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¥ UCL ENGINEERING
Change the world

UCL Engineering Faculty Vision - Our Integrated
Engineering Approach
“To change the world, you need to be taught differently!”

Have you ever wondered what engineers actually do?
Engineers design, create, explore, innovate and work
collaboratively with experts fromm many other disciplines for
the design and development of tools, materials and
technologies in medicine, communications, construction,
environmental sustainability, food technologies, space
programs, fransportation, sport and entfertainment. From
artificial bones and smart medical machines that perform
delicate surgery, to cutting edge sports fraining equipment
and high-tech clothing, to everyday household
appliances, personal devices and energy-efficient =
equipment, engineers help shape the future and make a difference in the world we are living in.

Our changing world is in need of engineers who are different to those of past generations. The future
needs a new kind of engineer, the kind of engineers who can: work with all different kinds of people;
think creatively and critically; ask thought provoking, smart and radical questions; solve complicated
problems; communicate clearly and confidently; work well in teams; and most certainly, design and
make innovative and sustainable solutions. We don't know what the future will look like, but we hope
our engineering graduates will play a part in shaping it for people all over the world.

At UCL, we understand that this is a very big ask. Our Infegrated Engineering undergraduate programme
(IEP) is designed to include new and exciting ways of teaching so that all of our students get the chance
to develop and practice their own skills while learning all about their technical subjects. The opportunities
our students have fo work on real world problems gives them insight into the type of work professional
engineers really do and how the problems they solve and the solutions they come up with can change
lives.

One of the first things all of our IEP students come to understand very early in their studies here at UCL is
that there isn’t one right answer to engineering problems. This might sound frightening, but actually this
is one of the best parts about being an engineer! What this means is that every engineer has the
opportunity to explore her or his own ideas, ask questions that will change how you look at the problem
that needs to be solve and work with others to create new and exciting innovations. It also means, that
the ch0|ces made by engineers will have consequences (both good and bad) and it is important to
know how to deal with them.

There is a process that all engineers work through to determine
how to build something whether that be a skyscraper, a
bicycle, a music player, an electric engine, new plastics, sweet
treats and ice cream, medicines and vaccines or mobile apps.
The process is called the engineering design process. Through
the IEP, our students have many opportunities to explore all of
the phases throughout this process. It is a cycle that often
requires the engineers to try something and then try again after
learning something new. From the start, engineers gather
information and conduct research to understand the initial
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problem or need for the project to be addressed. This means
investigating who is involved at the start of the project and
who will be affected by the solution. Engineers need to
understand the people who are affected by the original .
problem so that they can design a solution with their \V‘w
concerns and needs in mind. Then they imagine and ,
brainstorm ideas for the solution — at this point, no idea is a P
N

bad idea and it is really good to think of wild ideas too.
Engineers work together in feams so that they can generate : -

as many ideas as possible, so they have lots of choices to — -
work with. Together they select the most promising idea and

embark upon a design that will require them to create

drawings, make precise decisions on the materials and construction, as well as manufacturing and
fabrication technologies to use. Whilst making these decisions, engineers go through a time of testing by
creating and testing many prototypes. This phase of the design process often comes with lots of setbacks
and failures, but the testing team works together to learn from every test to make improvements until
the design is good enough to meet the needs and requirements of the problem they started with. After
the testing and profotyping stage, the teamwork together to manufacture the real thing. The design
process doesn't end there though as one of the most important parts of the whole process is to
understand if the solution is accepted and used as you intended. The end of the design process always
gives the engineer a time to reflect and learn so that their next project is benefited by what they
experienced and learned in each of their previous design projects.

The Integrated Engineering Programme is infended to give
your students an opportunity to put their learning into
practice by working in an interdisciplinary, problem-based
learning, industry linked and design focused environment.
At its core, is the deliberate attempt to make use of and
explore the creative and stimulating aspects of design as
practiced by ‘real’ engineers and computer scientists in
industry and the professional skills needed to be successful
in the enticing and highly competitive working world.

With thanks to

This programme has been designed through a collaboration between The Brilliant Club and UCL
Engineering Faculty.

With special thanks fo Dr Gemma Bale, Research Associate, UCL Department of Medical Physics and
Biomedical Engineering.
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Timetable and Assignment Submission
Timetable - Tutorials

Tutorial Date Time Location

6 (Draft assignment
feedback)

7 (Final assignment
feedback)

Timetable - Homework Assignments
Homework Assignment Description Due Date

Tutorial 1 Baseline assessment

Tutorial 2

Tutorial 3

Tutorial 4

Tutorial 5 Draft assignment

Tutorial 6 Final assignment

Keeping in touch with your tutor

You will be invited to join our online platform so you can keep in touch with your tutor throughout the
programme. Here you will be able to message your tutor, submit and receive feedback on your
homework and access tutorial resources. Your Lead Teacher will give you instructions for logging in for
the first time. They'll also give you your login details which you can write down below. If you need any
support on how to use the platform, you can find helpful videos on The Brilliant Club’s channel on
YouTube.

Username Password
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Course Rationale

This course will feach students about the engineering design process through the design of a medical
physics device. Students will learn how physics can be applied to medicine, how engineers use
physical principles to design machines and how scientists interpret data. The course focusses on near-
infrared spectroscopy which is a technique that uses light to measure changes in blood flow in the
brain. Learning about this technique will infroduce them to new physics ideas, building upon those
they already understand, and then apply them to new situations.

The course begins with an infroduction to the engineering design process. The second tutorial looks at
the concepts of how we could design a near-infrared spectroscopy system from the perspective of
physicists, who are interested in how light interacts with the body and how we can exploit this to
measure the inner workings of the body. Tutorial three will showcase a research project, Metabolight,
which uses NIRS to monitor metabolism in the brains of babies. The fourth tutorial will look at the
engineering behind a NIRS machine: how each component works (e.g. optical fibres, LEDs,
spectrometers), and how engineers make the system work for the application (e.g. is it safe to put on a
living person?). In this tutorial the students will start to think about how they could design a NIRS system
for a different application: monitoring muscle in athletes.

The tutorials will conclude with the final assignment which brings everything together. The students will
write a 1500-word report showing the design of a NIRS system to monitor muscle on athletes.

