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To get into the best universities, you must demonstrate that you are 
intellectually curious, and will make the most of the wonderful 
academic opportunities available to you.

One of the best ways of demonstrating this, is by going above and 
beyond what is taught in school and studying something that is not on 
the curriculum.

This resource will give you exactly such an opportunity. You will have 
something interesting to write about in your application to university, 
something interesting to talk about in a university interview, and open 
whole new areas of study you might be interested in! 

You will develop valuable academic skills as you go, that we have 
marked out with gold badges (see the next page on university skills). 
As you work through the resource you can look out for these badges 
so that you can explain which skills you have developed and what you 
did to demonstrate them. Developing these skills will help you get 
university ready! 

If you have any questions while you are using the resources in this 
pack, you can contact your teacher or email us directly at 
schools@access-ed.ngo. 

Good luck with your journey to higher education!

04

IN
F

O
R

M
A

T
IO

N
 F

O
R

 P
U

P
IL

S

For Pupils
Welcome!

mailto:schools@access-ed.ngo


To complete this resource, you will have to demonstrate impressive 
academic skills. When universities are looking for new students, they 
will want young people who can study independently and go above 
and beyond the curriculum. All of these skills that you will see here 
will demonstrate your abilities as a university student – while you’re 
still at school!

Every time you have to look something up, or write up a reference 
you are showing that you can work independently. Every time that 
you complete a challenging problem or write an answer to a difficult 
question, you might demonstrate your ability to think logically or build 
an argument. Every time that you evaluate the sources or data that 
you are presented with, you are showing that you can “dive deep” 
into an unfamiliar topic and learn from it. 

Here are the skills that you will develop in this course:

For Pupils
University Skills

your ability to work on your own and find answers online or in 
other books

your ability to create something original and express your ideas

your ability to apply what you know to new problems 

your ability to logically express yourself

your ability to refer to sources that back up your opinions/ ideas

your ability to refer to what others have said in your answer, 
and credit them for their ideas

your ability to go above and beyond the school curriculum to 
new areas of knowledge

your ability to evaluate sources (e.g. for bias, origin, purpose) 

your ability to discuss the implications of what the numbers show

your ability to engage with what you are reading by highlighting 
and annotating

independent       research

creativity  

problem solving                      

building an argument        

providing evidence                

academic       referencing     

deep                       dive

source analysis                  

data interpretation                 

active reading

University 
Ready!



The Research-Based Curriculum aims to support student attainment 
and university progression by providing classroom resources about 
cutting-edge research at local universities. The resources are designed 
to:

ü promote intellectual curiosity through exposure to academic 
research

ü stretch and challenge students to think deeply about content that 
may be beyond the confines of the curriculum

ü develop core academic skills, including critical thinking, 
metacognition, and written and verbal communication

ü inform students about how subjects are studied at university, and 
provide information, advice and guidance on pursuing subjects at 
undergraduate level

The programme represents a unique collaboration between 
universities and schools. Trained by AccessEd, PhD Researchers use 
their subject expertise to create rich resources that help bring new 
discoveries and debates to students. 

The Research-Based Curriculum offers ten modules suitable for either 
KS4 or KS5 study. The modules span a range of disciplines, including 
EBacc and A-level subjects, as well as degree subjects like 
biochemistry. Each module includes six hours of teaching content, 
supported by student packs, teacher notes and slides. All modules are 
available online and free of charge for teachers at select schools. 

Resources are designed to be used flexibly by teachers. The resources 
can be completed by students individually or in groups, in or out of 
the classroom. 

For Teachers
RBC Guide

Programme                Aims

Content

Delivery
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Here are five examples of delivery options:

The resources can be completed in small groups (4-8 pupils) across a 
series of weekly lunch clubs or after-school clubs. Groups can reflect 
on their learning by presenting a talk or poster on the subject matter 
at the end of the course. 

The resources can be used by students to explore subjects that they 
are interested in studying at university. This can inform their decision 
making with regards to university degree courses, and allow students 
to write more effective personal statements by including reflections 
on the Research-Based Curriculum.

The resources can be used to ignite curiosity in new topics and 
encourage independent research. Schools could hold a research 
challenge across a class or year group to submit a piece of work based 
on the resources. Pupils could submit individually or in small groups, 
with a final celebration event.

Resource packs can function as ‘transition’ projects over the summer, 
serving as an introduction to the next level of study between KS3 and 
KS4, or KS4 and KS5. Students could present their reflections on the 
experience in a journal.

The Research-Based Curricula programme builds on the University 
Learning in Schools programme (ULiS), which was successfully 
delivered and evaluated through the London Schools Excellence Fund 
in 2015. The project was designed in a collaboration between 
Achievement for All and The Brilliant Club, the latter of which is the 
sister organisation of AccessEd. ULiS resulted in the design and 
dissemination of 15 schemes of work based on PhD research for 
teachers and pupils at Key Stage 3. The project was evaluated by 
LKMCo. Overall, pupils made higher than expected progress and felt 
more engaged with the subject content. The full evaluation can be 
found here: ULiS Evaluation.

For more information contact hello@access-ed.ngo
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For Teachers
RBC Guide

Extra-Curricular Subject 
Enrichment Clubs

University Access 
Workshops

Research Challenge

Summer Project

Evidence

Questions?

https://www.london.gov.uk/sites/default/files/achievement_for_all_university_learning_in_schools_ulis_final_report.pdf


Transparent Conductive Oxides (TCOs) are a very special class of 
materials, as the name suggests, they are both, transparent and 
conductive. It is special, because often, transparent materials are not 
conductive (glass, for example) and conductive materials are not 
transparent (think of copper wires). The reason for this is the 
electronic structure of the material and scientists are still working on 
finding the best way to optimise electrical conductivity while keeping 
a high transparency for light.

We use transparent conductive oxides in a wide range of applications, 
for example as electrodes in mobile phone displays or in solar cells. 
Traditionally, those devices would be developed and built by 
physicists or electrical engineers, using one or two different 
combinations of elements, such as indium oxide and tin, blended 
together to make a transparent conductive material and built into a 
display or solar cell, for example. Often, those manufacturing methods 
are incredibly inefficient, they need expensive and complex 
equipment and produce lots of chemical waste. With the demand for 
displays rising and the natural resources for indium declining, 
however, it is necessary to find new, more abundant and cheaper 
materials and better production methods.

This is where material scientists are needed. Their knowledge of 
chemistry, physics and engineering allows them to not only come up 
with new elements and combinations of elements that can be used, 
but also to make the samples in a laboratory and perform the 
necessary analytical and electrical measurements on them to find the 
perfect solution for what is needed. In order to do this, they need to 
learn how to design an experiment, collect data using the right 
equipment and asking the right questions to find the answers they are 
looking for. The combination of all of this is what makes material 
science such an interesting field to work in.

