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Editor ial
A very warm welcome to the third edition of Vector, the 
school's STEM journal. I would like to extend my deep 
thanks to all our contributors and sub-editors for their 
fantastic work; as a team, we have sought to cover a 
great variety of topics, ranging from recent advances in 
the different fields to initiatives begun here at St Paul's. 
To that effect, we have created two completely new 
sections, each on a topic very relevant today: one on 
Environmental Sciences, and the other on the current 
COVID-19 pandemic. 

It is, in fact, due to this pandemic that the biomedical 
field has been receiving disproportionate attention 
amongst the sciences; this is rightly so, given the 
severity of the current context. Great importance is 
being attributed not only to the fundamental science, 
but also to other key elements such as the management 
of public health systems, mechanisms for distilling (the 
immense amount of) therapeutic data to fit specific 
patients, and constructing social health information 
networks to empower patients to find available curative 
options.

I?d like to draw attention, though, to another closely 
related and equally important topic, which has been 
receiving slightly less airtime: the topic of making 
medical research more productive. The chart below 
illustrates the quandary of research productivity, which 
has been in secular decline measured in terms of 
number of cures for the money invested, even after 
adjusting for inflation.

In the US, for example, it now takes an average of 10 
years and $2.6 billion investment (more than 2 times 
the amount 10 years ago) to get a compound from 
laboratory research, through 3 clinical testing phases, 
to final approval; and only 4% of compounds which 
start the testing process actually make it to the end. It is 
partly due to the cost of this approval process, 
expanded as it has become in the last 70 years, and also 
due to the fact that the "low-hanging fruit" has already 
been discovered, that these higher financial 
requirements have been imposed.

While the decrease in productivity has been a necessary 
part of making drugs safer, this trend has led to fewer 
drugs being approved, as well as an increase in drug 
cost. Consequently, one cannot help wondering how to 
counter this, without sacrificing the safety of the drugs. 
If the cost of research and clinical testing is difficult to 
alter in the short-term, then there could be merit in 
reflecting on different means of procuring further funds 
to expand research and testing, beyond the currently 
available government grants, charitable foundations, 
and public and private capital in the form of equity as 
well as debt.

Different approaches are currently being 
conceptualized. Two are relatively new departures 
worth exploring further.

The first was developed at MIT over the last few years 
and postulates a ?super-fund? of many tens of billions 
of dollars ? raised from state and private sources ? to 
invest in a very large number of candidate cures along a 
variety of therapeutic programmes. The thinking is that, 
not only are the risks spread across many compounds, 
but that this diversification also allows for 
advantageous access to debt capital ? since risk will 
have been reduced by the quantity of projects involved.

The second is a ?subscription method?, based on the 
postulate that bio-pharma research is something which 
benefits potentially each and every person in some 
shape or other; hence, the thinking goes, research 
funding could be anchored upon a levy on every citizen: 
most citizens would likely not be afflicted by the 
diseases researched, yet a small spend by each could 
lead to needed cures for the afflicted sub-set. It may be 
viewed as a rational investment by each person since 
everyone has some probability of affliction, even if that 
probability turns out not to apply in the end.

These are only two methods being considered, but they 
demonstrate the complexity of the question. While the 
mechanisms of paying for drug development are often 
overlooked, they form a fundamental part of delivering 
the eventual cure.

 Ismail Mardin

Editor- in- Chief
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Medicine

Using C.elegans to detect cancer
Joseph Gil
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Cancer claims the lives of many people across the world 
each year. There were 9.6 million deaths from cancer in 
2018 and deaths are increasing each year; it is predicted 
that 17 million deaths from cancer will occur in 2030. 
Early detection (before symptoms arise), like cancer 
screening, is important to the successful treatment of 
cancer because if cancer is diagnosed at an early stage, 
treatments are much more effective. If cancer is found 
and treated early, the cure rate improves significantly. 
According to Cancer Research UK, in the case of 
stomach cancer in the UK (2013-2017). The 5-year 
relative survival rate is 65% if it is detected and treated 
when the cancer is in stage 1, but decreases to 25% at 
stage 3 and there is no survival when the cancer reaches 
stage 4.

As such, the ability to reliably detect cancer is very 
much needed, with a variety of techniques being 
developed to achieve this. One example of cancer 
detection is to train dogs to detect specific odours that 
only people with cancer emit. However, the accuracy of 
this method is influenced heavily by the odour's 
concentration, which varies greatly; this limits the 
reliability of the dogs. This makes them unsuitable in 
the clinic, as well as being expensive to train. Thus, an 
alternative is required.

A promising discovery has found that a species of 
nematode worm, Caenorhabditis elegans (C.elegans), 
displayed positive chemotaxis (movement in response 
to detection of chemicals) towards cancerous secretions 
in urine and tissues. This is because these secretions 
bind to chemical receptors, which allows C.elegans to 
detect the secretions, and it moves towards them. 
However, it isn't known why the worm displays this 
behaviour nor why it has these receptors. It displayed 
negative chemotaxis from urine from healthy people. 
Some hospitals in Japan have already been introduced 
to a C.elegans-based test, called 'N-NOSE', which was 
developed and now produced by a Japanese company: 
Hirotsu Bio Science. N-NOSE uses your urine to assess 
your cancer risk.

C.elegans is a 1mm long, hermaphrodite nematode 
whose life cycle takes 3 days, producing 300 eggs per 
cycle and can feed on laboratory E.coli grown in agar, 
which makes it easy and cheap to grow. They are found 
naturally in soil. C.elegans is an accurate organism for 

screening urine and tissue samples because it has 1,200 
olfactory receptor genes, with humans only having 400 
and dogs having 800 genes.

The N-NOSE test has an accuracy of 95% when 
distinguishing between cancerous and non-cancerous 
urine samples. Also, C.elegans can accurately detect 15 
types of cancers from stage 0 and 1 cancers with an 
accuracy of 85%. They are: stomach, colorectal, lung, 
breast, pancreatic, liver, prostate, uterine, oesophageal, 
gallbladder, bile duct, kidney, bladder, ovarian, 
oral/pharyngeal. 

When comparing current cancer detection tests, the CEA 
test (which examines colorectal cancer, stomach cancer 
and lung cancer), which is a tumour marker test, has an 
accuracy of 38.3% in stage 3 to 4 and 13.8% in stage 0 to 
1 cancer. One of the tumour marker tests for CA19-9 
(diagnosing pancreatic cancer, biliary tract cancer and  
gastric cancer) has an accuracy of 52.5% in stage 3 to 4, 
and 13.8% in early stage 0-1 cancer. This large difference 
in the N-NOSE test's and the tumour marker test's 
accuracy means that if 100 people with early stage 
cancer were tested with both methods, the N-NOSE test 
would diagnose 73 more people than the tumour 
marker test.

Chemotaxis doesn't appear to be affected by sex, diet, 
pregnancy, alcohol consumption, smoking, diabetes, 
ulcerative colitis or by medication. Fewer restrictions 
makes C.elegans-based tests more flexible. However, 



 In vitro to in silico: the vir tual isation of drug 

development
Alex Richards 

Drug design is an extremely costly and time-consuming 
process, chiefly because of the complexity of biological 
systems. During the process of designing a new drug, 
millions of candidate compounds are whittled down to 
just a few molecules which may eventually find their 
way on to the market, after extensive trials. Almost all of 
these drugs share a general mechanism: they bind to a 
target protein and modulate its action. For example, 
various antiretrovirals bind reverse transcriptase and 
inhibit it, preventing viral replication.

 As long as the necessary information about the cause of 
a disease is available, then identification of a target is 
possible. This is the first step of the process of 
developing a new drug. After that, the target protein 
may be structurally characterised with X-ray 
crystallography, if the structure has not already been 
solved. This involves purification and crystallization of 
the protein. The crystal is then placed on a needle and 
X-rays are radiated through it.  The tertiary structure 
can usually be inferred from several patterns of the 

X-rays after they have diffracted through the crystal. 
This is a difficult process, to say the least. A virtual 
alternative to this is homology modelling: the structure 
of the target protein is determined using a combination 
of the amino acid sequence and the structure of a 
closely related protein. This is especially useful when 
the target protein is hard to crystallise or purify, and is a 
reasonable way of obtaining a draft structure when this 
cannot be done via experimental means, such as when 
the protein itself cannot be obtained in sufficient 
quantity to allow crystallization or if the structure is 
unusually difficult to resolve using X-ray diffraction.

At the next stage of the pipeline, small molecules are 
screened for binding activity against the 
macromolecule. Usually this is done via 
high-throughput screening, whereby libraries of 
thousands or millions of compounds are physically 
tested against the protein with the aid of automation. 
The most promising compounds are further 
investigated. The drug is then tested in an animal model 
and begins human trials, if it appears to work. However, 
even if a drug candidate binds to the target very 
strongly in vitro, it may often lack efficacy when 
administered in animals or humans. 

The cost of drug development has driven the increased 
use of bioinformatic techniques in the drug 
development pipeline, in place of several experimental 
procedures. This is a far cheaper approach, although it 
is not as accurate. For instance, a virtual library of 
compounds which could act as drugs can readily be 
prepared, and may be filtered so that only drugs with 
favourable drug-like characteristics are included. These 
would form the set of compounds considered. This 
reduces the probability of producing compounds which 
fail later on in the process due to poor interactions with 
the body. Indeed, most molecules do not possess the 
requisite properties to act as potential drugs. This is due 
to their ADMET (absorption, distribution, metabolism, 
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C.elegans show no difference in attraction based on 
cancer type and as such they cannot show what kind of 
tumour is present. Additionally, sample concentration 
needs to be carefully regulated, as accuracy is affected 
by it. But, the advantages outweigh the issues 
considerably. Therefore, N-NOSE is a convenient, 
economical, accurate and painless urine test. This 
shows how C.elegans would be useful as an early 
detection or a first screening test. 

Another method of commercialising a test would be to 
identify what receptors of C.elegans detect the 
secretions and isolate the genes coding for these 
receptors. Then to amplify it via PCR and engineer 
bacteria to produce the receptor. One could use these 
receptors as part of an enzyme-linked immunosorbent 
assay(ELISA) test. This could then be mass-produced 
and sold as a test for hospitals.



excretion, toxicity) characteristics. These determine 
how efficaciously a compound interacts with the body. 
Fortunately, to some extent a compound?s ADMET 
characteristics can be predicted computationally. 
Lipinski?s rules are a set of heuristics that can be used to 
determine whether a molecule is likely to be poorly 
absorbed. The most common mechanisms of toxicity of 
drug candidates can be screened for virtually. Having 
filtered the library so that all compounds have 
favourable predicted ADMET characteristics, a virtual 
screening can then be performed. This involves running 
docking simulations on each small molecule (ligand) 
and the target protein (macromolecule). Each docking 
experiment calculates the strength of the binding 
interaction between the ligand and the macromolecule, 
and determines the most likely interaction. As long as 
there is sufficient computing power, this can be 
conducted fairly rapidly. In an age of multi-core CPUs 
and shrinking transistor sizes, dockings can be run very 
quickly on high-powered machines. The quality of the 
dockings can be problematic: not all drug candidates 
which exhibit a high simulated affinity for the target will 
function as expected in the human body, or even in a 
test tube. The simulated docking of the ligand to the 
macromolecule is often inaccurate. Rather than being 
modelled as dynamic molecules which may undergo 
conformational changes, proteins are simulated as 
though they are static objects. This reduces the quality 
of the predicted interaction. Furthermore, the effect of 
the reaction taking place in aqueous solution is not 
considered. All these limitations, however, have not 
prevented the widespread application of virtual 
screening in rational drug design.

As computing power increases, and the quality of 
docking programs does too, virtual screening will 
become even more accurate. The rapid construction 
and screening of custom small molecule libraries 
against macromolecular targets holds great promise. It 
allows not only for fast, versatile drug development, but 
also for increased ease of drug design against very 
virulent pathogens. For instance, emerging zoonotic 
viruses which require high biosafety levels do not need 
to be handled until very late into the drug development 
pipeline, which makes the creation of important 
therapeutics easier. Certain pathogens are also difficult 
to culture for purification of a target protein, and for 
these virtual screening is also extremely useful.

Virtual screening may well come into its own in the 
search for antivirals against SARS-CoV-2, the causative 
agent of COVID-19. Due to the urgency of the situation, 
virtual screening is especially applicable. Researchers 
have already identified several targets, based on the 
viral genome. One such target is the SARS-CoV-2 main 
protease (Mpro).

This protease is responsible for cleaving viral 
polyproteins into single separate proteins, which are 
then capable of carrying out their respective functions. 

Clearly, if the action of the protease were to be 
inhibited, then the viral replication would be prevented. 
(An analogous approach has already been taken against 
HIV protease, with success.) Therefore virtual drug 
design methods are being put to work: libraries of small 
compounds have been virtually screened against 
SARS-CoV-2 Mpro in a recent study. The group screened 
a library of drugs already on the market against several 
molecular targets from SARS-CoV-2, including Mpro. 

This drug repurposing approach is particularly 
powerful, as any compounds which appear to have 
antiviral activity have good ADMET characteristics. In 
their virtual screening they identified a number of 
compounds which might inhibit SARS-CoV-2 replication 
by binding to Mpro, including the antibiotic 
lymecycline,  the anti-epileptic Progabide and 
(unsurprisingly) the HIV protease inhibitor amprenavir. 
These compounds will need to undergo physical assays: 
the binding activity of the ligand can be assessed in a 
test tube using quantitative methods. Hopefully some 
of the many existing drugs that demonstrate efficacy 
against Mpro in silico will continue to show promise, 
though there will of course be many compounds that 
fail in vitro and in vivo. 

With the frequency of disease emergences only set to 
increase, rapid response to novel pathogens will 
continue to be vital. Virtual screening is and will 
continue to be an essential force in combating these 
highly variable threats, as well as for cheaper 
development of new drugs for other diseases.
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Cancer is one of the most widespread and deadly 
diseases known to man. One reason why cancer is such 
a potent disease is because it consistently dodges the 
body?s immune system. Multiple different treatments 
have been tried and tested in order to combat cancer. 
One such treatment is immunotherapy. Immunotherapy 
is the enhancement or suppression of the patient?s 
immune system. In the case of cancer, activation 
immunotherapies are used, which initiate or enhance 
an immune response. The ultimate aim  is to trigger a 
tumour-specific immune response, without triggering 
an autoimmune response.

One of the most common immunotherapies that is used 
to treat cancer is checkpoint inhibitor therapy, which 
uses a type of monoclonal antibody. Checkpoints are 
proteins on the surface of T-lymphocytes (helper T cells 
and cytotoxic T cells) that help stop them from initiating 
an autoimmune response. There are checkpoint partner 
proteins on the surface of all cells in the body. These 
proteins bind to the checkpoint proteins and signal the 
T cell not to launch an immune response. However, 
cancer cells have been able to upregulate the 
production of checkpoint partner proteins on their 
surface membranes, which enables them to dodge the 
body's immune system. Checkpoint inhibitors bind to 
these checkpoint partner proteins and stop T cell 
checkpoints from binding. Since the T cells are no 
longer able to bind it causes them to launch an immune 
response against these cells. The most common 
checkpoint partner proteins that are targeted are PD-1 
(programmed cell death 1), CTLA-4 (cytotoxic T 
lymphocyte associated protein 4) and PD-L1 
(programmed cell death ligand 1).

So far immunotherapy has had great success in treating 
patients with the most deadly forms of cancer: 
melanoma and lung carcinomas. These cancers are 
particularly dangerous due to their ability to 
metastasise quicker than other cancers (melanoma) 
and because they are hard to detect at early stages 
(lung carcinomas). Over the past decade different 
checkpoints inhibitors have been tested against a 
variety of different cancers. This led to the first FDA 
approved checkpoint inhibitor, ipilimumab, to treat 
metastatic melanoma in 2011. Ipilimumab blocks the 
CTLA-4 partner protein, however, since the introduction 
of this checkpoint inhibitor multiple different partner 
proteins and combinations of partner proteins have 
been targeted. The aim of testing different 
combinations is to try and have the greatest effect on 
the tumour with the smallest autoimmune response. In 

recent years a combination of Ipilimumab and 
Nivolumab have been used in trials to treat patients 
with advanced (metastatic) melanoma. In one such 
trial, carried out in 2018, 53% of patients survived for 4 
years or more after treatment began. This is a 
significant breakthrough as in recent years the 5 year 
survival rate has been about 15-20%.  

Not only this but checkpoint immunotherapy has 
significantly fewer side-effects than the current 
treatments for melanoma and lung carcinomas. The 
most common treatments for these are surgery and 
chemotherapy or radiotherapy. The most common 
side-effects of immunotherapy are rashes, fatigue and 
abdominal pain. These are relatively mild when 
compared to the side-effects of chemotherapy and 
radiotherapy which are hair loss, nausea and sore skin.

It is clear that immunotherapy is the future of treatment 
for many cancers, especially melanoma and lung 
carcinomas, because it is both more effective and has 
fewer side-effects than current treatments. As a result of 
this, immunotherapy is being used more and more 
often to treat cancer patients. Immunotherapy will and 
is currently having a large impact in the treatment of 
cancer and has opened the door to successfully treating 
some of the deadliest cancer types.  

Immunotherapy and i ts future impact on 

cancer  treatment    
Will iam Lovell  
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Biology

Why doesn?t a mother?s immune system reject her 
foetus? It seems as if this question should have a simple 
answer, and a very tempting response would be to say 
that, of course a mother won?t reject her foetus as they 
are related and as a result, they should express similar 
antigens. This isn?t necessarily untrue, but something 
important to consider is that a foetus, as well as 
expressing its own unique antigens, will also express 
paternal antigens which are wholly unrelated to the 
mother. Therefore the immunological changes that 
occur during pregnancy are crucial for its success. They 
are also fascinating ? not only because it is the foetus 
which drives and regulates these changes, but also 
because in addition to dampening its mother?s immune 
system to avoid rejection, the foetus must also, to an 
extent, paradoxically, encourage some sort of immune 
response in order for the pregnancy to be successful.

These immunological changes begin to occur before the 
embryo is exposed to the maternal immune system. 
This is because the maternal immune system is 
pre-conceptually exposed to paternal antigens during 
intercourse, encouraging the development of Treg (T 
regulatory) cells and in turn suppressing the action of 
white blood cells (WBCs) around the uterus. This 
?primes? the immune system so that the embryo 
doesn?t receive a huge inflammatory response the 
moment it implants into the uterus lining, which is 
when the embryo is exposed to the maternal immune 
system. This process, known as ?pre-conceptual 
priming?, is very important as if it is not carried out then 
there are complications that may threaten the 
pregnancy: a common scenario in which this is the case 
is when donor sperm is used in IVF (in vitro fertilisation). 
The lack of paternal antigen exposure could  force the 
mother to have an early pregnancy if the baby is 
developed enough; if not, abortion must be considered.

Specifically, the immunological changes which typically 
prevent this from being the case are incited by the 
extravillous trophoblasts (EVTs). These cells, formed 
from the cells in the embryo, protrude from the 
placenta into the decidua ? the thick, mucous lining of 
the uterus. An immune response is triggered in two 
ways: exposure to membrane proteins on the surface of 
the EVTs, and exposure to proteins found on 
membrane-bound vesicles known as exosomes. 
Exosomes are 30-100nm in diameter, and carry proteins 
and mRNA, which are released by EVTs into the decidua.

An example of a membrane-bound protein from an EVT 
is MIC. This binds to the NKG2D receptor found on 
natural killer (NK) cells. When activated, this receptor is 
responsible for starting the chain of signals inside NK 
cells which lead to the release of perforins, molecular 
hole-punchers which mediate cell lysis. However by 
binding to NKG2D, MIC down-regulates its expression in 
NK cells, therefore decreasing the amount of perforins 
released, suppressing the immune response. When MIC 
binds to decidual NK (dNK) cells - NK cells found in the 
decidua, similar but distinct in phenotype to NK cells 
found around the rest of the body and much less 
cytotoxic - it causes the NKG2D receptor to be brought 
inside the cell. The overall effect is that less NKG2D is 
exposed on the surface of NK and dNK cells, reducing 
their cytotoxicity, and providing a more benign 
environment for the technically ?foreign? embryo. FASL, 
another important protein also found on EVTs and 
exosomes, binds to the FAS receptor on active CD3 T 
cells, causing them to undergo apoptosis (programmed 
cell death), in turn weakening the immune response. 

Of all the proteins embedded into the surface of EVTs, 
arguably the most significant is HLA-C (one of the only 
three antigen complexes expressed by EVTs), which is 
one of the main proteins involved in determining 
whether the immune system identifies cells as ?self? or 
?non-self?. When presented by EVTs, HLA-C binds to a 
receptor found on NK cells called KIR, stimulating them 
to inhibit cytolysis and release angiogenic factors 
(growth factors) which contribute to the remodelling 
and growth of the spiral arteries. 

Figure 1: The different states of the spiral arteries. The 
terms ?extravillous cytotrophoblasts? and 
?extravillous trophoblast? are referring to the same 
type of cell. 

The foetal- maternal inter face
Ismael Ibrahim  I r anzo
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dNK cells also produce the cytokine IFNG, which in a 
positive feedback loop stimulates further production of 
IFNG. IFNG in turn activates the enzyme nitric oxide 
synthase, causing it to produce nitric oxide (NO). NO 
then diffuses into smooth muscle cells in the spiral 
arteries and binds to the enzyme guanylate cyclase. 
This starts a chain of signals which results in the protein 
myosin, which is responsible for contraction of the 
smooth muscle surrounding the arteries, being 
phosphorylated, causing the smooth muscle to relax. 
This relaxation is what causes the spiral arteries to 
vasodilate, increasing blood flow and oxygen supply to 
the foetus.  

Although dNK cells are stimulated by HLA-C, they are 
produced through a completely separate mechanism. 
On ovulation, stromal cells (cells forming connective 
tissue) trigger an increase in the cytokine interleukin-15, 
which causes the differentiation and proliferation of 
progenitor/precursor cells into dNK cells. This resultant 
increase in the population of dNK cells means that by 
the time the embryo implants itself into the uterus, 
around 70% of all immune cells will be dNK cells, 
producing a more favourable environment.

