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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 H465: Communication Systems: F615

	Suggested teaching time
	6 hours
	Topic
	Video displays

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

	Rapidly changing digital signals are used to display moving pictures on screens.
	Explain how video screens display colour pictures as lines of pixels in a frame, with separate red, green and blue pixels.
	Chapter Eight 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_transmission.htm

Study a video screen with a magnifying glass.
	

	
	Explain why the intensity of each pixel in a computer monitor is controlled by an analogue signal;
	
	Further details of video signals can be found at http://en.wikipedia.org/wiki/Super_Video_Graphics_Array

	
	Explain the need for raster scans, line synchronisation signals and frame synchronisation signals.
	
	

	
	Demonstrate the separate signals for red, green, blue, line sync and frame sync which pass from a computer to a monitor
	Use an oscilloscope to study the video output signals from a computer.


	[image: image2.wmf]

	
	Show that the frame refresh rate has to be about 25 Hz for a flicker-free moving image.

Assemble a circuit which makes an image one pixel at a time and vary the pixel refresh rate.
	[image: image3.wmf]
	

	
	Explain how to calculate the bandwidth required for a monitor cable from the refresh rate and the number of pixels per frame.
	Students need lots of practice, so they could calculate the bandwidth required for VGA, CGA and other outdated formats. 
	Consider the worst-case signal of on-off-on-off for each pixel, replacing the square wave with a sine wave of the same frequency. 

Information about the many video formats used over the years (PGA, CGA, EGA etc.) can be found at http://en.wikipedia.org

	
	Explain how a binary word can be used to determine the intensity of a pixel, including the relationship between the word length and the number of intensity levels.
	
	

	
	Explain how to calculate the bit rate required for a digital video stream from the bits per pixel, pixels per frame and the frame refresh rate.
	
	

	
	Explain that the bandwidth required for a digital video stream is half the bit rate.
	Use a digital oscilloscope package, such as Picoscope to look at the frequency spectrum of square waves.

http://www.picotech.com/oscilloscope.html


[image: image4.png]



Introduce the idea of a frequency spectrum at this point, using a spreadsheet to investigate how different waveforms can be built up by adding together sine waves.

www.electronicsexplained.co.uk/fspectra.xls
	A square wave can be regenerated from a sine wave at the same frequency, so the bandwidth need only be half the bit rate. You could 

	
	Show that compression of a digital image reduces the bits per frame but may result in a loss of quality.
	Use a graphics package to explore the file size and quality of digital camera images saved in various different formats (bmp, jpeg, tiff ...)


[image: image5.png]



	Texting often uses compression. Students could calculate compression ratios by comparing the letter counts of messages written in standard English and text language.


[image: image6.png]





	Electronics H465: Communication Systems: F615

	Suggested teaching time
	14 hours
	Topic
	Modulating carriers

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

	The amplitude of a high frequency carrier can be modulated to carry information about a signal.
	Explain how amplitude modulation (AM) requires the amplitude of the carrier to carry information about the instantaneous voltage of the signal
	Chapter Eight 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_transmission.htm
	

	
	Demonstrate the use of a variable gain amplifier to produce AM carriers.
	Page 169 of 'Electronics Explained' gives details of a suitable variable gain amplifier.
	Chopping can be used to generate AM sidebands with analogue switches. 


[image: image7.png]
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	Show how to construct voltage-time and amplitude-frequency graphs of AM carriers (including the presence of sidebands on either side of the carrier). Explain the rule that the bandwidth required for an amplitude modulate signal is twice the maximum signal frequency.
	Use a digital oscilloscope package, such as Picoscope to look at the frequency spectrum of amplitude modulated signals.

http://www.picotech.com/oscilloscope.html


[image: image9.png]



	All of the information about the signal is present in both sidebands. A single sideband on its own carries all the information required to regenerate the original signal. 

This idea can be tested by using a spreadsheet to add sine waves together.

www.electronicsexplained.co.uk/fspectra.xls

Single sideband transmission halves the bandwidth required.
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	Explain the use of a rectifier and filter (diode detector) to recover a signal from an AM carrier.


	Students assemble an AM modulator and design a suitable demodulator.

[image: image11.wmf]
	High frequency diodes need small bypass capacitance to prevent high frequency signals going straight through unrectified.
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	The frequency of a high frequency carrier can be modulated to carry information about a signal.
	Explain that frequency modulation (FM) requires the frequency of the carrier to carry information about the instantaneous voltage of the signal.
	Use a card-matching exercise to compare and contrast the techniques of AM and FM.
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	Demonstrate the use of a variable frequency oscillator to produce FM carriers.
	Students assemble and test a frequency modulator based on a triangle wave generator.
	[image: image14.wmf]

	
	Explain the use of a monostable and treble cut filter for frequency demodulation.
	Students design and test a demodulator. 

