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	Sensors for space

	
	
	

	Identifying sensors that could be used on the James Webb Space Telescope 

	Stay safe

	Whether you are a scientist researching a new medicine or an engineer solving climate change, safety always comes first. An adult must always be around and supervising when doing this activity. You are responsible for:

•
ensuring that any equipment used for this activity is in good working condition

•
behaving sensibly and following any safety instructions so as not to hurt or injure yourself or others 

Please note that in the absence of any negligence or other breach of duty by us, this activity is carried out at your own risk. It is important to take extra care at the stages marked with this symbol: ⚠

	Subjects:  Science, Design & Technology
Approx time: 60 mins
	
	Key words/Topics

· James Webb Space Telescope

· Introduction to systems approaches in electronics

· Transducer

· Sensor

	
	
	

	Suggested learning outcomes

	· Know that a sensor is a device which monitors changes in a physical environment 
· Know that a sensor is an input transducer 
· Know that sensors are part of an electronic system

	
	
	

	Introduction

	This is one of a set of resources developed with the theme of the James Webb Space Telescope (JWST) to support the teaching of the secondary national curriculum. They are designed to support the delivery of key topics within design & technology and science. 
The James Webb Space Telescope (JWST) will be the largest, most powerful telescope ever launched into space. It follows in the footsteps of the Hubble Space Telescope as the next great space science observatory, designed to answer outstanding questions about the Universe and to make breakthrough discoveries in all fields of astronomy.

The JWST will reveal the hidden Universe to our eyes: stars shrouded in clouds of dust, molecules in the atmospheres of other worlds, and light from the first stars and galaxies. With its suite of state-of-the-art instruments, it will push the frontiers of our knowledge of the Solar System, of how stars and planets form, and of galaxy formation and evolution, in new ways.

The telescope will launch on an Ariane 5 rocket from Europe’s Spaceport in French Guiana. From there it embarks on a month-long journey to its destination orbit around the second Lagrange point (L2), about one and a half million kilometres from Earth. In the first month after launch, Webb will unfold its sunshield, which is the size of a tennis court, and then deploy its 6.5-metre primary mirror that can detect the faint light of distant stars and galaxies with a sensitivity a hundred times greater than that of Hubble.
As a spacecraft operating remotely, the JWST uses many sensors to control and monitor its activities. This resource provides a basic introduction to types of electronic sensor, using the context of the JWST.

	Purpose of this activity

	In this activity, students will be introduced to basic types of sensor and their functions. This could be used as an introductory lesson to develop understanding about sensors.




	Activity 
	
	Teacher notes

	Teacher to introduce the JWST using the presentation and explain that almost all automated systems use sensors. Give an example of a system that students are familiar with and ask what would happen if the sensors were not present or malfunctioned.

Teacher to outline different types of sensor. Learners to complete the ‘identifying sensors’ and ‘sensors as part of a system’ worksheets.

Presenting the JWST using slide 3, ask students to identify different activities that may need to be controlled and the appropriate sensors that could be used to detect these activities.
	
	Suitable automated systems could include self-driving cars or the Mars lander, depending upon student’s prior knowledge and interests.
Ideally handling samples of different sensor types and illustrative products using different sensor types will be available.

When discussing potential sensor applications on the JWST, it may help for the class to talk through the process of deployment and operation in detail – e.g., monitoring temperature, monitoring power, opening the sunshield (and stopping it at the correct point) etc.

	
	
	

	Differentiation
	
	

	Basic
	
	Extension

	Use simple examples from learners’ daily experience (such as fire alarms, pressure plates in alarm systems, nightlights).
	
	Learners could measure the output characteristics of a variety of common sensors in response to changes in stimuli.
Learners could design a sensor system that could be used to control one or more functions needed by the JWST.

	
	
	

	Resources
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	· Data projector and screen
· If available, a variety of sensors and measurement devices (such as multimeters).
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 Identifying sensors (Handout)
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 Sensors as part of a system (Handout)
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 Sensors (presentation)

	Additional websites
	
	

	· Types of sensors: https://www.bbc.co.uk/bitesize/guides/zbj8jty/revision/1
· Role of sensors in control: https://www.bbc.co.uk/bitesize/guides/zpw2pv4/revision/2 
· NASA on the James Webb Space Telescope and Intro facts (3 minutes) to inspire the next generation



	Related activities (to build a full lesson)
	
	

	Starter

· Why do we need sensors – present a simulated situation and ask learners to identify what happens if sensors are not used.
Main activity
· ACTIVITY: Sensors
	Extension

· Measure the output characteristics of a variety of common sensors in response to changes in stimuli.
· Design a sensor system that could be used to control one or more functions needed by the JWST.
Plenary

Apply knowledge to identifying potential applications of sensors on the JWST using slide 3 of the presentation.


	The Engineering Context    [image: image7.png]




	· Sensors are used as the input devices for almost every remotely operating system. There are many examples of this on the JWST.


	
	
	


	Curriculum links 

	England: National Curriculum

Science 
· KS3 33a, 35a, 35b
· KS4 1a, 1b, 2b, 3a, 4b, 7b
Design & Technology 

· KS3 3b, 4c
	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 environmentally friendly materials and energy sources

	Scotland: Curriculum for Excellence

Sciences 

· SCN3-09a,4-09a, SCN4-09b, SCN4-09c

· SCN3-11a, 3-11b, 4-11a, 4-11b
· SCN4-16a

· SCN3-20a,3-20b, 4-20a, 4-20b

Technologies

· TCH3-01a, 4-01b, 4-01c
· TCH3-02a, 4-02a
· TCH3-09a, 4-09a
· TCH3-12a, 4-12a
· TCH3-13a, 3-13b
· TCH3-14a, 4-14a
· TCH4-14b

· TCH-14c, 4-14d

Maths

· MNU3-08a, 4-08a

· MNU3-10a, 4-10a, 4-10b
· MNU3-11a, 4-11a

· MNU3-20a, 4-20a

	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, 3.3.4, 3.3.5
Edexcel D&T

·  1.6, 1.7 5.2.1, 1.17.1j, 5.2.2, 5.2.3
Eduqas D&T

· 2.1 Core: 5, Systems: 1

· 2.2 Core: 8

OCR D&T
· 4.2a ii, 6.4, 7.4a
	GCSE Engineering

AQA Engineering

· 3.3.3, 3.4.1, 3.4.2, 3.6

	GCSE Science
AQA Combined Science Trilogy

· 6.2.1.4
AQA Combined Science: Synergy

· 4.7.2.2
Edexcel Combined Science

· Physics: 10.19, 10.20, 10.21
Eduqas Combined Science

· 2.3: 7.1f
OCR Gateway Science: Combined Science A
· P3.2e, f

OCR 21st Century Science: Combined Science B
· P3.1: 5, 6
	GCSE Physics
AQA Physics
· 4.2.1.4
Edexcel Physics
· 10.19, 10.20, 10.21

Eduqas Physics
·  7.1f

OCR Gateway Science: Physics A
· P3.2e, f
OCR 21st Century Science: Physics B
· P3.2: 5, 6

	
	


	Assessment opportunities

	· Formative assessment of responses to the worksheets. 

	
	
	

	Personal, learning & thinking skills (PLTS)

	· Reflective learners

· Effective participators 


