
Tornado in a Glass
This experiment creates a water tornado safely at home.  The experiment uses water and 
washing up liquid to create a tornado by stirring the mixture.

Age

7-11
Learning

Chemistry, Forces, Metrology
Time

10 mins
Difficulty

EASY

Materials

Water, Washing up liquid, Glitter (Optional),
A tall glass or a jar with a lid,
A stirrer (pencilk, chopstick, straw)

Key Stage

TWO

Teacher Pack

NO

Links

Click to open document 





Water cycle activity


Investigating how rain falls from clouds







Step 1
Pour water into your glass until it is about three 
quarters full.


Empty glass Half full 
glass


Three quarters 
full glass







Step 2
Spray shaving foam on top of the water and allow it to 
settle. This is your ‘cloud’!


Three quarters full 
glass of water


Shaving foam







Step 3
Using a pipette, gently drip the food colouring on top 
the shaving foam ‘cloud’ and observe what happens. 


The food colouring should 
start to fall from the cloud as 


it fills up, just like rain!


Squirt the food colouring 
on top of the ‘cloud’.








Balloon Rocket
Investigation
For pupils aged 7-11


Activity sheet


This Activity Sheet is provided by Rolls-Royce plc as part of our continuing 
commitment to education


String


Large drinking straw


Balloon


Sticky tape or elastic band


Peg







Balloon Rocket Investigation
You can build a balloon rocket using the diagram below to help you. 


Blow up the balloon using a balloon pump and use a peg to keep the air in.  Use tape or elastic 
bands to fix the balloon to the drinking straw.  Thread a long length of string through the straw, stretch 
the string tight and let the balloon go. 


When you have tried the rocket balloon a few times try to think of things that you could change about  
the balloon or string that would affect how far the balloon goes along the string.  In your group make  
a list of as many as you can. 


Two ideas are given below to start you off: 


    Type of string 
    How much air is in the balloon. 


When you have written down as many as you can, decide on one idea from the list to investigate.


String


Large drinking straw


Balloon


Sticky tape or elastic band


Peg
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Balloon Rocket Investigation
Write your idea down as a question, for example: 


How far will the balloon rocket go when we use thicker string? 


Try to make a prediction and if you can give a reason for your prediction, for example:  


With thicker string the balloon rocket will not go as far.  We think that thicker string will rub more 
against the straw and this will stop the balloon rocket going as far. 


Write your own question and prediction in the spaces below. 


Question Prediction
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Balloon Rocket Investigation
Now set up your balloon rocket and do some runs to test your prediction.  Remember to: 


    Work as a team 
    Make sure you do a fair test 
    Take measurements and write your results down in the table below. 


Distance Balloon Travels (m)


Use this 
column to 
record the 
things you 
changed 
about 
the rocket 
or the string


Now think about what your results tell you: 


    What did you find out? 
    Was your prediction correct? 
    Is there a pattern in the results? 
    Could you improve your investigation? 
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Further investigations using the balloon rocket  


If you have time you could write another question which investigates a change you make to the balloon 
rocket.


Or you could: 


    Time how long it takes the balloon rocket to go right along a length of string so that you were 
    comparing speed rather than measuring how far the rocket went. 


    Change the design of the balloon rocket so it pushes a small boat along, and then carry out some
    investigations.


Conclusion


Balloon Rocket Investigation
Use the space below to write a conclusion to your investigation that answers these questions. 
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This Activity Sheet is provided by Rolls-Royce plc as part of our continuing commitment to education


Activity Sheet


Turbine Windmill Investigation Page 1 of 4


You can build a simple turbine, like the one used in a gas
turbine engine using the diagrams below to help you.


Using stiff paper, 20 x 20 cm, draw a cross shown in
the diagram. Using scissors, carefully cut from each
corner towards the centre, leaving about 1 cm at
the centre.


Mark a cross at each corner as
shown.


Take the marked corner and bend it to the centre of
the paper, then push a pin through them to hold
them down.


It should now look like this.


Now attach a drinking straw to the pin.


Now blow into the windmill.


The way this simple windmill works is very similar to what happens in a section of the gas turbine engine
called the Turbine.


1


2


3 4
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Activity Sheet


Turbine Windmill Investigation Page 2 of 4


When you have tried the turbine out a few times think of things you
could change about the turbine that would affect how fast it goes
round.  In your group make a list of as many as you can. Two ideas
are given below to start you off:


+ The type of material we use to make the turbine


+ The number of blades on the turbine.


When you have written down as many as you can, decide on one
idea from the list to investigate.


Write your idea down as a question, for example:


What will happen if we make the turbine from different thicknesses of
paper?


Try to make a prediction and if you can give a reason for it. For
example


The thicker the paper the slower the turbine will turn.  We think this will
happen because turbines made from thicker paper will be heavier and
more difficult to turn.


Write your own question and prediction in the spaces below.


Question


Prediction







This Activity Sheet is provided by Rolls-Royce plc as part of our continuing commitment to education


Activity Sheet


Turbine Windmill Investigation Page 3 of 4


Now set up your turbine and test your prediction.
Remember to:


+ Work as a team


+ Make sure you do a fair test


+ Take measurements and write your results
down in the table shown below


Order of how fast the
turbine  turned


In this column
give a number
to show where
each one fits in
the order of
how fast they
turned


Use this column
to record the
thing you
changed about
the turbine
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Activity Sheet


Turbine Windmill Investigation


Use the space below to write a conclusion to your
investigation that answers these questions.


Conclusion


Further investigations using the wind
turbine.


If you have time you could write another question
which investigates a change you make to the
turbine.
Or you could:


+ Make changes to the speed of the wind which
blows on the turbine


+ Do some research on where wind powered
turbines are used and what they are used for.


Page 4 of 4


Now think about what your results tell you.


+ What did you find out?


+ Was your prediction correct?


+ Is there a pattern in the results?


