
YR 11 REVISION / EXAM PRACTICE



Component 1
Design & Technology in the 21st Century 

Written examination : 2 hours 

100 marks (50% of final grade)

Section One: Core Knowledge and understanding 

Section two: in-depth knowledge of  design & Technology

Component 2
Design and Make Task

Project work : 35 hours of lessons during Year 11

100 marks (50% of final grade)



Let’s say you got 80 marks out of 100 for your 
coursework!  That is around a level 7!

Out of 200 (CW & Exam Combined) this means 
you have reached around a level 3 overall!

Therefore if you got 20 out of 100 in the exam 
this would move your overall level up to 
around a 4!

That is why the exam is so important!  
Especially if you didn’t do as well in the 
coursework as you’d hoped!



Level 9

Level 4

Level 7

Level 2

Level 9

Level 4

Level 7

Level 2

Level 9
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Level 280 Marks 

for the 

CW
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for the 

CW
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for the 

CW

20 Marks in 

the Exam

70 Marks in 

the Exam



Basically, listen in class, make sure you 

understand and Revise!



The following lessons have been created to 

ensure you are all ready for the exam and 

have a clear idea of the layout of the paper 

and what to expect.  



To start with, let’s 

start with the basics.  

Just to start!

• The exam is 2 hours 

long

• There are two 

sections; Section A 

and section B

• The exam is out of 

100 marks

• You must have a 

calculator



You must answer all of 

the questions in section 

A / Questions 1 to 5.

When it comes to 

Section B / Question 6 

you must only answer 

one of the sections; 

either:
• Electronic systems and 

Mechanical devices

• Paper & Boards

• Natural & Manufactured 

Timber

• Ferrous & Non Ferrous 

Metals

• Thermosetting & 

Thermoforming Plastics

• Fibres & Textiles



This is all there is to warn you in the exam paper 

that you must only answer one of the questions!

Our advice is to read through all of the different sections and choose to 

answer the question 6 that you think you will be able to get the most 

marks on!

Have a look at the 5 mark maths questions in each of the section and 

work out which one you think you can answer!  This will also help you to 

decide!

It will probably be between these three sections:



Your Revision Matrix

Most of us know the good old
thermometer. Because some like it
hot and some not. We take
revision seriously in Design &
Technology so you need to use this
matrix to track your revision to
make sure you are ready for the
exam. Once you have listened to a
podcast or completed a Homework
sheet just tick a box!

*All revision materials can be found on: 
www.sohamdt.com in PDF format.

Podcast Home Work Sheet Pages in Textbook Area Confidence Nando's Rating

Design & Technology and 
our world

Impact of New Technologies 1 3,6 3 - 9

Ethics and the Environment 2 2,6 11 - 13

Energy Generation 3 7,3 14 - 18

Electronic Systems & 
Programmable 
Components

Electronic Systems 4 4 33 - 34

Programmable Components 5 4 35 - 36

Mechanisms

Mechanisms 6 5,7 25 - 32

Calculations for Mechanisms 7 5,7 25 - 32

Materials

Papers and Boards 8 1,2
40 – 42

128 - 161

Timbers 9 1,2
52 – 54

276 - 311

Metals 10 1,2
37 – 39
86 - 127

Plastics 11 1,2
43 – 46

162 - 201

Textiles 12 1,2 47 - 51

Smart Materials Smart Materials 13 6
19 - 24

L&H

L&H

Medium

Medium

Medium

Medium
Medium

Medium

Medium

Hot

Hot

Hot

Extra

http://www.sohamdt.com/


Each Lesson will focus on a specific area which will follow your Revision Matrix

to keep everything nice and simple!

Each lesson will be broken down into two 25 Minute chunks:

• Going through the content / watch videos whilst you make notes in your

booklet on the first sheet (25 Mins)

• Answering exam style questions / Going through a mini quiz to

summarise (25 Mins)

Your homework will then be to go home and listen to the podcasts and go on

BBC Bitesize to recap on the three sections covered in the week.



Now before we begin let’s look at this picture of two 

adorable puppies.  Because….why not?
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Section 1



Let’s watch a video!  Remember to make notes on the first sheet!

https://www.bbc.com/bitesize/guides/zhrvgdm/video
https://www.bbc.com/bitesize/guides/zhrvgdm/video


CAD software is used to create precision 2D or 3D drawings, models or technical illustrations.  
It is commonly used by designers, architects, 
engineers and artists.

Designers can use computer packages like 2D Design, Autocad, Google SketchUp to design, 

Model and Test ideas before they go into production. It is particularly useful because;

• Computers can be used to make changes to a design and edit it without having to redraw 

it.

• Computers can be used to produce very accurate drawings and dimension exactly to what 

is drawn.

• Computers can produce photorealistic models without having to make them

• You can see what it will look like in 3D – spin it around so you can see all angles

• Computers can show or simulate how a product will behave without having to undertake 

expensive testing.





Production techniques and systems

Unit 1 New and emerging technologies

Advantages of CAD Disadvantages of CAD

Designs can be created, saved and 

edited easily, saving time
CAD software is complex to learn 

Designs or parts of designs can be 

easily copied or repeated
Software can be very expensive

Designs can be worked on by 

remote teams simultaneously
Compatibility issues with software

Designs can be rendered to look 

photo-realistic to gather public 

opinion in a range of finishes

Security issues - Risk of data being 

corrupted or hacked

CAD is very accurate

CAD software can process 

complex stress testing



Production techniques and systems

Unit 1 New and emerging technologies

• Automated machinery is controlled 

by software to manufacture 

physical parts

• CAM uses Computer Numerical 

Control (CNC) and CAD files to 

generate 3D tool paths for the 

machinery to follow 

• CAM machinery includes laser cutters, 

embroidery machines, CNC milling 

machines, routers and lathes

• Where is CAM currently used?



Production techniques and systems

Unit 1 New and emerging technologies

• CNC milling machines 
work in three dimensions 
to produce intricately and 
accurately machined 
objects such as this jet 
engine turbine wheel

• Digital designs are 
converted into a series of 
x, y, z coordinates for the 
machine to follow



Production techniques and systems

Unit 1 New and emerging technologies

• By cutting at different speed rates, 
laser cutters can burn through or 
etch the surface of a material

• They can cut complex shapes in 
a wide range of materials including:

• Paper

• Polymers

• Timber

• Metals and

• Textile based materials



Production techniques and systems

Unit 1 New and emerging technologies

A vinyl cutter is a type of computer-controlled 

machine. Small vinyl cutters look like 

computer printers. The computer controls the 

movement of a sharp blade. This blade is 

used to cut out shapes and letters from 

sheets of thin self-adhesive plastic (vinyl).



