt most materials currently used by 
engineers in aircraft construction. One alternative is heat-resistant ceramics, but in the past their fragility has 
caused them to be deemed unreliable; the space shuttle Columbia was lost along with its crew in 2003 when 
some of its heat resistant tiles were damaged. However, recently, researchers discovered a process by which 
they were able to take a carbon-carbon composite, which is commonly used in traditional aircraft construction 
due to its light weight and flexibility, and use a technique known as reactive melt infiltration to infuse the  
composite with a liquid mixture of zirconium, titanium, carbon, and boron, which then react to form a carbide. 
This process coats the fibres of the composite with the carbide, and so the composite’s flexibility is retained, 
yet it is made much more resistant to the high temperatures faced by hypersonic aircraft. Another significant 
problem stems from the fact that, at such high speeds, the shock waves produced by the aircraft trail it at a 
very steep angle, and this can interfere with the boundary layer of air on the airframe’s surface with unforeseen 
consequences.

In conclusion, although hypersonic flight has been achieved, it is still very much in development. Until we are 
able to solve these fundamental problems as to its operation, we are still some way off seeing any practical 
applications for a hypersonic aircraft.
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Human Bio-Augmentation: a cure for Cardiovascular diseases  
- Khadijah Mellah, Sydenham High School 

As a stereotypical post-millennial, one of my favourite ways to keep track of news, in areas I am passionate 
about, is through social media. Perhaps differently from my peers, however, much of my soial media feed has 
become completely occupied with science and technology! Whilst I was travelling home one evening, scrolling 
through Instagram, I stumbled upon the post below. Normally, I would simply ‘share’ interesting posts or ‘like’ 
them, but on this particular occasion, I was so engaged that I ended up carrying out in-depth research to further 
my understanding of the subject; browsing the four corners of the web to find out more about this scientific 
breakthrough.

The idea of human bio-augmentation has been up until recently, a fictional concept; one that only exists in 
science-fiction movies and in the imagintations of children. However, this electronic membrane is a fantastic 
example of the extraordinary progress being made by bio-engineers in these fields. 

The researchers have created a thin (3D-printed) elastic sheath that stretches like a glove over the heart. It 
contains a web like structure composed of 68 tiny, electronic sensors on the exterior. The sheath provides a 
sensory monitoring system of different cardiac behaviour and restores heart function by generating artificial 
contraction of the heart through electrical impulses. The system therefore has the capability to both support 
the regular function of the heart - amplifying its natural motion - and intervene in the case of an 
emergency such as arrhythmia or heart failure. In such a case, a combination of precise electrical signals can 
be applied to various regions of the organ, counteracting the adverse effects of a dangerous heart condition and 
bring the heart back to its normal working state.

The membrane also has other features such as a high-level monitoring system. The system can successfully 
and efficiently monitor calcium, potassium and sodium levels; these elements are considered to be key 
indicators of heart health. The device can also track changes in mechanical pressure, temperature and pH level, 
which are all related to heart attacks. The membrane incorporates an impressive array of different function 
into one thin polymer sheath, making it an extremely effiicent piece of medical hardware.

Recently, the researchers tested the membrane on a rabbit and succeeded in keeping its heart pumping blood 
outside the body through an artificial circulatory system. In theory, the rabbit’s heart could beat forever with the 
use of the membrane. The researchers are now developing the membrane and moving onto testing in vivo on a 
live rabbit. 

You may be thinking, “How does it work?” Well, first the researchers take an optical scan of the heart and 3D 
print a model. After the 3D model is complete, they arrange the electrodes over the printed mould. They then 
coat the 3D model and the electrodes with a layer of FDA-approved silicone rubber. When the silicone is set, 
they peel off the polymer and the sleeve is complete.

The key to a successful membrane is having it be slightly smaller than the actual heart so that there is just 
enough pressure to keep the electrodes in sufficient contact with the surface. But, it is also vital to make sure 
the membrane isn’t overly tight, as that may cause the heart to respond negatively to stimulation. The photo 
below visually explains the stages of production of the membrane.

The researchers predict that the heart sleeve will be fit for human function within 10 to 15 years and will replace 
other crude surgical interventions such as pacemakers or defibrilator implants, which are painful to install and 
are somewhat damaging to the heart.



So what would be the significance of this breakthrough? Unfortunately, every year, one in four deaths in the UK 
are due to cardiovascular disease, which is around 180,000 a year. Worldwide, 17.7 million people die from these 
diseases, which equals to 31% of all deaths globally. It therefore seems clear that this innovative technological 
breakthrough has the potential to save millions of lives and prevent the development of minor heart 
conditions into serious conditions. This will additionally cut treatment costs as well as economically benefit 
medical health care systems, because they will receive fewer patients being admitted for cardiovascular 
treatment.

The researchers obviously have more development to make in their design as there are issues to overcome. 
For example, powering the membrane without conventional batteries, as they would require a cord from the 
interior to the exterior of the body. One of the other problems the researchers need to tackle is the way in which 
data collected by the membrane can be sent to a device, as typically the patient or doctor will require the data to 
check the heart’s function. The researchers plan to implement a Bluetooth system onto the sleeve so 
information can be sent efficiently. Steady progress is being made as we speak, or read.

It is technological innovation such as this that inspires me and makes me so passionate to pursue a career in 
engineering. My ambition would one day be to be part of a team of engineers identifying problems and  
providing solutions. I strongly believe that this product could make a huge positive impact on the human race. I 
also believe that the researchers who have developed the membrane seem highly underappreciated and  
deserve to be congratulated on their efforts. In conclusion, these incredible researchers should be recognised, 
supported and encouraged as their invention develops into a conventional medical device.
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The Wright Brothers: Engine and Three-Axis Control - David Evans, St Olave’s

The aerospace industry is an exciting field, with new aircraft constantly being developed and produced to  
satisfy a huge demand. Both from the growing aerial transport industry, as well as from military powers  
struggling to one-up each other. The fruits of this industry are experienced by millions of people globally who 
travel from place to place by air.  I will examine two features of aircraft which make modern aviation possible: 
the control system and the engine, using the specific example of the Wright brothers.