+ Could you improve your investigation?
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TAKE FLIGHT  
Exploring our aviation heritage  
 


1 | P a g e  
 


Can it fly? Teacher notes 


Key Stage 1 
Science:   
•   Investigative skills
•   Forces and movement 


Key Stage 1 
Design and Technology:  
•   Developing ideas 
•   Evaluating processes and products 


Overview of the activities 
There are three activities described. Each activity is self-contained, and so can be 
run individually. In sequence, they follow a logical progression. The activities look at: 


1. Can it fly? 
Children look at a range of items and suggest if they are able to fly or not. 
Presentation and card sort activity. 


2. Why do balloons fly? 
Children investigate helium-filled balloons. 


3. Paper aeroplanes 
Children make and test-fly paper planes. 


 
NOTE: a suitable risk assessment must be performed before carrying out any 
practical activity. 
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Science background notes for teachers 
Early flight used 'lighter than air' balloons. Strictly speaking, it is the density of the gas 
inside the balloon that matters. Less dense than air and the gas will generate uplift. 
This can be thought of as similar to objects floating in water. Materials less dense 
than water will float. Those that are more dense will sink. 
Hot air balloons fly (or 'float') because the air inside the balloon is heated by the 
burner and is less dense than the colder air outside. An airship contains helium gas  
which is less dense than air and so it rises. Early airships contained hydrogen gas 
but this is too flammable and no longer used. 
When considering balloons, also think about the material the balloon is made of and 
any structures it carries. This will add weight and so inhibit the balloon from rising. 
The volume of the balloon needs to be sufficient to generate enough lift to overcome 
the total weight of the balloon. 
Powered or heavier than air flight uses wings that are able to 'push' against the air 
and generate an upward force (lift). To do this, they must be moving and so 
aeroplanes have propellers or jet engines to generate the movement. A helicopter's 
rotor blades are effectively moving wings. 
Rockets generate upward force from the rocket motor at the base.  
Kites and hang gliders effectively 'catch' the force of the wind. In themselves, their 
'wings' do not generate lift. They allow the kite or hang glider to ride the air currents 
and wind that is present.  
Gliders need to be towed to altitude to enable them to catch the wind currents and 
generate lift. Once high enough, their forward motion can be used to generate lift and 
a skilled pilot can use air currents to fly for great distances. Some birds are able to 
soar on the wind currents in this way after they have flapped their wings to reach a 
suitable altitude. For example, a buzzard whilst it is surveying the ground below for 
food.  
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Activity 1: Can it fly? 
Children examine objects and things that can fly and some that cannot. Are there 
similarities or differences? Can children predict what will fly and what will not? 
 
Preparation 


• Download the PowerPoint presentation, Can it fly? for use with an interactive 
whiteboard. 


• Print and cut cards for card-sort activity. 
The images for the card sort can be found following this activity. 


 
Activity Notes 
Talk through the Can it fly? presentation. 
The presentation contains images of objects. Some can fly and others cannot. 
Show the slides in the presentation and use it to get the children thinking about what 
types of things can fly and which ones cannot. There are 10 examples, not all need 
to be shown. 
Complete the card sort activity. Children group the cards into ones showing things 
that can fly and ones which cannot.  
Have children identify any similarities or differences. In groups, children discuss their 
ideas and must be able to justify their decisions. Groups share ideas with the class. 
This could be via group-group conversations or as group-whole class feedback. 
Conclude with some general observations. Things that fly: 


• may be lighter than air 


• have wings that can push them upwards 


• in some way can catch the wind (kites and hang gliders) 
 
Extension 
Have children draw a picture showing a bird's eye view of their school. 
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Activity 2: Why do balloons fly? 
Children experience the feel of lift caused by a helium-filled balloon. Get over the 
idea of 'lighter than air' causing the balloon to float. 


 
Preparation 


• Helium-filled balloons that float (typically available from card or gift shops). Tie a 
long cotton thread – long enough so that balloons can be retrieved if they float to 
the ceiling. One per group of children. 


• Rubber balloons filled with air. These will not float. Cotton thread of same length 
as helium balloon to ensure comparable tests. One per group of children. 


 
Activity Notes 
Why do balloons fly? 
Draw attention to the helium balloons and airship images on the presentation and 
cards. These fly because they are 'lighter than air' craft.  
Compare helium-filled balloons with air filled balloons. 
Have children hold the two types of balloons by their threads. What happens? Which 
one floats and which one sinks? Can they feel the helium-filled balloon pulling up? 
Explain that the balloon filled with helium is 'lighter' than air and so floats upwards. 
That is, the helium and the balloon material together are lighter than the air around it. 
The normal balloon is heavier than air (it contains air plus the weight of the balloon). 
 
Extension 
Have children investigate what small items can be lifted by the helium-balloon. Can 
more be lifted if strings from two or three balloons are tied together? 
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Activity 3: Paper Aeroplane 
Children make and fly paper aeroplanes. A template is provided but children can try 
different designs and materials. 
 
Preparation 


• Paper aeroplane template (attached below) 


• Download video instructions if required 
 
Activity Notes 
Children use the template to make and test paper planes. Take care to launch paper 
planes safely so that they do not cause any damage or hit other children in the face. 
Explain that the planes need a forward motion to fly. They cannot 'take off' on their 
own. This can be used to link the idea of wings generating lift when there is a forward 
motion.  
Show jet take-off to illustrate need for forward motion (see YouTube video clip at: 
http://www.youtube.com/watch?v=1zclkA9PkFQ for take-off, landing and taxi of 
commercial passenger jet). 
Run a competition to see who can make the paper plane that flies the 
furthest/fastest/slowest/highest/in a circle etc.  
 
Extension 
Test different designs of paper aeroplanes or ones made from different types of 
paper or card. 












 


 


Making rain 
 


Investigating how rain falls from clouds 
Subject(s): Science 
 
Approx. time: 25 - 40 minutes 


 Key words / Topics:  
> Air 
> Clouds 
> Rain 
> Water cycle 
> Water droplets 
> Water vapour 


   


Suggested Learning Outcomes    


> To describe how clouds are formed. 
> To understand what causes rain to fall from clouds. 
> To use shaving foam and food colouring to investigate how rain falls from clouds. 


 


Introduction   


This is one of a set of resources developed to support the teaching of the primary national curriculum. They are designed 
to support the delivery of key topics within maths and science. This resource focusses on investigating how rain falls from 
clouds. 
We often complain about rain when it gets us wet, but do you know what causes it to fall? 
 