Front cover image: Engineering light to monitor brain health in babies hitps://metabolight.ora/

The Brilliant Club is a registered charity in England and Wales (no. 1147771) and Scotfland (no. SC048774).
The Brilliant Club is a registered company limited by guarantee in England and Wales (no. 7986971).

Page | 6


https://metabolight.org/

Mark Scheme Table

Subject Knowledge

Critical Thinking

Written Communication

1st

2:1

2:2

3d

The work shows a deep knowledge
and understanding of key ideas and
scientific or mathematic methods,
working with relevant sources.

Knowledge is used to build and
support very strong scientific or
mathematic arguments and
explanations

Analyses key scientific or mathematic
evidence and arguments. Interprets
meaning and makes connections.

Decides on the strengths and
weaknesses of arguments and backs
arguments up with scientific or
mathematic evidence. Understands
the relative importance of
arguments.

Brings information together to form
conclusions.

The work has a coherent flow and is
well structured.

The writing style is appropriate; key
terms are used accurately and
effectively to support the arguments
and explanations made.

There are no, or very few, errors in
spelling or grammar.

Consistent referencing; matching the
style taught in the course.

The work shows an understanding of
key ideas and scientific or
mathematic methods, using relevant
sources.

Knowledge is used to build and
support strong scientific arguments
and explanations.

Analyses key scientific or mathematic
evidence and arguments.

Recognises and uses scientific or
mathematic evidence and
arguments. Decides on the strengths
and weaknesses of arguments and
backs up arguments with scientific or
mathematic evidence.

Shows some understanding that some
arguments are more important than
others.

The work is well-structured.

The writing style is appropriate; key
terms are used correctly.

There are few errors in spelling or
grammar.

Mostly consistent referencing;
matching the style taught in the
course.

The work shows an understanding of
key ideas and scientific or
mathematic methods, with no major
errors.

Beginning to apply this knowledge fo
build and support strong scientific
arguments and explanations.

Identifies and uses basic scientific or
mathematic evidence and
arguments.

Decides on the strengths and
weaknesses of scientific or
mathematic arguments and
evidence and gives opinions.

Not yet showing understanding that
some arguments are more important
than others.

The work has some structure.

The writing style can sometimes be
informal; occasionally key terms are
not used when it would be
appropriate to do so.

There are some errors in grammar
and spelling do not get in the way of
communicating the content.

Referencing has some consistency;
matching the style taught in the
course

Starting to understand key ideas and
scientific or mathematic methods,
with some errors.

Does noft yet use this knowledge to
build and support scientific or
mathematic arguments and
explanations.

Beginning to identify and use
scientific or mathematic evidence
and arguments.

Describes evidence and arguments.

Not yet able to decide on the
strengths and weaknesses of scientific
or mathematic evidence and
arguments.

The grammair, spelling, style, and
structure of the work need improving
in order to communicate ideas to the
reader.

Key terms and references are not
always used correctly.
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Glossary of Keywords
Word Definition In a sentence

Doctors can measure arterial blood

Arterial Related to the arteries. How.

The patient was suffering from

Encephalopathy Disorder of the brain. encephalopathy.

. Protein in the blood that transports Red blood cells contain
aelpielelelelly oxygen. haemoglobin.

Reduced blood flow can lead to

Hypoxia Reduction in oxygen levels. hypoxia.

The patient’s injury put them at risk

lschemia Loss of blood supply. o e,

There were a number of doctors
Neonatal Relating fo newborn babies. and nurses working at the neonatal
unit.

The neurons transmit messages from

Neuron Anerve cell. the brain to the rest of the body.

Produced by the separation of A rainbow shows the full spectrum
Specirum different wavelengths of light. of visible light.
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Tutorial 1 - Engineering a Medical Device

Objectives:
e To understand a definition of engineering
e Tointroduce the Engineering Design Process
e To be able to name several different types of researcher
o To be able to apply the Engineering Design Process to big problems

Objective 1: To understand a definition of engineering

Think about your day...is engineering all of these things?
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What is engineering?

Discuss these statements with your group. Which do you agree with? Which is the best?

Engineering is everywherem
the world around you. From
the start to the end of each
day, engineering technologies

Engineering is the application of
science and math to solve problem

. Engineers figure out how things engineering improve the ways that we
My fridge broke yesterday work and find practical uses for noun communicate, work, travel,
so today | have to wait at scientific discoveries. Scientists and 1 stay healthy, and entertain

inventors often get the credit for
innovations that advance the
human condition, but it is engineers
who are instrumental in making
those innovations available to the
world.

] ourselves. Engineers are
the branch of science

problem-solvers who want to
and technology make things work more
concerned with the efficiently and quickly and less
design, building, and expensively
use of engines,
machines, and

home for the engineer to

come and fix it.

structures.
' /M
AN ‘ -
Image from: *
Image from: https://in.pinterest.com/pin/448108231644825722/ https://www.shi il are.com/services/pedi s Image from: https://www.dreamstime.com/stock-photo-
afric-eve-care.html Image from: hifps: tockvautt.net/free-phott or oung-woman-thinking-image 16646450

Did you know: People who repair things are called ‘technicians’, while people who design
things are called ‘engineers’?

Can you see anything around you that engineers might have worked on?

Engineers have worked on: Challenge: How do you know?

Can you see anything around you that technicians might have worked on?

Technicians have worked on: Challenge: How do you know?
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The Engineering Design Process

Objective 2: To infroduce the Engineering Design Process

What task are

you solving?

Problem : :
-List all your ideas,

pbut ONLY select
the most suitable
ones.
-What makes
What can those ideas more
make your suitable?
solution bettere

The Engineering
Design Process

What actions are

Follow your you going to take
plan to complete your

idease Make a list
or draw a
diagram.

Engineers use this process to help them to solve everyday problems, such as needing fo get from one
place to another (they might build a new road or bridge) or needing their mobile phones to last longer
(they might design a new bafttery). It helps to structure their thinking and reminds them that they have
never finished — even when they think they have found a solution it can always be improved!

