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HIGH QUALITY PROFESSIONAL 100W
POWER AMPLIFIER KIT — SAVE £30

* Ideal for Instrument Amplification * Stage Foldback * Small Venue P.A. * Studio Monitor Amplifier

e l'wuu m-‘“

1992/3 Catalogue Price £159-95
NOW ONLY g

£129.05

Order Code LT11M

I his superb amplifier kit brings together five of the best and
most popular ‘Audio Building Blocks’, to produce an amplifier of
unrivalled sound quality at the price. The Power Output Stage is an
excellent 150W MOSFET design which is currently Maplin’s Best
Selling Audio Kit. It is complemented by the excellent performance
of the SSM2016 Differential Preamplifier which has also featured in
Maplin’s ‘“Top 20’ kits. The superb audio stages are supported by a
High Quality Power Supply Unit, sophisticated Monitoring Circuitry
and a Thermal Protection System. Housed in a rugged 19in. rack
mounting case, this outstanding amplifier is designed for longevity,
purity of sound reproduction and ease of integration with other
professional equipment.
The kit contains everything you need to build this superb amplifier
and is supplied complete with comprehensive constructional
information.

For a friendly welcome and the best of service, visit your local Maplin store: BIRMINGHAM; Sutton
New Road, Erdington. BRIGHTON; 65 London Road. BRISTOL; 302 Gloucester Road. CARDIFF;
29-31 City Road. CHATHAM; 2 Luton Road. COVENTRY; 12 Bishop Street. EDINBURGH; 126 Dalry
Road. GLASGOW; 264-266 Great Western Road. ILFORD; 302-304 Green Lane. LEEDS; Carpet
World Building, 3 Regent Street. LEICESTER; Office World Building, Burton Street. LONDON;
146-148 Burnt Oak Broadway, Edgware. 107-113 Stanstead Road, Forest Hill. 120-122 King Street,
Hammersmith. MANCHESTER; 8 Oxford Road. NEWCASTLE-UPON-TYNE; Unit 4, Allison Court,
The Metro Centre, Gateshead. NOTTINGHAM; 86-88 Lower Parliament Street. PORTSMOUTH;
98-100 Kingston Road. READING; 129-131 Oxford Road. SHEFFIELD; 413 Langsett Road,
Hillsborough. SOUTHAMPTON; 46-48 Bevois Valley Road. SOUTHEND-ON-SEA; 282-284 London
! Road, Westcliff. Plus a NEW STORE opening soon in MIDDLESBROUGH. Phone 0702 552911 for
further details. Subject to availability. Price subject to change. Price inclusive of VAT.[H] indicates a
carriage charge of £5.50.

Features:

* Standard 19in. 2U Rack Mounting Case
* 100W RMS Power Output

* Balanced Line Input

* Loudspeaker Protection

* Switch-on Mute

* Thermal Protection

Typical Specification:
Rated Load Impedance: 4 to 8}
Maximum Power Output:

40 105W RMS
8Q) 90W RMS
THD @ 75W (1kHz): 0-02%

Frequency Response:  10HZzto 40kHz, —1dB
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EDITORIAL

Hello and welcome to this issue of ‘Edectronics'!
| usually take this opportunity to highlight various projects
and features in the current issue, but this month | am not
going to do s0. instead | am going to mention an important
aspect of electrical and electronic work — SAFETY.
When dealing with mains electricity, some enthusiasts just
don’tbother to think before they act. The resultis oftena
very nasty electric shock - which could all to easily be
fatal. Related to 240V AC mains, here are a few figures
foryou: The current necessary to lighta 60W lamp s
sufficient to electrocute five people simuftaneously.
Ashock of 100mA is likely to cause ventricular fibriltation
andis usuallyfatal. Ashock of 50mA can affect sespiration
and may cause death by suftocation. A shock of 2mA wilt
cause involuntary muscle movement - possibly causing
further injury. In the workplace, live working is only
permitied when itis absolutely necessary to have the
circuit five and only then if adequate safety precautions
aretaken - isolation transformer, insulated tools, earth
leakage circuit breaker, etc. Work must also be carried
out by competent persons, or under their supervision.
It makes a lot of sense to observe the same precautions
when building and testing electronic projects at home;
it's better to be safe than sorry!
Untit next month, | hope that you enjoy reading this
issue asmuch as the ‘team’ and | have enjoyed putting
ittogether for you!
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IBM PC RELAY CARD

This extremely versatile
plug-in relay card provides
eight sets of changeover
contacts, and is easily
controlled from BASIC.

PERSONAL
STEREQ AMPLIFIER

3 This simple battery
powered project allows a
personal stereo
to be used

for general
listening.

CAR HEADLIGHT
REMINDER

Avoid getting aflat battery
with this simple device.

§-CHANNEL
MULTIPLEXER

Part of the Intelligent
Motherboard Project -
allows up to eight separate
analogue inputs to be routed,
under software control, to an
A-to-D card.

MIXER POWER
SUPPLY

Describes construction of a
suitable power supply for the
Modular Mixer
Project.

LED MOVING
MESSAGE DISPLAY

In the final part of this
superb project, the necessary
control software is discussed.

FEATURES

HOWTO DESIGN
YOUR OWN MAINS
TRANSFORMERS

| The practical aspects of
designing and making
mains transformers.

INDUSTRIAL
ELECTRONICS
ASSEMBLY

8 Howelectronic productsare
manufactured using modern
manufacturing techniques.

UNDERSTANDING
FRAME RELAY
NETWORKS

§ Frank Booty explains what
Frame Relay is, and how

it can be used to carry
computer data efficiently.

SHORTWAVE
BROADCASTING

1 fan Poole explains why
broadcasters think short wave
broadcasting is so important.

THE PROPAGATION
OF RADIO WAVES

How radio waves can trave}
long distances.

THE HISTORY OF
COMPUTERS

Continuing this light-
hearted series.

PROFESSIONAL
AUDIO EQUIPMENT

Deals with choosing and
using microphones.

CORRIGENDA

April 1993 Vol.12 No.64
Professionai Audio Part 1

Page 37, left cofumn. Page 37, middle cofumn.