Introduction to Topic
Transparent Conductive 
Oxides

The topics within this pack 
will include:

Atomic Structure
and Chemical Bonds

Conductors, Insulators
and Semiconductors

The Colour of a Material

UV-VISIble – Spectroscopy
and Band Gaps

I-V Characteristics of
Touch Screens

Application of Transparent
Conductive Oxides



In this booklet you will learn about the structure of atoms and how 
the bonds they form enable materials to be either an insulator, a 
conductor or a semi-conductor, how this affects the absorption of 
light and determines colour and transparency, how transparency is 
measured, what a resistor is and how it is measured using a 
‘multimeter’ and how all of this together makes your mobile phone 
display work the way it does.

Introduction to Topic
Transparent Conductive 
Oxides



Introduction to Subject
Material Science at University

University 
Ready!

While studying Material Science, students gain knowledge in Science and 
Engineering and learn to combine theories to either create completely 
new materials and technologies - or to find new applications for already 
known ones. This makes material science an interdisciplinary subject, 
that spans from basics of Chemistry and Physics to Applied Engineering, 
such as Mechanical, Electrical, or Biomedical Engineering. However, 
Material Scientists not only want to theoretically understand new 
materials, they also help design, model and manufacture metals, 
ceramics, polymers, nano- and biomaterials. Working in this area makes it 
possible to not having to focus on just one science subject alone but 
combining theories to make and study anything that fits in between.

Material scientists are employed in many different sectors, such as space 
agencies, computer and mobile phone manufacturers, textile companies, 
universities, where they work on hundreds of projects, from finding new 
materials to build better and more light-weight rockets, to making your 
computer or phone faster, your jacket water proof or packaging more 
environmentally friendly.

By creating computer programmes that model material properties or 
experimenting in the laboratory, material scientists have already helped 
improve concrete, to build longer lasting houses and bridges, bullet and 
stab-proof vests for police and military, that makes them safer and more 
comfortable to wear, fire-retardant textiles, like the one’s your curtains, 
car seats or carpets are made of, but also stronger tooth fillings and even 
food products or make-up!

I hope by working through this booklet, you will get an idea of what I am 
doing in my work as a material scientist and how to combine knowledge 
from physics and chemistry to find a better and more environmentally 
friendly solution for a product we all use every day. Some chapters might 
seem trickier than others at first, but I’m sure that as you work through 
them you will find that you are able do this and that you enjoy studying a 
bit of science.

Have fun and good luck! 
Mirjam Skof



Meet the PhD Researcher
Mirjam Skof

I was always interested in how things work and why materials look the 
way they do. In school, Chemistry was one of my favourite subjects. 
Having said that, when I decided to go to university, I was actually 
thinking of studying Psychology and Marketing, but after some talks 
with students there I decided to try chemistry. I have never regretted 
having made this decision -finally, I found an answer to all (or maybe 
most) of my questions! 

After an undergraduate in Chemistry, I moved on to doing a master’s 
degree in Physics. I was fascinated how both, chemistry and physics, 
often look at the same problems but from completely different angles 
to get to the answer and when I found out about material sciences, I 
knew this is where I wanted to get a PhD in. Now I am working in a 
laboratory at Sheffield Hallam University, trying to find a new material 
and process to improve the way how we make mobile phone screens.

Maths and IT

Chemistry and Chemical Engineering

Material Science and Semiconductor Physics 

A-Level  Subjects

Undergraduate  

Postgraduate



Glossary

Term Definition

Neutron A particle with no charge

Proton A positively charged particle

Nucleus The centre of an atom, consists of neutrons and protons

Isotopes Atoms of one element with differing number of neutrons

Chemical bond A bond is created when atoms react with each other to form a 
chemical compound

Metaloids Semi-metals, that can be found in the middle section of the periodic 
table

Valence band It contains electrons that are bound to the nuclei and not available 
for conductivity

Conduction band It contains free flowing electrons and allows for conductivity to arise

Band gap Forbidden energy zone in the band model, where no electrons can 
exist

Doping Introducing an element with either one more (n-type) or one less (p-
type) electron than the base material in a semiconductor

Electronic structure
The electronic structure of a material is defined by the type of atoms 
making it up and by how  these atoms in the material are bonding 
with each other

UV-visible spectrometer A scientific device that can measure absorption and transparency of 
materials over the ultraviolet and visible light spectrum

Transparent conductive 
oxides

A material, that is both transparent and conductive. They are usually 
compound semiconductors and classified according to their base 
metal, with the non-metal part being oxygen.



Glossary

Term Definition

Resistance The property of a material that slows down the flow of electrons 
and limits electrical current

Ammeter A device that measures the current in a circuit in ampere

Ohmmeter A device that measures resistance of an isolated resistor

Voltmeter A device that measures potential difference in a given circuit in volts

Multimeter A combination of the three above mentioned meters

Ohmic Conductor
A conductor, whose resistance does not change when the current is 
altered and gives a linear
I-V graph

Non-ohmic Conductor A conductor, whose resistance changes when the current is altered

Opto-electrical devices For example solar cells or displays, where both, optical and electrical 
properties are important

Optoelectronics Scientists in this area study electronic devices that control, 
emit/absorb or detect light or other electromagnetic radiation
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Resource One
Overview

By the end of this resource, you should be able to:

ü Name the fundamental particles an atom consists of

ü Understand what an element is

ü Find elements in the periodic table and be able to draw the
corresponding atoms

ü Understand how the place in the periodic table determines the
type of bond an atom will undergo.

Objectives

Atomic Structure and Chemical BondsTopic

Atomic Structure; Periodic Table; BondingGCSE Modules

1. Read the data source
2. Complete the activities

3. Explore the further reading

Instructions

Chemical elements consist of one type of atom, which is specific to 
this element. All atoms of the same element have the same 
properties. Atoms of different elements have differing properties, 
depending to the respective element’s place in the periodic table. 
Combining atoms of different types scientists make chemical 
compounds. The structure of the atoms, such as the size of the 
nucleus and the number of electrons, determine the type of reactions 
they’ll undergo and what chemical bond those atoms will form. 
Having this knowledge helps scientist to understand and predict 
chemical reactions and enables them to choose the right elements for 
the intended application or experiment.

Context



The picture on the left shows the current model of an atom. Atoms 
consist of three particles: electrons, neutrons and protons. Electrons 
are negatively charged (-e), protons are positively charged (+e) and 
neutrons hold no charge, they are neutral. Protons and neutrons have 
approximately the same mass, electrons, however, are much smaller 
and lighter. In the centre of every atom is a nucleus, it consists of 
protons and neutrons and thus is positively charged. The electrons 
surround the nucleus in electron shells, those shells are negatively 
charged. 

