[image: image7.jpg]IEY Faraday





[image: image8.jpg]Secondary

The Institution of .
Engineering and Technology Education

theiet.org/education

®@IETeducation f IETeducation







	Make a night-light circuit

	
	
	

	Design and make a solar powered night-light circuit



	Subject(s):  Science, Design & Technology, Mathematics
Approx time: 2 x 60 mins (This could be extended into a longer project, as described below)
	
	Key words / Topics: 

· photovoltaic cells
· solar energy
· renewable resource
· circuit design

	
	
	

	Suggested Learning Outcomes
	
	

	· To investigate how photovoltaic cells work and how they can be used 

· To consider the impact of using photovoltaic cells in aesthetic, economic and environmental issues

	

	Introduction
	
	

	The ‘Photovoltaic cells’ scheme of work involves investigating how photovoltaic cells are used and then using this technology to make a series of electronic circuits of increasing complexity. This could form the basis of a design and make activity in Design and Technology (D&T), with cross-curricular links with Science. 


	Purpose

	In this activity students will investigate the photovoltaic effect by designing and making a solar power night-light circuit.

This could be used as a short design and make project in Electronics or Product Design within Design & Technology. It could be extended into a longer project using the ‘Design Guide (handout)’ to provide a structure for the sequence of tasks to be carried out.

	
	
	

	Activity
	
	Teacher notes

	Divide the students into pairs or small teams. Present them with the following design brief and specification:

Design Brief

Design and manufacture a prototype solar powered night-light.

Initial Specification

The prototype should:

· Be powered by solar energy

· Produce no waste by-product with normal use

· Provide an appropriate illumination for a task (to be identified)

· Illuminate automatically when the light level drops (below an identified level)

· Be manufactured from reused materials, where possible

System Design

Students can be given flexibility to design a circuit of their choice that meets these requirements. However, they should start by quickly designing the systems diagram. For example, in its simplest form this could be:
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Circuit Development

Students could use suitable CAD software to develop and test their circuit, if available. Alternatively, they could model their circuit using proprietary modular circuit boards or prototype boards (breadboards)

Planning and Manufacture

The teams should design and manufacture a PCB for their circuit, then assemble the circuit. 

They should then evaluate it by testing its performance in different light levels.


	
	For guidance, the design activities (including modelling and PCB design) need to be carried out in the first hour, with the manufacture and evaluation activities carried out in the second hour

There are several possible solutions, ranging from potential dividers to operational amplifiers to microcontrollers. One of the simplest possible solutions, based on a potential divider acting as a light sensor is shown below:
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Component List:

PV1–8: 0.4V Photovoltaic cells

D1: Schottky diode

BT1: NiCD or NiMH AA cells x 2

SW1: Switch

R1: 56k Resistor

R2: Miniature LDR

R3: 1k Resistor

R4: 100R Resistor

Q1: Ultrabright LED

T1: BC237 NPN Transistor 

During the circuit development, the ‘let there be light extension (activity)’ could be used to incorporate additional functionality into the circuit.

Note: If the students develop a circuit needing a higher voltage, they will either need to use PV cells with higher voltage ratings or increase the number of cells employed.



	
	
	

	Differentiation
	
	

	Basic
	
	Extension

	The Transistor sensor circuit help (handout) could be used to show students the modular systems blocks within the circuit that they find challenging, so they still have to design the remainder. This could either be used as a handout (where students could see all the different parts of the circuit, in effect becoming a jigsaw-type activity) or individual rows in the table could be separated and used as hint cards for individual systems blocks.

The exemplar circuit diagram could be given to the students; alternately, a finished circuit could be provided as a reference example.
	
	The let there be light extension (activity) could be used. This involves students modifying circuits to improve them by incorporating alternative components and additional features into their circuits.

Students could redesign the circuit to incorporate a programmable microcontroller (such as a PIC, picaxe or genie), to increase the flexibility of use and the range of conditions in which the circuit operates

Additionally, the teams could source a pre-made enclosure for their product, or even design and manufacture an enclosure using vacuum forming.

