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Introduction

Background

A new structure of assessment for A Level has been introduced, for first teaching from September 2008. Some of the changes include:

· The introduction of stretch and challenge (including the new A* grade at A2) – to ensure that every young person has the opportunity to reach their full potential

· The reduction or removal of coursework components for many qualifications – to lessen the volume of marking for teachers

· A reduction in the number of units for many qualifications – to lessen the amount of assessment for learners

· Amendments to the content of specifications – to ensure that content is up-to-date and relevant.

OCR has produced an overview document, which summarises the changes to Electronics. This can be found at www.ocr.org.uk, along with the new specification.
In order to help you plan effectively for the implementation of the new specification we have produced this Scheme of Work and Sample Lesson Plans for Electronics. These Support Materials are designed for guidance only and play a secondary role to the Specification.  
Our Ethos

All our Support Materials were produced ‘by teachers for teachers’ in order to capture real life current teaching practices and they are based around OCR’s revised specifications. The aim is for the support materials to inspire teachers and facilitate different ideas and teaching practices.
Each Scheme of Work and set of sample Lesson Plans is provided in:

· PDF format – for immediate use

· Word format – so that you can use it as a foundation to build upon and amend the content to suit your teaching style and students’ needs.

The Scheme of Work and sample Lesson plans provide examples of how to teach this unit and the teaching hours are suggestions only. Some or all of it may be applicable to your teaching. 
The Specification is the document on which assessment is based and specifies what content and skills need to be covered in delivering the course. At all times, therefore, this Support Material booklet should be read in conjunction with the Specification. If clarification on a particular point is sought then that clarification should be found in the Specification itself.
A Guided Tour through the Scheme of Work

 SHAPE  \* MERGEFORMAT 



	Electronics H065: Signal Processors: F612

	Suggested teaching time
	8 hours
	Topic
	Storing signals

	Topic outline
	Suggested teaching and homework activities 
	Suggested resources
	Points to note

	Arrays of logic gates can be used to store information.
	Introduce the idea of a bistable (separate inputs to set and reset a single output) and represent its behaviour with timing diagrams.
	Chapter Five of 'Electronics Explained' by Michael Brimicombe covers this topic thoroughly (including questions). 

Practical work for this topic can be found at http://www.electronicsexplained.co.uk
/sequential_systems.htm
	Timing diagrams are stylised sets of voltage-time diagrams (without axes) arranged vertically to show cause and effect.

	
	Explain the use of NOR gates to make a bistable with active-high inputs.
	Sets of cards for sentence-ordering to test understanding.
	Revise truth tables for logic gates using whiteboards and marker pens.
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	Explain the use of NAND gates to make a bistable with active-low inputs. 

Assemble and test the circuit.
	[image: image3.wmf]
	Note the use of a driver to prevent Q being corrupted through having to provide current for the LED.

	
	Describe the behaviour of a latch (data and enable inputs to set and reset a single output) and represent its behaviour with timing diagrams;
	
	Introduce the transition gate as a way of providing very short clock pulses for a latch.
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	Analyse the operation of a latch made from logic gates and a bistable. 

Assemble and test the circuit.
	[image: image6.wmf]
	

	
	Describe the behaviour of a rising-edge triggered D flip-flop (data, clock, set and reset inputs, complementary outputs) and represent its behaviour with timing diagrams. Assemble and test the circuit.
	[image: image7.wmf]
	Card-pairing exercise to match each terminal name (S, R, CK ...) with its behaviour.


[image: image8.png]




	
	Explain the operation of a D flip-flop made from a master-slave pair of latches. 
	Sets of cards for sentence-ordering to test understanding.
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	Explain the use of an array of D flip-flops to store a binary word.

Introduce nibbles and bytes in the context of numbers and letters.
	[image: image10.wmf]
	Edge-triggering allows precise timing of data acquisition.

Use of D flip-flops to make shift registers and memories.

Link between word length N and number of states (2n)
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	Electronics H065: Signal Processors: F612

	Suggested teaching time
	12 hours
	Topic
	Negative feedback

	Topic outline
	Suggested teaching and homework activities 
	Suggested resources
	Points to note

	Negative feedback allows op-amps to process audio signals. 

