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SEP SIGNAL TRANSMISSION SETS

The SEP Signal Transmission Sets were developed to give a practical introduction to communications

for students aged 14-19. There are two sets. The first is the SEP Optical Transmission Set. It uses

visible light to demonstrate some basic principles of sending signals using electromagnetic radiation,

such as transmission and detection, attenuation, noise and the use of optical fibres. The second is the

SEP Analogue/Digital Transmission Set. It uses infrared radiation to demonstrate how carrier waves

can be used for analogue and digital signals. Both sets can be used to model the way that radio

waves are used to transmit information about audio signals. In addition to the equipment, SEP has

also produced a booklet ‘Communications: transmitting and receiving signals’ as part of its

‘Innovations in Practical Work’ series. The practical activities in this booklet are intended for students

aged 14-16, but the work can be developed for use at post-16 level.
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WHAT’S IN THE PACKS?

This instruction manual includes information on the following two products:

 SEP Optical Signal Transmission Set (SEP 280)

 SEP Analogue/Digital Transmission Set (SEP 281)

It also includes a section on the use of the SEP Signal Transmission Display Boards (SEP 282).

SEP Optical Signal Transmission Set (SEP 280)

This set demonstrates the use of visible light for sending signals. It consists of a transmitter and

receiver unit (each having two transmission channels), plus two power supplies and two optical fibre

links.

Transmitter inputs can be connected to mp3 players, radios, and other sound sources and receiver

unit outputs connected to amplified loudspeakers. Each unit has monitoring points that can be

connected to a computer running sound analysis software (e.g. Audacity), or to a digital oscilloscope.

The following schematic diagram shows how the units can be connected.
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SEP Analogue/Digital Transmission Set (SEP 281)

This set demonstrates the use of infrared carrier waves for sending signals. It consists of a transmitter

and receiver unit, plus two power supplies.

Users can select FM, AM, high quality digital or low quality digital transmission. Transmitter inputs can

be connected to mp3 players, radios, and other sound sources and receiver unit outputs connected to

amplified loudspeakers. Each unit has monitoring points that can be connected to a digital

oscilloscope. (They can also be connected to a computer running sound analysis software to monitor

the audio signals, but a digital oscilloscope is needed to look at the much higher frequencies of the

carrier waves.) The following schematic diagram shows how the units can be connected.



SEP SIGNAL TRANSMISSION SETS SEP 280 / SEP 281

© 2011 GATSBY SCIENCE ENHANCEMENT PROGRAMME 3

SEP Signal Transmission Display Boards (SEP 282)

These display boards can be used to hold

the units of the SEP Optical Signal

Transmission Set or the SEP

Analogue/Digital Transmission Set for

demonstrations: each display board holds

one unit so it can be viewed more easily

by a group of students.

The boards are reversible, so one side of

each holder has the labels for the

transmitter or receiver of the SEP Optical

Signal Transmission Set, while the other

side has the labels for the transmitter or

receiver of the SEP Analogue/Digital

Transmission Set.

BEFORE YOU BEGIN

In order to be able to use the Optical Signal Transmission Set and Analogue/Digital Transmission Set,

there are a number of other resources to which you will need to have access.

Audio sources for use with the transmitter units

You will need at least one audio source. You can use any audio source which can be connected via its

audio output jack to the audio input of the transmitter unit – for example, an mp3 player or a computer

audio output.

Connecting leads

To connect audio sources to the transmitter unit, you will need to use 3.5 mm stereo jack plug leads.

You will also need to use these for connecting to the monitoring points of the transmitter and receiver

units.

Loudspeakers

You will need at least one loudspeaker which can be connected via another audio jack to the audio

output from the receiver unit – you need to use amplified loudspeakers to produce sound with a

sufficient volume to be heard by a whole class. Suitable loudspeakers would be those that are often

included as accessories with desktop computers and which plug into the mains or into the computer,

and portable amplified loudspeakers that are designed to be used with mp3 players.