The control system is the key to producing a safe aircraft. In the nineteenth century, gliding pioneers had been 
content with controlling their craft by changing the position of the centre of gravity – this was achieved by the 
pilot shifting their weight from one side of the glider to the other. Even those that had considered aerodynamic 
methods of control designed their aircraft like airborne cars, recognising that they would need to be moved up 
and down and steered using a rudder, but not realising the importance of movement in the roll axis. They  
realised that occasional gusts of wind would cause the aircraft to roll, but most tried to fix that problem by  
designing wings with enough dihedral to give their aircraft significant inherent stability.

When the Wright brothers began to design aircraft at the beginning of the twentieth century, they took the  
opposite approach. They believed that the pilot should have full control of the aircraft at all times, and that  
inherent stability would lead to laziness (in fact, they designed their gliders and the 1903 Wright flyer with 
anhedral, to deliberately reduce stability in the roll axis). They were the first to realise that aeroplanes could not 
rely solely on inherent stability from dihedral and that no craft of useful size could be controlled simply  
moving the centre of mass, as pioneers like Otto Lilienthal had done in their gliders. Following on from this 
insight, they made the intellectual leap to three-axis control, using wing warping for roll, elevators for pitch, 
and finally a rudder for yaw. Three-axis control set the Wrights apart from all of their contemporaries, and was 
instrumental in their subsequent successful demonstration of powered flight.

While three-axis control produces a safe aircraft, it does not necessarily follow that it will be a useful aircraft. 
Without an engine, the end result is a glider, trading gravitiational potential energy with kinetic energy for 
flight. The aircraft is almost useless for transportation: any load, along with the glider, must first be moved to a 
region of high elevation to be launched, which will almost certainly take more energy than would be saved by 
making the necessary trip by air rather than over land.

After their 1902 glider, the Wrights had largely solved the problems of control and stability of the aircraft, so 
they began to work on how powered flight could be achieved. They calculated that they would need at least 
6.0kW delivered by an engine weighing less than 91 kg to keep their aircraft up in the air. At the time, there were 
no engines of this size delivering this much power, so they asked their mechanic and assistant, Charlie Taylor, 
to build one from scratch. The engine block was cast from an aluminium-copper alloy to save weight: the final 
engine weighed 82 kg and produced 8.9 kW of power (this was after the engine had heated up: the maximum 
power was nearer 12 kW). On December the 17th, 1903, they finally made their historic ‘first powered flight’, 
covering a distance of 260 metres in 59 seconds on the longest flight of the day.

Three-axis control can be thought of as the basic building block for flight, making it safe, while engines provide 
the power, and can be considered as the essential component needed to make aviation useful to humankind. 
Both technologies were crucial for the continued development of aviation, and as such, it is extremely difficult 
to assign one of them a higher importance. However, given that propulsion is useless without an adequate 
control system, the most significant technological advance must be three-axis-control. In fact, the importance 
attached to aerodynamic control by the Wright brothers is what ensured their success.

Main Source:
Combs, H. (1979). Kill Devil Hill. Boston: Houghton



Why aren’t there more female pilots? - Epiphany Hema Watterson, Blackheath High School

These past few years have been remarkable for women and as we have recently celebrated 100 years in which 
women have been allowed to vote, it is unavoidable to reflect on the progress that has occurred (such as 
Margaret Thatcher becoming Great Britain’s first female Prime Minister) and the challenges that women are 
still facing in promoting equality such as the gender pay gap. 

In STEM subjects, most university graduates are men. Females are only 23% of those with a degree in 
engineering, aged 24 to 34, as well as only 30% of graduates in mathematics and computer 
science. It is very well known that the science industry is lacking in female presence and this still shocks many 
people to this day. One statistic that astonishes people the most is that only 3% of the world’s current pilots are 
actually women. Recent studies have shown that it is rare for two women to be in the cockpit twice together 
which is much different from how unexceptional it is for that to occur for two male pilots.

In 1934, Helen Richey became infamous for becoming the world’s first commercial female pilot, which is an 
astonishing achievement for women. Unfortunately, in only 10 months, she left this career due to unfortunate 
treatment from her fellow male colleges. However, Captain Marnie Munns, a pilot of 18 years, stated in an 
interview in 2018, that she is completely supported in her place of work and no offensive remarks have been 
made to her by her passengers or colleges. This shows the impressive progress that has been made in showing 
respect for all people at work in spite of their gender.

Many people have heard a phrase similar to ‘female drivers are bad’, which doesn’t consider the statistic found 
in 2009: 73.5% of fatal crashes involved male drivers. Therefore the stereotype of women being bad drivers is 
misleading.
 
On the ITV show, This Morning, regular flight passenger and journalist, Angela Epstein, stated that she felt safer 
with a male pilot as it’s ‘a bad idea to have women in the cockpit.’ She believes that, at times, her menstrual 
cycle has an effect on the quality of her driving, but this has backlashed as many have stated this is highly 
incorrect. Angela has openly admitted that ‘sometimes, it feels better to have a man in charge’. Some interviews 
have recently been conducted showing that about 2% of passengers do prefer to have a male pilot in fear that 
female pilots will have mood swings and suffer from PMS symptoms while in the cockpit, which has angered 
many.  

Easyjet has seen this as an issue and the airline are always encouraging women to work in the aviation 
department. Easyjet says that by 2020, 20% of their new pilot entrants will be female; preventing society from 
seeing female pilots as an abnormality and to alter the male-to-female ratio in aviation departments. Carolyn 
McCall, Chief executive of budget airline Easyjet, told the British Air Transport Association (BATA) in 2015, that 
the carrier intends to double their female pilot intake from 6% to 12% within two years. This has inspired more 
airlines to partake in accepting more women, to help change the statistic that there are only 4,000 female pilots 
in a total of 130,000 pilots.

After conducting a recent survey on the sixth form of a girls school, it was found that the majority of students 
believe that the reason there is such a shocking male-to-female ratio in the aviation industry is due to the 
media. ‘From a young age, I always watched many movies and every film that involved a flight always had a 
male pilot so I always got used to the idea of a man flying a plane.’ This means that from quite a young age, girls 
are encouraged that a pilot is a ‘man’s job’, meaning fewer girls will see it as a possible career path. 

