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Innovating for the Future
The theme for British Science Week 2021 is Innovating for the
Future. Lots of scientists and engineers are working on
creating a better future for us, whether that’s designing new
inventions, creating new medicines or tackling climate change.
Here are some innovations from Newcastle University.
Researchers are investigating ways of creating better prosthetic limbs
by using tools such as 3D printing and digital scanning. Current
‘bionic’ arms offered on the NHS are basic and limited to one function
– open and close! Research is ongoing at Newcastle University to
improve the control of multi-grip hands, making them more reliable
for users. Hopefully, with enough research, multi-grip arms will
become available on the NHS, benefitting thousands of amputees!

Think of a device that connects to the internet. Your first thought was probably a
phone, tablet, or computer? However, there is a whole network of other devices
that rely on the internet to function – everything from wireless printers to shipping
containers! This is called the “Internet of Things” (IOT). The IOT is important, as
without a stable source of power, all our ‘smart’ devices would not be able to
share information with each other! Currently, many of the devices that are part of
the Internet of Things are battery powered. This is not ideal, as batteries need
replacing or recharging, plus they are not very environmentally friendly to
produce. Engineers are working on new systems that could allow us
to make the devices self-powered by harvesting energy from the
device itself – called “emerging energy harvesting (EH) solutions”.
In theory, this would provide IOT devices with infinite, selfharvested power!
Marine Biologists have been studying plastic pollution
in the ocean. They have found plastic in the stomachs
of animals even in the deepest places on Earth! Their
work aims to raise awareness of the extent of the
global plastic pollution problem and understand what
it means for the future of our oceans.
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Innovations from the Past
The North East of England has a strong history of
amazing inventions and innovations.
Can you match up these events with the dates on the
timeline?
Charles Parsons
invented the steam
turbine engine

Lucozade was
invented in Newcastle
as a treatment for
colds and flu

Joseph Swan from
Sunderland invented
the light bulb

The world’s first public
railway opened between
Stockton and Darlington

John Walker
invented matches

The Millennium Bridge,
the world’s first tilting
bridge, was built
Gladstone Adams invented
windscreen wipers after
driving back from a
Newcastle United game
Domestos bleach
was invented by a
dentist from Heaton

Lord Armstrong’s home,
Cragside, in Northumberland
was the first in the world to be
powered by hydroelectricity
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1929

Newcastle University
scientists invented a
bionic hand that can
see objects and pick
them up

Could your future
inventions be next on
this timeline?

Materials Scavenger Hunt
Materials have different properties, some are hard, some
are soft. Some are waterproof. Some are flexible. It’s
important for scientists and engineers to choose the right
materials with the right properties for whatever they are
designing – you wouldn’t want to make a boat out of
something that isn’t waterproof!
Take a look around your house and see what you can find with these
properties! Try to find a different object for each property.
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Design a New Invention
Design a new invention to make the world a
better place.
This could be something that helps reduce climate change, helps to protect
wildlife or maybe just solves a problem in everyday life.

Drawing a design is an important first step for engineers. It
helps them to think about how they would build it and what
materials would be best to use. Don’t forget to label your
drawing!
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Build a Prototype
Once you have designed your new invention, then
it’s time to build a prototype.
A prototype is a model that engineers make before building
their real invention to test that their design would work.
Try building your prototype out of recyclable materials that
you have around the house, things like:

Cardboard boxes and tubes

Paper

Plastic bottles

Corks

Egg boxes

Lollipop sticks

You may also need:

Scissors

Glue

Tape

When you have made your model, we
would love to see it! Ask an adult to
take a picture of your invention and
share it with us on Twitter by tagging
@STEMNewcastle.
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Water Cycle in a Jar
This activity was created by the
Wildfowl and Wetlands Trust (WWT).
WWT work to save, conserve and build wetlands to help wildlife and
people. Wetlands are one of the most important habitats on Earth –
storing huge amounts of CO2, providing a natural way of stopping
flooding and serving as a home for huge numbers of different creatures.
For this activity, you will need:

Scissors

Paper

Glue

Felt tips

Glass jar

Small plate

Ice

1 First draw the water cycle ready to stick on your jar. Look at how big
your jar is. The pictures need to cover approximately half of the side. You
will need all four pieces, a,b, c, and d.

2 Now, stick the pictures
onto your jar in this order:
A Stick the sea / beach
/mountains at the bottom
of the jar
B Add the white cloud just
above the sea
C Add the arrow to the
top right of the white
cloud
D Finally, add the grey
cloud above the
mountains towards the
top of the jar.
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3 Add some water to the jar so
that the water comes to the top
of your “sea”. You might want to
add some blue food colouring
(optional).

