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Group 20: Energy and Forces – Electrical Circuits

Key questions

To develop understanding of the key scientific principles of the attainment targets that form part of Group 20.

· What is electricity?

· Where does electricity come from?

· What does electricity do?

Key ideas behind the key questions

· For an electrical current to flow there must be a complete circuit.

· Switches and other devices can be used to alter or stop the flow of an electric current.

· Electrical energy can be produced in various ways, for example coal-fired power stations, nuclear power stations, hydro-electric stations, wind farms, etc., and transported through the National Grid to our homes, schools, workplaces, etc.

· Energy can be transferred by an electric current.

· Electrical energy can be converted to other forms of energy to provide lighting and heating and to make things work, for example televisions, hairdryers, etc.

· Some methods of producing electricity can be detrimental to the environment.

Related science concepts already covered

It is important to build on pupil’s prior learning.

· Group 13 Introducing Electricity

· Group 19 Energy Sources

Future learning

This allows teachers to set the scene for future learning.

The activities in this group relate to:

· Group 30 Electricity and Micro-electronics.

Developing informed attitudes

A commitment to learning

· Working independently and with others

Social and environmental responsibility

· Thinking through the various consequences for living things and for the environment of different choices, decisions and courses of action

· Participating in the conservation of natural resources and the sustainable use of the Earth’s resources.

Attainment targets

	Attainment outcome – Energy and Forces

	Group 20 – Electric circuits
	Strand

	Construct a series circuit following diagrams using conventional symbols. EF-D1.5
	Properties and uses of energy

	Describe the effect of changing the number of components in a series circuit. EF-D1.6
	Properties and uses of energy

	Give some examples of energy conversions involved in the generation of electricity. EF-D2.1
	Conversion and transfer of energy

	Describe how electrical energy is distributed to our homes. 
EF-D2.2
	Conversion and transfer of energy


Skills development

Preparing for tasks

Pupils can:

· identify and select appropriate resources or equipment and be able to give reasons for their planning decisions.

Carrying out tasks

Pupils can:

· make and use appropriate observations and measurements then record findings in a variety of ways appropriate to the task

· select, given a range of options, an appropriate way of recording findings. This range now includes making labelled and annotated sketches; constructing spreadsheet tables, databases, pie charts, line graphs and bar charts; making annotated sequence of photographs or illustrations.

Reviewing and reporting on tasks

Pupils can:

· reflect critically on the approach used and identify shortcomings.

Finding out pupils’ present understanding

· Revisit prior learning – exploring with pupils what they already know and can do, for example:

· ‘What do we already know about circuits?’

· Describe a simple circuit.

· What is an electrical component?

· Draw an annotated diagram of a simple circuit, summarising for pupils the main points of previous learning, for example lamps and lamp holders, batteries and battery holders, and crocodile clip wires, etc., are all components that can be used to construct a simple circuit.

· Share the tasks with the pupils and discuss with them what they think their lesson(s) is/are going to be about.

· Ensure that the learning task and purpose are clear by asking questions such as:

· ‘What do you have to do?’

· ‘What will you be learning about?’

(Again re-word the questions so that the pupils demonstrate through their answers that they understand.)

Strategy 1 (Formative assessment)

Matching game – provide pupils with a variety of electrical components, for example bulbs, batteries, wires, etc., and a set of electrical symbol cards. Pupils match the components with the appropriate card.

Strategy 2 (Formative assessment)

Ask pupils to draw an annotated diagram of a simple circuit? Summarise for pupils the main points of previous learning, for example lamps and lamp holders, batteries and battery holders and crocodile clip wires, etc., are all components that can be used to construct a simple circuit. The diagrams can be revisited at a later stage to demonstrate how the pupils’ thinking has changed.

Strategy 3 – to construct circuits to match diagrams provided

Using an activity card (example at the end of this exemplar). Pupils should be able to construct the circuits shown. The IEE can provide posters of electrical symbols free of charge, contact www.iee.org/Schools
Pupils’ general misunderstandings

· Electricity comes out of one end of the battery and goes back in the other end.

· A single wire connection from a bulb to a battery will work.

· Pupils may think that only one wire is needed as this is what they see in household appliances.

· Energy is a fuel that flows into an electrical appliance.

· Energy is made and destroyed.

· Electricity comes from the ground like coal or gas.

· Only metals conduct electricity.

· The bulb nearest the battery will be brightest.

· Electricity runs in both directions at once.

· Electricity is ‘used up’ in a circuit.

· Batteries ‘contain’ electricity.

Resources

For successful use of resources you may wish to have the pupils sharing the equipment in groups of 2–4 maximum. Each group will need:

· screw-in bulb holders x 6

· battery holders x 3

· lamps/bulbs and appropriated batteries

· crocodile-clip wires x 10

· electric buzzers x1

· electric bells x 1

· electric motors x 1

· solar cells x 1

· propellers x 1

· switches x 2.