The action or process of making a physical object from a three-dimensional 

digital model, typically by laying down many thin layers of a material in 

succession.



Production techniques and systems

Unit 1 New and emerging technologies

Advantages of CAM Disadvantages of CAM

Computers do not make mistakes if 

programmed properly

CNC Machines can cost a lot of 

money, more than manual machines

Computers give reliable and 

consistently high standards of 

manufacture

Specialist knowledge is needed to 

programme computers

Computers achieve quicker 

production times

May lead to rise in unemployment      

(less workers needed)

Complex shapes and designs can 

be created easily

Production can run 24 hours a day, 

7 days a week, so more efficient

Designs can be produced quickly to 

gather public opinion in a range of 

finishes



British Standard Institution:

BSI is an independent 

company which sets out clear 

rules and guidelines for 

companies to follow in the 

designing and manufacturing 

of their products.

Quality Control is a system set in place by a manufacturing company to ensure 

products are made to a high standard. 

A high quality product must:

• Function properly

• Meet the criteria set in the design and manufacturing specification

• Satisfy customer expectations

• Be free of imperfection

Quality Assurance ensures that the product is ‘fit for purpose’. 

Fair trade is a trading 

partnership that ensures 

workers in developing 

countries are given 

suitable working 

conditions and are paid 

a fair wage.



One Off - This is when only one product is made at a 

particular time. This one off product could be a prototype a one 

off object or a hand made object. Prototypes are made to see if 

a product works before it goes into large scale production. One 

off production takes a long time and often means it is 

expensive.

Batch - This is when a series of products which are all 

identical are made jointly in either large or small numbers. 

Once these have products have been made once more of the 

same products may be made using the same equipment.

Mass production - involves the product going through many 

stages of a production line. There are workers and machines at 

certain stages along the line that are responsible for making 

certain parts of the product. This means the product is often 

made over days or even weeks depending how complicated it 

is. This product is often quite reasonably priced due to the large 

scale production techniques used.

Continuous - This is where a product is continuously produced 

over a period of hours, days, weeks or even years.



Biometrics is where parts of a person's body are used for 

identification purposes. Examples used are finger prints.

Voice recognition - pitch, tone and frequency of voices 

are unique and can be analysed to identify people



The use of robots is just one part of automation. The difference between 

robotics and automation is that robots use artificial intelligence (AI) to 

collect information and improve the performance of a particular procedure. 

Robotics have proven popular because of their ability to increase 

efficiency and handle harmful materials that humans can't, but they are 

very expensive.



Virtual reality is where computers are used to create an 

artificial environment that users can interact with as if it 

were real.

Eye Goggles produce the 3D images that make up the 

artificial world. The goggles project slightly different 

views into each eye and this fools your brain into thinking 

that the scene is 3D. Virtual chairs look solid.



Technology push

Research and development in science and industry can lead to new discoveries, 

which can be used to improve existing products or develop new ones. This is known 

as technology push, and it happens before there is consumer demand for a 

product. Research and development are valuable for companies who are the first to 

introduce a new, innovative product.

Market pull is when product ideas are produced in response to market forces or 

customer needs. Examples of this include the development of cameras, which have 

become smaller, more lightweight and higher performing as a result of customer 

needs. 





Purple pen time! Swap with a classmate!

Fair trade is an institutional arrangement designed to help producers in 

developing countries achieve better trading conditions. Members of the 

fair trade movement  are happy to pay higher prices to exporters, as 

well as improved social and environmental standards.

Laser cutters are:

• Very accurate

• Much quicker than cutting by hand

• Can cut very complex shapes

• Can cut multiple identical pieces at once

Camera technology has developed a lot in the last 50 years.  

• People have wanted cameras to be smaller and since they 

were put into a mobile phone people have got used to 

having a camera with them all of the time and very 

portable.  

• Camera technology has advanced to ensure they are 

smaller, more portable but also take higher quality pictures.  

• The circuit boards and components have reduced in size 

without taking away from the power of cameras.  

• Less people are buying stand alone cameras now as they 

come with all smart phones. 

Advantages:

• Robots are highly accurate

• Robots can perform tasks much quicker than humans

• Robots do not need breaks or sleep / Don’t need to be paid

• Robots can work continuously 24hours a day

Disadvantages:

• Robots’ are expensive to set up and buy

• Robots are taking away people’s jobs

• Robots require a lot of maintenance expertise to 

programme

• They need constant power



Purple pen time! Swap with a classmate!

Mass Production:

A high quantity of pens 

are required all of the 

time in a lot of industries 

and professions around 

the world.

One-Off:

A high quality one-off 

product which takes a 

long time to make using 

hand skills / highly skilled 

worker.

Mass Production:

A high quantity of these 

cars are required all of the 

time until the next model 

comes out.

Batch Production:

Most products are made in batches.  

These boots will be made in a batch 

of thousands.  The demand for them 

is not like the car or pen.



Awwwwww!
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Section 2



Let’s watch a video!  

https://www.bbc.com/bitesize/guides/zkpxh39/video
https://www.bbc.com/bitesize/guides/zkpxh39/video


Sustainability is a HUGE subject! It is about protecting and 

preserving what we have today so that life is easier 

tomorrow. Recycling, buying sustainable products and 

protecting the environment - Sustainability involves all of 

this! 

It is the job of the designer, Manufacturer and the 

Consumer to think sustainably to try to help the planet.



The 6R’s are important to designers, manufacturers and 

consumers.
They are used by designers to reduce the environmental impact of 

products. They can also be used to evaluate the environmental impact 

of other products.

The 6Rs stand for:

RETHINK: Do we make too many products? Design in a way that considers people and 

the environment. 

REFUSE: Don’t use a material or buy a product if you don’t need it or if it’s bad for 

people or the environment. 

REDUCE: Cut down the amount of material and energy you use as much as you can. 

REUSE: Use a product to make something else with all or parts of it. 

RECYCLE: Reprocess a material or product and make something else. 

REPAIR: When a product breaks down or doesn’t work properly, fix it. 



1.    Primary:

Giving/selling something you don’t use 

anymore to someone else to use.

2.    Secondary or Physical recycling:

Taking waste and physically 

reprocessing it to form new material 

that can be used to make stuff

3.    Tertiary or Chemical Recycling:

Taking waste and chemically 

reprocessing it to form new material 

that can be used to make stuff



Fossil fuels are a finite resource, meaning that they cannot be replaced once 

extracted from the ground. In 2015, 80 per cent of energy consumed in the world 

came from fossil fuels. In early 2018, the UK's dependence on fossil fuels was at 

a low of 77 per cent.