Sound files

Using ‘real’ music is good for grabbing attention when using the units with a loudspeaker and to

demonstrate loudness and quality of sound. When you want to compare waveforms it is better to use

simple sounds, based on steady single frequencies or combinations of a small number of frequencies.
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There is a zip file of sound files that can be downloaded from the Mindsets website

(www.mindsetsonline.co.uk). These contain a selection of mp3 files, for example, sine wave signals

with frequencies of 20 Hz, 440 Hz and 4700 Hz.

If you are using Audacity (see below, ‘Monitoring the signals’), you can use it to generate tones which

you can export as WAV or mp3 files.

Monitoring equipment

For the Optical Signal Transmission Set, a computer running sound analysis software is suitable for

monitoring the audio input and output. For the Analogue/Digital Transmission Set, the frequencies of

the carrier waves are too high to be observed using the sound card on a computer – for this a digital

oscilloscope (e.g. a PicoScope) is required. Further details are given below.

Monitoring audio input and output

To monitor the signals using a computer running sound analysis software (e.g. Audacity), you will

need to use 3.5 mm stereo jack plug leads. Audacity can be used for monitoring signals from any of

the points of the Optical Signal Transmission Set, or the audio input and audio output monitoring

points of the Analogue/Digital Transmission Set. Audacity is freely available open source software for

recording and editing sound and can be downloaded from http://audacity.sourceforge.net/.

Monitoring AM, FM and digital signals

The frequencies of the carrier waves used in the Analogue/Digital Transmission Set are much higher

than the frequencies of the audio signals. Such high frequencies cannot be sampled using sound

analysis software (e.g. Audacity) or a virtual oscilloscope (e.g. Zeitniz Soundcard Scope) which use

the computer’s sound card. What is needed is a ‘digital oscilloscope’ – in this manual, this term has

been used to refer to any oscilloscope which can be connected to a computer to allow storage and

display of data. Some of these look like ordinary student oscilloscopes and have controls and a small

display screen; others, such as the Picoscope range, must be connected to the computer for control

and display.

The high-quality digital carrier on the SEP Analogue/Digital transmission set uses the highest

frequency, 312.5 kHz. A suitable digital oscilloscope should have a bandwidth of about 500 kHz or

above. The sample rate should be at least 5 times the signal frequency (10 would be better), so a rate

of about 2 MS/s would be the minimum.

When making connections to the 3.5mm jack socket with the oscilloscope, it is essential to connect

the ground of the monitor point with the ground of the oscilloscope. The ground in an audio cable is

usually carried by the black wire or the shielding braid. This is where the grounding clip of the

oscilloscope probe should be connected.

A standard analogue oscilloscope (preferably dual beam to make comparisons easier) could be used

instead of a computer and digital oscilloscope, but the latter allows easier viewing for a whole class,

along with the ability to store and display images.
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USING THE OPTICAL SIGNAL TRANSMISSION SET

The Optical Signal Transmitter Unit has two channels for audio inputs. One of the signal output

channels uses a red LED, and the other a blue LED.

The Optical Signal Receiver Unit has two corresponding channels, each with a phototransistor light

sensor at the signal input. The audio outputs can be connected to amplified loudspeakers.

Start with both units flat on the bench and side by side about 10 cm apart, with the transmitter unit

signal output lined up next to the receiver unit signal input.
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Using one audio source and one loudspeaker

Connect the transmitter unit to the power supply.

The power indicator should light.

Connect an audio source to the audio input on the

red channel, and push the ‘Channel selection’

slider switch to ‘R’ to select the red channel. The

red signal output LED should light up.

Make sure that the slider in front of the red LED

on the right hand side of the unit is in the ‘up’

position.

Turn the ‘Amplify Signal’ knob until at least three

LEDs light up on the power meter.

Now connect the receiver unit to a second power

supply: Again, the power indicator on the unit

should light.

Connect the audio output from the red channel to

an amplified loudspeaker.

Make sure that the slider in front of the light

sensor on the left hand side of the unit is in the

‘up’ position.