	
	
	

	Resources
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	· Access to appropriate CAD software for circuit modelling and development

· Modular electronics kits or prototype boards (breadboards), as appropriate

· Transistor sensor circuit help (handout)

· Design Guide (handout)

· A range of components to manufacture the circuits
	
	

	
	
	

	Additional websites
	
	

	You can find a number of examples of the use of photovoltaic cells using a search engine (e.g. Google) or Wikipedia. Here are a few links to get you started:
· Electronic Components (Retail):

· Rapid Electronics:  www.rapidonline.com
· Farnell:  www.farnell.com 
· Battery solar charger circuits:

http://www.solorb.com/elect/solarcirc/aacharge/index.html
http://www.instructables.com/id/Solar-Battery-Charging/
http://www.reuk.co.uk/Solar-Battery-Charger-With-LM317T.htm 

http://www.makeitsolar.com/science-fair-ideas/05-solar-battery-charger.htm
· YouTube, create Teeny Tiny Solar Insect Robots: http://www.youtube.com/watch?v=YzFCA-xUc8w
· Solar-powered robots: http://www.smfr.org/robots/


	
	
	

	Related activities (to build a full lesson)
	
	

	Starters (Options)

· ACTIVITY: Energy Efficiency starter
· ACTIVITY: Photovoltaic cells - Intro
Main (Options)

· ACTIVITY: Energy Efficiency main
· ACTIVITY: Photovoltaic cells – Investigating Circuits
· ACTIVITY: Photovoltaic cells – Design & Make

	Extension (Options)

· ACTIVITY: Photovoltaic cells - Modifications
Plenary

· Opportunities within activity for presentations, peer/self-assessment

· Reflection on Objectives and PLTS skills used
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	· The story Green School
· How it works? Interseasonal Heat Transfer (IHT)
· Who makes it work: Chani Leahong


	
	
	


	Curriculum links and PLTS

	England

Science 

· KS3 24c, 34e, 35a, 35b
Design & Technology 

· KS3 1d, 1e, 2a, 2b, 3b, 3c, 4c

	Northern Ireland

Technology & Design
(Objective 1) Developing pupils as Individuals
· Respond to a personal design challenge in relation to their own lifestyle

(Objective 2) Developing pupils as Contributors to Society
· Ethical awareness

(Objective 3) Developing pupils as Contributors to the Economy and the Environment
· Pursue design solutions using environmental friendly materials and energy sources

· Education for Sustainable Development

Learning Outcomes
· Demonstrate practical skills in the safe use of a range of tools, machines and equipment

· Show deeper understanding by thinking critically and flexibly, solving problems and making informed decisions, using Mathematics and ICT where appropriate

· Demonstrate creativity and initiative when developing ideas and following them through

· Work effectively with others



	Scotland

Technologies
· TCH 3-01a, TCH 3-02a, TCH 2-12a / TCH 3-12a, TCH 3-13a, TCH 3-14a
	Wales

Design & Technology

· 1.2, 1.6, 1.7, 4.1, 4.4, 4.5, 4.6, 4.8, 5.3, 5.4



	GCSE D&T

AQA D&T

· 3.1.1, 3.1.2, 3.1.4, 3.2.1, 3.2.5, 3.2.8, 3.3.4, 3.3.5, 3.3.6, 3.3.7, 3.3.10, 3.3.11
Edexcel D&T

· 1.3, 1.6, 1.16.1c, 1.17, 5.1.1, 5.2.1, 5.2.2, 5.2.3, 5.6.1, 5.7
Eduqas D&T

· 2.1 Core: 1, 3, 5
· 2.1 Systems: 1, 2, 6
· 2.2 Core: 5, 7, 8, 9

· 2.2 Design and Make: 1, 3, 4
OCR D&T

· 3.2, 4.2a ii, 5.2, 6.4, 7.2a ii, 7.4
	GCSE Engineering

AQA Engineering

· 3.1.3, 3.3.2, 3.3.3, 3.4.1, 3.4.2, 3.6

	GCSE Science
AQA Combined Science Trilogy

· 6.1.3, 6.2.1.1, 6.2.1.4
AQA Combined Science: Synergy

· 4.7.2.2, 4.7.2.4, 4.8.2.4
Edexcel Combined Science

· Physics: 3.13, 10.2, 10.19, 10.21
Eduqas Combined Science

· 2.3: 1.2f, 7.1f, 7.2d
OCR Gateway Science: Combined Science A

· P3.2b, P3.2e, P3.2f, P6.2a
OCR 21st Century Science: Combined Science B

· P2.2: 1, 2
· P3.1: 6b, 7
· P3.2: 5
	GCSE Physics

AQA Physics

· 4.1.3, 4.2.1.4, 4.2.1.1
Edexcel Physics

· 3.13, 10.2, 10.19, 10.21
Eduqas Physics

· 1.2f, 7.1f, 7.2d
OCR Gateway Science: Physics A

· P3.2b, P3.2e, P3.2f, 8.2a
OCR 21st Century Science: Physics B

· P2.2: 1, 2
· P3.2: 6b, 7
· P3.3: 5

	
	


	Personal, learning & thinking skills (PLTS)

	· Creative thinker
· Reflective learner
· Team worker

· Self manager


