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Introduction 
Information for parents and carers

We hope you and your family enjoy this new 
activity pack from the Institute of Physics. 

Superheroes Unlimited introduces you to five 
amazing role models and the work they do 
to meet the challenges we face as a society, 
a species and as residents of planet Earth. 
You’ll find experiments and activities to do 
together and word puzzles to help build your 
child’s literacy and grow their vocabulary. 

This pack has been designed for children aged 
7-9 but we think everyone can have fun and 
join in! 

Please supervise your child and help them 
where needed to do any activities, especially 
those involving scissors, bubble mix and when 
or where they might be tempted to climb to 
launch their helicopter. These experiments 
have not been specifically safety tested 
for home use, but we believe them to be 
safe if the instructions are followed. Adult 
supervision or direction is recommended as 
appropriate. All experiments are carried out at 
your own risk. 

Limit Less

We hope that this activity pack will help spark 
conversations with your child about the world 
around them and stimulate their curiosity. This 
activity pack is part of a campaign from the 
Institute of Physics – Limit Less. 

 Doing physics can open up a huge range of 
opportunities but, unfortunately, too many 
children are told that there are limits to who 
and what they can be when they grow up. As 
parents and carers, you have a vital role to 
play in making sure that your child can fulfil 
their potential. By having conversations about 
science and doing activities at home like 
those you’ll find in this booklet, you’re helping 
to give your child a great start as they begin 
thinking about what they want to do to change 
the world for the better.
 
If you’d like to learn more about the Limit Less 
campaign, please visit: 

 www.iop.org/LimitLess

Superhero Hunt!

Can you find the superhero masks we have hidden through the book? Answers on page 43

Looking for more?

If you’ve enjoyed this activity pack and are 
looking for more activities to do together, 
please visit the IOP website: www.iop.org/
AtHome for webpages about the physics of 
the world around us, experiments that you  
can do at home and other activity packs. 

We are very excited to hear about how  
this pack has been used! Take some  
photos and share them on social media  
with #SuperheroesUnlimited and tag 

@PhysicsNews or send them directly to us at 
engagement@iop.org 

If you have any questions or would like to 
find out about the Institute of Physics, please 
email us at engagement@iop.org

Superheroes Unlimited is brought to you by the Limit Less campaign. This activity pack has been 
created by the Institute of Physics, with content authored by Dr Sarah Bearchell.  

We would like to thank the following organisations for their generous support by enabling and 
encouraging our superheroes to take part in Superheroes Unlimited:

Illustrations by Scriberia – www.scriberia.com

Uncredited images are Public Domain or provided to the IOP by Dr Sarah Bearchell specifically  
for use in this pack.

https://www.iop.org/strategy/limit-less
www.iop.org/athome


54

Introduction

Contents

Protecting our climate  
Meet Claire
Tornado in a bottle
Remote sensing

Materials of the future 
Meet Maddison
Super Material Slingshot
Design a super suit

Searching and Rescuing
Make a helicopter
Design a robot 

Healing and helping
Meet Kirsten
Incredi-bubbles
Wordsearch
Colouring in

Inventing and building
Meet Munir
Make an exoskeleton
Scavenger hunt

Seeing the Invisible
Meet Rachel
Fibre optics
Laser maze

Create your own science superhero

Answers

3

5

6
6
8
9

10
10
12
14

16
16
18

20
20
22
24
25

26
26
28
30

34
34
36
38

40

42

Contents 

4



76

Fact File

Protecting our climate:Protecting our climate:

Meet the superheroes!

Global Guardian and her squad of scientists use pictures from satellites 
and computer simulations to understand how the world works and 
predict where there might be threats to people and wildlife. By working 
together and combining their skills, they can send Global Guardian 
around the world to help people that are affected by extreme weather 
and disasters like wildfires, landslides and earthquakes.

Global Guardian
Name: Claire Burke

Job: Geospatial Modelling Lead,  
Climate X

Hobbies: I love rock climbing, adventure 
sports, origami and art (and rock music!)

How did you get where you are now?
I was always fascinated by space so I 
studied Astrophysics. But I also love 
nature so I found a way to use my 
physics skills, combined with drones and artificial intelligence, to help  
protect endangered species. I now work with a team of scientists at a  
company called Climate X.