The second equation down 1. The third equation down
should read: should read:
e P1 v
NdB = 10log1p = S
P2 o7y = 1B

2. The antilog is nof the ‘inverse of ihe common logarithm’,
asis stated inthe bottom quarter of the column. it is the jnverse
operation, known itself as the antilog, and can be deduced from
ascientific calculator or mathematical tabies.
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include VAT at 17-5% {except items marked ¥/ which are rated
at 0%) and are vatid between 2nd April 1993 and 31st August
1993. Prices shown do not include mail order postage and
handling charges, which are levied at the current rates indicated
on the Order Coupon in this issue.
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The Flight of
Information

At a cost of £2m, Ferranti international
have supplied a management informa-
tion system for Manchester Airport's
new terminal 2. The system, which
runs on two IBM RS6000 series 530H
computers, provides the focal point for
the distribution of data around the
entire building. As well as driving the
public information services, the system
also supports a range of airport
operational functions.

Departures 4+
— &S

Optical Health Cards

An optical card system, developed and
manufactured by Canon, is being used
in a pilot project for storing patients’
personal medical records, for the
Grampion region of the Health Sys-
tems Division of the NHS in Scotland,
as well as in similar medical projects in
Spain and Amsterdam.

In Scotland, the £750,000 contract to
EDS-Scicon provides a pilot scheme,
through which around 8000 Canon
optical cards will be issued to half the
patients registered with the Inverurie

Statistics, Damn
Statistics and Wishful
Thinking

No shortage of facts and figures this
month! Electronics, including electrical
engineering says the CBI, is now
Britain's second largest manufacturing
industry. Apparently, the UK is fourth in
the world league behind the US,
Germany and Japan.

According to Romtet Research, the
direct share of the UK PC market will
level off this year, following the boom in
sales direct from manufacturers to end
users over the past two years. At the
same time, Romtec are forecasting
that sales figures of 486 PCs are set to
overtake those of 386-based machines
by next year, breaking the dominant
share of 386sx PCs. Intel has rein-
forced this view, by cutting the price of
the 486sx to compete with the vendors
of 386 clone chips.

Confirming the move towards
Windows as a PC user environment,
Romtec report that Windows applica-
tions overtook sales of DOS applica-
tions last year for the first time. Qver
the next five years, the research
company expects the market share of
DOS-based applications to decline to a
single figure.

2

Meanwhile, Compaq Computer has
IBM in its sights. The company is

planning to increase its worldwide

market for PCs to rival that of IBM.
At the same time, new lower-cost
products will be regularly introduced.

Pen-Based Computing
from Toshiba

Toshiba has signalled its entry into
pen-based computing with the an-
nouncement of the T100X - a 3lb.
hand-held computer aimed at an
important new and growing market.

Operated by a cordless stylus pen,
the T100X has a 9-5in. transreflective,
backlit screen providing a clear and
bright image in most working condi-
tions. Based around a low-voltage
25MHz 386SX processor, the new
personal computer is capabie of up to
three hours use on one charge.

A maximum of 20MB memory is
supported, with 4MB supplied as
standard. Hard disk storage is via a
1-8in. 40MB drive. Additional interfaces
include two PCMCIA 2.0 slots, serial
and parallel ports, connections for ex-
ternal keyboard and floppy disk drive.

The T100X is expected to have a
retail price of around £2,500.

‘Electronics’ Winners
Vote Their Prize a Hit

A visit to the Hit Factory was the prize
in the ‘Out and About' feature on this
famous recording studio. Fortunate
winner Paul Debenham and his friend
Andy White, both students, were given
a conducted tour as well as a

|

presentation set of goodies. This
included the latest Sade CD, and a Hit
Factory T-shirt. According to Paul, a
regular reader of ‘Electronics’, it was a
highly stimulating visit: “Sound record-
ing is far, far more complex than | had
ever imagined. Our thanks to alil
involved at the magazine for making it
all possible.”

Health Centre, with the other half
acting as a control group.

The optical cards, which can store
up to four megabytes of data -
including photographs, X-rays, images
and fingerprints — will be held by the
patient, who will give it to their hospital
or GP when it is required. The pilot
scheme will run untii 1996 and, if
successful, could become the basis of
an all-Scotland system.

In the Spanish project at Cataluna,
medical and dosimetric data, about
people exposed to ionising radiation, is
stored on personal Canon optical
cards. This ensures quick and con-
tinuous availability of the information,
which is necessary because of the
mobility of people between different
medical centres.

At the Academic Medical Centre of
Amsterdam - one of the largest
hospitals in Europe — a project using
optical cards provides kidney patients
with their own medical records. This
enables them to travel more freely,
even when waiting for a transplant, as
the necessary medical information is
directly available to any hospital with a
suitable optical card reader.

P45s for Meter
Readers?

Spain is one of the first countries to
introduce a system for reading water
meters over the telephone. A Unix-
based system automatically makes a
call to a meter, and reads the
information stored there. Any varia-
tions in data since the last call was
made are checked before being en-
tered into a database.

Are There Stars in
Your Eyes?

There is still time to enter the Maplin/
PMI ‘Carry On Karaoke' contest. You
have until the end of April to rush out
and buy the Pro-Sound stereo karaoke
unit at just £49.95. The winner will have
a free recording session (worth many
thousands of pounds) at one of the
world’'s most famous recording studios,
Abbey Road — where the Beatles made
their recordings. There are also numer-
ous special runner-up prizes. Details
from your local Maplin shop or from
Alan Simpson (Tel: (081) 360 1729).

Watch Out! Watch Out!
There’s a Camera
About!

Philips Communications has won an
order worth almost £3 million, to
provide 156 new cameras for the M25
motorway. As one of the world's
busiest roads, the new system will
enable the police to monitor — by
means of CCTV surveillance — acci-
dents, congestion and roadworks.

When complete, the system will extend
CCTV coverage to the trunk-road
network of north-east London, and to
upgrade the existing system in the
south and west.

Philips are also assisting surveillance
in the South Atiantic. The company has
designed and installed a complete
system which meets the British Antarc-
tic Survey’s requirements, not least of
which was the need for the equipment
to operate at temperatures as low as
—40°C.