Page | 11



Which of these jobs might be done by engineers?
O Working in music production to add clarity and definition to a new frack
Conftrolling the moving scenery in big London musicals
Designing the computer systems that allow statistics to be collated during sports matches
Installing hydro-electric power plants in Africa
Designing and testing hardware for space craft
Making sure the roof of the Olympic velodrome is waterproof
Testing Thorpe Park rollercoasters to make sure that they are safe
Working on tennis racket power to make sure that Wimbledon is fair

Finding the most efficient way of turning potatoes into packets of crisps

OO0o0oO0Oo0ooaqgaoada

Designing fraffic lights and making sure that they work properly

Chdllenge: Choose one of the above jobs, can you explain below how you know this jolb was

completed by an Engineer?
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Types of Jobs in Engineering

Objective 2: To be able to name several different types of Engineer

On the next pages you will find some information about four different engineers and their work. We call
these ‘case studies’.

Case Study - Medical Physicist

Name: Gemma Bale
Job Title: Research Associate, UCL
A Levels: Physics, Maths, Further Maths, Chemistry, Biology (AS)

Degree: Physics BSc, Imperial College London
Photonics MRes, UCL Medical Physics PhD, UCL

What do you do?

I'm normally doing one of two things — either running experiments or

analysing the results from them. As a medical physicist, | design medical

devices and test them in the lab and ultimately in the hospital. The device | built, CYRIL, is now being
used in the neonatal intensive care unit at UCLH to study baby brain injury, so my current focus is to
collect those results and analyse them. | write computer code to process the data and use statistics to
see if our new device is able to detect the level of brain injury.

How are you involved in the medical research?

At the moment, | am investigating how the metabolism in the brain is related to the level of brain injury,
so this requires me to write code to analyse the signals we collect from CYRIL and use knowledge of
how the brain works (physiology) to interpret the results. I've recently discovered the brain is more
seriously injured if metabolism is more reactive to changes in oxygenation.

How did you get to where you are now?

| didn't know about medical physics when | was at school, but | got here because | followed what |
enjoyed doing the most and narrowed it down over many years — from maths (school) to physics
(undergraduate) to medical physics (PhD).

What are the highlights of your work?

My favourite thing is solving a problem, so | love fixing a bug in my code or figuring out how to make a
new device work properly, it's really satisfying. It's also really thrilling to use our device to discover
something brand new about the brain!

The hardest part of the job is studying babies with brain injury. It's such a devastating disease and it

can be really emotional to be around the families. However, it gives me motivation to keep working
hard, so that one day we might be able to provide a tool that will help treat these babies.
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Case Study - Senior Biomedical Engineer

Name: llias Tachtsidis

Job Title: Reader in Biomedical Engineering and Senior
Wellcome Trust Fellow

A-levels: Mathematics, Biology, Chemistry, Physics
Why did you choose to study engineering?

Since my school days | had and still have a genuine
interest in technology from computers, audio amplifiers, y
and radio frequency transmitters and receivers. | knew | b 18 i 7
needed to study engineering to learn more about the ;/ !/‘.Z",',," A

inner workings of any piece of technology that came ' “ " ’

my way. In addition, | was fascinated with medicine and biology so | was very pleased to study
biomedical engineering allowing me to merge my engineering and medicine interests.

What type of engineering do you do?

My first degree is in Medical Engineering, which is often referred to now as Biomedical Engineering.
Briefly, it is about applying engineering concepts to the development of devices that are used to
monitor health. These “medical instruments” are mostly used in hospitals and help doctors to
understand the health status of their patient by providing them with measurements and information.
Modern medicine and medical doctors rely on that type of information to understand what is wrong
with their patient.

How do you use science, maths and technology in your job?

A large part of my current work involves developing experiments, then observing and deciphering the
collected data. These experiments involve the collection of data from patients using technology that
we have developed, while using maths principles to analyse the data. For example, one of our
instruments and technologies can measure the level of brain tissue oxygen and metabolism, we
measure these in newborn babies that have a brain injury during birth, and then we use mathematical
techniques that allow us to understand the interrelationship between the levels of brain oxygen and
metabolism to ascertain how severe the injury was.

Why should young people consider a career in engineering?

Engineering is a large and ever-expanding field; as technology becomes more and more part of our
everyday lives, the need for engineers will increase. There is an increasing need for engineers that can
develop technologies and solutions to tackle problems in our everyday lives. Things like developing
better communication protocols for faster and efficient internet connections, to producing instruments
that can detect disturbances in brain tissue health in newborns. | do hope that young people
nowadays can understand that engineering exists almost everywhere from telecommunications to
medicine.
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Case Study - Biomedical Engineer

Name: Nico Chen
Job Title: Biomedical Engineer for Metabolight
Why did you choose to study engineering?

I've always enjoyed building and fixing things since | was young
— from building LEGO dinosaurs to replacing fuses in household
electrical products. | was also mesmerized by the accuracy
required to build precise objects such as the piano or violin, as
slight discrepancies between the frame and the strings would
lead to horrific noises. Being the handyman of the house, | found
myself walking down the engineering lane soon thereafter.

What does your day-to-day work involve?

My role as an engineer involves building a lot of medical
instrumentation from scratch. Initially a plan would be drawn :
outlining the requirements and functions of the device, and then specific componenfs would have fo
be procured. Electronic components would then be assembled together, with help of computer coding
to control activation of certain components, such as buttons, potentiometers, and display monitors.
Mechanical designs of the device would also need to be drawn out, so electronic parts would not be
exposed.

How do you use science, maths, and technology in your job?

Mathematics is a crucial part of my job — before any decision is made, calculations have to be done in
order to ensure components or work procedures are absolutely necessary. These calculations often
require scientific equations and take into account the functions of the final device we hope to achieve
— for example, the electricity required to power the system, the size of the outer cover for housing the
device. Accuracy in such calculations are crucial, as miscalculations may lead to harmful results.

What is biomedical engineering?