How does your job help people?
My team and I aim to understand the effects of climate change and how we can 
be prepared for things like extreme weather and its impact on the natural world 
and society. We use computer simulations and pictures from satellites to work out 
where problems might be in the future.

What’s the best thing about what you do?
I love working as part of a team! Everyone 
has their own specialty – Laura knows all 
about flooding, James is a satellite expert, 
Hamish studies rocks and the Earth and Sally 
is a climate scientist that understands the 
workings of the atmosphere! 
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A tornado is a column of spinning, twisting air that 
forms in a storm. The winds of a tornado can be 
so strong they destroy everything in their path! 
As our climate changes, physicists like Claire 
are trying to work out when and where extreme 
weather might happen around the world. Try 
making your own mini tornado in a bottle, and try 
not to destroy everything in your path!

Before you start

Take care when using scissors and do this outside 
if you can – you might get wet! 

What you’ll need:

• 2 x 2l straight-sided pop bottles
• 15cm duct tape or similar strong wide  

sticky tape
• Water
• Scissors

Optional

Food colouring

Make a Tornado  
in a Bottle

Protecting our climate:

What to do:

1. Add water to one 
bottle until it is about 
two-thirds full. Add 
some food colouring 
if you like.   
 

2. Place the second 
(empty) bottle on  
top of the first, neck-
to-neck.  

3. Cut a 15cm length of 
sticky tape and wrap 
it firmly round the 
joint so no water  
can escape. 

4. Do this step quickly!   
 
Hold the bottles at 
the join and turn the 
tornado-maker over, 
so the water-filled 
bottle is at the top. 

Quickly swirl the whole thing round in circles.  
A tornado should appear – it might take a  
little practise! 

How does it work?

When you swirl the bottles around, the water 
inside the top bottle flies outwards. When it 
hits the inside of the bottle it can’t go outwards 
anymore and goes sideways instead so the water 
starts to spin around inside the top bottle. The 
force of gravity pulls the spinning water down 
through the hole in between the bottles, allowing 
air from the bottom bottle to push upwards, 
twisting and spinning as it goes.  

The shape of the water spinning around the bottle 
is called a vortex, and they are everywhere in 
nature; from whirlpools in the ocean to tornadoes 
and hurricanes. You might even see one when you 
pull out the plug from your sink. 

Real tornadoes are made from wind, not water! 
They form in special types of thunderstorms when 
warm, wet air travelling in one direction meets cool 
dry air from another direction. 

Interestingly, England has the most tornadoes per 
square kilometre in the world! Luckily for us, our 
tornadoes are much less powerful and damaging 
than in the USA, where the land and weather 
conditions are perfect to make huge twisters  
and tornadoes.  

Explore more!

Try placing an open sports bottle cap, nozzle  
down, into the empty bottle, then tape it into 
place. Screw it onto a bottle filled with water and  
repeat the process. Does this narrower hole make 
a difference?

Try adding things to 
your water to help you 
see how it moves. You 
could make leaf confetti 
with a hole-punch and 
some thick glossy leaves 
(like holly or laurel). 
It’s much better for the 
environment than glitter! 

Protecting our climate:

Remote sensing is a powerful tool to help 
us understand climate change. This method 
uses data (information) collected by satellites, 
aeroplanes, drones and ships to study a wide 
area without ever needing to visit in person. That’s 
pretty handy if you want to study the whole of the 
Amazon rainforest!

Physicists help design and build the equipment to 
collect the data, but they also program computers 
so they can work out what it all means. To do 
this, they need to teach the computer how to 
recognise different things and this starts out with 
information provided by humans.

One project is run by NASA – and you can be part 
of it! 

The Cloud Gaze Project asks humans and 
computers to study the same photographs and 
say how much of the sky is covered in clouds. 

Remote Sensing
Researchers can then study where the humans 
and computers agree and where they don’t,  
which can be used to make the computer program 
more reliable.

Look at the boxes below. Each has a different level 
of cloud cover. Can you put them in order from 
least cloud cover to most? Answers on page 42

You can join in with the NASA research at: 
https://www.zooniverse.org/projects/
nasaglobe/nasa-globe-cloud-gaze

While you are on the Zooniverse website, 
why not take part in their other projects and 
become a Citizen Scientist – you might help to 
discover something really important!

1 2 3

4 5 6

7 8 9

https://www.zooniverse.org/projects/nasaglobe/nasa-globe-cloud-gaze
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Materials of the future: Materials of the future:

Fact File
Meet the superheroes!