As should be obvious, the ways in which the embryo 
interacts with its mother?s immune system to avoid 
rejection and encourage the development of the 
necessary vasculature are numerous. Specific 
components of the immune system must be suppressed 
and stimulated ? and this article by no means covers 

the full breadth of the changes put in place in order to 
achieve this. For instance, here, only positive regulatory 
systems are discussed, i.e. how the embryo drives the 
suppression of cytotoxicity and stimulates the 
development of the required blood vessels. In tandem 
with this, negative regulation is also applied so that the 
trophoblasts (the outer cells of the embryo) aren?t 
overly invasive, something encouraged by excessive 
remodelling of the spiral arteries. Regardless, these only 
temporary, tightly controlled changes are impressive in 
their own right. 

Figure 2: Diagram outlining a sample of the changes 
that occur at the foetal-maternal interface.

The biology behind colour  change in animals
Kai Nieuwenberg
One of the most fascinating things in the animal world 
is their ability to change colour. One of the most familiar 
cases of an animal changing colour are the chameleons. 
Chameleons are known for their ability to change their 
coat to a variety of vibrant colours, however it is a 
common misconception that, like many other colour 
changing animals, they do this in order to camouflage 
to hide from predators. The real reason for the colour 
change of chameleons is to indicate their 
mood/ intentions to other chameleons as well as for 
regulating their temperature.

Chameleons have the ability to change colour due to 
their unique structure of skin which contains a layer of 
cells called superficial iridophores. These are cells 
which contain thousands of crystals, known as guanine 
crystals, which are able to manipulate light due to a 
high refractive index. This high refractive index stems 
from its variable crystalline structure which is formed by 
hydrogen bonding between the layers. It was recently 
found that the crystal movement, which is achieved by 
the chameleon?s relaxation and contraction of the skin, 
results in different colours. This occurs as the distance 

between the crystals varies, and therefore so does the 
wavelength of light that is reflected. 

Because the chameleon?s nervous system is connected 
to its skin, it can therefore change colour to suit the 
environment in which it is situated. This mechanism 
gives rise to distinctive techniques which the 
chameleon can implement to benefit itself. For 
example, when cold, a chameleon's nervous system can 
communicate with the skin to change its colour to a 
darker tone, so that the skin could absorb more heat 
energy from the sun to help warm up. 

Another one of the most well known cases of an animal 
changing colour is the octopus. Octopuses can change 
their colour due to the cells called chromatophores, 
which contain different pigments that can be revealed 
or hidden. Chromatophores vary in different species of 
animals, however those in cephalopods (into which the 
molluscan class octopi fall) contain an elastic sac filled 
with granulated pigments of different colours, which 
tend to be red, yellow or brown. The chromatophores 
are surrounded by radial muscles, which when 
contracted, stretch out the chromatophore, thereby 
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exposing the pigments within. Like chameleons, 
octopuses change colour for various reasons including 
camouflage to hide from predators or sneak up on prey, 
and to communicate.

Interestingly, other than colour, octopuses can also 
modify the texture of their skin to match their 
surroundings, from a spiked coral reef to a smooth rock. 
Octopuses change their texture by using small regions 
in their skin known as papillae. In these structures, 
muscle fibers run in a spiderweb pattern, with both 
radial spokes and concentric circles. When these fibers 
contract, they draw the soft tissue in the papillae 
towards the center. And since that tissue doesn?t 
compress very well, the only direction it can go is up. By 
arranging the muscle fibers in different patterns, the 
octopus can turn flat, two-dimensional skin into all 
manner of three-dimensional shapes, including round 
bumps, sharp spikes, and even branching structures, 
allowing for an even more credible disguise.

In order to know which colour to change to, the 
octopuses have the advantage of a much more 
advanced eyesight compared to their other deep sea 
counterparts. Their vision interprets the light of their 
surroundings, which through the central nervous 
system (CNS) stimulates certain chromatophores to 
expand or contract. However, recent research has 
unveiled that the control of the colour changes in 
octopuses is not limited to their central nervous 
systems and that their chromatophores may also be 
controlled more locally through the use of their 
peripheral nervous system. This idea of octopus skin 
being sensitive to light appears to make sense given 
that the idea of its being solely reliant on the 
eyesight-to-CNS mechanism is problematic; there are 
examples of octopuses having parts of their legs 

camouflaged in areas on which they do not have a line 
of sight. However how this works exactly is still 
unknown. 

The final animal?s colour change that will be discussed 
is the golden tortoise beetle. In its normal form, the 
beetle displays a bright gold colour on its shell. But if 
disturbed, this will be removed, leaving a more natural 
red colour. The replacement of the gold with the 
reddish-brown is to attempt to intimidate any 
surrounding insects, potentially those with which the 
beetle competes. The way in which the beetle carries 
this out is unique. The beetle has small pockets or 
grooves of fluid inside the layers of its outer shell off 
which light reflects to give its golden appearance. 
However, when distressed, the moisture in these 
grooves is stimulated to dry up meaning that the outer 
shell of the beetle no longer reflects a golden colour. 
Instead, the outer layer becomes transparent thereby 
allowing the dark red colour of the inner layer of the 
beetle to be seen.

The science of animals changing colour involves 
mechanisms that are unparalleled, which may also be 
used as inspiration for the development of technology. 
For example, the discovery of the structure of 
chameleon skin has incited a surge of interest from the 
materials science world, with the potential for materials 
that change colour when stretched. Similarly with the 
mechanism that is used in octopuses,  researchers from 
the university of Houston have developed a material 
inspired by octopus skin which is capable of responding 
to light stimuli in its surroundings and converting that 
stimulus into a colour change. At the moment the 
colours produced in this technology are confined to 
black and white but researchers hope that this will 
improve in the future. 

Investigating the benefi ts of sunflower  oi l  in 

order  to bui ld up the immune system
Param Adani
The effect of diets 
containing sunflower oil on 
immune cell function has 
been widely investigated. 
Lipid administration in 
assays in vitro as well as in 
diets has been shown to 
affect the  proliferation of 
lymphocytes, cytokine 
synthesis, natural killer 
(NK) cell activity and 
antigen presentation. Therefore, lipids may be used in 
the treatment of inflammatory diseases due to their 
immunomodulatory properties.

A variety of molecular mechanisms have been found to 
explain how PUFA (polyunsaturated fatty acids) and 
MUFA (monounsaturated fatty acids) could interfere 
with immune cell functions. PUFA are known to alter 
eicosanoid (signalling molecules, such as prostaglandin 
or leukotriene) synthesis, orphan both nuclear receptor 
activation (peroxisome proliferator-activated receptors, 
liver X receptors) and T lymphocyte signalling by 
changing the molecular composition of special 
signalling platforms called lipid rafts. The consumption 
of MUFA is also beneficial for the immune system 
particularly because it generally helps the body, for 
example, in aiding weight loss and preventing cardiac 
disease. With the immune system, it is particularly 
beneficial in the biological phenomenon of 
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?immunonutrition?. To show this, three groups of  
laboratory mice were fed three diets at various times for 
5, 15, 30, 60, or 90 days. One was composed of 
sunflower oil, another of olive oil and hydrogenated 
coconut oil. The results of the experiment showed that, 
within the mice, the number of splenic cells showed 
significant differences with respect to the type of dietary 
lipid and the time of dietary administration. 

Interleukin-2 (IL-2) production was significantly higher 
in mice fed the sunflower oil-enriched diets for 90 days 
when compared with that of mice fed a diet containing 
hydrogenated coconut oil. IL-2 is cytokine, a cell 
signalling molecule that regulates the activities of white 
blood cells, that is responsible for instigating an 
immune response. Dietary lipid manipulation also 
modified NK cell activity since the results obtained 
showed a significant increase in the NK cell activity of 
mice that fed the diet containing olive oil in comparison 
to mice that fed on the diet containing hydrogenated 
coconut oil. NK activity cells from olive oil-fed mice 
showed the lowest percent inhibition, and the values for 
cells of mice fed the diet containing hydrogenated 
coconut oil were higher than those for cells obtained 
from mice fed the other two diets. There are significant 
statistical differences between NK cell activity of mice 
fed the diet containing olive oil and that of mice fed the 
diet containing hydrogenated coconut oil. 

The comparisons elucidate that the addition to the diet 
of unsaturated fatty acids for different times could 
perhaps play an important role as a modulatory agent 
of immune cell function.

As well as sunflower oil, rice bran oil (RBO) enriched 
diets have been useful in situations where a 
potentiation of the immune response was required. The 
fatty acid composition, more than the unsaponifiable 
fraction, might be responsible for this effect. Research 
shows that RBO modulates the immune system by 
enhancing B-lymphocyte proliferation and TH1-type 
cytokines. The function of TH1-type cytokines is to 
stimulate macrophages and lymphocytes activity. They 
also aid in fostering the development of cytotoxic 
(killer) lymphocytes and are particularly helpful for NK 
cells.  

Apart from the naturally occurring alpha tocopherol 
Vitamin E, as in sunflower oil, rice bran oil contains an 
even more powerful form of Vitamin E called 
Tocotrienols, and an array of myriad natural 
antioxidants having immunity boosting effects. 
Therefore a judicious blend of Sunflower Oil and Rice 
Bran Oil has a highly potent immunity boosting effect in 
the body. Fortification with Vitamins A & D, both with 
unexpected and crucial effects on immune response, 
further enhances its immunity boosting effect.

As the incidence of diagnosed mild traumatic brain 
injuries (TBI) increases, it is vital that we further 
our understanding of their impact on the 
development of serious neurodegenerative 
disease, namely chronic traumatic 
encephalopathy (CTE). The prevalence of mild TBI 
in professional sport has drawn a great deal of 
attention to the topic, bringing it into the eyes of 
the public and giving us an opportunity to search 
for better preventative methods and treatments 
than those that are currently available. 

CTE falls into the broad class of neurodegenerative 
diseases described as tauopathies, which are 
characterised by the aggregation of 
hyperphosphorylated proteins, known as tau 
proteins (p-tau), which can occur in various regions 
of the brain. In its normal state, p-tau is 
responsible for regulating microtubules in the 
neurones of the brain. It does this by aiding the 
assembly of tubulin, the protein that makes these 

microtubules, into hollow fibres. Phosphorylation 
is when a phosphate group is added to an organic 
compound, furthermore, hyperphosphorylation is 
when phosphate groups are added to every 
possible phosphorylation site to the extent that 
there are no more locations where a phosphate 
group could be added. The hyperphosphorylation 
of p-tau loosens its structure, reducing the stability 
of the molecule. 

This causes p-tau to reduce its affinity for 
microtubules, which affects the tau proteins? 
ability to organise and create the microtubules 
filaments. The originally straight microtubule 
filaments tangle, resulting in cytoskeleton 
destabilisation, particularly in neurons. In 
addition, the phosphorylation of a specific area of 
p-tau, known as the C-terminal, markedly 
promotes tau self-aggregation causing what are 
known as astrocytic tangles (ATs) and 
neurofibrillary tangles (NFTs) in clusters around 

Chronic tr aumatic encephalopathy -  what 

contact spor ts real ly do to the brain
Vadim Her i tier  and Tom Elway

12



the blood vessels of the cortex, killing cells and 
causing general neural dysfunction. However, 
p-tau pathologies in general are still quite a 
mystery as the precise mechanism that triggers the 
hyperphosphorylation of p-tau is still unknown.

Figure 1: an aggregation of hyperphosphorylated 
tau proteins

The principal cause of CTE is thought to be 
exposure to repetitive traumatically induced 
physiological disruptions of brain function, 
otherwise known as mild traumatic brain injury. In 
mild cases of the disease it is common to see no 
significant observable changes to the brain. 
However, in more advanced cases the overall 
neuropathology comprises:

- the atrophy of the frontal and temporal 
lobes

- enlarged lateral and third ventricles
- thinning of the corpus callosum
- depigmentation of the substantia nigra

This occurs as during mild TBI neurones 
experience a force capable of causing axonal 
shearing and degeneration (tearing and 
destruction of the nerve cells in the brain). This 
clearly has detrimental impacts to the brain of a 
sufferer of CTE as it impairs the function of these 
regions of the brain. 

As well as this, the axonal injury incurred in mild 
TBI causes a neuroinflammatory response in an 
attempt to repair and limit damage to the affected 
neurones. The cytokine CCL11, which is 
responsible for this inflammatory response, is not 
specific to a particular class of neurones or glial 
cells (cells that surround neurones and provide 
support for and insulation between them) as all 
brain cells express the CCL11 receptor, meaning 
that it has the potential to cause broad 
inflammation throughout different regions of the 

brain. Use of mouse models has shown that 
increased levels of CCL11 causes inhibition of 
neurogenesis, a process by which neurones are 
produced by neural stem cells (NSCs), and a 
reduction in synaptic density. This results in 
neuronal death and synaptic dysfunction, 
ultimately leading to significant cognitive 
impairment. These findings seem to indicate that 
the inflammation caused by CCL11 may act as one 
of the contributing pathologies underlying CTE. 
The effort to reduce damage to neurones following 
mild TBI in the short term seemingly has an 
unwanted chronic long-term impact which may 
lead to permanent inflammation of the cells that 
act as the first and main form of active immune 
defense in the central nervous system (CNS), 
known as microglia, thereby limiting their 
functionality, increasing the risk of future 
infections within the CNS and particularly the 
brain.

Figure 2: coronal sections of a normal brain and 
the atrophied brain of a patient diagnosed with 
CTE  

This destruction of the brain causes many side 
effects, however, in mild CTE they are very difficult 
to notice. These include; memory loss, 
concentration difficulties, finding it difficult to 
carry out a familiar daily task, struggling to follow 
a conversation or find the right word, being 
confused about time and place and mood 
changes. These symptoms are often termed as 
"mild cognitive impairment" (MCI) as the 
symptoms are not severe enough to be diagnosed 
as dementia. However, as a result of severe CTE 
the progression of dementia is very likely to occur, 
leading to symptoms such as dysarthria (slurred 
speech), significant memory loss and 
parkinsonism, which in itself covers a whole list of 
symptoms, from gradual loss of motor function to 
anxiety and depression.
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Lithium ion batter ies
Darshan Ar jun
Lithium ion batteries have been the main driver behind 
technology since their commercial development in 1991 
by Sony. The advantages of lithium ion batteries are 
that they are rechargeable, and can last 2-3 years (300 
to 500 charge cycles). They are also relatively cheap  
compared to a year?s worth of non-rechargeable 
batteries.

The first Lithium ion battery prototype was developed 
by Akira Yoshino in 1985. In the 1970s, the idea of using 
lithium and titanium(IV) sulfide as electrodes to form a 
rechargeable cell was proposed. Both lithium and 
titanium sulfide are both excellent conductors of 
electricity. Titanium sulfide is able to undergo a process 
called intercalation when treated with electropositive 
elements, such as lithium.

Lithium ion batteries work the same way as any other 
cell. There is a positive electrode, the anode, and a 
negative electrode, the cathode. Between the anode 
and the cathode is an electrolyte, a liquid that contains 
ions and which can be decomposed by electrolysis. The 
reason for using lithium is that it is the highest element 
in the electrochemical series, so it has the highest 
tendency to lose electrons. The lithium ions are 
attracted to the negative electrode, but undergo a 
process called intercalation(the reversible inclusion or 

insertion of a molecule or ion into materials with 
layered structures.)

Originally, the lithium was intercalated into titanium 
sulfide, but graphite is a much better material to 
intercalate lithium into. Intercalation increases the van 
der Waals gap between sheets. This process requires 
energy.  The lithium ions then become trapped between 
the sheets of graphite. When all the ions are trapped 
between the sheets, the power supply is fully charged. 
This is an unstable state, and when the cell is removed, 
the lithium ions move back through the electrolyte to 
their original position, via the load, causing an electrical 
current through the load.  

Lithium ion batteries often generate large amounts of 
heat. There is a hazard of explosions when using solid 
electrolytes if enough heat is generated for them to 
melt; for example, this caused Samsung?s Note 7 
batteries to explode.

Aquafaba: the vegan substi tute for  eggs
Yuval Weiss

I first came across aquafaba, the water left over from 
cooking chickpeas, during the 2018 season of the Great 
British Bake Off?s ?vegan week?. The bakers were just as 
surprised as I was that this chickpea juice was the 
miracle substitute for eggs in baking, more specifically 
egg whites for meringues. Their meringues looked 
flawless,  and I was  curious to know what made 
aquafaba so perfect to whip up like egg whites.

In cooking, eggs are a polyfunctional ingredient, they 
have three main roles: emulsifying, coagulating and 
foaming. Emulsification, where the eggs act as a binding 
agent, is the easiest aspect to substitute for (agar agar, 
bananas, peanut butter, flax seeds and chia seeds all 
work). Coagulation (such as for making custard) occurs 

when proteins in the egg denature due to changes in 
either heat or pH. The main coagulation proteins in the 
white are conalbumin and ovalbumin, and lipoproteins 
in the yolk. This property is more difficult to replace, 
however chia seeds and soy have had moderate to good 
success. In contrast, by far the most difficult to replicate 
is the foaming of eggs. This is where aquafaba, 
originally discovered by French chef Joël Roessel, 
comes into play.

A 2018 study led by Martin Reaney at the University of 
Saskatchewan looked into the chemical composition of 
aquafaba. The research team carried out both 1H-NMR 
and SDS-PAGE separations on 10 different commercial 
canned chickpea products and also compared the 
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effects that different additives, preservatives, cooking 
and canning techniques had on the foaming quality of 
aquafaba. They found that the original viscosity of the 
aquafaba was positively correlated to initial chickpea 
fresh weight (meaning that the ratio of chickpeas to 
liquid in the can was higher).  Regardless of these 
factors, every can?s aquafaba had a volume increase of 
around 400% when whipped. 

The study?s 1H-NMR found a total of 20 compounds. The 
spectra showed sugars (glucose and sucrose), alanine 
(an amino acid), nucleosides such as inosine and 
adenosine, alcohols (isopropanol, ethanol and 
methanol), and organic acids (lactic acid, acetic acid, 
succinic acid, citrate, formate and malate). These 
suggest that fermentation processes had occurred at 
some point in the canning process. Interestingly, the 
proton NMR spectra of the foam and juice differed: the 
juice contained various volatile compounds whereas the 
foam contained mainly polysaccharides, sucrose and 
protein, similar to the components of egg whites.

SDS-PAGE and peptide mass fingerprinting 
demonstrated that aquafaba?s proteins are mostly heat 
soluble and highly hydrophilic species such as late 
embryogenesis abundant proteins (which are mainly 
expressed in response to drought-related stress in 
plants). These, along with saponins (soap-like proteins 
with a hydrophilic and a lipophilic end) and protein 
fractions, are responsible for forming the microscopic 
air bubbles that constitute a foam. When aquafaba is 
beaten, air bubbles are dispersed in the liquid, and the 
proteins denature and unfurl. The saponins align 
themselves radially between the air bubbles and the 

water molecules of the aquafaba, with intermolecular 
bonds holding this structure together and the 
polysaccharides reinforce the microstructure.

However, aquafaba alone is not enough to make a Bake 
Off-worthy meringue. If overbeaten, the proteins form a 
structure so tight that the foam destabilises, separating 
into a dry and liquid layer. This is caused by sulfur 
atoms in the proteins losing hydrogens to the solution 
and bonding to each other, forcing out the water 
molecules in the foam. Cream of tartar (potassium 
bitartrate - KC4H5O6) is necessary to help prevent this 
and thus stabilise the foam. The potassium bitartrate 
interferes with the formation of interprotein 
sulfur-sulfur bonds (by releasing H+ ions to replace 
hydrogens lost by proteins) so that the aquafaba can be 
beaten thoroughly while running a much lower risk of 
having a clumpy meringue.

The chemistr y of  sweeteners
Jaspar  Johnston

From Diet Coke to chewing gum to pool water, artificial 
sweeteners permeate society. Popularised as an 
alternative to the teeth-rotting, obesity-causing 
traditional forms of sugar, sweeteners such as 
aspartame and acesulfame K exist in almost every 
diet-friendly alternative of sweet treats that we eat 
nowadays. So what are artificial sweeteners, how are 
they made, and how do we use them?

The traditional ?natural? sweetener is sucrose, a 
disaccharide made of the two monosaccharides glucose 
and fructose. However, the high calorie content of 
sucrose and its excessive consumption has been linked 
to several diseases and medical conditions ? diabetes, 
cancer, obesity. The production of artificial or 
man-made sweeteners has therefore become desirable. 
There are currently four artificial sweeteners that are 
approved by the U.S. Food and Drug Administration ? 
saccharin, aspartame, acesulfame-K and sucralose.
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All of these are classified as sweeteners for two basic 
reasons: they are water soluble and taste sweet. But 
what constitutes sweetness? Sweet tastes are mediated 
by a family of three T1R receptors on the surface of the 
tongue ? the above molecules that lead to a sensation 
of sweet bind to a receptor formed from T1R2 and T1R3 
subunits. This receptor is coupled to a G protein, which 
dissociates when the sweetener binds to the receptor, 
activating a nearby-enzyme, and triggering a sequence 
of events resulting in signals that are carried to and 
interpreted by the brain. Scientists define sweetness by 
measuring the threshold concentration at which the 
majority of a panel of taste experts can taste that a 
sample of water is sweetened ? the lower the threshold 
concentration, the more concentrated the sweetener. 

Sodium saccharin, more commonly known as 
saccharin, was the first artificial sweetener to be 
discovered ? it is approximately 300-400 times sweeter 
than sucrose but is characterised by a slightly bitter or 
metallic after taste. While it is manufactured in its acid 
form, it is not water-soluble, however, the sodium and 
calcium salts are both highly soluble and therefore are 
more commonly used as sweeteners. Saccharin was first 
produced in 1870, by Constantin Fahlberg during his 
work on coal tar derivatives ? Fahlberg noticed a sweet 
taste on his hand one evening and connected this with 
the benzoic sulfimide (saccharin) he had been working 
with earlier that day. Saccharin has found use outside of 
the realm of food, in the chemical synthesis of amines of 
haloalkanes. Traditionally, a Gabriel synthesis can be 
used to produce primary amines from haloalkanes 
using the sodium or potassium salt of phthalimide. 
However, this method of synthesis is limited to primary 
haloalkanes and thus secondary amines are difficult to 
produce. However, by replacing phthalimide with 
saccharin, which hydrolyses more readily, extending 
reactivity to secondary alkyl halides and allowing the 
production of secondary amines. 

Sucralose was discovered in 1976 by scientists working 
for Tate&Lyle, and it is manufactured by selective 
chlorination of sucrose, replacing three of the hydroxyl 
groups with chlorine atoms. It is the sweetest of the 
common sweeteners, being almost 1000 times sweeter 
than sucrose ? this along with its zero-calorie status, the 
fact that it does not cause dental cavities and its safety 
for diabetics has made it a popular sweetener choice, 
with  little being required to produce noticeable effects. 

