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Introduction and Research Questions

Benzocaine is a local anaesthetic used commonly in antiseptic lotions and in after- sun products.
The aim of our experiment was to synthesis Benzocaine from a sample of 4-amino benzoic acid; using techniques unique to working in a chemistry laboratory. We
would then develop our analysis skills to determine the purity of our product.

Is it possible to conduct the synthesis of 4-amino benzoic acid to produce benzocaine, using the technigues learnt both in the classroom and the laboratory?
Is it possible to determine the yield and purity of the product using chemical analysis techniques?
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Method:

1. 4-aminobenzoic acid (1.35g) was added to a mixture of ethanol and sulphuric acid (10cm3) in a round bottom flask before adding bumping granules and swirling the
mixture to form a suspension.

2. The apparatus for reflux was set up, the water flow was started, and the heater switched on until a gentle boil was maintained.

3. The solution was left to boil for three hours.

4. Meanwhile, the melting point and an infrared spectra of both 4-aminobenzoic acid and pure benzocaine was measured.

5. After the 3 hours the heater was switched off and the solution was allowed to cool.

6. Aqueous sodium carbonate (40cm3 0.5moldm-3) was added into a round bottom flask and using a pipette, small portions of the reaction mixture was added to this.
7. The while precipitate formed was collected using filter paper and a Buchner Funnel, before rinsing the solid with ice cold water.

8. The product was vacuum dried, transferred into a watch glass, and allowed to dry in an oven for 30 minutes.

9. After this, the watch glass containing our product was weighed, and the percentage yield was calculated.

10. The melting point and infrared spectra of the product was recorded.

11. The benzocaine was analysed further using a Nuclear Magnetic Resonance and High Performance Liquid Chromatography.
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IR Spectroscopy ]
Infrared Spectroscopy is used to identify the presence of the ¢
functional groups present in the molecule. The spectrum is o |
unable to display the molecular mass of each molecule, butit = - m '
produces an image that is unigue to a particular molecule. If | ) .
the spectrum is the same as the pure product’s, it is pure. -
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Mass Spectroscopy/ High Performance Liquid Chromatography : n\
Mass Spectroscopy relies on the difference in molecular mass between different e m——— 8
organic molecules to identify a sample. If the product matched the mass .
spectrum of the pure benzocaine, then a pure product was created.

Melting point : : : ———

Knowing what the substance is, the melting point can be used to determine the mg:::zg Eg:g: 8; EE:Z ébl-ez;r;\(l)r:;l:]ee?zoc():lc acldl < 19829
urity. Comparing the expected melting point! with the product’s melting point =

purity paring P gp P 9P Melting point of product/ °C 91

can indicate the purity of the synthesised product.

NMR
Nuclear Magnetic Resonance (NMR) determines both the amount and placement | |
of protons present in a molecule, which can then be used to determine the bonds - [/ |
present. Results similar to the pure sample show that the product produced is - |
COrreCt and pure. 95 90 sfs"aj;'}.ﬁ . 60 55 5045_ 10 35 30 25 20 1510 08

Evaluation
All the results obtained are significantly similar to the results from the pure benzocaine sample. This shows that the product we have
synthesised is very pure and the aims have been completed to a high standard.

1. Shkurenko, G. (2016). Diffusion kinetics of the ion exchange of benzocaine. Russian Journal of Physical Chemistry, 90(6), pp.907-912.
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Introduction

“Binary stars are two stars that share a gravitational link and simultaneously orbit their common centre of mass” (1). One of the ways that scientists work out the mass of
stars is by “measuring their gravitational interaction with other objects” (2). “Information about the two stars can be deduced from study of spectral lines emitted by the
stars that are Doppler-shifted as a result of their orbital motion” (2).

It’s useful to use a binary system to find individual stars’ mass is because “when two objects orbit one another, their mass can be calculated very precisely by using
Newton’s calculations for gravity. The data collected from binary stars allows astrophysicists to extrapolate the relative mass of similar single stars” (3).

We did an experiment which imitated two stars rotating about a centre of mass.

Method }entre of Mass

1)  Equipment should already be set up as shownon. A R
the side, about a meter away form a microscope, -~
with bubble wrap in between to avoid reflection of Figure 1: The binary system

sound. This microscope should be connected to a
computer with spectrogram 16 open.