The magnificent Molecule Manipulator can shrink down to the  
size of atoms! She can then place the atoms exactly where they  
need to go to make incredible new materials to build things like  
super-powered computers!

Molecule Manipulator
Name: Maddison Coke

Job: Senior Experimental Officer, 
University of Manchester

Hobbies: Walking and camping in the 
countryside with my wife and our two 
rescue dogs

How did you get where you are now?
I always found reading and writing 
difficult at school (I have dyslexia) 
but I loved science and maths. I ended up studying for a PhD in electronic 
engineering and now I work in a special laboratory where I create new materials by 
manipulating atoms!

How does your job help people?
By changing what atoms are in a material, we can create new super materials that 
do special jobs! This will mean that we can build incredible new computers that will 
be faster than ever before.

What’s the best thing about what you do?
In science, things don’t often work out quite  
the way we expect! I love solving puzzles 
so it is always exciting to find out what has 
happened and learn something new.
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Materials of the future:

Maddison Coke, the Magnificent Molecule 
Manipulator, changes the structure of individual 
molecules. A beam of fast-moving electrons is 
used to knock out a single atom, then a different 
atom can be added to the gap to create a new 
super material!

Before you start

Ask a grown-up to cut the bottle for you and keep 
balloons and “electrons” away from young children 
and pets.

What you’ll need:

• Plastic bottle with a wide neck - milkshake and 
fruit juice bottles are perfect - a pop bottle neck 
is too narrow

• Marker pen
• Mug
• Sticky tape
• Balloon
• Foil or paper to make electrons and atoms
• Helpful grown up with sharp scissors

Optional

• Decorating materials like paper, pens,  
     glue and stickers. 

What to do:

Super Material 
Slingshot

1. Stand the bottle 
upside down in the 
mug. Line up the 
marker pen with the 
top of the mug and 
use it to draw a line. 

2. Ask a grown-up to 
cut along the line 
and trim off any 
rough bits. They will 
need sharp scissors 
because you have 
to stab the bottle 
to start cutting. Put 
sticky tape around 
the rough edge. 

3. Stretch a balloon over the neck of the bottle. 
Pull it down so it completely covers the screw 
part and lip - this will help it stay in place. 
If you look inside, you should see how the 
balloon makes a stretchy platform. You have 
made an electron accelerator (say ack-sell-ur-
a-tor)! 

4. Find or make some electrons: The electrons 
need to sit on the stretchy balloon platform for 
this to work. About 3-4cm across is perfect, 
so you could use ping pong balls or scrunched 
up foil or paper. Do not use marbles because 
someone could get hurt. 

5. Test the electron accelerator! Find a space 
where you can’t damage anything. Load an 
electron. Hold the cup part firmly, pull back on 
the balloon, take aim and release the balloon – 
but hold onto the cup!   

6. What angle do you need to hold it to make the 
electron land straight back in the cup? Which 
angle makes the electron travel furthest? 

7. Now make your Super Material Shooting 
Gallery. Scrunch up balls of scrap paper or 
newspaper - you could use different colours to 
represent the different atoms of your molecule. 
Place the atoms along the edge of a table, so 
you can sit on the floor and shoot upwards. 

Materials of the future:

8. Can you use your electron accelerator to knock 
out single atoms, just like Maddison does? 

How does it work?

Pulling the balloon back stretches it out of shape. 
When you let go, the balloon snaps back into its 
original shape, flicking into the paper ball. This 
flicking force is what launches your electron and 
sends it flying. The electron goes from completely 
still to high speed very quickly. This change in 
speed is called acceleration (say ack-sell-ur-a-
shun). It’s why we called the launcher an  
electron accelerator.

This design works so well because, with a  
wide-necked bottle, a large area of balloon is in 
contact with the electron. If you used a narrow pop 
bottle, there would be a smaller area of balloon in  
contact with the electron and the push force would  
be less. 

The electron accelerator only works if the electron 
is touching the balloon surface, that’s why it works 
so well when you point it upwards. You’ll find that if 
you tip it downwards too far, the electron no longer 
touches the balloon, so the launcher doesn’t work. 

As soon as the electron leaves the cup, gravity 
controls the way it moves. 

Shoot it straight upwards and it keeps going 
upwards until it is slowed down by gravity, then 
starts falling. It should land almost exactly where 
it started – but it won’t knock out any atoms!
If you shoot it at a low angle, the electron will not 
stay in the air very long, so it probably won’t get as 
far as the target.

