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Abstract
The long-awaited first edition of the Newtonian is finally here! This magazine is a celebration of all
things science related at Bolton School Boys’ Division and aims to encourage the exploration of
interesting concepts which may not be on the syllabus – ultimately getting you to think like a
scientist rather than a student.
Thanks to the help of Mr Ormerod and Mrs Dootson at the Extreme Physics Club (would recommend
a visit), we have been able to spend the start of this academic year collecting your entries which
were all fascinating reads. Some of the following articles go very in depth but I urge you readers,
especially in the younger years, to not be intimidated and to get as much from this as you can.
Hopefully this issue will lay the foundations for wider exploration of science at Bolton School and will
be the first of many issues to come.
Happy reading!
Jack W & Chris S.
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Genetically Engineered T Lymphocytes in combating TumoursEffectiveness and Practicality
Recent developments in cancer therapy and treatment have highlighted some interesting studies
regarding genetically modified white blood cell trials. They could stand as the replacement to the
hazardous and sometimes harmful surgery, chemotherapy and radiation treatments. These therapies
help to boost the immune system (immunotherapy) in order to combat cancer. This review will analyse
a few of the differing methods, trials successes and problems with this form of treatment and also
evaluate its potential as routine National Health Service (NHS) care.
T cells can be modified by a process known as ‘transduction’ typically using a viral species
Gammaretrovirus. (K Gilroy et al). Vectors (Wikipedia Vectors) are used for the DNA manipulation.
They are manufactured, but are typically expensive due to labour and low yields. Furthermore, they
are tedious and complicated to produce and time consuming endeavours which require specialised
biochemical engineers and reagents. Transduction involves inserting a short DNA code into the
genome of the T cell, thus allowing it to synthesis the new proteins that will act as transmembrane
receptors.
The 2 T cell modifications I will be focusing on will be T Cell Receptor (TCR) modification and Chimeric
Antigen Receptor (CAR) modification. The principle behind TCR modification arises from the fact T cells
will sometimes not have the correct polypeptide receptor to bind to a cancer cell and stimulate an
immune response, thus activating the cytotoxic side of the immune system. As well as this, some
tumour antigens may only be weakly immunogenic (meaning they only weakly induce an immune
response.) CAR modifications are synthetic receptors, which have seen more success recently, despite
being only limited to advanced blood cancers up until a few years ago.
Specific tumour specific lymphocytes do exist, albeit in rare whole T cell populations. This premise has
been used to extract said T Cells and allow them to clonally expand in ex vivo and in vitro. These would
then be injected into the tumour region and allow a significant immune response to take hold. The
Dudley 2013 study demonstrates that with Interleukin 2 (a protein cytokine signaller) such tumour
specific cells (cd4+ ‘helper cells’ proved better than cd8+ cytotoxic according to the 35 patient trials)
has great effectiveness (Dudley et al). However, Trials have recently opened up a new avenue, in the
form of genetic modification. The TCRs can be altered to change their alpha and beta variable chains
on their receptors. These are what determine the immune response and trigger the eventual release
of cytotoxic cells that combat the tumour. The protein antigen, on the tumour cell, will be determined
by the series of nucleic bases in the nucleus- this base series is obtained by, as mentioned, a tumour
reactive T cell or by using a pre-determined cell sequence that is complimentary to the receptor, that
the T Cell is destined to bind too. Too preform both the former and the later, the code is inserted via
a genetic vector into a Lymphocyte and expanded. The transmembrane polypeptide TCR can be
obtained also by a complex process in which the human histocompatibility complex (responsible for
the molecular response of the immune system) genetically implanted in mice and exposed to the
tumour antigens to invoke an immune response (Stalislawski study).
The second method, Synthetic CAR, is more promising in recent clinical studies. This involves 3 regions
including an antigen variable region (determining the specificity of this receptor) along with 2
transmembrane parts to hold the antigen to the cell. According to the Heslop 2010 study, CARs are
4
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ineffective unless given with a stimulatory chemical, as no expansion can occur or immune response
is weak.
Some benefits of the CAR are their ability to recognise lipid and
carbohydrate receptors as these can be synthesised in the lab. This
can help to prevent the symptoms of On-Target, Off-Tumour
activity, something I will discuss later in this review.
It is important to discuss early on that these therapies had to be
aided with further stimulatory therapies, in order for T cell
activation, expansion and ultimately an immune response (on site
cytokines such as Granzyme B and performing to destroy tumour cells via lysis) to occur. Cell survival
is essential to successful application (LI h and Zhao et al) and certain treatments can also be added to
the therapy separately. Cyclopospharmadine has seen effective use in clinical trials, as it downplays
and reduces the prevalence of original non modified T cells. With less competition the transplanted
cells can thrive. Fleabane is a false nucleotide drug that inhibits DNA replication. This is administered
before the T cell application as if present during expansion could cause poor results (typically a
radiotherapy purine Analogue Drug.). This serves a similar purpose. Another rather interesting point
to touch on is the fact that despite standardised procedure and doses, the individual tumour condition
can result in differing results and success. The stage of the tumour, the mutation and its effect on
presented antigens are all variables.