Notice that you only get sound from the loudspeaker if the red channel LED is shining onto the

receiver unit red channel sensor and you have selected ‘R’ (red channel) or ‘R+B’ (red channel and

blue channel) on both units.

Put your hand between the two units: it should break the connection and stop the sound.
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Detecting changes in the light intensity

Breaking the light beam stops the sound, so all the information must be held in variations in the light

intensity. Normally, these changes are too fast to detect, but if you use a single low frequency tone

(around 20 or 30 Hz) you will be able to see the light flickering.

‘Amplify signal’, separation and power meters

Notice how turning the ‘amplify signal’ knob on

the receiver unit affects the number of LEDs

lighting on the receiver unit power meter, and the

loudness of the sound from the loudspeaker.

Notice how increasing the separation between the

transmitter and receiver unit affects the power

meter and the loudness of the sound.

Adding ‘noise’ to the signal

‘Noise’ is unwanted distortion of the signal. If you

shine a bench lamp onto the receiver light sensor

you will hear that the sound from the speakers

has changed: the light from the bench lamp is the

‘noise’ added to the light signal being detected by

the receiver. If you disconnect the sound source

but leave the bench lamp in place you can hear

the noise on its own.

Adding a second audio source and a second loudspeaker

Connect a second audio source to the blue channel input on the transmitter unit. Connect a second

amplified loudspeaker to the blue channel output of the receiver unit.



SEP SIGNAL TRANSMISSION SETS SEP 280 / SEP 281

© 2011 GATSBY SCIENCE ENHANCEMENT PROGRAMME 8

Note: When using the two channels, it is easier to hear what is happening if you use two distinctive

sounds as sources, for example, two very different single frequency tones or a music track and a

single frequency tone.

Start with the first source and loudspeaker connected to the red channel and the ‘R’ channel selected

on each unit. Connect a second audio source to the blue channel input on the transmitter unit and the

second amplified loudspeaker to the blue channel output of the receiver unit.

Now try the effect of changing the channel selection on each unit from ‘R’ to ‘B’ then to ‘R+B’.

What you hear from each speaker depends on what channels are selected on each unit. With ‘R’

selected, you hear only the red channel input from the ‘red channel’ speaker, and with ‘B’ you hear

only the blue channel input from the ‘blue channel’ speaker. With ‘R+B’ selected, you hear both inputs

though both speakers.

To hear just the ‘red’ input through the ‘red’ speaker and the ‘blue’ input through the ‘blue’ speaker you

need to use filters.

With the slider in the ‘up’ position, the light sensor

is uncovered, and will detect signals from both the

red and the blue LEDs on the transmitter unit.

With no filters in place signals sent from either of

the channels on the receiver unit will be picked up

by both of the channels on the receiver unit.
Light sensor on receiver unit

with no filter in place

To filter out the blue light from the red channel on

the transmitter unit, move the slider to the ‘down’

position so that the red filter is in front of the light

sensor.

With both red and blue filters in place, signals can

now be transmitted independently on the red and

blue channels. Red filter in place over light sensor

on receiver unit
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Connecting the units using optical fibres

The set is supplied with two optical fibre links.

This consists of an optical fibre, approximately

50 cm long, with a connector on each end that

can be inserted into the sliders on the transmitter

and receiver units.

Push one end of the optical link into the hole of

the slider of the transmitter unit. Move the slider

to the ‘down’ position, so that the optical fibre is

directly in front of the LED.

Push the other end of the optical link into the hole of the slider of the receiver unit. Move the slider to

the ‘middle’ position, so that the optical fibre is directly in front of the light sensor.

Optical link inserted into transmitter unit Optical link inserted into receiver unit

With an optical fibre connection, you should find that the sound quality (and power meter level in the

receiver unit) stays the same as you move the boards apart: the optical fibre connection provides a

way of sending an optical signal over a much greater distance.

With sound inputs to both channels and R+B selected on both units, you can carry two separate

signals by using a fibre optic connection for each channel.
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USING THE ANALOGUE/DIGITAL TRANSMISSION SET

The Analogue/Digital Transmitter Unit has a single audio input and signal output. The transmitter is an

infrared LED. Push-button settings allow the selection of AM or FM analogue transmission, or digital

encoding with high or low quality.