To conclude, it is believed that there aren’t enough female pilots due to the media not promoting this as a 
possible career opportunity for girls. This is why some passengers are startled to hear that a woman is flying 
their plane; they are used to seeing men flying planes from the media. In addition to that, a female’s capability 
is always being defined by their menstrual cycle as society hasn’t yet understood that this does not change the 
performance of one’s work. In order to change this, girls should be encourage form a young age to partake in 
any profession even if it’s seen as a ‘man’s job’. 
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The Science of leap years and what they are for - Morgan Lee, Sydenham High School

Most people know that we have leap years; few people know why we have them and barely anyone 
understands the complicated reasoning behind them. But what are they really for and why do we have them? 
Most years, like this one, are made up of 365 days. But 2016, the year four years before that and the year two 
years from now have 366. And that vital extra day, a leap day, is what keeps our calendars in working order. 
As we use a solar calendar, we rely on the sun to tell us how long a year is and when each of the four seasons 
begins. This calendar was first made to match our farming habits and was useful as it was a reliable and visible 
guide to the passing of time, and even though not many people farm anymore it’s still a system we use.

As a very specific measure, one year, although technically it’s called a tropical year, is defined as the time  
between one spring equinox (the time in the earth’s annual cycle around the sun in which day and night are 
equal in length, before the days finally start to get longer) and the next being 365 days, five hours, 48 minutes 
and 45 seconds. This period is often rounded up to 365 and a quarter days (although even the Greek astronomer 
Hipparchus worked out over 2,000 years ago that this was a very general approximation) - and so to keep our 
years aligned, a leap day is added to the calendar every four years to allow for those overlooked few extra hours 
to catch up.

But what would happen without leap years? If we kept every year at a fixed 365 days, the months would 
gradually shift, so slowly that we wouldn’t notice, until in 750 years’ time, June would fall in the middle of  
winter. Planning for the future would gradually become more and more complicated, and religious traditions 
with a seasonal element, such as Christmas and Easter, would become hopelessley out of sync. So there has 
been considerable motivation for cultures to keep their calendars precise and preictable, also, 
establishing a workable system was a considerable demonstration of power by the rulers of historic empires.

The calendar as we know it today dates back to the Roman dictator Julius Caesar. This ‘Julian’ calendar 
included leap days but instead we had them every three years. When Augustus became emperor he corrected 
this mistake and made it every four years.

But this new calendar was not perfect either, since the year isn’t quite the 365.25 days we were assuming it was. 
Pope Gregory tried to amend this mistake in his Gregorian calendar. As well as adding a leap day every four 
years, he realised that to stay aligned we needed to lose three days every 400 years. This was a Catholic 
decision, which Protestant and Orthodox calendars resisted for some time.

The modern result of these small amendments is our current system where we add an extra day every four 
years. To cater annoying unevent fraction, every 100 years we don’t have the extra day to keep up with the 
fraction. Then, every 400 years we skip the skipping rule and have an extra day again!

The year 2000 was a leap year, since 2000 is divisible by four. But since it was also divisible by 400, the 
dropping of the extra day every 100 years was not carried out. Our current system gives an average year length 
of 365.2425 days, so still a little bit off the actual length of 365.2421897 days, making even this complicated 
modern calendar incorrect by one day in 4,000 years.

So, as well as being the product of millenias of mathematical work, leap years are also the result of rulers and 
dictators imposing their will on people’s day-to-day lives. So leap years are something for all of us to think 
about February 29.



Could I fool you? - Eleanor Roberts, South Hampstead High School

You may have heard the paradoxical joke ‘100% of statistics are made-up’, and thought “that’s all it is, a joke”, but 
think again. Statistics are delicate things. When used properly they can give us a good picture of large 
quantities of data. However, with enough working, even the most ridiculous claims can be justified by ‘maths’. 
But how can you tell if someone is tricking you with some flawed mathematics?

Every day, we’re bombarded with adverts; the average Londoner on a 45-minute journey will be barraged with 
around 130 adverts (according to the Guardian). While they may be exaggerated and photoshopped, most  
adverts won’t be flat out lying to you. In order to make their advert stick in your head, some companies use  
statistics on their advert, tricking the consumer into feeling as if the product is reliable. If you were told that 
buying a £45 pair of shoes would help you ‘Tone your butt up to 28% more than regular sneakers … just by 
walking!’ would you buy them? What if you had bought them and found out the difference was less than half a 
percent? Reebok put these fake claims on their advert because they knew that people wouldn’t think too hard 
about the product or the price, they would read the figures and buy the product - 28% is a big number for one 
pair of shoes. This just shows how important it is not just to blindly follow the seemingly brilliant mathematics 
in adverts, but to actually think about it.

But what about how our world view is changed by the media? Fox News is infamous for its fake news and 
misleading headlines, but people don’t think twice about things like graphs, they look simple and show the 
viewers the facts. On closer inspection, though, they wouldn’t even pass a ten-year-old’s standard of graph 
drawing. As you can see in Figure 1, Fox News published a graph showing the seemingly huge difference 
between the goals and the reality of numbers enrolled in Obamacare. There are fundamental rules that every 
child can tell you about drawing graphs. One of which is that both axes should be labelled. Another is that the 
scale should be the same on an axis and start at zero. But, in Figure 1 the y axis isn’t labelled. Looking at the size 
of the 2nd bar, each line must stand for 1 million. By this logic, the 1st bar should go up to the 6th line not the 
3rd, which gives the impression of only 3 million, 50% of the actual figure. This shows how even with the right 
numbers, somebody can still mess with it to swing public opinion.

Figure 1 - Reference www.huffingtonpost.co.uk

But, on a more serious note, statistics are used in medicine. As a hypothetical example, imagine that you were 
diagnosed with a rare disease that only affects 1 in 10,000 people. The doctor tells you that the test is 99% 
accurate. What’s your response? You think that it’s just under 100% accurate, so if you get a positive test result 
you must have the disease and you’re doomed. But, if you look at it from a mathematics perspective, you’ll find 
out that even if you did test positive, you’re chances of having the disease are actually just 1/100. This is  
because, if the test was only 99% accurate, 1% of the 10,000 would be wrongly diagnosed - and that equates to 
100 people. Given that 1 in 10,000 have the disease, only one of those 100 who tested positive would actually 
have the disease.