2)  First of all, connect the system to the oscilloscope 14.9kHz I
and measured the frequency of the speaker. P
Disconnect the circuit from the oscilloscope and | o o= |
connect it to the power pack which makes the ruler :
stick spin so the Doppler Effect can be measured.

4)  Measure how many times the speaker completes a
full cycle by using a stop watch to measure 10
cycles and divide it by 10.

5) Turn the power pack and the speaker on and the
programme will pick up the signal.

6) Record the frequency.of the signal by hovermg.the Highest: 15026Hz
cursor over the maximum and minimum points,

— Lowest: 14862Hz i
and finding the mean. Figure 3: Simplified binary system
. : : Mean: 14944Hz

7) Save it, and log the values. Click points along the
line making sure to be accurate. Copy and paste the
results into excel and work out other values for the
equation by using the formulae.

8) Make a graph out of the results and do the same
thing using the frequency reading from the
oscilloscope at the beginning and add to the graph.
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Mean: 1.2005 Figure 2: Set up to model the binary star system

seconds. This is
the value we
used for P

Figure 4: Our results. The orange line is the theoretical results we should have achieved — this
is a sin graph. The pink line is our actual results.

Evaluation

The results broadly followed the trend of the theoretical results, however there was deviation.

This could be because of the background noise in the lab. To improve the experiment, it would be ideal to be in an quiet or silent room so that only the sound

emitted from the speaker would be picked up by the microphone.

Furthermore, there is a possibility that some sound waves reflected off of the computer screen or another surface would interfere destructively with the
Isound travelling towards the microphone, which would have a huge impact on the results. Soft panelling could be used to avoid reflection, destructive I

interference and echoes.
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A‘ proto_type for home'automation with thle aim of improving quality of life.
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What does it do?

It collects data on the surroundings, such as temperature and light intensity, which it then uses to provide a useful output such as turning the fan on when it gets
above a certain temperature to make the home owner feel comfortable. It also has other useful functions such as turning on the lights when it gets too dark. In
addition, the Sensuino displays the collected data on a LCD (Liquid Crystal Display) which can provide useful information for any homeowner.

Darkness threshold screen which
allows the user to change at what
level of darkness which they want
the lights to turn on.

Fan speed screen which allows the
user to adjust the fan speed
regardless of the temperature

Default screen which shows the
data being collected, measured
and updated every 750ms

How it works

The Sensuino prototype is built using an Arduino, a microcomputer that is commonly used in embedded systems, as its foundation and allows us through the
use of programming to interact directly with hardware such as LEDs, LCDs, motors and sensors. Our current prototype utilises a thermistor to measure
temperature, a photoresistor to measure the intensity of light and a LCD to output the data and allow the user to change the settings such as the intensity of
light at which the user wants the lights to turn on and also the speed of the fan.

Ny

The thermistor is a sensor used to measure the temperature and it works The photoresistor is used to measure the intensity of light and will also like
by resisting the current based on the temperature of the environment, the thermistor resist the current based on the light intensity, the darker it is
the higher the temperature, the greater the resistance. Our software that the lower the resistance. The software in this case based on the custom

is uploaded on the Arduino will measure the current and then convert threshold set by the user will turn on the LEDs based on the intensity of light.

this through the use of a formula to degrees Celsius. Depending on this
temperature the motor, controlling the fan, spins faster or slower to

lower the temperature. 7\

The current version of the prototype currently uses a motor as the fan, the A light-emitting diode is a two-lead semiconductor light source, that emits
speed of the motor is dependent on the flow of the current and we can adjust light when current is supplied. Our prototype uses four LEDs, which turns on
this through the use of our software which increases the current if the based on the threshold value of the intensity of light set by the user and
temperature is higher which in turns spins the motor faster. measured by the photoresistor.

Real Life Applications

Home automation is the future and the industry is rapidly growing, with loT (Internet of Things)
becoming cheaper and more accessible, the Sensuino is the basis of any home automation
system. It automatically adapts based on the environment without any input from the user. It is
very easy to think of our prototype in a limited sense, but it can be applied to a variety of &8
situations. For example instead of a motor, the system could be hooked up to an air conditioning W -
unit, in place of the LEDs we can have an expensive chandelier in the lounge.