Examples include:

• Coal

• Natural gas

• Oil

Finite resources are non-renewable and 

will eventually run out. Metals, plastics 

and fossil fuels (coal, natural gas and oil) 

are all examples of finite resources.



They create a layer in the atmosphere that traps the Sun’s 

rays, these heat up the Earth and can cause very harmful 

effects;

- Rise in sea level so land shrinks

- Plants die and land becomes desert

- Animals have nothing to eat and die

- Weather becomes more extreme – tsunamis, hurricanes
droughts etc. 

What makes Carbon Dioxide?

BURNING 
STUFF!!



1. To make heat

In Industry – Extracting natural resources 
(metal), making synthetic materials (plastics)

At Home – Cooking food and 
heating rooms and offices



2. To make electricity



3. To make movement

In Industry – Moving products around the 
globe (planes, trains, lorries, boats etc.)

At Home – Moving people around 
(cars, motorbikes, buses, trains etc.)



4. To get rid of it

Incineration is a main way of disposing of waste



Manufacturing processes in factories or the use of day-to-day products like 

cars can cause harmful chemicals, such as carbon monoxide and nitrogen 

oxides, to be released.

These chemicals pollute the air and natural land. Worldwide environmental 

awareness has led to limitations on the levels of pollution and emissions 

of greenhouse gases.



The diagram below shows a product life cycle, highlighting the four different 

stages a product goes through in its life. Companies can use this cycle as part of 

their planning of products. 

Keeping a record of sales over time ensures money, materials and energy are 

not wasted when the product has stopped selling, lessening the potential impact 

on the environment.



Planned obsolescence is the practice of designing products that will have a 

limited life cycle and that will become obsolete and require to be replaced, such 

as disposable razors. 

Modern mobile phones are a good example as they need continual software 

upgrades and they are soon replaced by new better-performing models. 

Planned obsolescence is generally bad for the environment as it creates more 

waste.  The mobile phone companies make more money though.





Purple pen time! Swap with a classmate!

Manufacturing processes in factories or the use of day-to-day 

products like cars can cause harmful chemicals, such as carbon 

monoxide and nitrogen oxides, to be released. These chemicals 

pollute the air and natural land causing the earth to heat up.

• To make heat

• To make electricity

• To make movement

• To get rid of stuff

Primary recycling is taking a product to a charity shop or 

putting it on Ebay to recycle it.

Secondary recycling is where the product is broken down 

into its separate parts or materials to be recycled at a 

plant.

• Every product has a life cycle

• The four stages a product goes through in a market -

launch, growth, maturity and decline.

• Materials that are sourced to make it need to be thought 

about

• What happens to the product at the end of its life?

• How many processes are used to manufacture the product?

• How long will the product be used?

• Will it be easy to recycle?



Purple pen time! Swap with a classmate!

Software upgrades / Samsung want to make as much money as possible / They will hold back 

technology until the next model comes out / The technology will exist by they will deliberately 

not put it into their current phone / They will make sure that people will want to upgrade after a 

year of owning a new phone because the new model has something better / Technology will 

improve with every model to entice people to buy them



Shhh!  He’s sleeping!
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COAL
Advantages
Stable, large-scale and high power electricity 

generation

Relatively cheap to extract and convert

Reliable

Disadvantages
Emits pollution such as CO2, Sulphur, 

Mercury, Selenium and Arsenic

Technologies to reduce emissions are 

expensive

Mining impacts significantly on landscape

OIL

Advantages
Stable, large-scale and high power electricity 

generation

Relatively cheap to extract and convert

Disadvantages
Highly polluting

Oil extraction impacts on landscape

Oil extraction risks environmental disasters

GAS
Advantages
Stable, large-scale and high power electricity 

generation

Relatively cheap to convert

Cleaner than coal or oil

Disadvantages
Highly polluting



We get most of our energy from burning fossil fuels.  Unfortunately these 

are running out and are harming our planet / warming it up.
Levels of pollution have increased dramatically during the last 50 years.

Natural resources are being used at increasing rates and we are not 

replacing them at the same rate. This is having a detrimental effect on the 

planet.

The amount of energy needed to manufacture products is enormous. 

Emissions from large plants or factories are at a dangerous level (this can 

cause serious environmental damage in some areas).



Click on the image and scroll to the bottom of the web page to watch a 

simple animation of how a power plant works! – These use coal as the 
heat source!

http://resource.download.wjec.co.uk.s3.amazonaws.com/vtc/2016-17/16-17_1-4/website/category/1/energy_generation/power_stations_and_energy/index.html
http://resource.download.wjec.co.uk.s3.amazonaws.com/vtc/2016-17/16-17_1-4/website/category/1/energy_generation/power_stations_and_energy/index.html


In 2018, nuclear energy generated around one fifth of the country's electricity. A 

huge amount of energy can be produced through the nuclear process using a 

relatively small amount of uranium. The energy is produced as heat through the 

fission process.

https://www.bbc.com/education/guides/zx86y4j/revision/1


Renewable energy plays an important role in reducing greenhouse gas 

emissions. When renewable energy sources are used, the demand 

for fossil fuels is reduced. Unlike fossil fuels, non-biomass renewable 

sources of energy (hydropower, geothermal, wind, and solar) do not 
directly emit greenhouse gases.





The terms wind energy or wind power describe the 

process by which the wind is used to generate 

mechanical power or electricity. Wind turbines 

convert the kinetic energy in the wind into 

mechanical power.



Tidal power or tidal energy is a 

form of hydropower that converts 

the energy obtained 

from tides into useful forms 

of power, mainly electricity. 

Although not yet widely 

used, tidal energy has potential 

for future electricity 

generation. Tides are more 

predictable than the wind and the 

sun.



When there is a really large surface area on the top of a roof it is easy 

to gather and store electricity.  You will see these solar panels on the 

roof of the science / MFL block, and they are facing the sun.

http://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwi14cyY79HWAhWfHsAKHVKPB54QjRwIBw&url=http://electrek.co/2016/12/31/electrek-morning-green-energy-brief-solar-panels-so-cheap-manufacturers-losing-money-russians-hacking-the-us-grid-and-more/&psig=AOvVaw1PUbAJjKp41I25J6-j4Tsk&ust=1507031276455852
http://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwi14cyY79HWAhWfHsAKHVKPB54QjRwIBw&url=http://electrek.co/2016/12/31/electrek-morning-green-energy-brief-solar-panels-so-cheap-manufacturers-losing-money-russians-hacking-the-us-grid-and-more/&psig=AOvVaw1PUbAJjKp41I25J6-j4Tsk&ust=1507031276455852


http://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwi14cyY79HWAhWfHsAKHVKPB54QjRwIBw&url=http://electrek.co/2016/12/31/electrek-morning-green-energy-brief-solar-panels-so-cheap-manufacturers-losing-money-russians-hacking-the-us-grid-and-more/&psig=AOvVaw1PUbAJjKp41I25J6-j4Tsk&ust=1507031276455852
http://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwi14cyY79HWAhWfHsAKHVKPB54QjRwIBw&url=http://electrek.co/2016/12/31/electrek-morning-green-energy-brief-solar-panels-so-cheap-manufacturers-losing-money-russians-hacking-the-us-grid-and-more/&psig=AOvVaw1PUbAJjKp41I25J6-j4Tsk&ust=1507031276455852


Sun Power have just finished 

creating the worlds largest 

solar power plant in California.