Aspartame is a methyl ester of the dipeptide of the 
natural amino acids L-aspartic acid and L-phenylanine. 
This sweetener is 200 times sweeter than sucrose and is 
commonly found in chewing gum and diet carbonated 

drinks. Aspartame is commonly produced by chemical 
alteration of the two amino acids that make it up and 
then joining the altered amino acids with a peptide 
bond (O=CR-NH-CR). 

Acesulfame K, sometimes known as acesulfame 
potassium is the potassium salt of 
6-methyl-1,2,3-oxathiazine-4(3H)-one-2,2-dioxide. It is a 
sweetener commonly found in diet drinks, chewable 
medications and protein shakes, where it makes the 
ingredients more palatable ? due to its smaller size, it 
can be used to produce more uniform mixtures with 
other sweeteners. Since its discovery in 1967 and 
approval for use in the United States in 1988 it has 
become so widespread in processed foods that it is 
found in the urine of most human beings. Therefore, as 
acesulfame K is not metabolised by the human body, its 
presence in swimming pool water has been used to 
measure the volume of urine in the pool. Researches in 
Canada found from the concentrations of acesulfame K 
in pools and hot tubs  that a pool 1/3 the size of an 
Olympic swimming pool on average contains about 75 
litres of urine.

Sweeteners and their role in public health have long 
been a source of debate ? while they provide a method 
of satisfying one?s sweet tooth without the threat of 
weight gain, dental cavities or many other conditions, 
sweeteners and their metabolites have often been 
criticised for their toxicity and harmful effects. 
Aspartame is metabolised into methanol and 
phenylalanine (the former is toxic to all in high 
concentrations while the latter is toxic to individuals 
who suffer from a condition called phenylketonuria, or 
an inability to catabolize phenylalanine). If exposed to 
this amino acid, sufferers may develop mental 
retardation. Meanwhile, saccharin is banned Canada for 
its potential links to bladder cancer; sucralose and its 
breakdown products (chlorine and 1,6-dichlorofructose) 
have been associated with shrunken thymus glands and 
acesulfame potassium is known to degrade into 
acetoacetamide, which is toxic in high doses. Despite 
this, sweeteners remain some of the most rigorously 
tested food ingredients, e.g. aspartame has been 
reviewed by over 100 government bodies that have 
repeatedly found it safe for consumption. 
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3D holograms you can see, hear  and feel 

Rayn Lakha
Holograms have long been a subject of interest for 
humanity, featuring in all manner of famous futuristic 
movies such as Star Wars, and Avengers. Though we 
know holograms are possible as a number of projected 
images onto glass or other media, we seem to be 
unable to crack the code to the kind of immersive, 
interactive floating images we see in movies. 

Now however, in a massive breakthrough that is sure to 
delight many, a team of researchers from the University 
of Sussex has developed animated 3D holograms, which 
you can not only see, but can also touch and hear. 
Officially named the Multimodal Acoustic Trapping 
Display, the holograms can be seen from any angle, and 
can portray a coloured 3D image such as a butterfly, the 
earth, or an emoji, without the need for a VR headset. 

How exactly does this stunning piece of technology 
work? The setup uses ultrasound waves to trap a 2 mm 

wide polystyrene bead, mid-air, and move it around in 3 
dimensions at speeds of up to 20 mph, giving the 
impression of a single object. LED lighting is used to 
give the image colour. The technology takes inspiration 
from old TVs which use a single-colour beam scanning 
along the screen so quickly that your brain registers it as 
a single image. The excitement doesn?t stop there: the 
whole image can be made to move, in a similar way to 
how a rapid series of still frames looks like a moving 
image.

As for how you can feel the hologram, even though we 
can?t hear ultrasound waves, they are still a form of 
mechanical wave, and so carry energy through the air 
and can be directed to stimulate content on your skin 
where your hand is coming close to the hologram.  You 
can hear audio content via the changing of frequency of 
the sound waves, causing the bead to vibrate and 
produce audible sound. This means that the holograms 
can even talk! 

Researchers have high hopes for future uses of these 
holograms, stating that they envision future versions of 
the device making use of multiple beads to create even 
more detailed holograms.  Additionally, this ability to 
manipulate matter without actually touching it could be 
hugely useful, for things such as removing  
contamination from chemical tests, or even 
manipulating human tissue in order to deliver 
life-saving medicine. 

Physics

Halley Society

Halley Society Committee 
This year in Halley Society we are researching three 
topics ? analysing data from CERN with Python and R, 
repairing the school?s cloud chamber, and investigating 
insects using the school?s state-of-the-art scanning 
electron microscope. In this article we discuss our 
research to present. 

Adi Prasad (L8) led a team working on the analysis of 
CERN data to potentially re-enact the discovery of 
famous particles such as the Higgs Boson. CERN 
experiments accelerate sub-atomic particles to high 

speeds and then collide them with each other. These 
then interact and produce more sub-atomic particles, 
which may interact with each other, and so on, until an 
equilibrium is reached. What particles are present at the 
start and the end can be used to predict particles 
present in between, which was how the Higgs Boson 
was found. Hidden within this process is intense 
statistical analysis. The team, for example, looked at 
histogram representations of what particles were 
present, and used ?cuts? to ignore the considerable 
amount of undesirable data (?noise?) that can be 
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produced. This allowed them to hone in and find 
relationships in the more important data. Code has also 
been written for linear regression and optimal testing, 
which seeks to fit distributions of data to clear 
mathematical relationships; this will come in very 
handily for estimating errors, as the most important 
part of the Higgs Boson detection was not the first 
detection but narrowing the experimental uncertainty 
in the data down enough to be sure that there was a 
valid detection. 

Joseph Schull (L8) led a team of fourth and fifth formers 
focused on comparing the structure and function of 
mammalian and compound eyes. The structure, size, 
and function of pig and bee eyes differ dramatically, 
and they analysed these differences using the school?s 
Scanning Electron Microscope (SEM) to understand how 
each type of eye is evolutionarily suited to its respective 
organism. A bee generally has two compound eyes on 
either side of its head, and three ?simple? or ?ocelli? eyes 
on the top of its head, whereas pigs possess 
mammalian eyes, similar to those of humans. After 
collecting a dead bee?s head and mounting it on a 
specimen holder, the team used the SEM to capture a 
number of images of the bee?s eyes. They observed the 
compound eye structure, which consists of thousands 
of hexagonal ommatidia (tiny  photoreception units) 
which give the eye its distinctive look. 

Over the past year Joe Dickinson and Pat Gun (L8) have 
designed and constructed a cloud chamber in an 
attempt to visualize ionizing radiation. The basic 
principle behind a cloud chamber is supersaturation ? 
bringing a gas to the brink of condensation. The 
chamber is a sealed acrylic box and there are two main 
parts: the base, on which there is a copper plate 
connected to a cooling element, and the lining, on 

which there are sponges soaked in alcohol. The sponges 
provide the alcohol vapour which will become 
supersaturated. The goal is to drop the temperature of 
the copper plate to as low as possible (ideally below 
-25°C). The alcohol vapour becomes supersaturated as a 
consequence and forms a mist inside the chamber. 
Then, when energetic charged particles pass through 
the chamber, they interact with the alcohol mist, 
leaving a trail of ionized gas particles which forms a 
visual ?cloud track.? Different charged particles leave 
different cloud tracks and the most easily detectable 
tracks arise from alpha or beta particles, but other 
particles such as positrons and muons were in fact first 
discovered from cloud tracks. Joe and Pat have built the 
chamber and have achieved a copper plate temperature 
of -27°C. 

A huge thanks to all the staff in the science and 
engineering departments who helped us. If you are 
interested in participating in a similar research project, 
email Dr Still (BS@...) or come to P1 on Thursdays at 
12.40. Our research projects are student-decided and 
student-driven, and we look forward to a new year of 
exciting project work!

Visiting CERN

James Stubbs
Early on a bitter Tuesday morning, 30 boys and 3 
teachers met at Gatwick?s North Terminal. After a 
smooth flight, we arrived in Geneva, and, after visiting 
various sites, hopped on to a speedy tram and headed 
to CERN. Despite the dreary weather, there was an 
atmosphere of excitement as we headed through the 
main complex into a large classroom. Here, we learned 
about the basics of particle physics and why CERN was 
founded - to foster collaboration between European 
scientists after the Second World War. Following a 
fascinating talk about the recent discoveries at CERN, 
we visited one of the large warehouses, where we 
learned about the equipment used to accelerate the 
particles to more than 99.99% of the speed of light. To 
allow for efficient propulsion, the system must be 

cooled to a temperature colder than that of outer space; 
this makes the metal inside superconduct, giving it very 
interesting properties such as near zero resistance. The 
low temperature also creates the Meissner effect, which 
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Imagine yourself sitting on the window seat of a Boeing 
787-9, staring out of the wide windows. Your gaze 
eventually passes over the twenty-seven-metre wing 
and the integrated Rolls Royce Trent 1000 engine and 
you wonder: how does this tube of metal with 
aluminium appendages, weighing about 115 metric 
tonnes, even come close to lifting off the ground? The 
aircraft is fitted with many different components, 
including but not limited to: wings, engines, and flaps.

Wings

The wings of an aircraft are vital for its operation. Let?s 
take our scenario to 39,000 feet above the ground. As 
the aircraft has some velocity relative to the ground, the 
air in the atmosphere, therefore, has some velocity 
relative to the aircraft. As it passes over the classic 
aerofoil shape, the air travelling on top of the wing is 
under lower pressure than the air passing under the 
wing. It is easy to think that this is caused by the fact 
that the flow has a longer distance to travel over the top 
than under, so to travel faster, it must be more spread 
out and therefore reduce the pressure. However, this 
has been proven to be untrue through wind tunnel tests 
using a stationary aerofoil and smoke. To understand 
this, one must be familiar with two equations. The first 
is the continuity equation, 

where ? is the density, A is the cross-sectional area of 
the flow and V is the velocity. As the flow above the wing 
is displaced more, the loss of flow area means a greater 

velocity. The second equation is given by Bernoulli?s 
principle, named after Swiss mathematician Daniel 
Bernoulli, which he published in his book, 
Hydrodynamica, in 1738. The equation states: 

P represents the pressure and V  the velocity. As the 
velocity over the wing is increased, its pressure must 
decrease. Therefore, the force per unit area (the 
definition of pressure) on the lower side is more than 
the upper side, producing an essential net force: lift. 
The air passing around it is also deflected downwards, 
so by Newton?s 3rd law, the flow deflecting down means 
that the aerofoil is ?deflected? up. Of course, the aircraft 
also has its own weight to overcome, where W = mg (W 
represents weight, m mass, and g earth's gravitational 
field strength). So, the net lift must be equal to the 
weight to maintain stable flight. Towards the tip, the 
wing gets noticeably narrower, which means that the 
high-pressure air below the wing can rapidly spiral over 
the edge and create dangerous vortexes, when 
combined with the low-pressure air above the wing. 
This vortex creates drag for the aircraft as well as 
leaving behind a turbulent wake, a potential hazard for 
aircraft directly behind. Hence, raised wingtips are fitted 
to the wing to reduce the magnitude of the vortices.

Engines

We have established the main forces in the vertical 
direction, but what about the horizontal? Most 
modern-day commercial aircraft are fitted with two, 

Aerodynamics of modern aircraft

Par th Gore

stops weak magnetic fields from penetrating the 
particle, allowing for further propulsion. This is also 
used in Maglev vehicles, to reduce friction. Inside there 
are two tubes for each proton beam. These tubes cross 
inside the 4 main detectors, facilitating the measurable 
collision of protons. When the protons collide, many 
fundamental particles are released such as protons, 
neutrons, photons, electrons, muons and neutrinos. We 
can then figure out how atoms are made in stars and 
supernovae. We can also trace back to the creation of 
the universe.

However, the LHC is not the only experiment ongoing in 
CERN. Onboard the International Space Station there is 
a detector named the Alpha Magnetic Spectrometer 
(AMS). It looks into space and looks for missing matter, 
dark matter & antimatter. It was built in CERN and 
delivered to the ISS in 2011. At the time of visiting, it had 
detected 153.5 billion cosmic rays. 56 different 
institutions around the world help run the experiment. 
We were lucky enough to visit the control room and see 

the analysts at work, monitoring the experiment. We 
learnt that they could measure the energy of the 
particles by taking the deflection of the particles 
through a membrane and measuring the 3D vector at 
which it hit. By measuring the deflection, the speed and 
original direction can be calculated, thus creating a 
picture of where these rays are coming from. We can 
then use this, to discover more about dark matter, 
antimatter and missing matter.

Having seen the sights, we heard from two Oxford PhD 
students who were using LHC data for their theses. It 
was quite interesting to hear how they measured the 
decay of particles using the collider?s data and we 
learned about what a postgraduate student could 
expect to study at Oxford.

Many thanls to Dr Clough, Dr Holmes, Mr 
Swartzentruber and especially to Dr Buckingham for 
organising the trip.
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three or four jet 
engines. These 
powerful machines 
provide the aircraft 
with the second 
essential force: 
thrust. The deep, 
thunderous sound 
that is generated by 
the engines serves 

as a reminder of the magnitude of the thrust each 
creates. The Trent 1000 mentioned earlier produces 
roughly 300,000 newtons of thrust; it truly is a 
specialised conglomerate of electrical systems and 
mechanical components. The turbofan engine consists 
of three main systems: the intake stage, compression 
stage and ejection stage. The intake stage is the large 
fan at the front of the engine, which provides a mass 
flow of more than 1000 kg per second. In the 
compression stage, turbines do work on the air to 
increase its pressure by up to a factor of 40. This 
high-pressure air is burnt with fuel and finally passes 
through the nozzle at very high velocities. This is 
achieved by the cone-shaped, converging exhaust 
nozzle. Though no work is done on the air in this stage, 
due to the conservation of mass flow, the narrow exit 
point means that the mass flow is accelerated and exits 
at a higher velocity. Linking mass flow and velocity, an 
equation for thrust is:

In words, thrust equals the product of the mass ejection 
rate and velocity of ejection flow relative to the ground.

Flaps

It is all well and good that 
the aircraft can produce 
lift and thrust, but how 
exactly does a pilot 
control and correct the 
speed of the aircraft at 
different points in its 
flight? During the landing 
phase, the aircraft needs 
to fly at speeds as low as 
280 km/h, which does not 
seem low, but remember: 
its cruising speed is 915 
km/h. Low speed means a 
low rate of air flow over 
the wings, so dangerously 
low lift being produced. This is where the flaps come in. 
When extended, the flaps increase the surface area of 
the wing. As F = PA, the increased surface area 
compensates for the decreased pressure and a 
sufficient lift force can be generated. As before, the flaps 
also increase the downwash of air, which, by 
conservation of momentum, also leads to an increased 

lift force. However, the flaps also increase the drag, so 
the pilot needs to choose the correct flap angle to 
compromise between increased lift and increased drag 
(during take-off, the aircraft needs a high lift and low 
drag, while requiring both to be high during landing, to 
reduce the airspeed).

Control surfaces

As the name suggests, the control surfaces of the 
aircraft allow the aircraft to rotate in three main axes. 
Newton?s 3rd Law is key here. The first axis is pitch: the 
aircraft rotates about the axis that passes from one 
wingtip to the other. This is controlled by the elevators 
on the horizontal stabiliser at the rear of that aircraft; 
when the elevators are pointing up, the upwash of air 
means the back of the aircraft moves down and vice 
versa. The second axis is roll: the aircraft rotates about 
the axis that passes from the flight deck to the tail. This 
is controlled by the ailerons on the wings. To roll right, 
the left ailerons point down, resulting in a downwash of 
air, which increases the lift on the left wing. The 
right-wing aileron points up, creating an upwash of air, 
which decreases the lift on the right wing. The opposite 
happens to roll left. 

Finally, the third axis is yaw: the aircraft rotates about 
the vertical axis that passes from the top of the fuselage 
to the landing gear. This is controlled by the rudder on 
the vertical stabiliser. When the rudder moves to the 
left, the air passing across it is washed left, the tail of 
the aircraft moves right and the aircraft as a whole yaws 
left; the opposite occurs in order to yaw right. 

These are the most basic aerodynamic components of a 
modern aircraft. However, each aircraft has a multitude 
of systems not visible from the exterior, such as 
hydraulics and further electrical systems to ensure 
safety, so that the only thing you need to worry about is 
what meal you are about to be served!
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COVID-19 has killed over 500,000 people worldwide, and 
the question that the world is asking is: how can we 
stop this number from growing? An answer to this is 
immunity. Ever since Edward Jenner, the father of 
vaccination, injected his son with the cowpox virus to 
protect him against smallpox, artificial immunity has 
kept the world safe from the myriad of pathogens that 
cause us harm. With the acceleration of scientific 
discovery and technological developments, new 
vaccination techniques have been developed.

We need a vaccine that mimics a COVID-19 infection in 
order to produce an immune response that is strong 
enough to provide immunity yet does not cause 
complications in the elderly and immunocompromised. 
The first vaccine, developed by Edward Jenner, used 
cowpox, a non-virulent relative of the deadly smallpox 
virus, to help a patient become immune to smallpox. 
This type of vaccine made using a related virus was 
successful in eradicating smallpox using vaccinia, 
another virus from the pox family of viruses. It works 
because the related virus vaccine has the same antigen 
as the target virus so the memory cells and antibodies 
that were produced in the primary immune response 
against the related virus are also able to combat the 
target virus. This form of vaccination is not suitable with 
regards to SARS-CoV-2, the virus that causes COVID-19. 
In order to find an effective vaccine, we need to use a 
virus that elicits a strong immune response without 
being too virulent, which would take a considerable 
amount of time. Finding this ideal balance takes time 
and given the high rate of transmission of SARS-CoV-2, it 
will be too late by the time a suitable virus is found 
because the population will most likely be naturally 
immunised with a potentially high number of 
casualties.

In order to avoid the time consuming challenge of 
finding a suitable related virus for vaccination, scientists 
have developed attenuated versions of target viruses. 
Attenuated virus vaccines are weakened versions of the 
target virus that cannot readily replicate in the body. 
They are produced by passing the target virus through a 
foreign host. Only a small number of those viruses will 
be able to replicate and grow in the new host thanks to 
a specific mutation. Natural selection will take hold on a 
viral level so that only those virions which can replicate 
easily in the new host will survive. After the period of 

?passage? through the foreign host, the surviving 
virions will have become so well adapted to their new 
host that they are no longer adapted to the human 
body and so are not pathogenic. Live attenuated 
vaccines have been used with many pathogens, most 
commonly in the Measles, Mumps and Rubella vaccine 
of which more than 500 million doses have been 
administered worldwide since the 1970s. 

Scientists have also been able to develop  recombinant 
vector vaccines - the most promising vaccines currently 
in development for COVID-19, thanks to genetic 
engineering. A recombinant vector vaccine involves 
inserting the gene that encodes for a viral protein, in 
this case the SARS-CoV-2 spike protein, in the genome 
of a harmless virus such as an adenovirus. Adenoviruses 
usually only cause the human host to experience a 
cough and a sore throat so no adverse effects will come 
of a live virus injection. 

When the recombinant adenovirus enters the body it 
will infect a human cell and in doing so it will ?recruit? 
the cell to produce its own viral proteins. Because the 
SARS-CoV-2 spike protein gene is part of the adenovirus 
genome that has been inserted in the host cell?s DNA, 
the spike protein will be produced. This protein is 
antigenic - is identified as foreign by the body - and so 
stimulates an immune response specific to it. Thus, the 
body produces antibodies that specifically target the 
SARS-CoV-2 spike protein and memory cells specific to 
the spike protein . 

Nucleic acid vaccines are the next generation of 
vaccines in development. Moderna, a Boston-based US 
biotech company, has developed an mRNA vaccine for 
COVID-19 that has exhibited promising efficacy. This 
vaccine has already entered Phase I trials and on 12th 
May 2020,  it was fast-tracked by the US Food and Drug 
Administration. Nucleic acid vaccines began with naked 
DNA vaccines. Naked DNA vaccines work by inserting an 
antigenic viral protein?s gene into a plasmid, much like 
the process of creating a recombinant vector, and then 

The quest for  immunity

Vasco Far ia

COVID-19
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inserting this recombinant plasmid into the body 
without the use of a vector. A human cell would take up 
the plasmid and incorporate the DNA into its own 
chromosome. The cell would then transcribe the code 
for the antigenic protein and then translate it to 
produce the desired antigenic protein. 

Exploration into DNA vaccines has also led to the idea of 
RNA vaccines such as the potential COVID-19 mRNA 
vaccine. mRNA vaccines are made by synthesising an 
mRNA molecule with the genetic code of the desired 
antigenic protein. This mRNA is then injected into the 
body where it is taken up by our cells. The mRNA is then 
translated by the ribosomes in our cells into the 
antigenic protein molecule. Because mRNA is the 
product of transcription, no DNA needs to be 
incorporated into our chromosomes and so the 
probability that the protein will be produced is higher. 

Whilst mRNA vaccines have shown promise in cancer 
research, no mRNA vaccine has passed Phase III trials so 
far. However, recombinant vector vaccines are very 
prevalent and have been used for Hepatitis B and HPV.

Clinical presentation and diagnostic tools for  
COVID- 19
Arnav Aggarwal

COVID-19 is an RNA virus which belongs to a common 
Coronavirus family, however it is less deadly than other 
members like of the family MERS. It is also zoonotic 
having likely transmitted from bats - because it has 
mutated it is different and more infectious. This has 
been attributed to the fact that despite having the same 
receptors as other similar viruses like SARS, COVID-19 is 
?stickier? so it can have a firmer grasp and enter host 
cells more quickly. 

This virus has spread over continents and is highly 
contagious with a high number of deaths and high 
morbidity rate. Its presentation varies from 
asymptomatic patients to terminal, multi-organ failure 
and a prolonged, fatal ICU course. It is affecting more 
elderly patients with comorbid conditions like obesity, 
diabetes and lung disease. The typical manifestations 
are mainly respiratory, which includes shortness of 
breath, dry cough, pneumonia, hypoxia and end stage 
respiratory failure. Some of the more unusual 
presentations of this disease are chills, diarrhoea, 
vomiting, severe body aches, high fever and sometimes 
hypothermia. There are also neurological symptoms 
that include loss of smell, taste and psychosis which 
occurs due to the inflammation of different cranial 
nerves. 