The Analogue/Digital Receiver Unit has a phototransistor which detects infrared radiation. The unit

has corresponding push-button settings for decoding the received signal before it is output to a single

amplified loudspeaker.
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This set introduces the use of carrier waves, and allows a comparison between analogue and digital

signals and the effect of different sampling rates. The carrier wave is an infrared signal.

Sending a signal

Connect the transmitter unit to the power supply.

The power indicator should light.

Press the push-button to select AM.

Connect an audio source to the audio input.

Turn the ‘Amplify Signal’ knob until at least three

LEDs light up on the power meter.

Now connect the receiver unit to a second power

supply, Again, the power indicator on the unit

should light.

Select AM. (Note that the receiver settings should

always be set to be the same as those on the

transmitter unit.)

Connect the audio output to an amplified

loudspeaker.

Start with both units flat on the bench and side-by-side about 10 cm apart, with the transmitter unit

signal output lined up with the receiver unit signal input. You should hear sound from the loudspeaker.

Try putting your hand or a piece of card between transmitter and receiver – this should block the

signal.
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Comparing AM, FM and digital signals

Try out each of the settings in turn:

 AM

 FM

 High Quality Digtal

 Low Quality Digital

Compare the differences in sound quality. You should

find that the low quality digital setting gives a very ‘noisy’

output even when the units are close together.

Increasing the separation

Notice the effect on the sound quality and the power meter display as you increase the separation

between the two units. Try this out for each setting.

You should find that:

 FM is better quality than AM.

 Low quality digital is very poor to start with and stays poor.

 High quality digital is about the same quality as FM for a small separation, but the quality

deteriorates rapidly around 40 cm or so.

WHAT MONITORING EQUIPMENT SHOULD I USE?

Optical Signal Transmission Set: You can use a computer running sound analysis software (e.g.

Audacity) connected to the units using 3.5 mm stereo jack plug leads. If you want to be able to monitor

two points simultaneously, your computer will need to have a stereo soundcard.

Analogue/Digital Transmission Set: You will need a digital oscilloscope connected to a computer in

order to see the carrier wave in detail, and you will need to connect the probes supplied with the

oscilloscope to 3.5 mm stereo jack plug leads (to connect to the monitoring points on each unit). You

could use a digital oscilloscope wherever monitoring is suggested. If it has two or more input channels

then this will allow you to monitor and display waveforms from several points simultaneously.

You could also monitor signals and compare waveforms using an ordinary, non-digital oscilloscope,

but you will not then be able to display screen images directly on a whiteboard or store them or later

comparison.

It is easier to see what is happening if you use simple sound sources rather than music or other

complex sounds.
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MONITORING SIGNALS WITH THE OPTICAL SIGNAL TRANSMISSION SET

The red and blue channels have their own monitoring points on each unit. For each channel, there are

monitoring points at the audio input and signal output of the transmitter unit, and at the signal input

and audio output of the receiver unit.

Using a single monitoring point to view a waveform

Arrange the two units as for the basic set-up (see page 6). To monitor the audio input signal, plug one

end of a 3.5 mm jack plug lead into the monitoring point on the extreme left of the transmitter unit (red

channel). Plug the other end into the microphone or audio input of a computer running sound analysis

software (e.g. Audacity). Alternatively, instead of sound analysis software, you could use a digital

oscilloscope (e.g. Picoscope) connected to a computer.

Adjust the timescale settings until you can see the sine wave of the audio input clearly.

Screenshot of sine wave using Audacity Screenshot of sine wave using Picoscope

Test each of the monitoring points for the same channel, to see how they differ. They should look

similar. Watch what happens to the waveforms from the receiver unit when you shine a bench lamp

onto the receiver unit sensor.
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Viewing two monitoring points at the same time

It can be more convenient to be able to view two waveforms at the same time. This is not possible with

Audacity, and where it becomes an advantage to use a digital oscilloscope which has two input

channels.