Many fields are now full of solar 

panels which are converting the 

suns rays into energy for many 

many homes!

http://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwi14cyY79HWAhWfHsAKHVKPB54QjRwIBw&url=http://electrek.co/2016/12/31/electrek-morning-green-energy-brief-solar-panels-so-cheap-manufacturers-losing-money-russians-hacking-the-us-grid-and-more/&psig=AOvVaw1PUbAJjKp41I25J6-j4Tsk&ust=1507031276455852
http://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwi14cyY79HWAhWfHsAKHVKPB54QjRwIBw&url=http://electrek.co/2016/12/31/electrek-morning-green-energy-brief-solar-panels-so-cheap-manufacturers-losing-money-russians-hacking-the-us-grid-and-more/&psig=AOvVaw1PUbAJjKp41I25J6-j4Tsk&ust=1507031276455852
http://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwiE9eTc7NHWAhUJAsAKHbBcAdgQjRwIBw&url=http://grist.org/climate-energy/solar-panels-could-destroy-u-s-utilities-according-to-u-s-utilities/&psig=AOvVaw1Ly49yn72wX226k2iEt7UA&ust=1507030442454250
http://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwiE9eTc7NHWAhUJAsAKHbBcAdgQjRwIBw&url=http://grist.org/climate-energy/solar-panels-could-destroy-u-s-utilities-according-to-u-s-utilities/&psig=AOvVaw1Ly49yn72wX226k2iEt7UA&ust=1507030442454250


These small battery chargers 

would have to be in the sun 

for two days to get a full 

charge!  As you can see 

below, solar powered phone 

chargers have to have a large 

amount of surface area in 

order for them to work 

properly and charge a phone.



Biomass energy involves growing plants or using animal materials, not 

for consumption but so that they can be burned to produce heat. Plants 

such as rapeseed or willow are specifically grown as biomass crops so 

that they can be burned in a furnace.



Hydroelectric schemes use a dam to block 

a valley or a major river, often creating a 

reservoir behind the dam.

Once the water has built up behind the 

dam, it is directed and released by valves

through turbines. The turbines turn 

generators to produce electricity. The water 

is then pumped back up to the reservoir 

during the night when the energy needs of 

the public are lower.



Geothermal energy is produced by using the earth’s natural geological 

resources and converting it into a source that can heat a building.  

Ground source heat pumps use a loop which transfers heat from the ground 

into a building (air source and water source pumps are also available). 

Geothermal (or geo-exchange) energy is produced by harnessing the 

Earth's natural geological heat source and converting it into a source that 

can heat a home.

Advantages Disadvantages

Provides power and hot water On a large scale, it is only effective in countries 
such as Iceland where the crust is thin.



The two main types of batteries that are commonly used 

are ‘single-use’ and ‘rechargeable’. The single-use 

batteries, sometimes referred to as primary types, are 

commonly alkaline batteries, and these are readily 

available in supermarkets and shops.

All batteries are available in a range of sizes and shapes -

tiny batteries known as button-cell batteries power 

calculators and hearing aids, while very large batteries 

power cars and trucks

Rechargeable batteries:

•Are more expensive to purchase than 

single-use batteries

•Can be recharged

•Are more economical in the long term

•Have a limited lifespan

Hearing Aid Battery

Tesla Car Battery



Electric vehicles are powered by an electric motor, rather than a tradition 

combustion engine that runs on petrol or diesel as a source of fuel. Electric vehicles 

create fewer exhaust emissions compared to a vehicle with a petrol engine. When 

the energy stored inside the motor has run out, the batteries are recharged using 

energy supplied from the National Grid, through a wall socket or charging unit.



On the national grid level the 
supply of electricity must be 
equal to demand and power 
companies are continually making 
adjustments to the supply based 
on predictable changes such as 
the timings of the working day, as 
well as unexpected changes from 
equipment overloads and storms.  
Any electricity not used when 
created must be stored so there is 
more flexible and reliable use.  
This can be in a number of forms 
that are then used to power 
systems.





Purple pen time! Swap with a classmate!

• Can’t predict how much sun there will be / Unreliable

• Solar cells are still expensive

• Need a lot of solar cells to generate large amounts of 

energy

• Coal

• Oil

• Natural Gas

• We live on an island – Lots of sea

• Tides are reliable – There are always tides

• The tides produce a huge amount of force

• The units don’t look as ugly as wind turbines

• There is endless room in the shores around the 

UK

• Battery power is a lot more sustainable than 

using Petrol or diesel

• No fumes are produced from a battery powered 

car

• There are a lot more charging points around the 

UK now

• Car still needs to be charged which could come 

from burning fossil fuels

• Better for the planet if the charging came from 

renewable energy like solar or wind

• Batteries can now last much longer as the 

technology has improved
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• Large amounts of energy 

available.

• Relatively cheap to set up

• Contributes small amount to energy 

needs

• Expensive to set up

• People don’t like the look of them

• Clean

• Quick

• Efficient at peak times

• Provides power 

and hot water



Snuggly!
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The systems approach to designing with programmable electronic devices 

is vital in understanding how today’s electronic devices are programmed 

together with how they operate in the real world.



A printed circuit board mechanically supports and electrically connects 

electronic components or electrical components using conductive tracks, 

pads and other features etched from one or more sheet layers of copper 

laminated onto and/or between sheet layers of a non-conductive 

substrate.

All electronic products will have a circuit board which houses the 

components and the microprocessors for the products.



Electronic components are the building blocks 

of all electronic devices, like mobile phones 

and TVs. There are many different types of 

electronic components and they come in all 

shapes and sizes. Some are so tiny you have 

to pick them up with tweezers! We give all 

these little guys names like "resistors", 

"capacitors", "diodes" and "transistors". But 

there are so many variations that most have 

their own special codes or values too, just so 

we can tell them apart.



All electronic components have different symbols as seen below which can 
be used in circuit diagrams:



The main difference between series and parallel circuits is that, in 

series circuits, all components are connected in series so that they all 

share the same current whereas, in parallel circuits, components are 

connected in parallel so that they all have the same potential difference 

between them.  (The current is split up).