The nucleus holds almost all the mass of an atom. Atoms of one 
element always have the same number of protons, however the 
number of neutrons can differ. Those are called isotopes. Every atom 
has the same number of protons and electrons, the positive charge in 
the nucleus is balanced by the negative charge in the shells and 
therefore an atom overall is neutral. Only when removing or adding 
an electron to a shell can an atom become positively or negatively 
charged. Scientists call those charged atoms ions. The radius of the 
shells is about 10,000 times bigger than the radius of the nucleus, they 
determine the volume of an atom.

Electron shells represent discreet energy levels, all electrons in a 
respective shell have the same energy. The shells are filled with 
electrons starting from the shell closest to the nucleus, this shell has 
the lowest energy. Adding energy in the form of radiation to an 
electron, causes it to move to a higher shell. It is like taking a step 
upwards in a staircase. When the electron jumps back into its own 
shell, it releases this energy again. The shells are labelled with a letter 
(K, L, M, N…) or number (1, 2, 3, 4…) The inner most shell (K or 1) can 
hold 2 electrons, all higher shells can hold up to 8 electrons. Only the 
electrons in the outermost shell contribute to chemical reactions and 
form bonds. Those electrons are called valence electrons. This model 
was first explained by Niels Bohr, hence it is called the Bohr’s model of 
the atom.

Resource One
Data Source



In the periodic table, atoms are arranged in lines, called periods, and 
columns, called groups, according to the amount of protons in the 
nucleus. Every element has its unique symbol and number. The atomic 
number shows how many protons – and electrons – there are in an 
atom. The atomic mass is calculated by using the mass of all protons 
and neutrons in the nucleus. The weight of electrons is usually 
neglected because they are so lightweight. 

Resource One
Data Source

Figure 2

Bohr’s model of the atom 
with shells

Figure 3

Periodic table of the 
elements



Depending on their place in the periodic table, the affinity of atoms to 
electrons is higher (right side) or lower (left side). This determines 
what kind of bonds atoms will form. If an atom from the left side 
reacts with an atom from the right side, such as sodium (Na) and 
chlorine (Cl), the chlorine will strip away the sodium’s outer most 
electron and become over all negatively charged. The sodium will be 
over all positively charged and they form an ionic bond. Many sodium 
and chloride atoms will arrange in a lattice structure, forming cooking 
salt crystals.

If atoms from either the same group or neighbouring groups are 
reacting with each other, they will often share the electrons equally, 
forming a covalent bond. This is the way how molecules are formed, 
for example for O2 (oxygen), where two oxygen atoms share their 
valence electrons.

Metals form a unique type of bond, it is called metallic bond. It can be 
described as, many atoms gathering together, each releasing an 
electron to form a structure of positively charged metal ions, 
surrounded by a free electron “gas”. This gives metals their unique 
properties of high thermal and electrical conductivity as well as 
strength.

Resource One
Data Source

Figure 2

Bohr’s model of the atom 
with shells



Resource One
Activities

Activities I: Do you think the size and mass of an atom would change 
significantly, if you would somehow take away all the electrons? 
Please explain your answer in a short paragraph.

II: Draw a sketch of Bohr’s model of an atom. Please don’t forget to 
label all components.

III: Can you find the elements in the periodic table on the next page? 
Write their name and elemental symbol below the picture or draw the 
atom above the name. 

 

 

 

  
Carbon (C) 

  

 
Helium (He) Boron (B)  

 

Providing 
evidence



Resource One
Activities
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Resource One
Activities

Activities IV: Mark the following statements whether you think they are true (T) 
or false (F).

Statement T F

The periodic table arranges chemical elements according to their electron 
configuration and chemical properties.

A nucleus consists of protons and neutrons.

The oxygen atom has 5 electrons and protons.

It does not matter how the elements are arranged in the periodic table, there is no 
difference between them.

Atoms do not undergo chemical reactions or form bonds.

A chemical element consists of one type of atom, with defined properties, specific to 
the element.

If you had 1000 atoms of helium, you would have 2000 electrons

The number of protons in the nucleus equals the number of electrons in the shell.

In covalent bonds electrons are shared equally.

When two atoms from the left side of the periodic table react, they will form an 
ionic bond.

Molecules form metallic bonds

Sodium and chloride are an example of atoms forming an ionic bond.



Resource One
Further Reading

Explore

Independent
research

Atomic Structure:
https://www.chemguide.co.uk/atoms/properties/gcse.html

Atoms:
http://www.chem4kids.com/files/atom_structure.html

YouTube Video about chemical bonds https://www.youtube.com/watch?v=3AMJuSUZuwU



Resource Two
Overview

By the end of this resource, you should be able to:

ü Identify different classes of materials in the periodic table

ü Understand different types of bonds and how they relate to the 
band structure

ü Describe what influences conductivity in a material

ü Explain conductive, insulating and semiconducting properties using 
the band model.

Objectives

Conductors, Insulators and SemiconductorsTopic

Metals as conductors; Diamond as insulator; Bonding

1. Read the data source
2. Complete the activities

3. Explore the further reading

Instructions

In the periodic table, elements are not just aligned according to their 
atomic number, but also according to the class of material they belong 
to. Metals are on the left side, metaloids (or semi-metals) are in the 
middle right and non-metals are on the far right side. In the periodic 
table in the previous chapter (see “Activities”), metals are coloured 
pink, metaloids green and non-metals blue. This classification also 
gives an idea about bond formation and the electrical conductivity of 
a material.

Context

GCSE Modules



Metals, in general, are good electrical conductors – of course not all of 
them conduct electricity as well, for example gold is a much better 
conductor than iron. Non-metals usually have good insulating 
properties – they don’t conduct electricity. The third class, metaloids, 
don’t conduct electricity well, but they do conduct when the 
conditions are right – and this makes them very interesting for 
scientists.

In a metallic bond, the atoms come together to form something that 
can be describes as a structure of positive charged ions, surrounded 
by a delocalised electron “gas”. Those electrons can move freely along 
the whole structure. Metallic bonds are the reason for the unique 
physical properties of metals, such as high conductivity, ductility and 
strength. On the left side in the box below you can see a schematic 
illustration of a metallic bond.

In order to better describe electrical conductivity in metals, for 
physicists it makes more sense to instead of looking at metallic bonds 
in the above described way, to explain it as something that is called a 
“band model”. We now need to look at the structure of positive ions 
as something called the valence band and the free-flowing electrons 
around them form the conduction band. In metals, both bands 
overlap a little, allowing electrons to flow freely from valence to 
conduction band.

Resource Two
Data Source

Section A

Figure 4

Metallic bond



Covalent bonds, where electrons are shared equally between binding 
partners, or ionic bonds, where electrons are tightly bound to the 
nuclei, do not allow for conductivity to arise. This is because all shells 
are filled and there are no delocalised electrons present, those 
compounds are insulators.

Explaining this with a band model means, that all electrons can be 
found tightly bound in the valence band and with no free electrons 
available to contribute to conductivity, the conduction band is empty. 
While the bands of metals overlap a little, in insulators there is a gap 
between both bands do show how difficult it would be for an electron 
to escape the bond. It is called the band gap or forbidden energy gap. 
No electrons can be in this state and since the gap in insulators is big, 
electrons can’t jump over it and hence no electrical conductivity is 
possible.