If you try shooting it tipped to 45º (halfway 
between straight up and straight across), you 
should find the electron travels a long way before 
falling to the ground.  

Now all you need to do is practise your aim!

Explore more!

What happens if you use a different  
material for your electron? Try foil vs paper!

What happens if you use a bigger or  
smaller electron? 

90º 0º 45º
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A comic book superhero always wears a supersuit! 
It helps to hide their identity and protect them 
while they are on duty

Imagine you are a comic book Physics Superhero. 
How does your supersuit work? Since this is 
imaginary, you can make your suit from materials 
which have not been invented yet – things which 
might feel a bit magical at the moment, but which 
could be made by physicists in the future!

Design a super suit
• Does the suit need to be super stretchy, so 

you can grow and shrink?
• Does it make you turn invisible?
• Does it give you extra strength?
• Does it help you see though walls?
• Does it help you fly? 

Use the comic strip boxes below to show the 
features of your supersuit – you could even turn it 
into a proper story – POW! Design your suit here:

Materials of the future:

15
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Cut along the solid lines then use the instructions to fold your helicopter.

1 2

3

4 5

1 2

3

4 5

Make a Paper 
Helicopter
Helicopters and drones are often used in search 
and rescue missions because they can quickly 
cover a large area. 

Here’s a simple helicopter activity you can try  
at home!

Before you start

Take care using scissors and don’t climb to 
dangerous places to launch it! Please keep the 
paperclips away from young children and pets.

What you’ll need:

• Templates from page 16
• 2 paperclips or blob of sticky tack
• Scissors

Optional

• Pens for decorating

What to do:

1. Cut out the two rectangle templates. 

2. Cut along the three solid lines on each 
template. 

3. Fold along line 1, and then line 2 to make a 
narrow tail. 

4. Fold along line 3 and add a paperclip to hold it 
in place and make it heavier. 

5. Fold the paper towards you at line 4 and away 
from you at line 5 to create the opposite 
blades of the helicopter. 

6. Repeat steps 3-5 with the second template. 

7. Find a clear space, hold your helicopter up as 
high and let it fall. You can also try throwing it 
like a dart, with the heavy end at the front. 

8. What happens? 

How does it work?

When you let go of the helicopter, it has 
unbalanced forces. The downwards pull of  
gravity makes it fall towards the ground.

Can you see the blades lift up slightly as your 
helicopter flies?  
 
As the helicopter falls, the thin paperclip end cuts 
through the air. The air molecules flow smoothly up 
both sides of the tail, until they reach the blades 
sticking out sideways. The air molecules must 
now go outwards and around the blades. This 
increases a force called drag as the air molecules 
rub against the blades of the helicopter.

As the air moves past the blades, it pushes 
upwards on them, creating lift and bending  
them upwards. 

Lift and drag are both forces acting in the opposite 
direction to gravity. Together they slow down the 
fall of the helicopter as they balance out the force 
of gravity. 

Explore more!

What do you think will happen if you make the 
blades larger? 

Does the second helicopter fall at the  
same speed? 

Make a prediction (say pre-dic-shun)! Test it by 
holding them at the same height and letting  
them go together. Why do you think they fall like 
they do?

air movement

Searching and Rescuing:Searching and Rescuing:
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My Robot is  ca l led: 

We’ve left you space to draw your Search and Rescue Robot below, but you could make a junk 
model of it if you prefer! 

Invent a Search 
and Rescue Robot
Did you know that there is a Rescue Robot 
competition every year? It is called the RoboCup 
Rescue League and scientists from around the 
world bring their robots to see how well they do at 
specially designed challenges. We’re challenging 
you to design your own Search and Rescue Robot!

• Where does your robot work? In 
earthquake zones, flooded areas,  
wildfires – or somewhere else? 

• What kind of sensors does it need?  
A microphone, vibration detection unit, 
infrared (thermal) or visible light sensors? 
Anything else? 

• Does it need special skills, like flying or 
swimming underwater? 

• What kind of tools does it need? 

• How big is it compared to you? 

• How will you operate (control) it 

Searching and Rescuing:Searching and Rescuing:

This picture was taken with an infrared (thermal) camera. It detects heat. It’s particularly helpful for 
finding people in disaster zones because they stand out as bright orange on a dark background.  
Can you tell what is in this picture?