If using Audacity, another possibility is to take a screenshot from each monitoring point and paste it

into a word processor document.

MONITORING SIGNALS WITH THE ANALOGUE/DIGITAL TRANSMISSION SET

The monitoring points on the Analogue/Digital Transmission Set allow you to monitor waveforms from

the audio input and signal output of the transmitter unit, and from the signal input and audio output of

the receiver unit.

Note: You could use Audacity for monitoring signals from the audio input and audio output monitoring

points of the Analogue/Digital Transmission Set. However, you will still need a digital oscilloscope to

view the waveforms involving the carrier waves (i.e. those from the signal output monitor on the

transmitter unit and from the signal input monitor on the receiver unit).

Using a single monitoring point to view a waveform

Arrange the two units as for the basic set-up (see page 11). Select AM, and then connect the

monitoring point on the extreme left of the transmitter unit to a digital oscilloscope, or to the

microphone or audio input of a computer running Audacity. This monitors the audio input signal.
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Adjust the settings until you can see the sine wave

of the audio input clearly, as shown on the right.

Then try out each of the monitoring points on the

transmitter and receiver units, to see how the

waveforms differ.

The audio output waveform of the receiver unit

should look similar to the audio input waveform of

the transmitter unit.

Audio input

The signal output of the transmitter unit is shown

on the right. This shows the modulated carrier

wave. The signal input of the receiver unit should

look similar to this.

Amplitude modulation

Try out the signal output monitoring point on the

transmitter unit with FM, then high quality digital

and finally low quality digital, to see the similarities

and differences.

Frequency modulation

Digitally-encoded signal (low time resolution) Digitally-encoded signal (high time resolution)
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Viewing two monitoring points at the same time

This is particularly useful when using this transmission set, so you can see the effect of modulation or

encoding and of demodulation/decoding. A simple way of doing this is to use two input channels on a

digital oscilloscope.

The image on the right shows:

 a sine wave audio input to the transmitter

unit (blue)

 the modulated AM carrier wave output from

the transmitter unit (red).

The images below show similar outputs for FM

and for digital.

Audio input (blue) with AM signal output (red)

Audio input (blue) with FM signal output (red) Audio input (blue) with digital signal output (red)

Note: The carrier wave frequency is considerably higher than the audio frequency signal it will carry

(the AM carrier wave frequency is 40 kHz, the FM 70 kHz, and the digital 320 kHz). You will not see

complete waves of the audio signal at a timescale that allows resolution of the carrier wave details. An

audio input signal of a few hundred hertz will just look like a sloping line on the same scale that

resolves the carrier wave. The images above show the trace resolved to show the audio wave.

Another way of comparing the two waveforms, though less convenient, is to take a screenshot from

each monitoring point and paste it into a word processor document.
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SETTING UP THE DISPLAY BOARDS

The units in the SEP Signal Transmission

Sets are designed to be used either flat on

the bench or mounted in display boards so

they can be viewed more easily by a group

of students.

The SEP Signal Transmission Display

Boards (product code SEP 282) can be

purchased separately. The pack consists of

two A3 labelled boards plus four black

plastic brackets.

The boards are reversible, so one side of each board has the labels for the transmitter or receiver of

the SEP Optical Signal Transmission Set, while the other side has the labels for the transmitter or

receiver of the SEP Analogue/Digital Transmission Set.

Optical Signal Transmitter Unit Optical Signal Receiver Unit
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Analogue/Digital Transmitter Unit Analogue/Digital Receiver Unit

To assemble the display boards:

 First check that you have the correct side visible for the unit you intend to use.

 Attach the two black plastic brackets to the display board, by sliding the board down onto the

lugs which project from the brackets.

 Finally, attach the units to the display board, by sliding the ‘feet’ underneath the unit into the

slots in the board.

Attaching one of the brackets to the board Attaching one of the units to the board
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APPENDIX 1: USING THE SETS TO SUPPORT PRE-16 WORK ON COMMUNICATIONS

The SEP Innovations in Practical Work booklet, Communications: Transmitting and Receiving Signals,

provides information on how the sets can be used to support work on communications with pre-16

students. Each of the activities is outlined in the sections below.

