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Objectives

In this unit students will:

The big questions

   When the James Webb Space Telescope is sent into space what extremes of temperature will it have to endure?

   How can JWST delicate components be protected?

   How can we make best use of materials to get the best thermal performance from them?

Background 

When the JWST is deployed it will have one side which continually faces the Sun and is warmed by the Sun, and one 
side which does not face the sun. The cold side of JWST houses scientific instruments which work better if they are 
completely cold, so a sunshield is used to keep the equipment as cool as possible. This activity allows students to explore 
how heat reflecting materials are used to achieve this, by reflecting the sun’s rays and preventing the warming of the 
instruments.

Curriculum Links 

Design & Technology KS3 PoS

   Make

- select from and use a wider, more complex range of materials, components and ingredients, taking into account their 
properties

   Evaluate

- investigate new and emerging technologies

- understand developments in design and technology, its impact on individuals, society and the environment, and the 
responsibilities of designers, engineers and technologists

   Technical knowledge

- understand and use the properties of materials and the performance of structural elements to achieve functioning 
solutions

Explore the James Webb Space Telescope (JWST) and understand its mission.

Investigate the relationship between layers of sunshield material and temperature drop.

Develop understanding of how JWST can be kept cool while exposed to heat from the Sun’s rays.
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1 Resources

   Roll of extra strong Aluminum foil       Thermometer or digital probe thermometer

   Lamp, with high wattage bulb        Steel ruler

   Scissors

Possible extras:

   Sheets thin card         Masking tape

   Single hole punch         Dowel / kebab sticks

   Glue stick       

For optional extension task:

   Kapton® (poylimide) tape

2 Starter 

Slide 1: 

Students are shown a range of objects items that are designed to insulate against heat loss and / or keep things cool. They 
should be encouraged to make links between the insulating properties of the items shown and explain how they perform 
when they are in use.

3 Introduction  

Slide 4 & 5:

To check previous knowledge of JWST show the telescope again now it has been identified through the session objectives.  
Some of the basic facts about JWST and its mission can then be shown and discussed.

Slide 6 & 7:

Students look at an image of JWST that has some of the main parts of JWST labelled. They are looking for the sunshield 
that is there to protect the items at the bottom of the drawing from the Sun’s high temperatures. Discuss with students 
what conditions are like in space, ask if they think space is hot or cold? Ask them to think about what it means that space 
is a vacuum? How might this affect temperatures? Explain that due to the vacuum no heat is carried by convection. Ask if 
they know the different methods of heat transfer, specifically radiation?

Discuss how the Sun’s rays do warm the side of JWST that is facing the Sun through radiation, however when the rays are 
blocked the other side can become very cold due to no air carrying the heat in the space around JWST. Ask them if they 
know a third way the heat might travel (conduction through JWST itself)?
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4 Activity 

Slide 8-12:

Taking the role of a thermal engineer students are going to develop their own model of JWST’s sunshield to allow them to 
test and modify it to gain the best thermal resistance performance. Students should work in team of approximately 3.

They need to be aware of the sunshield’s actual specification, and how it is intended to function.

They are set a challenge of designing a sunshield that will give at least a 30 degree Celsius drop in temperature over a 
distance of 6cm.  They are expected to use multiple layers of aluminium foil to achieve this.  Materials will need to be 
available for them to construct struts to separate the layers of their shield.  The heat source must be hot enough to increase 
the temperature to at least 30 degrees above room temperature, a few centimetres from heat source.

5 Plenary 

Slide 13:

They should discuss their different designs, which was the most effective heat shield, and why.  

They need to consider how the environment is different in the classroom/laboratory compared to space.  In space, the 
only modes of heat transfer are radiation and conduction – there is no atmosphere to enable convection.

They should see a clear case for using aluminum foil as a suitable material to block heat from the heat source, due to its 
light weight, low cost and easy availability. However as some students may have torn pieces of aluminum they need to 
consider if it is appropriately strong, due to it not being repairable when it is at L2 (1,500,000 km away).

6 Follow up session   

Slide 15 & 16:

Students should use the idea of Kapton®, one of the materials used on JWST’s actual sunshield to develop an improved 
version of their sunshield model.

They need to consider how by adding a layer of Kapton tape and retesting their model they can improve performance of 
their sunshield.

If possible this could be expanded further to use Kapton sheet to recreate the model and compare results overall. As this 
is an extremely costly way of comparison, they may also source other suitable heat resistant materials and compare cost 
and weight of these to aluminum, caption or composites of the two.

To further expand they should look at removing sheets of the sunshield to see if the same performance can be achieved 
with less layers of a given material.
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Example Sunshield Template (Approx 50% scale)

Example Sunshield Template (Approx 50% scale)
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Example Sunshield Template (Actual size - 1/4 - top left section)
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Example Sunshield Template (Actual size - 2/4 - top right section)
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Example Sunshield Template (Actual size - 3/4 - bottom left section)
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Example Sunshield Template (Actual size - 4/4 - bottom right section)