Resource Two
Data Source

Figure 5

Band model of metallic
conductor

Section B

Figure 6

Metallic bond



Resource Two
Data Source

Figure 7

Band model of insulator

Section C Semiconductors are a class of materials, who’s conductivity is 
between the excellent conductivity of metals and the insulating 
properties of ionic lattices. In semiconductors, atoms form perfect 
covalent bonds with not free electrons, and hence there is no intrinsic 
conductivity present. They do, however, conduct if the conditions are 
right. Using to a process called doping, it is possible to introduce 
atoms from different elements with a different electronic structure 
and altering the electronic structure of the material. 

Semiconductors again have a valence band, a conduction band and a 
band gap, however this band gap is very small compared to insulators. 
Because of this small gap, electrons are able to jump from the valence 
band to the conduction band, if they can gain a little energy, for 
example as thermal energy. Quite often, room temperature is warm 
enough to allow electrons to jump the gap. To make semiconductors 
even more conductive, scientists introduce other elements with either 
one more or one less electrons than the semiconductor into the 
material. This process is called doping.



Silicon, for example, is a widely studied semiconducting element, it 
has four electrons in its outermost shell and in its purest form it is a 
very bad conductor. However, when exchanging one silicon atom with 
an element with five valence electrons, such as phosphorus (P), it will 
form a bond with the surrounding four silicon atoms, leaving one 
excess electron free. This form of doping is called n-doping. Due to 
this free electron, the conductivity of the material is dramatically 
increased. In the band model, this is explained as the energy band gap 
being lowered due to the conduction band being pulled down by this 
free electron. 

Another form of doping is p-type doping, where an element with one 
electron less than silicon is introduced into the material. For example, 
boron (B), which has three electrons and when it forms bonds with 
silicon, there will be an empty space left. With electrons being 
negative charges, this empty space is seen as a fictive positive charge. 
This gives the p-type doping its name. 

Resource Two
Data Source

Figure 8

Silicon atom covalently 
bonded in

a semiconductor

Figure 9

Band model of 
semiconductor



In the band diagram, the valence band is raised due to the lack of 
electrons in the bulk material. Both forms of doping lower the size of 
the energy band gap and hence the energy needed for electrons to 
jump from the valence band into the conduction band – and this 
makes semiconductors sometimes reach almost metallic conductivity!

In the pictures below, band diagrams and bond structures for n- and 
p- doped silicon are shown.

Resource Two
Data Source

Figure 10: n-doped silicon Figure 11: Band model of n-doped silicon

Figure 12: p-doped silicon Figure 13: Band model of p-doped silicon



Resource Two
Activities

Section A

I: Draw a schematic representation of a metallic bond.

II: Why do metals have special properties, such as high electrical 
conductivity and elasticity?

III: What is the difference between valence band and conduction 
band?

Section B

I: What is the difference between a metallic conductor and an 
insulator?

II: Connect the following words to their definition.

III: What is a covalent bond?

Activities

Semiconductor

The introduction of elements into a semiconductor 
crystal with different electronic structure.

Non-metals

A material that does not conduct electricity.

Insulator

Elements on the far-right side of the periodic table

Band gap/Forbidden energy gap

A model to describe the conductivity of conductors, 
insulators, and semiconductors. It consists of two 
energy bands (valence and conduction band) and the 
band gap.

Doping

A class of materials with a conductivity between the 
excellent conductivity of metals and the non-
conducting insulators. It conducts electricity in some 
conditions but not others.

Band model

It represents the energy difference between the top of 
the valence band and the bottom of the conduction 
band, where no electrons can exist.



Resource Two
Activities

Section C

I: Can you draw the band diagram for pure silicon?

II: Please explain why scientists need to dope semiconducting 
materials.

III: Instead of doping your silicon semiconductor with phosphorus to 
achieve n-type conductivity, could you also use other elements, such 
as arsenic (As), nitrogen (N) or calcium (Ca)? Explain your answer.

Activities

Creativity



Resource Two
Further Reading

Explore

Independent
research

Fundamentals of semiconductor technology
https://www.halbleiter.org/en/fundamentals/conductors-insulators-
semiconductors/

YouTube video explaining the band model for metals and insulators
https://www.youtube.com/watch?v=ANr1wgYLVRo

YouTube video explaining the band model for semiconductors
https://www.youtube.com/watch?v=zdmEaXnB-5Q

Doping of semiconductors
http://hyperphysics.phy-astr.gsu.edu/hbase/Solids/dope.html



Resource Three
Overview

By the end of this resource, you should be able to:

ü Understand the electronic structure of a material and how it 
relates to its colour

ü Explain where colour comes from

ü Calculate the energy band gap for a given colour

ü Understand why some materials are transparent.

Objectives

The Colour of a MaterialTopic

Electromagnetic Waves

1. Read the data source
2. Complete the activities

3. Explore the further reading

Instructions

GCSE Modules



In order to explain electrical properties of elements and materials, 
physicists use a theoretical model, the band model. It consists of a 
valence band, which represents the last electron shell filled with 
electrons, the conduction band, which represents electrons that are 
free to move and participate in electrical conductivity, and the band 
gap, which is a forbidden energy zone, where no electrons can exist. 
Depending on the electronic structure of an element or material, the 
band gap can be zero. This is the case in metals, where conduction 
and valence band overlap without a gap in between. The band gap 
can also be very large, for example in non-metals, where the band gap 
is so big, that electrons can’t get into the conduction band at all and 
hence those materials are insulators.

In semiconductors, there is a band gap present, however it is much 
smaller than the band gap in insulators. This allows electrons to jump 
from the valence band into the conduction band if the conditions are 
right. When a semiconductor is doped with a material that has a 
differing electron configuration, the electronic structure is altered, 
and the width of the band gap of the semiconductor is decreased. 
With a little energy input into the material, electrons can now easily 
jump over the band gap. This energy can, for example, be thermal 
energy or radiation. By tuning the width of the
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Data Source

Figure 14

Band structures of 
insulator, semiconductor 

and conductor



band gap, scientist can determine how much heat input or what kind 
of radiation will be absorbed and cause electrons to move into the 
conduction band. This is called electron excitation. Radiation can be 
any kind of electromagnetic wave but usually scientists make 
semiconductors that will use visible light as excitation source. This 
makes electrical and optical properties closely related since the band 
gap of a material determines the range of the electromagnetic 
spectrum it can absorb and hence its characteristics of colour and 
transparency.

The electromagnetic spectrum is a continuous spectrum of transverse 
waves, it reaches over a range of frequencies. Those waves transfer 
the energy from their source to an absorber. All waves travel at the 
same speed trough air or vacuum. They are grouped into seven basic 
types, based on their wavelength and frequency.
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Figure 15

The electromagnetic 
spectrum



Using two formulas, one can use frequency and wavelength and 
calculate the energy of a wave, thus determining if it will be absorbed 
by a semiconductor with a certain band gap.