Clinical trials
In 2017 the Food and Drug Administration of the USA approved the use of Tisagenleceucel as a means
of therapy for patients with ALL (Acute Lymphoblastic Leukaemia). This CAR therapy’s success,
especially under the 2014 Maus, et all study, where 86% of patients saw positive e results as a result
of the T cell modification, demonstrates its effectiveness. The trail targeted the CD19 antibody on the
tumour and has been replicated in both the Lee 2014 and Maude 2014 study which saw 70% and 90%
effectiveness respectively. After three generations of CAR modification genetic engineering, a Novartis
chemical trail also demonstrated 83% success rate. This approval is noted as a turning point in the
therapy, as the evolution from concept, to lab, to trial and then practice highlights its potential here
in the UK, despite the estimated price tag of this trial and application being thousands of dollars.
Furthermore, I would like to highlight the concerns regarding the effectiveness of TCR modification.
Several melanoma clinical trials, including the Morgan 2009 trial, saw sluggish progress and little
successes. Isolating an antigen (MART1) for a tumour active T cell, showed little progress, with only 2
out of 17 patients developing any response and toxicity was low. This allowed for the advancements
of more clinical trials. The Lagnisetty and Morgan trial in 2012 showed 4 out of 35 patients with
regression of melanoma. This trial was similar using MART antigens but later trials have seen some
success, however it is evident that if any single payer health care system was to adopt these systems,
CAR trials have seen considerably more successful than TCR therapy.
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Safety and potential for mainstream health application
I will dissect some of the safety concerns and ways to improve efficacy for the TCR and CAR therapies.
The largest problem is a concept called on-target, off-tumour activity, the target being the polypeptide
antigen. The problem is well noted in multiple clinical trials and is a result of code degeneracy and the
prevalence and large number of receptors per cell. Some examples of clinical trials where this has
been problematic include the Grupp 2013 trial. The treatment devised to combat acute lymphoid
leukaemia worked using CAR CD19 antigen in order to stimulated cytokines and t killer cells to the
tumour. However, patients naturally have the cd19 antigen on B white blood cells also, causing an ontarget (on the right antigen) but off tumour immune response. (Grupp et al) This demonstrates some
of the problems using this form of receptor modification. The sheer expanse of polypeptide receptors
in the human major histocompatibility complex leaves tumour targets to be statistically likely to be
present on other off tumour cells. This problem persisted in the 2010 Brentjens trial also. (Brentjens
et al)
Another problem regarding safety with genetic modification is cytokine release syndrome. The NIC
reports that the over stimulation of cytokines due to Modified T Cell targeting can lead to anything
from rashes, fever and nausea and even life threatening conditions like irregular heartbeats and
hyper/hypotension. IFN-γ cytokine is a typical immune messenger as well as IL-6, but the
overstimulation of these biochemical messengers can be harmful. (Sharpe et al) Obviously from a
clinical standpoint the issues and side effect of drug administration in this form is detrimental
especially in a single payer system. If further surgery or drugs are needed to counter balance TCR and
CAR therapy then its inherent advantage over surgery, chemo and radio therapy’s is limited.
Furthermore, the cost of this treatment is cause for concern. Due to its manufacture, supporting
stimulation chemicals and hospital and therapy staff (over such a long period- months) the therapy
would be expensive. 2 sources both list the price of around £25,000- £30,000, expensive- radiotherapy
costs the NHS £3000 a month and chemotherapy £8,000. This would lead to important discussions
considering oncological funding in the UK, due to huge economic opportunity cost.
In conclusion, TCR and CAR therapies are defiantly feasible courses of treatment of cancer. They have
seen increasing success especially in areas of leukaemia and melanoma demonstrating their huge
potential for fast, lower risk cures to cancer. But their potential health concerns, cost and also
manufacture and production issues around the drugs have stunted their entry into mainstream
treatments especially here in the UK, where many cancer cases are related to diseases of wealth and
their costs are already burdens on the NHS. A potential mix of the classical 3 cancer treatments and
the newer genetic modification pathway would be ideal, but it is likely that more research to refine
the manufacturing process, the safety record and the ultimate costs, of these treatments, are needed
before the NHS could finance these therapies.