In the booklet, there are teachers’ notes and student activity sheets for each activity. It also includes

information for teachers on the related scientific ideas and the communications ‘story’.

Copies of the booklet can be purchased from Mindsets. Downloadable versions of the materials in the

booklet, plus additional resource files are available from the SEP website.

Activities using the SEP Optical Signal Transmission Set

Activity A1: Sending a signal

This looks at how an audio signal can be turned into a light signal, so that it can be transmitted and

then played as a sound again. Beginning with just the transmitter-receiver pair connected to real music

audio input and loudspeaker output, students observe how cutting the light beam interrupts the music.

This demonstrates that all the information is being carried by the light signal. Substituting a single

frequency input of around 20 Hz allows students to see a visible ‘blinking’ effect, showing that the

audio input controls the intensity of the light beam. The power meters and monitoring points are

introduced to allow students to observe the effect of increasing separation on signal strength and

waveforms. Students examine screenshots of waveforms produced by single frequency tones and

combinations of tones.

Activity A2: Noise in communication systems

Students observe the effect of adding noise to a signal by shining a mains desk lamp onto the receiver

unit detector. The effect is audible, but students can also see the effect on the waveform. Students

also observe that increasing the strength of the transmitted signal helps it stand out from the noise,

while amplifying the received signal simply amplifies everything, including the noise.

Activity A3: Using an optical fibre to send signals

This activity demonstrates how a light signal can be transmitted through an optical fibre connecting the

output of the transmitter unit to the input of the receiver unit. With a fibre link in place, students can

observe that there is little loss of signal strength or quality when the transmitter and receiver are

moved further apart, and that shining a desk lamp onto the optical fibre does not affect the received

signal. With optical fibre links to both channels, students can observe that there is no interference

even when the fibres are twisted around each other.

Activity A4: Using two transmitter frequencies

Students observe how the two channels of the transmission set can be used to carry separate signals.

First, they observe how, with different audio inputs to each channel and the units set to transmit and

receive on both channels, the output from each of the loudspeakers is from both inputs. With the filters

in place, students observe that each loudspeaker now plays only the selected channel, and can see a

corresponding difference in the waveforms.
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Activities using the SEP Analogue/Digital Transmission Set

Activity B1: AM and FM analogue signals

This looks at how an analogue signal can be sent using modulated carrier waves. The activity

demonstrates the use of ‘invisible’ carrier waves. Students can compare the output sound quality and

observe the unmodulated and modulated carrier wave by using a digital oscilloscope connected to a

computer. As well as comparing the modulated waveforms, students can use the waveforms to

estimate the carrier wave frequencies for AM and FM.

Activity B2: Digital encoding

In this activity, students compare output sound quality for the analogue and high quality digital settings

at increasing transmitter-receiver separations, and should notice a characteristic sudden deterioration

in the digital output. Students also compare the waveforms of signal output from the transmitter unit for

the analogue and digital signals, and compare the waveform at each monitoring point for the digital

setting (showing that encoding and decoding are opposites).

Activity B3: Noise and digital signals

This activity compares the characteristics of analogue and digital signals in relation to noise. The noise

in this case is an IR beam (from a desk lamp or a remote control handset) directed onto the

phototransistor on the receiver unit.

Activity B4: Sampling rate

Students observe a demonstration to compare the effects of high and low sampling rates on output

sound quality and signal waveforms, using the ‘high quality’ and ‘low quality’ digital settings.

Activities about the principles underlying the transmissions sets

Activity C1: Signalling with light

Students use simple transmitters (visible light LED plus 3 V lithium button cell) and detectors

(phototransistor and multimeter) to investigate how visible light signals can be detected, and how a

visible signal can be affected by increasing separation, reflection, and refraction. The same effects can

also be demonstrated using the Optical Signal Transmission Set. The use of different lighting

conditions illustrates the importance of the signal being distinguishable from background noise.