Engineers typically specialize in three sectors — mechanics, electronics, or computing. Biomedical
engineering is the amalgamation of the three —whilst applying knowledge onto biological environments.
Biomedical engineers are essential for building medical devices as they are the jack of all frades and
know the possibilities and limitations for building such delicate devices used on our bodies. Not only does
the multi-disciplinary understanding and ability to integrate science and engineering knowledge make
biomedical engineers essential to the medical industry, but it also keeps the role as a biomedical
engineer exciting and challenging every day!
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Case Study - PhD Student in Medical Physics

Name: Suzi Kovacsova

Job Title: PhD student in Medical Physics and Biomedical
Engineering, UCL

Why did you choose to study medical physics?

| chose medical physics as | was looking for something that
would combine physics and biology. | did not know that much
about it at the time | applied for university; | thought that the
only application of medical physics was in hospitals. However, |
have learnt that it is about so much more — my computing skills
have significantly improved and | also get to learn a lot about
medicine and engineering.

e GG(‘ Zie B
: 5 i
How did you get to where you are now? | " -
I've always been interested in science; | attended a science- .\\

[ 4
focused grammar school. Ironically, physics had been my least
favourite subject for a few years. However, a new teacher made me love it — and told me about the
possibility to study medical physics. | obtained an undergraduate degree in Dosimetry and the
application of ionising radiation at The Czech Technical University in Prague. | confinued my studies at
UCL and attended a MSc in Medical Physics to obtain a broader knowledge of medical physics. That's
where | readlly started enjoying research and decided to stay for a PhD focused on Biomedical optics.

What do you do on a day to day basis?

Most of my work is computer based. Every day starts with a good cup of tea and checking emails —
studying for a PhD is sometimes not that different than any other office job. After that | decide what |
want to do that day; usually it's analysing data, catching up on new publications in the field or writing
code to improve my research methods. | like the freedom; | get to manage my own tfime. Some days
are less productive, other days | feel really inspired and achieve a lot (which often correlates with the
proximity of a deadline).

Why should young people consider a career in medical engineering?

Medical engineering gives valuable experience in various fields. There are so many career
opportunities out there, it is difficult to decide what to focus on when applying for university! | like that
studying medical engineering/physics has allowed me to try out many different things so | could really
figure out what | enjoy. Plus, there are plenty of career options available: for example, one can focus
onresearch in academia or industry, feach, work in a hospital, become a marketing specialist or even
a science journalist.
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“\Q"'Challenge question: Pick an engineering role from the case studies and
think about how they use the Engineering Design Process in their job.
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Using the Engineering Design Process to solve problems

Objective 4: To be able to apply the Engineering Design Process to big
problems

Use the Engineering Design Process to address one of the issues below using every day items:
1) Drop proof your phone
2) Make your watch waterproof
3) Getting the last bit of toothpaste out of the tube

You will have 5 minutes to complete this section. You'll then discuss your ideas with the rest of the
group before completing the “improve™ section. You won't have time to be perfect, so be creative!l

Problem

Improve
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Homework Assignment
This assignment will test your research and presentation skills.

HINT: Use the ‘Extra Resources’ below to find some more information about engineers.

http://www.tomorrowsengineers.org.uk/
http://www.engineergirl.org
https://www.youtube.com/watch2v=owHF?iLyxic
https://www.raeng.org.uk/education/what-is-engineering

Task: Research a type of engineer that we haven't studied today. Write about the work
this engineer does and how they use the engineering design process. You should aim to
write between 400 and 500 words. Submit this assignment to the online platform.

You should think about:

Type of engineer

The work that they do

The way the use the engineering design process

What skills might they use if they worked for a medical device company

At the start of the next tutorial, you will be asked to talk for 1 minute about your research. You might
find it helpful o practise what you will say.

You could:

Find an example of someone who works in this type of engineering and talk about what they
do

Use bullet points to remind you of the important ideas

Draw a poster showing the information you have found and explain it to the group
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Tutorial 2 - What is near-infrared spectroscopy?

(}mn

Image from: https://www.clipartmax.com/middle/m2H7G6Z518A0A0d3_shining-light-through-the-brain-
of-a-newborn-baby-and-graphic-design/

Objectives:

To know that white light is made up of all colours
To understand how light interacts with the body
To find out about colours inside the body

To understand how near-infrared spectroscopy works
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Objective 1: To know that white light is made up of all colours

< w
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400 500 600 700

Wavelength (nm)
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Image from: https://aguanswers.com/led-lights-for-aguarium-plant-growth-best-color/

Shine a white light (torch) into a prism or diffraction grating. What do you see? Draw it below with
labels.

Why does this happen?

Near-infrared light ranges from 600nm to 1000nm, label this on the spectrum above.
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Objective 2: To understand how light interacts with the body

UCL, Image from: https://www.bbc.co.uk/news/health-45522794

Shine a torch through your hand. What can you see¢ Why?

What can you not see? Why?

How can medical engineers use this effect to measure your pulse rate?
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Objective 3: To find out about colours inside the body

When light reaches an object, some of the light is absorbed and some of it is reflected. This is how we

see colour. The light that is reflected is the colour we perceive the object to be.

white light coming in

red surface

Why do we see black dofs on the ladybird?

Spectroscopy is the process of measuring the spectrum unique to an object or molecule. Optical

spectroscopy shines white light onto things and measures the spectrum that is reflected back. You do
this with your eyes all the time! If you don’t have white light, you can use different colours and see how

much of each an object reflects to tell which colour it is.

Task: Turn the lights off and use two different coloured LED lights to identify
the colours of 3 gummy bears (without white light!) — how can you do thise

Image from: https://pixy.orq/127279/

An absorption spectrum shows the colours of light (wavelengths) that are absorbed by an object.
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Task: Match the absorption spectra to the objects below:

More
Absorptl

Wavelength (nm) 750 nm

More
Absorptl

Wavelength (nm) 750 nm

More
Absorptio
n

Wavelength (nm) 750 nm

More
Absorptl

Wavelength (nm) 750 nm
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We saw that when we shone white light into your hand, red light was fransmitted. If we measured the
spectrum of the light fransmitted it would look like the graph below. Note that there are two lines, one
for blood when it is bound to oxygen (oxygenated haemoglobin, HbO2) and one for blood when it is
not bound to oxygen (deoxyhaemoglobin, Hb).