Here are a few questions to help you  
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Healing and helping:Healing and helping:

Fact File
Meet the superheroes!

UltraSonic has the power to create bubbles and control them using 
ultrasound! By controlling tiny bubbles with her ultrasound powers, she 
can make super-clear images of what is happening inside the body to 
help find diseases.

UltraSonic
Name: Kirsten Christensen-Jeffries

Job: Research Fellow,  
King’s College London

Hobbies: Being creative by making 
pottery, drawing and knitting scarves

How did you get where you are now?
I was always very shy at school and I 
was one of the only girls in my physics 
class – I nearly gave it up! But I was 
inspired to keep going by some great teachers and I went on to university and 
studied physics and maths. I want to use that knowledge to help the world!

How does your job help people?
It is really difficult to take good pictures inside the body to find out what is making 
people ill – you can use x-rays to see a broken bone but what about things like 
organs? We  use tiny micro-bubbles combined with ultrasound to see inside the 
body like never before!

What’s the best thing about what you do?
I work with all sorts of scientists and doctors 
– there’s so many interesting things to find out 
from each of them! And it’s great to think that 
my work might help people in the future.
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Healing and helping:

How does it work?

 
 

 
 
 

The wall of a soap bubble is made from three 
layers – a bit like a sandwich! The inside  
and outside are made of soap, with water in  
the middle.  

When you first blow a bubble, the water layer is 
thick and spread out evenly around the bubble, but 
then some evaporates (dries off), making the wall 
thinner. You might notice that bubbles don’t last 
long on a hot sunny day when the air is dry – that’s 
because the delicate bubbles dry out quickly!

Gravity also acts on the bubble wall, pulling the 
mixture downwards, so the bubble gets thinner 
and thinner at the top – until it pops. 

Adding sugar makes the bubble mix more viscous 
(say viss-cuss) (thick), so it drains downwards more 
slowly, making the bubble last longer.

The natural oils on your hand make soap bubbles 
burst. That’s why they don’t pop on a clean, soft 
surface like a glove or tea towel.

If the bubble mix is the colour of the washing 
up liquid that you used, why do we see rainbow 
colours in a bubble? 

It’s because of the way the light bounces around 
in the layers of the soap bubble wall. It’s also why 
the bubbles change colour as they get thinner. 
When the bubble is new and has a thick wall, it 
will look blue-green. As the wall gets thinner, the 
bubble looks more yellow before it gets completely 
transparent (see through) and finally pops.

With a bit of practise, you’ll be an expert at 
guessing when a bubble is about to pop! 

Explore more!

Can you bounce the bubbles on your hand?! 

Professional bubblers add a tiny amount of Guar 
Gum to their mix to make it even stretchier! If you 
want to add it to your recipe you should be able to 
find some in a big supermarket as it is used in a 
lot of gluten free baking.

Healing and helping:

Incredi-bubbles! 
Kirsten Christensen-Jeffries uses tiny bubbles 
called microbubbles to help doctors take pictures 
of anywhere in the body where there is blood flow.
Microbubbles aren’t just bubbles of gas injected 
into the bloodstream - each one has an outer 
shell made from fat or protein which helps it last 
long enough inside your body to take the images. 
Changing what the bubble wall is made of makes it 
last longer. 

Can you do that with regular bubbles? 

Before you start

Take care when using this bubble mixture. Do not 
let anyone drink it. You’ll find it makes the floor 
strangely slippery and sticky at the same time –  
so take care and work outside if you can!

What you’ll need:

• Cereal bowl
• Tablespoon measure
• Washing up liquid
• Sugar
• Cold water
• Pipe cleaner or small bubble wand
• Clean woolly glove or tea towel
• Timer

What to do:

1. Make a pipe cleaner bubble wand:  
 
 
 
 
 
 
 
 
 
Use 10cm at one end of a pipe cleaner to 
make a small circle. Twist the end to hold it  
in place.   
 
Fold the rest of the pipe cleaner, so the loose 
end is about 1cm longer than the part which 
joins the circle. 
 
Fold the handle together and twist it for 
strength. Put the long tail part through the 
loop, fold it back over and twist it around  
the handle. 
 

