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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.
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
Lucozade was
invented the steam
invented in Newcastle
turbine engine
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
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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John Walker
invented matches

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

Could your future
inventions be next on
this timeline?

Build a Catapult
This activity was created by the Segedunum team.
The Romans, who designed and built the Segedunum, also
improved the design of the catapult. They made changes to
the materials used and made design tweaks which allowed
them to achieve better range and accuracy. Often engineers
study existing designs to improve them.

You will need:

Follow these instructions to make your own catapult!

1 Make a stack of 7 lolly sticks and use two elastic bands

9 Lolly sticks

to tie them tightly together at both ends.

2 Make a stack of 2 lolly sticks and use an elastic band to

3 elastic bands

tie them together at one end.

3 Pull the two lolly sticks apart and wedge the stack of 7
lolly sticks between them.

4 Add double sided tap to the bottom of your bottle top
and stick it to the upper lolly stick.

Bottle top

Double sided
tape

5 Place something light, like a pompom, ball or cotton
wool ball onto the bottle top. Hold the catapult with one
hand and use the other hand to push down on the spoon
or bottle top and see how far your ball goes!
Be careful when firing your catapult to avoid people’s
eyes and injuring others.
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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 your parents
to take a picture of your invention and
share it with us on Twitter by tagging
@STEMNewcastle.
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Make your own Windsock
This activity was created by NUSTEM from
Northumbria University

You will need:

Wind is an important natural resource that can be used to
generate electricity through wind turbines. Wind turbines
need to be built in windy places to generate sufficient energy.
One way to measure wind is using a windsock.
Follow these instructions to make your very own windsock.

Plastic bottle
or round
container

2 Plastic bags

Scissors

1 Wash your plastic
bottle or container
thoroughly. Carefully
cut off the bottom of
your container. Then
cut across your
container to make a
ring of plastic 2cm
wide.

2 Open up a plastic bag by cutting along the side seams.
Flatten it out then cut long strips of plastic from top to
bottom that are 2cm wide. You’ll need about 10 of these
altogether.

String

3 Fold one of the plastic bag strips in half and slide it
through your ring.

7

4 Pull the ends of the plastic strip over the ring. Push the
two ends of the strip through the loop you created in the
middle of the strip.

5 Pull the ends to tighten the loop around the ring. Repeat this with the next strip
of plastic bag – you could use a different coloured bag if you have one.

6 Continue adding the strips of plastic bag until you have covered the entire ring.
7 Cut about 40cm of string. Tie both ends securely to your ring at points opposite
each other.

8 If you have a garden, hang your wind sock from a pole, tree or washing line
where it has space to blow. If you don’t have an outside area, hang it from a window.
Wind is the movement of air around our atmosphere.
Air moves from places of high pressure (where there’s
lots of it) to places of low pressure (where there is
less of it).
As the sun warms the Earth’s surface, the atmosphere
warms too. Warm air, which is less dense less than
cold air, rises. Then cool air moves in underneath and
replaces the rising warm air. This movement of air is
what makes the wind blow.
Try recording the angle and direction of your windsock
each day to see the changes in windspeed and direction
Find more activities like
this from NUSTEM at
nustem.uk/stem-at-home
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Where to Build a Windfarm
When deciding where to build windfarms, we need to think
about more than just wind speed. Lots of different scientists
and engineers work together to share their expertise to make
the decision. Often compromises have to be made!
Use the information shared by the six experts below to plot where to build an
offshore windfarm on the map on the next page. You need to find an area
covering 10km2 (10 squares), all adjacent to one another.

•

•

•

•
•

•
•
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GEOSCIENTIST
I study the physical
aspects of the Earth and its
natural resources.
Building the windfarm in
shallower water will make
it cheaper to install.
Rocky areas should be
avoided as hard rocks
are difficult to drill
in to.

OCEANOGRAPHER
I study the processes of
tidal waters.
Pressure caused by tidal
waters impacts the
lifespan and performance
of turbines.
The maximum force they
can withstand is 2000N
It is easier and cheaper to
build in areas where
the force is below
400N

•
•

•

•

•

ORNITHOLOGIST
I look at the behaviour and
habitats of birds.
Little terns are seabirds,
their population is
declining so the species is
protected by law.
They are very sensitive to
noise and
disturbances

ENGINEER
I use maths and science to
design, build and maintain
structures and processes.
Wind turbines begin to
generate electricity at
speeds of 3m/s (metres
per second). If wind speed
reaches over 25m/s, wind
turbines will be shut down
for safety reasons.