Activity C2: Signalling with infrared

Students use simple transmitters (IR LED plus 3 V lithium button cell) and detectors (phototransistor

and multimeter) to investigate how infrared signals can be detected, and how the signal can be

affected by increasing separation, absorption and reflection. Related demonstrations with the

Analogue/Digital Transmission Set show how the wave properties affect the use of IR for signalling.



SEP SIGNAL TRANSMISSION SETS SEP 280 / SEP 281

© 2011 GATSBY SCIENCE ENHANCEMENT PROGRAMME 21

APPENDIX 2: USING THE SETS FOR MORE ADVANCED WORK WITH POST-16 STUDENTS

All of the activities described in the previous section provide a good practical introduction to the

communication elements of a number of post-16 qualifications. Some of these activities can be

extended, as outlined below.

Polarisation (see also Activity A4 on page 19)

Using polarising filters in place of red and blue provides a context for work on polarisation. Microwave

transmitters and receivers can also be used to show polarisation with different frequencies of EM

radiation, the polarising filter often included with microwave kits is very visual and helps understanding

of polarisation.

The practical application of polarisation in communication can be observed by looking at the

orientation of TV aerials on the roofs of houses being either horizontal or vertical. The use of

polarisation could be an extension for a research problem either in class or for homework. Polarisation

is used to provide two different channels from the same satellite at the same carrier frequency in

satellite dishes (e.g. Sky+). It is also used for 3D television. Students should be able to find plenty of

information on either of these topics.

AM modulation (see also Activity B1 on page 20)

A digital oscilloscope connected to a computer can be used to show the AM wave output from the

transmitter board. The factors that influence the form of an AM modulated wave can be investigated

by using a signal generator as the audio input. It is best to set up the digital oscilloscope as a dual

beam scope and show the signal from the input on the same screen as the modulated wave. Students

can look at the effects on the AM wave of adjusting the amplitude, frequency and shape of the

modulating signal.

The FM signal can be monitored in a similar way but it is difficult to see much other than the important

result that the amplitude of the FM signal does not change.

Spectra of AM and FM signals (see also Activity B1 on page 20)

The digital oscilloscope can also be used to show the spectrum of the signal being monitored. When

looking at spectra with students it is best to set the amplitude scale to linear (the software for most

digital oscilloscopes defaults to the logarithmic dB scale which means that very small effects and noise

can mask the important parts of the spectra). This spectrum function can be used to show the

frequencies present in the AM signal when modulated by a sine wave from a signal generator. When

looking at the spectrum of the AM signal, concentrate on the region around 40kHz. You can ignore the

many images of this signal at different frequencies. (This is due to the harmonics in the signal caused

by a square wave being used as the carrier. A sine wave carrier is used in radio transmitters to avoid

this problem.)

The factors that influence the spectrum of an AM wave can be investigated by using a signal

generator as the audio input. Students can look at the effects on the AM wave of adjusting the

amplitude and then the frequency of the modulating signal. They should notice that the bandwidth of

the AM signal is dependent upon the frequency of the modulating signal but not the amplitude. Whilst

looking at the spectra it may be useful to set the digital oscilloscope to show the waveform of the AM
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signal so that students can get used to the two different representations of the same signal and see

how they relate.

You can show the spectrum of the audio signal on the same screen as the spectrum of the AM signal

and investigate the effects of adjusting amplitude, frequency and shape of the signal from the signal

generator.

The frequency spectra of FM signals can be shown in a similar way to the AM spectra. The effects of

changing the amplitude and frequency of a sine wave input from a signal generator can be

investigated; in this case it is probably best to show the sine wave on the same screen as the FM

spectrum. Students should notice that changing the amplitude has a drastic effect on the bandwidth of

the FM signal whereas changing the frequency only has a small effect on the bandwidth of the FM

spectrum.

The spectra of the low and high quality digital signals can also be shown to measure their bandwidth.

It is noticeable that the bandwidth of the high quality digital signal is very large and this could form the

basis for a discussion about compression and analogue vs. digital communication.