You could also use a bubble wand you already 
have, or make a circle by pinching your thumb 
and first finger together 

2. Make a basic bubble mix by adding 1 tbsp 
(tablespoon) washing up liquid and 4 tbsp 
water into the cereal bowl. Mix it well.  

3. Work outside if you can! First, practise blowing 
some bubbles. Then, wearing the glove or 
using a tea towel, try to catch them. You’ll 
need to be really gentle!  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

4. Watch your bubble. What colours can you  
see? What happens to the colours just before  
it pops?  

5. With this mixture, how long does a bubble last 
on your hand? Use a timer to find out and 
make a note of your result, because now you 
are going to change your mix! 

6. Add one tablespoon of sugar to the mix. Stir it 
until the sugar has all dissolved and you can 
no longer see it. 

7. Blow a bubble from this mixture, how long does 
it last on your hand?  

8. Try measuring and adding more sugar – does 
this make the bubbles last longer – or do they 
pop straight away? Which mix makes your 
bubbles last longest?
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Healing and helping:

Wordsearch
All these words have been used in the Helping and 
Healing section. Can you find them and remember 
what they mean? 

Answers on page 42

D I S S L U L T R A S O U N D

S O W O A C M C C R E A N I H

P B C U U E V B M H I M A G E

O B R T T V I B R A T E D A A

R O T O O E B U S L W D I M T

K T O O M R W A L L E I R I I

U L T H E A L I N G P C E G N

L C O M P U T E R D L I C P G

T G E V E S S E L L B N T H H

R M I C R O B U B B L E I Y S

A E T T U U N T L U O L V S I

X D M N B N L L O M O A E I B

I I D P B D W O O L D E U C B

O S L C A P T A I N W H B S U

M H E L P S E R U S A E R T R

medicine blood physics computer

doctor microbubble image vessel

sound healing vibrate ultrasound

Colouring in 
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Inventing and building:Inventing and building:

Fact File
Meet the superheroes!

Mister Tech is the team’s inventor! He uses his robotic arms and rocket 
boots to create amazing inventions to solve the world’s problems and 
make new discoveries. He can control electricity and magnetic fields to 
build incredible new machines!

Mister Tech
Name: Munir Saleh

Job: Electronics and Mechatronics 
Technician, Imperial College London

Hobbies: I love baking bread, making 
authentic ramen noodles and  
playing basketball

How did you get where you are now?
I’ve always been interested in taking 
things apart and seeing how they worked 
– especially electronics and circuit boards! I decided I wanted to learn all about 
engineering and became an apprentice technician.

How does your job help people?
I come up with new inventions and ideas to help scientists working on some of the 
world’s biggest problems like climate change and renewable energy.

What’s the best thing about what you do?
I love finding out about all the amazing 
research that is going on at Imperial  
College London – technicians are always 
working on something exciting and sometimes 
it might end up in places like the Large  
Hadron Collider!
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Exoskeleton
Munir Saleh works at Imperial College, London - 
home to the Robot Intelligence Lab. They built DE 
VITO, an exoskeleton (outside skeleton), which is 
worn by a human to control the arms and hands of 
Robot DE NIRO.

When the person wearing DE VITO moves, the 
exoskeleton measures how much they move and 
in what direction. This information is sent to the 
robot where it is turned back into movement. 
Systems like this could be really useful for search 
and rescue after a disaster.

Before you start

Take care when using scissors and keep the string 
away from young children and pets.

What you’ll need:

• Templates from page 30 
• String (about 30cm per finger)
• Scissors
• Pen
• Pencil
• Sticky tape
• Glue

What to do:

1. Carefully remove the template sheet on page 
30. Cut along the solid lines and fold along the 
dotted ones. 
 
 
 
 
 
 
 

2. Make the straws: Lay the template with the 
gluing side upwards. Glue the shaded area. 
Put a pencil along the opposite edge and roll 
the paper round it. When you get to the glue, 
it should automatically stick down. Take the 
pencil out and you have a tube! 

3. Make the string guides: Cut your paper tube 
into 1cm long pieces.  

4. Make the finger rings: Fold along the dotted 
line, there is no need to glue it. Wrap the 
paper around your pointing finger, like a ring. 
Cut off the extra paper and stick it with tape to 
make a ring. 
 
Repeat for the middle section of the same 
finger, so you have two paper rings. 