Now, that situation might seem bad, but it’s only hypothetical - right? Wrong. Actually, in real life, studies have 
consistently shown that doctors are wrongly diagnosing people 15-19% of the time. In our example, that would 
mean for every 10,000 people tested, 1,899 of them would test fake positive. Therefore, take care with how you 
look at figures, and don’t take them at face value, actually work them out and you might be surprised.

Yes, not 100% of statistics are wrong, but you do have to think about them. You need to stay aware of what you’re 
being told to avoid being deceived by what seems like unquestionable mathematics.



How do bitcoins work? - Jessica Hunter, Croydon High School

Before I wrote this article, I knew that Bitcoin was virtual money that exists in the Internet and people are  
investing lots of money in it.  What I didn’t know was what it does and how it works. 

Bitcoin uses a new technology called Distributed Ledger Technology (DLT). To understand Bitcoin, you first need 
to understand DLT. One key aspect of DLT is the Ledger. A ledger is a record of who has what. It starts with how 
much of something someone begins with and then records what they give (sell, spend, or give away) and what 
they get (buy, earn or receive).  Anyone could look at a Ledger and see who has what. 

The other key aspect is “Distributed”. In DLT distributed means that the Ledger is stored in lots of places for  
anyone to see.  To explain these ideas further, consider properties in a game of Monopoly.
In a normal game:

• the number of properties never change
• the bank owns them at the start of the game
• during the game you buy properties
• when you buy a property, you get a card
• during the game you can sell properties to other players
• when you sell a property, you give the card to another player
• you can tell who owns a property because they have the card
• if all the property cards blew away during the game no one would know who owned the properties
• you normally play Monopoly with people you know and trust
• all the players are in the same place as you
• it would be difficult to copy a card so there aren’t many disputes about who owns what property

Now imagine, instead of cards you have a Ledger for each property on the board. The ledger would record every 
time someone bought and sold the property. For example, you might land on Mayfair and when you purchased 
it from the bank this transaction would be written in the Ledger.  Later on, in the game you might sell the  
property to another player, this transaction would also be written in the ledger after the first one. At any time, 
you could look at the Mayfair Ledger and see the history of ownership. 

Next, imagine the Ledger blew away!  No one would know who owned the properties. To address this, we get 
everyone to keep a Ledger. So, every time anyone buys or sells a property (regardless if we were involved in the 
transaction) we’d record it in our personal Ledgers. That way, if one Ledger was damaged we could use one of 
the others. This means the Ledger is Distributed. 

But now imagine someone wants to cheat! What if this player made up transactions that said they owned 
all the properties. To know when this has happened we can compare Transactions and Ledgers every time 
someone does a transaction. For example, in a game with 6 players, if Sarah sells Gloucester Road to Steven 
then everyone enters this into the Gloucester Road ledger except the cheat (Richard), he enters that Sarah sold 
Gloucester Road to Richard. We assume that Sarah sold Gloucester Road to Steven because 5 people say this, 
only one says differently. We go with the majority. DLT works in the same way. 

Bitcoin uses a Ledger that is Distributed across computers all over the world. Like the Monopoly example, the 
ledger keeps track of how many Bitcoins each person has. To make sure no one is cheating (stealing Bitcoins) 
every time a transaction is done it gets checked by everyone else before it gets entered into the Ledger. 

OK, that explains how it works. But what is Bitcoin? 

Bitcoin is a virtual currency where you can exchange Bitcoins with people you don’t know. These  
transactions are tracked using DLT. You can exchange Bitcoins for real money and you can exchange real  
money for Bitcoins. You can buy some things with Bitcoins but, at the moment, most people just exchange 
them for real money. The price of a Bitcoin (how much real money it’s worth) is set by how many people want it 
and how much are they willing to pay for it. This varies a lot, if you invested £1 in Bitcoin in 2010 you would now 
have £206,000. But, if you invested £10,000 on 14 December 2017 you would now only have £5,000.

Overall Bitcoin is a complex system which is based on the new technology of DLT. Once you have grasped the 
concept of Bitcoins it is fascinating to see how the value of the Bitcoin changes as people lose and gain faith in 
this high-tech currency. 
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Einstein’s special Theory of Relativity: In particular, the Twin Paradox  
- Aisha Mussa, Streatham & Clapham High School 
 
The twin paradox is a thought experiment within special relativity, which states that if there are two identical 
twins, one who is making a journey in space, travelling at a fraction of the speed of light and the other remains 
on earth. Then who is older and why? Because of the applications of time dilation and special relativity it would 
be thought that each twin would think that the other would be older, however this can be solved thinking of 
special relativity. Special relativity tells us that a clock moving at a high speed appears to move more slowly. 
Since there is no relativity due to absolute motion, wouldn’t the twin travelling at high speed be the twin that is 
younger? However, one could argue, wouldn’t the twin travelling at high speeds see the other twin’s clock, and 
so wouldn’t both brothers be the same age? In some cases, this paradox is solved by saying that the brother that 
feels the most acceleration is the brother that is the youngest, however this is based on the mistake that the 
laws of general relativity does not apply to accelerations, and an acceleration must take place in this instance.
Say that the time travelling twin is to reach a star 6 light years away, which to the other twin appears only 4.8 
light years away and the travelling twin is moving at a speed of 0.6c (c as the speed of light in a vacuum) and 
so to the traveller the trip only takes eight years (4.8/0.6), but his twin calculates it to be 10 years (0.6/0.6). With 
this example we can explain the paradox. If both their clocks are 0 when the time travelling twin leaves he will 
reach the star after eight years, where as to the twin it would appear to be 16 years. (10 years it took to get there 
+ 6 years for light to reach the earth showing his twin at the star.) So his clock would appear to be running at 
half the speed (8/16). The twin at the star took eight years, and sees his brothers clock at 6 years before his (time 
it takes for the light on earth to reach him), so 4 years and so to him the twin on earths clock appears to be half 
the speed of his clock. (4/8) This still hasn’t solved the problem as to which twin would be younger.