Formula one gives the speed of a wave in m/s by multiplying the 
frequency in Hz

( = !
"
) and the wavelength in m. 

𝑣 = 𝑓 $ 𝜆

Formula two is also called the Planck equation and it multiplies the 
Plank constant (6.6*10-34 J/s) with the frequency of the wave in Hz 
giving the energy in Joules (or J).

𝐸 = ℎ $ 𝑓

Formula one can also be written as 𝑓 = #
$
, this allows us to substitute 

the frequency in formula two and equate the energy of a wave with 
the frequency and wavelength.

𝐸 = ℎ $
𝑣
𝜆

Visible light is the spectrum of electromagnetic radiation that can be 
seen by the human eye, its wavelength ranges from approximately 
400 nm to 700 nm. When using a glass prism, sunlight can be split up 
into its components – the colours of a rainbow, ranging from blue 
(short wavelength) to red (long wavelength).

When a material absorbs a part of this spectrum, the other 
components are reflected, giving the material its colour. If a material 
absorbs all visible light, it appears black to us, if it reflects all of it, it 
appears white. An object will appear transparent, when light can pass 
through it without being absorbed or reflected.
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To make a material transparent, the waves of the light have to be able 
to move through it without interferences, such as absorption or 
reflection. Pure silicon, for example, looks black because it fully 
absorbs all visible light due to its band gap energy. Electrons absorb 
the light, jump the band gap into the conduction band. Metals appear 
shiny because their free electrons reflect light. Silicon dioxide, 
however, does not have this electronic structure and can’t absorb the 
light but lets it travel through freely. Sand, which is also silicon dioxide 
consists of small particles and is so full of impurities that light is 
scattered in all directions and can’t pass through freely.

Because the band gap decides which part of the visible light will be 
absorbed, a transparent material also needs to have the band gap 
bigger than the energy of visible light, so the waves can’t be absorbed.
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Figure 16

Band model of light 
emitting diodes based on 

semiconductors with 
different band gaps 

emitting blue, green and 
red light



Resource Three
Activities

I: Looking at the picture of the electromagnetic spectrum above, can 
you find the wavelengths of the following EM waves? Where there is 
more than one possibility, give the wavelength at the beginning and 
end of the zone. Note: The wavelength of visible light is usually given 
in nm, which is 10-9 m, a number with nine zeros after the comma! 
Because visible light is used for so many applications, scientists usually 
use nanometres (nm) instead of the standard unit metres (m). So, 
don’t forget to add the unit, when you write down the wavelength.

II: What is the difference in energy band gap between a metal and a 
semiconductor? And how does this affect their colour and 
transparency?

III: Using formula one from above (𝑣=𝑓·𝜆), can you calculate the 
frequency (f) of green light with a wavelength of 530 nm? You need to 
know that light travels with a speed of 2.99 * 108 m/s.

IV: What conditions must be fulfilled for a material to be transparent?

Activities

Wave type Wavelength
Blue light
Radio waves
Red light
X-rays

Problem 
solving
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Further Reading
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research

Transparent and Opaque Materials in Electromagnetic Waves
https://study.com/academy/lesson/transparent-and-opaque-
materials-in-electromagnetic-waves.html

Physics of colour:
https://www.zmescience.com/science/physics/what-gives-colour/



Resource Four
Overview

By the end of this resource, you should be able to:

ü Develop an understanding of how transparency and colour are
determined and why this is important for transparent conductive
materials

ü Explain how a UV-visible spectrometer works

ü Calculate the band gap of materials using data from UV-vis
spectroscopy.

Objectives

UV-VISIble – Spectroscopy and Band GapsTopic

Electromagnetic Waves

1. Read the data source
2. Complete the activities

3. Explore the further reading

Instructions

GCSE Modules



In semiconductor physics, a UV-visible spectrometer is used to 
determine the transparency and absorption of materials, such as 
transparent conductive oxides. This technique can tell scientists, 
whether a material will be suitable to be used in a mobile phone 
screen or solar cell. This is important because you wouldn’t want a 
phone screen made from a material that absorbs all blue light or a 
solar cell that reflects light like a mirror instead of absorbing it and 
creating electricity. Chemists use the same technology to analyse 
concentrations in liquids, however in this booklet, the focus will be on 
the first mentioned application.

In the box below a picture of an UV-visible spectrometer can be seen, 
the sample chamber is open, and a scientist is about to insert a 
sample. The illustration on the right side shows a simplified view of 
the inside of the equipment. A light source generates light ranging 
from UV to infrared and a set intensity I(0). The light is sent through 
the sample and reflected via a mirror onto a prism or grid, that will 
split it into its different spectral wavelengths. From there, the light is 
reflected by a second mirror onto the detector, which analyses all 
incoming light waves and compares their intensity I(t) with the initial 
intensity I(0). The machine can then tell us how much light could 
travel through the sample without being scattered and what 
wavelengths have been absorbed. In order to use this method, 
samples need to be at least somewhat transparent.

Resource Four
Data Source

Light Source

Sample

Mirrors

Detector

Prism/grid

Figure 17: UV-vis spectrometer Figure 18: Schematic of UV-vis spectrometer



On the next page you can see a real-life sample of a transparent 
semiconducting film on a piece of glass, the film makes the glass look 
a bit blue compared to a clean glass slide. The sample has been put 
into the spectrometer and light with a wavelength range from 300 –
1000 nm has been sent through it. The detector has then measured 
how much light went through the sample without being disturbed in 
some way. The second picture shows what a spectrum from that 
sample measured by a UV-visible spectrometer looks like. 

Scientists can now easily use this information to calculate the band 
gap of the semiconducting material they have analysed. They then 
also know if the material is suitable for the intended application or if 
they need to change its electronic structure by doping to make it 
suitable.
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Figure 19

Absorption spectrum of 
blue coating sample



The spectrum shows that the film has a slight blue colour, because 
there is a slight absorption peak between 350 nm and 520 nm. The 
onset of the highest absorption peak is at 335 nm. From this, we can 

calculate the band gap with the following formula: 𝐸 = ℎ $ %
$
.

E is the energy in Joules (J), h is a constant, called the Planck constant 
and has a value of 6.6*10-34 J/s, c is the speed of light (2.99*108 m/s) 
and λ (lambda) is the wavelength of the light in nm. The energy then 
needs to be converted from Joules into eV like this: E(eV) = E(J) ×
6.241509⋅1018. This leaves us with a value for the energy band gap of 
3.70 eV.
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Resource Four
Activities

Activities I: Can you calculate the band gap of semiconducting material analysed in 
the following spectrum? (Hint: the onset of absorption is, where the line 
starts to bend upwards)
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UV-visible Absorption Spectrum

II: How does a UV-visible spectrometer work?