By Jude Brennan-Calland
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Cybersecurity
There is no doubt that computers are used in our lives more than daily. I could argue that the
internet is now more important than clean water, with 3.2 billion people having access to the
internet compared to the 2.4 billion with access to clean water. With our use on the internet, we are
constantly sharing information about ourselves to companies.
Data mining
Data is talked about everywhere in media, especially after the recent Cambridge Analytica scandal.
Data is collected by companies to boost their profits. Most people think data is only used for
targeting you with relevant adverts. However, this is not the case. Data can provide evidence for
almost anything, airlines can predict who is going to miss the flight, banks can predict whether a
transaction is fraudulent, and even when a child is going to be born. These uses may seem
incredible, but it is no different to the weather reports we see. These are just examples of the power
of statistics you learn about in mathematics. The magic of data mining is that it doesn’t collect data
based on precise example (it doesn’t take a survey) but instead collects huge amounts of data used
to find patterns. Amazon for example might look at a product reviews, age demographic, education,
income and more, to work out how relevant a product is to you. It doesn’t say “do you like this box
and this microphone”. The beauty of this is that a generalised pattern means it can create accurate
results in a large volume without taking much time, as opposed to taking a long time to get a very
accurate result.
Data mining typically falls into a few main parts, but there isn’t an official definition. The areas talked
about traditionally are:
Classification
Back in 2002, target collected data about people to successfully identify who was pregnant and who
wasn’t based on their purchasing habits (creepy right?). They put customers into two categories,
“pregnant” and “not pregnant”. They then sent the “pregnant” people coupons on products such as
nappies, milk and other childcare items.
Classification is very common, so much so that hundreds of algorithms exist to do just that. Most
algorithms work in the same way however, they treat each feature as evidence for a category, and
then assign a weight to each feature to indicate how much evidence they provide. They then look at
these factors to calculate a single value which is used to classify a user. A single feature isn’t that
useful, but when combined with the hundreds of other features, they create an incredibly accurate
result. In the case of target, they predicted a teen’s pregnancy before her father knew, leading to a
lawsuit that the father later had to apologise for.
Regression
This type calculates a number rather than a class. For example, rather than identifying if someone is
pregnant, it identifies how pregnant. It works in a very similar way, just with more data needed and
a different algorithm.
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Clustering
If we look at eBay or Amazon, the site has millions of items all split into a category and sub category
such as “garden and furniture”. With such a high volume of new items, it would be almost
impossible for these items to be categorised manually, so data is used again. Clustering was used in
the Cambridge Analytica scandal. They clustered groups of people to see how they were likely to
vote for a party, and what type of advert would work for them. It sounds similar to classification, but
rather than saying “Donald trump fan” it would identify what type of adverts work for them, the
success rate of the advert for them, and then chooses what type of advert to show them to get a
result.
Companies collect data on an unbelievable scale and this data can be used for almost anything. We
have to trust that companies keep this data safe from others. With so many users on the internet,
and so many people in the world, the probability that a user will not be a victim of a potential data
leak is low. Yes, we are talking about the prevention of hackers.
Hackers
Hackers are insanely smart and will find the smallest
chinks in armour. The saying “a needle in a haystack”
doesn’t really apply to hackers, is more of finding a
needle in the ocean. A story of a casino in Las Vegas
highlights this greatly. The casino spent millions of dollars
on keeping their information safe. However, a new
feature fish tank was added that utilised an automatic
temperature sensor to keep the tank safe. This sensor
was connected the network of the casino which hackers used to access the database of the casino.
They now had access to the companies’ emails, databases and more. This should leave you with a
few questions, most notably, why can the hacker not access the data before having access to the
network?
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Cryptography
Cryptography is the method used by computers for security, it translates to “secret writing” from the
Greek words “crypto” and “graphy”. Cryptography put simply is changing text to gibberish. The
proper name for gibberish is cypher text, which is found by using an algorithm called a cypher; the
cypher text is very hard to read unless you have a key. The process of scrambling text is called
encryption and the opposite process is called decryption.
The classic example of a cypher is Ceasers sypher. It is
constructed from 2 wheels, both of which containing the
letters of the alphabet, turn one disc, and the letters no
longer match up, the letters are all shifted forward. This
process is an example of substitution encryption; all the
letters are replaced with a letter according to a translation,
for example +3. A will turn to D, B will turn to E, etcetera. The
method of substitution has the flaw that letter frequencies
are preserved which allows cryptanalyst to use probability to
decrypt the message. In language, there are always letters
which are used more often than others, how often do you use the letter e and compare that to x.
An alternative method to substitution encryption is
Permutation cyphers. The most used example of
this is columnar transposition cypher. This relies on
putting your message in a grid of a certain size,
then outputting the message, but read from a
different direction, horizontally in, vertically out.
This creates a very hard to predict cypher text, but
if someone finds the correct number of columns in
the grid, the key is cracked, and the cypher text can be reversed back into the plain text.
The most famous example of encryption
was the Enigma from Nazi Germany. The
machine utilised 3 rotors, a reflector and
a keyboard with lights. The rotors had 26
electro switches, one for each letter of
the alphabet. Each rotor was an example
of a substitution cypher. The 3 rotors are
effectively an electronic Ceasers cypher.
The reflector allowed for the signals
from the keyboard to be reflected back
to the lights on the machine, so the user
could type the encrypted text and look at the lights to see the decrypted text. This doesn’t sound too
hard to crack, but the difficulty came from the fact these switches would rotate every time a key was
pressed, so if I typed “aaa”, the enigma could output “rgj” rather than “rrr”. The only way to
decipher the message would be to know the way in which the plugboard was aligned and then use
the enigma decipher again.
9
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Modern encryption
AES encryption
AES, or advanced encryption standard process, is a symmetric key algorithm. It was developed by
Vincent Rijmen and Joan Daemen. AES is an example of both substitution and permutation
cyphering, called a substitution-permutation network. The design of AES makes it fast in hardware
and software. The algorithm is limited to 128-bit blocks with a key size of 128,192 or 256 bits. AES
uses a 4x4 grid (called a column-major order) array of bytes. AES has rounds of transformation that
convert the input to cipher text. The number of rounds is dependent on the key: 128bit key uses 10
rounds, 192-bit key uses 12 rounds and 256-bit key uses 14 rounds.
AES is extremely fast, on a modern CPU such as a Ryzen 5 1600 or intel i5 7700k, the speed can be
about 10GB/s. Each package is 128 bits. In other words, AES can encrypt millions of words a second.
RSA encryption
RSA encryption is also known as public key cryptography. This is because one of the keys is given to
everyone; the public has a key. However, the other key is kept private. RSA is reliant on the fact that
computers struggle to find factors of large composite numbers (a natural number found by
multiplying 2 prime numbers). This problem is called prime factorization.
RSA is incredibly secure, completing a brute force attack will take hundreds of years. However, with
such security it takes a lot of computation to encrypt. This means that it is comparatively slow and
takes up a lot of space in a system
What is used?
AES is secure and fast, RSA is extremely secure but slow. So, what do we use to protect our data? To
get the best of both worlds, it is rare to see only one in practise. Typically, AES will encrypt a
document or file and locks it with a password which is encrypted with RSA. A password is much
smaller than a whole document in terms of bits so even with RSA, it can be encrypted fast. Imagine
going on YouTube to wait a few minutes for the homepage to learn, then a few for a video to load,
and then a few to watch a new. Slow internet is incredibly painful, and if we only used RSA
encryption, the internet would be very slow. That is why AES is used, we are making a trade-off
between speed and security.

By Archie Aiken-Wood
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The Current and Future Applications of Catalysis
Abstract
Catalysis has essentially modernized the chemical industry, they have ensured efficient use of
resources and have made reactions much safer, not to mention faster. Since the conception of
catalysts, they have been used extensively in industry to increase rate and lower activation energy.
In this report I will be exploring the chemistry and use of catalysts in industry along with the future
applications in the field.

Types of Catalysts
Homogenous Catalysts: Catalysis in a solution by a soluble catalyst. This refers to the fact that both
the reactants and products are in the same phase.
Heterogeneous Catalysts: Catalysis is where the reactant and catalyst are in different phases, usually
gas and solid.

Adsorption
Adsorption is when a molecule in the gas phase or in a solution binds to atoms on the solid or liquid
phase surface (heterogeneous). The molecule binding is called the adsorbate, and the surface to
which it binds is the adsorbent. In terms of catalysis the catalyst is the adsorbate and the support is
the absorbent.

Types of Adsorption:
Physisorption: This is the process in which the electronic structure of the atom or molecule
is barely changed. The adsorbate is attracted to the surface atoms by Van der Waal forces.

Chemisorption: This is the process in which the adsorbate is strongly perturbed, often with
bond breaking. This is the result of sharing electrons between the adsorbate and absorbent.
Molecular adsorption where the adsorbate remains in-tact. In dissociation adsorption, one
or more bonds break.

Surface Reactions:
Langmuir- Hinshelwood Mechanism: Two molecules A and B both absorb to the surface. While
absorbed to the surface A and B ‘meet’ bond and then the new molecule A and B desorbs.

Rideal- Eley Mechanism: One of the two molecules, A absorbs to the surface. The second
molecule B, meets A on the surface, having never touched the surface and they bind. The new A and
B molecule desorbs.
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Precursor Mechanism: One of the two molecules A, is adsorbed on the surface, the second
molecule B, collide with the surface, forming a mobile precursor state. The molecule B then collides
with A on the surface, the react and bind. The new A and B molecule desorbs.