So let’s focus on the return journey, to the earth bound twin, he sees his siblings clock go from 8 years to 16 
years in four years’ time to him, as his twin left the star at 16 years and so when his twin arrives to the 
earthbound twin, it will be 20 years when his sibling arrives back. So the earth twin sees his brother’s clock 
advance 8 years in what seemed to him as four years, so his clock was moving at half the speed of his twins. 
To the travelling twin, the earth bound twin has passed 16 years in 8 years of his time, so he also sees his twin’s 
clock advancing at double the speed of his. However, they both see that the travelling twin’s clock reading is 16 
years compared to the earth twin’s reading, which is 20 years. So the travelling twin would appear to be 4 years 
younger. The asymmetry in this is that both twins agree with the reading on the travelling twin’s clocks events 
as opposed to the other way around.

In another scenario, if there are two twins A, and B and one of them(A) goes into space and then turns around 
and comes back, each person would think that the other is younger because of the above reasons that the 
moving person(A) would think that the still person(B) is moving and the still(B) would see the moving(A) as 
moving, and moving things experience time slower. From B’s perspective, A gets further away and then closer. 
Say from B’s perspective A takes 10 seconds, and since A is moving, B would think time is moving more 
slowly for A and would calculate A would take 8 seconds to get back. Now since A is moving, what A thinks 
is the forwards direction of time will be rotated to B’s perception of time. So person A would think that person 
B is moving more slowly than A (and he is for 6.4 seconds,) but because of the change in velocity of person A, 
when he turns around to come home, A’s notion of time rotates and skips over a large amount of B’s time, which 
accounts for the missing 3.6 seconds.

The resolution of the paradox is, that because of the change in velocity of person A, their notion of time rotates, 
so their judgement of how time passes in parts of the universe will have gaps in it.



Interesting Integer Sequences and Their Stories - Lunzhi Shi, Dulwich College

I was first introduced to the Pascal’s Triangle back in year 5 when I was asked to produce a program that loops 
and gives a constant output of the triangle. As I began to learn more mathematics, I realized that the triangle 
was far more than an array as you see it.
 

If you aren’t sure about what Pascal’s Triangle is, it’s like the food triangle: the further down, the more there is. 
One number in the array is simply the sum of the two above it, taking empty spaces as zero and the initial as 1: 
it keeps on going non-stop.

Now over with the definition, let’s first take a look at the applications of the triangle. I will start off with this easy 
one related to everyday algebra:
Try expanding this:(x+y). Now this: (x+y)^2. That will be x^2+2xy+y^2. How about (x+y)^3? It will get more and 
more complicated.

But why am I mentioning binomial expansion? Is that somehow related to the triangle? Have a look at the 
rearranged table of the expansions (up to the power of 5):

As you can see, the coefficients draw out the first five rows of the Pascal’s Triangle. Say we have (x+y)^n, you 
then need to find row n to get the coefficients. The row and the expansion are magically related. The powers 
also come in with a very clear pattern of adding up and subtracting down to zero.

This fun fact leads to the so-called binomial theorem. To further explain this, you possibly know that we need 
to use (a¦b) or (a choose b). This is combinatorics; representing the number of ways of picking b elements from a 
set of a elements. We can deduce the numeric value of (a choose b) using the formula:

Therefore, according to what’s shown above, for (x+y)^n, we can write down an 
expansion of:

Or:

hence the binomial theorem.

Now have a look at the pattern to the right – we have formed Pascal’s Triangle. 
Using this method, we can create a bridge to better understand the relationship 
between the Binomial Theorem and Pascal’s Triangle.



If we expand the binomial theorem further into multinomial theorem it’s 
going to become more interesting. We can first have a look at the example 
(x+y+z)^n. As it is three-dimensional, we can visualize this with a matching 
Pascal’s Pyramid. And if we go into factorizing, it can be represented as:

What if we have, say, m subjects in the brackets and visualizing polygons can no longer support us? Since 
everything follows a pattern, there is a formula for the multinomial theorem:

Going through the full proof would take a very long time. There are articles 
you can find online that explain the theorem step by step – it only adds 
another loop of getting a product on top of the coefficient calculation.

Now, on to some other sequences. There are a lot to find in this triangle and 
I will go through some briefly. Say we take all the odd numbers in a Pascal’s 
Triangle and leave the rest alone. Zoom out, we discover this pattern known 
as the Sierpinski Triangle. The same goes for the pyramid.

We also have the Fibonacci sequence which is a bit hard to spot.

You have possibly worked with probabilities with this sequence in school. A 
famous example is flipping coins. You will either get heads or tails. Suppose 
you throw it n times. The possible number of results can be found in row n 
in Pascal’s triangle. The total possibilities of either heads or tails appearing x 
times, (x≤n), is shown in the array with the x^th representing the total 
possibilities. Let’s draw a table:

The same theory applies to the pyramid model. Suppose a very skilled coin 
flipper has 1/3 the probability of landing a coin standing straight up, the table 
would look like the one above on the right.

So where does this perfect creation come from? We need to look back 
to France in 1654. In 1654 Blaise Pascal completed his Traité du Triangle 
Arithmétique and later the titular array was given the name Pascal’s 
Triangle. However, the original discovery of this array, which later led to the 
more famous Pascal’s Triangle, actually took place in China. In the 13th 
century, mathematician Yang Hui officially presented the triangle. Hence it is 
still called the Yang Hui Triangle in China. 

The earliest official mathematics in China dates back to the Shang Dynasty 
(1600-1050 BC). Back then, calculations were done using rods of bamboo. This 
first number system could even handle complex calculations pretty well. It 
was, however, just a counting method- the written numbers were not that 
efficient.



Jumping 1500 years ahead, the numeric system had improved a lot to make 
mathematics more accessible. In the 13th century, China’s mathematics 
reached its peak as many new features were discovered by mathematicians 
and the government decided to make education of mathematics available to 
everyone. 