Resistors can be used to make op-amps into non-inverting, inverting and summing amplifiers
	Explain the use of an electret microphone to transfer sounds into electrical signals, to include the use of a pull-up resistor and a coupling capacitor.

Assemble a microphone circuit and test it with an oscilloscope.
	Chapter Three of 'Electronics Explained' by Michael Brimicombe covers this topic thoroughly (including questions). 

Practical work for this topic can be found at http://www.electronicsexplained.co.uk
/analogue_systems.htm
	Revise the use of an oscilloscope to study signals which change with time.

[image: image12.wmf]

	
	Explain that an ideal amplifier increases the amplitude of an a.c. signal without altering its frequency or shape.
	Use oscilloscopes, signal generator, L272 power amplifier and loudspeaker to demonstrate the meaning of frequency, gain and distortion.
	Details of the L272 i.c. can be found at rswww.com

	
	Introduce the equation for voltage gain (
[image: image13.wmf]in
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[image: image61.png]Measure the gain of a simple amplifier based on a NOT gate.
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	Measure the gain at different frequencies.
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	Explain that an op-amp is a differential amplifier 
(Vout = A(V+ - V-)) with a very large open-loop gain A;
	
	

	
	Describe the use of negative feedback to make an op-amp into a voltage follower, including the need for a pull-down resistor at the non-inverting input.
	[image: image16.wmf]
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Use of algebra to derive Vout = Vin 
(if A is large enough) from 
Vout = A(V+ - V-).

[image: image63.png]


Card sequencing exercise to show steps in algebraic argument.



	
	Explain why a voltage follower has a voltage gain of one but can provide power gain.
	
	[image: image64.png]


Revise use power formula P = VI with whiteboards and marker pens.



	
	Explain how the use of feedback and pull-down resistors to make an op-amp into an non-inverting amplifier with a known voltage gain (
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Assemble and test the circuit.
	[image: image18.wmf]
	Use algebra to derive 
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Card sequencing exercise to show steps in algebraic argument.
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	Explain how the use of feedback and input resistors to make an op-amp into an inverting amplifier with a known voltage gain (
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), to include the concept of virtual earth for the inverting input.

Assemble and test the circuit.
	[image: image23.wmf]
	Use algebra to derive 
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Card sequencing exercise to show steps in algebraic argument.
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	Explain how to represent the transfer characteristics of inverting and non-inverting amplifiers based on op‑amps as input-output graphs, including saturation.
	Card-pairing exercise to match transfer characteristics with circuits.
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	Explain the use of feedback and input resistors to allow an op-amp to combine two or more different a.c. signals (
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2

2

1

1

R

V

R

V

R

V

f

out

+

=

-

).

Use summing and inverting amplifiers to combine signals.
	[image: image29.wmf] 


http://www.electronicsexplained.co.uk
/signal_processing.htm
	Use algebra to derive 
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Card sequencing exercise to show steps in algebraic argument.
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	Electronics H065: Signal Processors: F612

	Suggested teaching time
	10 hours
	Topic
	Counting pulses

	Topic outline
	Suggested teaching and homework activities 
	Suggested resources
	Points to note

	Arrays of D flip-flops can count pulses. 

Binary counters are at the heart of systems which produce sequences of digital signals.
	Explain how the connection of D to 
[image: image33.wmf]Q

 makes a D flip-flop into a one-bit counter.
	Chapter Five of 'Electronics Explained' by Michael Brimicombe covers this topic thoroughly (including questions). 

Practical work for this topic can be found at http://www.electronicsexplained.co.uk
/sequential_systems.htm
	Revise the need to ground the R and S inputs of the flip-flop.

[image: image34.wmf]

	
	Explain the use of D flip-flops and a NOT gate to make a binary ripple up-counter.

Assemble and test a two-bit counter.
	[image: image35.wmf]
	Show how a down-counter can be constructed.
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	Show how logic gates can be used to make binary counters which reset to m after n counts, where m and n are integers.
	[image: image37.wmf]
	Understand the operation of a debounced switch.
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	Explain how timing diagrams can be used to represent the transfer characteristics of a binary counter.
	Card-matching exercise to match timing diagrams to circuits.
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	Explain the use of decoders and seven-segment LEDs to display the output of a binary counter in decimal.