Catalyst Poisoning
To be a successful catalyst, the reaction must be able to proceed at a sustainable rate under
economically desirable conditions. Some reactions lead to undesirable side products, for example in
the cracking of crude oil carbon is formed and deposited on the surface of the catalyst, a zeolite,
which leads to a rapid deterioration in effectiveness- this is catalyst poisoning.
Poisoning is when an impurity attached itself to the surface of a catalyst and prevents adsorption of
reactants. At high temperatures particles of a ‘powdered’ catalyst can fuse together and create
clumps in a process known as sintering- this reduces the activity of a catalyst. To avoid this, another
substance known as a promoter/ co-catalyst is used.

Ziegler-Natta Catalysts
Ziegler- Natta catalysts are polymerisation catalysts and are used massively used in industry, for
example, in the production of Polyolefins. They are organometallic compounds prepared from
titanium compounds with an aluminium trialkyl which acts as a promoter/ co-catalyst, usually
TiCl3 with Al(C2H5)3.
Notably, TiCl3 is able to arrange itself in a crystal whereby each
titanium atoms are surrounded chlorine atoms. Within the crystal,
each titanium atom is surrounded by six chlorine atoms, but on the
surface the titanium atoms are only surrounded by 5 chlorine atoms,
thus leaving empty spaces.
The electron configuration of titanium 3+ is [Ar] 3d1 4S0. Therefore, the d subshell has 5 free orbitals
and s subshell has 1 free orbital. This means titanium wishes to occupy each free orbital with two
electrons. Hence, it can form ionic bonds with 6 surrounding chlorine ions. However, titanium ions at
the surface remains with one empty orbital, this is instrumental in its role as a catalyst.
Next, Al(C2H5)3 (co-catalyst) donates an ethyl group (CH2CH3) to the vacant site on
titanium whilst simultaneously a Cl- leaves. As a result, titanium still has one empty
orbital The Aluminium remains covalently bonded to a CL and the ethyl group it donated.
NOTE: Diagram on the right should have CH2CH3 bonded to Al at the top rather than Cl.
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The empty d orbital is then occupied when for example an ethene monomer comes in close
proximity to the vacant site. The two electrons in the pi bond of ethene then occupy the empty d
orbital. Polymerisation is able to happen after this point.

The Titanium Ethene Complex (Molecular Orbital Theory)
In the ethene C=C bond between the two carbons there are two pi bonding
orbital’s and on the opposite side of each carbon atom there are two pi anti
bonding orbital’s The electrons in the pi bonding orbital are able to share
with the empty d orbital in titanium. At the same time, the occupied d
orbital’s in titanium are able to share their electrons with ethene pi anti
bonding orbital’s making the complex stronger.

The Polymerisation Reaction
Firstly, a titanium and carbon bond is formed and a
bond between the ethene and Al(C2H5)3 is formed.

This molecule then rearranges itself leaving titanium
with an empty orbital again.

Due to the empty d orbital in titanium, another alkene
monomer is able to dontate its electrons to the empty
orbital . The compound again rearranges itself to give
titanium an empty d orbital allowing the process to repeat
itself, thus creating an isotactic (straight arrangement)
polymer chain.
Natta Ziegler Catalysis popular within industry due to its effectiveness at creating high
density polyethene (HDPE). HDPE is used in piping, packaging , furniture and many more
applications. Irrefutably, there is high demand for HDPE thus, natta ziegler catalysis.
Although the role of a catalyst is to speed up the rate of a reaction, a good catalyst
should allow for control in a reaction meaning selectivity in products can be achieved.
Even greater control of reactions is obtained using a developing class of catalysts called
metallocenes. Metallocenes are strictly defined as molecules that have a transition metal atom
bonded between tow cyclopentadienyl ligands, which are in parallel planes.

The Future: Electrocatalysts
An electrocatalyst is a catalyst that participates in an electrochemical reaction. An electrochemical
reaction is a reaction in which electrons are transferred causing current/ electricity to be produced.
Although they are not new, only now and in the future are there such big possibilities in the
application of electrocatalysts.
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Hydrogen and oxygen can be combusted which releases thermal energy. However, after separating
water into its elements through electrolysis, it is possible to combine them again via a redox
mechanism:
Half-reaction

E° (V)

H2(g)  2H+ + 2e−

≡0

O2(g) + 4 H+ + 4 e−  2 H2O

+1.23

The energy from this process can be directly transferred into electricity. Although it seems
counterproductive to use electricity in electrolysis to separate hydrogen and oxygen, and then
generate electricity by combining them again, the electricity used in electrolysis can be from
renewable fuel sources. This makes it suitable for fuel cells, which can be used to power portable
equipment when electricity is hard to get, such as in remote places. Essentially, all they do is
recombine the hydrogen from electrolysis and oxygen in the air, with the only products being
electricity and water.
Electrocatalysts make the electrolysis of water much more efficient, so more energy ends up as
hydrogen which can be later used to generate electricity. One of the problems with the electrolysis
of water is that a lot of energy is wasted. This is where electrocatalysts come in by lowering the
excess energy consumed by a redox reaction's activation barriers. An electrocatalyst is a substance
that speeds up a chemical reaction that uses or makes electricity. Like other catalysts, an
electrocatalyst lowers the activation energy for a reaction without altering the reaction equilibrium.
Hydrogen fuel cells have been dubbed as the future mass market alternative to the burning of fossil
fuels to create energy. Its applications are becoming more and more prominent with car
manufacturers such as Mercedes releasing cars powered by the fuel cells. However, this is not to
say that development will not continue into the future, to meet the energy demands that the worlds
growing population will require.

Conclusion
To conclude, it is undeniable that catalysts are hugely important within industry. At present they
assist the production of many compounds that we use in everyday life such as Natta-Ziegler catalysts
which assist in the production of polyethene. Moreover, greater control over reactions through the
use of metallocenes in polymerisation can produce syndotactic and atactic polymers. Undoubtedly,
in other reactions, metallocenes can help dictate what products are formed, further aiding yield and
efficiency. Finally, the incentive to cut down on the burning of fossil fuels will only further efforts to
innovate in the electrocatalyst field. Even with examples of electrocatalyst use in the car industry
already, there will indefinitely be more applications of them in the future.