Yang Hui was one of the mathematicians who stood out during this time. To 
the right is the “Yang Hui’s Magic Concentric Circle”, another very  
interesting integer array. Counting the four circles and the eight semi- 
circles, the sum of the numbers in each semi-circle is exactly 69. There are 
also eight radii which, if you add the numbers up, also gives 69. The second 
sum is 147 – which is the sum of the numbers on four diameters and the 
sum of the numbers in each circle plus 9 in the center. 

Talking about magic circles, the Ding Yi Dong magic circle is also worth 
mentioning. In this model, the sum of each circle is 200. Also, taking a 
number on one circle and adding it to the number which is exactly on the 
opposite side of that circle, you always get 50 (for example, 14+36=50 and 
45+5=50). Knowing some of these properties, we can deduce other properties 
like the sum of each diameter would always be 325 (25+6*50).

Magic squares, in turn, are constructed with similar properties. Again, the 
square is always related to a ‘magic’ constant which is the sum of the  
integers in each row, column and diagonal. In this 3 x 3 model, it is 15. This 
model is called the Lo Shu Square, which is the earliest magic square  
discovered in China. 

The more advanced magic squares were officially recorded in 
Greece in the 14th century. These models were combined with 
a much deeper meaning- linked to planets and gods. The magic 
squares were said to be written into medieval magic books. 
Ranging from the 3 x 3 model to the 9 x 9 one, they were given 
names of: Saturn, Jupiter, Mars, Sol (Sun), Venus, Mercury, Luna 
(Moon). Astronomy is very different though, but very well con-
nected with maths.

Later, people constructed the magic cube which has similar 
properties. Well, people never stop exploring, do they? Soon the 
term ‘magic hypercubes’ was introduced by mathematician 
John R. Hendricks. The cubes follow the exact same rule, that 
is, the sum on any axis is always the same. Let’s have a look at 
the previously innocent-looking 3x3 model in 4D. 

People have been creating crazy things all the time, including the 
ones they can’t really see, or understand very well.

You might wonder about the formula to the magic number, since no 
matter how you construct this magic cube, the stem of the magic 
number will be related to this. Suppose a n-dimensional magic 
cube arranged in an b×b×…×b structure, the formula for the magic 
number would be:

Looking into the higher dimensions has always been a hard thing 
to do, and the seemingly convincing results we get could  
sometimes be more confusing than the question itself. Imagine 
throwing a paper ball to a whiteboard with 2-dimensional  
creatures on it. What they would see would only be a cross-section 
of the paper ball and its changing shapes will not follow their laws 
of physics. But just now, we put ourselves as ‘flatlanders’. 



The 4D model above is technically correct, but if a 4D visitor decides to take you into his dimension to show you 
this magic cube, you would be seeing blobs and spheres and other things that make absolutely no sense - could 
this explain why movie makers decide to put a blurring and confusing background every time there’s a scene of 
time travel?

There are so many integer sequences out there and you can just pick one from the pool and spend the whole 
afternoon looking into it. There is even an encyclopaedia just for integer sequences – oeis.org, or The Online 
Encyclopaedia of Integer Sequences. By 2015, there were at least 250,000 sequences on their list – go have a 
look and see if you find something new.

The earliest, pre-historic mathematics that could be 20,000 years old started as human began to quantify things 
around them – time, matter, etc. The concept of numbers is always the essence of our world and writing this 
article has been a good experience; reminding me of a page I haven’t turned over for a long time. And most 
importantly of all, I hope you, fellow mathematicians, have enjoyed reading this.



Cicada 3301 – The Mysterious Internet Puzzle - Conor Bawcutt, Dulwich College

Cicada 3301 is an organisation that since 2012 has created a series of internet puzzles, with one puzzle giving 
you the key to the next. The puzzles are all focused on cryptography, data security, steganography, with 
sometimes a little history and music. The purpose of the organisation making these puzzles was to recruit 
“highly intelligent individuals”. The first ever message/puzzle released was the one shown below:

For this first puzzle, people were quick to find out that you had to open this “image” in a notepad document. If 
you scrolled down to the bottom of the notepad document, this was found:

This informed us that to find the next puzzle, we had to use something called Caesar’s cipher. This is one of 
the simplest encryption techniques, and is widely known. More advance encryption techniques can be used to 
make websites secure, meaning they can’t be hacked easily, but using a Caesar’s cipher wheel would be much 
too easy to take advantage of if it were to be used as security in a website. The way this wheel works is if 
something tells us the letters were to be shifted to the left by three, the letter D would become A, E would 
become B and so on. After the text document Caesar’s cipher puzzle was solved, it led to an image which told us 
what we’d solved was a decoy, however it wasn’t and cryptographers were quick to understand that a program 
called outguess had to be used. The image that the Caesar cipher puzzle led to is shown below:

This puzzle led on to another puzzle, and the process continued, with puzzles increasing with difficulty so 
dramatically that not even cryptographic professionals were able to figure out. 

Only a few people know what really happens if you complete a puzzle and we are unsure of the people who 
have completed one, and some may have made up the fact they had completed the puzzle, but there are 
theories that roughly 500 people are a part of the cicada 3301 organisation. There were puzzles released in 2012, 
2013, 2014 and hints on Twitter of a 2016 puzzle, but there were no signs of a 2015 puzzle. We also know that this 
wasn’t one person messing around on the internet, as later on in the 2012 puzzle one of the challenges when 
figured out gave us coordinates to multiple places. The coordinates led us to phone boxes in Spain, Russia, 
America, Poland, Japan and France. When people went to these coordinates, posters below were put up at the 
points, making it clear it wasn’t one person who had travelled around the entire world just to put up these 
posters, in such a short amount of time.
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The beauty of Mathematics – Georgina Lee, Newcastle High School

Her natural beauty attracts me, from the symmetry of binomial expansion to the elegance of powerful 
equations such as Euler’s identity. Her logic captivates me. Her creativity inspires me, building arithmetic from 
the raw materials of primes and entities. She is endlessly criticised, scrutinised and exposed but she never fails 
to show her true beauty in the end. She is driven by ambition. She is permanent. Her ideas speak in a 
harmonious way. Fractals have underlying simplicity which generate such complexity. Her visualising is 
enlivening when adding new dimensions to problems and utilising tools from other branches. 