Maplin Magazine May 1993



Projecting a
Computer Image

Elaborate software packages have,
over recent years added a stylistic
edge to the computer-literate speaker
or lecturer. Presentation foils, prepared
on programs such as Harvard
Graphics, DrawPerfect, Autocad or
Freefance, continue to hold the
edge over hand drafted-alternatives.
Coupled with slide show and animation
packages, it is now possible for the PC-
equipped speaker to produce a totally
automated demonstration; pity, though,
that such techniques are always re-
stricted by the size of display monitor.
Fear not though, for Sharp have
applied a system long since used for
television projection to computing stan-
dards, enabling the output from a
computer, VCR, laser disc player or
video camera to be displayed on a
large screen. ldeal for effective busi-
ness, training or even academic pres-
entations, the XV-710P, a portable
LCD video projector, can display
images of up to 2-5m across.
incorporating a single 9cm active

LCD matrix panel with 100,386 pixels
for each of the primary colours, the XV-
710P guarantees consistently crisp,
clear images — with 320 and 350
horizontal lines of resolution in PAL/
SECAM and NTSC modes respec-
tively. Not quite up to Super VGA (or
even VGA) standards yet, though!

The XV-710P’s newly developed
metal halide lamp and micro-lens
technology delivers a consistent level
of illumination across the entire picture
and, by projecting onto a specially
developed polarized screen, aliows
high-contrast images to be viewed
even in brightly-iit locations.

Designed for true portability and
convenient set-up, the XV-710P
weighs only 4-3kg, and is a fraction of
the size of conventional video projec-
tors. It even has a built-in ampiifier and
speaker, removing the need for separ-
ate audio equipment. Other features
include a ‘mirror image’ button for rear
projection appiications, a tasteful blue
‘mute screen’ function, and four select-
able memories, allowing various

sources to be accommodated instantly
without the need for readjustment.

Good News for London

Potential radio broadcasters are
hoping to be granted operating licences
for the Greater London area by the
Radio Authority (RA); who are currently
inviting licence applications for new
transmission frequencies. Applicants
have to demonstrate that they are
capable of funding and operating a
radio station, as well as showing
that there is a potential audience for
their station. One hopeful applicant
is London Christian Radio (LCR), a
station set up to broadcast the Christian
message across the air-waves. The
station, if successful in its application,
would broadcast to a potential 9-71
million adults in London and the home
counties. LCR, supported by well-
known personalities such as Kriss
Akabusi, Roy Castle, Cliff Richard and
David Suchet, are asking for pledges of
support to demonstrate to the RA that
there is an audience that wants
Christian broadcasting. Applications
have to be with the RA by June and the
successful stations will be announced
in September. Anyone interested in
further details should contact London
Christian Radio, Tel: 071-582-0408 or
write to 186 Kennington Park Road,
London, SE11 4BT.

DTI Promotes Neural
Computing
Technology

Some six thousand British firms couid
benefit from the commercial exploita-
tion of neural computing technology —
the complex computers which are
modeiled on the brain — says the DTI.
The government has set up a £5-75m
neural computing awareness cams
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paign to encourage the transfer of
technoiogy. For further details, tele-
phone (0782) 583322.

At the same time, the Patent Office
has established an initiative to help
British industry overcome its image as
a producer of inventions that other
countries exploit. Details of the initia-
tive, which involves the Patent Office,
Licensing Executive’s Society, Cran-
field School of Management, 3M and a
national clearing bank, can be obtained
by calling (0633) 813535.

Approval Awarded to
PA Alarm Systems

We reported some months ago how
Spector/Luminex have designed the
Public Address and Voice Alarm
(PAVA) systems for both the new
Chevron Alpha oil platform, and the
Sizewell ‘B’ nuclear generation Plant. It
is good news, therefore, to hear that
the company's designs have recently
been accepted by both the DTI, and
certifying authority Lloyds.

Particularly impressive is the Self-
Diagnostic Management System, in-
cluded in the PAVA scheme to control
inputs to the system. It also monitors
the system’s audio power amplifiers
and loudspeaker distribution networks,
generating alarm tones when appropri-
ate — this ensures that operators are
given an early warning of system
deterioration.

During a catastrophic system failure,
the Self-Diagnostic Management sys-
tem can be configured to ensure that
alarms and emergency instruction
broadcasts are maintained. Fully distri-
buted systems can also be configured,
such that each outstation can operate
independently during a major cable
failure.

Get the Clock Ticking

Decoding a serial data stream to
extract the clock pulses, and subse-
quently decode data, is an ongoing
problem for computer engineers. New
ideas are continually being assessed
and industry standards, such as
Manchester encoding and modified
frequency modulation {(MFM) have
arisen, to enable the vital clock signal
to be re-established at the opposite
end of a transmission line.

Always keen to offer solutions to
fundamental problems, the Microelec-
tronics Division at AT&T have de-
signed the TRUO50, a Clock Recovery
and Data Re-timing Module. Housed in

a single 16-pin DIL package, the
crystal-referenced PLL device is able
to extract the clock signal from a data
stream, and regenerate coded data.
Input data should be of a nonreturn-to-
zero (NRZ) format, at either TTL or
CMOS logic levels.

The TRUO50 contains a phase
detector, op amp, voltage-controlled
crystal oscillator and divider chain, and
a quartz resonator. The oscillator
frequency and division factor are
factory-set to customer specification.
Other chores for the compact device
include frequency transiation and clock
smoothing.

The Telephone Now
on Platform 2...

Iincredible as it may seem, BT has only
just woken up to the potential of
providing telephones in London Under-
ground stations — although whether the
limited number of telephones per
station (600 payphones spread over
248 stations) will be able to cope with
demand when trouble strikes is debat-
able.

BT are also making it less boring for
you to while away the time while in your
local post office queue. Up to 1,100 BT
payphones are being installed in post
offices nationwide under a new multi-
miliion pound contract. And that is not
all — BT payphones will ailso be
installed in most of Marks & Spencer's
290 UK stores.

Events Listings

Now Open: ‘Flight' Aeronautics
Gallery, and ‘The Secret Life of the
Fax Machine’. Science Museum,
London. Tel: (071) 938 8000.

5 to 7 April. Cable and Satellite
1993, London. Tel: (021) 705 6707.
20 to 23 Aprii. Which Computer
Show, NEC Birmingham. Tel: (081)
948 9837.