By Christopher Smith
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The Unpredictability of Chaos
Introduction
Chaos theory is an extremely new area of mathematics as its fundamental idea is little over 50 years
old.
It is defined as being a branch of mathematics that deals with complex systems whose behaviour is
highly sensitive to slight changes in conditions, so that small alterations can give rise to strikingly
great consequences. To put this into perspective for you I’ll give you an example that you may have
heard before, known as “The Butterfly Effect”. The butterfly effect is the idea that small things can
have large impacts on a complex system. The concept is imagined as a butterfly flapping its wings in
the middle of the amazon rainforest and causing a hurricane in Texas. Now this does not mean to
say a disastrous event such as hurricane Katrina was solely caused by the actions of a tiny butterfly
going for an early morning flight. It is just saying that the afore mentioned butterfly’s flight may have
caused a chain of events which would have started as being only slight variations in the air
movement in the amazon grow into much bigger differences until the two outcomes, caused by
whether the butterfly flew or not, are actually completely diverse from each other.
Another simpler way to think about it is when doing multiple successive calculations, it is advised
that you don’t round your answers until the very end because what may seem like a very small
deviation at the start may lead to it having a large effect on your final solution. Making accurate
prediction about the long term behaviour of layered systems such as the weather is made extremely
challenging by random events such as the butterfly.
Chaos is defined by Edward Lorenz as being: When the present determines the future, but the
approximate present does not approximately determine the future. Professor Ian Stewart gives
further detail by characterizing chaos as being random behaviour with no random cause.

Origin
In the early 1960s, MIT meteorology professor Edward Lorenz was convinced that the mainframe
computers used to great effect in planning weapons tests and launching satellites into orbit would
help yield accurate weather forecasts. Given that weather is characterised by a set of measurable
factors, such as temperature, pressure, and wind velocity, conventional wisdom at the time was that
a solid model, complete set of data, and a powerful number-crunching device, could, in principle,
predict the weather conditions well into the future. With that goal in mind, Lorenz constructed a
simple set of equations for air convection and programmed them into his cabinet-sized, vacuumtube-based Royal-McBee computer.
He input an initial set of data, switched the computer on, and waited for the printout. Placing the
output next to the machine, he decided to re-enter some of the data and run the program longer.
Typing it in, he was astonished to find that the program yielded a radically different forecast. Finally,
he realized that the computer printout had rounded the data, and what he had input was slightly
different the second time than the first. Somehow, even for a straightforward, deterministic set of
equations, a minute change in initial conditions yielded radically different behaviour.
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The amount of time that the behaviour of a chaotic system can be effectively predicted depends on
three things: How much uncertainty can be tolerated in the forecast, the accuracy to which it’s
current state can be measured, and a time scale depending on the system itself, called the Lyapunov
time, which tells you when making an accurate prediction can be rendered extremely problematic.
Some examples of Lyapunov times are: chaotic electrical circuits, about 1 millisecond; weather
systems, a few days (unproven); the solar system, 50 million years, so it is relatively for scientists to
predict the more or less exact position of Pluto in its orbit around the sun in 50 years time but
impossible at 50 million. In chaotic systems, the uncertainty in a forecast increases exponentially
with elapsed time.

Other Applications
What I find interesting is the way that chaos theory can be seen in
the nature all around the globe such as in population changes of all
plants and animals. To explain this let’s take a simple, familiar
example of carrots, rabbits and foxes in a small field. If in one year,
there is a slight growth in the number of carrots being grown
naturally in a field, this would mean that the rabbit population of
the field would have more food to eat and therefore would cause a
boom in the number of rabbits. As shown in the graph above the
increase in rabbits causes a gain in the number of foxes. The plummet in bunny population is due to
more predators and less food and then the foxes also follow suit due to the now lack of feed. And
the cycle begins again as now the carrots population can increase due to the lack of rabbits. Now do
you see how these fluctuations in animal/plant population have huge effects on others. This
example contains just three species. When scaled up to the millions of organisms across the world
these shifts cause massive chain reactions and prove to me the importance that chaos theory has in
our developing understanding of the world we live in.

From reading this I hope you have found a bit of sympathy for weather presenters whose jobs are
not as simple as you may think. Chaos Theory is remarkable for not only being a mathematical
concept but also bringing together aspects of physics, biology, chemistry and even economics. It has
turned everyone’s attention back to things we once thought we understood, and shown us that
nature is far more complex and surprising than we had ever imagined.
By Jamie Price
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New Solutions To Paralysis after Spinal Chord Injury
Paralysis is the inability to move parts of the body, which can be accompanied by the loss of feeling
in the area affected and can be a result of numerous circumstances and diseases. Paralysis can occur
directly from myopathy, neuropathy (e.g. Diphtheria), disease of the brain (e.g. stroke) and damage
to the spinal cord, with the two most common causes of paralysis being: strokes (the deprivation of
blood from reaching the brain most commonly due to ischemia or hemorrhages1., around 150,000
strokes per year in the UK with around 1/3 strokes resulting in paralysis) and sustaining damage to
the spinal cord (with 40,000 people in the UK and 280,000 in the USA, currently with spinal cord
injuries and 78% of them due to falls or road traffic accidents)2.. The developments which will be
discussed are all with the aim of aiding paralysis because of spinal cord
damage.
Spinal cord injuries are one of the most physically debilitating and
financially demanding conditions, with currently no permanent treatments
available. With up to 500,000 people enduring spinal cord injuries per
year3.globally, the demand for a solution is substantial.

Electrical Stimulation
Spinal cord injuries (SCIs) prevent communications between the brain and effectors in the body (e.g.
muscles and glands), resulting in a lack of control despite the rest of the neuromuscular systems
remaining undamaged. Electrical stimulation (ES) can be deployed in the central and peripheral
nervous system based on the principles that the intact neuromuscular systems are still functional.
This is used to allow for therapeutic exercise, increasing functional restoration and managing or
preventing medical complications that follow. The use of ES can return the functions of upper
extremity, lower extremity and truncal functions making common daily activities a reality for
patients. ES can be used to restore bladder and respiratory functions as well as preventing pressure
ulcers, which may significantly decrease the likelihood of death following SCI. Many ES devices are
commercially available and are considered by SCI clinicians as part of the rehabilitation process for
individuals with SCI.
There are 3 main stimulation techniques:
A. Epidural spinal stimulation: electrodes remain outside spinal cord however a device is
implanted under the skin to generate the impulses, allowing for relief in muscle tightness
and improved leg extension, sensation, hand function and bladder control even after
therapy.
B. Transcutaneous stimulation: electrodes are applied to the exterior skin surface and with the
use of an external pulse generator, impulses are produced resulting in improved muscle
tightness and stepping ability.
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C. Intraspinal stimulation: electrodes are implanted inside the spinal cord. Most studies are
conducted on animals and have shown enhanced reaching, grasping and stepping
movements due to the direct activation of nerve cells responsible for movement (motor
neurons).
The basis of neuroprosthesesis that: electrodes are the interface
between the external electric circuitry and the internal, bodily tissue,
thereby inducing a charge and stimulating nerves of the muscles
suffering from paralysis. The normal, resting potential of a neuron
(about −65 mV) is disrupted.The impulse leads to membrane
depolarisation if a neuron’s threshold is exceeded, resulting in an abrupt
flow of Na+ ions which forms an action potential, traveling down an
axon. Numerous, coordinated action potentials can result in a muscle
contracting, and it is preferred that nerves must be targeted as opposed
to muscle fibres, which are also susceptible to electrical stimulation as
significantly smaller charges are able to be used. The advantages of this
are that less power is consumed and tissue damage is less likely.