III: List four components of a UV-visible spectrometer.

IV: Can you analyse any kind of material with a UV-visible spectrometer? 
(Hint: What specific property does it need to have?)

V: Why do you think it is important for scientists to know about the 
optical properties, such as band gap and transparency, of a material?



Resource Four
Further Reading

Explore

Independent
research

YouTube video of how a UV-vis spectrometer works
https://www.youtube.com/watch?v=wxrAELeXlek

UV-visible spectroscopy band gap calculation
https://instanano.com/characterization/theoretical/uv-vis-
spectroscopy-band-gap-calculation/



Resource Five
Overview

By the end of  this resource, you should be able to:

ü Understand the differences between resistance, potential and 
current

ü Know how to measure electric conductivity

ü Differentiate between ohmic and non-ohmic conductors from 
graphs

ü Recognise the circuit symbols used to draw a touch screen

ü Understand how scientist characterise new materials for touch 
screens

Objectives

I-V Characteristics of Touch ScreensTopic

Electricity, Resistance and IV-Characteristics

1. Read the data source
2. Complete the activities

3. Explore the further reading

Instructions

GCSE Modules



Another characterisation method for transparent conductive oxides 
(TCOs), beside their transparency, is their electric conductivity. 
Electric current is a flow of charge carriers, or electrons, through a 
material. It will only flow when there is a potential difference and the 
material is conductive. The potential difference, or voltage, is given in 
volts, V. The unit of current is ampere, A. 

Instead of talking about conductivity, it is more common to speak of 
the resistance of a material. The resistance slows down charge 
carriers and limits the flow of electrical current. Its unit is the ohm, Ω.

The current, I, that can flow through a material or component 
depends on the potential difference, V, and the resistance, R, of the 
material. The following formula links the three together:

𝑉 = 𝐼 $ 𝑅

To determine how suitable a material is to be used as a TCO, it is 
important to determine its electrical properties. All of the above-
mentioned quantities can be measured with the respective 
equipment. An ammeter measures the current in ampere, it must 
always be placed in series in your circuit. The voltmeter measures the 
potential difference in volts, it must always be placed in parallel. The 
ohmmeter measures resistance of an isolated resistor, it can’t be used 
in a working circuit. Because carrying around three different types of 
equipment is a lot, scientist have combined all three of them in a 
multimeter. A multimeter has a dial, where you can choose what you 
want to measure. You can see one in the picture below. The red and 
black tip of the multimeter are placed on top of a conductive film or a 
device and by turning the dial, the multimeter will measure the 
selected property.
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For some components or materials, when the current through them is 
changed, the resistance changes as well. However, the resistance of 
an ohmic conductor doesn’t change with the current, as long as the 
temperature stays the same.  In order to determine the type of 
conductor, scientists record I-V curves. This is a graph, which 
illustrates the change in current flow (I), as the potential difference (V) 
is increased. In the graph, the potential difference is drawn on the 
horizontal x-axis and the current flow, on the vertical y-axis. Ohmic, or 
linear conductors show a linear increase in resistance, while non-
ohmic conductors give a curved I-V characteristic. These graphs can be 
recorded with scientific equipment, that works very similar to a 
multimeter.

In order to draw and understand an electric circuit, scientists and 
engineers use circuit symbols. The circuit symbols needed to design a 
mobile phone displays are in the box below.

Resource Five
Data Source

Deep 
Dive

Figure 20: Multimeter Figure 21: I-V Characteristics of resistors

Figure 22: Ground Figure 23: Resistor Figure 24: Ammeter



Those three symbols allow us to interpret the simple diagram of a 
touchscreen display, as it is built into your mobile phone.

To build a touchscreen display, amongst other components, you need 
an insulator, like glass, that is coated with a thin layer of a transparent 
semiconductor. When something conductive, like a finger, is touching 
the surface of the screen, there is a potential difference and a tiny 
amount of charge will flow from the display into the earth. A 
processing unit will analyse this change on the surface of the display 
and the phone will then be able to respond to the touch.
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Figure 24: Mobile phone Figure 26: Diagram of a touchscreen



Resource Five
Activities

Activities
I: What’s the difference between a non-ohmic and an ohmic resistor? 
Can you support your answer with a graph?

II: You have a 2 Ω resistor, what voltage difference will you have to 
apply to get a current flow of 3.5 A?

III: True or false? Correct the false statements.

IV: How does a capacitive touchscreen display work?

V: What is a multimeter?

VI: How would you determine the resistance of a material?

An ammeter measures resistance.

The sign for a resistor is a circle.

An ohmic conductor shows linear I-V 
characteristics.

V = I * R describes the relationship between 
potential difference, resistance and current.

The resistance of a non-ohmic conductor doesn’t 
change with the current.

Building an 
argument



Resource Five
Activities

Activities
VII: Look at the picture below, the I-V characteristics of a new 
material for a touch screen device were measured. Does the graph 
indicate an ohmic or non-ohmic conductor? Why?

Data
Interpretation
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How semiconductors work
https://electronics.howstuffworks.com/diode.htm

YouTube video on ohmic and non-ohmic conductors
https://www.youtube.com/watch?v=B7SUAQnySoA



Resource Six
Overview

By the end of this resource, you should be able to:

ü Talk about transparent conductive oxides and opto-electronic 
devices, their uses and applications

ü Understand key concepts and the importance for industry

ü Know, why research in this area is important.

Objectives

Application of Transparent Conductive OxidesTopic

Supra-curricular

1. Read the data source
2. Complete the activities

3. Explore the further reading

Instructions

GCSE Modules



Transparent conductive oxides (TCOs) are a special type of material, 
because they combine high transparency with conductivity. Usually 
those two properties are mutually exclusive, but when using a 
semiconductor with a band gap in the UV wavelength range, making 
TCOs is suddenly possible. They are often used as thin films on non-
conductive substrates, such as glass or plastic sheets. Therefore, they 
are also called transparent conductive films. Their thickness is usually 
around 100 nm (nanometre) - one nanometre equals 1*10-9 metres 
(or 0.000000001 m). TCOs are usually compound semiconductors, 
they are classified according to their base metal, with the non-metal 
part being oxygen. This means, TCOs are metal oxides, that are doped 
to achieve the desired properties. The most commonly used material 
is indium tin oxide, it is an n-type TCO and has exceptionally high 
conductivity and transparency for visible light. One drawback is, that 
indium is extremely rare and expensive, because of this, scientists are 
searching for alternatives, such as titanium dioxide, zinc oxide, metal 
meshes or graphene (a material that consists of just one single layer 
of carbon atoms and that shows extraordinary properties).
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Figure 27

Applications for TCOs

Active Reading



Transparent conducting oxides are used in opto-electrical devices. 
Opto-electrical devices are electrical devices that emit, absorb or 
detect light and other electromagnetic radiation, such as x-rays, 
gamma rays and infrared. Those devices are used to transform 
electricity into light and vice-versa. Solar cells, for example, generate 
charge carriers by absorbing sunlight in an active layer underneath the 
top layer of glass and produce green energy. Light emitting diodes are 
used in lamps, TV and mobile phone screens and in Christmas 
lightning, where the applied electricity causes the active material to 
glow and emit light in the wavelength corresponding to the energy 
band gap of the material used. Another application is as electrodes in 
displays and coatings on windows. Here, the coatings help to shield or 
reflect different kinds of radiation, again, depending on the energy 
band gap of the material. This can be used on windows to reflect 
infrared light from the sun and stop rooms from heating up in summer 
or to stop a room from cooling down in winter by blocking heat 
(infrared energy) from the radiator and thus preventing losses. Both 
options can greatly reduce energy consumption either via air 
conditioning or heating and help produce less CO2 by using fossil fuels 
and safe the environment.

