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Theme five - Science in Malvern
This theme encourages children to think about historical scientific achievements in 
Malvern. It explores RADAR, the important work on the development of RADAR that 
took place in the Telecommunications Research Establishment (TRE) which was based in 
Malvern College during the Second World War. 

This theme also explores different aspects of light and colour that shape and ‘illuminate’ 
Malvern.

Theme Overview

5. Science in Malvern

A. Session Aims, Links and Resources

RADAR
Aims of the sessions
This activity is linked with the 
development of RADAR in Malvern 
during the Second World War. It looks at 
curriculum science and mathematics to 
help pupils understand:
• Sound as a vibration that is detected 

by the ear
• Using angles, distances and 

coordinates to describe a position

Curriculum links 
Key Stage 2   Years 4, 5 and 6 
Working scientifically
• making and reporting observations

Science - sound
• Recognise that vibrations from sounds 

travel through the air to the ear
• Recognise that sounds get fainter as 

the distance to the source increases

Session 
plans for 
Theme Five 
(T5)

Key Stage 1  
Years 1 & 2

Key Stage 2  
Years 3 & 4

Key Stage 2  
Years 5 & 6

RADAR C1) Sound 
and direction 
location

C2) Sound 
waves, 
reflections 
and RADAR
C3) Modelling 
RADAR

C4) RADAR 
Battleships

Malvern 
Priory; 
Light and 
Colour

C5) Stained 
Glass Window

C6) 
Investigating 
shadows and 
light

Themed trails and 
other ideas

A Stained Glass Tour.
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Mathematics
• Divide numbers up to four digits
• Draw given angles and measure 

them in degrees
• Describe positions on a 2-D grid as 

co-ordinates

Resources
• Sound source such as a buzzer, bell or 

simple hand-clap. 
• Slinky toy
• Torch, card, model aircraft, protractor
• Graph paper, protractor and 15cm 

rule

Malvern Priory, Light and colour
Aims of the sessions
This activity uses the Priory’s stained glass 
window as a context for investigating 
light, shadows and colour.
• Pupils use coloured acetate (or 

thin tissue) to make a stained glass 
window

• Pupils investigate how light passes 
through the transparent (or 
translucent) materials and how 
mixing the materials has an effect on 
the colour of light that is seen

• Pupils consider how shadows are cast 
and how light travels in straight lines 
from the source.

Curriculum links 
Key Stage 2   Years 3, 4, 5 and 6
Working scientifically
• Asking questions
• Simple practical enquiries
• Making and reporting observations

Light
• Shadows are formed when light is 

blocked
• Recognise that light travels in straight 

lines and shadows have the same 
shape as the objects that cast them

• Explain that we see objects because 
light travels from a source to the eye.

Resources
The materials for this activity are 
inexpensive and readily available. Pupils 
will need scissors, sticky tape, coloured 
transparent film (transparent sweet 
wrappers), a torch (or other light source) 
and the window outline printed onto 
thin card (see below). Using transparent 
film allows pupils to investigate how 
combining films influences the colour 
that they can see. If film is not available, 
then thin, translucent tissue paper may 
be substituted.

Copy the window outline onto thin card 
and have children cut out the frame to 
be able to build their window. Enlarge if 
required.
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B. Background information

RADAR 
Whilst the topic of RADAR is more 
suited the secondary science 
curriculum, it can be used as a 
context for investigating sound in the 
primary curriculum. There are also 
mathematics activities, relating to 
position, coordinates, algebra and 
multiplication which are suitable for the 
primary curriculum. 

RADAR (radio direction and ranging) 
works by sending out radio waves 
from a transmitter and then detecting 
the reflections that come back from 
objects (such as aircraft) in its path. 
Typically, the transmitter sweeps the 
sky in a narrow beam and is also able 
to detect any reflections that return. 
By sweeping the sky horizontally, 
the direction of any aircraft can be 

identified. The receiver is also able 
to tell the time difference between 
sending out the pulse and its reflection 
returning to the receiver. This allows 
the distance of the aircraft to be 
determined.