A study conducted in spinal cord injury research by Shepherd Centre, Atlanta displayed a 26-year-old
patient who suffered a T-6 complete spinal cord injury three years before treatment. The patient
was unable to move or feel anything below the middle of his torso. The treatment consisted of a
heavy mixture of physical therapy and slight electrical stimulation, to prepare his muscles.
Initially, the treatment started with 22 weeks of physical therapy and three training sessions a week
with regular tests for changes. His injury was described as incomplete due to potential dormant
connections across the site of injury.
After the completion of the physical therapy, there was surgery to implant an electrode, in the
epidural space, near the spinal cord below the area affected. The electrode is connected to a small
computer-controlled device located beneath the skin of the patient’s abdomen. This device sends
electrical current to the spinal cord, enabling the patient to create movement as shown by the
results:
In the first two weeks, he was independently able to:
-Control his muscles whilst lying on his side including leg movements,
-Perform step like motions whilst lying on his side and standing with some support,
-Stand independently by using his arms on support bars to control balance,
This intentional and volitional movement is an indication that the patient’s brain is able to send a
signal to motor neurons in his spinal cord to move his legs, via muscle contraction, at will.
The director of spinal cord injury research at the Shepherd Centre of Atlanta, Edelle Field-Fote, gave
the following statement: "This study supports the growing evidence that when a small amount of
electrical stimulation is added to the spinal cord, it can increase the ability of the spinal cord to carry
information from the brain to the muscles.
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Gene Therapy
Research conducted at King’s College London and the Netherlands Institute for Neuroscience have
revealed that rats with spinal cord injuries were able to re-learn skilled hand movements after being
treated with a gene therapy. The mice had lesions in areas of their spinal cord, which resulted in
paralysis of the limbs.
Genetically modified astrocytes (star shaped cells providing support and insulation for neurons (glial
cells)) lined the lesion borders in the injured spinal cords of the rats. The research included triggering
a gene inside astrocytes, activating these cells, allowing for front paw control to be fully achieved
after continuous practice for 8 weeks. The study suggests that this form of gene therapy may
expedite the brain's ability to heal from a range of debilitating conditions, such as strokes and spinal
cord injuries.
Firstly, the researchers aimed to dissolve components of the scar tissue in the rats' spinal cord,
which formed after the lesions, and did this by giving the damaged cells in the cord a new set of
genetic instructions, by delivering a gene for breaking down the scar tissue. The new gene was
translated to an enzyme called chondroitinase directly into the spine, using a virus vector to deliver
the gene and to be incorporated into the mouse’s chromosomes. Finally, a drug was used to
stimulate the process. The need to breakdown and remove the build up of scar tissue around a
spinal cord injury is imperative as often, scar tissue obstructs connections between nerve fibers
responsible for signaling to lower limbs.
The main difficulty that the researchers facedwas that the immune system would recognise and
remove the geneswitch mechanism. To prevent this from happening, the researchers received
assistance with colleagues in the Netherlands to synthesise a ‘stealth gene’ which hides the new
gene switch from the immune system.
Among the vectors that have been used to transduce damaged tissue are: herpes simplex virus,
adeno-associated virus, adenovirus and lentivirus vectors, each with their own advantages and
limitation revealed via testing. Many previous studies include direct gene therapy, ranging from
neuroprotection strategies to axonal growth promotion at the injury site, or a form of treatment
called dorsal root injury repair, and initiation of a growth-supporting genetic program. However, the
newest study outlined above has been described as fast and the most effective.
Lesions to the mice imitated the most common cause of spinal cord damage in humans, injuries to
the neck, and after a period of two months, the rats were found to regain the use of their front
paws.
The therapy was designed so that the gene’s signaling could be switched ‘on or off’ through the use
of antibiotics allowing researchers to switch off the activity of the gene once the desired results had
been achieved and to view any other effects after switching off the gene.
The therapy was also found to be fast-acting as after one or
two weeks, most of the rats were able to grip the rungs of a
ladder. However, more complex actions such as grasping
require far more coordination of muscles and therefore take a
greater period of time to rebuild the connections for this.
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The main basis of gene therapy when used to repair spinal cord damage involves the delivery of DNA
or RNA that carries the code for proteins, useful to the damaged tissues. Cells can take up the
genetic material by incorporating it into their chromosomes and begin the production of the specific
proteins that will repair the damage. Using genetically engineered viruses, genes for neural growth
factors can also be injected into muscles (an alternative to using a viral vector), where they are taken
up by the neuronal axons which are responsible for connections to the muscles and are transported
to the cells of neurons inside the spinal cord. Growth factors are usually insulin-like growth factor-I
(IGF-I), which display neuroprotective properties of nerve injuries and can be delivered to neurons.
Vectors delivering a
transcription factor for the
neuroprotective growth
factor: vascular endothelial
growth factor (VEGF), have
also been successfully
developed11..