23 to 25 April. 4th MIDI and
Electronic Music Show, Wembley.
Tel: (081) 547 1183.

24 April. Marconi Birthday Exhibi-
tion, Wireless Museum, Puckpool

Park, Seaview, |-0-W. Tel: (0983)
567665.

24 April. All-Format Computer
Fair, Novotel, London. Tel: (0608)
662212,

15 to 16 May. Model Exhibition
and Display, Sandown Park,
Warwickshire. Tel: (0608) 662212.

22 May. All-Format Computer Fair,
Sandown Park, Warwickshire. Tel:
(0608) 662212.

Please send details of events for
inclusion in ‘Diary Dates’ to: The
Editor, ‘Electronics — The Maplin
Magazine’, P.O. Box 3, Rayleigh,
Essex SS6 8LR.

PICTURE CAPTION CHALLENGE

This month, we mix latex, politics and
computer hardware. But what is the
reason for this unlikely combination?
As usual, though, no prizes for the
closest guess.

* The Treasury announce that the
recent solid-state replacement for
the Chancellor of the Exchequer is
already proving to be considerably
more popular than Norman Lamont!

* Thanks to privatisation, the BBC can
no longer afford human interviewers
for ‘On the Record’, since the

directors have preferred instead to

award themselves huge pay rises!
* In a heart-warming party political

broadcast, John Major announces

his new

initiative.
* Spitting Image move into electro-

nics, to keep them busy between
television series.

Almost, but not quite. Major John,
courtesy of that rubbery Sunday-
evening satire show, is seen here
promoting the new improved Spider-
Bridge R285 network bridge.

information Technology



J. M. Woodgate
B.Sc.(Eng.), C.Eng., M.LE.E.,
M.AE.S., F.Inst.S.C.E.

Part Two-
Pulling It
All Together

t the end of Part 1 we left our design,
A‘For a 20VA ftransformer to convert
24V AC to 10V AC, at the point
where we had calculated the wire size and
number of turns for the primary winding. It is
worthwhile calculating the resistance of the
primary winding at this stage, not least
because it allows us to check that the previ-
ous calculations are not wildly out. You could
find the resistance of 18-4m of 0-56mm dia-
meter copper wire from wire tables, which is
easy and boring, but with two pieces of data
you can calculate the resistance of any size
of wire at any temperature. The temperature
matters — the winding heats up in use, and
we can assume that it is going to get as hot
as BS415 allows, which is 85K rise above
an ambient temperature (which we will
assume is 25°C), for the type of enamel used
on Maplin magnet wires. The two pieces of
data we need are the resistivity of copper, p
=15-5nQm at 0°C, and ifs temperature coef
ficient of resistance, o = 0-0036K- between
0 and 100°C. The resistivity refers to a 1m
length of the BIG wire we met in Part 1, which
has a cross-secfional area of Tm?. The resist
ance, R, of a length, |, of wire whose cross-
sectional area is g, is given by R = pl/a at
0°C, remembering not to mix up metres and
millimetres! In our case, this gives:

155x 10° x 18-4
7 x 056 x 056 x T0~ 027

Turning the Heat On

To find out what happens when the winding
is at temperature 8, we use the formula:

Ro = Ro (1 + b))

and at 8 = 110°C, we get Rij0 = 0-29 x (1
+0-0036 x 110} = 0-40Q.

Secondary Winding

We can use quite a lot of the information, that
we obtained in designing the primary wind-
ing, in the design of the secondary winding.
We found that we needed 6-54 turns per volt,
so the first stab at the secondary winding
gives 65-4 turns (66 in practice). However,
we have fo increase the number of turns to
allow for the voltage drops in the winding
resistances. We do this by going back to the
equivalent circuit, which we saw early in Part
1. If the secondary winding fills the same
winding area as the primary winding, the sec-
ondary winding resistance looks, from the
primary side of the transformer, like another
resistance equal to that of the primary res-
istance. This, as we have seen, is 0-40Q, giv-
ing 0-8Q in total. The current through
this is composed of the useful current which
supplies power fo the secondary winding,
the magnetizing current and the current that
supplies the iron-loss power. From Part 1,
the ironloss power is 4-2Wkg', and the

core mass is 0-45kg, so, since the primary
voltage is 24V, the current is 4.2 x 0-45 /
24 = 8mA. The load current at 20VA is
20 / 24 = 833mA, and these currents add
inphase to give a total of 84TmA.

Magnetizing Current

We get the magnetizing current from the data
we used to plot the curves in Figure 4 of Part
1. To generalize these data, we convert the
current info magnetic field sirength by the for-
mula H = nl /'m [where m is the magnetic
path length; m = &T for scrapless lamina-
tions). The peck value of magnetic induction
(flux density) is derived from the voltage using
the formula Byex = V / 4-44fna, which were
explained in Part 1. This process gives the
magnetizing curves shown in Figure 6, and
these are usually published by the manufac-
turers of the laminations. | found that the data
in Figure 6 did not agree with the curves in
my ‘black book’, because developments in
heat treatment of the iron have led to big
improvements over the years. | am therefore
grateful fo Linton and Hirst Ltd., and Electrical
Steel Products Ltd., for providing me with up-
todate curves fo compare with my measured
values. From Figure 6, we see that at 1.5T,
we need about 450Am™" of magnetic field
strength, and by rearranging the ?ormulo for
H above, we get:

z 3
I Fim/n = 450 x 6 x 22 x 10
157

But this is the peak value, corresponding
to Bmex, O the RMS value is 378 x 0-71 =
267mA. [(Actudlly, the magnefizing current
waveform is not sinusoidal, so the rafio of
RMS to peak might not be 1 / V2. However,
I measured the RMS and peak currents for the
Maplin 20VA primary winding, and their
ratio happened to be very close to 0-71 at
B= 1.5T. At higher inductions, the waveform
becomes very peaky, and at 1-78T, the ratio
is 0-56, so using O-71 gives an overestimate
of the RMS current, which is an error on the
safe side). This current lags the load current
by 90°, so the fotal current is:

lo =V(8412 + 2677] = 882mA

This current flows through the effective
0-8Q resistance, giving a voltage drop of
0-71V out of the 24V available, equating o
a loss of 2.9%. We therefore increase the
number of secondary turns by 2-9% to com-
pensate. Strictly speaking, the 0.53V is not
exacfly in-phase with the 24V, but it is only
18° (arctan 267 / 841} out, and to allow for
this would be a ‘small correction to a small
correction’, and not worth bothering with.
This brings the number of secondary turns up
to (66 x 1-029) = 68 turns.