UItravioIet: Visible : Near-Infrared
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Wavelength (nm)

This means that the blood is a different colour depending on how much oxygen is in it. What colour will
purely oxygenated blood be, compared to deoxygenated blood? Label the two types of blood
below:

Look at the blood spectra again, which kind of light (ultraviolet, visible or near-infrared) do you think is
more suitable for imaging the braine Why? Discuss this with the group and consider what we need to
get light into the head and get it out again.
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Objective 4: To understand how near-infrared spectroscopy works

UCL, Image from: https://www.bbc.co.uk/news/health-45522794
We have learnt that near-infrared light can travel through the body and will be absorbed by different
molecules within the body. We also know that the molecules in the body have specific colours or
spectra. This means that by measuring the albsorption spectra coming out of the body, we can find
out which molecules are inside the body and how much of them there is. This is called near-infrared
spectroscopy and is used by medical engineers and doctors to monitor how much oxygenated and
deoxygenated blood there is in the brain.

Watch the video below to see a NIRS research feam in action:

www.metabolight.org/#film

The feam measure metabolism — what is metabolism?

How do the team measure metabolism as well as blood oxygenation?g
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Homework Assignment
This assignment will test your research skills.

Task: Research a use of near-infrared spectroscopy that we haven't studied today. Fill in
the gaps below.

Use:

Why NIRS is needed:

Diagram of the NIRS set up:
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Tutorial 3 - llluminating babies’ brains
N- O e \ ~—

Objectives:
e Learn about baby brain injury
¢ Find out how NIRS is being used to monitor baby brain injury
e See the latest results
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Objective 1: Learn about baby brain injury

When a baby is born, 999 times out of 1000 there are no complications, but for 1in 1000 there is an
accident that leads to the baby suffering a loss of oxygen (hypoxia) or blood supply (ischemia) to the
brain. This is called hypoxic ischemic encephalopathy (encephalopathy means disorder of the brain)
or sometimes neonatal encephalopathy (a neonate is a newborn baby). As we've just learnt, the
neurons in the brain are very susceptible to damage so if their oxygen or blood supply is cut off, they
can die and will not be able to replace themselves. Some of these babies will recover and lead
normal lives, but some will have permanent brain damage which can lead to neurological conditions
such as cerebral palsy which causes permanent damage to the part of the brain that controls
movement.

Scientist are working on finding better ways to freat these babies and have recently discovered that if
you cool the baby to 33.5°C then they have an improved chance of a good outcome, so therefore a
reduced risk of permanent brain damage. They think that the cold slows down how fast the cells
respire and therefore slows down the risk of cell death. Cooling treatment has reduced the risk of brain
injury, but has not eliminated it so scientists continue to search for a better freatment...

This is where the physics comes in. We know that some of the babies will naturally have a good
outcome, but it is very hard to tell who they are immediately after birth. Medical physics and medical
imaging can help identify which baby will recover and which baby needs more serious treatment. In
the neonatal intensive care unit, they are currently using two kinds of medical physics monitoring:

[l Electroencephalography (EEG) — to monitor the electrical signals coming from the neurons. This can
tell us if the brain is acting normally or not. It is good for identifying if a baby will definitely not recover
but doesn’t give us much information about those that could recover with extra freatment

I Magnetic resonance imaging (MRI) — to image the brain and see which areas have been
damaged, and find out how the brain metabolism is - this is the gold standard and can tell us a lot
about the brain injury

However, the MRI happens in a huge, non-portable machine which means that the baby has to be
taken to the MRI and out of intensive care. These babies are severely ill so cannot be scanned until

after 4-7 days, when further tfreatment is usually too late. We need to find a way of monitoring these
babies at the cotside while they are most at risk to try and treat them more successfully...
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The graph above shows examples of EEG results.

Left Image: Michael
Crabtree;
https://www.newscientist.c
om/article/dn20640-
sleeping-babies-can-hear-
youre-upset/

Credit: Sainte-Justine
University Hospital Research
Centre; Image from:
https://www.bmedreport.co
m/archives/20916

The images above show MRI scans.
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Task: Fill in the table with the advantages and disadvantages of monitoring babies with
brain injury with MRI or EEG:

Advantages of MRI \ Disadvantages of MRI

Advantages of EEG ' Disadvantages of EEG

How could NIRS be used to help monitor these babies? Discuss with the group and write your answer
below:
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Objective 2: Find out how NIRS is being used to monitor baby brain injury

The Metabolight tfeam (including Gemma, llias, Nico and Suzi who you read about before) are
working with doctors to develop and use NIRS instruments to monitor babies with brain injury in the
hospital. As mentioned before, doctors need to know if the brain cells (neurons) are working correctly
or not. The cells’ metabolism will tell us this. Therefore, the Metabolight team have modified a NIRS
device to monitor metabolism as well as blood oxygen levels — this device is called CYRIL. This device
also had to be modified to fit in the infensive care unit. As the unit is very crowded, the team added
long (3 meter) opfical fibres to CYRIL so that it can monitor a baby from far away. The team had to be
very careful to make sure that the light source is within safety limits. As the data is being collected in a
very busy and bright environment (i.e. not a laboratory) the camera to detect the light has to be very
sensitive. CYRIL is used by doctors and nurses who are very busy, so the software to run it and display
the data has to be very easy to use and understand.

CYRIL has been studying babies with hypoxic-ischaemic encephalopathy since October 2013 and has
studied over 80 babies now. In the next section we will look at some of the results of the study.

\ "\'\‘
\\\\\f‘\‘\

\\‘

~\§

Image from: https://www.bbc.co.uk/programmes/w3csy9ly
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Task: Identify how the Metabolight study uses the Engineering Design Process

Problem:

Ideas:

Plan:

Do:

Improve:
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Objective 3: See the latest results

Here are some of the latest results from the NIRS monitoring of babies with brain injury. Look at Figures 1

and 2 and see the difference in the brain’s responses to drop in oxygenation and how that is related to
the level of injury.