Organisation and management of resources for this topic is important. It can be helpful to organise required resources into plastic boxes with a list of contents taped to the lid. Pupils check the contents at the beginning of an activity and check them back in at the conclusion. It is important to replace dud bulbs and batteries immediately, ready for the next group or class.

Strategies for teaching key ideas

Strategy 1 – to understand what happens in a series circuit with two bulbs when one bulb is removed

· Pupils, in groups, build a series circuit with two bulbs, two 1.5 V batteries and crocodile-clip wires. Pupils remove one of the bulbs and discuss findings. (Circuits must be complete for bulb to light.)

· Pupils draw conclusions on what they have found out and write an organised report using appropriate illustrations.

Strategy 2 – to understand what happens when the number of bulbs in a series circuit is increased

· Pupils, in groups, plan how to carry out an investigation to test what happens when the number of bulbs in a series circuit is increased.

· Pupils predict what will happen as bulbs are added to the series circuit.

· Pupils add bulbs to the series circuit and note the brightness of all the bulbs, which will be decreased. Pupils, in groups, carry out task ensuring it is a fair test. Pupils provide explanations, draw conclusions and make an organised report of their investigation using appropriate illustrations. (Data-loggers can be used to monitor brightness of bulbs.)

Strategy 3 – to understand what happens when the number of batteries in a series circuit is increased

· Pupils, in groups, plan how to carry out an investigation to test what happens when the number of batteries in a series circuit is increased.

· Pupils predict what will happen as batteries are added to the series circuit.

· Pupils add batteries to the series circuit and note what happens to the bulbs. If more batteries are added to a circuit (remember + to –) then a bulb becomes brighter. Pupils, in groups, carry out task ensuring it is a fair test. Pupils provide explanations, draw conclusions and make an organised report of their investigation using appropriate illustrations.

Strategy 4 – to understand how the thickness /length /metallic composition of wires going to a lamp affects the brightness of the bulb

· Using concept cartoon 10.4 as a starting point, Pupils identify questions to investigate. Pupils, in groups, plan how to carry out an investigation on the above. Pupils predict what will happen if wires going to the bulb are thicker, longer and/or made of different metals. An ammeter can be inserted into the circuit to ensure more accurate measurement.

· Pupils, in groups, carry out task ensuring it is a fair test. Pupils use a spreadsheet or graph paper to construct a bar chart of their findings. Pupils provide explanations, draw conclusions and make an organised report of their investigation using appropriate illustrations.

Strategy 5 – to understand and be able to give examples of energy conversion involved in the generation of electricity

· Pupils should be encouraged to consider different types of energy and give an example of their source, for example heat, light and sound.

· Annotated diagrams – Pupils can construct diagrams to demonstrate their understanding of energy changes in a number of devices, for example hairdryer – electrical energy converts to heat and sound energy.

· Pupils, using internet, books, etc., plan and carry out an investigation into the conventional power station. Pupils should discover that energy in fuel is used to heat water. The resultant steam turns a turbine, which causes magnets to turn in a generator. This action converts movement into electricity (the steam is cooled to reform water in large cooling towers). Hydro-electricity is significant in Scotland, where falling water drives the turbines. Refer back to lesson on Group 19, Energy Sources. Pupils build up a flowchart to represent the energy changes occurring in a conventional power station.

· Use East Renfrewshire ‘curriculinks’ www.ea.e-renfrew.sch.uk/curriculinks and/or search engines.

· Visit power station if there is one locally.

Strategy 6 – to understand the relative merits of conventional, hydro, wind power generation with respect to the environment

· Pupils carry out research in preparation for a discussion on the relative merits of conventional and hydro-power generation with respect to the environment.

Strategy 7 – to understand the environmental impact of the generation of electricity

· Pupils carry out research in preparation for a discussion on the environmental impact of the generation of electricity.

Strategy 8 – to understand how electrical energy is carried to our homes

· Pupils research the National Grid using a variety of reference sources.

· Pupils use annotated diagrams to show how electricity is carried to their homes.

Strategy 9

· Compile a simple list of rules for safe use of electricity in our homes.

· Either individually or working collaboratively design a poster or prepare a PowerPoint presentation to highlight the dangers of electricity.

Strategy 10 – Design challenge

· Using motors, build a simple car using technology equipment that has lights, motor to drive and a buzzer as a horn. Using a ‘reversing’ switch the car can go backwards and a buzzer can sound to indicate that the car is reversing. Build a simple lighthouse using flashing MES lamps (see TTS catalogues for technology and science). Using electricity at Christmas time, pupils can design simple trees with lights and snowmen with flashing noses. Have a theme where different groups contribute to overall project, for example a town square at Christmas: Christmas street lights, tree lights, motorised sledge, etc.