•
•

•

•
•
•

ESTIMATOR
I estimate the costs
required.
The budget for this project
cannot afford more than
£2000 additional costs.
Turbines placed on
squares with no pound
sign (£) do not
cost extra

MARINE ZOOLOGIST
I study animals that live in
saltwater environments.
It is illegal to kill, injure or
disturb porpoises.
Loud noises from
construction can
interfere with
porpoises’
echolocation.

Use the information shared by the six experts to plot
where to build an offshore windfarm on the map. You
need to find an area covering 10km2 (10 squares), all
adjacent to one another.

Renewable energy sources, like wind, are likely to
be used more and more in the future. Renewable
energy sources are often better for the
environment than fossil fuels because they emit
less carbon dioxide. Another benefit is that they
don’t run out! Unlike fossil fuels like coal and oil
which will eventually all be used up.
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Number Puzzles
People in almost all careers use maths to drive their research
and work to produce the best quality product or experience.
Architects use geometry, algebra and trigonometry to design blueprints.
Engineers use accurate mathematical calculations to enable them to design
structures and systems. Doctors, pharmacists and chemical scientists use
statistics to validate the effectiveness of new drugs, vaccines or treatments for
patients. From artists using angles and shapes to make their artwork more
realistic, to sports players using mechanics to figure out the most efficient
movements to make – no field is left unturned.
Since mathematics involves qualities such as reasoning, creativity, critical thinking,
it is a subject that can take simple numbers and create amazing gadgets such as
social media, video games, music platforms.
Can you put the numbers 1 – 8 in each blank square so that each side adds up
to the middle number. The catch is you can only use each number once!

1

2
3

14

4
6
7

11

5
8

Sum Up
Place the numbers into each gap to make the equations
true. Remember, you can only use each number once!

+
+
+
+
+

=
=
=
=
=

Reading someone’s mind!
Here is a fun way to pretend that you
can read someone’s mind. Grab a
family member or a friend and tell
them you’re about to read their mind.
Instructions to ask them:
1. Think of a number between 0
and 50
2. Multiply your number by 2
3. Add 10
4. Halve this new number
5. Take away your original
number that you thought of
from this number you have
now
6. Announce that the answer is 5!

1
4
7
10
13

2
5
8
11
14

3
6
9
12
15

The reason this works is because of algebra.
If we follow the same steps as we asked the
other person to, but in an algebraic way, this
is what we get:
1. Think of a number between 0 and 50
𝑊𝑒 𝑤𝑖𝑙𝑙 𝑐𝑎𝑙𝑙 𝑡ℎ𝑒𝑖𝑟 𝑛𝑢𝑚𝑏𝑒𝑟 𝒙
2. Multiply your number by 2
2 × 𝑥 = 2𝑥
3. Add 10
2𝑥 + 10
4. Halve this new number
2𝑥 + 10
2
5. Take away your original number that
you thought of from this number you
have now
2𝑥 + 10
−𝑥
2
We can simplify this equation by cancelling
down the 2
2𝑥 + 10(5)
−𝑥
2
This leaves us with
𝑥+5−𝑥
But since 𝑥 − 𝑥 = 0 then their answer will
always be 5!
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Code Breaking
Have you ever had a secret? Or an important message for a
friend that you don’t want others to read? If so, it sounds like
you are in need of a secret code.
Cryptography, is the use of codes and ciphers to protect secrets and information.
The information is encrypted (changed into a code) so those who don’t know the
code can’t read it.
Cryptography has always had a place in society, with one of the earliest known
codes being the Caesar cipher, invented by Julius Caesar himself to send top
secret messages to his generals. Code breaking has inspired many advancements
in modern technology, for example, the race to crack the German Enigma code
during World War Two. The Enigma machine would randomly scramble the 26
letters of the alphabet, daily, which meant that the Allies were always one step
behind as they rushed to try and break that day’s code before the Enigma machine
would generate a new one. In 1940 a solution was found by Alan Turing, who
designed a complex code breaking machine known as the Bombe which
successfully cracked the Enigma. Turing’s success enabled him to go on to lay the
foundation of modern computing, including creating designs for the first digital
computer and developing the concept of artificial intelligence based on the human
brain.
Today, cryptography is a silent but prominent part of the online world. Electronic
banking, text messages, satellite communications and medical records are
examples of personal data that is encrypted to keep potentially sensitive
information safe.
Make your own Caesar cipher wheel (see next page) to crack the secret code!