Input devices allow systems to understand changes in the environment 

around them. Examples include a sensor such as a light-dependent 

resistor (LDR) that senses light levels for street lamps to know when it is 

dark, or thermistors that detect when it is too hot or cold in a room.



Process devices take the signal from the input stage of a system and act on it by 

changing it in some way - for example, introducing a time delay, counting the 

number of times something happens or making decisions. Programmable 

components, such as microcontrollers, are often used for this purpose.

Integrated circuits are tiny chips that 

contain resistors, capacitors and transistors, which work together to complete the 

process they have been designed for, eg a timer, counter or microcontroller.

Integrated Circuit Microprocessor – Found in computers 

and mobile phones



Output devices allow a system to present information back into the ‘real’ 

world. Examples can be seen everywhere, from car indicators to doorbell 

buzzers or information displays.



Filament lamps are increasingly being replaced with energy-saving LED’s.

LED bulbs also last a lot longer as well as take up less electricity.  They 

can also be made from plastic which is less dangerous and do not get as 

hot.  

They do cost more money but save money in the long run. 



Flowcharts are clear diagrams showing the individual steps that will take 

place in the process. They can be handwritten but are commonly used 

electronically within software to control a system on a computer. The 

shapes of the boxes always show a specific purpose:





Purple pen time! Swap with a classmate!

• They have a much longer life

• They are much more energy efficient

• They have a higher brightness

• Can come in a range of colours

• Low heat

• Plastic is a safer material than glass for some

• Typing on the keyboard / Clicking the mouse

• Monitor displaying something / Printing / Speakers

Phone / Smartwatch / Computer / Printer / Laser cutter 

/ Microwave / Washing machine / Digital watch / TV 

etc…

• Universally recognised symbols

• Easy to follow

• Nice and clear

• Can be easily created using computer a program

• Can be drawn out easily



INPUT INPUT

INPUT INPUT

INPUT

OUTPUT OUTPUT OUTPUT

OUTPUT

OUTPUT
OUTPUT

Purple pen time! Swap with a classmate!

INPUT
INPUT



Intense!
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Systems are often designed using a system block diagram that considers 

the ‘input, process and output’ of a system:

How the system will work is the ‘process’ and the ‘input’ is the part of the system 

that enables the process to start happening. They work together by sending 

signals to each other to make something happen. There can be more than one 

element in each section:

•input - starts the process

•process - the thought process in the middle

•output - the response or outcome

Vending Machine system diagram



Open loop systems are the simplest type of system. The input sends 

an electronic signal to the process, and the process signals the output to 

respond.

Closed loop systems have an added dimension of feedback, where a 

signal from the output is sent back to the input. The feedback information 

controls the input and provides an automated system.



Simplified: The thermostat tells the boiler to turn off when a house gets 

to the correct temperature.  This is known as feedback.

The thermostat senses what the heat is and communicates back to the 

boiler.



Microprocessors are the main processor inside a computer and are 

designed to be programmed to perform different functions.

They contain small transistors, resistors, diodes and capacitors to 

make up the circuit inside, meaning all the controls are in one place. 

They are used in a lot of products from car keys to the car itself, and from 

electronic toys to mobile phones.



Microcontrollers provide functionality and give intelligence to products and 

systems. From mobile phones to washing machines, many everyday products 

are controlled by these devices.

Microcontrollers

A microcontroller is an example of a single board computer (SBC) and is 

manufactured as an integrated circuit (IC). It can be programmed to perform 

different processing functions.



In order for microcontrollers to work correctly they must be programmed. This 

can be achieved using a wide range of software, hardware and different 

programming languages.

Programming methods:

Microcontrollers can be programmed using a range of different methods. These 

include:

text-based programming languages, such as BASIC, C++ and Python

block-based programming editors

flowchart software

How are they Programmed?

• The program needs to be written using 

text code or flow charts.

• The program will then be tested.

• The program will then be downloaded 

onto the microcontroller.

• They can be downloaded or updated in 

the circuit or using a USB cable or put 

into a downloader.
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• The simplest type of system

• The input sends an electronic signal to the process.

• The process signals the output to respond.

• Feedback is required so the boiler can turn on or off.

• It is important to make sure the house is kept at the right 

temperature.

• It is important to control the temperature to keep costs 

down.

• The thermostat should regulate the temperature.

• The thermostat will have a temperature set that it will not 

go below it.

• The thermostat will tell the boiler to come on and heat 

the house if it gets too cold.

• Once the temperature is reached, the thermostat will tell 

the boiler to turn off.

• They can be programmed using a range of different software.

• They can be programmed using Text / Block Based and 

Flowchart software.

• The program needs to be written using text code or flow 

charts.

• The program will then be tested.

• The program will then be downloaded onto the 

microcontroller.

• They can be downloaded or updated in the circuit or using a 

USB cable or put into a downloader.



Purple pen time! Swap with a classmate!

• Programming is fantastic because it can reduce the size of the product which is perfect for a phone.

• The microcontrollers in the phone can be updated many times.

• Microcontrollers can control multiple inputs and outputs which is key for a smart phone.

• Microcontrollers are very small so many can be fitted into a smart phone and not effect size or weight.



Just taking a load off!
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Most products rely on movement to work, eg in a pair of scissors the blades need 

to move together to cut. This movement is called a motion, and the motion of a 

product may be hidden or visible.

For products to move and give an output motion, a force or an input motion

is required. Squeezing the scissor handles provides the input motion, which 

pushes the blades together, and the output motion is the blades cutting the 

material.



In the example of Mr Mason’s Road Bike:

•Input - the force applied to the pedals by the cyclist’s feet

•Process - the chain turns the gear system, converting the energy produced to 

cause …

•Output - the wheels turn and the bike moves



Movement in a straight line

from point A to point B



Movement that turns 
around in a circle



Movement that swings 
back and forth



Movement that goes back 
and forth in a straight line



Levers use mechanical advantage to make lifting or applying pressure easier. 

All levers are made of a bar and a pivot, called a fulcrum. Levers have three 

main parts:

effort - the amount of force applied by the user, also referred to as the input

fulcrum - where the lever pivots

load - the weight that needs to be moved, also referred to as the output

Mechanical advantage is the amount of help you get using a machine in 

comparison to doing something with just human effort, and it is created by levers.



Gears are wheels with teeth around the outside, the simplest form of which is a 

spur gear. When several wheels are interlocked, they can transfer motion from one 

place to another, eg in some hand whisks or on bikes.

Gears can change the direction or the speed of movement. As there are teeth 

around the edge of the gears they grip together and so can withstand a greater 

force, enabling them to move large items such as cars or bicycles.