(. S P"TswuzgertThingSW \/ N g o

HomeKit 6 -

_ amazon alexa

References: https://www.arduino.cc/reference/en/
https://howtomechatronics.com/tutorials/arduino/Icd-tutorial/
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Solving ConnecfAFour with Game
Theory

How is Game Theory related to History of Connect 4
Maths? —_—

Game theory is a branch of applied maths that
allows us to model and analyse zero-sum games
between intelligent rational decision makers.
Connect 4 1s an example of a game that can be
modelled and “solved” using game theory.

=

| ) " Howard Wexler Victor Allis

Connect 4 was made in February 1974 by Howard
Wexler, but was only perfectly “solved” in 1988 by
Victor Allis and James D. Allen. The game involved
two players playing on a 7x6 board trying to make a
row of 4. The objective of the game and the rules
sound simple but the proof for such a winning
strategy is extremely complicated and can only be
derived by a computer.

Fact
There are over 4,531,985,219,092

different ways to fill a Connect 4 grid!

Figure 1

The pertect strategy to Connect 4

Number of legal 7 X 6 Connect-Four positions after n moves

be+11
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Connect 4 was “solved” in 1988 by Victor Allis and
James D. Allen, they proved that Player 1 will always
win if playing perfectly in 41 moves or less, they also

proved that the only way to win when against
someone who also knows the perfect strategy is to go
in the middle. Anywhere else will result in a draw or
loss. The only problem is that the perfect strategy is
extremely complicated and humans cannot possibly
compute every position.
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Did you know?

Chess is another zero-sum game with two players.
However the computational power to “solve” chess [pEEEes

Banner: https://leludimag.wordpress.com/2017/04/19/pourquoi-se-remettre-aux-jeux-de-

1s too high for current computers! societe-est-il-si-complique/

Howard Wexler: https://www.newsmax.com/tommessner/howard-wexler-connect-four-games-
inventor/2018/01/29/id/840078/
Victor Allis: https://chessprogramming.wikispaces.com/Victor+Allis




dielo Grand Theft Auto

stopped to think of the things wrong with video games such as
=1 differences and the way that certain characters are made to appear

FERCENTAGE OF (HARACTERS
SR EREEEEEER

Hufmbal of tharectars ™ Primary charfecters B Seeshdiery chareciari
B S 3 k= ed Sofmeradial el allied ™ Yeiry i Ualkad

As shown by the findings of our expenment it is evident
that more characters are male in companson to female
characters. It is also visible that female characters are
more sexualised than male characters. We believe that
this stereotypical gender split should be broken. Wiy
can't females play video games using characters of ther
own gender without them being sexualised ? This may
be the cause of females not playing video games as
much as males. We also conducted further research to
support this. We done this by asking 5 females and 5
males if they play video games. The results were the
following:

=  B30% of males played video games
= 20% of females played wwdeo games

As you can see there 5 a huge gender split when looking
at gamers and we believe that this can be broken if there
were an increase of female characters and a reduction of

saxualised female characters.
Gamers

O Male B Female

en are more sexualised in video games but to an extent. Women

gnificance as we predicted. Additionally we |later realised that there
hese being the extent people consider sexualised and whether the
rther research our sample sze could have been larger resulting in




Why has there been an increase in the prison population in England
and Wales, and what problems does this create?¢ Leeet. al

The management of came pror to the 20th century hugely contrasts to its managemsant in recent years. Between 1500-1897, polcing was

osed on the aim to deter pecple from commithng carme, with punshrments for vanous cnmes diffenng between capital and corporal
punishment. Howsver, since eary 20th century it was evident that the cnminal jushce systermn waes no longer achieving its aim of bsing o

deterrent fo carme. As a resulf, g state funded full fime police force was Infroduced in 1700, Inwhich more caminals could be caught and
sent to prison as an alternatve form of punishmeanit.

n recent years, the prson population in Englana and Wales hos increcsed dramathically, it hos nsen oy 0% oetweaen 1970 and 201 6. For this
regson our group hos decided o research the factors that has caused such a drostic changs Iin prison population, ofher than the

improvermnents on policing. Here, we have highlighted that depnvation, changes in pRson sentences and gender ineguality have
escalated to become the main factos that coninoute to eing preon populations.