By knowing the angle and distance of 
an aircraft, its position can be precisely 
located. Radio waves travel at the 
speed of light and so the pulses can be 
sent out and any reflections detected 
many thousands of times per second.

Modern airports use this system to 
track aircraft and many have RADAR 
systems that also calculate an aircraft’s 
altitude, so that it can direct them to 
land fully-automatically, even in poor 
visibility. 

The diagram illustrates how RADAR 
works by sweeping the sky with a 
beam of radio waves and detecting 
reflections from aircraft.
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Malvern and RADAR 
RADAR played an important role in 
the Second World War by contributing 
to the UK’s air defences, especially 
in the Battle of Britain, and later in 
the War by guiding bombing raids 
over Germany. The systems were 
developed by the Telecommunications 
Research Establishment (TRE) which 
moved to Malvern College in 1942. 
A RADAR research establishment 
remained in Malvern until 1953 and its 
work contributed to the development 
of modern computers, satellite 
communications and radio astronomy.

The development of RADAR for use 
in aircraft also took place at the TRE. 
To facilitate flying tests, an RAF airfield 
was set up in Defford, approximately 
12km from Malvern. The airfield is no 
longer in use but a heritage group 
has set up a museum at Croome Park 
(National Trust) which tells the story of 
RADAR and the airfield’s work during 
the War. Defford airfield was the site of 
the world’s first fully-automatic aircraft 
landing in January 1945. RAF Defford 
remained active during the Cold War, 
finally closing as an RAF base in 1957, 
and civilian radio astronomy research 
continue to date.

Useful local groups 
Defford Airfield Heritage Group 
https://deffordairfieldheritagegroup.
wordpress.com

Malvern RADAR and Technology 
History Society (MRATHS) 
http://mraths.org.uk.

Bats, sound, sonar and RADAR 
Bats are mammals that fly at night 
and so need to be able to locate the 
position of their food and surroundings 
in near darkness. They achieve this 
by a system of sonar (echo-location) 
that is similar in principle to RADAR. 
They transmit clicks of very high 
frequency sound waves and hear the 
reflections that come back from their 
surroundings. RADAR works in the same 
ways but uses radio waves rather than 
sound.

The frequencies (pitch) of bats’ clicks 
are above the range of human 
hearing but can be heard using a bat 
detector. The Bat Conservation Trust 
holds details of local groups who will 
have more information on local bat-
related activities.

Science in a special place: Malvern 
Priory, light and colour 
Religious communities were places 
of great learning, for example, Great 
Malvern’s second Prior, Walcher of 
Lorraine, led a medieval mathematical 
revolution. Walcher observed the 
phases of the moon with an astrolabe 
and, by translating several key works 
from Arabic, introduced Arabic 
numerals and calculations to Britain.

Malvern Priory interior

https://deffordairfieldheritagegroup.wordpress.com/
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The Priory was extended in the fifteenth 
century, with two impressive stained-
glass windows donated by Henry VII 
and the Duke of Gloucester (later 
Richard III). Henry VIII destroyed other 
religious buildings during the Dissolution 
of the Monasteries around 1540 but 
the people of Great Malvern wanted 
to save their Priory. They raised £20 
to buy the Priory Church, and so the 
magnificent medieval glass survives 
today.

The stained glass windows contain a 
mixture of coloured glass and clear 
glass on which scenes have been 
painted. The colours seen on the 
glass are observed as sunlight passes 
through the glass. White light from 
the sun or other light sources contains 
light of all the colours of the rainbow 
mixed together. The eye sees this light 
as white. When this white light passes 
through the coloured or painted glass, 

a lot of the white light is absorbed. The 
colour that the eye sees is the light 
that passes through the glass. So a red 
panel will allow only red light through. 
This process occurs in anything that 
is coloured and allows light to pass 
through it. 

N.B. This explanation is beyond the 
knowledge needed for Key Stage Two 
but it could form the basis of working 
with prisms to split white light in a 
science club or when extending very 
able pupils.