The most severe and life-threatening condition that can 
be caused is called a ?cytokine storm?, which is a severe 
immune reaction by the body which attacks the healthy 
cells and can cause hyperinflation in the lungs as the air 
sacs become inflamed so air gets trapped and blood 
oxygen levels drop dangerously low. This may lead to 

lungs leaking and filling with fluid which in turn also 
drops the blood pressure. This causes blood clots and 
embolisms in the lungs which can travel to the brain 
and other extremities causing strokes, which have life 
threatening consequences. 

Coronavirus testing is done by detecting antigens and 
antibodies in the patient. Antigen testing detects the 
virus itself through body secretions, usually taken from 
within the sinus. It signifies a current or an ongoing 
infection. Antibodies are protein produced to protect 
the body from infection. They are detected in the blood 
through samples taken from a vein or a finger prick. The 
presence of antibodies signifies that the patient may be 
immune or has recovered from the disease.

Ant igen test ing ? Two main types of Antigen testing are 
available these days:

1. Reverse transcriptase polymerase chain reaction 
(RT-PCR) - This technique has been used successfully for 
over 20 years. It detects an ongoing/current infection in 
the patient. Samples are taken from a nasal swab or 
from sputum. They are treated with chemicals to 

22



remove other substances like proteins or fats so only 
the person's and viral RNA remain. The viral RNA is 
reverse transcribed to DNA and then DNA is copied 
multiple times making around 35 billion new copies by 
increasing and decreasing temperature in the PCR 
machine. A fluorescent marker is then attached and 
used to detect these multiple copies of DNA. 

2. Loop-mediated isothermal amplification (LAMP) - 
This is a new technique that is used in clinical trials 
now. It is similar to RT-PCR and produces copies of DNA 
from the viral RNA. But instead of using a series of 
temperature changes to produce copies of the viral 
DNA, LAMP is conducted at a constant temperature of 
60-65°C. Instead of fluorescence, the reaction mixture 
turns cloudy from the addition of magnesium 
pyrophosphate. This cloudiness can be seen by the 
naked eye. 

Ant ibody test ing - Two types of antibodies can be 
detected by this testing: IgM, which is produced by the 
body in early stages (between 1 to 5 days after the initial 
infection) and IgG, which is produced at a later stage 
after infection (after 5 to 10 days). The positive test 
indicates that infection is most likely cleared, and the 
body may be immune from future infection.

1. Lateral flow immunochromatography ? In this 
technique, a few drops of blood are mixed with a buffer 

and dropped onto a spongy pad in a test device. 
Movement of this sample is detected and compared on 
chromatographic paper. As the sample moves through 
the device, antibodies against SARS-CoV-2 that are 
present in the sample will attach to chemicals in the 
device, capturing the antibodies on the test and control 
lines. This capturing and binding process results in a 
colour change along the test and control lines which 
can be seen by eye, producing one, two or three lines 
depending on the type of antibodies that are present 
(IgM/IgG). 

2. Enzyme linked immunosorbent Assay (ELISA) - It is a 
common, well documented technique which has been 
used for years. Enzymes are used to bind to antibodies 
in the blood and result in a colour change. This colour 
change is detected by a specialized machine. This 
method can be quick and cheap, batches of up to 
hundred samples can be done/worked on at the same 
time. This test is being used to detect COVID-19 
antibodies  and several companies are still working to 
refine it. 

COVID- 19 -  what makes i t so special?
Vadim Her i tier
COVID-19 is perhaps the biggest public health and 
economic threat that the world has faced for decades. 
Coronaviruses are a large family of viruses that can 
cause diseases ranging from the common cold to Severe 
Acute Respiratory Syndrome (Sars). How has this 
specific strain of coronavirus affected our society in 
such a disproportionate manner?

There are seven coronaviruses that can infect humans, 
those being: 229E, NL63, OC43, HKU1, Mers-CoV, 
Sars-CoV, and Sars-Cov-2 , but each of these strains 
have varying levels of infectiousness. For example, the 
first four strains; T229E, NL63, OC43 and HKU1 are much 
less infectious, only ever causing severe symptoms in 
immunocompromised people, whereas Mers-CoV and 
Sars-CoV have infected thousands of people in the past 
and have killed hundreds. Astonishingly, COVID-19 has 
infected millions and killed hundreds of thousands.

The difference between the strains is that the first four 
strains of coronavirus which cause common colds easily 
attack the upper respiratory tract (nose/throat) and are 
unsuccessful at infecting the lower respiratory tract 
(cells in the lungs), whereas it is the opposite for 
Mers-CoV and Sars-CoV. This attack of the lower 
respiratory system is a lot more severe than an attack of 
the upper respiratory tract as it can damage the lungs of 

the patient which limits oxygen intake, and could 
potentially kill them. This could also elicit what is 
known as a cytokine storm, which is when the immune 
system overreacts and starts to attack ?self? cells of the 
infected tissue. This is why Mers-CoV and Sars-CoV are 
so deadly, because they can attack the lower respiratory 
system and have the potential to cause whole organ 
failure, a feat which could never take place in an far less 
deadly upper respiratory disease. However, what the 
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upper respiratory diseases lack in deadliness they make 
up in transmissibility. They are much more contagious 
as it is easier to expel viral particles from the throat 
rather than from the lungs.

Sars-CoV-2, unfortunately, can infect both the upper 
and lower respiratory tract very efficiently and having 
these two sites of infection means that it can mix the 
transmissibility of the common cold coronaviruses with 
the lethalness of Mers-CoV and Sars-CoV, thus 
explaining the crucial difference between the close 
relatives. The viral COVID-19 particles can be expelled 
from the throat into saliva even before infection in the 
lungs as well as before any symptoms have arrived, 
making it much harder to contain.

In addition, the way that Sars-CoV-2 enters a cell is not 
unique. It binds to the same receptor on the outside of a 
cell as Sars-CoV. This receptor is known as angiotensin 
converting enzyme 2 (ACE 2), and it is displayed outside 
of cells throughout the body. However,  Sars-Cov-2 has a 
higher affinity for the ACE 2 receptor. It does this  by 
using the enzymes furin and TMPRSS2 found on the 
outside of the host to cleave the viral spike protein 
which allows for the cell membrane of the virus and the 
targeted cell to merge. Unfortunately, both furin and 
TMPRSS2, rather than coming from the virus itself, are 
produced naturally throughout the body .

By contrast, the cleavage molecules used by Sars-CoV 
and Mers-CoV are much less common and not as 
effective. As a result, Sars-CoV-2 can bind ten times 
more tightly to the cell  so that it can insert its RNA into 
the host cell which helps COVID-19 spread so rapidly. It 
is thought that the involvement of these enzymes could 
explain why Sars-CoV-2 is so good at jumping from cell 
to cell, person to person and possibly animal to human,  
allowing it to have a greater chance of getting deeper 
into the lungs. 

The reason that these strains are different is that the 
viral subgenus of which Sars and Sars-CoV-2 belong to 
undergo frequent genetic recombination, which is the 
swapping chunks of their RNA with other coronaviruses. 
Typically, this is a meaningless trading of like parts 
between similar viruses. But when two distant 
coronavirus relatives end up in the same cell, 
recombination can lead to versions that infect new cell 
types and jump to other species. 

One of the most frequent recombination points in the 
genome is the region that codes for the spike protein, 
which determines the shape of the outer spikes of any 
coronavirus, especially the protein that contains the 
receptor-binding domain (RBD) which allows the virus 
to attach itself to the cell surface membrane of a host 
cell. The changes in these regions are most impactful as 
they change what receptor the spike protein would bind 
to, therefore potentially changing the species the virus 
can invade. On top of this, coronaviruses are also one of 
the few RNA viruses with a genomic proofreading 
mechanism which maintains genome stability. This is 

an advantage as it ensures that the virus finds the 
perfect rate of mutation. 

It is widely accepted that many viruses have existed in 
their natural reservoirs for a very long time and the 
constant spillover of viruses from natural hosts to 
humans and other animals is largely due to human 
activities, including modern agricultural practices and 
urbanization. Therefore, the most effective way to 
prevent viral zoonosis is to maintain the barriers 
between natural viral reservoirs and human society. 
However, given the high prevalence and wide 
distribution of coronaviruses, the large genetic diversity 
and frequent recombination of their genomes, and 
increasing human?animal interface activities, novel 
coronaviruses are likely to emerge periodically in 
humans owing to frequent cross-species infections as 
well as occasional spillover events.
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So, you've just been dealt in, and questions are racing 
through your mind. Fold or Hold? All in or call? What are 
the odds of my hand becoming untouchable? These 
questions are easier to answer than you've been led to 
believe. In this guide, you will be taught a simple but 
effective method of knowing the probability of a good 
play to make. You will also learn some game theory, a 
branch of statistics relating to decision making, which 
will give you an edge over your family and friends for 
your next game night.

The first thing you need to calculate is the set of pot 
odds. This ratio is the amount of money in the pot 
compared to the amount of money you must pay to stay 
in the game. For example, let's say that there is £20 in 
the pot and someone raises the stakes by £5. Your pot 
odds are 25:5, or 5:1 when simplified.

The next step after figuring out your pot odds is to 
figure out your equity (your chances of winning 
compared to your opponent's). To calculate this, take 
your total number of outs(unseen cards which would 
improve your hand) and multiply that number by four 
on the flop (or two when the other two cards are 
flipped). This calculation will give you your chance to 
win the pot as a percentage. Let's take the example of a 
flush draw, giving you nine outs on the flop. Next, take 
the nine and the four and multiply them, giving you a 
36% chance of the best possible hand. As this is a 
percentage, you can make it into a ratio by taking 36 
away from 100. This gives you the left number of your 
equity ratio; 64-36 (64 times you don't make your hand; 
36 times you do). If you simplify this, it becomes 1.7:1. 
This ratio means that every time you make your hand, 
there will be 1.7 times for which you don't. Now you 
need to compare these two ratios to use them in an 
actual game. Take the number on the left of each ratio, 
and if the pot odds number is larger than the equity 
number, this means that the play is good. This is simple, 
especially in lower stakes games where precision 
calculations aren't needed. In any case, this maths is 
not difficult and should hopefully not discourage 
anyone from testing it out.

Game theory and exploitative strategy are what 
professionals use to win competitions such as the world 
poker series. Let's start with game theory or GTO 
Strategy. Game theory in Texas hold'em begins with a 
range analysis, where the combinations of both 

potential hands are calculated - a total of 1326 possible 
combinations. These are then split into two categories, 
suited (and pairs) and unsuited, as suited combinations 
have more winning potential or equity than unsuited 
cards. This is demonstrated here:

Statistically, it makes more sense to play offensively  
with suited cards and pairs, with smart calling and 
bluffing strategies when card dead (receiving a hand in 
the blue zone). Now, this is where the mathematical 
side of things gets interesting, as there is a significant 
drop in combinations by the time you reach the final 
card flip. In my last game, it once decreased from 650 to 
57 combinations, and while 57 combinations may 
sound unworkable at first, it's at that point where you 
need to apply the above pot and equity odds and 
decide to call, raise or fold. Playing like this in a 
competitive setting is almost mandatory for high-level 
poker games, allowing those players to enjoy a Nash 

How to (statistical ly) win at poker
Miso Sukkar

Maths
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Equilibrium, where everyone is playing so optimally 
that any movement away from playing optimally means 
that you shouldn't be competitively viable. 

There's an issue with this line of logic, though, and its 
that many players in both the casual and competitive 
sphere aren't using GTO strategy. This means that while 
you are still playing optimally, there are cracks in your 
opponent's facade that you aren't exploiting. 
Alternatively, some people also have strategies that 

they've grown accustomed to, such as slow playing aces 
(playing tricky and passively). Combining these two 
strategies allows you to minimize risks and maximize 
rewards. An excellent way to practice is to employ AI 
poker programs to play against and teach yourself how 
to play optimally. Exploitative play can only really be 
learned from experience but can be extremely useful 
when playing against someone very unpredictable. If 
you'd like to try out these strategies, I'd recommend 
Red Chip Poker for some resources for improvement.

Geometry using complex numbers
Ping Zhu
Euclidean geometry was the first form of geometry - the 
study of ruler-compass constructions, lines, circles and 
polygons that we?re all familiar with. Named after the 
Alexandrian Greek mathematician Euclid, widely known 
today as the father of geometry due to his textbook 
Elements, it is a mathematical construct that has stood 
the test of time, continually providing us with new 
insights for over two thousand years, and is a 
fundamental cornerstone of mathematics. Ancient 
Greeks and Egyptians made much practical use of it in 
astronomy and land surveying, and over time 
mathematicians came to explore geometry in a more 
abstract sense, deriving relationships that would link 
many areas of modern mathematics, for example 
topology and number theory.

On the other hand, the development of number systems 
had always been rather controversial. For example, the 
acceptance of zero, negative numbers, irrational 
numbers as well as the imaginary unit i have all taken 
considerable time to be recognized within the 
mathematical community, and, indeed, among people 
in general. Interestingly, complex numbers first came 
about in Gerolamo Cardano?s attempt at solving cubic 
equations, not quadratics, as is often assumed. 
Nowadays they have a firm standing in both pure and 
applied mathematics, used extensively in electrical 
engineering for Fourier transforms. 

At a glance, these areas seem irreconcilable ? after all, 
Euclid?s geometry was very much ?real?: every line and 
point is a tangible entity. However, mathematics is 
known for bringing seemingly unrelated areas together, 
as we will see momentarily. The realisation is that we 
are merely utilizing complex numbers as a means of 
representing a geometric picture, and not necessarily 
any physical quantity.

Perhaps the first clue is the similarity between complex 
numbers and vectors. Indeed, they have much in 
common, and complex numbers are particularly 
efficient in representing rotations, since multiplication 
by ?=cos(?) +?sin(?) corresponds to a rotation of . 
Representing rotations in this manner is a very powerful 
idea, so let?s consider it in the context of this  problem: 

Let ABO be an equilateral triangle with center S and let 
A?B?O? be another equilateral triangle with the same 
orientation and S?A' and S?B'. Let M and N be the 
midpoints of A?B and AB?. Prove that triangles SB?M and 
SA?N are similar.  

Condit ion for similarity: 

It is established that two triangles with vertices a2a1a3 
and b2b1b3 of the same orientation are similar if and 
only if:

by SAS, and this is equivalent to:                 

If two triangles are of opposite orientation (as triangles 
SB'M and SA'N are), reflecting the vertices of one of 
them in the real axis (imagine mirroring in an arbitrary 
axis) will make them of the same orientation. This is 
done by taking conjugates, so we have the condition:                       

Define coordinates: Let us denote by lowercase letters 
the complex coordinates of points. We need to show 
that:               

        

We can choose s to be the origin of the complex plane, 
and let O have coordinate R, the circumradius of 
triangle ABO. Let ?= cos(?/3)+? sin(?/3), representing an 
anticlockwise rotation of ?/3. Hence ?=R?2, b=R?4, and if 
we call ?'=R+z, then b'=R+z?.      
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    and  

since geometrically, we see that 1+?2=?, 1+?4=-?2 and 
-?3=1.

  

The triangles are similar  only if:                  

which we?ve shown is: 

and this is equivalent to ??*=1, which is true by 
definition, so we?re done.

In fact, there are many more useful concepts and 
analogous geometric conditions expressed using 
complex numbers besides the one for the similarity of 

triangles. In particular, the real and exterior products of 
complex numbers can be very handy: The real product 
of a and b is defined as a?b=1/2(a*b+ab*), and the 
exterior product as a×b=1/2(a*b-ab*). There are a 
number of useful properties, including (b-a)×(c-a)=0?  a, 
b, c are collinear and (b-a)?(c-d)=0 ?  AB? CD, where 
lowercase letters denote the complex coordinates of 
points in uppercase. Note also that the orthocenter of a 
triangle ABC with its circumcenter as the origin of the 
complex plane is given by h=a+b+c (this can be shown 
using the Euler line and the coordinates of the centroid).

The power of the method of complex numbers lies in 
that it greatly reduces the amount of geometric 
ingenuity required to solve difficult problems by 
providing a set of tools that allows us, in many cases, to 
apply systematically as illustrated above. Of course, a 
true geometer would argue that this is where the beauty 
of it is, but sometimes you just need to get over a 
problem. It is typically much more advantageous 
compared to basic analytic methods using x-y real 
coordinates or vectors due to its compact notation that 
can represent both transformations and coordinates 
efficiently. However, it is important to point out that 
using complex numbers is generally only practical when 
there are only one or two reference circles ? otherwise, 
coordinates can become very messy, and very difficult 
to manipulate.

Four ier  ser ies
Minsuk Lee
Fourier series is a way of representing a periodic 
function using the sum of harmonically related 
sinusoids, combined by a weighted summation. A 
harmonic of a wave is a wave with a frequency that is a 
positive integer multiple of the frequency of the original 
wave. If we write down Fourier?s idea for expressing a 
function with a period T0, we get:

where ak and bk are the weights and

The period of cos(k? 0t)  and sin(k? 0t) is:    

so we can see that the sinusoids are related.

To check why Fourier?s idea works, we need to consider 
the orthogonality of these sinusoids. Orthogonality is 
the generalisation of perpendicularity - if an inner 
product of two vectors gives zero, that means that the 
two vectors are orthogonal to each other.

Vectors are by definition elements of a vector space. A 
vector space is a set, V, that satisfies the eight axioms 
(associativity of addition, commutativity of addition? ) 
with two operations, vector addition and scalar 
multiplication. Functions satisfy all of these properties 
and so we can define them as vectors. You can think of 
functions as vectors with infinite dimensions. For 
intuition, consider a classical picture of a vector:

This same vector can be represented as a spike 
diagram:
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The dimensions can be infinitely increased:

Now let?s check the orthogonality of the sinusoids. By 
definition, the inner product of two functions is the 
integral (with the difference of the upper bound and the 
lower bound being T0) of the product of the two 
functions. We need to check the orthogonality of 
sin(p? 0t) and sin(q? 0t), cos(p? 0t) and cos(q? 0t), and 
sin(p? 0t) and cos(q? 0t). We can check this by using the 
fact that the multiplication of two sinusoids can be 
represented by an addition of two sinusoids and that 
the integrals of sin and cos graphs over its period are 
always zeros. One example is given here:

(i) sin(p?0t)  and sin(q? 0t) 

When p=q,

When p?q,

(ii) (p? 0t)  and (q? 0t) 

(iii) (p? 0t)  and (q?0t) 

Therefore, we have infinitely many orthogonal vectors 
cos(k? 0t) and sin(k? 0t), so we can use them through 
linear combination to express a periodic function.

For intuition, take four vectors [1 0 0 0]  [0 1 0 0 ]  [0 0 1 0]  
[0 0 0 1] . With these four vectors, we can express any 
point in the four-dimensional space through linear 
combination: 

a[1 0 0 0] + b[0 1 0 0] + c[0 0 1 0] + d[0 0 0 1] = [a b c d]  

The linear combination of the vectors akcos(k? 0t) and 
bksin(k? 0t)can express infinite dimensions.

It turns out that we can express some periodic functions 
as:      

                                               

But now we have to find the contributions ak and bk. 
Firstly, we will take the inner product with cos(n? 0t) on 
both sides (n>0) to find ak (or you can think of it as 
multiplying cos(n? 0t) on both sides and afterwards 
taking the integral):

We have seen that for all p,q:         

                                     

and 

 except when p=q, so the equation simplifies to:

We can now replace n by k on both sides of the 
expression as n was designated as fixed but arbitrary.

You can get an equation for bk using similar methods:

For a? 0, let?s rewrite the equation of xT?0(t):

As we know that integrating sin or cos over a period 
would give us zero, integrating both sides would give us:

What does the formula for ak (or bk) mean? We can think 
about the equation as the inner product of the two 
functions xT?0(t) and cos(k? 0t). Remember that an inner 
product tells you how much the two vectors are similar 
to each other. Therefore, you can think of this equation 
as how much the vector cos(k? 0t) is contributing to 
xT?0(t), which is exactly what ak is.
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Euler - Lagrange equation
Soufiane Noubir
The Euler-Lagrange equation is a powerful equation 
capable of solving a wide variety of optimisation 
problems that have applications in mathematics, 
physics and engineering. Problems such as finding the 
optimal path between two points or finding the optimal 
shape of a projectile or even developing new physical 
theories are formulated and heavily rely upon the 
Euler-Lagrange equation.

We are all familiar with the standard way to minimize a 
function: differentiate, set to 0 and solve whilst using 
the second derivatives to verify you are dealing with a 
minimum. These optimization problems, however, deal 
with objects known as functionals. Functionals are 
roughly equivalent to ?functions of functions?. They 
map the set of functions to a set of scalar values. 
Loosely speaking, an ordinary function can be thought 
of as a list of infinitely many values (each representing 
the function evaluated at different points) and thus 
functionals can be treated as functions of infinitely 
many independent variables.  

Here, our standard ways of finding extrema are 
incapable of dealing with so much information. This is 
where the Euler-Lagrange equation comes into play, as 
this equation is well-equipped to deal with these 
optimisation problems.

To find the shortest path between two points, the 
distance along that route needs to be minimised. The 
value being minimised is usually called the action. The 
action is an object that maps a certain path or 
configuration to some scalar value. This path can be 
represented as a function which means that the action 
is a functional. The functional that the action represents 
will depend on the optimisation problem.

To find the distance along a general path, you have to 
apply Pythagoras' theorem infinitely many times on 
infinitesimal line segments that resemble straight lines 
enough that very accurate approximations can be made 
as shown by the diagram below.

The length of the curve can then be estimated by the 
sum of the lengths of these small line segments. 

In the limit of n to infinity this sum becomes an integral 
and it is the integrand that we call the lagrangian. The 
integral is from a to b representing the starting and 
finishing points of the curve. The lagrangian is denoted 
by L.

The lagrangian is a function that depends on the local 
nature of a path at a specific point that gives you a 
measure of how ?bad? that certain path is. This is why 
to find the total action associated with a certain path 
the lagrangian must be integrated from the starting to 
the finishing point. Just like the action, the lagrangian 
will depend on what exactly you are trying to optimise.

The L in the Euler-Lagrange equation represents the 
Lagrangian, q represents a parameterization of the 
optimal path, which depends on the variable t, which 
usually represents time. The q with a dot on top 
represents the first time derivative of the 
parameterization of the optimal path.

One might suspect that the path between 2 points on a 
flat two dimensional surface is a straight line. Below this 
fact will be proved using the Euler-Lagrange equation.