She began her journey in Alexandria where her rigour was tested from axiom to proof. Her logic was captivated 
by the framework of Euclidean geometry; deducing a range of postulates and theorems. Her functional 
fluency was portrayed in the eloquence of her sequences; from Fibonacci to Pascal’s Triangle. This “Golden” 
beauty appears throughout nature in Nautilus shells. Her strength to build bridges between algebra and  
geometry was imitated by Descartes, when discovering infinitesimal calculus and analysis. Her uniqueness 
is mirrored by the Cartesian co-ordinate system where the planes are mere observers to the central point. The 
longevity of her knowledge is shown in the elongated integral sign; the suggestive notation for calculus is one 
of her enduring legacies. Despite her aesthetic appeal, very few applaud her talents; finding it hard to define her. 
Similar to the inverse relation of integration and differentiation. 

She has been manipulated and rearranged, yet she still shines with her paradoxical algebraic properties. She 
has been proved wrong time and time again, until her ultimate superiority conquered with Fermat’s Theorem. 
Her beauty was too large for a margin, containing only ugly words, becoming a precious secret for years. She 
was formally rescued by proof of Andrew Wiles, where she opened up entire new approaches to problems and 
questions, flooding the world with her brilliance. She stimulates development and innovation; leading followers 
such as Riemann to vivid hypothesises and complex zeta functions. She is never satisfied. Our world of reality 
and fact was not enough for her, forcing her to undertake imaginary parts. The external simplicity of her 
symbols hide her internal intricacy and the entanglement of ratios and integers, such as Pi.

She exaggerates the contrast between her gentleness and imperfection, between her alleviation of 
suffering through medicine to implementing destruction through weapons of war. She runs riot with ballistics 
and aerodynamics, spurring repulsive and intolerable behaviour. Her search for truth and innocence spirals 
with destructive applications. However, she redeems herself inspiring the evolution of Boolean algebra, 
facilitating the deciphering of encryption and revolutionising computer science. Here, her simplicity is 
reflected in the few numbers required, 1 and 0, to unveil an Orwellian future.

With the passing of time, her limitations have been explored- devices with mere straightedge and compasses 
alone found not to be sufficient to trisect arbitrary angles. Yet, her vibrant youthfulness shimmers in the colour 
and revitalisation of Ramanujan’s prime number theory. She is a global phenomenon attracting admirers from 
around the world through her beauty and complexity.  She is celebrated through collaboration and cooperation, 
leaving her mark of “the Erdos number”  as a momento of her powerful presence. 

Despite having existed for an eternity, from the Babylonians to Newton and Conway, like the numbers, she is 
still in her prime. Her trends are explosively expanding and her diversity is magnifying, intertwining herself 
with others. We continue to utilise her favours in all aspects of modern life from the cradle to the grave. 
However, notwithstanding her dazzling beauty she is only loved by the rarefied few. I am one of these and I 
will continue to share my vision of her charms for the remainder of my days.



The Mechanics of Snowboarding - Toby Evans, Dulwich College

Whilst watching the winter Olympics in Pyeongchang, I was intrigued by both the sports, and the mechanics 
behind them, particularly the half-pipe snowboarding. The snowboarders accelerate down a slightly angled 
slope, climb the pipe and perform jumps and tricks. Shaun White won an amazing gold whilst Yuto Totsuka 
crashed out since he failed to complete his trick before he landed. One more second in the air could have made 
all the difference, so I decided to investigate the circumstances which would optimise performance  

A successful halfpipe jump optimises air time and maximises height, my research therefore investigates the 
mechanics which facilitate this, illustrated below.

Shaun enters the half pipe at A and gathers speed whilst descending at an angle β.  At point B, he climbs the 
pipe at an angle θ, increasing vertical height by ∆h. The angle of take-off at point C is α.  To get the gold, Shaun 
needs to perform the maximum number of tricks whilst airborne and attain a maximum height. So, I want to 
find out the values of the variables which will maximise both time in the air, t, and maximum height reached, 
Hmax.  Assuming zero air resistance and minimal friction, the angle of the climb, θ, does not impact upon loss 
of velocity between Vb and Vo, but it does impact upon the trajectory angle, α, which determines the maximum 
height reached by the snowboarder, therefore, θ is significant. From the diagram above, α+β+θ=90, hence α=90-
β-θ , I will investigate the impact of α.



The diagram above illustrates the trajectory from the top of the half pipe, at point C.

Accordingly, I set up the problem as follows:

Superpipes are standard for all major competitions and have walls built of snow which are 6.7 metres high, 
therefore d = 6.7m, the pitch angle is typically 18o, therefore β= 18o and gravitational field strength, g = 9.8 m/s2. 
We are also assuming that Shaun’s mass is 75kg.

The law of conservation of energy states that energy can neither be created nor destroyed, rather it can only be 
transformed from one form to another. Therefore, as Shaun gains height, he gains gravitational potential 
energy, but loses kinetic energy, hence:

Therefore, in terms of Vb, we can find Vo as:

The optimal take off velocity, Vo, is driven by the factors that the judges consider in their scores: height reached, 
technical difficulty, performance and overall control. The objective is not, like slalom, to achieve a maximum 
initial speed, but rather one which optimises the total score. In Pyeongchang, Shaun White attempting to beat 
Hirano, came out with energy and speed, but fell midway through to gain only 55 points. His more controlled 
final run, however, earned 97.75 points and the gold medal. Vb is therefore assumed to be in the range of 15-20 
m/s. From the chart below, we see that initial speed is almost directly proportional to time airborne, and also 
maximum height achieved. The equations which I input into excel and their derivation are lengthy, and 
therefore they are not included in my main essay but added in the appendix.

I then looked at the values of Hmax and t while changing Vo from 15 to 20 m/s, as shown in the graphs below:

As velocity increases, so do both Hmax and t, indicating that they are directly proportional, therefore I set Vb to 
20 m/s, the speed that enables tricks without impeding control. This leaves three unknown variables, α, Hmax 
and t. I then investigated the impact of α on Hmax and t: the two variables which would affect the judges score. 
(The graphs are only plotted to 72o for α since otherwise, after that point, θ would be negative).