Purpose of this activity 
In this activity learners will perform an experiment to investigate how rain falls from clouds. They will spray shaving foam on 
top of a glass of water to create a ‘cloud’. They will then add food colouring and watch as the cloud fills up, producing ‘rain’, 
and discuss their findings as a class. 
This activity could be used as a starter or main activity to introduce the causes of rain, or as one of several activities within 
a wider scheme of learning focussing on seasonal changes and the weather. 
 
 
 
 
 
 
 







 


 


 


   


Activity  Teacher notes 
Introduction (2-5 minutes) 
Teacher to explain that learners are going to perform an 
experiment to investigate how rain falls from clouds. 
Teacher to hand out equipment needed for the task to 
learners. 
 
Performing the experiment (10-20 minutes) 
Teacher to demonstrate the steps shown in the teacher 
presentation and listed below. 
 
> Step 1 - pour water into your glass until it is about 


three quarters full. 
> Step 2 - spray shaving foam on top of the water and 


allow it to settle. This is the ‘cloud’. 
> Step 3 - using a pipette, squirt the food colouring on 


top the shaving foam ‘cloud’ and observe what 
happens. 


 
Learners to complete each step to conduct the 
experiment for themselves. The teacher presentation 
could be left on the whiteboard as a supporting guide as 
they do this. 
 
Discussing the results of the experiment (10-15 
minutes) 
Learners should observe the ‘cloud’ filling up and the 
food colouring then falling into the water in the glass. 
 
Teacher to discuss the results of the experiment with 
learners. Teacher to explain how real clouds form and 
what causes rain to fall from them. 
 
 
 
 
 
 
 
 


 Pouring water into the glass 
If there is not easy access to a sink/tap then this step 
could be done in advance with glasses pre-filled with 
water. A glass or plastic jar or vase could also be used 
instead as long as it has an open top. 
 
Creating the ‘cloud’ 
Spray enough shaving foam so that there is a good 
covering on top of the water and at the top of the glass. 
Try and make the shaving foam look like a cloud! 
 
Creating rain 
If the food colouring does not come with a pipette, then a 
separate one will need to be sourced. The food colouring 
needs to be added as gently as possible – dripping 
works, but pressurised squiring may cause the colouring 
to pierce the shaving foam cloud and enter the water 
directly.  
 
The ‘cloud’ should ‘fill up’, followed by the food colouring 
falling into the water, just like rain falling from a real 
cloud! Use brightly coloured food colouring for a really 
clear and interesting visual effect! 
 
Explain to the learners that clouds form when water 
vapour rises into the air. When this vapour comes into 
contact with cold air, water droplets are formed and they 
then link together to create clouds. Eventually the clouds 
become so full of water that they cannot hold it anymore, 
and so the water falls back to the ground – this is rain. 
 
The following Met Office video explains this well: 
https://www.youtube.com/watch?v=zBnKgwnn7i4  
 


   







 


 


Differentiation   


Basic  Extension 
Walk through the experiment with learners step by step, 
so they complete each stage as it is demonstrated.  
 
Pre-fill the glasses ¾ full with water. 


 Research and investigate how rainfall varies across the 
four seasons e.g. when is it at its highest/lowest? 
 
Discuss the effects of too much rainfall e.g. flooding and 
the problems this can cause. 


   


Resources  Required files                               
> Drinking glasses 
> Access to a sink and/or source of water 
> Shaving foam 
> Food colouring 
> Pipettes 


 
 Teacher presentation – Making rain 


   


Additional websites   


> YouTube – Met Office weather: Video explaining how rain forms and what is meant by the water cycle.  
https://www.youtube.com/watch?v=zBnKgwnn7i4  


> Bitesize – The water cycle: Class clips video explaining how the water cycle works. 
https://www.bbc.co.uk/bitesize/clips/z8qtfg8  


   


Related activities (to build a full lesson)   


Starters (Options)  
> Discuss what is meant by rain.  
> Ask learners to state three things they already know 


about clouds and/or rain. 


Extension (Options) 
> Research and investigate how rainfall varies across the 


four seasons e.g. when is it at its highest/lowest? 
> Discuss the effects of too much rainfall e.g. flooding and 


the problems this can cause. 
> ACTIVITY – half empty or half full? 


 
Plenary 
> Discuss the outcome of the experiment and how this 


relates to ‘real life’ clouds and rainfall. 
> Show the following Met Office video explaining the water 


cycle.  https://www.youtube.com/watch?v=zBnKgwnn7i4  
> Missing word activity describing how clouds form and 


how rain is produced.  


 
   


 







 


 


The Engineering Context     
> A good knowledge and understanding of how the climate works helps us to know where protection against rainfall is 


needed, for example when building homes, or where to place precautions against flooding. 
> Environmental engineers are tasked with improving the quality of the natural environment around them. The more they 


understand about this, the better they can do their jobs. 
 
 
 
 


   


Curriculum links  
England: National Curriculum 
 
Science 
KS2 Year 1 Seasonal changes: 
> observe and describe weather associated 


with the seasons. 
 


Northern Ireland Curriculum 
 
KS2 – The world around us 
Place: 
> features of, and variations in places, including physical, human, 


climatic, vegetation and animal life. 


Scotland: Curriculum for Excellence 
 
Sciences 
Processes of the planet: 
> SCN 1-05a 
> SCN 2-05a 


Wales: National Curriculum  
 
Foundation phase – knowledge and understanding of the world 
Places and people: 
> investigate how places change, e.g. the weather. 


  
  


Assessment opportunities 
> Formal teacher assessment of experiment results. 
> Formal teacher assessment of practical Science skills through observation of learners. 
   


 








   
 


Paper Airplane Challenge 


 


Intro 


 
Age 


 
Difficulty 


 
Time 


 
Learning 


1 -100 Easy 10 mins (or longer) Physics 
Engineering 
Aerodynamics 


 


Activity Aim 


The aim of this activity is to build and test a paper aeroplane.  Then find a design that can travel the 
furthest and refine the it to see how far it can go.   