Stem Cell Research
Stem cells have been found to be an effective way of replacing areas with healthy tissue, due to their
regenerative properties (particularly haematopoietic- stem cells which can differentiate into types of
blood cells, and mesenchymal- can differentiate into many cell types including bone, capillary,
muscle etc.). Treatments for leukemia have long been tried and tested and are the most common
treatment as they cure the disease in the best possible way, compared to alternatives. The relapse
rates with transplants are also very low.
Stem cells are the so called “master cells”, responsible for developing an entire, fully functional
human body from a two-celled embryo. Due to their unlimited divisions and strong ability to
differentiate, stem cells have been manipulated by the technology to isolate them outside the
human body (in vitro), concentrate them in a clean environment and implant back for specialised
use.
Stem cells treatment includes administration of concentrated cells in the affected area to form
colonies (a unique characteristic), adapt these properties and reinstate some of the lost functions
that were a result of the injury.
A recent clinical trial conducted by Dr. Edward D. Wirth, chief medical
director at Asterias Biotherapeutics, has shown potential success in
stem cell treatment for spinal cord injuries. It includes injections of ASTOPC1- an agent made up of oligodendrocyte progenitor cells (OPCs)
that come from embryonic stem cells. OPCs are myelin-forming cells,
found in the brain and spinal cord and their use is to help nerve cells to
function.
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The basis of the treatment is to reduce the size of the injury cavity,
replacing the myelin on the nerve cells (myelin coats nerve cells).
Also, to stimulate nerve cell growth, and form new blood vessels
that will carry oxygen and finally a result of healing of the injured
area. The use of embryonic stem cells has been subject to
opposition as it begs significant ethical questions. There is a need
to align morals and scruples and the need for medical
development so that it is favorable by the majority of society. Key
ethical questions include: do we view the embryo with the same status as a person? Also where is
the compromise between the duty to alleviate suffering and the duty to respect the value of a
human life, both currently grey areas within the scientific community.
Although research and developments in the use of stem cell use in the treatment of paralysis due to
spinal cord damage is still early in the works, the prospect has the potential to one day be used as
frequently and as effectively as the way that stem cells are used in leukemia treatment.

Conclusion
In conclusion, there have been huge developments and successes in the treatment of paralysis due
to spinal cord damage in recent times, with various new treatement methods emerging, with only 3
outlined here. There is a stark contrast between all 3 techniques, with questions of which treatment
is the fastest, most effective and most long lasting still unanswered, especially as many treatments
are extremely recent e.g. the first successful stem cell treatment for paralysis on a human being,
occured only in 2018, so is yet to be fully developed. Also, with all of this progress there are
obstacles that every treatment will face (such as ethical issues) and therefore it will be interesting to
see how the treatment for paralysis continues to evolve in years to come.

By Arjun Argwahl
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Stress Analysis
The materials which make up everything around us are all there for a reason. The steel beams
holding up a sky scraper, or the aluminium alloy keeping an aeroplane from imploding under
extreme pressures, have all been designed, modelled, and tested by engineers. Whilst the cost,
rigidity, form, and general practicality of the material are all important factors, the most prevalent
has to be the strength. More specifically, the ability of the material to bare a load for a sustained
period of time. This can be measured in a number of ways, and can be predicted in even more. This
essay will explore these methods and evaluate the practicalities of each, whilst highlighting the vast
array of applications to almost everything you see around you.
How is strength measured?
The young modulus of a material is the measure of tendency for an object to bend or break. It
follows that a material’s strain (extension) is directly proportional to the load up until the limit of
proportionality, where the strain will usually increase further and the material will never return to its
original state. This is what an engineer in almost any situation tries to avoid, although different
situations demand a different young modulus value.
For example, a bungee jumper would want his chord to have a very low young modulus so to control
his deceleration in a safe way. A support beam for a bridge would need a very high young modulus
as any deformities can cripple the bridge’s structural integrity. However, in both of these cases, a
very high limit of proportionality is desirable as both the chord and beam could kill someone if they
failed.
The young modulus is measured in Pascals (Newton’s of force per square metre required to extend

the material by one metre) and can be graphed for any material:

Since the young modulus is the stress/strain of a material, and the
stress is force per unit area and strain is extension per unit length:
Often in engineering problems, the young modulus is known, the
stress is measured and the resultant strain can be worked out and
used to evaluate the structure.
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Photo-elasticity and structural modelling
The first method which can be used to predict effects of stress is by modelling. Whilst this is a rather
crude method and not used a lot in industry, it is worth discussing due to its simplicity and will
provide a better understanding for the principles shared by all techniques.
Using a property of translucent materials, photo-elasticity, we can quantitively assess the impact of
various magnitudes of stress on a structure. The method is simple:



If we pass a beam of monochromatic, polarised light through a translucent material, we will
observe a ‘fringe pattern’ through a polarising lens



This is the result of the light diffracting through the material and interfering with itself to
form regions of dark and light strips.
If the material is photo-elastic, then as we apply more pressure to the object, the fringe
pattern will change and the measured distance between the lines will decrease.



This method only works for certain materials, in the example above the ruler and protractor are
made out of a polycarbonate, where the refractive index is open to change based on the physical
structure of the material.
The applied stress causes alignment of the random chains and the inherent uniaxial anisotropy of
the chain structure leads to 'stress-induced birefringence'. Birefringence in polycarbonate specimens
arises due to two effects, non-random chain alignments and residual strains.
However, as we know, buildings and bridges are not built from polycarbonates. So how then could
this method possibly help an engineer design such a structure? Simply because the materials are not
proportional in terms of strength attributes does not mean that they cannot represent a potential
scenario with accuracy. For example, if we modelled a straight beam against an ‘I’ beam in this
method, the ‘I’ beam would be significantly stronger (as in real life) due to the form of the material.
In this sense, the method could be used as a way to deduce a structurally secure shape.
Overall, it is clear that, whilst this method may serve as a reliable indicator as to the best structures
to build, it cannot be used to accurately determine the maximum stresses a material can undergo,
simply because it can only simulate a circumstance with a trivial material.
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The finite element model
We have looked at a practical method for analysing stress, however its main weaknesses lie in the
method use to obtain results (and all the uncertainties that come along with that) and the lack of
continuity between the data obtained and real life situations. All of these weaknesses seem to be
solvable with a numerical method of interpretation.
To more accurately predict the behaviour of a system under load, the finite element model can be
used. Whilst most of this can be done in the engineering industry using advanced software, through
the application of the basic concepts towards simple problems, it is possible to model a situation by
hand.
Very oversimplified, the linear finite element method is as follows:





Discretisation of the body (dividing the system into many smaller bodies or ‘finite elements’)
*note that the more bodies used, the more accurate the model but this can get very
complicated*
The structural specifications are used as the variables to determine factors such as strain,
rotary dynamics, and overall structural density
The force diagram can then be resolved for each node position on the diagram, often using
matrices of masses to resolve for stress