4 Place the saucer or small plate
on top of the jar. Add 4-5 ice
cubes onto the plate.

5 Leave your water cycle on a
window sill or in another warm place.

As the water (liquid) heats up, it
turns into water vapour (gas). This is
called evaporation.
The water vapour (gas) then hits
the cold saucer and turns back into
water (liquid). This is called
condensation.
It then runs down the side of the jar back into the “sea”. In the
real water cycle, this would be water falling from the sky
(called precipitation) and travelling along rivers back to the
sea.
For more activities from the Wildfowl and
Wetlands Trust, please visit
wwt.org.uk/discover-wetlands/fun-and-learning
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Building for the Future
This activity was created by NUSTEM at
Northumbria University
Engineers use lots of different materials to build
with, depending on what they’re building. Some are
even creating new materials like smart bricks that
can generate electricity or clean water!
You have probably
played with lots of
types of building blocks
but have you ever made
your own?

For this activity, you will need:

Scissors

Cardboard

Paint/Pencils

Paper

1 Find the cardboard that you are going to use; thick cardboard from
packaging works well but so does thinner cereal box cardboard. You may
need an adult to help you cut it up.
Choose the shapes you want to use, it’s a good idea to start with basic
shapes like squares, rectangles, circles and triangles, as they are easier to
cut.

2 Use the bottom of a mug or cup to draw your circles. You can then
make your squares, triangles and rectangles to be about the same size.
Once you’ve made each shape, use it as a template to make more. You’ll
need about 4 of each shape. You can also paint or colour in your shapes if
you like.
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3 Once coloured and dry, each shape needs short slots
cutting into it. The slots need to be about the width of an
adult’s finger. The easiest way to make them is by cutting a
thin triangle out of the card.
You can choose how many slots you cut in each shape, but a
good idea is to count the sides of the shapes and use that as
a guide. For example, three slots in a triangle and four in a
rectangle.

4 Time to start
building! Choose two
shapes and slot them
together. Make sure
they are pushed all the
way into each other.
Now join more shapes
onto these shapes.

Building Challenge
Try building a tall structure strong enough to survive an earthquake! To test
your building, place a large piece of paper, like a newspaper sheet on a
smooth, flat surface, then build your structure on top. When you’re ready to
test, slide the paper back and forth to simulate an earthquake. How does
your building cope?

Find more activities like
this from NUSTEM at
nustem.uk/stem-at-home
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Magic or Maths?
Imagine being able to read the minds of other people –
wouldn’t that be cool?! Using maths, we can learn a trick
that will make people believe you can do magic!

B

A
2
1 9 17 25 3
3 11 19 27 6
5 13 21 29 7
7 15 23 31

10
11
14
15

18
19
22
23

C
26
29 4 12 20
30 5 13 21
31 6 14 22
7 15 23

D
E
8 12 24 28
28 9 13 25 29
16 20 24
29 10 14 26 30
17 21 25
30 11 15 27 31
18 22 26
31
19 23 27

28
29
30
31

1 Ask your friend, “Think of a number from 1 to 31. Don’t tell me what it is!”
2 Then, ask your friend – Is your number on card A? What about card B?
All the way through to card E.

3 If your friend says their number is present on cards A, B and E for
example, all you need to do to figure out their number is to look at the
upper left-hand corner of the cards your friend said yes to and add them
up! So, for A, B and E it would be 1 + 2 + 16 = 19!
Amazing maths magic! As a bonus, why not ask them to figure out how you
Although it may seem magic, the reason the cards work is because they rely on
knew their number?
“binary”. Binary is way of writing numbers that only needs two digits: 0 and 1.
Computers use binary. They can send large amounts of information in a short,
fast way. In binary, a 1 represents that a number is present – a bit like you
shouting ‘I’m here!’ when your teacher takes the class register. 0 represents
that a number is not present.
!The 1’s and 0’s represent larger numbers – the first 5 digits
of the binary sequence are 1, 2, 4, 8, and 16.
What do you notice about these numbers? Each number is
twice as big as the one before it!
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You should always write binary from the largest
number to smallest number.
Let’s use number 10 as an example. First, we need to
break it down into smaller chunks using the numbers
from the binary system.
The biggest number that we can subtract from 10
from the binary series is 8 (16 is too big!)
10 – 8 = 2
We now have 2 remaining – we can’t subtract 4 (the next number in the binary
series) as it is too big, so the next biggest number we can subtract is 2!
2–2=0
As we now have no remainder, we also cannot subtract 1
So, we’ve broken down 10 into 1 lot of 8, 0 lot of 4, 1 lot of 2 and 0 lots of 1.
Represented in binary this would make 10: 1010

1
2
3
4
5
6
7
8
9
10

The Numbers 1 to 10 represented in binary
1
1
10
2+0
11
2+1
100
4+0+0
101
4+0+1
110
4+2+0
111
4+2+1
1000
8+0+0+0
1001
8+0+0+1
1010
8+0+2+0