Assemble and test counters with seven segment displays.
	[image: image40.wmf] 


	Explain the use of the latch in a 4511 decoder i.c.


[image: image41.png]




	
	Describe the use of binary counters to make systems which can be used as clocks, including the use of crystal oscillators for precision timing.

Assemble and test a frequency division system.


	[image: image42.wmf]
	Test the accuracy of a simple crystal oscillator.
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	Explain the use of oscillators, logic systems and binary counters to generate continuous sequences of digital signals.

Design, assemble and test some sequencers.


	[image: image44.wmf]
	

	
	Explain the use of a flip-flop, oscillators, logic systems and binary counters to generate a single train of pulses when triggered by a pulse.

Design, assemble and test a one-shot sequencer system
	[image: image45.wmf] 


	Find out about synchronous counters.


[image: image46.png]





	Electronics H065: Signal Processors: F612

	Suggested teaching time
	8 hours
	Topic
	Amplifying audio

	Topic outline
	Suggested teaching and homework activities 
	Suggested resources
	Points to note

	An audio amplifier allows signals from a microphone to be heard from a loudspeaker.

Capacitors can be used as filters.
	Introduce a complete audio amplifier system in terms of blocks representing voltage amplifier, volume and tone controls, and power amplifier.

[image: image65.png]


Use card-sequencing exercise to test understanding.


	Chapters Three and Six of 'Electronics Explained' by Michael Brimicombe covers this topic thoroughly (including questions). 

Practical work for this topic can be found at http://www.electronicsexplained.co.uk
/signal_processing.htm and http://www.electronicsexplained.co.uk
/analogue_systems.htm
	Commercial amplifiers should have their mains plugs removed before they are opened for demonstration purposes.

[image: image66.png]


Use whiteboards and markers to revise inverting and non-inverting amplifiers from op-amps.



	
	Explain the use of a potentiometer as a volume control.

Design, assemble and test a sound-to-light converter.


	[image: image47.wmf]
	

	
	Explain the use of a capacitor as a frequency-dependant impedance, with impedance decreasing with increasing frequency.
	
	[image: image67.png]


Reactance as X = 1/2(fC to derive break frequency formula.


	
	Introduce the equation for break frequency (
[image: image48.wmf]RC
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) in bass cut and treble cut filters.


	
	Card-sequencing exercise to show steps in derivation of break frequency formula.
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	Explain the transfer characteristics of simple passive filters and represent them with log-log gain-frequency graphs, using straight line approximations.


	Card-matching exercise linking passive filter with transfer characteristic to test understanding.
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	Explain the operation of treble cut, bass cut and bandpass filters based on op-amps, including the use of log-log gain-frequency graphs to represent their transfer characteristics.

Assemble and test some filters.
	[image: image52.wmf]
	


	Electronics H065: Signal Processors: F612

	Suggested teaching time
	12 hours
	Topic
	Microcontrollers

	Topic outline
	Suggested teaching and homework activities 
	Suggested resources
	Points to note

	The behaviour of a microcontroller is fixed by the program fed into it. 

A small set of microcontroller instructions allows a wide range behaviours.
	Introduce a microcontroller as a digital system whose transfer characteristics are decide by the program stored in its memory.
	Details of software and hardware for this unit can be found at http://www.rev-ed.co.uk/picaxe.

It is suggested that all practical work be carried out with a PICAXE-18A microcontroller. This has five digital. 

An introduction to the PICAXE system with extensive tutorials can be found at 
http://www.rev-ed.co.uk/
docs/axe050.pdf
	[image: image53.wmf]

	
	Explain the difference between hardware and the software which controls it.
	Show how to download programs from a computer into a PIC. 