From the previous example, the lagrangian for 
computing Euclidean distance is:

 The LHS of the Euler-Lagrange equation becomes:
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The RHS of the equation is clearly equal to 0 and thus 
the Euler-Lagrange equation becomes:

 The only solution to this equation is when:

 Integrating both sides twice:

Thus it is clear that the path that minimises the distance 
between two points is a linear function:

Another famous problem that can be solved using the 
Euler-Lagrange equation is the brachistochrone 
problem. The objective of this problem is to try to find 
the path down which a particle would roll down fastest.

To solve this problem a suitable Lagrangian must be 
chosen. The time needed to travel along an infinitesimal 
line segment is equal to the length of the line segment 
divided by the speed of the particle. Let q(t) represent 
the vertical distance the particle has dropped at time t, 
and let m be the mass of the particle.

Using conservation of energy, we can find the speed the 
particle will be travelling at at time t.

Thus, the new lagrangian can be obtained by dividing 
the previous lagrangian used for computing Euclidean 
distances by the speed of the particle.

Applying the Euler-Lagrange equation to this lagrangian 
will result in a parameterization of the brachistochrone 
curve shown below:

The principle of least action is a physical principle that 
describes the world around us. It states that nature 
always follows the path of least action and this principle 
allows us to compute the equations of motion of any 
system. Of course, the behaviour of a system will 
depend on what action you are using which is why 
when new physical theories are suggested it is usually 
given in the form of a new Lagrangian.

The lagrangian of a classical system is:

where v is the velocity of the particle and V(x)is the 
potential energy of the particle at position x.

Below is a diagram of a particle P with mass m on a 
smooth inclined plane:

Let ? be the angle of the inclined plane and q(t) be the 
distance to the particle along the plane from the 
bottom of the plane.

The potential energy in this system is equal to the 
gravitational potential energy which is equal to m 
multiplied by the constant g multiplied by the height 
which is q(sin(?)).

 

 

 

Note that the LHS is equal to the force by Newton?s 
second law and thus the Euler-Lagrange equation 
reduces to:

This is equivalent to Newton?s Laws of motion.

The Euler-Lagrange equation is an immensely powerful 
tool with a wide range of applications. It is not only 
used for solving seemingly useless optimisation 
problems but also has huge practical applications. For 
example, Lagrangian mechanics is used in modelling 
the dispersion of air pollutants in the atmosphere and 
the movement of different bodies of water in the ocean. 
Furthermore, these optimisation tools are also utilised 
in determining landing mechanisms of space drones 
and the paths of submarines.
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Engineer ing

How to bui ld the wor ld's fastest car
Caspar  Doyle
The title of the world's fastest production car is one of 
the most hotly contested records in the engineering 
world. To hold this, you have to make a car that is at the 
very edge of what is technologically possible. You need 
the power of a supernova and the weight of a feather if 
you want to achieve automotive perfection. There are 
also many problems with actually getting the record, as 
you need to be able to prove that you didn?t just get 
lucky. Two examples of this are the Bugatti Chiron 300+ 
and the Koenigsegg Jesko Absolut, which I will be 
comparing as we go through what makes a car the 
fastest in the world.

Power

To become the world?s fastest car, you need a lot of 
power. In 2005, French carmaker Bugatti created the 
first car to have 1,000 horsepower, the Bugatti Veyron. 
Since then, technological advancement has allowed for 
much more power-dense engines. Electric cars can have 
up to 40 times more power per litre volume than a 
petrol engine, and, as a result, all-electric cars like the 
Lotus Evija can reach 2,000 horsepower. In the case of 
the Koenigsegg Jesko and the Bugatti Chiron, however, 
a petrol engine is used to save weight. Both engines 
produce over 1,500 horsepower, but each engine 
achieves that in a different way, with Koenigsegg?s 
being more focused on efficiency of each explosion, and 
Bugatti?s being focused on simply more explosions per 
second. To increase the power of an engine, you can 
add any of three things: cylinders, turbochargers and 
superchargers. Adding cylinders is easy, and the Bugatti 
Chiron 300+ boasts a W16 engine: it has 16 cylinders in 
the shape of a W, where there are four cylinders for each 
line. This means that it is exceptionally powerful, but 
Bugatti has increased the power further by adding 4 
turbochargers. A turbocharger uses the air shooting out 
of the exhaust to force extra air into each cylinder, 
meaning that there is a larger explosion inside the 
cylinder, turning the crankshaft with more power and 
therefore delivering more power to the wheels. 

Weight

Obviously, it is much easier to make something go fast if 
it is lighter. However, many modern megacars can weigh 
almost twice as much as a similarly sized sedan. This is 
mostly because of the engine. An engine weighs a lot, 
with Bugatti?s W16 engine weighing almost 500 
kilograms. This includes hydraulics, cooling and the 
block itself, and that's before you add any weight with 
the bodywork.  With the Jesko, Koenigsegg have 
redesigned their engine so that not only does it produce 
1,578 horsepower, but they have used their patented 
Freevalve technology to remove some of the heavier 
parts of their twin-turbo V8, such as the camshaft, 
which regulates when pistons open and close. 
Consequently, manufacturers often chase power: 
weight ratios, as that is truly what determines how fast 
a car can accelerate and what speeds it can reach. The 
Koenigsegg Jesko has a ratio of 1.13 hp/kg, whereas the 
Chiron only has 0.55 hp/kg. This means that the Jesko 
will accelerate much faster, and will have a much higher 
top speed.

Aerodynamics

You might not think that air can make a big difference to 
the speed at which something can go, but it is often the 
crucial factor when it comes to making the world's 
fastest car. Air resistance increases with the square of 
the speed, so the change in force becomes massive for 
every mile an hour when you approach 300 mph. A car 
with the amount of power you need to reach 300 mph 
will need lots of vents and air intakes to feed the engine 
with air and cool it down. These vents increase drag, as 
the air is slowed down and therefore exerts a force on 
the car, slowing it down as well. McLaren Automotive 
recently finished development of the McLaren 
Speedtail, the most aerodynamically efficient hypercar 
the world has ever seen. It was based around the most 
aerodynamic shape in nature, the ?teardrop?, with a 
smooth face and ?boat-tailing? at the end. Boat tailing is 
when the end of an object is elongated, and it reduces 
the Venturi effect, which ?sucks? the car backwards, by 
reducing the sudden change in angle that the air is 
forced around (see diagram). 
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There are a lot of regulations concerning how to 
actually achieve the world record. Currently the record 
belongs to Koenigsegg with the Agera RS, which 
achieved 277.9 mph, but the speed has actually been 
beaten. The Bugatti Chiron 300+ achieved 304 mph at 
Ehra-Lessein, but does not hold the speed record, as to 
achieve that, it must drive once in each direction, and 
get a two-way average, which can make a large 

difference if there is wind opposing it. The Koenigsegg 
Jesko Absolut can theoretically achieve 330 mph, 
however according to the CEO, Christian von 
Koenigsegg, the company is still looking to find a 
straight long enough to achieve that speed, as 
Volkwagen, who own Bugatti and the Ehra-Lessien test 
track, will not allow any other company to use it for 
speed testing.

The development and future of l i thium ion 
batter ies
Sebastian Marsoner
Lithium-ion batteries (LIBs) feature high energy density, 
high discharge power, and long service life. These 
characteristics facilitated a remarkable advance in 
portable electronics technology and the spread of 
information technology devices throughout society. 

Their emerging application to electric vehicles and 
large-scale storage systems make them a promising 
solution for challenges of environmental preservation 
and resource conservation. Most of the technological 
developments to date have been directed toward the 
needs of portable electronics, but now the focus tends 
to be on the performance demands of medium- and 
large-scale applications.  

But it was not long before the researchers noticed that 
there were discrepancies between the required 
characteristics and their results. Although many novel 
technologies have been disclosed to improve the LIB 
performance further, some of them are rather different 
from the requirements. 

Whilst lithium ion batteries had the advantages of 
having a very high energy density, no need for 
prolonged priming when new, the ability to provide very 
high current to applications such as power tools, and 
low maintenance, a detrimental process where 
repeated partial discharge/charge cycles occur can 
cause a battery to ?remember? a lower capacity.

There are  also serious limitations to LIBs. Namely,  they 
require a protection circuit to maintain voltage and 
current within safe limits, and are subject to aging even 
if not in use. They have transportation restrictions, are 
relatively expensive to manufacture, and use materials 
such as cobalt which are often not ethically sourced.

The use of nanostructured materials in lithium-ion 
batteries has been reviewed with discussion of 
commercialization or potential for commercialization. 
Nanomaterials have the advantages of shorter 
distances for transport of ions or electrons and 
accommodation of strains associated with lithium 
insertion. These advantages enable the use of 
high-capacity electrode materials and offer the 
possibility of improved rate capability or cycle life. 
Nanostructuring has enabled the use of inexpensive, 
low-conductivity electrode materials, such as lithium 
iron phosphate, and has resulted in the 
commercialization of batteries with these materials. 
Conversion-type electrode materials and lithium alloys, 
which offer significantly higher charge-storage capacity 
compared to conventional intercalation-type materials, 
have also been enabled by nanotechnology. 

Where we are going?

On March 9 2020 in London, researchers from the 
Samsung Advanced Institute of Technology (SAIT) and 
the Samsung R&D Institute Japan (SRJ) presented a 
study on high-performance, long-lasting all-solid-state 
batteries to Nature Energy, one of the world?s leading 
scientific journals.

Compared to widely used lithium-ion batteries, which 
utilize liquid electrolytes, all-solid-state batteries 
support greater energy density, which opens the door 
for larger capacities whilst using demonstrably safer 
solid electrolytes. However, the lithium metal anodes 
that are frequently used in all-solid-state batteries, are 
prone to trigger the growth of dendrites (crystals which 
are formed on the anode of the battery when charging), 
which can produce undesirable side effects that reduce 
a battery?s lifespan and safety. 

To overcome those effects, Samsung?s researchers 
proposed utilizing, for the first time, a silver-carbon 
(Ag-C) composite layer as the anode. The team found 
that incorporating an Ag-C layer into a prototype pouch 
cell enabled the battery to support a larger capacity, a 
longer cycle life and enhanced its overall safety. 
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Measuring just 5 µm  (micrometers) the ultrathin Ag-C 
nanocomposite layer allowed the team to reduce anode 
thickness and increase energy density up to 900 W h/L 
whilst they were able to halve the volume in 
comparison to conventional LIBs and make their 
prototype approximately 50% smaller by volume than a 
conventional lithium-ion battery for over 1000 cycles 
without any dendrite formation. 

A further problem (other than the formation of 
dendrites) of other solid state batteries which Yong 
Gun-Lee and his team were able to solve was their low 
coulomb efficiency (the efficiency with which charge 
(electrons) are transferred in a system facilitating an 
electrochemical reaction.) The idea behind this being to 
remove lithium foil from the mix and have all lithium 
atoms being part of the NMC (Lithium Nickel Manganese 

Cobalt Oxide) or SSE (Sulfide Solid Electrolytes.) This 
approach diminishes the cost of manufacturing as no 
oxygen-free environment is needed and no nano matrix 
layer compound like silica that is used to absorb lithium 
ions. Instead silver is used to guide the ions which 
allows for the battery?s energy density  to increase. 

This high energy density only can be achieved with a 
solid state LIB, as the liquid electrolyte version degrades 
and loses energy density over time as dendrites form 
reducing the amount of energy which can be taken up; 
and to control the amount of dendrite formation the 
amount of lithium initially also needs to be capped. If 
Samsung?s results are true then this would mean that a 
50% improvement in efficiency and 200% in lifecycle of 
LIBs are coming.

An introduction to fused deposition 
modell ing
Zi Yang

Fused deposition modelling (FDM), also known as fused 
filament fabrication, is a branch of 3D printing, and is 
the most commonly used method across the world. It 
involves a continuous filament extrusion of a 
thermoplastic material. The most common materials 
used include polylactic acid (PLA), acrylonitrile 
butadiene styrene (ABS), thermoplastic polyurethane 
(TPU), among many other exotic and composite 
materials such as carbon fibre or metal infused 
thermoplastic. These greatly improve the physical 
properties of the material, resulting in higher tensile 
and compressive strengths, shear strengths, hardness, 
and higher Young?s moduli.

In order to create a physical model from a design, it 
must first be designed on CAD software. The 3D model is 
then exported as a stereolithography (STL) file, which 
converts the surface geometry of the model into a 
tessellation of triangles. The number of triangles 
depends on the geometry of the model. For example, 
the surface geometry of a simple solid cuboid can be 
represented using only 12 triangles , whereas a model 
with a curved surface such as a sphere would require 
hundreds or even thousands of triangles, depending on 
the resolution.

The STL file must then be prepared for printing through 
splicer software. This process takes the mathematically 
defined model and converts it into a G-code file, the 
positioning language of all CNC machines. This file 
contains the code for hundreds of variables that are 
specific to that model, as well as many user-set 
variables that can be adjusted in the splicer software. 
An important pre-defined variable is the movement of 
the printhead in all three axes, and the path that it takes 
throughout the print. The model layers are individually 
defined from bottom to top, with each layer being a 
cross sectional 2D representation of the model's 
geometry at that height.   

User-defined variables include the layer height, which is 
most commonly set at 50 microns (0.05 mm) for 
detailed prints and 200 microns (0.2 mm) for rough 
prototypes. These layer heights translate to 200 and 50 
layers per centimetre respectively. Other user-defined 
variables include max speed, stepper angles, retraction, 
infill percentage, wall thickness, and nozzle 
temperature especially, which is an essential factor that 
must be set according to the melting point of the 
filament material used. 

Another important factor is the inclusion of support 
structures, which are essential for models that have 
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steep overhangs or large bridges, as molten filament 
simply cannot be extruded in mid-air, and so the 
support structure acts as a platform for the model and 
can be removed mechanically after printing. An 
effective solution for dual extrusion printers is to have 
one extruder specifically for printing support using a 
water soluble filament, meaning that the model can be 
submerged in water after printing to effectively and 
easily remove the support materials.

Once all the parameters are defined, sliced, and 
incorporated into the G-code, the printer can heat up 
and start laying down the layers.

There are many key components of a 3D printer. The 
filament spool is attached to a mechanism that allows it 
to freely unwind, and is fed through the bowden or 
direct extruder module. This consists of knurled gears 
that clamp down on the filament and a stepper motor 

that feeds the filament through a PTFE tube to the 
heating block. A stepper motor is used as it allows for 
extremely precise control of rpm hence the rate of 
extrusion, while having a high torque to pull the 
filament through the system. It is also a crucial 
component in retraction; pulling the filament back 
slightly to prevent extrusion while the printhead is 
moving over empty places. 

Above the heating block there is a circular heat sink 
with fans: both passive and active cooling methods. It 
has large circular disks to maximise surface area. They 
work simultaneously to increase the rate of thermal 
transfer and to cool down the heating block, with the 
heat sink absorbing thermal energy through 
conduction, and dissipating it through convection to the 
surrounding air. The fan aids convection by blowing 
away the hot air and maintaining a high temperature 
gradient.

 Once the filament reaches the heating block (hot end), 
it is heated up past its melting point before it is 
extruded out of the nozzle. The heating block consists 
of a thermocouple and a heater cartridge. A 
thermocouple is a sensor used to measure temperature, 
and is composed of two wires of two different materials 
that join together to form a junction. The heater 
cartridge is either made of ceramic, a power resistor, or 
a nichrome wire, and has a large surface area in contact 
with the heating block for more effective conduction. It 
works by passing an alternating current through the coil 
inside the cartridge, increasing the temperature through 
resistive heating. The heater cartridge heats up the 
heating block, which, in turn, heats up the nozzle, and 
allows the molten filament to be extruded out of the 
system onto the build plate.

The evolution of 5G
Alex van Lanschot
5G has brought three major upgrades from 4G: bigger 
channels to speed up data transfer, lower latency for 
quicker response times, and the ability to connect more 
devices at once.

5G can run on any frequency, providing more flexibility 
and options than 4G, making use of the faster ?high 
band? short-range airwaves.

5G uses optimised OFDM-based waveforms. Orthogonal 
frequency-division multiplexing, (OFDM), is a form of 
signal waveform used in high data wireless systems 
such as WiFi and cellular. OFDM uses a large number of 
carriers each carrying low bit rate data, where data is 
separated by different frequency widths, all carrying 
different signals at the same time in parallel, making it 
resistant to interference and fading. OFDM is used by 
LTE in 4G and WiFi, but will be optimised for 5G to 
provide better performance in a wider  spectrum.

Uses of 5G                                                   
Gaming:

5G will allow cloud-based streaming to thrive, meaning 
people will no longer need to download games to their 
consoles, but rather stream the games via the cloud to 
their television. The speed of 5G will create a smooth  
gaming experience.

Virtual and Augmented Reality:

5G unlocks the door for more immersive virtual and 
augmented reality, allowing users to be virtually 
present at football matches and other live events, 
providing a smooth and immersive experience.

Driverless cars:

5G?s near zero latency and high speeds could be a major 
part of the development of autonomous vehicles, 
allowing for unprecedented communication of data. 
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Vehicle to vehicle communication connects cars to each 
other, sharing data such as route and speed, making 
cars more aware of their surroundings. Eventually this 
could lead to a world with no traffic lights, as all cars 
would be aware of each other's positions, using the 
near zero latency of 5G.

Vehicle to everything communication using 5G could 
allow for communication with parking meters, traffic 
lights and street lights, allowing you to automatically 
pay for your parking, only turning on traffic and street 
lights when there is a car on the road.

Remote surgery:

Remote surgeries have already been carried out, where 
in March 2019, doctors in Sanya, China, performed an 
operation on the brain of a Parkinson?s patient nearly 
1900 miles away in Beijing.

Once again, the reduction in the latency of 5G has made 
remote surgeries a possibility, allowing surgeons to 
work remotely from a monitor without delay. 
Previously, lag has left inputs and outputs delayed, a 
potentially harmful or fatal loss of time.

Building a par ticle detector
Joseph Dickinson 
The idea of building a fully-functioning particle detector 
sounds like something you?d hear about at CERN or Los 
Alamos, right? However over the past year Patrick Gunn 
and I have been fully engrossed in designing and 
constructing a cloud chamber in an attempt to visualize 
ionizing radiation. This was an ambitious project, 
undertaken with the support of the Halley Research 
Community. Hopefully by the end of this article, I?ll have 
given you a better understanding of the physics behind 
a cloud chamber and provided a brief explanation of 
how Patrick and I are striving to build our own chamber.

The basic principle behind a cloud chamber is 
supersaturation - a phenomenon in which a gas is on 
the very brink of condensing into a liquid. The chamber 
is a sealed acrylic box (held together with epoxy resin to 
provide insulation) and there are two main parts - the 
base and the lining. On the lining of the box, there are 
sponges which are soaked in alcohol (we used 
isopropanol). This provides the alcohol vapour which 
will become supersaturated. On the base of the box 
there is a copper plate which is connected to a Peltier 
cooling element

The goal is to drop the temperature of the copper plate 
to as low as possible (ideally below -25°C). The alcohol 
vapour becomes supersaturated as a consequence of 
the low temperature and forms a mist inside the  
chamber. Then, when energetic charged particles pass 
through the chamber, they interact with the alcohol 
mist, leaving a trail of ionized gas particles which forms 
a visual ?cloud track.? Different charged particles leave 
different cloud tracks and the most easily detectable 
tracks arise from alpha or beta particles. Other rarer 

tracks are certainly possible and the discoveries of the 
positron, muon  and kaon  were all reliant on a cloud 
chamber as the detector. 

In terms of our progress, we managed to build the 
chamber (using expanded polystyrene as insulation) 
and drop the temperature of the copper plate to -27°C. 
We were able to create a layer of alcohol mist in the 
chamber however the closure of school meant we 
couldn?t progress further. We weren?t able to spend as 
much time as we?d like handling radioactive sources in 
the chamber so there was not enough time to get clear 
sightings of tracks. Upon returning to school next year, 
we hope to add a few finishing touches to the project, 
spend more time with radioactive sources and get some 
definitive cloud tracks. 
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Computing

The page rank algor i thm
Zack Colton

There was a time when it seemed like magic that Google 
could find a web page accurately and almost 
instantaneously with just a few keywords. Whilst we 
now take this for granted, the maths and science behind 
remain deceptively simple at its core. In this article, we 
will look at a key algorithm used to find appropriate 
web pages ? the Page Rank algorithm. 

Let us start by discussing how it works. At its core, the 
algorithm returns a probability that a user will click on a 
web page. It imagines that this user (or random surfer) 
will randomly click through links until it gets ?bored?. 
The likelihood this random surfer will choose a specific 
page is its Page Rank. The process to calculate this is 
recursive, and we shall look at the steps taken to do 
this, before looking at an example.

The first stage is to initialise a value for each web page. 
In this case, we will simply give each page a value of one 
over the total number of pages, such that our random 
surfer has the same probability of landing on any page. 
Next, we look at each page it links to and is linked to. 
Every page it links to is given the Page Rank of the 
original page divided by the number of outgoing links. 
For example, if a webpage has a Page Rank of 0.2 and 4 
outgoing links, each web page it links to will gain a Page 
Rank of 0.05. With incoming links leading to a page, the 
?receiving? page will have a Page Rank comprising of 
the sum of all the incoming links. For example, if a page 
had three incoming links of values 0.05, 0.1 and 0.09, its 
total Page Rank would be 0.24.

While this is the core of the algorithm, there are a few 
other key aspects. As the process works off the idea of a 
random surfer clicking through hyperlinks, we have to 
account for the user becoming ?bored of clicking links?. 
Once we?ve summed the incoming and outgoing links of 
a page, we then need to consider the likelihood that a 
user will actually click long enough to find the page ? 
this is called the damping factor.

At each step, the likelihood that the user will keep 
clicking has been found to be around 0.85, or 85%. 
Therefore, we can modify our equation to find the Page 
Rank of a given page to be:

Whilst this may seem complex at first glance, we can see 
that, at its core, it?s just the total scores of the incoming 
pages, modified to reflect the likelihood the user clicks 
on any webpage in the set of all pages for that iteration.

Knowing now what seems to be a very simple 
algorithm, let?s look at this in practice, using a concrete 
example (albeit one with only six pages). The structure 
of the pages can be shown using the directed graph 
above, where each node represents a page, and each 
edge represents a hyperlink. The table also summarises 
how the pages link together.

 In the first iteration, each page is given a value of 1/6, or 
around 0.17. As we progress through, each page?s value 
is modified according to the incoming links, as shown in 
the table below. After the first couple of iterations, we 
see how the values start to plateau. This is why we can 
use the Page Rank algorithm, and why it can be 
remarkably quick. With more pages in our set, we will 
need more iterations, but on something this size, very 
few will suffice.