We can now find the largest wire size for
which 68 turns will not overfill the winding
area, in the same way as we did for the pri-
mary winding in Part 1. The winding area is
calculated from the measured winding width
and depth that the bobbin allows, and is
121mm?. Because we are winding round
wire into a rectangular area, and we cannot
eliminate all the gaps between the wires, we
have to dllow a geometrical factor of m / 4,
and a space factor of 07, leading to a real
available area of 66-5mm?. Dividing by the
number of turns gives the area of wire as
66-5 / 68 = 0-98mm?, and the diameter thus
1-12mm. This is close to 20 SWG (Standard
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Wire Gauge, not fo be confused with AWG,
American Wire Gauge), which is Maplin
BL26D or YN82D, and has a bare-wire dia-
meter of 0-9 mm, or 0-9émm including the
enamel, according to BS EN601822 We
find how much we need by multiplying the
mean turn length (see Part 1) by the number
of turns, which gives 8m, so one 50g reel, or
one fifth of a 250g reel, is required. We
should check that this wire will carry the full-
load secondary current, which is the VA rat-
ing divided by the secondary voltage, and is
thus 2A. At AAmm-2, 0-9mm diameter wire
will carry 2-5A, so there is no problem. But
this calculation would have shown up any
error we might have made, so it is a useful
check. Finally, the resistance of 8m of 0-9mm
wire at 110°C is 0-068Q, and this should be
nearly equal to the primary resistance divided
by the turns ratio squared, i.e. 0-4 / (2.42) =
0-069Q, which is encouraging!

Winding the Secondary

This you will have to do, whether you use the
Maplin primary winding or a special one of
your own devising. It is far from easy to do
this winding by hand. The bobbin is difficult
to hold, and if you are using wire thicker than
about 0-5mm you will find it difficult and/or
painful to wind tightly. If you are going to do
any serious trons?ormer winding, therefore, |
strongly advise making a hand coil winder.
Do not under any circumstances try to use
power tools for coil winding — even thin wire
is quite capable of cutting your fingers offl
To make a coil winder, you need a sfrong
wood base (coated chipboard or block-
board), and strong vertical side pieces,
through which you pass both a plain metal
rod or tube to carry the reel of wire, and
another rod with a crank handle at one end,
which will carry the bobbin. This rod can
conveniently be a piece of 10mm studding,

obtainable from DIY stores. You will also need
several nuts and washers. The bobbin is car-
ried on a hardwood mandrel, carefully cut to
be a tight fit inside the square bore of the bob-
bin, with a central hole through which the
studding passes. The mandrel is clamped to
the studding, so as to turn with it, by nuts and
washers. To wind the bobbin, bring the wire
from the reel onto the bobbin from under-
neath, so that you can turn the handle with
one hand while putting tension on the wire
with the other. For thici wires, a very great
deal of tension is required to get a tight wind-
ing, and if the mandrel is not a good, tight
fit, the bobbin may be crushed. The more
carefully you wind, the more wire you can get
onto the bobbin, and the less noise the trans-
former will make in operation. Some form of
automatic turns counter is practically essential,
Maplin stock a low-cost LCD counter module
(FS13P), which, with a microswitch operated
by a cam on the studding and a 1.5V AA cell
fo power the module, is about the simplest
arrangement possible.

If your transformer is going to be used any-
where other than in a permanently warm and
dry living room, it is essential to prevent mois-
ture getting info the windings. Tﬁis is particy-
larly important for something like a battery
charger, which would be used in an unheated
garage or even outdoors. It is possible to
obtain proper transformer varnish in small
quantities, but beware of polyurethane var-
nish, which may damage fﬁe enamel on the
wire and cause shortcircuits, and varnishes
made for prinfedcircuit boards, which may
contain enough solvent to damage the bob-
bin material. It is best to immerse the com-
pleted bobbin (with the outer box, which is a
vital safety component!) in the varnish for at
least an hour, and to swab off the surplus from
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Figure 6. Magnetizing curves for the three lamination sizes.
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inside the bore before it dries, otherwise core
assembly will be difficult. A second, brushed-
on, varnish freatment, of the completed trans-
former, is best for charger transformers and
the like, and for any application where
acoustic noise from the transformer would be
annoying. The solvents used in these varnishes
are rather nasty, so observance of the instruc-
tions for use is important.

Assembling the Core

Commercially-made transformers use various
different ways of stacking the laminations,
such as ‘interleaved in three blocks’ or ‘inter-
leaved in blocks of three’, to speed assembly.
The laminations may not even be inferleaved,
but clamped up and MIG- or laser-welded at
the butting face. However, for our purposes,
fullinterleaving is the correct method. To do
this, ‘E’ laminations are inserfed alternately
from each side of the bobbin. It is necessary
to make sure, especially when the last few are
going in, that they do lie directly on top of
each other. For example, you should take
care to ensure that the central tongue of each
'E’ lamination lies on top of the next one (from
the other side as interleaving is used) together
with its side members — it can be allHoo easy
to accidentally force it beneath the next one.
The bobbin must be filled tightly, and the last
lamination may need tapping gently info posi-
tion. It is important to keep it absolutely
'square’ - otherwise it may cut through the
bobbin moulding. The kits do contain a few
spares, so don't expect to use all of them! The
I" laminations are then put in, and the core
is ready for ‘banging up’, which is nothing to
do with a dry cell [groan! - Ed.), but a lot o
do with heat and noise! Stand the transformer,
with the axis of the bobbin vertical, on a firm
wooden surface, and give the top surface of
the core several careful blows with a soft
faced hammer, so as to drive the laminations
together and eliminate the airgap between
the individual ‘E" and ‘1" laminations. If you
cared to measure the magnetizing current
before and after this operation, you would see
a considerable decrease, indicating a worth-
while improvement in the magnetic properties
of the core assembly. After this treatment,
assemble the side-plates to the core and
clamp up with the bolts provided.