The conductivity of TCOs can be tuned from insulating via 
semiconducting to conducting, depending on doping of the base 
material and the resulting change in band gap energy. This change 
also influences their transparency by determining what parts of the 
electromagnetic spectrum gets absorbed or reflected.

Semiconductors can be produced as n-type (dopant has an excess 
electron) and p-type (dopant has one electron less) materials. This 
allows scientists to use them in a wide range of power saving opto-
electrical devices and technological applications. The most popular 
elements to form the base
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metals for TCOs are aluminium, indium, zinc and tin. However, a lot of 
scientific interest has been generated around cadmium, titanium, 
gallium or molybdenum. The reason for this is the high cost of some of 
the more common elements, such as indium. Industry is always 
looking for easier and cheaper solutions for already know materials to 
be able to fabricate even better devices for a much lower price. 
Another reason is the scarcity of some elements, that make it 
necessary to look for alternatives that can be used when the global 
reserves of one element are used up.

Typically, transparent conductive oxides used for current devices like 
your mobile phone, have a transparency higher than 80 % and a 
conductivity higher than 103 S/cm. To avoid absorption of visible light 
and to allow for all the colours of a picture to come through on your 
screen, their band gap needs to be greater than 3.2 eV. Most TCOs are 
n-type conductors as their conductivity is slightly better than p-type 
conductors. This means that their base material has been doped with 
an element, that contains more electrons in the valence shell.

At the moment, there is a lot of research going on in this area, to 
make solar cells more efficient, screens bigger, cheaper, more 
environmentally friendly and flexible, smart windows, heat reflectors 
and light emitting diodes more fashionable and efficient to save more 
energy. The markets are expected to grow significantly in the coming 
years, as our use of tablets, smartphones, solar cells, OLED lights etc 
to conserve energy and also to produce green energy is rising.
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Figure 28

Researcher holding solar 
cell sample with 

transparent conductive film 
on top 



Resource Six
Activities

Activities I: Can you list three applications transparent conductive oxides are 
used for?

II: What materials are used to make transparent conductive oxides?

III: What is an opto-electrical device?

IV: Why do you think research in the area of opto-electronic devices 
and TCOs is important? Expand in your answer.Building an 

argument
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Information Display Website
http://informationdisplay.org/id-archive/2008/april/transparent-
conductive-oxides-for-display-applicat

Information on Solar Cells
https://www.explainthatstuff.com/solarcells.html



Final
Reflection

By the end of this resource, you should be able to:

ü Explain key concepts with their own words

ü Present in a written and graphic manner theoretical concepts used 
in scientific research

ü Understand the basic steps needed to develop a novel material

ü Draw conclusions from scientific data.

Objectives

Transparent Conductive OxidesTopic

You have learned a lot in this booklet! You now know how to identify
suitable elements in the periodic table, how to calculate band gaps,
interpret scientific data and transform all of this into an idea for a
novel material to be used in opto-electronic devices. Congratulations
for working through the resources and finishing the activities.

To sum up what you have learned, make a poster (paper size A3 or
bigger) and show in a timeline all the steps necessary to get from an
idea for an element found in the periodic table to a well-research
transparent conductive film. It is up to you if you draw your own
pictures or make a collage from pictures you find in magazines or on
the internet. Don’t forget to add the necessary explanations and
formulas. Maybe you even have your own idea for a novel material?

Instructions

Deep 
Dive
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Why is good note taking important?

If it feels like you forget new information almost as quickly as you hear it, even if you write it 
down, that’s because we tend to lose almost 40% of new information within the first 24 
hours of first reading or hearing it. 

If we take notes effectively, however, we can retain and retrieve almost 100% of the 
information we receive. Consider this graph on the rate of forgetting with study/repetition:

Learning a new system

The Cornell Note System was developed in the 1950s at the University of Cornell in the USA. 
The system includes interacting with your notes and is suitable for all subjects. There are 
three steps to the Cornell Note System. 

Retention: the act of 
absorbing, and 

continuing to keep 
information

Repetition: the act of 
repeating an 

interaction with the 
material / notes

Repetition 
increases 
retention

Drop in 
retention 
after 18 
minutes

Step 1: Note-Taking

1.   Create Format: Notes are set up in the Cornell 
Way. This means creating 3 boxes like the ones on 
the left.  You should put your name, date, and 

topic at the top of the page. 

2.  Write and Organise: You then take your notes in the 
‘note taking’ area on the right side of the page. You should 

organise these notes by keeping a line or a space 
between ‘chunks’ /main ideas of information. You 
can also use bullet points for lists of information to 
help organise your notes.

University 
Ready!

University Study Skills
Cornell Notes



Step 2 Note-Making

1.   Revise and Edit Notes: Go back to box 1, the note taking area and spend some time revising 
and editing. You can do this by: highlighting ‘chunks’ of information with a number or a colour; 
circling all key words in a different colour; highlighting main ideas; adding new information in 
another colour

2.  Note Key Idea: Go to box 2 on the left hand side of the page and develop some questions about 
the main ideas in your notes. The questions should be ‘high level’. This means they should 
encourage you to think deeper about the ideas. Example ‘high level’ questions would be:
• Which is most important / significant reason for…
• To what extent…
• How does the (data / text / ideas) support the viewpoint?
• How do we know that…
Here is an example of step 1 and step 2 for notes on the story of Cinderella:

Step 3 Note-Interacting

1.   Summary: Go to box 3 at the bottom of the page and summarise the main ideas in box 1 and 
answer the essential questions in box 2. 

Give the Cornell Note Taking System a try and see if it works for you!



These words will often be used when university tutors set you essay questions - it is a good 
idea to carefully read instruction words before attempting to answer the question. 

Analyse – When you analyse something you consider it carefully and in detail in order to 
understand and explain it. To analyse, identify the main parts or ideas of a subject and 
examine or interpret the connections between them.

Comment on – When you comment on a subject or the ideas in a subject, you say something 
that gives your opinion about it or an explanation for it.