Different programs result in different behaviour for the same integrated circuit.
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	Explain the advantages of programmable systems (economies of scale, reusable, ease of system design).
	[image: image68.png]


Show how a simple program can be flowcharted and tested on a host computer.

http://en.wikipedia.org/wiki/microcontrollers
	

	
	Explain the limitations of programmable systems (digital only, relatively slow).
	Chapter Eleven of 'Electronics Explained' by Michael Brimicombe explains how programmable systems. work.
	

	
	Explain the need for a host computer to translate a program into machine code and download it into a microcontroller.
	Use DEBUG to explore programs in the memory of a personal computer.


	'Electronics Explained' by Michael Brimicombe.


[image: image55.png]




	
	Explain the meaning of the terms input port, output port, memory address and register in the context of a microcontroller system.
	http://en.wikipedia.org/wiki/microcontrollers.
	Use of tristates and flip-flops to make ports is explained in Chapter Eleven of 'Electronics Explained'.
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	Explain that an analogue-to-digital converter outputs a byte which represents the input voltage.
	Chapter Nine of 'Electronics Explained' by Michael Brimicombe.

Program a PICAXE-18 to measure a voltage with one adc input and output it in digital form on eight LEDs.
	The PICAXE-18A has a high resolution ADC with 256 different outputs over a range of 0 V to 5 V.


	Electronics H065: Signal Processors: F612

	Suggested teaching time
	12 hours
	Topic
	Microcontrollers

	Topic outline
	Suggested teaching and homework activities 
	Suggested resources
	Points to note

	
	Explain the use of hexadecimal notation to summarise four-bit binary words and bytes.
	Chapter Eleven of 'Electronics Explained' by Michael Brimicombe.

Three-way card-matching exercise linking hex codes with binary and decimal to test understanding.


	The PICAXE flowchart system requires bytes to be expressed as decimal rather than hexadecimal notation.

	
	Show how to use flowcharts to analyse and design simple programs for microcontrollers.
	Students use the PICAXE flowchart system to write and download programs into a PICAXE-18A which

sample the analogue signal at an input pin and output the corresponding byte to LEDs

only switch on an LED if the analogue signal is above a given value.

switch a loudspeaker on and off at a rate fixed by the word at the input port

only turn on an LED when a given word is present at the input port

feed out a sequence of bytes at the output port with each byte present for a fixed time

counts and displays pulses presented at one input, counting up or down depending on the state of another input
	Students meet ten different flowchart symbols. Introduce each one through example programs which students to adapt to produce desired outcomes.

The PICAXE system refers to input and output ports as pins.

Time delay loops are explained in Chapter Eleven of 'Electronics Explained' by Michael Brimicombe.
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Sample GCE Lesson Plan: Electronics H065:

Signal Processors F612

An introduction to bistables
OCR recognises that the teaching of this qualification will vary greatly from school to school and from teacher to teacher. With that in mind, this lesson plan is offered as a possible approach but will be subject to modifications by the individual teacher.

Lesson length is assumed to be one hour, 

Learning Objectives for the lesson

	Objective 1
	Students to be able to recall that a bistable stores one bit of information.

	Objective 2
	Students to able to recall the meaning of the terms set and reset.

	Objective 3
	Students to be able to draw bistables made from pairs of NOR  and NAND gates.

	Objective 4
	Students to recall behaviour of NOR and NAND gate bistables with truth tables and timing diagrams.

	Objective 5
	Students to be able to explain the operation of bistable circuits in terms of logic gate truth tables.


Recap of previous experience and prior knowledge

· Set a quick test to establish that students can draw the symbol for NOR and NAND gates, give their truth tables and state their operation in words.

Content

	Time
	Content

	5 minutes
	Test recall of NOR and NAND gate behaviour.

	5 minutes
	Introduce bistable behaviour as follows:

· draw a pair of cross-coupled NOT gates

· ask students to tell each other the states (1 or 0) of each gate

· ask class to devise methods of changing the states of each gate

	5 minutes
	Introduce black box bistable with two inputs (S, R) and one output (Q).

Define effect of S and R on Q, summarising with a truth table.

[image: image58.wmf]
Challenge students to complete a timing diagram for Q given S and R.



	5 minutes
	Introduce cross-coupled NOR gates as a bistable.

Challenge students to explain to each other which terminals are R, S and Q.