Pulleys use mechanical advantage, similar to levers, to lift up loads. Pulleys are 

wheel shaped with a groove that allows a cord to sit inside the groove. They can be 

used by hand or attached to a motorised winch to increase the amount of weight 

that can be lifted.

Pulleys are a simple and manoeuvrable way to move large objects. They are easy 

to transport to where they are needed and set up, but they do require somewhere 

stable to hang.



Levers can be joined together to 

form linkages. Simple linkages 

change the direction of motion and 

the amount of force.



A cam mechanism has two main parts:

• A cam - attached to a crankshaft, 

which rotates

• A follower - touches the cam and 

follows the shape, moving up and down
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• The use of a pulley increases the mechanical advantage 

making the load much easier to move.

• Depending on the pulley system, the load could be 

moved by anyone.

Clockwise

Effort

Fulcrum
Load

Rotary

Reciprocating

Oscillating
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Linear
Rotary

Rotary
Input

Output

Bonus Points:



Who you looking at!
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Mechanical Advantage (Nm) = Load ÷ Effort

Velocity Ratio (2:1) = Distance moved by Effort ÷

Distance moved by the load



(The larger gear always equals 1)

Gear Ratio (2:1) Calculating the smaller gear

= Number of teeth on the larger gear ÷ Number of

teeth on the smaller gear

Output speed (RPM) = Input speed ÷ gear ratio



Velocity Ratio (2:1) = Diameter of the driven pulley

÷ diameter of the driver pulley

Output speed (RPM) = Input speed ÷ velocity ratio
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Velocity ratio = diameter of the driven pulley ÷ diameter 

of the driver pulley

= 15 ÷ 150 = 0.1 or 1:10

The smaller driver pulley turns ten times for every one 

turn of the driven pulley.

Output speed = input speed ÷ velocity ratio

= 300 ÷ 0.1 = 3,000 rpm

There are three pulleys therefore:

Weight = 300 ÷ 3

= 100 N



Purple pen time! Swap with a classmate!

Firstly, the larger gear is always 1 ( 1:   ).

The larger gear has 60 teeth and the smaller gear has 15 so:
60 ÷ 15 = 4 for the smaller gear
Gear ratio = 1:4

A person lifting a load of 200 N but only using 100 N of effort:

Therefore, the mechanical advantage = 200 ÷ 100 = 2Nm

1st Order / Class 1

See Saw / Crowbar



What am i ?!
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1) Tress are cut down and chipped into tiny pieces
2) The pieces are mixed with water and “Cooked” into a paste

3) The paste is bleached and chemicals added to give more strength
4) The paste is flattened and the water squeezed out

5) The flattened paste is dried out and becomes paper!

https://www.youtube.com/watch?v=7IP0Ch1Va44&feature=youtu.be
https://www.youtube.com/watch?v=7IP0Ch1Va44&feature=youtu.be


Papers are made from wood pulp. Their density is measured by their weight, 

in grams per square metre (gsm). The lower the gsm, the thinner the paper will 

be.



Tracing paper is perfect for an 

Architect drawing over plans because

it is the most Translucent paper so the 

design can be seen underneath.  It is 

also stronger than layout paper!



Board is categorised by weight as well as thickness; the weight is measured, like 

paper, in grams per square metre (gsm) and the thickness is measured in microns. 

One micron is 1/1,000th of a mm.



• The material is strong but lightweight (Good strength to weight ratio.

• Perfect for protecting whatever product is inside due to it having at least two layers.

• A good insulating material for whatever is inside.

• Relatively cheap when bought in bulk.

• Available in a range of different thicknesses.

• Can be recycled.



This is the final part after the product has been printed. It is given a finish such 

as die cutting, embossing, foil stamping, laminating and binding. The post-

press process gives the product its final look.



The process of lithograph 

printing works by 

transferring (offset) an 

inked image from a plate to 

a rubber blanket, also 

known as a blanket 

cylinder, to the printed 

surface (paper or card).
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• The material is strong but lightweight (Good strength to 

weight ratio.

• Perfect for protecting whatever product is inside due to it 

having at least two layers.

• A good insulating material for whatever is inside.

• Relatively cheap when bought in bulk.

• Available in a range of different thicknesses.

• Can be recycled.

• Tracing paper

• It is the most Translucent paper so the design can be 

seen underneath

• It is also stronger than layout paper

• Corrugated Card

• It is made from at least two layers with “Crimped” 

sheets

• Can get it very thick

• Printability is how easy a paper or board is to print 

onto.

• Smoothness would affect this / Ink could run.

• How well the paper or board absorbs the ink.

• How clean the surface is / Could be greasy.

• The thickness could affect it.

• The weight could affect it.
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• The box is made of fully recyclable materials which is good for 

the environment as it is produced in large quantities.

• As a 'use once' product, the packaging is less environmentally 

friendly than a re-usable version.

• Using plastic is still not “ideal”.

• A light product so transportation costs are low.

• The small plastic cartons need to be fully sealed to ensure they 

don’t get contaminated.  This is very important when making 

packaging which holds food.

• The packaging must be quality control checked during 

manufacture to make sure there are no sharp edges or risk of 

paper cut form the cardboard.



I wonder what I’ll be when I grow up?
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There are Timbers and there are Manufactured Boards.  Timbers are 

natural (Trees) and Manufactured boards and Human-Made.

TIMBERS

MANUFACTURED
BOARDS

SOFTWOODS HARDWOODS



Timber comes in two states:

• PAR – Planed All Round

• Rough Sawn

Timber can come in a range of 

forms:

• Planks

• Boards

• Square sections

• Mouldings

• Strips

• Dowelling



Faults can occur as timber dries after seasoning. These 

include:

• Bowing

• Splitting / cracking

• Springing

• Cupping

• Twisting



Softwoods come from coniferous trees. These often have pines or needles, and 

they stay evergreen all year round - they do not lose leaves in the autumn. They 

are faster growing than hardwoods, making them cheaper to buy, and are 

considered a sustainable material.



We use pine at school as it is easy to work with, has a lovely attractive grain, can 

be painted and isn’t too expensive.



Hardwoods come from deciduous trees, which have large flat leaves that fall in 

the autumn. Holly is one exception to this rule. Hardwoods take longer to grow, are 

not easily sourced and are expensive to buy.



Balsa wood is an interesting hardwood because it is very light and soft, perfect for 

modelling!



Teak is a beautiful hardwood.  It is ideal for outdoor uses as it contains natural oils 

that protect if from water and cold weather.  Teak is expensive which means it can 

only be used for expensive or luxury items.  It is one of the hardest, strongest and 

most durable natural timbers in the world.