Efl How does deprivation contribute to E
~  the increase in prison population? o

How does gender equality contribute ™
to the increase in prison population?

How does recent changes to

E:-’ sentencing contribute to the increase

in prison population?

Cepmvaton can be seaen as baing a couse of the
Ircrecss n precn populations in the UK. A significant
mirionty of prsoners have ived In core, children's

homes at scrme point dunng thear childhood. A
sarnple of female prisoners found that " 15% of their

sarnple had grown up In children’'s homes, and 20%
overall had been taken Info care .

Cfficial stafistics from the Cabinet Office state "657%
of boys with convicted fathers will go on o offend

thamselves' . This stalishc from the Social BExclusion
Task Force of 2006, highlighis the pofenfial
ineffectivenaess of the dola becouss It was

collected 12 yeaors ago. However, it is from a frusted
website and thus could be wsed as supporting

evidence.

247 of pnsoners staled they hod been in care af
some pomnt during their childhood. Those who had
=en In care were younger when they were first
arrested, and were more likely 1o be reconvicted in
the year after release from custody, thon those who

hiad been in care.

Deprmvation can link to the theory of conflict,
paricularly focusing on sociclogist Kol Manc
Marxt: bebleve the real cnminak are fhe nch
pe=ople who explort the rest of the populafion.

Cine reczson we identihed for the nse in pnson
populahon 15 the Increocsing egualty of
women, which we beleve hos resulted in the
chivalry efiect being less prominent in
women's senfencing. Women ars only a very
small percentoge of the overal preon
populahion, shown in tThe grooh below [Prson
populahion in the LUK, 2017) however the Prson
Reform Trust puts foraard how aunng the past
twelve months there haos been a sudden nse in
the female populahon; which may be a result
of the community service faling by 447% In the
last decade (Prsonreformtrust.orgouk, 2018,
meaning more Wwomen are going sfraight fo
prnscn than complehing community serice.
Recent stahishes abo show thot tance as many
women than men are jaled for a first ime

offence (Thetrmes.com/prsonstats), meaning
the female population & liksly to confinue 1o

P,

There 5 a positive corelation between InCreasing

przon populations and preon expendiiure in the LK
The & a confroversial topic in terms of the economic

impdicatons that it hos for tox  payvers and our
oVErTIment.

The ussable operahonal capoacihy of UK pnsons
(201462017 was 87,072, however 84 745 of these
cpaces were filed, each coshng £E22.933, which 15 a
4 2% higher than the previous year. This & vabdated
by figures provided by the Home Office which soy
that out of 73,560 releases beltween Apnl and June

2016, 36452 people recffended with o tofal of
143,798 cffences. From this, many infer that prson’s

am of rehakditation 5 not being achieved, and so o
= argued that money = overspent on Inadsguate
prsons thot do not coninbute to the prevenhon of
crime. Futhermore, allemative punishiments can be
considered to use budgets more effechvely iIn croder

o prevent convichon, For example, permmithng
offenders fo license work would reduoce the cost of

impnsonment and abko reduces the cost o fund

recffenders. This & because only 1 out of 10,000 of
fhose released on temporary icense commit further

CTIIMRES.

Recent changs:s fo senfencing has
resulted in ..

»  More people being sentenced to
immediate cusiody- fhers were
arcuna 40,000 more  pnsoners
servimg  custodial sentences In
2016, compared fo 1993.

« FRKecaled ocffenders are increcsing
- Im 1995, only arovnd 150 in the
pnson populahon were recalled
for offences. This has increased to
&600 in 2014,

« FPeople are being sentenced o
longer penods of iImpasonrment as
shown by the graph below:

With ao greater number of women being
presented with prison sentences; this impacts
the nexi
farnilies, especially children from ther mothers,
couse children 1o be placed into care or foster
romes. Only 2870 of mothers In pnson sialed
that ther children’s fother was a pamary
caregiver, which suggests that ther mothers

bsing separated from them will have mors
detrimental effects thon f T wos the father

going to prson. Further to these Bsues, more
WOomen going
populaton: withh 6176 of girds who are In care
qoing fo prson at some point in ther Ife. Ths
proves how children affected by ssporation
from moihers i1 prason can lead to them
commithng cnme wihan they are clder ako.

gensrahon. The kErecking wo of

o prson  INCreases ERson

The average ime spent in prson
(incleding time spent on remand) for
determinate senfenced prisoners
[those with a ixed lenghh senfencing)

has increased

T reiewied w | 397°

8.1 months

Theer e i J020
7.9 manths

This may be due to the offence
make-up of fthe pnson populahon
changing towards offences that
carry longer sentences .9 violencs
agairst the parson.