Quality of audio and maximum frequency (see also Activity B4 on page 20)

The quality of the sound transmitted by each form of modulation can be related to the range of audio

frequencies that can be relayed from the transmitter to the receiver. The maximum audio frequency of

the system (i.e. the maximum frequency of an accurately transmitted signal) can be tested with a

signal generator producing a sine wave as the input to the system and the output monitored with an

amplified speaker. By slowly increasing the frequency of the sine wave the maximum audio frequency

can be found for each form of modulation. For each of the digital channels the sampling frequency can

be deduced (the sampling rate will be twice the maximum audio frequency from Nyquist’s theory). The

nature and frequency of the alias frequency can also be investigated as the frequencies above the

Nyquist frequency are used.

If the spectrum function of a digital oscilloscope is used, the spectra of the audio signal from the

source and the received audio signal can be monitored for both sine waves and for music. The

differences between the spectrum from the audio source and the spectrum to the speaker can be

related to the previous experiments on maximum frequency of transmitted sine wave.

Links to qualifications

The advanced work described in this section is relevant to all GCE A’ level electronics specifications

(AQA GCE Electronics: communications module ELEC5, OCR GCE Electronics: communication

systems F615, WJEC Electronics: Electronic communication systems ET5) and to some GCE A’ level

Physics specifications (AQA Physics B (Physics in context) unit PHYB1 and OCR Physics B

(Advancing Physics) unit 1.1).
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APPENDIX 3: TECHNICAL INFORMATION

SEP Optical Signal Transmission Set

Blue Channel

Carrier wave:  Blue light, λ = 470 nm 

Intensity with no input signal: 8000 mcd

Maximum output intensity: 16000 mcd

50% power angle: 15º

Modulation: AM (Amplitude Modulation)

25 mcd deviation at output per 1mV deviation at

input (maximum gain)

Red Channel

Carrier wave:  Red light, λ = 625 nm 

Intensity with no input signal: 13000 mcd

Maximum output intensity: 26000 mcd

50% power angle: 15º

Modulation: AM (Amplitude Modulation)

40 mcd deviation at output per 1mV deviation at

input (maximum gain)

SEP Analogue/Digital Transmission Set

Carrier wave: Oscillating IR LED, λ = 880 nm 

Output power (@ 20mA) = 20mW

50% power angle: 15º – 30º

See pages 23 - 24 for further details of the four modes of operation of this set: amplitude modulation,

frequency modulation, high quality digital and low quality digital.
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SEP Analogue/Digital Transmission Set: Amplitude Modulation

Carrier frequency: 48 kHz

Carrier amplitude (no input): 16 mA peak-to-peak (p-p) (offset +25 mA)

Carrier modulation: 1 mA p-p per 1 mV (maximum amplification)

Current through IR LED for

Amplitude Modulation.

Input: 2 kHz sine wave,

20 mV p-p.

Amplification: maximum.

SEP Analogue/Digital Transmission Set: Frequency Modulation

Carrier frequency: 39 kHz

Carrier amplitude: 32 mA p-p (offset +25 mA)

Carrier modulation: ΔT/ΔV=0.8 ms/mV, T=1/f (maximum amplification) 

Current through IR LED for

Frequency Modulation.

Input: 2 kHz sine wave,

20 mV p-p.

Amplification: maximum.
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SEP Analogue/Digital Transmission Set: High Quality Digital

Carrier frequency: 312.5 kHz

Sampling resolution: 8 bit (0-255)

Data rate: 78125 bits/s (7102 bytes/s)

(1 start bit, 8 data bits, 1 stop bit and 1 parity bit)

Current through IR LED for High

Quality Digital.

SEP Analogue/Digital Transmission Set: Low Quality Digital

Carrier frequency: 19.53 kHz

Sampling resolution: 8 bit (0-255)

Data rate: 4882.75 bits/s (443.89 bytes/s)

(1 start bit, 8 data bits, 1 stop bit and 1 parity bit)

Current through IR LED for Low

Quality Digital.