[image: image15.wmf]
	It might help to revise active filter calculations and operation  from AS at this point.

[image: image16.wmf]
It might help to revise monostable calculations and operation from AS at this point.
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	Show how to construct voltage-time graphs of frequency modulated carriers
	[image: image56.png]Use a card-matching exercise to link FM and AM oscilloscope screen traces with carrier and signal frequencies.


	

	
	Demonstrate the rule that the bandwidth required for an FM carrier is about five times the maximum frequency of the signal.
	Use a digital oscilloscope package, such as Picoscope to look at the frequency spectrum of amplitude modulated signals.

http://www.picotech.com/oscilloscope.html
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	Use a spreadsheet to add sine waves together to show that FM bandwidths are about five times maximum signal frequency.

www.electronicsexplained.co.uk/fspectra.xls
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Pulse width modulation uses a digital signal to carry analogue information.
	Explain that the mark-space ratio of a pulse-width modulated (PWM) carrier is determined by the instantaneous voltage of the signal
	
	Students could find out about the use of PWM to control servo motors in robots, model cars, planes and boats. 


	
	Explain the use of a triangle waveform generator and a comparator to produce PWM carriers;
	.
	

	
	Explain the operation of an op-amp ramp generator and an op-amp non-inverting Schmitt trigger to make a triangle waveform generator (including calculations of trip points and ramp rates from component values)
	Students assemble and test ramp generators and schmitt triggers separately before joining them to make a triangle waveform generator. 

Students assemble and test a PWM system using the triangle waveform generator.

Use a three-way card-matching exercise to link ramp generator and schmitt trigger circuits with their oscilloscope traces.
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	Explain the need to sample the signal at least twice in each cycle (Nyquist criteria).
	Use a spreadsheet to investigate the relationship between sample rate and frequency of regenerated waveform.

http://www.electronicsexplained.co.uk/pdfs
/digital_transmission_b.pdf
	Students could investigate the effects of aliasing with a digital oscilloscope such as Picoscope.

http://www.picotech.com/oscilloscope.html

	
	Explain the use of a treble cut filter to demodulate a PWM carrier.
	Students design, assemble and test a treble cut filter to demodulate the PWM signal from the circuit on their breadboard.
	

	
	Explain the rule that the bandwidth of a PWM carrier is about half the highest frequency present in the carrier. 
	Use a digital oscilloscope to investigate the frequency spectrum of a PWM carrier signal.
	

	Modulated carriers pick up noise and interference in transmission.
	Show that modulated carriers can be transmitted as electrical signals along cables, as infrared along optical fibre or as radio waves
	Simple AM modules transmisting and receiving on 433 MHz are available from www.rapidonline.com.

Simple optical fibre transmitter and receiver modules are available from www.rapidonline.com. 
	Optical fibre is best suited for transmission of pulses, so is not useful for AM carriers. Cable and radio is suitable for AM, FM and PWM.

	
	Demonstrate that the intensity of a modulated carrier decreases with increasing distance of transmission (no quantitative details required);
	Investigate the range of a 433 MHz transmitter and receiver system.
	

	
	Explain that noise is a random signal which is added to modulated carriers in transmission.
	Use an oscilloscope and loudspeaker to demonstrate noise from an amplifier with open-circuit inputs.
	

	
	Explain that interference is a signal from another carrier which is added to modulated carriers;
	Use an oscilloscope to investigate 50 Hz interference present when a person touches the input terminal.
	

	
	Explain the meaning of signal-to-noise ratio (no quantitative details required);
	
	

	
	Explain the use of limiters / Schmitt triggers to remove noise and interference from FM and PWM carriers, including that this is not possible for AM carriers.
	
	It might help to revise the operation and characteristics of Schmitt triggers from AS.

	
	Explain the relative susceptibility of twisted-pair cables, optical fibres and radio waves to noise and interference


	Students assemble and test a twisted-pair communication system. [image: image22.wmf]
	Students will need to be introduced to difference amplifiers. 