100
a) o
90
g 02
S )
& e . . s
60 o w
= . .
75 LA 2
8 0.2
0 50 100 150 200 =
Time (s) o
£
b) .04
&
1o 5 s 5
3 z -06
5 5 £
k]
g 5
£ £ -0 n n s L
g 4 e 8 80 -8 6 4 2
e 8 Change in HbD (uM)
I (&}
£ S
s -5 £ [—mpt
g & | =HbD
5 E — OxGCO
- o
10 50 100 150 200 OF

Time (s}
Figure 1: NIRS and MRI data from baby with moderate brain injury. a) Drop in arterial oxygen as measured by pulse

oximetry. b) Changes in NIRS signals during drop in oxygenation. c) Relationship between brain oxygenation (HbD) and
metabolism (oxCCO). d) MRI showing moderate injury.
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Figure 2: NIRS and MRI data from baby with severe brain injury. €) Drop in arterial oxygen as measured by pulse

oximetry. f) Changes in NIRS signals during drop in oxygenation. g) Relationship between brain oxygenation (HbD) and
metabolism (oxCCO). h) MRI showing severe injury.

Look at Figures 1 and 2 which show data from two different babies. Both babies experienced hypoxic
ischaemic encephalopathy when they were born. During intensive care, on their second day of life,
both babies had a spontaneous drop in their arterial oxygenation levels (Figure 1.a and 2.e), but the
NIRS monitor was able to detect differences in how the brain responded (Figure 1.b and 2.f). Notice

that the MRI scans (taken on day 7) show the babies had different levels of brain injury (Figure 1.d and
2.h).

Task: Discuss with your group what figures 1 and 2 tell you.
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Homework Assignment
This assignment will test your research skills.

In the NIRS signals (images b and f), what happens when brain oxygenation (HbD) drops? What are
the differences between mild and severe brain injury?

How might doctors be able to use this information?2

Task: Fill in the table with the advantages and disadvantages of monitoring
babies with brain injury with NIRS:

Advantages of NIRS \ Disadvantages of NIRS
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Tutorial 4 - Building a NIRS machine

Objectives:
e See how the engineering design process is used to overcome problems
e Name all of the components of a NIRS system
e Learn how to check designs for safety
¢ Begin the Final Assignment
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Objective 1: See how the engineering design process is used to overcome

problems

The Engineering
Design Process

One of the problems engineers face when working with light is that it travels in straight lines, so they
have to get creative when it comes to fransferring it from one place to another. Use the engineering
design process to come up with potential solutions for this problem.

Problem: Light travels in straight lines.

Ideas:
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Plan:

Do (share your plan with another member of your group and make notes of their comments):

Improve:
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Objective 2: Name the components of a NIRS system

On the previous page is a diagram showing the setup of a NIRS system. When designing a NIRS system
suitable for a specific function, engineers need to carefully select each type of component.

Task: Discuss the following components and the different types with your tutor.
Light source

Different types of light source can be used in a NIRS system. As you are aware, light travels in waves.
The diagrams below represent light waves emitted from different sources.

_/r\/\/\/\/

White light bulb

Green LED
Image from:
https://www.ibiblio.org/kuphaldt/electri
Green laser cCircuits/Semi/SEMI_3.html

Describe the light waves from the 3 different lights sources.

White light bulbs are very cheap and easy to get hold of but contain a range of different colours of
light meaning there is more information to process.

LEDs are also cheap and only have one colour of light, but do not produce a very intense light beam.
Lasers are one colour of light. Lasers of different intensities can be bought to suit the purpose it is being
used for.

Optical Fibres

Optical fibres provide a way of directing a beam of light. When beams of light shine through thin
tubes, usually made of glass, they reflect on the inner surface of the tube, fravelling through the tube
until they come out at the end. This provides a useful way of getting light signals from one place to
another.

Glass

Alr

Total internal
Light ray reflection

There are two main Types of OpTiCCIl ﬁbrel as shown below. Image from: https://sector.ca/the-internets-biggest-

threat-lies-under-the-sea/

Multimode optical fibres can carry more than one ray of light at the same time. They cannot usually be
used over very long distances as the rays disperse (or split), meaning information transmitted may be
lost. These are relatively cheap.
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Single mode optical fibres carry one ray of light. There is less dispersion, so these fibres are useful for
fransmitting light over very long distances. These are much more fragile and more expensive than
multimode optical fibres.

Light detector
A light detector senses the light transmitted through the brain and processes it info a signal that we
can easily understand.

Photodiodes detect light and fransfer it into an electrical current that is then analysed by a computer.
Photodiodes are cheap and work very quickly.

vy

Anode Cathode

Photodiode symbol

Image from: https://uk.rs- Image from: https://www.physics-and-radio-electronics.com/electronic-devices-
online.com/web/p/photodiodes/7082813/ and-circuits/semiconductor-diodes/photodiodesymboltypes.html

CCD cameras can detect a wide range of light wavelengths and produce a high-quality image but
can be quite expensive, especially as they need to be very sensitive to work effectively.

Image from:
https://es.m.wikipedia.org/wiki/Archivo:Emoji u1f4f7.svg
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Task: Use the different components to design a complete NIRS system.

Justify your reasons for choosing each type of component.
Think about the advantages and disadvantages of each component choice.

Draw and annotate your design here:
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Objective 3: Learn how to check designs for safety
Safety is very important when designing a medical device as they will be used on patients.

What are the safety concerns when designing a NIRS device?

We need to check that we don’'t shine too much light onto a patient as it could heat the tissue and
cause burns.

Task: Complete the calculations below to determine if a laser is safe.
The maximum solar intensity at the earth’s surface is about 1000 W/m2. A 40 mW laser with a beam
diameter of 2 mm is used to illuminate the head. Is this safe?

o Whatis 40Mw in W2 Hint: TW = TOOOMw

o Whatis 2mm in m2 Hint Tm = 1000mm

o To calculate the area of the spot of the laser beam, a circle.
You need to use the formula: Area=tr2.

o Use the formula to calculate the intensity and comment on whether it is safe to use,
giving reasons.
o What about a 5mW laser beam with the same diameter? Use the steps and show your

working.

Extension task: what is the maximum power a 2mm laser beam could have and sfill be safe?2
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Homework Assignment
This assignment will test your research, design and presentation skills.

Objective 4: Begin the Final Assignment

Task 1: Research the use of NIRS in sport science. Why might an athlete in training need to
know how much oxygen their muscles are using?

Task 2: Choose an athlete who might be able to benefit from NIRS in their training.