The activity allows children to explore different paper airplane designs and to follow engineering 
principles to design, build, test and refine their aircraft. 


Children can log their flights as they modify the design 


 


Materials 


Required 


• Ruler 
• Scissors 
• Paper (or card) 


Optional 


• Sellotape 
• Coloured pencils or pens (for decoration) 
• Access to a printer 







   


 


Instructions 


This activity can be modified according to the age of the pilots. 


0-6  


Design a basic aeroplane such as a Dart, decorate it and see how far it goes 


6-12  


Try some different designs and test which one goes the furthest 


12-15+  


Choose a design and modify it to see if you can extend its range.  Investigate different ways of 
launching the aeroplane and see which technique is the most effective.  Explore the change of forces 
and make sure you keep a log of modifications. 


  







   
Learning 


Engineers typically have to test a design and any modifications made to establish how the 
modifications affect performance, a cycle known as design, make, test, refine.  This activity explores 
how different shapes and wing sizes can modify the ability of the airplane to fly. 


More Ideas 


• There are plenty of different designs available on the internet.  Below are a few ideas: 
• https://www.origamiway.com/paper-airplane-designs.shtml 
• https://www.foldnfly.com/#/1-1-1-1-1-1-1-1-2 
• Why not try setting out a course using balloons to see how accurate the flight or find a way to 


measure the height of the flight 
• Label your airplane with different components of a aircraft 
• The science museum has produced a template of a number of other flying machines including a 


helicopter.  Try building some of these creations here 


Did you know? 


• The forces that make a paper airplane fly are the same as real aircraft.  Thrust is provided when 
the airplane is thrown.  As the plane moves forward air moves under the wings and provides lift. 


• When the plane is in flight air pushes against the plane and slows it down.  This creates drag 
• At the same time the weight of the aircraft has an impact on flight and gravity is pulling the 


airplane back to the ground. 
• It’s worth considering how these 4 forces, Thrust, Lift, Drag and Gravity effect flight. 
• The World Record for longest paper airplane flight sits at 69 meters and was set in 2012 in the 


USA.  Read more here. 
• The largest paper aircraft in the world had an 18 metre wing span. It was built by a German 


university in 2013 


Take Part 


If you take part in this activity, why not upload some pictures of your designs and test flights to the 
STEM teams page? 


  







   
Attachments 


At.1 How to build a dart paper airplane 


 


  







   
At.2 Test Flight Recording 


Use this test flight template to record the refinement of your design 


Test Flight Number: 


Date: 


Conditions (including weather and temperature): 


Design Name: 


Design Version: 


Recent Modifications: 


Launch Technique: 


Distance: 


Height: 


Time in flight: 


Notes: 
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In a right-angled triangle in which the other two angles are 45 
degrees, two of the sides are equal in length, whatever the size 
of the triangle. In this activity, the line of sight to the top of a 
tall object forms the long side (hypotenuse) of such a triangle, 
making it possible to estimate the height of the object simply by 
measuring the distance to it and adding the height to your eye 
level. At different distances, you can work out the height using 
the tangent function, one of the so-called ‘trigonometric ratios’.


For diagram:


tan θ x distance to object = object height from eye level           


object height from eye level + height to eye level = final object height 


What’s the maths? 


Trigonometry is a branch of maths that relies on the relationships between 
the angles and sides of triangles. This activity uses trigonometry to estimate 
the heights of tall objects, by making a simple tool that can measure angles. 


Overview for adults


This activity makes use of trigonometry – the relationships 
between the lengths and angles of triangles. Trigonometry has 
many applications in the real world, in science, engineering and 
construction. For example, surveyors use instruments called 
total stations to measure angles and distances before starting 
construction projects to work out the slope and topography 
(shape) of the land. 


A theodolite is a surveying 
instrument with a rotating 
telescope for measuring 
horizontal and vertical angles. 
The Science Museum Group 
has dozens in its collection.


Maths in 
your world


Explore more


Trigonometry was used over 2,000 years ago in astronomy to 
work out the patterns of movement of the Sun, Moon and stars. 


Did you know...?
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Measuring tape


Index card 
or A6 card


Scissors


Sticky tape or glue


Hole punch


Protractor 
template


Metal washer, large button, keyring 
with something on it, or other small 
weight that can be tied with string


50cm of string


A4 sheet of paper


Find the height of anything without 
even touching it, using this tool and 
a little trigonometry. 


Investigate…


•	 If you could measure the height of anything, 
what would it be?


•	 How do you think trigonometry could be 
useful in construction? What about in making 
video games or in astronomy?


•	 Use your height estimator to calculate the 
height of something. Then measure its actual 
height with a tape measure. How accurate was 
your height estimator? Is it more accurate 
with something that is closer or further away?


•	 Try rolling your paper so that it’s smaller or 
larger in diameter. Do you notice a change?


Think and talk about…


You will need...
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Look at something else through the tube. 
Hold the string where it has fallen and read 
the angle (θ). Now measure the distance to 
the object. Use this formula to calculate the 
height of the object from eye level: 
tan θ x distance to object = object height from eye level


Look at the top of something tall through 
the paper tube. Move until the string falls 
at 45 degrees. Now measure the distance 
to the object along the ground. Add the 
distance to the height of your eye level, 
and the result is the object’s height. 


Punch a hole through the centre. Loop the 
string through the hole, and put the washer 
onto the string before tying the loop.


Print the protractor template and cut it out. 
Tape or glue it to a card. 


Roll the A4 piece of paper so that it’s about 
2.5cm in diameter. Tape it in place.


Line up the ends of the index card with the 
paper tube and tape the index card in place.


Follow these steps…


1


3


5


4


2


Maths in your world


Trigonometry has many applications in the real world, such as when 
surveyors measure angles and distances before starting construction 
projects to work out the slope and topography (shape) of the land
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Gravity pulls everything downwards. But as they move towards 
the ground, the wings of the aeroplane, the wings of the glider 
and the blades of the helicopter create higher air pressure 
underneath than on top. This creates a lift force that counteracts 
some of gravity’s pull and makes them fall more slowly. Moving 
through air also creates a kind of friction called air resistance, or 
‘drag’, which tends to slow down anything moving through the air.