[image: image23.wmf]


	Electronics H465: Communication Systems: F615

	Suggested teaching time
	10 hours
	Topic
	Frequency division multiplexing

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

	Many modulated carriers can be sent down a link by allocating each one to a different channel
	Explain that frequency division multiplexing (FDM) allocates a different range of frequencies (channel) for each modulated carrier.
	Chapter Eight 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_transmission.htm
	

	
	Explain how the maximum number of channels in a link is related to its bandwidth and the bandwidth allocated to each channel.
	
	

	
	Explain the use of a parallel LC circuit and a resistor as a bandpass filter (including the effect on the bandwidth of increasing the resistance in the parallel LC circuit)
	Students assemble and test a tuned circuit.
	[image: image24.wmf]

	
	Explain the use of the equations for the reactance of an inductor (
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), including the use of log-log plots of reactance against frequency to represent these characteristics.
	
	More able students could research the physics behind these equations.
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Phase changes introduced by inductors and capacitors can be safely ignored.

	
	Practice the use the equation for the resonant frequency (
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	More able students should be able to derive this equation from 
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	Explain how the use of three stacked filters to make a bandpass filter with a flat top and sharp edges, including the need for buffer amplifiers between stages
	Use a spreadsheet to design a stacked filter to meet a given specification.

http://www.electronicsexplained.co.uk
/pdfs/analogue_transmission_d.pdf
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	Radio transmissions use FDM
	Explain the use of a tuned circuit at the base of an aerial to select a modulated carrier  from just one broadcast channel.
	Use a card-ordering exercise to test understanding of the operation of a tuned circuit.
	

	
	Explain that increasing the resistance in parallel with the tuned circuit increases the signal and reduces its bandwidth.
	Use a signal generator and an oscilloscope to demonstrate the effect of increasing resistance in a tuned circuit.
	More able students could investigate the physics behind tuned circuits, possibly using a spreadsheet to solve the equations.


[image: image34.png]




	
	Explain the operation of a simple AM radio receiver in terms of the following blocks: aerial, tuned circuit, r.f. amplifier, diode demodulator, a.f. amplifier, loudspeaker.
	Use a card-matching exercise to test understanding of the operation of each block in the system.

Students assemble and test a simple AM receiver.
	[image: image35.wmf] 



	
	Explain that the selectivity of a radio receiver is its ability to reject modulated carriers from neighbouring channels.
	Students add a MOSFET amplifier to a tuned circuit to improve its selectivity.
	[image: image36.wmf]

	
	Explain that the sensitivity of a radio receiver is its ability to pick up weak stations.
	Students add an RF amplifier to a improve the sensitivity of an AM receiver.
	[image: image37.wmf]

	
	Explain the operation of a superhet radio receiver in terms of the following blocks: aerial, tuned circuit, local oscillator, mixer, i.f. filter, i.f. amplifier, demodulator, a.f. amplifier, loudspeaker
	Use a card-matching exercise to match each block with its function.


	Students research the easly development of the superhet receiver.
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	Electronics H465: Communication Systems: F615

	Suggested teaching time
	12 hours
	Topic
	Time division multiplexing

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

	Telephone systems use time-division multiplexing to make efficient use of links.
	Describe the operation of a digital transmission system in terms of the following blocks: analogue-to-digital converter (ADC), parallel-to-serial converter (PSC), serial-to-parallel converter (SPC), digital-to-analogue converter (DAC).
	Chapter Nine 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
/digital_transmission.htm
	Students could use a set of cards to construct the  block diagram-of a 
digital transmission system, with each card describing the action of a block.


[image: image39.png]




	
	Explain that an ADC represents the signal voltage of each sample as a binary word, with the sampling rate at least twice the maximum signal frequency.
	
	The relationship between maximum sampling rate and signal frequency can be investigated with the spreadsheet at http://www.electronicsexplained.co.uk
/pdfs/digital_transmission_b.pdf

	
	Explain the meaning of the terms range, resolution and sample rate as applied to ADCs.
	Students could use a set of cards to match each term with its definition.
	

	
	Explain the operation of flash ADCs made from comparators and logic gates.
	Students design, assemble and test a flash ADC.
	[image: image40.wmf]

	
	Explain the use of summing amplifiers as DACs, including calculating the range and resolution from the resistor values.
	Students assemble and test a three-bit DAC.

Use a card-matching exercise to link circuits to their range and resolution.
	[image: image41.wmf]

	
	Explain the operation of an ADC made from a binary counter, a comparator and a DAC, including its advantages and disadvantages compared with a flash converter.
	Students assemble and test a three-bit ADC based on a DAC.
	[image: image42.wmf]

	
	Explain how time-division multiplexing (TDM) allows many channels to share the same link.