5. Use glue to stick a string guide onto each 
paper ring, as shown below.  

Inventing and building:

6. Take the smaller ring and a 30cm long piece 
of string. Thread one end of the string through 
the string guide and into the finger ring. Use 
sticky tape to hold it in place (see photo). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

7. Make the wrist band: Be sure you can see the 
measuring scale at all times – don’t cut it off 
or cover it with tape!  
 
Fold along the dotted lines, put glue on the 
shaded area and stick it down.  
 
Wrap the band around round your wrist (you 
can cut off extra paper if you need to). Stick it 
down with tape.   
 
Add a string guide next to the scale, at the 
finger side of the band (see photos below) 

8. Assemble your exoskeleton. Put on the two 
finger rings. Thread the string from the first 
ring, through the string guide on the second 
ring and the wrist band (orange arrows). 
 
Use a pen to add a dot on the string, as shown 
in the photo (green arrow). 
 

 
 
 
 
 
 
 

How does it work?

Make a fist, and watch what happens to the  
ink dot.

 
 
 
 
 
 
 
 
 
 
 
Can you see how it has moved along the scale? 
In a real exoskeleton, metal wires are used, rather 
than string. This means the distance can be 
measured very accurately. This measurement  
can be used to tell the robot how much to move  
their hand.  
 
Explore more!

Try different hand movements…
Try making an exoskeleton for your whole hand!

Images https://www.imperial.ac.uk/robot-
intelligence/robots/de_vito/

Inventing and building:

Template on 
the next page!

Rember to ask an adult 
for help with scissors
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Scavenger hunt
When you invent something new, you need to find the best material to build it from. That could be wood, 
metal, glass, plastic, fabric (cloth), rock….all these things are materials. 

Let’s do a Materials Hunt! When you find each item, do your tests very gently, take care not to  
break anything!  

• What sound does it make when you tap it gently?
• Is it shiny or dull?
• Is it bendy or not bendy?
• Is it rough or smooth?
• Is it hard or soft? 

Can you find something made from each of these materials?

You’ll soon start to notice how materials are used to make different things.

Now, let’s hunt for some inventions! Can you find something which…?

Item found Sound Shiny? Bendy? Rough? Hard?

glass Cooking dish ringing x x

glass

metal

plastic

wood

fabric

rock

recycled materials

metal and plastic

more than  
two materials

Invention found

…makes one kind of sound doorbell
…makes one kind of sound

…has a light to show power is flowing

…can make a loud sound

…makes different colours of light

…moves while being used
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Inventing and building:
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Notes 
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Seeing the Invisible:Seeing the Invisible:

Fact File
Meet the superheroes!

Laser Lady uses her incredible powers to create laser beams which 
can be used to see inside people, without hurting them! She uses the 
power of light to see things like veins and muscles to help understand 
illnesses and make people feel better.

Laser Lady
Name: Rachel Lennon

Job: Postgraduate Researcher,  
University of Exeter

Hobbies: Playing the clarinet, saxophone 
and flute in jazz bands and orchestras

How did you get where you are now?
I always wanted to use science to help 
people. I used to think that meant being 
a medical doctor in a hospital but then I 
realised I could do other kinds of science – like making sure the machines  
that they use in hospitals and the treatments given to patients work properly.

How does your job help people?
I work with lasers – powerful beams of light – which can be used to take pictures 
inside your body if you’re ill or hurt. The problem is that light doesn’t travel through 
skin! I’m working on ways to solve this problem.

What’s the best thing about what you do?
I work in an amazing laser laboratory and do 
lots of experiments! I don’t wear a white coat 
but I wear cool goggles that protect my eyes 
from being damaged by the lase
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5. If you get the torch in the right place, you 
should see a dot of light appear in the sink as 
the light travels down the curved water stream

How does it work?  
We know light travels in straight lines  – think 
about your shadow. If light could curve around your 
body, you wouldn’t have a shadow. 
 
So how is this light travelling round a bend?!

It is travelling in lots of little straight lines instead!  
 
 
 
 
 
 
 
 
 
 
 
 

Seeing the Invisible:

When light shines down an optical fibre – or our 
water optic - the light stays inside the curve due to 
total internal reflection. When the light reaches the 
edge of the fibre (or water stream) it is reflected 
(bounced) back instead of travelling through into 
the air. This only happens with special materials 
like the ones Rachel is working on.

Air

Water

Total internal 
reflection

Explore more!

What happens if you put the lid on the bottle? Does it make a difference if it is tight or loose? Why do you 
think that happens? 