What’s the 
science?


Real aeroplanes create lift in the same way as paper gliders – 
but they have powerful engines that push them through the air, 
so the lift is generated continuously. Real helicopter rotors turn, 
generating lift that stops them from falling out of the sky.


Science in  
your world


In December 2010 a paper aeroplane thrown by Takuo Toda 
in Hiroshima, Japan, stayed in the air for 29.2 seconds – 
a world record. 


Did you know...?


A paper aeroplane, glider or helicopter falls to the ground much more slowly 
and more gracefully than a scrunched-up piece of paper – as the designs 
in this activity show. It’s all thanks to the forces generated by air pressing 
on and moving over the surface of the paper.


Overview for adults
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How long can your paper gliders  
and helicopters stay in the air?


Investigate…


•	 Which design travels fastest and why 
do you think this is? 


•	 Why do these designs behave differently 
to a scrunched-up piece of paper? 


•	 How do your paper planes compare with 
the shapes of real planes you’ve seen?


•	 Which way does the helicopter spin? Can 
you make it spin the other way? 


•	 What do you notice if you make the front 
of the plane heavier? 


•	 Make your own plane design and see if you 
can make it travel further than the others.


Think and talk about…


You will need...


An A4 sheet of paper


A drinking straw


Two strips of paper 
(one twice as long 
as the other)


A helicopter template
Sticky tape


Scissors


Paperclip
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Now fold the diagonal edge down to meet 
the straight edge on each side, making the 
wings. Your plane is complete.


Use the template and the diagram to help  
you make a paper helicopter, and then drop  
it to see it spin.


Curl the strips of paper into loops and tape  
them to each end of a straw to make a glider. 


Test out your paper plane!5


7 8


6


Take the A4 sheet 
of paper. Fold it in 
half, as shown, then 
unfold it.


1 Fold the two 
top corners in 
to make a point. 


2 Now fold the edges 
in again so they 
meet in the middle 
from the tip.


3 Fold the plane 
in half again. 


4


Follow these steps…


Science in your world
Real aircraft behave in very similar ways to your glider and paper plane 
– but they have powerful engines that keep pushing them through 
the air, so they stay up. Real helicopter blades are pushed around 
by powerful engines too. Look out for these designs in nature as well.


Tape
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If your body were exposed to the near vacuum of space, 
your blood would quickly boil and your eyes would explode.


Did you know...?


Ever wondered what would happen to your body in space? This activity will give 
you some idea. It shows how a marshmallow expands dramatically when normal 
atmospheric pressure is reduced – but it’s hard to imagine a human body in 
its place!


Overview for adults


The atmosphere stretches for a few hundred kilometres above 
our heads. The weight of all that air pushes on every surface. 
Trapped inside marshmallows are thousands of tiny bubbles, 
and the air inside those bubbles is at atmospheric pressure – 
the same as the air outside. Reduce the pressure around the 
marshmallows, by removing air from the bottle, and the air 
pressure inside those pockets is now greater than the air 
pressure outside, so the marshmallows puff up dramatically. 
Allow air back into the bottle, and atmospheric pressure 
squashes the air pockets again, so the marshmallows shrink 
back to normal. 


What’s the 
science? 


Popcorn kernels expand in a similar way to the marshmallows in 
the activity – but in that case it’s because of the pressure inside 
the kernels becoming much greater than atmospheric pressure, 
as water inside them turns to steam and expands. A vacuum 
cleaner makes an area of low pressure, creating suction 
as atmospheric pressure causes air to rush in, bringing 
dust and debris with it.


Science in  
your world
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Create your own vacuum in a bottle 
and investigate the awesome power 
of atmospheric pressure.


You will need...


A drink vacuum pump 
and its rubber stopperA glass bottle


Small marshmallows


Investigate…


•	 What do you see happening? 
•	 What makes the marshmallows expand? 
•	 What do you think might happen to humans  


in a similar environment, such as in space? 


•	 What happens if you use a plastic bottle  
instead of a glass one? Why do you think  
there’s a difference? 


•	 Try putting other items in the bottle – such 
as grapes, shaving cream or jelly sweets – and 
see what happens. Was it what you expected? 


Think and talk about…
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Science in your world


Push the rubber stopper into the bottle, put 
the pump on top and use it to remove the air 
until you see a change in the marshmallows. 


Put four or five marshmallows into 
a glass bottle. 


Look at what has happened to 
your marshmallows. 


Look at your marshmallows now! See what happens if you try other things  
in the bottle.


Take the rubber stopper out of the bottle 
and watch your marshmallows closely.  


Follow these steps…


When popcorn is heated in a pan, tiny droplets of water 
inside turn to steam. The steam pushes outwards more than 
the air pressure outside the popcorn kernels pushes inwards. 
This makes the kernels puff up.


1


3


5 6


4


2


Pump it


Look
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The bottle used as the rocket launcher is not really empty: there 
is air inside it. Air is elastic (squashy), and when you compress it, 
it pushes back and the pressure inside increases. In the activity, 
the sudden increase in air pressure inside the bottle pushes 
hard on the bottom of the rocket, sending it flying high into 
the air. There are also two other forces acting on the rocket: 
air resistance and gravity. Air resistance always pushes in the 
opposite direction to the rocket’s movement, and its strength 
depends on the rocket’s shape and its speed. Gravity always 
pulls downwards, slowing the rocket’s climb but speeding up 
its descent. 


What’s the 
science? 


There’s an old saying: what goes up must come down. This activity is a perfect 
chance to challenge that idea, shooting a rocket high into the air by rapidly 
squashing a plastic bottle launcher. You’ll never get this rocket into space – 
but some real rockets do go fast enough to prove the saying wrong.


Overview for adults


Just as increasing the air pressure in the bottle sends the 
rocket flying, you use air pressure when you squeeze shampoo 
or ketchup from a plastic bottle. It’s not usually as exciting as 
watching the rocket shoot into the air in the activity... unless 
you’re having a food fight! 