How will their sport impact the use and therefore design of the device? Write your ideas
on the diagram below. You might need to do a bit of research.
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Task 3: Take the design you came up with in Objective 2 and adapt it to measure
oxygenation in your athletes’ muscles whilst they are training. What changes have you
made and why?

Write your design up in a presentation.

Next tutorial you will present your ideas to the group to get feedback so think carefully about your
presentation here.

Use the Engineering Design Process to help you and think about:
- the overall design
- choice of light source
- how to get the light fo and from the muscle
- choice of light detector
- use by the athlete
- safety
- cost
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Tutorial 5 - Improving Solutions

Objectives:

Reflect and
Redesign
Engineering
Design Process

The objectives of today’s tutorial are:
1. Toreceive feedback on your design
2. To understand that engineers always work to improve their solutions

3. Tounderstand that often there is not a solution that will please everyone
4. To understand that there is no single ‘right’ answer to engineering problems
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Feedback

Objective 1: To receive feedback on your draft assignment
Each member of your group will present their draft design.

Task 1: Use the forms on the next page to feed back on the best thing about each
person’s work, and an aspect that they could improve.

After you have filled in the whole sheet, you can tear the page out and give the
feedback to each person.

Task 2: Read through your own feedback sheets and summarise what they say in the
spaces below.

What went well about your presentatione Which aspects of the design did your peers like?

What could you improve on@

Task 3: Check out the video below to see NIRS in action in sport!

https://www.youtube.com/watchev=el hQzfldgQ&t=141s
(video in Japanese but spot the NIRS devices and recordings)

How did the researchers have to modify their device for synchronised swimming?
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This page has been left blank so that you
can tear out the feedback sheets.
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Engineering Failures!

Objective 2: To understand that engineers always work to improve their
solutions

Read the article below about the Millennium Bridge.

The Millennium Bridge opened on 10 June 2000 as London'’s first
new Thames crossing in more than 100 years. £7m of its £18m
cost came from the Millennium Commission. The 320m-long
structure was designed by the architect Sir Norman Foster with
sculptor Sir Anthony Caro and engineers Arup. It was opened by
The Queen.

The bridge uses "lateral suspension” - an engineering innovation
that allows suspension bridges to be built without tall supporting
columns. The designers predicted it would be a "blade of light"

across the Thames, "an absolute statement of our capabilities at the beginning of the 21st century".
Within days they closed it o the public.

Tens of thousands of people crossed the bridge on its opening day. The structure was designed to take
the weight but suddenly developed a very worrying and obvious wobble. So, what went wrong?¢ And
what have the engineers done to prevent the Millennium Bridge from becoming a millennium flop?2

Some 80,000 people crossed the bridge on its opening day and those on the southern and central
spans detected vibrations.

The bridge began to sway and twist in regular oscillations. The worst of the movement occurred on the
central span where the deck was moving by up to 70mm. The frequency of the oscillations increased,
leaving people unnerved and unsteady.

The engineers insisted the bridge wouldn't fall down but closed it completely after an attempt fo limit
the number of people walking across proved unworkable. Engineers discovered that the sideways
forces of the pedestrians' footsteps created a slight horizontal wobble in the bridge. As the structure
began moving, pedestrians adjusted their gait to the same lateral rhythm as the bridge.

The adjusted footsteps magnified the motion - just like when four people all stand up in a small boat at
the same time.

As more pedestrians locked into the same rhythm, the increasing oscillations led to the dramatic
swaying captured on fim.

The sideways motion has been seen before, most notably in 1975 on the Auckland Harbour Bridge in
New Zealand.

The first proposal was to stiffen the structure and therefore reduce the chances of movement. The
second proposal was to limit access and modify how people crossed the bridge by using street
furniture such as bollards and barriers. The designers ruled out both of these options because they
would have changed the shape and look of the bridge.

Instead, the engineers decided on damping mechanisms - giant shock absorbers which limit the
bridge's response to external forces. Dampers are used in bridges and buildings around the world,
especially in areas prone to earthquakes. The second benefit of dampers is that most of them would
be beneath or within the structure and therefore generally hidden from public view.
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The engineers needed some dampers to counter movements of less than Tmm and others to counter
much more powerful forces. The team decided to use two
systems in tandem: Viscous dampers, similar to car shock
absorbers, and funed mass dampers, a large mass stiffened

by springs. Glossary:

Oscillation — to move or swing

Abridged from BBC News, 2000 back and forth

Gait - the way someone walks

What stages did the Engineers go through to design the
bridge?

Discuss with your group how the Engineers would have felt at each stage:
When the bridge closed?

When the bridge began to wobble, vibrate and oscillate?

When they discovered what was causing the wobble?

When they came up with a solution?

What would have happened if they had given up when the problem had first been discovered?
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The best medical device in the world...¢

Objective 3: To understand that often there is not a solution that will please

everyone

Objective 4: To understand that there is no single ‘right’ answer to

engineering problems

Each of these people thinks that they have the best medical device in the world.

For each person, try to think of someone who would love their product, and someone who might not.

~

CT scanners uses x-
rays to see all bones
in the body.

J

Image from:
https://www.freeimages.com/premium/successful-
black-business-woman-isolated-on-white-1261325

MRI makes images
of the soft tissues
such as the brain.

\

/

PET can use nuclear
radiation to see the
body at work.

\

J

Microscopy can see
cells at the highest
resolution.

Like:

Dislike:

Like:

Dislike:

Like:

Dislike:

Like:

Dislike:
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Essay writing reflection

Use the checklist below to reflect on your essay writing ability at the moment. Read the statements for
each skill and then tick the box that most closely fits how you currently feel about your ability to do that

skill.