As alpha increases, both airborne time and maximum height reached increase, however airborne time does 
peak before starting to fall again, as shown in the graph below: 

Using solver, I discovered that airborne time was maximised when α= 67.8045, whereas maximum value for 
height in the air is achieved when α=72, which is the maximum value of α with a non-negative value for θ (the 
maximum value for height in the air while taking all real values of θ into account is when α=85.38). 

Since both variables contribute to score, I decided to optimise around a new variable, Hmax + t, aiming to 
achieve a more accurate optimum value for α, yet the output from solver was still 72o.  I deduced that the 
weighting was unfair, since a 4o decrease in α  to 68o produced a 0.5m change in height but only 0.01s increase 
in airborne time. In addition, I noted that snowboard halfpipe commentators continually mention the difficulty 
of the tricks, and how a fraction of a second could make all the difference, whilst ignoring the factor of height 
in the air completely. Consequently, I decided to use a weighted average, with 95% based on the skills, and 
therefore airborne time, and only 5% on height reached in the air. Maximum height reached was divided by time 
airborne to provide a more similar change in values for each degree increase of α,  providing me with a value for 
alpha of 69.64o, and thus a value for theta of 2.36o.

To validate my result, I analysed some images of halfpipe snowboarders taking off, as shown below, the 
measured angle of take-off was around 69o.

To conclude, professional snowboarders have adopted an angle of take-off in line with the result which I 
derived using mathematical optimisation, empirical evidence therefore supports my solution.



A Mathematical Introduction to Chemical Kinetics - Mitchell Simmonds, Dulwich College

It may seem trivial that chemists aren’t always interested in what the products of a reaction may be – they are 
instead more interested in how the reactants react to produce these products. To understand the following 
derivations and explanations it is important to understand these definitions:

• Rate of reaction= change in concentration of a substance per unit time
       [A]= the concentration of reactant A
       [B]= the concentration of reactant B

• Rate Equation = k[A]α[B]β where k is a temperature dependent constant and α and β are exponents  
determined experimentally

• Order of reaction with respect to (w.r.t.) a substance = the power of the concentration of the reactants as 
       expressed in the rate equation  

Let’s consider the following hypothetical equation:

A + B --> Products

Firstly, I am going to investigate reactant A. The concentration of A, [A], is measured throughout this fictitious 
reaction over a given time. When a graph of [A] against time is plotted, the following graph is produced:  2

Reactant A has zero order and therefore changing the concentration of A does not affect the rate. Yet, how can 
this be told from the graph? 

To determine the rate from the above graph, we must calculate the gradient. To calculate the gradient, we must 
differentiate. Firstly, however, let us look at the rate equation, taking only [A] into consideration, given that we 
know it is zero order. 

Rate= k[A]0

As we know the gradient is negative, we express the rate as the following differential:
Rate= - d[A]/dt = k

If we rearrange we get:
d[A] = -k dt

We are now in a rather nice position to integrate the left-hand side with the limits [A] and [A]0 ([A] at t=0) and 
right hand side with the limits t and 0. We can express this thus:

If we then solve for [A] and rearrange, we end with the following: 
[A]= -kt + [A]0

The above expression allows a chemist to find the concentration of reactant A at any point after the reaction 
has begun. Not only that, we have just proved that the result of a concentration-time graph of a zero-order 
reaction is a straight line with a negative gradient. 

Let us, in due turn, turn our minds to reactant B. It is experimentally determined that the hypothetical reaction 
above is first order with respect to reactant B. 



The concentration-time graph is as follows:
 

This certainly looks to be more complex – it is not a straight line. However, the principle is identical to that of 
a zero-order reaction. Remembering that A is zero order and so can be excluded from the rate equation of this 
entire reaction, the equation is:

Rate=k[B]1

Therefore, using the same method as above we get:

If we integrate this the same way, we observe:

A successful integration provides:
ln[B] – ln[B]0 = -kt

Therefore, if we were to rearrange this to give:
ln[B] = -kt + ln[B]0

Then finally take exponents of both sides:
[B] = [B]0e-kt

Proving that the graph above is an exponential.

I will not prove the second order law; however, it has an increasing half life and when the concentration of a 
second order reactant is doubled, the rate quadruples. 

Finally, this will (hopefully) make greater sense when placed into context. Let’s look at the following reaction:
2NO(g) + O2 --> 2NO2 (g)

This reaction is determined to be 3rd order: 2nd order with respect to NO2 and first order with respect to O2. Its 
rate equation therefore:

Rate= k[NO2]2[O2]

The next step is to propose a mechanism for the reaction. I hasten to write that it is only a proposed 
mechanism forming some intermediates and it cannot be proven to be true- but we have strong reason to 
believe it is...
The rate determining step is the slow step and therefore according to the rate equation, 2 moles of NO and one 
mole of O2 must affect the rate. Presented with this proposed mechanism: 3

Here, N2O2 is the intermediate. The formation of the NO2 in the slow step relies on how quickly the N2O2 and 
the O2 react. The formation of the N2O2 is reliant on two moles of NO; two moles of NO and one mole of O2 are 
responsible for the rate- the stoichiometry adds up.

This brief introduction to chemical kinetics seeks to mathematically prove the graphs that are so well known 
and place them into a wider context. Finally, the keen scientist will spot that at the start, I mentioned that the 
rate constant, k, is temperature dependent. This can be proven by the Arrhenius Equation: 

k=Ae-Ea/RT

However, more on this another time…

1.  https://www.chegg.com/homework-help/definitions/rate-constants-and-the-order-of-reactions-6
2.  Graph obtained from: http://www.chemhume.co.uk/A2CHEM/Unit%202a/12%20How%20fast/Ch12Howfastc.htm
3. Provided by: https://chem.libretexts.org/Core/Physical_and_Theoretical_Chemistry/Kinetics/Rate_Laws/Reaction_Mechanisms/ 
Reaction_Mechanisms
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