Manufactured boards are usually made from timber waste and adhesive. To make 

them more aesthetically pleasing they are often veneered. They are cheap to buy 

but will need protective coatings for longevity.



We use MDF in school as it is very cheap, strong, easy to work with and easy to 

paint.  It needs to be painted though because of its appearance!



We use Plywood in school because it looks beautiful just like real timber but 

doesn’t have any knots!  It is getting quite expensive now though!  Easy to work 

with and available in large sheets for project work because it is a manufactured 

board.



Production techniques and systems

Unit 1 New and emerging technologies

• Laminating means layering. It is often used to create 

curved components

• Strips of timber are glued and placed over a jig or former

• Either clamps or a vacuum press are used to exert pressure 

on the lamination while the adhesive dries or cures

• Why is a laminated structure stronger than regular timber?



Production techniques and systems

Unit 1 New and emerging technologies

• Lathes are used to 'turn' 
wood on a plate or 
between two points 
whilst it is shaped with 
tools

• The speed of the lathe 
is adjusted depending 
on the size of the wood 
being turned

• Why would it be wise to 
select
a lower speed if turning 
a
large bowl or dish?

• When might you require 
a higher speed setting?
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MDF                Chipboard                Plywood

• Hardwoods come from deciduous trees which 

take longer to grow.

• Hardwoods are not easily sourced.

• Hardwoods are expensive to buy (Generally).
• MDF is better for the environment as it is made from 

timber waste.

• MDF is cheaper than Pine.

• MDF can be produced in large sheets

• MDF is easier to cut and work with as it doesn’t have 

any knots.

• MDF isn’t as attractive as pine.

• MDF needs to be painted or needs a veneer to finish it 

off.

• Working with MDF is more dangerous as it contains 

glue.

• Layers of flexi-ply (plywood) would be glued 

together.

• A mold or jig would be used to secure the layers in 

the correct shape.

• The layers would need to be clamped or put under 

pressure whilst drying.

• When the glue has dried the deck is removed from 

the jig/mold ready for sanding.
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• Balsa is soft and easy to form which is perfect for modelling.

• It doesn’t need to be durable and it is also cheap to buy.

• Thin sheets of Balsa can be cut with a craft knife which is perfect for modelling.

• Teak is ideal for outdoor uses as it contains natural oils that protect if from water and cold weather.

• Teak is expensive which means it can only be used for expensive or luxury items.

• It is one of the hardest, strongest and most durable natural timbers in the world.
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Most polymers are formed by processing 

crude oil but they can be made from both 

natural and synthetic resources. They are 

sold as sheets, films, bars, rods, 

granules and tubes.



Ferrous metals contain iron and are magnetic. They are prone to rust and 

therefore require a protective finish, which is sometimes used to improve the 

aesthetics of the product it is used for as well.





Non-ferrous metals do not contain iron and are not magnetic. They do not rust.



Non-ferrous metals do not contain iron and are not magnetic. They do not rust.



Alloys are mixtures of metal with an element to improve its properties or 

aesthetic. For example brass is a mixture of copper and zinc. 



There are many different joining methods for fixing metal in place. Non-permanent methods 

include nuts and bolts, screws and rivets. Whilst many would consider a rivet a permanent 

method of joining, it is possible to drill out an old rivet so that a new one can be used.



As with most materials, surface preparation is important before applying a finish. 

Oil and grease need to be removed before painting, and dents and scratches 

need to be filled and rubbed down with emery cloth or silicon carbide paper. 

Metals can be:

• Painted

• Dip Coated

• Powder Coated

• Enameled

Painted Playground equipment Powder Coating a rim
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• Non-ferrous metals do not contain iron 

• They are not magnetic. 

• They do not rust.

• Light in weight 

• Malleable but strong – Can be formed into the 

shape

• Keeps the drink cool

• Corrosion resistant

• Mild steel is very strong – perfect for buildings

• Mild steel is easily weld-able – adds strength and 

support

• Mild steel is very tough – Can withstand shocks

• Affordable in the building trade.

• Mild steel rusts so must be covered or held in 

concrete, this can be a downside to using it in general.
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• Alloy

• Resistant to corrosion which is perfect for a watch which might get 

wet or come into contact with sweat.

• Tough and strong which is perfect for a watch which may be removed 

several times a day.  This will make the watch last longer.

• Has an attractive finish which would appeal to people who want a 

brushed finish.

Airplane / Drinks cans /

Saucepans / Bike frames

Plumbing / Electrical 

Wires / Chef’s 

saucepans

Jewellery
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They are sold as sheets, films, bars, rods, granules and 
tubes.



Thermoforming polymers can be heated and formed repeatedly. 

They are pliable and recyclable.



• Acrylic is available in a range of colours

• Acrylic can be heated and formed / shaped

• Acrylic can be laser cut into complex shapes

• Acrylic is relatively easy to work with

• Weather resistant



Thermosetting polymers are brittle and can only be formed once. 

They are hard to recycle. They are good insulators and are resistant 

to heat and chemicals.



Supplied as two parts, one resin and one hardener (see image) - the 

resin and hardener combine to create an extra-strong adhesive, good 

chemical and heat resistance and an excellent thermal insulator, can 

be brittle.



Injection moulding is used in industry to produce most mass-

produced polymer parts.  Liquid polymer is injected into a mould and 

left to cool.  Lego bricks are made using this process.



Blow moulding is used to shape plastics, eg bottles, plastic barrels 

and similar shapes.

A tube of softened plastic called a parison is extruded into a mould.



Extrusion works in a very similar way to injection moulding.  Instead, 

the hot polymer is fed through a shaped die continuously.



Vacuum formers can be used for making moulds and housings for 

electronic products. High impact polystyrene (HIPS) is often the material 

used in a vacuum former, as it heats up quickly depending on thickness.



Press moulding is used to make electrical fittings, handles, and many other 

products but can only be used with thermosetting plastics. A mould is made in 

two halves and sheet plastic is placed between them. They are then heated 

and pressure applied, forcing the plastics to assume the new shape.
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• Thermo

• Thermosetting

Injection Molding                  Blow Molding             

• Acrylic is available in a range of colours

• Acrylic can be heated and formed / shaped

• Acrylic can be laser cut into complex shapes

• Acrylic is relatively easy to work with

• Weather resistant

• Thermosetting plastics can’t be re-formed / re-heated so 

are very hard to be recycled.  

• A lot of the Thermosetting product end up in landfill and 

take years to bio-degrade.

• Products could be re-used though to make other product 

to save them from going into landfill.

• Some Thermosetting plastics can be toxic to the 

environment when put into landfill or disposed of.
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• The milk jugs are being re-used which is great for the environment because they aren’t having to be recycled or thrown 

away.