Summarise NOR gate bistable behaviour with a timing diagram.

	20 minutes
	Students assemble a NAND gate bistable on breadboard and investigate its behaviour, summarising it as a truth table and a timing diagram.

http://www.electronicsexplained.co.uk/pdfs/bistables.pdf

[image: image59.wmf]
When students have finished they can start the NOR gate latch experiment.

http://www.electronicsexplained.co.uk/pdfs/nor_gate.pdf

[image: image60.wmf]

	5 minutes
	Clear up apparatus.


Consolidation

	Time
	Content

	10 minutes
	Question the class to establish the operation of a NAND gate bistable in terms of a NAND gate truth table.

	5 minutes
	Test their learning with a quick test:

· meaning of set and reset

· circuit diagrams for cross-coupled gates, with labelled terminals

· active-high inputs for NOR gate bistable

· active-low inputs for a NAND gate bistable

	60 minutes
	Set homework for next lesson:

· study the Bistables section of Electronics Explained

· answer questions 1 and 2 on page 121 of Electronics Explained


Other forms of Support

In order to help you implement the new Electronics specification effectively, OCR offers a comprehensive package of support. This includes:

OCR Training
Get Ready…introducing the new specifications
A series of FREE half-day training events are being run during Autumn 2007, to give you an overview of the new specifications.

Get Started…towards successful delivery of the new specifications

These full-day events will run from Spring 2008 and will look at the new specifications in more depth, with emphasis on first delivery.

Visit www.ocr.org.uk for more details.

Mill Wharf Training

Additional events are also available through our partner, Mill Wharf Training. It offers a range of courses on innovative teaching practice and whole-school issues - www.mill-wharf-training.co.uk. 

e-Communities
Over 70 e-Communities offer you a fast, dynamic communication channel to make contact with other subject specialists. Our online mailing list covers a wide range of subjects and enables you to share knowledge and views via email.

Visit https://community.ocr.org.uk, choose your community and join the discussion!

Interchange

OCR Interchange has been developed to help you to carry out day to day administration functions online, quickly and easily. The site allows you to register and enter candidates online. In addition, you can gain immediate a free access to candidate information at you convenience. Sign up at https://interchange.ocr.org.uk
Published Resources

OCR offers centres a wealth of quality published support with a fantastic choice of ‘Official Publisher Partner’ and ‘Approved Publication’ resources, all endorsed by OCR for use with OCR specifications.

Publisher partners

OCR works in close collaboration with three Publisher Partners; Hodder, Heinemann and Oxford University Press (OUP) to ensure centres have access to:

· Better published support, available when you need it, tailored to OCR specifications 

· Quality resources produced in consultation with OCR subject teams, which are linked to OCR’s teacher support materials

· More resources for specifications with lower candidate entries

· Materials that are subject to a thorough quality assurance process to achieve endorsement

Hodder Education is the publisher partner for OCR GCE Electronics
Hodder Education is producing the following resources for OCR GCE Electronics for first teaching in September 2008, which will be available in Spring 2008
Brimicombe, M. OCR Electronics for A Level (2008) ISBN: 9780340966358
Approved publications

OCR still endorses other publisher materials, which undergo a thorough quality assurance process to achieve endorsement.  By offering a choice of endorsed materials, centres can be assured of quality support for all OCR qualifications.

Endorsement

OCR endorses a range of publisher materials to provide quality support for centres delivering its qualifications. You can be confident that materials branded with OCR’s “Official Publishing Partner” or “Approved publication” logos have undergone a thorough quality assurance process to achieve endorsement. All responsibility for the content of the publisher’s materials rests with the publisher.

These endorsements do not mean that the materials are the only suitable resources available or necessary to achieve an OCR qualification. Any resource lists which are produced by OCR shall include a range of appropriate texts.
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= ICT Opportunity 


This icon is used to illustrate when an activity could be taught using ICT facilities.





= Stretch & Challenge Activity 


This icon is added at the end of text when there is an explicit opportunity to offer


Stretch and Challenge.
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All the teaching ideas contained in the SOW are innovative, but the icon is used to 


Highlight exceptionally innovative ideas.
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