· Airport theme: runway lights, control tower with motorised radar dish (will require some gearing), security entry system, namely a buzzer, model planes with motorised propellers. Model house/school: burglar alarm, room lights, stair lights, coal effect in the fire place, appliances, for example spinning drum of washing machine. Design a robot: robot moves, robot makes a noise, eyes flash, head turns.

Some of these suggestions may be used for homework exercise.

Key words and phrases

Positive charge, negative charge, battery, bulb, wire, component, lamp, motor, buzzer, switch, series circuit, electrical energy, light energy, heat energy, transfer of energy, Nuclear Power, hydro-electric, solar energy, wind energy, turbine, generator.

Innovative homework

The pupils can check electrical appliances at home to see if there are any common conventional symbols on them. They should record these by drawing the symbols and writing the name and which part of the object they found it on. The pupils should then be given the opportunity to share their findings with the class/group and discuss what they think the symbols are. They can then check the internet or other suitable source to see if their findings are correct. Safety issue – warn pupils to make sure appliances are unplugged first)

· What everyday energy conversions involving electricity are used in your home?

· How can you save energy in your home/school and what are the environmental advantages of saving energy?

· How is electricity distributed to our homes?

· How can you save energy in your home?

· Read your electricity meter and read it again a few days later.

· Roughly calculate how many units of electricity are used in your house in a week, in the street, in your area.

· Observe the dial when different appliances are being used. Pupils can explain the significance of the speed of the dial.

How do we know that understanding has progressed?

Pupils can:

· construct workable circuits to demonstrate

· describe how electricity reaches the home

· explain simple energy conversions

· demonstrate safe practice through their handling of the apparatus and can explain the dangers associated with electricity

· express opinions on the merits and disadvantages on the different ways of generating energy, justifying their arguments.

Effective use of ICT

Creating and presenting

Pupils can:

· use a desktop publishing program to produce a poster with the conventional symbols on it

· create several different series circuit-diagram cards using conventional symbols for their friends to construct using electrical components.

For basic electricity revision

· www.bbc.co.uk/education/revisewise/science/physical/11_act.shtml
An interactive page for making difference types of circuits

· www.gwydir.demon.co.uk/jo/elect/index.htm
Concept cartoons CD-ROM and Crocodile Physics – Crocodile Clips Elementary free download enables pupils to extend their range of experiences through the use of an interactive smart board or white board and projector.

The pupils can create several different series circuit-diagram cards using conventional symbols for the relevant electrical components using Symbols cards 1/2 and Crocodile Physics – Crocodile Clips Elementary free download.

A fully interactive site for pupils’ to find out more about many aspects of electricity

· www.electric-circuits.co.uk
A general quiz about energy (P6/P7)

· www.Energyquest.ca.gov/wattsthat_junior/index.html
More interactive resources

· www.ers.north-ayrshire.gov.uk/batteries_and_electricity.htm
Checklist for formative assessment

1. Plan for an effective learning environment

· Share learning intentions and success criteria with pupils.

· Plan classroom activities to give pupils the opportunity to discuss their thinking so that feedback can help develop it.

· Plan oral and written feedback so that it guides improvement in individual and group learning.

· Plan activities that promote or encourage collaboration so that everyone is included and challenged, and train pupils to listen to and respect one another’s ideas.

· Plan tasks in a way that requires pupils to use certain skills or apply ideas.

· Ensure that pupils are active participants in lessons.

2. Gathering information about pupils’ learning and encouraging pupils to review their own work critically through self- and peer assessment

· Observing pupils – this includes listening to how they describe their work and their reasoning.

· Questioning, using open questions, phrased to invite pupils to explore their ideas and reasoning.

· Gather evidence as pupils demonstrate and communicate their thinking through a range of classroom activities, for example drawings, artefacts, actions, role-play, and concept mapping, as well as writing.

· Discussing key words and how they are being used.

· Using summative assessment as a positive part of the learning process to plan revision and direct learning.

Energy and Forces: Conversion and transfer of energy – Level E

Energy users and energy sources

Dominoes (to laminate and cut out)
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	Humans
	Waves
	
	Train
	Food


Answers (possible solution)
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	Coal/power station
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	Gas/power station
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	Wind/power station
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	Coal/ship

	
	
	

	[image: image22.emf]Oil/sailing ship
	
[image: image5]
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	Waves/humans
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	Food/train


Some suggestions for simple circuits
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	Simple lighting circuit and push switch
	Dimmer and switch
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	Simple motor
	Simple buzzer and push switch
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	Single Pole Double Throw Switch (SDPT)

Allows you to switch between two devices with one throw of the switch.




© Crocodile Physics (Images reproduced by permission.)

Activity card for simple circuits

Construct the following circuits.
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