Elements of the model:

Nodes (circled):

The problems with this, however, are that to model such a situation, we must resort to dramatic
simplification and idealisation through assumptions such as mass is concentrated at the centre of
gravity, a beam is a line segment of uniform width, and forces act upon a single point in space. Also,
without the use of advanced software we would neglect
any frictional forces or at least model them as a uniform
variable – equally as unrealistic.
The only way this method can approach accuracy is with
advanced programming – this method was only invented in
the 1950s as there is no way you can hope to resolve a non-linear 3D problem by hand.
This is far more accurate and, with decades of research and experience, this method has been
refined to account more accurately for anomalous variables, which is why this is the most used tool
by engineers to analyse stress. However, it is flawed in the sense that it can only predict the state of
a structure when given the variables. This is no problem when a bridge is just built from off-the-shelf
materials, but 50 years down the line and engineers will not know whether the structure is safe. This
is the reason why the bridge in Genoa collapse. People were suspicious of the structure due to its
age, but there was no way of knowing for sure that it was unsafe. Consequently, many people lost
their lives. This could have been averted with the help of technology which would allow easily
accessed data on the stresses within different parts of the bridge – something which the finite
element model will never be able to do.
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Integrated fibre optic monitoring systems
There is currently in research a new stress analysis technique which would revolutionise the industry
and make modern structures even safer. This is an optical fibre system integrated into the structure
itself which would be able to provide maintenance engineers which the required data from which to
determine the current state of the structure.
They work on the principle of the modelling stress method – by
using the photo-elastic properties of polycarbonates. This,
however, can actually be used to collect accurate, live data on a
very specific part of a system. As the diagram shows, the
birefringent material is physically connected with the structure, such that any stress experienced by
the structure at that point and in the measured plane of movement are also experienced by the
material. Whilst the resultant strains in the polycarbonate will vary, as long as both materials remain
within their limit of proportionality then the strains measured in the polycarbonate will be directly
proportional to those within the structure. Since the stresses in each material are assumed to be
equal (probably the greatest weakness in this method), the stress in the structure can be worked out
by multiplying the strain measured by the young modulus of the polycarbonate.
There are, however, many other models of the integrated
monitoring system. Most, however, use optical fibres to transmit
data as light is often the variable being measured in some way.
These are referred to in industry as SHM (structural health
monitoring) systems.
Whichever model is used, they all output continuous data which is processed
into a strain graph which can be analysed against the material’s specification
by an engineer. As we can see from this graph, the stresses fluctuate in a real
system due to systematic anomalies. This is the strength of the SHM system,
that whilst both other methods discussed provide only approximations and
hints towards answers, this graph can be analysed easily to check for safety.
However, the graph also demonstrates a vulnerability of SHM systems, that the analyser is
dependent upon a power supply and, whilst out of power, is rendered useless.
The potential for these systems, however, is limitless. From rockets to skyscrapers, understanding
the status of a structure at any given time is invaluable and, once these systems become even more
economical, we can expect to see their uses grow.
Conclusion
To conclude, the world of stress analysis is integral to the structures supporting our society, and is a
field of new and exciting developments which promise to change the engineering landscape. Whilst
the structural modelling provides us with an indication as to how a system might behave, the finite
element model provides us with hard answers (when fed the correct numbers of course), however
the weaknesses of each could be solved with the future use of stress indicators built into the fabric
of our buildings. This is the only absolute way to keep completely safe and should be researched
more to provide a cheaper alternative and industry standard for the future.
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Why is Mercury a Liquid at room temperature?
If I asked you to describe a metal, you might think of gold, copper, or silver. For most of these metals
you would commonly think of, you would imagine them as being shiny and solid. These metals all
have one main property in common: their state.
All transition metals are solid objects at room
temperature, except for mercury. Mercury, being
the renegade of the periodic table is instead a
liquid. Most elements of the periodic table are
either gas or solid, but mercury is one of the
anomalies along with Bromine. So why is mercury
a liquid?

Well, to understand these phenomenon chemists have had to begrudgingly use theories that come
from physics, more specifically relativistic physics. In 1905 Albert Einstein published his theory of
special relativity, and one of the more interesting proposals was that mass increases with speed. Of
course, this speed has to be close to the speed of light before it takes a noticeable effect, stating
that your Mother has greater mass because she's driving on the motorway isn't highly
recommended. So as objects travel close to the speed of light, such as the electron, its mass will
increase.

So how does this effect the state of mercury? Well, mercury has the most protons in its nucleus of
any metal. This means that the electrons move much faster in their orbital. Using the theory of
special relativity stated early, we know that the mass of the electrons has now increased due to their
faster movement. This means the electrons stay closer to the nucleus than they would normally. For
metallic bonding to happen akin to most metals, the electrons have to be delocalised amongst all
the atoms of the metal, however mercury cannot do this since the electrons are so tightly held to
the nucleus. This means that mercury can only bond through Van der Waals forces and is a liquid at
room temperature.

By Rylan Fairhurst
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Challenge questions:
1: A car is travelling along a road in a straight line. Figure 1 is a
velocity time graph for the car’s journey

Fig. 1

What is the distance covered by the car whilst it is decelerating?
2: An electric motor is used to pull a broken
down car slowly from the road up a ramp on to
the back of a breakdown truck.

Fig. 2

The car has a mass of 1200kg and is lifted a
vertical height of 1.0m.
The total input energy to the motor is 28kJ and it
is 75% efficient. Whilst lifting the car, energy is
lost to the surroundings from the motor and from other causes
What is the total energy lost to the surroundings?
3: P is directly proportional to Q squared. When P is 2, Q is 4.
Q is inversely proportional to R. When Q is 2, R is 5.
What is P in terms of R?
4: The diagram shows a crane being used on a building
site. The crane is perfectly balanced about P.

The load is now moved to the left by 5.0m.
To keep the crane perfectly balanced about P, how far
must the counterweight move and in which direction.

5: A book of mass m rests on a rough horizontal
surface. The surface is now titled as shown:
When the angle of tilt is 20°, the book slides down the
slope at constant speed.
What is the acceleration of the book down the slope
when the angle of tilt is 25°?
(Gravitational field strength = g)

Please write down responses on a separate piece of paper
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