Cut out the target from page 43. Can you make the light land on it?

https://upload.wikimedia.org/wikipedia/commons/9/90/Flexibles_Endoskop.jpg

Seeing the Invisible:

Fibre optics

If a doctor needs to look inside your body, they 
might use an endoscope (say en-doh-scope). 

The tube contains optical fibres which are made 
from plastic or glass and coated in a protective 
layer. Each one might be almost as thin as a 
human hair!    

There are two kinds of optical fibres in an 
endoscope – one delivers light inside the body (it’s 
dark in there!) and the other brings the image back 
to a computer. 

Make a “Water Optic”

An endoscope is an expensive piece of equipment, 
but luckily, we can use water and a plastic bottle 
to see how they work!

Before you start

You will need a grown-up to make the hole in the 
bottle and it’s good to work in the kitchen sink so 
you don’t make a flood!

What you’ll need:

• Empty plastic bottle (500ml or larger)
• Sharp tool to make a round hole
• Helpful grown-up
• Water
• Torch
• A sink to work in

What you’ll need:

• Target from page 43 
• Scissors
 
What to do:

1. Ask a grown-up to help make a round hole in 
the bottle, about 5cm from the base. The hole 
should be about 5mm across. A round hole will 
make the water flow smoothly. 
 
 

2.   
 
 
 
 
 
 
 
 
 
 
 
 

3. Use your finger to block the hole and then fill 
the bottle with cold water. KEEP THE BOTTLE 
IN THE SINK! 
 
 
 
 
 
 
 
 
 
 
 
 
 

4. Switch on the torch, then then take your  
finger off the hole. The water will flow out of 
the small hole. Put the torch on the opposite 
side to make the light shine down the stream 
of water.  

https://upload.wikimedia.org/wikipedia/commons/9/90/Flexibles_Endoskop.jpg
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Seeing the Invisible:

Now try this one – remember, there is more than 
one path which works! 

Try designing your own maze for a friend to solve

Laser maze
Rachel Lennon is exploring how to use lasers to 
take pictures of soft tissues in the human body. 
These are squishy things like blood vessels and 
muscles – which don’t show up well in an x-ray.  

Lasers are different to a normal light source. 
When you shine a normal torch at the wall, it 
makes a circle of light - but as you step back, the 
circle gets bigger. That’s because the light from a 
torch spreads out as it leaves the bulb. The light 
from a laser hardly spreads out at all, because 
all the light from a LASER is travelling directly 
forwards in a very straight line. To take pictures 
of difficult to reach places inside the body, Rachel 
needs to work out how to get the laser light from 
her equipment to the target.

Seeing the Invisible:

Look at the example below, 
these are just two of the paths 
from the start to the target.

Start Target Laser Laser Laser

Mirror 1 Mirror 2

Block

In this Laser Maze Challenge, you need to make 
the laser light travel from the start to the target. 
Draw the symbols in to navigate the maze, and 
cross them off as you use them. What’s the 
shortest path you can take?

Remember that light travels in a straight line - if 
light hits something shiny like a mirror directly in 
front of it, it will bounce back the way it came. But 
if it hits the mirror at an angle, it will bounce off in 
another direction. So, to make a beam of light go 
around a corner, you need to add an angled mirror 
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Superhero  fact f i l e!

My superhero  f its in th is  category (p i ck one):

Searching and rescuing
Protecting the natural world
Materials of the future

Healing and helping
Inventing and building
Seeing the invisible

The i r  spec ia l  sk i l l s  o r  ab i l i t ies are…

They use them to make the wor ld a better p lace by…

Tel l  us a b it about your superhero’s back-story! Where do they  
c ome fr om? Where do they l i ve? Do they have a secret ident ity?

This superhero  by:  

Create your own science superhero 

My superhero  i s  ca l led: 

Draw your superhero  here!

Things to think about – how do they help people?
What clothes and equipment do they need?
What do they look like?
Do they have a helper or a sidekick or a pet?

They l o ok l i ke th is  because…
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Answers:

Laser Maze 
These are just two possible paths!

Superhero count 
There were 9 superhero masks in total. They were 
on pages: 5, 8, 18, 23, 24, 28, 32, 37, 41

Target for Fibre Optic Experiment 
Cut along the dotted line and use this target in 
your experiment

Answers:

Remote Sensing

Wordsearch
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