Stained glass windows within Malvern Priory
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This activity illustrates how we can perceive the direction of a sound source using 
our ears (also, that we are best at doing this when we can hear with both ears). 
It is best performed in a hall or large open space but good results can also be 
achieved in the classroom.

Arrange the pupils so that one volunteer is in the centre of the hall, space or 
classroom. They are blindfolded so that they cannot see but are able to hear. The 
other pupils are arranged in a circle around the central ‘receiver’ (or around the 
classroom). 

With a buzzer, bell or just a simple clap, have one pupil make a sound. The 
receiver points in the direction that they think the sound has come from. Repeat 
this with sounds being made from different locations. What is the effect if the 
sound source is moved closer or further away?

Have pupils think about how they could measure how accurately the receiver 
is pointing to the sound source. This could lead in to a discussion of the use of 
angles to show directions. How can the receiver give some information on the 
distance they are from the sound source?

Repeat the exercise but this time have the receiver block one of their ears. How 
accurate are they when they only hear through one ear? How does cupping 
hands around the ears have an effect?

T5 C1) RADAR: Sound and direction-location - FS, Key Stage 1
Overall time to complete: 20 minutes

C. Session Structures 
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Sound is produced when an object is vibrating and this demonstration models 
how the vibrations can pass through the air and are reflected by solid objects.

Take a slinky toy and have one pupil hold the far end as you hold the near one. 
Extend it so that it can be flicked from side to side. Have the pupil hold the far end 
steady. Quickly flick the slinky once to show the movement of a vibration down 
the slinky and its reflection as it comes back. Emulate the situation shown in the 
sequence in the diagrams below.

The wave travelling down the slinky models sound vibrations (sound waves) 
travelling through the air. The reflected wave shows how sounds can also be 
bounced off surfaces and reflect back in the direction of the source. This is the 
basis of an echo.

T5 C2) Sound waves, reflections and RADAR – Year 4
Overall time to complete: 20 minutes
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Describe how bats give out sound waves and detect their reflections. This is how 
they ‘echo-locate’ their surroundings. Move on to describe how RADAR does this 
but only using radio waves that are able to travel much greater distances than 
sound waves. 

Use the demonstration below to show how RADAR sweeps the sky and detects 
aircraft. This activity uses light rather than invisible radio waves to pinpoint the 
position and track the movement of an object.

Use a torch (shroud or blank off with card so that it gives a fairly close beam) and 
a protractor. Use a model aircraft or something similar as a target. 

T5 C3) Modelling RADAR – Year 4
Overall time to complete: 20 minutes

Rotate the torch to scan the horizon until its beam hits the aircraft. This 
represents reflecting the radio waves in RADAR. The protractor underneath stays 
in place. Measuring the angle allows the direction of the aircraft to be given. 

Explain that RADAR is also able to measure the distance. A combination of 
distance and direction pinpoints the aircraft’s position. 

A map could be used as a backdrop to give the context that RADAR can be 
used to spot aircraft at a great range.

Describe how RADAR is used by air traffic control to help airports track 
aeroplanes as they approach for landing and leave following take-off.
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This activity shows that a position can be determined by an angle and distance 
from a reference point. It can be extended to have pupils describe using 
coordinates in the desired number of quadrants.

The game is based on the traditional ‘battleships’ grid game. Instead of using a 
grid with squares identified by letters and numbers along two axes, the squares 
are identified by an angle and distance from a base RADAR station. The players 
‘sweep’ the sky to try and locate the position of their opponent’s aircraft. The 
image below shows the set-up.

T5 C4) RADAR ‘battleships’ – Year 5 and 6
Overall time to complete: 30-40 minutes

As with the traditional battleships game, the winner is the one to locate the 
position of all of their opponents aircraft first.

The game can be set up to be as simple or complex as desired. The size of 
the squares on the graph paper can be small or large. It can be set up to 
allow locations in any of the quadrants. Pupils can also be challenged to 
convert the RADAR readings (angle and distance) into two-dimensional X-Y 
coordinates.