PATM BL GHP IKHOXW PTL HGVX HGER BFTZBGXW
Answer:
You will need:

Scissors
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Paper fastener pen/pencil

A Caesar cipher is a shift cipher, which
replaces each letter of the alphabet
with another letter according to a
secret rule. In a Caesar cipher, each
letter has been “shifted” a number of
places, so the number of shifts and in
one direction (left or right) is the
secret key which can be used to crack
the code. For example, if the secret
key is “left shift 4” then A=W, B=X, C=Y,
D=Z, E=A, F=B and so on. The small
circle of the wheel is rotated by a
number of places in the direction
stated in the key, to match up the
letter substitutions.

1 Carefully cut out the two circle
templates
2 Write the alphabet around the small
circle
3 Write the alphabet around the big
circle (you can use a different colour pen
or pencil for the big and small circle)
4 Place the small circle onto the big
circle and fix them both together using a
paper fastener through the centre
marked with a black dot
5 Use your Caesar wheel with left shift
7 to crack the code!
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Surface Tension
Scientists often look to nature, for
ways to innovate and develop new
technologies.
For example, water striders’ legs are covered in tiny hairs which trap a layer of air
close to the leg to stop them from getting wet. This prevents them from breaking
through the surface tension layer of the water and sinking. Look at the dimples on
the water in the photo that the feet make as they press against but don’t break the
surface tension layer.
This has all sorts of applications for the future, perhaps in new extra-waterproof
clothes which water slides off or even new ways of moving across the water for
humans. In this demonstration, see how surface tension can be changed to
cause lollipop sticks to shoot across the water surface, and think about how
this could be used on a bigger scale to move humans!
You will need:

Lollipop sticks

Washing up liquid

Bowl of water

1

Place the lolly pop sticks in the bowl of water
so they float.

2

Add a droplet of washing up liquid to one end
of the lollypop stick and it will shoot off.

3

See how adding less or more fairy liquid effects
how quickly they move and try to have a race.
The soap decreases the water surface
tension as the molecules which make up the
water stick together less well. Water
molecules move from areas of low to high
water tension away from the end of the stick
which causes the stick to shoot forward.
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River Snack Pack
This activity was developed by Groundwork NE
River invertebrates (animals without backbones) can give
an insight into the health of a stretch of river water quality.
Certain species of river insect can live in poor quality
water such as hog lice, leeches and blood worms.
Other species such as mayfly larvae, stonefly larvae
and caddis flies need clean, well oxygenated water to
survive.
Scientists regularly survey waterways to check their
quality. By minimising pollution and littering we can
help to ensure we have clean water and thriving
ecosystems in the future.
Use the River Snack Pack cards to create a diagram of a food web in the
river. Cut out the cards and lay them out on a big piece of paper, drawing
arrows between them. Remember that arrows in a food web show the direct
energy is flowing so in most cases, you can think of an arrow as “is eaten by”.
Most cards have a different organism on each side so you will need to
decide which one to include in your food web.
Try to get one of each of the following in your food web:
• Producer = an organism that makes food, usually a plant
which uses the sun to make food by photosynthesis
• Herbivore = an animal that only eats plants
• Omnivore = an animal that eats plants and animals
• Carnivore = an animal that only eats animals
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Marine Animals Puzzle
Our oceans face lots of threats including rising
temperatures, coral bleaching caused by climate change,
and plastic pollution. Scientists and engineers are
researching and developing innovations to overcome these
problems and save our seas.
Can you figure out the names of these 9 marine animals
that can be found in the North Sea?

1
2
3

4
5
6

7
8
9

The answers are on the last page!
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Build a Bug Hotel
This activity was created by the
Northumberland Wildlife Trust

You will need:

Wooden pallets

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.

1 Place a wooden pallet in
Bricks

Plastic bottles

your chosen location. On top of
the pallet, line bricks around
the corners and across the
middle

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
Straws or
bamboo canes or straws and the
bamboo canes
other half with rolled up cardboard.
Place these inside the pallets.
4 Fill in the remaining spaces with bricks, leaves, pebbles, 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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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.

Where to Build a Windfarm
There are a few possible answers for this puzzle, it
depends which factor you want to prioritise and which
you compromise on. Here are some possible solutions,
the red squares indicate where to build wind turbines,
with the addition of one of the pairs of yellow squares.

Number Puzzles
5

1

8

6

14

2

3

7

4

1

+ 11 = 12

2

+ 13 = 15

3

+

7

= 10

4

+

5

=

6

+

8

= 14
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Code Breaking
Deciphering the code should reveal:
What is now proved was once only
imagined.

Marine Animals Puzzles
The 9 image sets represent these
creatures:
1. Butterfish
2. European Lobster
3. Periwinkle
4. Brittle Star
5. Minke Whale
6. Limpet
7. Bottlenose Dolphin
8. Barnacle
9. Orange-tipped Sea Squirt
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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