Eddy Currents

You may wonder why the bolts are provided
with fibre washers. It is notto ensure that you
can’t do the nut up without the bolt going
round! The idea is that the stray field of the
fransformer produces a voltage \éetween one
side-plate and the other, and if these are short-
circuited, eddy currents flow. Now, if this
oceurs, it should show up as an increase in
the noload current of the transformer. | have
to say that, when | tried it, the nodoad current
without the washers was no different to that
with the washers. This was true even for the
TOOVA kit, but | have no doubt that with
larger transformers the effect does occur.
The situation with foroidal fransformers is
quite different. If you have (as is usually the
case) a cenfral bolt, with a clamping disc, to
fix the transformer to the base of a metal
case, and the inside of the lid of the case
touches the end of the fixing bolt (see Figure
7). the bolt and the case form a shortcircuit
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Metal case

Figure 7. A nasty surprise caused by mounting a toroidal transformer without insulating the

mounting bolt from a metal case.

turn on the transformer! 1t is therefore neces-
sary either to insulate the bolt head from the
case, or o profect the end of the bolt so that
the case cannot touch it, even if someone
stands something very heavy on it.

Lamination Patterns

Itis alleged that laminations with holes in the
corners are not as good as those without,
because the area of iron is reduced, and
magnetic saturation occurs round the holes.
This would lead to an increase in magnetiz-
ing current. | fried to demonstrate this, with
some laminations of the same size as those
in the 20VA kit but with no holes. There was
no real difference, but the grade of iron used,
or the way in which they had been heat
freated, may not have been the same for both
sorts of lamination. At very high inductions
(say 1-8T), the effect must occur.

Reducing the External
Magnetic Field

Magnetic field escapes from the core all
round, but especially along the axis of the
bobbin. Itis possible to reduce this field which
may, for example, induce hum into a tape
recorder head, or a guitar pick-up, in three
ways:

(i) design the fransformer to have a lower
value of peak induction, such as 1-2T or even
1-0T. You can't easily do this with a kit trans-
former because you need a different primary
winding, with more turns. Oscilloscope mains
fransformers are usually designed in this way.

(i) wrap a sheet of high-permeability mag-
netic alloy round the complete transformer.

(iii} wrap a sheet of copper around the
complete transformer.

Figure 8(a) shows that the copper sheet
goes round parallel to the windings, while the
magnetic sheet of Figure 8(b) goes round at
rightangles fo the winding direction. The mag-
netic sheet fraps the magnefic flux issuing
along the bobﬁin axis and returns it to the
other end of the bobbin, thus preventing it
spreading away from the transformer. The
copper sheet, which must be quite thick and
have a good, low-resistance soldered joint,
acts as a low resistance path for eddy cur-
rents, which effectively force the net induction
through the single turn to be nearly zero {eddy
current x nearly zero resistance = nearly zero

6

volts, and we saw in Part 1 {Equation 1) that
Biis proportional fo V. This means that the flux
issuing Eom the bobbin axis is forced to equal
the sum of the fluxes in the side-limbs of the
core, so there is none left over to spread
away from the transformer.

Both of these methods are used in practice,
but one often works better than the other; a
theoretical reason can always be found, but
it s not easy fo predict which method will be
best. There may also be a cost difference. |
have also used a variant of the copper sheet
method, in which copper sheet was substi-
tuted by a slice of thickwalled aluminium tube
{scaffold tubel), with good effect.

Electrostatic Screening

The mains supply contains a good deal of
electrical noise af radio frequencies, and this
is easily transferred across the capacitance
between the transformer windings, where it
may upset sensitive circuits, such as, for obvi-
ous reasons, AM receivers. This can be pre-

Magnetic screen
(seen edge—on)

\

Axis of

bobbin

a)

Thick copper sheet
forming one complete
short—circuit turn
for the stray field

Direction
of windings

b)

Figure 8. a) Copper screen applied to a
transformer. b) Magnetic screen applied to
a transformer.

vented by electrostatic screening between the
windings, the screen being ‘earthed’, not nec-
essarily to real earth, but to the ‘zero-poten-
fial’ point, of the sensitive circuits. It is often
necessary to connect the core to the same
point. The side-by-side winding plan of the
Maplin fransformers is a mixed blessing in this
context, because while it reduces the capacit-
ance between the windings (compared with
the secondary being on top of the primary)
it makes the insertion of an electrostatic screen
more difficult. A screen can be made by stick-
ing copper foil to the face of the centre web
of the bobbin. This must not, clearly, form a
short<ircuited turn, so the ends must be over-
lapped and insulated from each other. A wire
is soldered to the fail for earthing. The face
of the foil is covered by a piece of sfiff plas-
tic sheet for insulation, and the secondary
winding can then be added.

The%arrier formed by a truly earthed elec-
frostatic screen is a recognized way of com-
plying with safety requirements. However,
when properly wound, assembled and var-
nished, Maplin kit transformers should be
able to pass the more severe test required for
"Class 2' (‘double-insulated’ T) equipment, so
a screen is not necessary for safefy reasons.

Maximum Efficiency

If we put on a few turns on the primary wind-
ing, we would get a high induction, and thus
high iron-loss and magnetizing current.
However, the copper loss would be low.
Conversely, if we put on many turns, the iron
loss would be low and the copper loss high.
What is the opfimum® Well, this is a particu-
lar case of a very general rule about the effi-
ciency of any sort of ‘system’ (in the sense of
that word as used in thermodynamics), and
itis not too difficult to prove that the efficiency
is @ maximum when the fixed (iron} and vari-
able (copper) losses are equal.

We can prove this by considering the input
and output powers of the transformer when
supplying a resistive load. The ratio of these
powers is the efficiency, n:

LV, V,
n= 2)

W+ BRu+ P Vit bR+ %

where R. is the total winding resistance
referred to the secondary winding:

Reo =Ry + Ry (Ne)2
Np

and P; is the iron loss power. The efficiency
is a maximum when the denominator of
Equation {2) is a minimum, and the denom-
inator is a function of /s as the independent
variable. So a gentle application of differen-
fial caleulus gives:

d(\/s+lsRes+ﬁ

/
L0
di

and this is true when:
i
= P

or

/sQRes = Pl

i.e. the copper loss is equal to the iron loss.

