
Learning Objective

To plan and carry out an investigation into how to control 
the heating of an object 

Resources Required
• Smartphone/device or computer to access Zap code 

(optional) 
• Ice cubes 
• Thermometers 
• Clocks/timing devices 
• A variety of materials including tinfoil/something 

reflective, insulating materials like cotton wool/fabric/
cardboard etc 

• Other construction/D&T materials 
• Clear plastic cups/containers/beakers 
• Cardboard – to make lids (which can also be 

insulated) if desirable 
• Warm water – could be an alternative as can measure 

how quickly it cools if no easy access to ice (optional) 

Risk Assessment

If using ice and/or warm water in this activity, please 
conduct a risk assessment prior to running the activity, 
according to your school or institution’s guidelines and 
procedures. 

Background to this Activity

This activity explores different ways of keeping objects 
cool.   

It is a common misconception that space is uniformly 
very cold. While some parts of space are very cold – like 
Neptune which has an average temperature of -214 
degrees Celsius – other parts of space will be very hot. 
For example, if we measured the temperature outside 
the International Space Station, which orbits Earth 
beyond our protective atmosphere, it would be around 

150 degrees Celsius on the side facing the Sun.  

Temperature of objects in space is determined by many 
factors, including whether they create their own heat 
and light, their distance from other sources of heat and 
light, how reflective they are, and the presence and 
characteristics of an atmosphere. For example, despite 
being further away from the Sun than Mercury, Venus is a 
hotter planet due to its thick atmosphere.  

The James Webb Space Telescope has a ‘hot’ and 
‘cold’ side, as explored in Activity 3.1: Blueprint for 
Space. The hot side, which faces the Sun, reaches a 
temperature of 80 degrees Celsius. The cold side is kept 
at a temperature of -233 degrees Celsius by Webb’s 
sunshield, which reflects and disperses heat.    

The Mid-Infrared Instrument, or MIRI, is one of Webb’s 
special instruments. It detects infrared light emitted by 
objects in space, and creates images and spectra of 
those objects so scientists can study them. In order for 
MIRI to capture infrared light, it must be kept at -266 
degrees Celsius, which is thirty degrees cooler than 
the other instruments. Because of this, engineers have 
developed a cryogenic cooling system specifically for 
MIRI.   

This investigation allows students to explore how 
materials can act as insulators and conductors. Students 
can trial a range of materials and use them to insulate 
an ice cube, measuring heat loss. This will allow them 
to draw conclusions about the most effective insulator. 
The activity is designed to focus on the scientific enquiry 
aspect, making this accessible to all age groups.     

Running the Activity

Discuss why it is hot and cold in different parts of 
space, and why it is important to protect Webb’s 
scientific instruments from the Sun’s heat. Following this 
discussion, ask students to conduct an experiment to 
answer the question: which materials provide the best 
protection from heat? 
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Students design their own method to conduct their 
investigation.  

A simple method to follow for support: 

• Choose three different materials which insulate. 

• Put ice cubes in three plastic or glass cups/
containers/beakers. Students to decide on the 
number of ice cubes or mass of ice cubes. If you 
are working with older students, you could have a 
discussion here around the importance of control 
variables. 

• Cover each cup with a different material – this could 
be as a lid, around the container or both. 

• Position the cups so they are below a heat source 
e.g. Sun/windowsill/lamp. 

• At intervals (students to decide suitable time interval 
– to support, teacher to suggest 15 seconds, 30 
seconds, 60 seconds – students to choose) record the 
temperatures on the surface of the materials facing 
the heat source and at the bottom of each cup.  

• Record results in the provided table. 

• Students can visualise this as a graph.  

Solutions to the Activity

Students to draw their own conclusions. 

Suggested materials that are readily available: Cotton 
wool, cardboard, bubble wrap, cloth, paper, plastic, 
tinfoil, rubber, foam. 

A time interval that works best is usually 60 seconds.  

When drawing conclusions, the slower the ice cube melts 
(heats up) the better the insulator.  

A scientific conclusion model: 

Our best insulator was (insert name of material) as the 

temperature of the ice showed the slowest increase. This 
shows that the heat loss was the slowest, or reduced 
the most by the insulating material. At the beginning of 
each experiment, the temperature of the ice was (insert 
temperature) and over (insert time period – 5 minutes) it 
increased by (insert temperature increase) to (insert final 
temperature reading).  

Questions for the Class
• How can we make it a fair test? 
• How can we control the factors that might make our 

test unfair? (control variables) 
• What are conductors? 
• What are insulators? 
• Why is it important to understand the different 

properties of materials? 
• How can we use this knowledge of insulators to help 

us in everyday life?  

Additional Challenges / Extension Activities

Students to explore the following questions to extend 
their scientific thinking: 

• Can students plot a graph to show their results? 

• Can students plan next steps to their investigation? 

• What questions have arisen from this experiment? 

• Would this experiment work in space?  

• How could they adapt their experiment so that 
astronauts could conduct it in space? 

If available, use an infrared camera to observe how 
heat is lost during the experiment, comparing different 
types of insulation students have used. Ask your school 
administration if they have an IR camera for thermal 
testing. Alternatively, schools in Scotland can borrow 
thermal cameras from their local authorities. For more 
information about this scheme, contact SSERC (www.
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sserc.org.uk).       

Ideas for Differentiation

Support: 

• Use the support frames for conclusion/table of 
results. 

• Can they test conductors? Which increase the rate of 
heat loss? 

• How can we apply this knowledge to making 
spacesuit to keep an astronaut warm?    

Challenge: 

• Use the extension questions to challenge thinking. 

• Can they test conductors? Which increase the rate of 
heat loss? 

Useful Links

Webb’s sunshield and how it keeps the telescope’s cold 
side cool: https://webbtelescope.org/resource-gallery/
articles/pagecontent/filter-articles/webbs-big-chill  

This clip provides an overview of the sunshield’s 
reflective properties and how it works to passively cool 
Webb: https://youtu.be/t5eZeyvL8WU  

MIRI fact sheet: https://www.esa.int/Our_Activities/
Space_Science/JWST_MIRI_factsheet 

This clip, which features MIRI’s, explains its two functions: 
https://youtu.be/x2DtzxmlYe4    

Find more great space-themed STEM resources at 
https://www.stem.org.uk/esero
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