Science in  
your world


In order to keep going straight upwards and never fall down 
again, a rocket must reach a speed called escape velocity, 
which is 11.2 kilometres per second. 


Did you know...?
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An empty plastic milk 
bottle (4- or 6-pint 
bottles work best)  


Sticky tape


Things to decorate your rocket, 
eg pens, tissue paper, coloured 
card, feathers, glitter 


Scissors


A rocket mouse template 


Make your very own rocket mouse 
and launcher – see how high your 
mouse can fly! 


Investigate…


•	 What makes your rocket fly? 
•	 What makes it come down again? 
•	 How do you think a real rocket works?


•	 How could you make your rocket travel higher? 
•	 How could you make your rocket go 


more slowly? 
•	 Can you make your rocket spin as it falls?


Think and talk about…


You will need...
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Science in your world


Roll it into a cone shape and secure it with 
tape – this is your rocket.


Cut out a template along the dotted lines.


Decorate your rocket any way you like...


Now pop it on top of the bottle. Hit the sides and launch your rocket into 
the air!


Follow these steps…


Just as increasing the air pressure in the bottle sends 
the rocket flying, you use air pressure when you squeeze 
shampoo or ketchup from a plastic bottle. 


1


3


4 5


2


Cut


Tape


Whack!
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One piece of spaghetti is not very strong. But if you use lots 
of pieces you can build a strong, tall tower. Each piece takes 
a little of the weight – of the tower and of whatever you place 
on top. The weight is the result of gravity, which pulls everything 
vertically downwards. That’s why it’s important to ensure that 
the tower doesn’t lean too much – and that’s also why towers 
are normally thick at the base and thinner at the top.


What’s the 
science? 


Engineers put pure scientific knowledge into practice – but their jobs often 
involve practical testing, problem-solving and teamwork too. This activity calls 
all of these skills into action, to help build a tall, strong tower using spaghetti 
and marshmallows.*


Overview for adults


Electricity pylons, church spires and structures such as the 
Eiffel Tower are all wider at the bottom than they are at the top 
to make them stable. Radio masts are among the tallest towers, 
and although most of them are actually the same width all the 
way up, they have cables anchored into the ground to stop them 
toppling over.


Science in  
your world


The tallest tower in Britain is the radio mast at the Skelton 
transmitting station in Cumbria. It stands 365 metres high – 
the same as a tower of 78 double-decker buses.


Did you know...?


*NOTE: This activity can get messy. Have some cleaning materials 
and black bin bags available for clearing up afterwards.
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Build the tallest, strongest  
structure that you can – using 
spaghetti and marshmallows!


Investigate…


•	 What shapes can you identify in your tower? 
•	 What challenges did you have while you were 


building your tower? 
•	 What do you think engineers have to consider 


when they are building structures?


•	 Can you make a strong tower using only right 
angles between your pieces of spaghetti? 


•	 Try to make your tower stronger by adding  
or replacing parts with different materials. 


•	 See if you can make a bridge across a gap  
with the spaghetti and marshmallows.


Think and talk about…


Uncooked spaghetti


Marshmallows


Top tip: This activity can get messy. Have some cleaning materials and black bin bags available 
for clearing up afterwards. 


You will need...
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Science in your world


Free-standing towers such as the Eiffel Tower in Paris usually 
have wide bases and are thinner at the top, to stop them toppling 
over – just like your tower in the activity.


Keep adding spaghetti and marshmallows 
to build a structure however you want. 
But remember that triangle shapes are 
very strong. 


Start building your structure by pushing 
a piece of spaghetti deep inside 
a marshmallow.


Test your structure’s strength by balancing 
objects on top of it.


Try making structures that have different  
shapes, and see which one is strongest.


Follow these steps…


1


3 4


2
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*NOTE: Never do this activity with an item that is still plugged into 
the mains. If you are running this activity with younger children, 
please supervise them as some items will contain small parts 
or sharp points. 


In a basic everyday toaster you will find 400 individual parts 
made from over 100 different materials.


Did you know...?


Inside every gadget you use every day you will find many 
different parts that have been designed and engineered with 
consideration for the properties of each material. Inside most 
electrical gadgets you will find a source of power, usually a 
battery or, if it runs on mains power, a power cord. Devices that 
plug into the mains may contain a transformer to convert the 
mains voltage (230 volts) into a lower voltage, often 12 volts. 
Most electrical gadgets contain a circuit board which fits 
different electronic components into a small amount of space 
to make it work – look out for microchips, resistors, capacitors, 
switches and LED lights.


What’s the 
science? 


All the gadgets we use in our everyday lives rely on scientific 
principles that have been discovered by scientists. But it is 
engineers and designers who develop new products; they 
need to have a working knowledge of those scientific principles, 
so that the products do the jobs they are supposed to do reliably. 


Science in  
your world


Taking apart gadgets such as a travel alarm clock, disposable camera, 
headphones, propelling pencil or a TV remote control is a great way to explore 
beneath the surface of objects, to find out and question how something works 
or how it was made.*


Overview for adults
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You will need...


Never do this activity with an item that is still plugged into the mains. Please ask permission from 
an adult before taking anything apart and be very careful – the items you choose could contain 
small parts or sharp things. 


Top tip: The items we have chosen are just suggestions; you can try this activity with other things 
around your home. 


Investigate…


•	 Did you find anything surprising? 
•	 Do your objects have more or fewer parts 


than you expected? 
•	 Can you work out what the different parts 


are there for?


•	 Are the objects easy to put back together? 
•	 Can you make a display or art piece using 


all the components? 
•	 Can you group the components together in 


different ways, such as by material or shape?


Think and talk about…


An old broken clock


An old remote control


A screwdriver


An old pen


Any old broken technology 
you can get your hands on


What will you find inside your gadgets?
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Science in your world


Next try something electronic such  
as an old remote control.


Take apart some everyday objects 
and investigate what’s inside them. 
Start with a pen.


Investigate the inner workings of an 
alarm clock.


Experiment with taking apart other old 
or broken household items as well, and 
see if anything surprises you!


Follow these steps…


Whenever you do things such as fixing a broken pen or mending 
your bike, you are thinking and working in the same way an 
engineer does. Engineers use creative problem-solving skills 
to make things work and make them work better. They are 
constantly asking questions, investigating scientific principles 
and trying out new ideas.