The iron loss is regarded as fixed because
it depends on the input voltage, which is nor-
mally fixed, while the copper loss depends on
the load current and can be regarded as vari-
able. Itis possible o take them the other way
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round, and you get the same answer, but the
dependence of iron loss on input voltage is
nondinear, so the mathematics is more diffi-
cult.

Calculating the

Necessary Core Size
from the VA Rating

I the thickness of the bobbin mouldings was
not the same for all sizes, but proportional to
the centre-limb width of the laminations, T, the
winding area A would be proportional to 2.
If we assume it is proportional, and take the
values for the 20VA size, we get:

A

= = 0134
for thick wire, which secondary windings are
often made of. If we then think of a 14urn coil,
carefully machined from solid copper so as
to exactly fill the 65mm? available winding
areq, we can find the voltage across this for
a given peak induction Byax:

V = 4.44TB, 0,
and we can also find the current that this sin-
gle turn will carry at the current density, J,
which we found above to be practicable in
terms of temperature rise:

[ =0-1347%
Combining these info one equation, we get:
VA rating = VI = 0-595/T*Brox J

which gives, with practical values f = 50Hz,
Brex = 1-5T and J = 4.-0MAm™2:

VA rating = 1-8 x 10°T%,

T=0074 VAIraéing

in millimetres, or

| VA rating
T=100) ——<
\ 1.8

in millimetres.

This gives 18-5mm for 20VA, which is
realistic: the kit transformers are rather gen-
erous in terms of core size, as can be seen
by comparing with ready-made transformers
in the Catalogue.

Winding Area
Allocation for Multiple
Secondary Windings

The reason for making up a kit fransformer is
often that several nonstandard secondary
windings are required. The question then is
how to divide the winding area between
them. It can be shown that, for best overall
efficiency, each winding should reflect the
same resistance into the primary circuit, and
that this means that the winding areas should
be proportional to the VA ratings. So, if there
is one winding rated at 12VA, one at 5VA
and one at 6VA, the first one should occupy
afraction 12 / (12 + 5 + 6) = 0-52 of the
winding area, the second should take 0-22
of the area and the third takes 0-26 of the
area. In practice, all these need to be reduced
a bit, to allow for insulation between the wind-
ings. Don’trely on just the enamel: a layer of

Source Impedance

of Secondary
Winding

We saw earlier that the secondary winding
reflects a resistance info the(frimary winding

equal to the primary winding’s own resis-
tance. The same applies in the opposite direc-
tion, so that the effective resistance of the
secondary winding is twice its measured resist-
ance. The ‘regulation’ of the transformer is the
ratio of the output voltage drop from noload
to fullload to the noload voltage, and is
almost entirely due to the load current flow-
ing through the effective secondary resistance:
Regulation = 22
S

There is a small additional loss due to the volt-
age drop across the leakage inductance, but
leakage inductance is normally so small in
mains transformers that it can be neglected.
(Try measuring the primary inductance with
and without the secondary winding shortir-
cuited!)

Audio (Signal)

Transformers

The design methods described above apply
to mains transformers only. While the basic
equations apply to audio signal transform-
ers, the actual design procedures are quite dif
ferent. At present, there are no Maplin kits
available ér audio signal transformers, and
| doubt if demand is enough for there to be
any in the future. But if there are, well, that
Wlﬁ/ be a good excuse for another article,

and this leads to:

electrical tape is necessary.

won't ite

VARIOUS

NEW COMPONENTS. Clearing workshop,
need more space! Assorted resistors,
capacitors, diodes, ICs, etc. £10 per bag
including postage/packing. Mr. D. ]. Brown,
2 Glentworth Avenue, Whitmore Park,
Coventry, West Midlands, CV6 2HW.
MORSE/RTTY DECODER, professionally
designed and constructed home project,
based on 68708 microcontroller and 24
character LCD. Superb performance. £55.
Ring for details. Tel: Dave, (0536) 744018
(evenings).

POWER SUPPLY 13.8V DC, 3A (5A max.).
Regulated E15-20. Sigma II CB aerial E20.
Write to PSUSCB, 2 Stone Cross Green,
Whepstead, Bury St. Edmunds, Suffolk, |
IP29 4ST. |
SEVERAL THOUSAND SURPLUS
COMPONENTS for sale. Many resistors,
capacitors, switches, pots, ICs, etc. Left over
from audiophile and professional mixer
projects. Send S.A.E. for lists to:

F. Woodsford, 16 Braefoot, Camoustie,

DD7 7BG.

INTRACEPT TV COLOUR BAR / pattern
generator, £30. Heathkit high impedance
analogue multimeter, £25. Eagle 5-band
stereo graphic equaliser, £18. Remote
control mains appliance switch and handset,
£18. Tel: (0502) 566026.

ELECTRONICS ENGINEER will build your
favourite Maplin kits or any other projects.
Send for free details to: Mr. 5. Wong, 16 }
Grosvenor Square, Rathmines, Dublin 6,
Eire.

GOLDSTAR DIGITAL FREQUENCY
COUNTER 100MHz, brand new, £150, Tel:
(081) 969 3818 (London W10). Answerphone.
FOR SALE AVO MODEL 7 £25 plus
carriage. Tel: (0628) 26305 (Maidenhead). |
TEKTRONIX 2236 OSCILLOSCOPE
100MHz, multimeter, timer-counter, manuals,
probes, £480. Olivetti M24 PC, 40Mb (8086),
£130. Various modems and other items.

Tel: (0332) 834768.

GIANT CLEAR-OUT! Long list of unused
components including ICs, capacitors,
resistors, some in large quantities. All at
bargain prices. Send 8.A.E. for list to: M. J.
Dean, Blenheim, Walton Lane, Bosham,
Chichester, West Sussex, PO18 8QF.
NATIONAL TELEPHONE SYSTEMS

PABX London 12-BABT approved private
automated branch exchange with ten
extensions and four incoming lines, good
working order, complete with breakdown
box and multipair cable. Bargain at £500.
Write to: Classified, Box No. 243, Electronics
- The Maplin Magazine, PO Box 3, Rayleigh,
Essex, 886 8LR.
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Placing an advertisement in this
section of ‘Electronics’ is your chance
to tell the readers of Britain’s Best Selling
Electronics Magazine what you want to
buy or sell, or tell them about your club’s
activities — Absolutely Free of Charge! We
will publish as many advertisements as we
have space for. To give a fair share of the
limited space, we will print 30 words free,
and thereafter the charge is 10p per word.