There is, however, a problem with trying to use this 
algorithm for searching nowadays. Throughout the web, 
hyperlinks are used much less than before, and thus 
Page Rank is less effective than it once was. As 
mentioned at the beginning, however, there are 
instances outside of Google and, in fact, computers in 
general where Page Rank ? or a modified version of the 
algorithm ? is hugely useful.
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For example, Twitter uses a Page Rank algorithm using 
followers to suggest to you who to follow on the 
platform. In the world of academic research, the 
importance of different papers and the eminence of 
academics can be measured using a Page Rank system, 
where each citation is treated like a hyperlink, and each 

academic or paper is treated like a web page. In fact, 
such is the ingenuity of the Page Rank algorithm that it 
can be used in biology to determine which species are 
most key to the survival of an ecosystem, as well as in 
research showing that the Page Rank of a neuron 
correlates with its relative firing rate.

The problem with passwords
Sam Fr iedland
If you?re a web programmer, there comes a point where 
you are going to have to store users? passwords. You 
must make even the most common passwords ? 
roughly 10% of your users will use ?password? or 
?123456? ? uncrackable and leave no way for hackers or 
rogue employees to steal your passwords. However, 
doing this is so incredibly easy to get wrong, that you 
probably shouldn?t even try. But if you do, here are 
some ways you can do it.

The first way in which you can store the user?s password 
is by storing it in plaintext. This means that on a server, 
there exists a database which holds all the usernames 
and passwords in a human-readable form. When the 
user signs up, you take their password and store it in the 
database, as it is, in plaintext. This has a few advantages 
and was, or is, used by many reputable companies. For 
starters, it?s very easy to check. If the username and 
password in the sign-up box match the database, then 
you let them in. It also means that if they forget their 
password, you can simply email it back to them.

However, this is a horrendously bad idea. If someone 
ever gets into your database as an insider or through a 
security hole, if you store passwords this way you likely 
have other security holes too (they can just read out 
every email/username and password). And if a user uses 
the same password for all their sites ? an inevitable 
occurrence ? they now have their entire catalogue of 
accounts compromised. 

The next option that you have is to encrypt the 
passwords. This is when you use a special key to turn 
your passwords into random strings of text, and that 
same key is then needed to decrypt the cipher text. It?s 
effectively putting the users? passwords inside a box, 
with a padlock. 

While it's better than storing the passwords as plaintext, 
it holds another host of problems which leave your 
passwords extremely vulnerable. First of all, as soon as 
the key becomes available, the password becomes 
visible and, like storing passwords in plaintext, can just 
be read out. It also means that an insider or hacker can 
just take the encryption key with them, and maintain 
access to all the passwords. The other flaw with basic 
encryption is that if many people use the same 
password, the cipher text will be identical. Adobe made 
this mistake in 2013 when their password database was 

breached. Gigabytes of passwords were lost and 
roughly 150 million accounts were compromised. 
Attackers wouldn?t even need the encryption key. Two 
million accounts used the password ?123456? and you 
can bet that they didn?t need many of the hints to work 
it out.

Another option you have is to use a process called 
hashing. When a user types in their password, it gets 
hashed, and a random string of characters is kept in 
their database. When the user types it in again, it is put 
through the same process, and if the hashes match, 
they know that you have entered the right password 
without even knowing what it is.

However, hashing still encounters many of the same 
problems that encryption does. If many users have the 
same password, the hashing algorithm will output the 
same string of characters. Google also has an index of 
these, so if you use a basic hashing algorithm such as 
the MD5 hash function, you can just type the code into 
google and get the original password back. 

The final method is to hash your password, with a bit of 
salt. A salt is a random string of characters that is 
different for every user. The salt is added, mutating the 
original password, and the salted password is then put 
through the hashing algorithm, being mutated even 
further. This is by far the safest way to store passwords. 
You now have a random string of characters for each 
user that won?t appear in Google or in any rainbow 
tables. It is now much harder to brute force their 
password back by looking at which accounts have 
commonly used passwords, and, if the salt is long 
enough and the hash complex enough, it can be 
considered to be uncrackable.

The best option, though, is to not store passwords at all. 
Simply direct the users to log in via Facebook or Google 
and let them handle it for you.
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Youtube's per fect recommendation system
Tom O'Sull ivan
Have you ever wondered how Youtube comes up with 
the perfect next video, and you end up killing hours of 
your day just watching the recommended videos? Many 
content-driven platforms such as Youtube and Google 
are investing hundreds of millions of dollars into 
transforming their recommendation systems to make 
the website more engaging for users.

Recommendation systems are the most common 
real-life application of machine learning that users will 
encounter, and are used by almost every platform that 
has some content to offer, such as YouTube, Spotify, 
Facebook and Instagram. This is an article about the 
gears that run behind YouTube?s respected 
recommendation system.

As explained by YouTube and its team, the purpose of 
Youtube's recommendation system is to put forward 
fresh and relevant content to users, not to feed them 
government propaganda. It takes into account 
everything: the videos a user views, the channels they 
subscribe to, the videos they like, the videos they 
dislike. YouTube ranks its videos on properties such as 
video content, thumbnail, audio, title and description. 
YouTube is the world?s most popular video platform. 
With their popularity came many users, and with many 
users came scalability issues - e.g. some features 
required by the recommendation model were only 
available online, and could not be fetched beforehand.

To solve this scalability issue, the video corpus 
containing billions of videos is passed through two 
networks and fewer and fewer videos are retrieved after 
each stage of the network. In this way, an ideal 
distribution of items is ensured without having the 
scalability issues that come with it.

The first network that the video corpus passes through 
is the candidate generation network. It takes the corpus 
containing billions of videos as input, takes the user 
activity log into account and outputs a few hundred 
videos that are considered for recommendation. 

The network aims for accuracy and relevance rather 
than popularity, so it eliminates videos with greater 
views but which prove to be irrelevant.

The second stage that the videos outputted by the 
candidate generation network go through is the ranking 
stage. In the ranking network, a wide range of video 
features is taken into account and the videos are given 
scores. User feedback is part of both networks; however, 
it is a more important factor for this one. On the other 
hand, relevance is less significant than in the candidate 
generation network.

The user input in the ranking network consists of two 
main factors: the user?s engagement behaviour, which is 
collected from clicks and watches, and the data 
gathered by likes, dislikes and dismissals.

The YouTube recommendation engine has really 
redefined content recommendation. The research paper 
published by Google at the ACM conference in 2016 
highlights the changes that should be made in the 
ranking systems to find the perfect way of handling 
billions of videos and hundreds of factors to give the 
optimal recommendation. It has led to consistent 
improvements in ranking systems over the past few 
years and will likely continue to do so for many more.

Shor test path algor i thms
Kai Das
Finding the shortest possible path is a recurring 
problem that we often encounter, yet never really 
acknowledge or think about. Car navigation systems 
compute different routes to find the quickest to our 
destination. Airlines and international suppliers must 
take routes that are most efficient and reduce costs. 
Shortest path algorithms can be utilised to solve this. 

Consider the  graph on the 
right, consisting of five 
nodes (or vertices) A, B, C, D 
and E, with the numbers 
representing the distance to 
each node. We are trying to 
find the shortest possible 
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route from node A to E. One method of doing this is by 
brute force, trying out all possible combinations and 
choosing the shortest route. On a smaller graph like 
that above, this method can be carried out in a 
reasonable time period, but for a much larger graph 
with thousands of nodes, the brute force method is 
clearly unrealistic.

Dijkstra?s algorithm, created by computer scientist 
Edgar W. Dijkstra in 1956, is a method of finding the 
shortest path between two nodes on a graph without 
having to try all the possible combinations, thus 
providing a solution in a suitable timeframe. It does this 
by taking into account the shortest distance of a node 
from A and placing nodes in a priority queue, searching 
the shorter routes first. Dijkstra?s algorithm would find 
the shortest path from A to E as follows:

First, make a table (like that above) that shows the 
shortest distance from A. From this table, we can make 
a priority queue, searching routes with the shortest 
distance from A first. We can initially label the shortest 
distance from A to A as 0 and the rest as infinity since we 
do not yet know the distance to these nodes. Write 
down the previous node that you have visited in the 
?previous vertex? column and update it as you go along, 
thus keeping track of our route. This mechanism is 
known as a ?heuristic algorithm?.

Check the neighbouring nodes to A, which are B and C, 
and label the distance to each node. C has a shortest 
distance from A of 3, and B has a shortest distance from 
A of 7, so C goes to the top of our priority queue with the 
shortest distance. We have finished checking the 
neighbours of A, so we can label A as ?visited?, not to be 
checked again.

Next, check the unvisited neighbouring nodes to C, 
which are B and D. B has a shortest distance from A via 
C of 3+1=4, so we can update the shortest distance of B 
from A to 4. The shortest distance of D from A via C is 
3+2=5. The distance from A to B via C is less than 5, so B 
now goes to the top of our priority queue. C?s 
neighbouring nodes have now been visited, so we can 
label C as ?visited?.

Now we should check the unvisited neighbouring nodes 
to B, which are D and E. The shortest distance to D via B 
is 4+2=6. The shortest distance to E via B is 4+6=10. B 
has now been visited.

The shortest distance from A is now D via C, with a 
distance of 5, so D goes to the top of our priority queue. 
The distance from A to the unvisited node E via D is 
5+4=9. We can now say that D has been visited.

E via D is now at the top of our priority queue, with a 
distance of 9, but this is our intended destination, so we 
can stop the algorithm. We can then backtrack using 
our ?previous vertex? column to find the shortest route 
from A to E, which is A to C to B to D to E with a distance 
of 9.

However, there are some flaws in Dijkstra?s algorithm 
that make it less efficient. Dijkstra?s algorithm only 
accounts for the distance from the starting point and 
not the distance from the destination. For a larger 
network of nodes, this may cause the algorithm to 
continue searching shorter routes that go further and 
further away from the destination before considering a 
faster and more direct route. If you were travelling from 
one destination to another, a car navigation system 
using Dijkstra?s algorithm would search down faster 
roads, like motorways, that lead away from the 
destination before checking a more direct route through 
smaller side streets.

The A* (pronounced A-star) search algorithm was 
published in 1968 and refines Dijkstra?s algorithm, 
taking into account both the distance from your starting 
point and the Euclidean (straight-line) distance from 
your destination. Much like Dijkstra?s algorithm, A* 
search algorithm uses heuristics to prioritise routes with 
the least distance, but this heuristic is now the shortest 
distance from the starting point plus the Euclidean 
distance from your destination.

In the above example, when checking the neighbouring 
nodes to C, the distance to B would be 4+6=10 because 
we are adding the distance from the final destination E 
to the shortest distance from A. In contrast, the route 
from C to D has a weight of 5+4=9, so we would check 
this route first, already finding the shortest path from A 
to E in fewer steps.

Car navigation systems use a combination of A* search 
algorithm and pre-computed routes - the system will 
take into account already known routes, for example 
that the fastest route from Nottingham to London is via 
the M1, but combine this with A* Search Algorithm to 
find the fastest route.
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How cl imate change wi l l  impact the spread 
of vector - bourne diseases 
Joseph Schull

The Intergovernmental Panel on Climate Change stated 
7 years ago that ?scientific evidence for warming of the 
climate system is unequivocal?. There is overwhelming 
evidence for increased atmospheric CO2 levels  and 
global temperature rise, inconsistent with natural 
trends of the past millennia. 

Amongst the numerous health-related and 
socioeconomic impacts of such global warming is the 
altered spread of vector-borne diseases such as malaria, 
dengue fever, zika virus, chikungunya, and West Nile 
virus. Such diseases pose a huge public health risk - 
according to the latest World Malaria Report (December 
2019), in 2018 there were 228 million cases of malaria 
worldwide, causing 405,000 deaths, and costing Africa 
an estimated $12 billion annually. Although these 
diseases have long been confined to tropical regions of 
the world such as Central and South America and large 
areas of Africa and Asia, as global temperatures rise, 
they could spread to northern hemisphere regions in 
Europe and North America. 

Malaria, and similar diseases such as dengue fever, 
although caused by specific pathogens (the parasite 
Plasmodium falciparum for malaria), are transmitted by 
a number of different species of mosquito, such as 
Aedes aegypti, Aedes albopictus, and Anopheles 
gambiae. Stanford biologist Erin Mordecai found that 
warmer temperatures increase transmission of such 
vector-borne diseases up to an optimum temperature 
or ?turn-over point,? above which transmission slows. 
For example, malaria is most likely to spread at 25 °C, 

while the risk of zika is highest at 29 °C. This is due to a 
number of reasons relating to the life cycle of 
mosquitoes as well as the optimum temperatures 
necessary for mosquito flight - for example, the flight of 
female Aedes aegypti mosquitoes is severely restricted 
above temperatures of 35 °C (Rowley W.A., Graham 
C.L.). Therefore, a continued increase in global 
temperatures caused by climate change will result in 
mosquitoes migrating to cooler, northern habitats in 
order to survive and reproduce. 

Fig 1: Current worldwide distribution of the Aedes 
aegypti mosquito by duration of time in each region

Fig 2: Predicted worldwide distribution of the Aedes 
aegypti mosquito in 2080

There are already examples of climate change resulting 
in the introduction of disease into previously unaffected 
geographic areas - one such example is the spread of 
malaria into highland regions of East Africa, where this 
disease previously did not exist (Lafferty KD.) This 
spread resulted in widespread illness and death, as the 
disease had been introduced into a largely non-immune 
population. This demonstrates the health risk that a 
spread of malaria and similar mosquito-borne diseases 
to northern hemisphere regions poses, where the 
majority of the population will not have had previous 
repeated exposure to these diseases, and therefore no 
partial immunity.      

Environmental  Science
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Although prophylactic treatments for mosquito-borne 
diseases do exist, there is currently no available vaccine 
for malaria, zika virus, dengue fever, chikungunya, or 
West Nile virus. Such diseases have long been viewed as 
a problem restricted to countries in southern, tropical 

regions, but such a mindset must be abandoned if 
countries in Europe and Northern America previously 
undisturbed by these diseases are to be adequately 
prepared to respond to the threat that the migration of 
mosquitoes could pose to public health. 

Atmospher ic chemistr y -  the search for  a 
new home
Zac Zein
It goes unsaid that one cannot read a newspaper or 
magazine nowadays without stumbling upon an article 
about climate change. The issues of global warming and 
our failures to adequately respond to the climate crisis 
dominate headlines - and rightly so. From the sheer 
amount of evidence that shows our Earth is headed 
towards a climate in which human life cannot survive, 
two options become possible: tackle the crisis here, or 
look elsewhere for planets that may be able to harbour 
life. However, with a galaxy that?s roughly 160 million 
times wider than our own solar system, it is no surprise 
that scientists are looking outside our own system in 
the search for life elsewhere. But where do you begin in 
this search?

It is estimated that, on average, there is at least one 
planet around every star in the galaxy. Rather than just 
pointing a telescope at every star that they can find, 
scientists have had to devise a set of criteria to 
understand the requirements needed for life. As of now, 
our planet is the sole example of a world which can bear 
life, and so their models are wholly based upon how 
they believe life on our own planet came about. And so 
scientists came up with three key components that 
were deemed necessary for a planet to be habitable. 
The first key component is the presence of simple, 
abundant elements found on Earth like nitrogen, 
oxygen and especially carbon. Carbon is the functional 
element for living things as it can bond in many 
different ways to form compounds essential to life. 
Because of its structure, the element can bond to form 
compounds via the overlap of one s-orbital with either 
one, two or three p-orbitals, leading to three different 
hybridisations - sp1, sp2 or sp3. This means that it can 
form bonds in all three dimensions and make molecules 
with complicated shapes. It is therefore the primary 
component of biomolecules, such as proteins, lipids, 
nucleic acids and carbohydrates. 

The second criterion needed is liquid water. Whilst 
water itself is fairly common in the universe - found 
from the vast interstellar dust clouds to the orange-red 
fields of Mars - the presence of liquid water is much 
harder to come by. Solid water cannot act as a medium 
for chemical reactions to occur, and so liquid water is a 
necessity. Water has the unique ability to form a 

three-dimensional, hydrogen-bonded network in its 
liquid form that allows it to participate in biochemical 
processes and not just act as a passive backdrop for the 
reaction to occur. The way it is bonded means that the 
water has polarity - the positive hydrogen ends can 
attract negative ions, while the negative region attracts 
positive ones. Therefore, almost any polar substance 
can dissolve in water. This means that water can 
provide a pathway to transmit substances in and out of 
a cell. 

The third necessity ties in with the second - the fact that 
water must be in its liquid phase means that the planet 
needs to be close enough to its star, but not too close, 
for liquid water to exist on the surface. Scientists have 
devised a model called the ?habitable zone? - the band 
around a planet?s star with the right distance and 
temperature for liquid water to exist. The habitable 
zone - or ?Goldilocks zone? - will differ for each star, and 
so scientists must take into account the longevity of the 
star, the type of radiation given off, and the atmosphere 
of the planet that is orbiting it. If a planet fits all these 
criteria, we can begin to determine the probability of  
finding life on this planet. 

The ability to launch probes into space means that data 
about the temperature, pressure and the electron 
density around a planet?s ionosphere can be easily 
transmitted via radio frequencies. Telescopes are used 
as well; the coupling of the telescope with a diffraction 
grating to form a spectrometer means that scientists 
can analyse what atoms or molecules make up a 
planet?s atmosphere. 

Whilst it is most likely that the planet humans will look 
to for an escape in the future is Mars, scientists have 
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discovered exoplanets (planets outside our Solar 
System) that would be more suitable for inhabiting if 
our race could meet the huge technological 
advancements that would be required. The most 
promising planets are those of the TRAPPIST-1 system - 
the first known system of seven Earth-sized planets 
around a single star, of which three are located in the 
habitable zone of the star. These three planets have the 
highest chance of having liquid water on their surface, 
the key to life as we know it, and they are mostly made 
of rock, like Earth. However, the system is 40 light years 
(235 trillion miles) from Earth, and so it is unlikely that 
we will be able to reach these planets any time soon. 

More realistic options are exoplanets like Kepler-186f, 
the first exoplanet found to be in the habitable zone of 
its star, or the closest known exoplanet to be in the 
habitable zone of its star is Proxima Centauri b, orbiting 
the red dwarf star Proxima Centauri, the closest star to 
the Sun and 4.2 light years from Earth. However, its 
habitability is yet to be definitively established, as the 
planet is subject to stellar wind pressures of more than 
2,000 times those experienced by Earth. 

From these planets, it might seem like the likelihood of 
even finding life on a planet, let alone reaching it, is 
near to none. However, scientist Guillem 
Anglada-Escudé, the man who formed the team that 
discovered Proxima Centauri b, believes that its 
proximity to Earth offers an opportunity for robotic 
exploration of the planet ?in the coming centuries.? We 
are a far way off inhabiting another planet, but the  
work of the astronomers and scientists around the 
world is certainly taking us in the right direction.

How genetic modification can save coral 
reefs
Joseph Lakatos
Coral reefs cover less than 1% of the world?s ocean 
floors, yet are home to 25% of all known marine life. 
This makes them one of the most biodiverse and 
important marine habitats in the world. However, 
despite their importance, they are extremely delicate 
and are susceptible to many small changes in their 
biotic and abiotic environment, the biggest threat being 
heat stress due to warming oceans. Mass bleaching 
events are occurring more and more frequently, 
prompting the question: will coral reefs last until the 
end of this century? Currently, scientists are tackling the 
problem with many different approaches, the most 
promising development being the use of genetic 
modification in both the coral polyps and the 
zooxanthellae algae with which the coral forms a 
symbiotic relationship.     

Coral forms a mutualistic symbiotic relationship with 
photosynthesizing zooxanthellae microalgae which live 
within the cytoplasm of the host coral polyp. These 
organisms are responsible for providing the host coral 
with glucose, formed from photosynthesis, and give the 
corals their distinctive bright colours. At excessively high 
temperatures carbon dioxide acquisition and 
assimilation is limited leading to a build-up of harmful, 
reactive oxygen species, and nitric acid. These 
substances interact with the tertiary structure of 
enzymes found within the coral polyps, breaking 

non-covalent bonds and causing the enzymes to 
denature. Therefore, corals expel the zooxanthellae, 
preventing further physiological damage by the reactive 
oxygen species which leads to coral bleaching. The coral 
becomes unable to acquire enough food to sustain its 
existence and eventually dies.   

What has interested scientists who study coral reefs is 
that coral can undergo thermal acclimatisation, thus 
limiting the impact of heat stress. This is due to 
zooxanthellae being genetically and physiologically 
diverse organisms, making some far less susceptible to 
heat stress than others. This can be examined in 
Montastrea corals   found in Caribbean reefs. This 
species hosts multiple types of zooxanthellae, and 
when under stress, bleach in parts of the coral where 
there are less resilient zooxanthellae, but not where the 
more resilient strains are found. These less resilient 
strains are then replaced by the more resilient strains 
through a mechanism called the Adaptive Bleaching 
Hypothesis. However, it must be noted that certain 
species of coral do not adapt via the Adaptive Bleaching 
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Hypothesis as rapidly as others. This is particularly true 
for the species of branching corals that make up the 
primary structure of coral reefs and provide habitats 
and protection to countless species of fish and 
invertebrates.     

Scientists, led by Rachel 
Levin, have been 
examining the genome of 
these more resilient 
zooxanthellae strains 
and, by comparing them 
to less resilient 
zooxanthellae, have 

found two genes that are related to thermal tolerance 
(Pxrd and Hsp70) and two anti-oxidant genes (Fe-sod 
and Mn-sod) which are believed to minimise the leakage 
of harmful reactive oxygen species from the 
zooxanthellae when under heat stress, therefore 
preventing the coral from expelling the zooxanthellae. 
Furthermore, a virus that infects zooxanthellae (+ssRNA) 
was isolated by the same group of scientists, and 
engineered to act as a benign delivery system for the 
genes. With significant advances in CRISPR/Cas9 over 
the past five years, it is believed that this method could 
be used to genetically engineer the zooxanthellae in 
order to make them more heat resistant. 