Challenge: see if you can figure out how to
represent the numbers 11-20 using binary!
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Inspired by Nature

This activity was created by the Great
North Museum: Hancock
In the world of engineering, there are many complex
problems to solve every day. Engineers often take
inspiration from nature. Evolution by natural selection has
been solving complex problems for much longer than
humans have even been on the planet. Here are some
examples of innovations inspired by nature:
• Velcro tape was created by taking inspiration from the tiny hooks on Bur fruit.
• The Japanese Bullet Train solved a complex soundwave problem by taking
inspiration from the anatomy of owls, penguins and kingfishers.
• There are robotic arms inspired by elephant trunks.
Take a look outside or in books at the shapes, textures and movements of plants
and animals. Sketch a new invention using some inspiration from nature.

We would love to see your designs!
Ask an adult to take a picture of your
invention and share it with us on Twitter
by tagging @STEMNewcastle.
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Shape Puzzle
You use Maths almost every day without even thinking
about it. From fastening your shoelaces, to baking a cake –
there is Maths hidden in everything we do!
Engineers use Maths to create new things. They use shapes and numbers
to design cars, trains, bridges, computers and many more useful machines,
gadgets and infrastructure. It is through the work of Engineers that we have
advanced so much in technology and will hopefully continue to do so as
more people come up with new, ground-breaking inventions!
Your challenge is to cut out all the individual shapes from the square
below and try and piece the big square back together again.
You will need:

Scissors

Once you’ve done, you can use the smaller
shapes to try and see what new shapes or
pictures you can create with them.
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Build a Bug Hotel
This activity was created by the
Northumberland Wildlife Trust
An average garden accommodates more than 2,000
different species of insect! Very few of these creatures
cause significant damage to our prized plants, and there are
many more insects that actually help us to control the ones
that do! By providing the right habitats, we can greatly
increase the number of ‘beneficial’ insects in the garden.
One way to increase the comfort of your patch for
insects is to build them a bug hotel.

You will need:

Wooden pallets

1 Place a wooden pallet in your
chosen location. On top of the
pallet, line bricks around the
corners and across the middle

Bricks

2 Place your next pallet on top of this and repeat the
process for all your pallets.

3 Cut off the top two-thirds of your
bottles. Fill up half of them with
bamboo canes or straws and the
other half with rolled up cardboard.
Place these inside the pallets.

4 Fill in the remaining spaces with bricks, leaves, pebbles,

Plastic bottles

Straws or
bamboo canes

stones, tiles, loose bark and straw.
5 Add in any extra materials that you want to recycle eg. Old
pipes, carpeting, toilet tubes, old plant pots. Be creative – add
a welcome sign or give your hotel a name!
You can find more
activities to help
wildlife from the
Northumberland
Wildlife Trust at
nwt.org.uk/actions
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Recycling Aeroplanes
Recycling today is very important. Recycling lets us reduce
our impact on the environment. If we do not reduce our
impact, this can increase climate change.
Today, there are over 100,000 retired aeroplanes in the world, and this is
constantly increasing. That’s a lot! It can be difficult to recycle aeroplanes, that’s
why a lot of them are left in boneyards. So why are aeroplanes difficult to recycle?
It is because of aeroplanes made out of composite material. Composite materials
are made from two or more basic materials mixed together. For aeroplanes, this is
usually carbon fibre and epoxy. The carbon fibre gives the aeroplane strength, and
the epoxy protects the carbon fibre from rain, snow and chemicals. This means
composite materials can be much stronger than steel.
Aeroplanes can be recycled by:
1. Taking out all the useful items that can be re-used. Seats, radios, lifejackets
all of these can be re-used in other aeroplanes or for home use. Who doesn’t
want to sit in an aeroplane pilot’s seat?
2. Collecting all the metal. By collecting all the metal, we can melt it. By melting
it we can use the metal in other structures like making cans, scissors and
much more. Can you think of something else made of metal?
3. Enzymes. Enzymes are powerful chemicals that can eat the epoxy away.
Therefore, we can collect the carbon fibre and re-use it to make more
composite material.
Can you decide where each part of the aeroplane should go? Draw a line to
match them up.
Melt down and recycle into cans
The radio transmitter
The metal skeleton
of the plane
The wooden panels
inside the plane
The wheels of the plane
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Sell to an amateur enthusiast
Can be used as spares for another
plane
Use this as a
recycled bench
in the park

Make a Paper Plane

This activity was created by NUSTEM at
Northumbria University
Here’s how to make your own paper plane with just a
sheet of paper.

1

Fold a piece of A4 paper in half to make a long thin
rectangle. This makes a crease in the centre. Now
unfold the paper.

2

Fold the top corners so that they meet the centre

line.

3

Fold the new left and right corners to the centre line.