Cwerall, the issuve with longer and
harsher sentencing 15 that pnsons will
reach fther moamum points of
capacity a lof sooner. Wik fhe
addificon of mony more ciminals of
petty corimes along with  longer
sentences for cames, such os sexual
offences, In the next 10 or even 5

vears prsons in Bnglkand and Waoles
could be to the pont of nesding

SEFOLS EXpaInsIon.

e o

METHODOLOGY
We decided fo use a combinahon of guanfitatve and gualtatve methocdology o

collect infommation, using a vanety of secondary sources ranging from media ariicles 1o

govemment statistics. To further enhance cur analyss we alsc employed three
cnminological theorefical posthors within ouwr postions; labelling, confict and fermanist

thaones.

e o

e S
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CONCLUSION

To conclude, we haove estaklished that changes o sentencing, family deprivation and gender inegualiiy
nave al contnbuted fo the increase n the pnson populahon - which we have discussed previously In our

thres moin resecrch guesticns. Based on evidence, we believe the changes o sentencing have been
the largest coninbuwtor to the increase in the pnson populahon c: thers weare around 40 000 more:

prEoners serving immediate custodial sentences in 2014, compared 1o 1793~ which was stated on the

AMinistry of Jushice pulblished stahshcs.




30 on Instagram has an affect on haalth as we feelrt
users, are a victim of. One study wihich had especally
x the topic further was about how people felt about their

C lﬂﬁtthnqmiﬂufpauﬁemmmnglm
from 1-5, 1 being the lowest for how they felt about their body. In

tos on Instagram the highest percentage of votes, 40.8% was for a body
xfore alluding that people’s satisfacton with their body decreased after locking

diton the number of people who scored their satisfaction as 1 increased
3 If we maks people more knowledgeable about the subject we can present or
negative impacts that Instagram has and hopefully reduce the numbsr of wormen with mental

r

on Instagram

act on their health?

I g’-ﬁ &

ical haalth related to social media.

on Women's Health

Overall it became dear that Instagram has 3 negative
impact on women's health when 1t was listed as the top

mast negatively impacting so0ial media platform in areas
such as salff-identity, depression and aneety from the °
gstatusOofMind study. The awuthor of the study, Matt
Keracher, claimed that Instagram shows a "“hltered and

Photoshopped version of reality™ and with the recent rise
in trends like “fhonespiration™ it's no surprse that young

girls hold such an unhealthy wiew abowut what their body
should look like. Instagram celebrity, * Essena O'MNeaill came

forward to say that what she presented on Instagram was
mot “real life” and she would “suck in her stomach”
and “make her body look skinnier” and this ssems
to have a knock on effect as shown in a guestionnaire

askngz how people feal after looking at Instagram whera °
40 B% rated feeling a 2/5, 5 being the best.

I-F

Data Collecton Method:
‘We created questions that related to our topic and onizinal guestion.

g,

b~/

The portrayal of women on Instagram

The portrayal of ‘Women on the sooal networkng sie
Instagram has been a point of dscussion for some time. A
recent 2044 survey by ‘a picture of health’ found that 41%
of Women between 1E-25 felt that the portrenyal of

WOmen on Instagam was unrealistic. In recent years we
see much more emphasts on celebrity culture where they

only present an immaculate image. As a result this has
iIncreased the pressure on regular women to always strive
for perfechion and to appear without flaws on sooal
nebwmorking sites ke Instagram by uwsing filters and
Photoshop _According to Lindsey Mean, an assoliate
professor of sodal and behavioural soences “women on
social media are portrayed in less powerful, and often
highly sexualised roles - it's a very imimted range of
representation”. Although, Women are sometimes
portrayed in a natural and realistic forms, these examples
are vary much n the minonty. Badently, there = a dear
distortion of women on social media and this arguably has
a negative effect on female Instagram wsars.