Currently, genetically engineering coral is in very early 
stages. So far scientists have used CRISPR/Cas9 to study 
the genome of the coral, in the hope that they will find 
genes that are related to heat resistance or disease 
resistance. Some scientists such as Professor Madeleine 
van Oppen, from the University of Melbourne, are also 
cross breeding corals that show significant heat 
resistance and are raising these corals in significantly 
high temperatures in order to cause them to adapt to 
the ever increasing sea temperatures. Van Oppen hopes 

that she will be able to breed corals with genetically 
engineered corals to further increase heat resistance 
among corals. In the wake of the most recent mass 
bleaching along the whole of the Great Barrier Reef, Van 
Oppen and her team of scientists carried out a 
ground-breaking study (publishing a paper in early May 
2020). Over four years the team grew common 
Cladocopium goreaui algae, all clones derived from one 
organism, in waters of 31 °C (the temperature of a 
heatwave on the Great Barrier Reef) in order to 
stimulate them to evolve into more heat resistant 
strains. Ten different strains of these algae were then 
added to vials containing coral larvae in the hope that 
the larvae would absorb these strains of algae. These 
coral were then grown in a temperature of 27 °C and 
exposed to 31 °C temperatures. Although the corals 
grown with seven of the strains of algae still showed 
bleaching, the corals grown with three of the strains did 
not bleach, and in fact continued to grow. On studying 
the genome of these strains of algae, it was discovered 
that the genes related to turning carbon into sugars 
were more active than normal, and the genes related to 
photosynthesis were downregulated. With less 
photosynthesis, fewer harmful reactive oxygen species 
are released into the cytoplasm of the coral polyps, thus 
causing less tissue damage and so reducing the chance 
of the coral expelling the algae. 

Genetic modification of both zooxanthellae and coral 
embryos will play a crucial role in the survival of coral 
reefs. Although this process is in its very early stages, 
and scientists do not know the long term impacts of 
genetic modification on coral fitness, very promising 
research is being carried out. By creating these heat 
resistant corals and zooxanthellae, coral reefs, along 
with the significant number of marine organisms that 
rely on the coral as a habitat, could be saved from the 

Environmental degradation in China
Ben Pymont

China, with a population of around 1.4 billion, is the 
world?s most populous country and its third largest by 
area. China?s intense industrialization since the 60's, 
coupled with poor land management, has brought with 
it some of the most severe environmental problems 
seen in the world today, including widespread erosion, 
land degradation and desertification which have 
already affected 400 million people in China. This article 
will focus on the three environmental problems stated 
above, however, it is also worth noting other substantial 
ones such as the widespread air and water pollution 
throughout China; this is especially prevalent on the 
Yangtze and Yellow Rivers and in major cities. 

Erosion in the Loess Plateau

The Yellow River is the second largest in China, 
originating in the Bayan Har Mountains in the west, 
flowing through nine different provinces before 
emptying into the Bohai Sea. Its basin has been the 
cradle of Chinese history; its flooding providing fertile 
soils for rice production on the North China Plain to feed 
a large growing civilisation. 90% of the Yellow River?s 
sediment is eroded material from the Loess Plateau, 
which is a perfect case study for China?s larger erosional 
problems resulting from overgrazing and 
overcultivation.  

The Loess Plateau received its name from the loess 
material of its soil, an aeolian depositional soil of fine 
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particles. Loess soil covers 10% of the planet, but in this 
case, the sediment largely originates from weathered 
fine particles from stony deserts in the North of China 
and in Mongolia such as the Gobi Desert, or sandy 
deserts in the same region. The sediment is picked up 
by North-Westerly winds during the winter monsoon 
period and then deposited on the Loess Plateau; over 
the millennia this has caused some 50-80 metres of 
material to build up. Loess soil landscapes are stable 
provided they remain dry and there is vegetation to 
hold the soil together. Problems in the Loess Plateau 
have arisen as the Plateau has been subject to centuries 
of over-cultivation and deforestation for wood or to 
make space for crops, thus weakening the soil structure. 
This combined with the fact that the area receives most 
of its rainfall concentrated in the summer months, lead 
to widespread erosion of the landscape and leaching of 
nutrients out of previously fertile soils. 19% of China?s 
land is now affected by erosion due to these processes. 

Deforestat ion in China

Forest cover reached a historic low in 1990 at 16% of the 
country?s land area, due to the industrialisation of China 
requiring fuel and infrastructure leading to the cutting 
down of forests. Deforestation was also fueled by a 
growing population, which grew from just under 600 
million in 1950 to 1.15 billion by 1990, which was 
combined with increasing consumption rates due to its 
per capita GDP quadrupling in the same time period. 
More people demanding wood and more wood 
demanded per person all led to an increased rate of 
deforestation up to 1990. 

Trees are widely known to be vital for water security and 
preventing floods but importantly also soil stability, 
thus mass deforestation leads to further erosion, as 
seen in the Loess Plateau. Furthermore, despite the one 
child policy in 1979 China?s population is still growing 
and is expected to do so until roughly 2030. Growing 
population so far has been largely concentrated on the 
East Coast due to large amounts of rural to urban 
migration, however China plans to build more cities 
around the country (a target of 221, each with over a 
million inhabitants by 2025). These planned cities 
encroach on the old forests famed for their biodiversity, 
with the United Nations Environment Programme 
(UNEP) estimating that 36% of them are at risk from 
population pressure. 

What is the issue with erosion?

Sediment eroded from the Loess Plateau has always 
been important for China by providing fertile 
floodplains in the lower regions of the river, so why are 
increased rates of erosion bad news? The issues 
associated with deforestation and over-cultivation 
leading to increased erosion are increased deposition 
rates and land degradation. Decreased vegetation levels 
leads to water runoff and leaching of nutrients 
occurring more often, causing soil to lose its fertility due 
to lower levels of nitrates and other nutrients required 
for protein assimilation. Soil degradation, defined as 
damage to the productive capacity of the land, affects 
40% of China?s arable land and 90% of its grasslands, 
which span most of the North of the country. Soil 
degradation also leads to desertification, especially in 
China?s grasslands. Trends in soil erosion up to 2008, if 
continued, would lead to decreased crop yields of up to 
40%, assuming farming practices remained the same. 
Grass production since 1950 has already decreased 40% 
and, in the years 2000-2008, erosion cost the economy 
£20 billion. Furthermore there are social impacts of 
erosion, including the 100 million people in China alone 
who could lose their homes by 2040 due to rampant 
erosion continued at 2000 levels.  

Attempts to solve these problems

Grain For Green Program (GFGP): Started in 1999, the 
GFGP retires farmland which is susceptible to erosion 
due to a history of over-cultivation or overgrazing and 
turns it into forest. So far 124 million people have been 
directly or indirectly impacted by the subsidy - based 
program through stable crop yields and income from 
the planted forests. Over 3 million km2 of old farmland 
and wasteland has been converted into forest.

Terraced agriculture: Another attempt at reducing soil 
erosion in China is through terraced agriculture. 
Terracing is when a slope has been cut into different 
levels of flat surfaces, which decreases erosion and 
water runoff since there are higher infiltration rates of 
rainfall into the soil and lower levels of leaching and 
nutrient loss. This has been a practice in China for 
centuries and recent studies have validated it, as water 
runoff is 25% reduced on average (dependent on 
gradient of slope) and soil erosion is lessened by at least 
50%, or by up to 20 times if terracing is combined with 
grassed waterways and contour planting. Due to the 
higher infiltration rates, thirsty crops such as rice can 
experience yields up to 30% higher than with 
slope-farming and the practice is more sustainable 
since less nutrient loss means it is harder to 
over-cultivate the land. This makes it a viable solution 
to reduce China?s land degradation problems, especially 
in sloped landscapes as are common on the Loess 
Plateau, although the terraces do have to be 
maintained and they are often tilled by hand which 
requires manpower as machinery is too large and heavy 
for use on the terraces.
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The theory of Motivated Reasoning may be one 
unfamiliar to most people. It is a psychological process 
that gives name to the common phrase, ?People see 
what they want to see.? Colloquially this phrase is used 
with an air of suspicion toward who it is intended and 
can be used as an insult indicating ignorance. This 
theory turns the intention of the phrase on its head 
because the absolute truth is Yes, people do see what 
they want to see. In fact, Motivated Reasoning concerns 
not only visual memory, but almost all cognitive 
processing. We remember, hear and evaluate all things 
according to our motivations, whether they be 
subconscious or conscious. The truth is we deceive 
ourselves every single day and see almost everything in 
the way that fits into the jigsaw puzzle of our beliefs and 
motivations. 

What is Motivated Reasoning and what does it mean?  
By motivation, what is meant is any wish, desire, or 
preference that concerns the outcome of a given 
reasoning task.  The theory indicates that in almost all 
cases this motivation affects one's process of reasoning: 
forming impressions, determining one's beliefs and 
attitudes, evaluating evidence, and making decisions. 
There have been some attempts to address the source 
of these motivations in history by famous psychologists 
such as Sigmund Freud. Freud used his iceberg analogy 
to describe the mind, using 3 levels of awareness that 
affect our actions. These three levels; the ego, superego 
and id all play a role in our processing. Freud states that 
the id, our unconscious desires, feelings etc, is the basis 
of almost all our decisions. 

Motivated Reasoning can be split into two categories: 
reasoning where the motive is to arrive at an accurate 
conclusion, and reasoning where the motivation is to 
arrive at a directional conclusion (towards a desired 
conclusion according to their motivations).  
Accuracy-based motivation leads to the use of those 
beliefs and strategies that are considered most 
appropriate, whereas directional goals lead to the use 
of those that are considered most likely to yield the 
desired conclusion. The work on accuracy-driven 
reasoning suggests that when people are motivated to 
be accurate, they expend more cognitive effort on 
issue-related reasoning.  The research concluded that 
accuracy-based motivation, due to the systematic 
processing of information, led to actual confidence 
levels being higher and closer to the desired level of 

confidence toward the accuracy of the argument that 
fits into one's motivations. Directional-based reasoning 
and motivations tell a completely different story. To be 
straight, there is little evidence to suggest people can 
conclude whatever they want due to their preferences 
regardless of evidence; the research shows that they 
attempt to be rational and only draw the conclusion if 
they have some evidence to justify it. Greenwald states 
that ?they may also creatively combine accessed 
knowledge to construct new beliefs that could logically 
support the desired conclusion. It is this process of 
memory search and belief construction that is biased by 
directional goals?. However, this objective justification 
construction process is fallacious as there is no 
recognition of bias caused by their motivation. In these 
cases, the perceiver focuses largely on a subset of 
available information that enables simple decision rules 
or heuristics to arrive at a judgement quickly and 
efficiently. This means the attitude judgements when 
directional are based on heuristics and weak premises, 
such as length implying strength, and are unreliable. 

Motivated Reasoning not only affects how we perceive 
the present, but also how we perceive the past. Our 
motivations lead to biased memory search, shown 
directly by Sanitioso et al (1990). In one study, subjects 
were asked to generate autobiographical memories 
reflecting their standing on the 
extraversion-introversion dimension. Subjects led to 
view introversion as desirable were more likely to 
generate introverted memories first and generated 
more introverted memories than did subjects led to 
view extraversion as more desirable. This study  
indicates that the accessibility of autobiographical 
memories reflecting a desired trait was enhanced, 
which suggests that the search for relevant memories 
was biased. Does this make motivated reasoning 
dangerous? Studies convey a certain caution that 
should be placed around ideas of trust and reflects an 
unseen arrogance that is in everyone, but the unanimity 
factor means that reasoning in this way is unavoidable. 

Motivated reasoning
Oliver  Slot

Psychology
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Science in the public  sphere
Adi Prasad
?Just listen to the experts!? is an oft heard refrain when 
debating scientific issues of public interest. Although 
this sounds sensible ? who doesn?t think we should 
listen to experts? ? it is in fact a statement that can 
easily shut down any debate by presenting the victim as 
an arrogant ignoramus unwilling to listen to clear 
scientific advice. Therefore, not only is this argument 
rooted in a common logical fallacy (?proof by authority?, 
as my maths teacher likes to call it), it is also extremely 
damaging to a democratic society. Free speech is not 
free speech without public debate of all issues ? as such, 
debating issues in which scientific experts play an 
important role is the very foundation of our public 
sphere. ?Just listen to the experts? will not do: the 
public will always and must always have an active voice 
in the debate. 

What, then, of the astounding amount of information 
about coronavirus and the resulting pandemic? This is a 
serious concern and not to be dismissed as ?elitist 
snobbery?. Public practice of social distancing in 
America, for example, correlates strongly with whether 
Fox News (which generally downplays the virus) or CNN 
(which generally takes it more seriously) is the most 
watched news channel in the area. Here we can see a 
very clear example of members of the public putting 
their mistaken views on the pandemic into practice and 
doubtless inflicting damage on society as a whole in the 
process. This is not to mention the surge in demand for 
unproven treatments like hydroxychloroquine, and the 
looming threat of vaccine scepticism to developing herd 
immunity. So what is the answer? How do we reconcile 
the need to have a vigorous public debate with the 
rampant misinformation present within that same 
public?

There are two actions we must take collectively to 
address these shortcomings. The first is to understand 
the continuing importance of scientifically informed 
citizens to society. Instead of appealing to authority as a 
first resort, we should seek to inform rather than insult 
people who hold views at odds with scientific 
consensus, quite simply by explaining the science! 
There is no doubt that this will be more effective than 
ad-hominem attacks on those we disagree with. 

This brings us to the second change we must make, 
which is a fundamental shift in how we view ?science? 
as a whole. Science is not some mystical, magical force 
that delivers set-in-stone certainties. It is at its heart 
defined by the scientific method: that of forming 
hypotheses, looking at data, and coming to new 
conclusions, past theories be damned. It is outrageous 
that this is not how it is viewed. We are all familiar, on a 
basic level, with Darwinian evolution, the Big Bang, the 
existence of atoms, and many more staples of modern 
science. The philosophy of science, on the other hand ? 
the lens through which all discoveries, past and present, 
must be viewed ? is not embedded in the public 
consciousness at all. The lack of public understanding 
of science almost necessarily leads to a growing trust 
gap in which fewer and fewer people are willing to listen 
to scientific experts. This has no doubt been worsened 
by feelings that, for example, ?they got it wrong? (in this 
pandemic) or ?they changed their minds? (when it 
comes to global warming). Of course they did! ?The 
science? must be understood not as God?s verdict but as 
the best series of judgments about the most accurate 
sets of data to date ? nothing more. Once this is 
accepted, suddenly the experts won?t seem so foolish.

It has been said that this pandemic will never really die; 
its effects will be felt on society for decades to come. It 
is up to us to define that legacy as good or bad. With 
climate change coming ever closer as nature?s next 
great challenge to the human race, how our views on 
science are shaped by this pandemic will quite possibly 
determine our survival. The stakes could not be clearer.

Phi losophy of Science
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Book Reviews

What is l i fe?
Tom Elway

In What is Life?, Addy Pross addresses how life on earth 
may have started. Pross looks into how, despite living 
forms being made up of the same ?dead? atoms as 
inanimate forms, they are able to reproduce and 
behave with purpose.

Pross looks at the past approaches to unknotting the 
question and investigates why the question has proved 
such a difficult task, puzzling scientists for over 2,000 
years with Aristotle observing the teleological nature of 
life that depicts the emergence of life as a ?goal-driven? 
process. He claims the argument that abiogenesis lies in 
the panspermia proposal, that life emerged from 
beyond Earth and was transported over, simply moves 
the question to an unknown location and does not 
provide any answers. Pross recognises that coming up 
with a definition for something that we don?t 
understand or of which we don?t know the origin makes 
the problem near impossible. 

One of the main concepts that Pross claimed drove the 
emergence of life is the idea of autocatalysis. This term 
describes the ability of a molecule to speed up its 
production due to its own presence. He directly relates 
this concept to a molecule of RNA and suggests that the 
essence of life lies within the power of exponentials. 
Due to the power of an RNA molecule to act as a 
template molecule for its own replication, through the 
complementary base pairing rule in which adenine 
binds with thymine and cytosine to guanine. This allows 
an RNA molecule to produce a complementary 

molecule of RNA which can then act as a template to 
produce an identical molecule to the original RNA 
strand. Two original RNA molecules are now present 
which will lead to four after another round of 
replication, and so on. This causes a dramatic 
amplification and this effect, demonstrated by Sol 
Spiegelman?s classic experiment in 1967, Pross argues, 
is the starting point on the road to life from its 
inanimate beginnings. 

Pross also identifies the importance of dynamic stability 
in comparison with regular stability which we associate 
with the continuity of an object which resists change.  
As previously described, the idea of self replication is 
wholly unsustainable; after 160 rounds, this replicating 
entity would devour the resources equivalent to the 
mass of the earth. Pross identifies that it is necessary for 
the population of replicators to be stable, such as the 
profile of the Thames is, but the replicators within the 
population are ever changing and therefore their 
replication is balanced out by their decay. This leads to 
the conclusion that in the world of replicating systems, 
a system is more stable if it is more reactive and this 
kind of stability is termed "dynamic kinetic stability" 
(DKS). Pross argues that it is this drive for higher DKS 
which drives forward evolution. He sums up the process 
of evolution as follows: replication    mutation    

complexification/simplification          selection 
evolution. A mutation leads to either 

complexification or simplification, causing an increase 
or decrease in the DKS of the organism. In cases of a 
decrease, the organism is outcompeted and therefore 
this mutation is not passed on to offspring. However, if 
the mutation leads to an increase of DKS, the organism 
now has a selective advantage over the organisms with 
a lower DKS. Organisms with the higher DKS can 
outcompete and pass on their genes. 

Although Pross doesn?t provide a definite answer to the 
moment of which it began, he does attempt a definition 
of life as the ?self-sustaining, kinetically stable, dynamic 
reaction network derived from the replication reaction?. 
Pross describes the processes upon which this 
definition is based with exceptional explanation - more 
than this review could ever do - and I thoroughly 
encourage anyone with an interest in biochemistry to 
read this book.
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The Gene
Isaac Wighton

At the turn of the 20th century, the anthropologist and 
proto-geneticist Francis Galton avowed that Eugenics 
ought to be ?introduced into the national consciousness 
like a new religion?. Framing his chronology of the 
history of genomics and genetics with cognizance of 
Galton?s words, Mukherjee sets out to explain why, and 
indeed how, the gene has become interwoven into 
orthodox biological and socio-political thought. In 
essence, Mukherjee outlines a narrative that moves at a 
remarkable pace. In his award winning second book, 
Siddharta Mukherjee observes that the 
conceptualisation of the gene has been recast from a 
conjectural botanical concept to a potent instrument of 
social control and innovation in under a century. 

Mukherjee provides the reader with an illuminating 
chronicle of the study of biology ?through the lens of 
grandfathers of science and philosophy?. The gene is 
not a nascent idea: from Pythagoras? spermism to 
Plato?s dismissal of patrilineal heritage, Mukherjee 
encourages the reader to appreciate the theoretical 
attempts to discern heritage throughout history. Whilst 
weight is given to Mendel, who, through his pea hybrid 
experiments isolated the gene as a ?stable, discrete 
heritable unit?, Mukherjee lends greater focus to 
Darwin. He argues that Darwin?s assertion that ?Man 
might be a transmuted ape? was the corollary of a 
journey through explicitly profane thoughts and a 
challenge to the engrained tenets of the Christian 
church. Moreover, his theory of pangenesis (that all 
parts of the body could contribute their own ?gemmule? 
or heritable unit of information) and studies of selective 
breeding and variation were truly innovation in their 
break from the religious dogma with respect to 
speciation. 

The book is underpinned by Mukherjee?s acute 
awareness of the extent to which the gene is inherently 
?inflicted with both promise and peril?. Just as he is 
able to trace the origins of the work of Watson and Crick 
to the postulations of Aristotle, he is able to find the 
roots of the words of Francis Galton in Plato?s 
numerological eugenics. Mukherjee advances that the 
theory of perfect children from perfect parents has been 
unapologetically inculcated into Western thought and 
provides an arresting account of the American 
programme of sterilisation of ?defective strains? of 
humans, from schizophrenics to those with bone 
deformities. Importantly not an American phenomenon, 
Mukerjee notes that the sentiments of figures such as 
Charles Davenport helped fuel the ?race hygiene? of the 
Nazi Rassenhygiene and the systematic coerced 
sterilization programms of 1920s America. The sobering 
reality of the degree to which grassroots movements to 
personalise genetic selection took hold of western 
societies is something Mukherjee maintains should be 
fresh in the mind of all. 

Mukherjee does not shy away from the great 
biotechnological potential for genetic research. The 
processes and innovations of recombinant DNA cloning 
and palindromic sequences have largely followed the 
transformation of companies from eugenical hubs to 
leading biotech. The tangible reality of gene therapy has 
been realised in CRISPR Cas-9, induced pluripotent 
stem cells and insulin production to name a few. The 
reorganization of disease treatment could well be with 
?genetics not pills?, Mukherjee concludes.

The Gene is grounded in the author?s familial history of 
mental illness. Accounts of Mukherjee?s personal 
trepidation regarding potential inheritance run parallel 
with the rest of the narrative and provide an intimate 
sense of validation to Mukerhjee?s conclusion that DNA 
research and genetics ?reorganize our understanding of 
sexuality, identity and choice?. 

Written accessibly and through the personal lens of the 
complex genetic legacy of mental illness, The Gene is an 
account not just for biologists, anthropologists or 
theologists but for anyone wanting the context 
underpinning the most contentious and innovative field 
of biological study and its future. ?Matter, information 
and biology are inherently hierarchically organised? 
Mukherjee remarks. As such, ?understanding the 
smallest part is crucial to understanding the whole''.
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Lanching Moore's Law and beyond: an 
interview with Dr  Feder ico Faggin
Altan Mardin

The semiconductor is arguably the most impactful 
development in the history of the transmission and 
processing of information since Gutenberg?s printing 
press of the 15th century.  Scientists contributing to its 
development have won many of the most prestigious 
global awards, medals, and prizes, including multiple 
Nobel Prizes.  The cumulative number of semiconductor 
devices produced now numbers in the quadrillions, and 
these devices figure in almost every electronic product 
used on the planet.

Rooted in the discovery of the semiconductor 
point-rectifier effect by Ferdinand Braun in Leipzig in 
1874, its modern momentum can be traced to the 
development of the point-contact and junction bipolar 
transistors in 1947-48.   The further invention of the 
Metal-Oxide-Semiconductor (MOS) transistor, and of the 
planar process (with its accompanying fabrication 
advantages using silicon wafers and photomasks), both 
in 1959, set the scene for the development of the 
bipolar semiconductor integrated circuits (ICs) in 1962, 
and the MOS integrated circuit in 1965.  It was a quick (if 
immensely difficult) step to go from the first hybrid 
integrated circuit in 1959 to the first monolithic bipolar 
IC.  Yet, the early metal-gate MOS ICs had too many 
drawbacks to effectively compete with bipolar ICs.  