1


3


2


4








   
 


Tornado in A Glass 


 


Intro 


 
Age 


 
Difficulty 


 
Time 


 
Learning 


7-11 
 
Adult Supervision 
Required! 


Easy 20 mins Chemistry 
Meteorology 


 


Activity Aim 


This experiment creates a water tornado safely at home.  The experiment uses water and washing 
up liquid to create a tornado by stirring the mixture. 


 


Materials 


• Water 
• Washing up liquid 
• Glitter (Optional) 
• A tall glass or a jar with a lid 
• A stirrer (pencil, chopstick, straw) 


  







   


 


Instructions 


1. Fill the glass three quarters full with water 
2. Put a few drops of washing up liquid into the glass 
3. Hold the glass with one hand, and with the other stir the water quickly in a circular motion 


until a vortex (or column) or spinning water is formed 
4. If you are using a lid, place the lid on the jar and rotate the jar in circles using your wrist 
5. Remove the stirrer, put down the jar and look at the tornado 
6. Add the glitter (if you have some) to see how the water current moves inside the glass 


  







   
Learning 


A tornado, also called a twister or cyclone is a violent rotating coluimn of air extending between the 
Earth’s surface and the base of a thunderstorm 


This vortex of wind, which is usually shaped like a funnel can be incredibly destructive 


A tornado can destroy large buildings, uproot trees and move objects like cars hundreds of metres.   


More Ideas 


• If you don’t have glitter, experiment with what else you can add to a vortex and observe the 
effect the material has 


• Try adding food colouring to alter the colour of the water 


Did you know? 


• Tornadoes form when warm, humid air collides with cold, dry air.  The denser cold air is pushed 
over the warm air, usually producing thunderstorms. The warm air rises through the colder air, 
causing an updraft. The updraft will begin to rotate if winds vary sharply in speed or direction. 


• In 2011 a super outbreak of tornados in the USA and Canada generated 360 tornados in a 24 
hour period. 


• The tornado lends its name to a British combat aircraft.  The Tornado was originally built in the 
1970’s and served in the RAF until 2019.  More information can be read on the RAF website. 


• To help avoid thunderstorms in flight, most commercial aircraft operate weather radars which 
are hidden in the nose of the aircraft. 


Take Part 


If you take part in this activity, why not upload some pictures of your designs and test flights to the 
STEM teams page? 


 








 


 


 Founding Communications 
Analogue and Digital 
  


The differences between analogue and digital communication 


Subjects: Science, Design & Technology, Mathematics 
 
Approx time:  15 minutes 


 Key words / Topics: 
> Analogue 
> Digital 
> Signal 
> Substitution code 
 


   


Suggested Learning Outcomes    


> Understand the nature of a telecommunications signal 
> Understand how interference can affect a signal 
> Explain the difference between signal being carried and power supply in a circuit 


Introduction    


From founding communications, such as the fire beacon, to being able to communicate with space, there is no denying that 
developments in communication have advanced at a rapid speed. This topic presents students with communications of the 
past, present and future, helping them to understand the principles that form the basis for these developments. 
This activity examines the differences between analogue and digital communications methods. The effect of random wave 
interference was one reason that many communication systems have adopted digital encoding, even though this is more 
expensive and requires more hardware.  


Purpose of this activity 
This activity introduces students to the differences between analogue and digital communication. An analogue signal can 
be rendered useless by small amounts of interference, whereas a digital signal remains coherent.  


   


Activity   Teacher notes 
1. The Analogue and Digital presentation can be used 
to help students to understand the difference between 
analogue and digital viewing. 


Analogue and digital (Presentation). 
This can be used as a paper handout, but will need to be 
cut into sections before use. Alternatively, it can be 
displayed by a data projector and cut up digitally. 
Define the ‘signal’ as the communications message 
being carried by the waves.  
Make sure that the students understand that an 
electronic system such as a phone or a radio receiver 
will have an electrical power supply that is a constant 
value, and an electrical signal that carries the message. 
Make sure that students know these are in separate 


 


15 minutes 
The intention of this activity is to simply demonstrate that 
an analogue signal carrying a message is damaged by 
interference from outside sources. 
A digital signal is not at all damaged, but requires a 
hardware device to encode the signal at transmission 
and a similar device to decode at the receiver. 
Students may be aware of the need to adapt analogue 
TV receivers with ‘digital boxes’ at the point when all TV 
transmissions were switched over to digital signals.  
 







 


 


electrical circuits in the device.   
Define interference as electrical, radio or sound waves 
that get included in the signal circuit due to random 
effects that are hard to control.  


   


Differentiation   


Basic  Extension 


The students will need to be taken through the 
presentation step by step. Students can make their own 
‘analogue interfered with’ messages, as on the 
presentation, and find out how much interference is 
needed (i.e. how much of the letters get cut off) before 
the message becomes unintelligible.  


 


Discuss and investigate possible sources of interference 
to electromagnetic or telephone wire signals. 
Research and discuss the ‘analogue switch off’ for TV 
and radio broadcasts. 
Students may encounter the US English spelling 
‘analog’. 


   


Resources  Required files                               


> Scissors and paper for analogue interference activity  


 


 Analogue and Digital (Presentation) 
 


   


Additional websites   


> BBC News (www.bbc.co.uk/news): There are several news stories relating to analogue TV signals being turned off in favour of 
digital, e.g.  http://www.bbc.co.uk/news/uk-england-london-17752322, http://www.bbc.co.uk/news/technology-20054117, 
http://www.bbc.co.uk/news/world-asia-india-20164037, http://www.bbc.co.uk/news/world-africa-20984880.  
 


   


Related activities (to build a full lesson)   


Starters   
> ACTIVITY: Rosetta Code 1 
> DISCUSSION: Another starter would be a discussion of codes 


and code breaking. Let the students research the terms Ultra 
(Second World War), Enigma and Bletchley Park. 