	Students assemble pairs of transimitters and receivers for a simple TDM system, and test them by linking across.
	[image: image43.wmf]

	
	Explain the use of multiplexers and demultiplexers in TDM.
	Students could usefully revise how to assemble multiplexers and demultiplers from logic gates and analogue switches.
	[image: image44.wmf]

	
	Explain that the bandwidth required for TDM is the half the total bit rate.
	A digital oscilloscope could be used to demonstrate the frequency spectrum of a digital signal.
	This might be a good point to revise the link between the periodicity of a waveform and the bandwidth of its frequency spectrum.

	Computers exchange information along cables using time-division multiplexing.
	Explain how computers can exchange information with each other along a twisted-pair cable by packets of serial digital signals.
	Details of twisted-pair communication systems can be found at http://en.wikipedia.org
/wiki/Ethernet
	

	
	Explain why each packet contains the following information: the source address, the destination address, the data payload, checksum.
	Details of packet structures can be found at http://en.wikipedia.org
/wiki/Packets
	

	
	Explain the use of analogue switches to allow many systems to place signals on a single link in turn.

Explain why each computer waits until there is no traffic on the cables before it attempts to transmit a packet.
	Students program a PIC to transmit eight-bit words in serial format, with the word being derived from an analogue signal at an input port. They then connect their transmitter to a single wire loop via an analogue switch, and attempt to communicate with a single PIC programmed to display the serial word on array of eight LEDs.
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	Explain the need for start (0) and stop (1) bits at the start and end of each packet.
	Students could use a storage oscilloscope to capture and investigate serial transmissions from a computer mouse.
	[image: image47.wmf]

	
	Explain the use of D flip-flops and logic gates to construct parallel-in serial-out (PISO) and serial-in parallel-out (SIPO) shift registers.
	Students could stand in a line and role-play being a shift register, using hand signs to denote the bit being stored.


[image: image48.png]



Students could design PISO shift registers from flip-flops and logic gates.


[image: image49.png]
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	Explain the use of shift registers in PTS and STP converters, including the need to use crystal oscillators.
	Students assemble shift register circuits and investigate their use to generate sequences.
	[image: image51.wmf]

	
	Explain why the bandwidth of the cable is half the maximum bit rate.
	Use a digital oscilloscope to investigate the frequency spectrum of serial output from a PIC, where the word is derived from an analogue signal at an input.
	A sine wave can be restored to a square wave by a Schmitt trigger, so only the fundamental frequency of the digital signal needs to be transmitted.


Sample GCE Lesson Plan: Electronics H465:
Communication Systems: F615

An introduction to amplitude modulation

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 recall that amplitude modulation transfers information as the amplitude of a high frequency carrier wave.

	Objective 2
	Students to understand how this can be accomplished by using a variable gain amplifier.

	Objective 3
	Students to recall the frequency spectrum of an amplitude modulated carrier.

	Objective 4
	Students to recall the meanings of the terms carrier, signal, modulation, sideband.


Recap of previous experience and prior knowledge

· Use a card-matching exercise to test students understanding of the terms amplitude, frequency and period, by matching pictures of oscilloscope traces to statements of amplitude and frequency.

Content

	Time
	Content

	5 minutes
	Test understanding of frequency, period and amplitude.

	10 minutes
	Demonstrate the use of a variable gain amplifier to amplitude modulate a fixed frequency carrier signal, with a digital projector to display digital oscilloscope traces of waveforms.

[image: image52.wmf]


	5 minutes
	Introduce the idea of the frequency spectrum of an amplitude modulated carrier. 

Use the digital oscilloscope to show pairs of sidebands. 


Demonstrate the effect of altering the frequency and amplitude of the signal on the sidebands. Challenge students to establish relationship between signal and frequency of sidebands.

	30 minutes
	Students assemble and test an amplitude modulator system.

[image: image53.wmf][image: image54.wmf] 

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

If they have time, they can start to investigate the use of a demodulator to recover the signal from the modulated carrier.

[image: image55.wmf]

	5 minutes
	Clear up apparatus.


Consolidation

	Time
	Content

	5 minutes
	Quick test on paper to establish students understanding of

· meaning of the terms carrier, signal, sideband

· the frequency spectrum of an AM carrier

· the voltage-time graph of an AM carrier

	60 minutes
	Set homework for next lesson:

· study the Amplitude Modulation section of Electronics Explained

· answer questions 1, 2 and 3 on page 217 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 idea contained in the SOW are innovative, but the icon is used to 


Highlight exceptionally innovative ideas.
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