All four of us used the Instagram poll sticker on our Instagram account stones to ask followers the followmng questions: “How does Instagram portray women
answenng erther "“Negatvely’ or ‘Positively’; ‘Do you thank this negatively affects your mental/physical health?' and Do you think this has a negative iImpact on

vour self-esteem?’, both answering ether “ves” or ‘Mo’

Wwe all allowed followers to vote on the above guestions and gathered our data in 3 quantitative form to be able to wuse excel to create bar graphs that clearly

reprasent people's’ views and to make it easier to analyse.

D ni Thesk ke hees
SEN O BT

F OO INSLaE M el BOrT - V&M ens

Analysis

Cwur method for collecting data s to support ouwr question and used to compare to research as
wedl as our personal opinions as well as others like professionals. We did our data collection
through an Instagram poll, which 5 contemporary data collection and links directly to our
topic. Above all, we got the relevant audience directly while they're engaging with and mn the
process of using the app, as t's at the forefront of their thinking. Addmonally, the poll only
has two answer opbons meamng when aslongz the quesbon we could get a number per
answer rather than mamy gualitative answers; this made it easier to create a graph from our
data enabling us to read and analyse it However, this data may not be represantational of all
Instagram users; we are all young females of similar dass and nationality, meaning it's more
likely that our followers are people with similar identrties and we may not have zot a widely
diverse response.

Overall, just owver 20 more people felt that Instagram portrayed women in a
positive way, while the majorty of people felt that the way in which women were

portrayed (positive or negative) had a negative impact on therr mental and physical health as
well as thair self-esteam. This suggests that it's true that Instagram @n have a negative

impact on females’ mental and physical health however, that female representation may not
be responsible.

4 Nl impadt SN EEd

O ol Chink dus repat el &fTecrs yoili
mental/phresical he=alth

.l-

Conclusion

in concClusion each users Instagram experience is personal and
unique, therefore the content seen vanes and so0 the portrayal of
women on Instagram 15 subpective. BMoreover, Instagram s a
platiorm for prosumers to fresly * "self express and sooally
mteract”™; we are responsible for our own perceptions of women
and the consequences of physical/mental health impacts.
instagram could do more to support and prevent these expactations
however this may cause the Instagram community to retaliate and
question their control of self expression. This i a continuous

cycle of unrealistic representations of women, causng low
self esteam, which in turn perpetuates the desre for perfection.
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Design and Production of a Dolphin Prosthesis

Background and Aims

* Dolphins get attacked by predators and
sadly their dorsal fin will be damaged.

* Dorsal fins function to provide stability
against rolling and to assist with
turning.

* To create a prosthesis as a replacement
fin to aid these injured dolphins.

* The fin must be designed to reduce the

drag that the dolphin will experience.
* The fin must act as the original dorsal
fin would.

Design
Our design minimises the drag coefficient
through providing an aerodynamic shape

that reduces drag and a larger frontal
surface area.

* The front of the fin is curved and the
base is wider in the centre and thin at
the end to allow water to glide past.
* The spikes on the back are designed to

repel future predators who may
damage the prosthesis.

Production

* The dolphin fin was
produced using
additive 3D printing.

*  Thin layers of hot
plastic were built on top of each
other and cooled to form a solid
structure.

Testing

* We tested the base of the finin a
water tank in order to distinguish

the drag force of the fin only.

* Then the fin was tested to calculate
the voltage proportional to the drag
force.

* The value was converted into
Newtons and then used to find the
coefficient of drag.

Results
Drag force = 0.5(Drag coefficient *
density * velocity® * Area)
Using this equation we substitute in
our results to find the drag

coefficient.
We also needed to know the density
of the water, the velocity of the fin

and the area of the front facing part
of the fin.
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'I'rI-Ell 1 142 0.08236
008236 0.62
0.08236 0.62
0082360 0.62

Conclusion

We compared our results to those of
three other groups and found that our
dolphin fin had the lowest drag

coefficient and therefore fulfilled the
aims of the project best.

M

::5"—1-i"_5’"