 
Main   
> ACTIVITY: Rosetta Code 2 
 


Extension 
> ACTIVITY: Analogue and Digital 
 
Plenary 
> A possible plenary of a discussion session is suggested in the 


teacher notes for the substitution codes activity. 
 
 


   


The Engineering Context     
> The story: Communications of the future 
> Communications technology being used today: Radar - Communications for safety 







 


 


   


Curriculum links  
England: National Curriculum 
 
Science 
> KS3 33a 
> KS4 1b, 2a, 7d, 
 
Design & Technology  
> KS3 3b, 3d 
 
Maths  
> KS3 1e   
 


Northern Ireland Curriculum 
 
Science 
KS3 and KS4 Developing Pupils’ Knowledge, Understanding and Skills  
> Forces and energy 
KS3 and KS4 (Objective 3) Developing pupils as Contributors to the Economy 
and the Environment 
> Investigate a product of economic importance to determine the science 


behind it 
 
Technology & Design 
KS3 and KS4 Developing pupils’ Knowledge, Understanding and Skills 
> Communication – use of free-hand sketching and formal drawing techniques 


and ICT tools (including 3D modelling); 
> Manufacturing – selecting and using materials fit for purpose; safe use of a 


range of tools and processes appropriate to materials, demonstrating 
accuracy and quality of outcome; 


> Control – incorporate control systems, such as mechanical, electronic or 
computer-based, in products and understanding how these can be employed 
to achieve desired effects. 


KS3 and KS4 (Objective 3) Developing pupils as Contributors to the Economy 
and the Environment 
> Investigate how the skills developed through Technology and Design will be 


useful to a wide range of careers. 
> Employability 
> Pursue design solutions using environmental friendly materials and energy 


sources. 
> Identify product needs and pursue sustainable harmonious design solutions 


in a local outdoor/indoor context. 
 


Scotland: Curriculum for Excellence 
 
Science 
> SCN 3-11a, SCN 4-11a, SCN 4-16a 
 
Technologies 
> TCH 3-01a, TCH 3-09a, TCH 3-13a, TCH 3-14a, 


TCH 4-01aTCH 4-09a, TCH 4-12a, TCH 4-13a, 
TCH 4-14a, TCH 4-14b, TCH 4-14c, TCH 4-
14dTCH 3-01a, TCH 4-01a 


 
Numeracy and Mathematics 
> MNU 3-03a, MNU 3-04a, MNU 3-07a, MNU 3-


10a, MTH 3-11b,  MNU 3-20a. MNU 4-01a, MNU 
4-03a, MNU 4-10a, MNU 4-10b, MTH 4-11a, 
MTH4-11b, MTH 4-15a, MTH 4-17b 


 
 
 


Wales: National Curriculum  
 
Science 
> KS3 Skills (Communication 1, 3), (Planning 1, 2), (Enquiry) 
> KS3 Range (How things work 1, 3, 4, 5, 6) 
> KS4 Skills (Communication 1, 3), (Enquiry and Practical Skills 1, 2, 3) 
> KS4 Range (Energy, electricity and radiations 1, 2, 3, 4) 


 
Design and Technology 
> KS3 and KS4 Skills (Designing 1, 2, 3, 4, 5, 6, 7, 8, 9), (Making 1, 2, 3, 4) 
> KS3 and KS4 Range (activities, in which they investigate, analyse and 


evaluate products), (activities in which they learn about the responsible use of 
materials), (activities in which they develop and practise particular skills), 
(activities in which they design and make products) 


 
Mathematics 
> KS3 Skills (Solve mathematical problems) (Communicate mathematically)  
> KS3 Range (Number 2, 3), (Measures and money 1) 
> KS4 Skills (Solve mathematical problems), (Communicate mathematically), 


(Reason mathematically)  
> KS4 Range (Handling data) 


 
 


 
 







 


 


 
 
GCSE D&T 
 
AQA D&T 


> 3.1.4 


Edexcel D&T 
>  1.6, 1.7  


Eduqas D&T 
> 2.1 Core: 5, 6 


> 2.1 Systems: 1 


OCR D&T 


> 6.4 


 
 
GCSE Engineering 
 
AQA Engineering 


> 3.3.2, 3.3.3 


  


Assessment opportunities 
> Ask the students to write a script for informing people of the reason why radio transmissions of high quality music are received more 


clearly using a digital signal. Assess the script as factual writing for a purpose (literacy). 


   


Personal, learning & thinking skills (PLTS) 
> Reflective learners 
> Team workers  
> Effective participators  
 
 













Analogue and Digital 
What’s the difference?







All waves carrying information are subject to ‘interference’


Try listening to a conversation at a party where there is music, shouting 
and lots of other sound waves interfering with and competing with the 
‘signal’ coming from the person you are talking to


Radio waves also get ‘interference’ from other radio transmissions, from 
reflections of radio waves off buildings and even from electrical sparks 
(these give out radio waves as well as light)


In communications we refer to the ‘signal to noise ratio’


Imagine you are at that party: if the noise is too strong the signal is lost







Try this activity:
The written message shown is like an analogue message. Part 
of it has been drowned out by ‘noise’. 
Can you work out what it says?







Here is an example of a digital code that has been ‘interfered’ with by 
random ‘noise’.
Can you work out what the digital code is?







Analogue TV signals depended on the strength of the radio wave carrying 
them


This signal was received and amplified. But something like a sparking 
electric drill could ruin the TV signal with ‘electromagnetic noise’


Analogue signals pick up a lot more ‘noise’ than digital and the digital 
decoder can ignore the noise so a digital signal is higher quality. 


Analogue signals are continuous and transmit all the data that was 
recorded. Digital signal only transmit the necessary packets of data so they 
require less bandwidth. In the bandwidth for one analogue channel you can 
transmit several digital channels.







An encoder box creates a digital signal before transmission. Once 
received a decoder box in the digital TV converts the signal back 


Millions of pounds were spent moving from analogue to digital TV to bring 
benefits like more channels and interactive services


The digital TV signals are still prone to interference or not receiving the 
complete signal but they are not always as noticeable.


What do you see/hear when you don't get` the complete digital TV signal?


What happens in the set-top box to reduce the effects of this problem?







Answers
Original analogue message


Original digital message