To make the game even more realistic, the grid could be traced onto a piece 
of transparent acetate and laid over a map of Malvern and its surroundings. 
How would the RADAR location of an aircraft change as it flew over the 
school, when tracked from a RADAR station based at Malvern College (the 
home of the TRE during the Second World War)? Pupils can develop the 
ideas further by seeing how coordinates can be used to track the movement 
of an object. If time is also brought in then the object’s speed can also be 
calculated using the simple formula; speed = distance / time.
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If pupils have visited the Priory, they will be familiar with the medieval stained glass 
windows. If they have not yet visited the Priory, then use the images below to 
introduce the idea of a stained glass window.

If they have not yet visited the Priory, then use the web page at www.
greatmalvernpriory.org.uk/history/tour to introduce the idea of a stained glass 
window.

Science in a special place: Malvern Priory, light and sound

Use a window frame printed on to thin card and have pupils cut out the frame. 
Using a selection of coloured transparent film, pupils design and make their own 
window. The windows can be displayed by attaching to the classroom window.  

Safety note: pupils should be reminded that they must never look directly at the 
sun or bright light. Care should be taken when using the scissors.

T5 C5) Cut-out and make a ‘stained glass’ window – FS,  

Key Stage 1
Overall time to complete: 30 – 40 minutes
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Stained Glass Window Template
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Children use a light source, such as a torch, and shine it through their window. This 
allows them to investigate how the frame casts a shadow and how the eye sees 
light. This will need to be done in a darkened room for the best effect. Choose the 
questions and investigations to match the ability of the pupils and time available. 
A range of shadow, sight and colour questions to tackle are suggested below. 
Pupils can be encouraged to think of their own questions.

Shadows

• Which parts of the window allow light through and which parts block the 
light. What is the difference between the materials (can they use the words 
transparent and opaque)?

• What is a shadow?
• How does the frame cast a shadow? 
• Working in pairs, one pupil holds the torch steady whilst the other traces the 

shape of the shadow onto a piece of paper. What shape is the shadow 
compared to the shape of the frame? 

• What is the relationship between the shadow and the light source? Does light 
travel in straight lines? What do the pupils think will happen to the position of 
the shadow when the light source is moved to a different position?

Seeing and colours

• What do we need to see the colours of the window? What happens if the 
torch is switched off? This will only really have an effect if there is little light in 
the room. Which part of the body does light need to get to so that the colours 
are seen?

• Have children investigate combining different colours of transparent film. What 
are the combined colours that are formed? Are the colours brighter or darker? 
What happens as the layers get thicker and thicker?

The investigations also allow pupils to develop skills in working scientifically as they 
can be challenged to observe and record their findings. Groups or individuals 
can report their findings, either in a written format with images and drawings, or 
by way of group and class discussion.

T5 C6) Investigating shadow and light - Years 3 and 4,  

Key Stage 1
Overall time to complete: 20 – 30 minutes
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D. Ideas for themed site visits
A Stained Glass Tour
Pupils can visit the Priory, or another local 
church, to see stained glass windows 
in real life. In addition to viewing how 
the light behaves as it passes through 
stained glass windows, pupils can be 
encouraged to research the stories that 
are depicted in them. These can form 
the basis of further work in creative or 
factual writing. See Themed Trail section 
for further plans and maps.

MRATHS https://mraths.org.uk/ have 
produced an app for adults which 
teachers may find useful. It identifies 
key sites in Malvern and provides 
background information.
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Copyright

Copyrights of all materials published 
on this site are retained by the authors, 
creators and/or publishers and it is 
not our intention to infringe them. 
We ask that users of this site and 
resource equally respect those rights 
by crediting authors, creators and/
or publishers when using materials 
sourced from this site in any subsequent 
writing or posts on other websites.

The authors have endeavoured to 
find sources and seek permission to 
reproduce photographs, postcards, 
documents, maps and images. We 
will happily take down any images 
immediately if so required.

We are grateful to Malvern Library and 
Malvern Museum for their support in 
creating this resource. 

Copyright © Nigel Hooton All Rights 
Reserved 
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