You will use this to help your PhD tutor give you feedback in your next tutorial. They will give you specific
advice on how to improve these areas in relation to your draft assignment so be completely honest.

| can...

e identify what the fitle or questionis asking e
me to do .

e select relevant information from the °

course to answer the fitle or question
e explain why the information | have usedis e
relevant

| can...

select evidence that supports my points
link evidence to my points and ideas
clearly and convincingly explain how my
evidence supports my points

use references

. Partially .
Confident confident Not confident
O O O

Confident PG”.'G”Y Not confident
confident
O O O

Analysis Evaluation

| can...

e include a point of view or position in o
response to the fitle or question

e develop and explain my point of view o

analyse key ideas, arguments or
information rather than just describe them e

I can...

evaluate key ideas, information, arguments
and evidence

decide on the credibility of key arguments
and statements

draw convincing conclusions

. Partially )
Confident confident Not confident
O O O

Confident PO”.'G”Y Not confident
confident
O O O

Written Communication

| can...
e arrange my points info a logical order o
e write paragraphs that focus on one idea
or point each D
e write an introduction that explains how |
will deal with the issues of the essay o
e write a conclusion that sums up my main
points

| can...

minimise spelling, punctuation and grammar
errors

ensure my writing makes the meaning clear
and easy to follow

write using and appropriate tone and level of
formality

Confident Porﬂolly Not confident
confident
Ol [l O

Confident Portlolly Not confident
confident
[l [l Ol
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Final Assignment
Use the feedback from tutorial 5 to refine and complete your draft assignment.

A machine to measure muscle oxygen levels for athletes.

Draft Assignment

For your draft assignment, you should write your introduction and, at least, the first two paragraphs of
your essay. You should aim to write approximately 500 words.

Referencing, Plagiarism and Artificial Intelligence

When completing assignments, be sure to use your own words and acknowledge any resources
you've used, such as books, online articles, or Al tools like ChatGPT. If you've used ChatGPT, credit it
like this: ‘OpenAl. (2023). ChatGPT (Mar 14 version)’. Keep in mind that some online sources,
including Al tools and Wikipedia, may not be accurate or reliable, so double-check the information
with other sources. Your tutors will evaluate your understanding of the assignment, and your grade
will be based on the quality of your work. If the content isn't clear, you may be asked to revise your
assignment.

Your final assignment will be your proposal for a machine that can measure oxygenation in an
athlete’'s muscles while fraining! Make sure you explain your ideas.

You need to use the engineering design process to structure your answer. You should write between
one and three paragraphs for each section or think of an alternative way of presenting your ideas.
Word limit: 1500.

1. PROBLEM: Describe the athlete you are designing a machine for (i.e. user profile). Why do they
want to measure oxygen levels in their body?e What are their specific needs (i.e. product
specification).

2. IDEAS: Collect your ideas on the devices, methods and engineers that you might need. This
section is a great chance to be creative in your presentation. Describe the technology that you
will be using (NIRS).

3. PLAN: Formalise your ideas from the previous section to explain in detail how you will
manufacture this machine. You should aim fo:

o nhame the product

o describe the product and the idea behind it

o show a diagram of how the device will work on the athlete
o explain the components

o justify the design

4. DO: Explain the types of engineers you will need for your manufacturing process and which jobs
each of your engineers will do — be creativel

5. IMPROVE: Explain how different groups of people might use the device to suit their needs e.g.
would swimmers and runners use it differently?

o What are the challenges?
o Are the components easy to get hold of?

o How could it be adapted for different sportse
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Tutorial 6 — Draft assignment feedback and reflection

What is the Purpose of Tutorial 67
e Toreceive feedback on your draft assignment
o Toreflect on your essay writing skills
o Toidentify practical ways to improve your assignment

What three things can you now do to improve your assignment and your essay writing ability¢
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Tutorial 7 - Final assignment feedback and reflection

What is the Purpose of Tutorial 7?
e Toreceive feedback on final assignments.
e To write targets for improvement in school lessons.
e Toreflect on the programme including what was enjoyed and what was challenging.

Final assignment feedback

What | did well... What | could have improved on...

My target for future work is...

Reflecting on The Scholars Programme

What did you most enjoy about The Scholars Programme?

el GLEl e e challengmg CLEAuD How did you overcome these challenges?
programme ¢
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Appendix 1 - Referencing correctly

When you get to university, you will need to include references in the assignments that you write, so we
would like you to start getting into the habit of referencing in your Brilliant Club assignment. This is really
important, because it will help you to avoid plagiarism. Plagiarism is when you take someone else’s
work or ideas and pass them off as your own. Whether plagiarism is deliberate or accidental, the
consequences can be severe. In order to avoid losing marks in your final assignment, or even failing,
you must be careful to reference your sources correctly.

What is a reference?

A reference is just a note in your assignment which says if you have referred to or been influenced by
another source such as book, website or article. For example, if you use the internet to research a
particular subject, and you want to include a specific piece of information from this website, you will
need to reference it.

Why should | reference?
Referencing is important in your work for the following reasons:
e It gives credit to the authors of any sources you have referred to or been influenced by.
o It supports the arguments you make in your assignments.
e |t demonstrates the variety of sources you have used.
e It helps to prevent you losing marks, or failing, due to plagiarism.

When should | use a reference?
You should use a reference when you:
¢ Quote directly from another source.
e Summarise or rephrase another piece of work.
¢ Include a specific statistic or fact from a source.

How do | reference?

There are a number of different ways of referencing, and these often vary depending on what subject
you are studying. The most important to thing is to be consistent. This means that you need 1o stick to
the same system throughout your whole assignment. Here is a basic system of referencing that you can
use, which consists of the following two parts:

e A marker in your assignment: After you have used a reference in your assignment (you have
read something and included it in your work as a quote or re-written it your own words) you
should mark this is in your text with a number, e.g. [1]. The next fime you use a reference you
should use the next number

o e.g.[2].

e Bibliography: This is just a list of the references you have used in your assignment. In the
bibliography, you list your references by the numbers you have used and include as much
information as you have about the reference. The list below gives what should be included for
different sources.

o Websites — Author (if possible), title of the web page, website address, [date you accessed it, in
square brackets].

o e.g.Dan Snow, ‘How did so many soldiers survive the tfrenches?’,
http://www.bbc.co.uk/guides/z3kgjxs#zg2dtfr [11 July 2014].

e Books - Author, date published, title of book (in italics), pages where the information came
from.

o e.g.S.Dubner andSS. Levitt, (2006) Freakonomics, 7-9.

e Arlicles — Author, ‘title of the article’ (with quotation marks), where the article comes from
(newspaper, journal etc.), date of the article.

o e.g. Maev Kennedy, ‘The lights to go out across the UK to mark First World War’s
centenary’, Guardian, 10 July 2014.
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Notes
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