• Thermoplastics can be recycled and re-formed using heat so they can be made into the shape of the plane.

• Using re-used products is great for a company as it shows they care about the environment.

• The plane will be light which is perfect for a child’s toy.

• The plane will still be strong so will be able to withstand abuse.

• The plane can be coloured green / yellow.
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The most common fabrics used in clothing manufacture are 
either woven or knitted, and have noticeable differences.



Natural fibres come from plants, animals or insects. They 

are easily renewable and biodegradable.



Perfect for a warm jumper!  Good insulating properties and 

it has good elasticity / doesn’t crease.



Synthetic fibres are made mainly from non-renewable coal and 
oil refined into monomers, which join together in a process 
called polymerisation. The do not degrade easily but they can be made into 
any length (continuous filament) and thickness and for any purpose.



Perfect for gym wear!  

• Hardwearing and strong so it can 

take some abuse.

• Elastic / stretchy so it can stretch 

with the body.



Components refer to any resource that is used to 

complete the construction of a textile product.

Buttons - available in a range of sizes, colours and 

materials, such as plastic, wood and metal

zips - fabric sides with plastic or metal teeth, sold in a 

variety of standardised lengths with open (for coats) or 

closed (for trousers) ends

Hook and eye - a two-piece fastening usually made of 

metal for either side of a join, such as at the top of a 

zip

Velcro - hook and loop fastening that is usually made 

from nylon and can be repeatedly ripped open and 

closed and is useful for children’s clothes and shoes 

for ease of use

Press fasteners - metal or plastic discs that clip 

together when pressed, found on duvet covers and 

baby grows



Sublimation PrintingScreen Printing

Roller Printing
Dying





Purple pen time! Swap with a classmate!

Cotton / Wool / Linen / Hemp / Silk / Jute

Acrylic / Polyester / Nylon / Elastane

• To get the best properties from both materials:

If a particular fibre needs to be more elastic you could 

add elastane to it for example.

• The material will be improved:

If a fibre was not waterproof it could be mixed with a 

waterproof fibre.

• Polyester / Nylon / Elastane

• They are all perfect for gym wear as they are all elastic

• They are all strong (Tensile strength)

• Elastane is the most hardwearing so might be the best.

• Any mix of these three would be suitable.

• This is great as fishing ropes are left in the ocean or thrown 

away after use.

• A product is being recycled and re-used to make another 

product.

• Making products from fishing ropes is good as it will helping 

get rid of some of the plastics in the oceans. 

• The trainers might not be a strong as using conventional 

materials.

• The trainers might be more expensive because it is more 

difficult to make trainers using this material

• The trainers still use plastic that is not re-used.
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• Polyester cycling top – Synthetic: Versatile material / Strong so won’t tear / Elastic so it can fit to the shape of the cyclist

• Nylon Tent – Synthetic: Hardwearing / Non absorbent so keep the rain out / Elastic so it can be stretched over the frame 

• Cotton Top – Natural: Comfortable to wear which is good for clothing / Durable / Easy to care for
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Many modern materials are developed for specialist applications; however, some have 

become available for general use.

Concrete, aluminium and steel are all commonly used modern materials, but more 

recent additions include materials that have changed the way we manufacture and use 

products.

While smart materials are modern materials, modern materials are not necessarily smart.
To be classed as a ‘smart material’ they need to exhibit a physical change in response 

to some external stimuli.

In other words, they change when you do something to them, and when you remove what is 

causing that change they return to their original form.



To be classed as a ‘smart material’ they need to exhibit a physical change in 

response to some external stimuli such as:

HEAT / LIGHT / SOUND

• This cat mug changes appearance when hot liquid is poured into it. (HEAT)

• These glasses change depending on the amount of light. (LIGHT)



Thermochromic pigments change colour when their temperature changes. The term 

‘thermo’ relates to heat, and chroma means colour - so thermochromic pigments change 

colour when they are heated up. These pigments can be mixed with paint or polymers to 

give the materials the same colour-changing properties as the pigment. You may have seen 

this technology on colour-changing mugs or bath items for children.



Kevlar is a tightly woven fabric that has great impact resistance. It is used 

in racing tyres, racing sails, gardening gloves and bulletproof vests.



A thin copper wire that is coated in phosphor, which glows brightly when a 

current is applied to it. It is commonly used in fancy dress and decorative 

luminescent clothing, nightlights, waterproof displays, medical tool display 

screens and car’s speed dials.



Reflective fabricschange colour when the light changes.  When bright light is 

focused on them they glow or light up.  Very useful for safety jackets or cyclists 

clothing that may be illuminated by the headlights of a car!



Polymorph is a polymer that becomes malleable when heated to about 62°C. 

When it cools down it becomes hard enough to drill and cut. This makes it perfect 

for modelling as it can be reheated and formed again. It is also excellent for 

creating ergonomic handles.



Concrete is an engineering material that simulates the properties of rock and is a combination of 

particles closely bound together.  It is used in construction a lot!

It is relatively cheap. 

It has a long life.  

It is strong under compression.  

It is fire-resistant.  

Can be easily shaped before it sets.  

A warm material which holds heat well.



• Fantastic strength and stiffness:

The road bike / F1 car will absorb bumps in the road and will feel very solid to the rider or driver.

• Lightweight:

The lighter a road bike or F1 car the better so that it can get up hills quicker or accelerate quicker.

• Can be moulded into complex shapes:

Perfect for bike frames or F1 cars as they can be quite complex shapes with tricky angles.



Gore-Tex is designed to allow body moisture to evaporate away from the body.

It does this whilst still remaining waterproof. 

It is made up of several layers which all have different jobs.

The membrane has microscopic holes, big enough to let body moisture through but too small 

for rain.





Purple pen time! Swap with a classmate!

• It can be made up really easily.

• It is malleable and easy to form into different shapes.

• Can be re-heated and formed again.

• Can be drilled cut and sanded once it has cooled down.

• It is relatively cheap.

• It has a long life.

• It is strong under compression.

• It is fire-resistant.

• Can be easily shaped before it sets.

• A warm material which holds heat well.

• Fantastic strength and stiffness:

The road bike will absorb bumps in the road and will feel very 

solid to the rider.

• Lightweight:

The lighter a road bike the better so that it can get up hills quicker!

• Can be moulded into complex shapes:

Perfect for bike frames as they can be quite complex shapes with 

tricky angles.



Purple pen time! Swap with a classmate!

• Gore-Tex is designed to allow body moisture to evaporate away from the body.

• It does this whilst still remaining waterproof. 

• It is made up of several layers which all have different jobs.

• The membrane has microscopic holes, big enough to let body moisture through but too small for rain.