4
5

Fold the plane in half from right to left.

Now fold one edge back out to make a wing. Use
your fingernail to help make the tip as pointy as
possible. Turn the plane over, then fold the other wing
to line up with the first wing.

6

Unfold the wings slightly so that it looks a bit like
an aeroplane.
Lay out a tape measure across the floor,
out of the way of other people to test your
plane and measure how far it can fly.
Try making different size planes and make
predictions about which will fly furthest.
As your paper aeroplane glided through the
air there were 3 forces acting on it: weight,
drag and lift.
Weight pulls the plane towards the ground.
Drag slows it down as it glides through the air
Lift kept the plane in the air for longer.
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Make a Paddletub

This activity was created by the Centre for Life
At Life, we are exploring how we could innovate boat design
to be a faster, cleaner mode of transport, so we can help cut
down our carbon footprint.
You will need:

Scissors

1

Using heavy duty tape, stick two lolly sticks to your tub on
opposite sides, with half of each sticking out past the end of
the tub. Tape the yoghurt pot down onto the lib of the tub.

2

Wind the rubber band around
both lolly sticks so it is taut
between them.

3

Yoghurt pot & 2
margarine tubs

Lolly sticks

Cut a large square out of the
second lid. Mark this square into
thirds. At the one thirds and two thirds line, cut to the mid
point of the lines, leaving a shape that looks a little like a
capital E. This will make your paddle. Be careful with the
sharp edges of the plastic once it is cut!

4
Heavy duty tape

out through the two cuts, and use a small
piece of tape on the back of the flap to hold
the elastic band in place.

5
Elastic bands

Weave one side of the elastic band in and

Spin the flap to wind it up and release it

when floating the boat in the bath.

Try using different rubber bands, which work best? Or see if
changing the shape of your paddle makes the boat move
quicker? Does adding weight to the inside make a difference?
Life is a science centre at the heart of
Newcastle full of exhibitions, activities
and events for all ages. At Life, YOU are
the scientist; explore, invent, create and
play! Check out other activities to try at
home with #LifeGoesONline on our
social media channels @scienceatlife
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Ship Shape Design

This activity was created by the Centre for Life
Boats come in all shapes and sizes. Some need to carry
heavy cargo, some race at high speeds and others are places
to relax. But all boats have the same challenge: moving
through the water. A boat’s sails or engines push it forwards,
but as it moves the water pushes against it. We call this water
resistance.
Designing & making your boat
To make a boat you need a material that is easy to shape, lightweight and most
importantly – waterproof. Aluminium foil is a good choice.
What shape do you want your boat to be? A triangle, a square a pentagon?
Which shape do you think will move through the water easily?
Sketch your design first then use a square piece of foil to make your boat. Fold
up the foil by 1cm to make the sides, squish the corners to make sure no water
can get in.

Testing your boat
To test your boat, you need water. Fill a
washing up bowl, a deep baking tray or sink
with enough water that your boat floats freely.
Start with your boat close to you and gently
blow on it. Your breath will push it forwards.
Try making a different shaped boat and see it
they move in the same way.
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Draw a Scientist
There is a huge variety of scientists out there from
Aerospace Engineers to Zoologists. We believe anyone
can be a scientist if they want to be.
Draw what you think a scientist looks like!
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We would love to see your
picture! Ask an adult to tweet
us @STEMNewcastle with a
photo of your scientist!

ANSWERS
Here are the answers to the puzzles in this pack

Innovations from the Past
1825 The first public railway opened between Stockton and Darlington
1827 John Walker invented matches
1860 Joseph Swan, from Sunderland, invented the light bulb
1863 Lord Amstrong’s home was the first to be powered by hydroelectricity
1884 Charles Parsons invented the Steam Turbine
1908 Gladstone Adams invented Windscreen Wipers
1920 Lucozade was invented as a treatment for colds and flu
1929 Domestos bleach was invented by a dentist from Heaton
2001 The Millennium Bridge, the world’s first tilting bridge was built.
2017 Newcastle University scientists create a bionic hand.

Magic of Maths
The numbers 11-20 written in binary are:
11 = 1011
12 = 1100
13 = 1101
14 = 1110
15 = 1111
16 = 10000
17 = 10001
18 = 10010
19 = 10011
20 = 10100

Recycling Aeroplanes
The radio transmitter – sell to an amateur enthusiast
The metal skeleton of the plane – melt down and recycle into cans
The wooden panels inside the plane – use this as a recycled bench in the park
The wheels of the plane – can be used as spares for another plane
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Thank you for using our British Science Week activity pack, we would love
to hear your thoughts on these activities. You can leave your feedback and
comments at tiny.cc/bsw-feedback

For more STEM resources and activities, please visit

ncl.ac.uk/sage/stemoutreach
@STEMNewcastle