Compare – To compare things means to point out the differences or similarities between 
them. A comparison essay would involve examining qualities/characteristics of a subject and 
emphasising the similarities and differences. 

Contrast – When you contrast two subjects you show how they differ when compared with 
each other. A contrast essay should emphasise striking differences between two elements. 

Compare and contrast – To write a compare and contrast essay you would examine the 
similarities and differences of two subjects. 

Criticise – When you criticise you make judgments about a subject after thinking about it 
carefully and deeply. Express your judgement with respect to the correctness or merit of the 
factors under consideration. Give the results of your own analysis and discuss the limitations 
and contributions of the factors in question. Support your judgement with evidence. 

Define – When you define something you show, describe, or state clearly what it is and what 
it is like, you can also say what its limits are. Do not include details but do include what 
distinguishes it from the other related things, sometimes by giving examples. 

Describe – To describe in an essay requires you to give a detailed account of characteristics, 
properties or qualities of a subject.

Discuss – To discuss in an essay consider your subject from different points of view. Examine, 
analyse and present considerations for and against the problem or statement.

University Study Skills
Key Instruction Words

University 
Ready!



Evaluate – When you evaluate in an essay, decide on your subject’s significance, value, or 
quality after carefully studying its good and bad features. Use authoritative (e.g. from 
established authors or theorists in the field) and, to some extent, personal appraisal of both 
contributions and limitations of the subject. Similar to assess.

Illustrate – If asked to illustrate in an essay, explain the points that you are making clearly by 
using examples, diagrams, statistics etc.

Interpret – In an essay that requires you to interpret, you should translate, solve, give 
examples, or comment upon the subject and evaluate it in terms of your judgement or 
reaction. Basically, give an explanation of what your subject means. Similar to explain.

Justify – When asked to justify a statement in an essay you should provide the reasons and 
grounds for the conclusions you draw from the statement. Present your evidence in a form 
that will convince your reader.

Outline – Outlining requires that you explain ideas, plans, or theories in a general way, 
without giving all the details. Organise and systematically describe the main points or 
general principles. Use essential supplementary material, but omit minor details. 

Prove – When proving a statement, experiment or theory in an essay, you must confirm or 
verify it. You are expected to evaluate the material and present experimental evidence 
and/or logical argument.

Relate – To relate two things, you should state or claim the connection or link between 
them. Show the relationship by emphasising these connections and associations. 

Review – When you review, critically examine, analyse and comment on the major points of 
a subject in an organised manner

University Study Skills
Key Instruction Words



Exploring Careers and Study Options
ü Find job descriptions, salaries and hours, routes into different careers, and more 

at https://www.startprofile.com/
ü Research career and study choices, and see videos of those who have pursued various 

routes at http://www.careerpilot.org.uk/
ü See videos about what it’s like to work in different jobs and for different organisations 

at https://www.careersbox.co.uk/
ü Find out what different degrees could lead to, how to choose the right course for you, and 

how to apply for courses and student finance at https://www.prospects.ac.uk/
ü Explore job descriptions and career options, and contact careers advisers 

at https://nationalcareersservice.direct.gov.uk/
ü Discover which subjects and qualifications (not just A levels) lead to different degrees, and 

what careers these degrees can lead to, 
at http://www.russellgroup.ac.uk/media/5457/informed-choices-2016.pdf

Comparing Universities

ü https://www.whatuni.com/
ü http://unistats.direct.gov.uk/
ü https://www.thecompleteuniversityguide.co.uk/
ü Which? Explorer tool – find out your degree options based on your A level and BTEC 

subjects: https://university.which.co.uk/

UCAS

ü Key dates and deadlines: https://university.which.co.uk/advice/ucas-application/ucas-
deadlines-key-application-dates

ü Untangle UCAS terminology at https://www.ucas.com/corporate/about-us/who-we-
are/ucas-terms-explained

ü Get advice on writing a UCAS personal statement 
at https://www.ucas.com/ucas/undergraduate/getting-started/when-apply/how-
write-ucas-undergraduate-personal-statement

ü You can also find a template to help you structure a UCAS statement, 
at https://www.ucas.com/sites/default/files/ucas-personal-statement-worksheet.pdf

ü How to survive Clearing: https://university.which.co.uk/advice/clearing-results-
day/the-survivors-guide-to-clearing

University
Guidance

University 
Ready!
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https://nationalcareersservice.direct.gov.uk/
http://www.russellgroup.ac.uk/media/5457/informed-choices-2016.pdf
https://www.whatuni.com/
http://unistats.direct.gov.uk/
https://www.thecompleteuniversityguide.co.uk/
https://university.which.co.uk/
https://university.which.co.uk/advice/ucas-application/ucas-deadlines-key-application-dates
https://www.ucas.com/corporate/about-us/who-we-are/ucas-terms-explained
https://www.ucas.com/ucas/undergraduate/getting-started/when-apply/how-write-ucas-undergraduate-personal-statement
https://www.ucas.com/sites/default/files/ucas-personal-statement-worksheet.pdf
https://university.which.co.uk/advice/clearing-results-day/the-survivors-guide-to-clearing


Material Science at University

ü Even though material science is an interdisciplinary subject, bridging the gap between 
chemistry, physics and engineering, it is often listed as a physical science.

ü In the area of material science, researchers are working on finding new materials and 
processes as well as understanding in-depth what gives materials their specific properties.

ü Material scientists will need a high level of skill and ability in science and be good at 
thinking creatively. Working accurately and having an eye for detail will help you when 
performing measurements or examining samples under a microscope. 

ü You can find out more about different courses and entry requirements by exploring the 
UCAS Physical Sciences Guide online:          https://www.ucas.com/ucas/subject-guide-
list/physical-sciences

ü You can find out more about the different careers by exploring the UCAS Science and 
Research job database online. Remember, as material science is such a big field, your 
career path entirely depends on what areas you choose to focus on! 
https://www.ucas.com/ucas/after-gcses/find-career-ideas/explore-jobs?f=/job-
families/science-and-research 
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A Deeper Look Into Material Science

ü Watch: https://www.youtube.com/watch?v=JZ9BkoLWdlg

ü Watch: https://www.youtube.com/watch?v=tGfLhPslEjQ

ü Read: https://en.wikipedia.org/wiki/Materials_science
ü Read: https://www.sciencedaily.com/terms/materials_science.htm

ü Browse: http://www.strangematterexhibit.com/whatis.html

ü Browse: https://interestingengineering.com/9-interesting-materials-shape-future

https://www.youtube.com/watch?v=JZ9BkoLWdlg
https://www.youtube.com/watch?v=tGfLhPslEjQ
https://en.wikipedia.org/wiki/Materials_science
https://www.sciencedaily.com/terms/materials_science.htm
http://www.strangematterexhibit.com/whatis.html
https://interestingengineering.com/9-interesting-materials-shape-future
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