The breakthrough was the invention of silicon-gate MOS 
technology, using a doped polycrystalline gate 
electrode instead of aluminium gates.  ?Moore?s Law?, 
whereby the number of transistors on a device doubles 
every 2 years, was enabled for the ensuing several 
decades thanks to this last development.  The  graph 
charts this progression using the chips of Intel (arguably 

the most influential semiconductor company in 
history), starting with its first microprocessor using 
silicon gate technology, the Intel 4004, followed by the 
Intel 8008 and the Intel 8080.  Even today, more than 50 
years after its invention, over half of semiconductor 
devices produced globally are made with the silicon 
gate process.

The inventor of silicon gate technology, and the 
developer of the first three Intel microprocessors, was 
Dr Federico Faggin, an Italian physicist who arrived in 
California in 1968.  Dr Faggin was recognized for these 
immense contributions with the 2009 US National 
Medal of Technology and Innovation, the top honour 
the United States confers for achievements related to 
technological progress.

With a laurea in Solid State Physics from Padua 
University, Dr Faggin started his career in Italy at 
SGS-Fairchild, moving to Fairchild Semiconductor in 
Santa Clara, California, in 1968, where he developed the 
MOS silicon gate technology and designed the first 
semiconductor IC using silicon gate, the Fairchild 3708. 
Dr Faggin later joined Intel in 1970, creating its first 3 
microprocessors.  Thereafter, in 1974, he founded Zilog, 
his own company focused entirely on microprocessors, 
developing the first 3rd-generation microprocessor, the 
Z80, and following that up with the Z8 microcontroller.  
Blazing a trail as an early serial entrepreneur, thereafter 
he continued to found pioneering companies, for 
example Synaptics in 1986, where he co-invented the 
touchpad and the touchscreens used so commonly in 
countless devices today.
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1. You once said that you were more of a stranger in your 
Italian workplace of Agrate Brianza than upon arrival in 
Palo Alto in 1968.  How did Silicon Valley compare with 
what you left behind?

In contrast to the situation in Italy, Silicon Valley was 
populated by engineers and scientists like me, coming 
from all over the world: open-minded, intense, yet 
focused and interested in making a difference in the 
world and wishing to do so within an entrepreneurial 
and risk-friendly business environment. It was, and 
thankfully still is, an exciting place in which to create 
innovative products and technologies.

2. It is very interesting to discover that you studied Solid 
State Physics rather than Engineering; how did this 
theoretical grounding apply to the practical electronics 
work you then went in to?

A strong grounding in theoretical foundations early in 
life comes in handy later on.  From a young age I was 
interested in how things work.  I felt that, to really find 
out what is going on, it is necessary to deeply 
comprehend mathematics and the basic assumptions 
and fundamental laws of physics.  For example, the 
silicon gate technology  came out of both my 
inventiveness and my knowledge of Solid State Physics.    

3. You are the architect of multiple key milestones in 
electronics, and a seminal figure for the history of 
semiconductors. Can you share how, from your viewpoint, 
you would place your achievements within the history of 
the science behind semiconductors, looking both back 
and forward in time?

Two near-term antecedents were essential to silicon 
gate: (i) the invention of the planar process by Jean 
Hoerni in 1958, enabling the fabrication of many 
transistors on a monocrystalline silicon wafer, heralding 
modern photolithography-based device manufacturing, 
and (ii) the development of the integrated circuit (IC) 
based on the planar process, by directly connecting the 
transistors on the silicon wafer, developed with 
additional contributions from Robert Noyce. 

With these antecedents, plus silicon gate, further 
progress was thereafter based primarily on reducing the 
dimensions of MOS transistors to make faster and 
cheaper ICs. Since about ten years ago, more 
fundamental material and architectural changes have 
become necessary to make transistors below about 40 
nm (nanometer), yet dynamic and flash memories still 
rely on silicon gate. This evolution enabled the silicon 
gate technology to overtake the predominant bipolar 
technology, about 15 years later, as soon as its speed 
could match bipolar speed.  Note that initially bipolar 
chips had superior speed, but their high cost made 
them impractical for consumer applications ? they were 
primarily suited for industrial and military products.  

Silicon gate technology also enabled the fabrication of 
new device types impossible with bipolar, such as 
dynamic memories, microprocessors, video and image 
sensors, and non-volatile memories such as flash 
memories, so important to all electronic applications of 
today. Starting out in 1968 with a speed improvement of 
5   , and integrating twice as many transistors for the 
same chip area, that 10   cost-performance 
improvement allowed silicon gate to become the 
technology driver of the world semiconductor industry 
for the following 40 years.  

Low cost and a steep speed improvement allowed the 
creation of new consumer products, such as personal 
computers and cellular phones, which in turn meant 
faster growth in production volumes and innovations, a 
virtuous cycle that is still going on to this day.  Hence, 
from a position in the late 1960s where 95% of 
semiconductor ICs were made with bipolar technology, 
by the mid-1980s almost all ICs were fabricated with 
silicon gate technology.  

Overall, in terms of fundamental technology, almost all 
key semiconductor devices of the last five decades have 
been based on inventions of the late 1950s to the early 
1970s. Clearly there were important scientific advances 
thereafter, but the essential technology direction was 
set during that time.

The Intel 4004, 8008, and 8080 developed by my group 
set Intel?s momentum for many years.  In my first 
start-up company Zilog, we focused entirely on 
microprocessors.  Our first product, the Z80,  became 
one of the most widely used CPUs in desktop computers 
and home computers from the 1970s to the mid-1980s. 
Surprising even myself, the Z80 is still in volume 
production today, mainly as part of systems-on-a-chip 
solutions.

Zilog is also a good illustration of what was possible in 
Silicon Valley, and the rapid progression and adoption 
of semiconductors in those years.  We started the 
company in late 1974.  We were financed in June of 1975 
and we designed and delivered our first working Z80 
samples in March 1976 with 11 employees. We started 
shipping production units in May 1976, and by mid-1979 
we grew to more than a thousand people.

4. Your work in the machinery of information processing 
led you to an interest in cognition and how it could be 
mapped and understood; in a sense this was perhaps 
behind your next company, Synaptics, in 1986. Yet you 
came to the conclusion that a computer would be unlikely 
to lead to replicating the human brain, and that it was 
not a question of simply making processing more 
powerful and rapid.  Can you share a flavour of how you 
came to this conclusion?

Synaptics was started in 1986 with the idea of 
developing cognitive computers based on artificial 
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neural networks and analog computation. This led to a 
new way of looking at the user interface, which 
prompted the invention of the touchpad and 
touchscreen in 1993, devices that have since become a 
crucial part of many consumer products.  During that 
time, while studying neuroscience, I got interested in 
understanding the nature of consciousness. 

Could it be possible to make a conscious computer, I 
asked myself. And the more I thought about it, the more 
impossible it looked. The human sensory-brain system 
transforms information coming from the physical world 
(which includes our body) into electrical and 
biochemical signals. But we do know the world through 
sensations and feelings. What physical phenomenon is 
there that can translate electromagnetic signals into 
sensations and feelings? No one knows! There is 
nothing within known physics that can perform that 
function. Computers can only translate symbols into 
other symbols. We can translate symbols into meaning. 
This is a deep mystery.

5. This seems to have led to your current focus on 
consciousness.  Your approach here is distinct from that 
of others who go beyond processing power to replicate 
cognition, such as Ray Kurzweil with his 
pattern-recognition theory of mind. If I understand 
correctly, your approach towards consciousness 
postulates a subjective rather than an objective 
perception; different perceptions of the same 
phenomenon are all valid.  Might you elaborate?

Computers start and stop with Boolean symbols, the 
?1??s and ?0??s of computers. Human beings take 
sophisticated Boolean symbols and convert them into 
the sensations and feelings (called qualia by 
philosophers) which are the carriers of meaning. And 
meaning is what allows us to know, to comprehend 
ourselves and the world. Meaning is a non-algorithmic 
property of consciousness, incommensurable with the 
symbolic processing power of digital computers. 
Therefore, even the most powerful digital computer will 
not cut it. Computers can only imitate comprehension, 
but without comprehension it will be impossible to 
manage unpredictable situations. 

AI engineers talk about creating autonomous robots, 
but autonomy without comprehension is impossible. 
Real-life situations are too unpredictable to be 
manageable without comprehension. This is the crux of 
the matter. Ray Kurzweil?s idea that digital computers 
will be conscious a few decades from now is 
scientifically unfounded. Based on my study of 
consciousness, carried out over the last 30 years, digital 
computers will not be conscious simply because 
consciousness is a quantum property of reality. A 
quantum bit (qubit) has an infinite number of states; a 
Boolean bit of classical matter has instead only two 
states (?1? and ?0?). As you can see, the quantum reality is 
incommensurable with classical reality. Living 
organisms are quantum-classical systems, not purely 

classical systems like computers. That is why life, and 
not computers, are conscious.

Consciousness can only exist in the purely quantum 
reality that cannot be observed directly. Living orgnisms 
can interface with consciousness, on the one end, and 
with classical matter (like computers), on the other 
hand. In other words, our consciousness does not exist 
inside the brain. The brain is both a quantum and a 
classical structure and can thus interface between the 
two worlds. However, our sensations, feelings, and 
comprehensions are properties of consciousness and 
do not exist in the brain. Only correlations to those 
quantum states can be observed in the physical brain. 
We believe we are body only because we believe that 
physical reality is all that exists. But that is as wrong as 
believing that the earth is flat because it appears that 
way. Our experience, not the matter of which we are 
made, is the essence of who we are. Experience is 
extra-physical and will not end with the death of the 
physical body. 

Therefore, there are two good reasons why we do not 
need to download our consciousness into a computer to 
live forever, like Kurzweil promises us: (1) digital 
computers can never be conscious, and (2) our 
consciousness does not die anyway. 

6. Should we fear the future?

We should fear the future only if we believe we are 
machines. Then we will automatically limit ourselves, 
running the real danger of becoming enslaved by the 
very machines of those who have a vested interest in 
maintaining that belief in us. 

We are spiritual beings, and the sooner we realize this 
crucial fact, the sooner we will begin exploring our true 
nature. The faster, then, will we be able to create and 
use ethical technology that will only serve the good of 
all life on earth, not the good of those who would rather 
monetize each one of us. 

Discovering and developing our true nature, however, 
cannot be done by purchasing another app. It must be 
done individually by going into the depth of our inner 
reality. There is nothing more important to do in life 
than realizing our own spiritual nature. 
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We are al l  born scientists: an interview with 
Professor  Jim Al- Khali l i
Alex Kwang

Professor Jim Al-Khalili is professor of physics at the 
University of Surrey. He is one of Britain?s best-known 
science communicators and has written numerous 
books, including The World According to Physics which 
was recently published in March. It is an overview of 
modern physics and the current boundaries of our 
research in our attempt to find the Theory of 
Everything. 

Initially, his research was focused on nuclear physics, 
specifically on halo nuclei which are atomic nuclei with 
an overabundance of neutrons. Currently, he is leading 
four PhD projects examining quantum tunnelling by 
biological molecules and how this might link to genetic 
mutations.

in 2007, Professor Al-Khalili received an OBE for his 
services to science and was the youngest ever recipient 
of the Royal Society Michael Faraday Medal and Prize. In 
2016, he was awarded the inaugural Stephen Hawking 
Medal for Science Communication by Professor Stephen 
Hawking himself. Two years ago, he was elected Fellow 
of the Royal Society and is now the President of the 
British Science Association.

As an aspiring scientist myself, one thing in particular 
really resonates with me. Today, we live in a world 
facing monumental challenges of healthcare, 
technological advances of AI and automation, and the 
global challenge of climate change. However, the public 
media is lacking a realistic portrayal of the current state 
of scientific research and how it is the solution to our 
future. Scientists cannot afford to remain quiet when 
mass culture attempts to irrationally deny scientific 
evidence. I believe it?s our responsibility, not just as 
scientists but as humans contributing to our global 
species, to use our  platforms of social media and the 
alike to argue for the importance of scientific inquiry.

Interview
1. In your most recent book ?The World According to 
Physics?, you mentioned how it is effectively a summary of 
the state of physics as it is. Could you please tell us about 
what inspired you to write this book?

I felt that there seemed to be plenty of popular books 
on modern physics, but all seemed to be intimidatingly 
big, covering topics in a lot of detail. I wanted to write a 
book that was pocket sized and readable and yet 
brought the lay reader up to speed on some of the most 
exciting developments at the forefront of theoretical 
physics, including outlining where the remaining 
problems and mysteries lay. It was also my opportunity 
to convey my personal view of the subject and hopefully 
infect the reader with a little of my passion.

2. In your book, you mentioned how you believe that 
thermodynamics is the third great pillar of science, and to 
find our theory of everything, we should incorporate it 
into our current theories, much like how relativity and 
quantum mechanics were merged together. Given this, 
what are your thoughts on the current future of physics, 
and how close we are to achieving this? 

I think we are still some way off, I?m afraid. It is starting 
to seem like thermodynamics is the missing piece in the 
jigsaw. Stephen Hawking knew this and a lot of research 
into information loss in black holes and the nature of 
time and entropy are really another way of saying we 
should not forget about thermodynamics. My hunch is 
that we have to first unify QM with thermodynamics 
before we tackle the harder problem of quantising 
spacetime.

3. There are many interdisciplinary fields such as 
non-linear dynamics, complex systems and your latest 
interest of quantum biology. How do those play a role in 
the theory of everything?

Probably not much. These are all still vibrant areas of 
research and progress has been slow, but we should not 
fall into the trap of thinking that all mysteries are 
connected. Quantum biology is a good example 
because you often hear people saying that we do not 
yet understand quantum mechanics and it is mysterious 
and we do not yet understand consciousness and it is 
mysterious, therefore the two must be connected in 
some way. They might be, but we shouldn?t approach 
these problems as though there is some a priori reason 
to think there?s a connection.  Quantum biology for all is 
also a good excuse to explore the link between 
quantum mechanics and thermodynamics.
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4. Speaking of quantum biology, you started off as a 
nuclear physicist and eventually started dabbling in 
quantum biology. How do you balance these two areas of 
science in your life? Could you also please elaborate on 
what exactly is quantum biology and why you have 
chosen to research it?

I am still involved in research in nuclear physics and we 
have just submitted a paper on the nature of what is 
called the three-body force and its role in certain types 
of nuclear reactions that take place inside stars. But yes, 
I am moving more into quantum biology these days. 

I currently have four PhD students all working on 
aspects of quantum biology ? well, more correctly: they 
are all working on theoretical physics that may end up 
being of relevance within living cells. I first became 
interested in the subject many years ago when my 
molecular biologist colleague at Surrey, Johnjoe 
McFadden gave a seminar in the Physics Department at 
Surrey in 1997. We talked about the possible role of 
non-trivial quantum effects in living organisms and 
whether life had evolved by making use of the trickery 
of the quantum world.  

Now, there really does seem to be experimental 
evidence that this is the case in certain specific 
examples, like photosynthesis and enzyme catalysis. So 
the field is exciting and new, while still being 
speculative and controversial. But I am at a stage in my 
career when I have the luxury of pursuing an interesting 
area without worrying too much that it may not lead 
anywhere.

5. Speaking of future science, what do you think are the 
biggest challenges facing humanity at the moment, and 
do you think we genuinely have the ability to solve them?

Well there are huge problems facing us in the 21st 
century of course. There?s the immediate one of finding 
a vaccine for COVID-19, then there?s the climate crisis, 
not to mention food, water and energy supplies for a 
growing world population, antimicrobial resistance and 
many other environmental and health challenges. It?s a 
bleak list, but I remain optimistic that science will play a 
major role in solving them. I am also wary yet excited 
about the possible role that artificial intelligence can 
play in helping us solve these difficult problems. Maybe 
it?ll even be an AI that finds a theory of quantum gravity 
for us.

6. Throughout your experience as a presenter and 
communicator in science what have you found that gets 
people interested in science?

Lots of things. People are typically curious about the 
world around them. If they are given the opportunity 
and confidence to ask questions and see that science is 
not just for the Einstein-genius stereotypes, then people 
of all ages will get involved and be excited by science, 
not just space travel and Higgs bosons. Science 
communication is about empathising with your 
audience and making them feel, with the right 

language, as though they can at least get a glimpse of 
the wonders of nature.

7. As someone who has transitioned into a ?scientist who 
communicates?, rather than a science communicator, 
what is the most important thing to you about spreading 
your love of physics?

It is that I want everyone to be as curious about the 
universe and how it works as I am, and also to have an 
open mind that is receptive to new ideas and not to 
remain close-minded or to shun physics because they 
just feel it is too difficult for them to understand. I don?t 
expect people to become experts in quantum physics 
after reading one of my books or watching my TV 
documentaries, but there is no reason why everyone 
can?t feel a tingle of excitement when they hear about 
some of the exciting developments in physics today. We 
are all born scientists ? as children always asking why. I 
find it sad that so many stop being curious about how 
the world works when they grow up because it doesn?t 
need to be like that.
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News

A team of scientists from the University of Vermont have 
carried out research using stem cells from a frog 
embryo that, ?for the first time ever, designs completely 
biological machines from the ground up". It is hard to 
tell exactly what they are, and even harder to tell 
whether they are alive, as, though they show some 
characteristics of life, such as movement and sensitivity 
- when placed in a petri dish (a type of cell culture dish) 
with some small debris, they spontaneously organised 
it - they are unable to do things such as reproduce. 

But how exactly were they made? The xenobots, named 
after the frog from which their stem cells originated 
(Xenopus laevis) were created using an AI system, which 
ran simulations to show how different types of cells 
would interact in varying positions, and whether they 
would work together to perform their intended purpose 
- effectively mimicking the process of natural selection, 
to produce a life form with the properties they were 
looking for, that carried out its intended actions in a 
suitable and efficient way. The researchers then 
sculpted this design in real life, using stem cells  from a 
frog embryo, which were then differentiated into 
various types of cells such as cardiac cells or skin cells. 
The cardiac cells were used in areas which needed to 
contract so that the structure could move, and the 
passive cells were used everywhere else. Assembled 
into forms never seen in nature, the cells began to work 
together. The skin cells formed the passive architecture, 
while the once-random contractions of heart muscle 
cells were put to work creating ordered forward motion 
as guided by the computer's design, and, aided by 
spontaneous self-organizing patterns, the robots were 
able to move on their own. 

One of the most exciting things with the xenobots is the 
fact that sensory organs could be added onto them. The 
lead researcher from the study at the University of 
Vermont stated that it might even be possible to add 

eyes, or a form of nose to the xenobots. This is hugely 
useful in that the bots could be ?programmed? to go to 
certain places, and then do certain things. For example, 
a form of nose that could sniff out certain diseases or 
cancers (which is known to be possible) could be added 
to the xenobots, and they could be made to travel to 
certain areas of patients? bodies, and deposit a payload 
of medicine that would help cure them. This is far less 
invasive than surgery, and in some cases, could even 
produce better results. Another possible use for the 
xenobots, is clearing micro plastics from the ocean. The 
xenobots were shown to organise and push together 
small seeds in a petri dish, and so it is speculated that 
they could do the same thing with micro plastics, 
forming a large ball of it that can then be removed by a 
traditional boat or drone.

What exactly makes these xenobots better than the 
competition though? There are a number of research 
teams developing other micro robots - but the vast 
majority of these are made out of metal. This is a key 
problem, as within the body these robots would be 
unable to biodegrade, whereas the xenobots degrade 
harmlessly after seven days. 

The main problem facing the development of these 
creatures is a moral quandary. People are unsure 
whether being able to create life - or this half life - is a 
morally correct thing, and it has sparked much 
bioethical debate. Could biobots be used in warfare, or 
to damage others, and what about future biobots?  
There are a number of possibly frightening questions 
surrounding the xenobots and what they open the 
gateway to, but the lead researcher of these creatures is 
anxious to see how they could evolve, and hopefully 
benefit many.

Xenobots 
Rayn Lakha
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Racial inequali ties of COVID- 19
Ali  Hassan
Statistics have very clearly shown that the COVID-19 
pandemic has had substantially worse impacts on some 
parts of the UK?s population than others. Ethnic 
minorities have fared far worse compared to the white 
British population. In the short term, ethnic inequalities 
are anticipated to have an affect on ethnic minorities in 
two main ways: due to increased exposure to infection 
and also because of increased exposure to loss of 
income. 

The first findings which showed that ethnic minorities in 
the UK were being disproportionately affected by 
COVID-19 in the UK were from the Intensive Care 
National Audit and Research Centre. These showed that 
there were far more people from ethnic minorities who 
were critically ill compared to the white British 
population bearing in mind their population size.  

 

It is clear that people with black Caribbean ethnicity 
and Asian ethnicity are far worse affected. But also, it 
shows the importance of our needing to differentiate 
between ethnic groups, rather than just considering all 
non-white ethnicities as one, so that a better 
representation of the effect on different ethnicities is 
produced. The disproportionate number of deaths is 
staggering as the white British ethnic group accounts 
for around 80% of England?s population, but it is still 
level in the number of deaths with black African, 
Pakistani and some other ethnic groups. 

In comparison to the white British ethnic group, most 
other ethnic groups have a much younger population. 
About 25% of the white British population is over 60 and 
this is far higher than 17% for black Caribbeans, 12% for 
Indians, 6% of Pakistanis and 4% of black Africans. 
Given that only 10% of total deaths in the UK have been 
for those under the age of 60, we would expect that the 
white British population would have many more deaths 
compared to other ethnic groups. With that being said, 
we need to take into account the varying age profiles of 

different ethnic groups. For example, black Caribbeans 
have the joint highest number of hospital deaths and 
also has an age profile which can be easily compared to 
the white British population. Contrary to this, the mixed 
ethnicity population is very young and so these 
differences could be the reason for the varying number 
of deaths. 

Another important factor in explaining the racial 
inequality among COVID-19 cases in the UK is likely to 
do with geographical distribution. Large urban cities 
have become hotspots for the spread of the disease due 
to the densely populated and highly connected nature 
of the cities. London, for example, has accounted for 
around 20% of confirmed cases in England and Wales. 
With minority groups being disproportionately 
concentrated in large urban cities like London and 
Birmingham, we expect them to be more vulnerable to 
the virus. In England and Wales, 60% of the whole black 
population and 50% of the Bangladeshi population live 
in London. This is in contrast to only 8% of the white 
British majority, while 13% of the total Pakistani 
population live in Birmingham alone.
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