Placing an advertisement is easy!
Simply write your advertisement clearly,
in capital letters, on a post-card or sealed-
down envelope. Then send it, with any
necessary payment to: Classifieds
‘Electronics — The Maplin Magazine’,

P.O. Box 3, Rayleigh. Essex $S6 8LR.
Advertisements will be published as
soon as possible, space allowing. No
responsibility is accepted for delayed
publication or non-inclusion of
advertisements.

Private individuals only are permitted
to advertise in this section; commercial or
trade advertising of any kind is strictly
prohibited by law. Advertisements are
only accepted by the Publisher on this
proviso. Readers who have reasonable
grounds to believe that they have been
misled as to the nature of an advertisement
are advised to contact the Publisher and
their local Trading Standards Office.

MES ORGAN available for spares or to
complete. Includes piano and parts to build
MESS54 (less pedalboard) and MESS5, £250
o.n.0. Must clear for space. Tel: Mel, (0453)
88445]1.

FREE! Well, not quite, but for the price of
postage you could give your ancient IBM PC
(or clone) a clock/calendar that keeps
running when the power is off with this half-
size plug-in card and software. Tel: Tony,
(0702) 554155 Ext: 245 (office hours).

IBM PC 24-LINE I/O CARD £30. Speech,
music synthesiser and many other devices
connected to the card. Tel: Pei, (061) 272
8278 (Manchester).

SHARP MZ-700 COMPUTER complete with
cassette deck, QD disk drive plus 6 blank
disks, 32 games, BASIC interpreter and
compiler and music synthesiser. Only £70.
Tel: Tony, (0702) 525050 (evenings).

TO ALL 6502 PROGRAMMERS. Write fast,
efficient and compact M/C programs easily
using my Assembly Generating Compiler. Its
own expandable language implements loop
structures, conditional tests, string handling,
/O, integer maths, etc. in 65XX machine
code. Original package runs on C64; IBM PC
version also available to help program 6302
microcontroller cards, etc. or other
machines. Compiler and assembler source
listings can be made available if required.
Expandable routine library. C64 disk has lots
of demos, PC disk has lots of extra utilities.

Send largish, e.g., C5 S.A.E. for more details
to: Level 3, Aurora, Church Road, Laindon,
Basildon, Essex, 8515 5SL.

BBC MODEL B ISSUE 3 with Acorn DFS,
double Cumana 5Y%in. disk drive (80-track),
Wordwise, video digitiser, tape recorder,
selection of disks and tapes. Also many
magazines and books. £1985 including
postage and packing.

Tel: Clive, (073) 129 363.

BBC MODEL B CIRCUIT DIAGRAM. To
receive a copy send a cheque for £2 made
payable to: C. Roberts, 210 Hern Road,
Ramsey, St. Mary's, Huntingdon,
Cambridgeshire, PE17 1TB.

MENTA Z80 MICROPROCESSOR
TRAINER by Dataman Designs, with
comprehensive manual and modules for
external applications, for sale. Offers,

Tel: Mr. Rice, (081) 427 3034.

BBC B double disk, Hi-Res colour, ROM
expansion board, PCB designer ROM, plus
many others. Little used therefore absolutely
periect condition, Offers around £350. Also 2
x 49-note keyboards at £15 each. Open to
sensible offers but must sell A.§.A.P. Tel:
(0245) 450080 (Chelmsford) evenings/
weekends.

DESPERATELY computers not working,
anything considered. Tel: Robin, (0268)
524968.

VALVE DATA BOOKS any condition,

also valve circuit books. Tel: (0702) 202556.
EBI IN-CIRCUIT IC test system. Must be
in good condition and reasonably priced.

|

Tel: Dave, (051) 480 1383.

MAPLIN ORGAN CHIP M108 good price
paid (£25) for serviceable IC. Cheetham
(081) 426 72117.

COPY of ‘Understanding and Expanding
Your Amstrad 464/664/6128’, by Alan
Trevennor, published by Sigma Press.

Tel: (0933) 652111.

FOR SALE OR LOAN manual for Cossor
oscilloscope model 4000, will reimburse all
reasonable costs incurred. Tel: (0892)
526690.

HELP ON REPAIRING Toshiba address
unit model AD 2T. Or sale of same model

in working order at cheap price. Instruction
manual wanted as well. Tel: Drew, (0270)
764624 (Sandbach) after 6.00 p.m.
WANTED, WORKING MK1 MOTOR

with pulleys for Thorens TD150 turntable, or
complete TD150 or TD160 turntable suitable
for spares. Phone Alan on (0702) 554155, ext.
245 (office hours).

ELECTRONIC ORGAN CONSTRUCTORS
SOCIETY. There is no London meeting on
May 16. For details of meetings Tel: (081) 802
3390 or write 87 Oakington Manor Drive,
Wembley, Middlesex, HA9 6LX.

‘WIRRAL AND DISTRICT AMATEUR
RADIO CLUB meets at the Irby Cricket
Club, Irby, Wirral. Organises visits, D.F.
Hunts, demonstrations and Junk Sales. For
further details, contact Paul Robinson (GOJZP)
or Tel: (051) 648 5892,

TESUG (The European Satellite User Group)
for all satellite TV enthusiasts! Totally
independent, TESUG provides the most up-
to-date news available (through its monthly
‘Footprint’ newsletter, and a teletext service
on the pan-European ‘Super Channel’). It
also provides a wide variety of help and
information for its members. For further
information, contact: Exric W. Wiltsher,
TESUG, Rio House, Stafford Close, Ashford,
Kent, TN23 2TT, England.

THE BRITISH AMATEUR ELECTRONICS
CLUB (founded in 19686), for all interested in
electronics. Four newsletters a year, help for
members and more! UK subscription £8 a
year (Junior members £4, overseas members
£13.80). For further details send S.AE. to:
The Secretary, Mr. ].S. Hind, 7 Carlyle Road,
West Bridgford, Nottingharm, NG2 7NS.
MODEL RAILWAY ENTHUSIASTS? How
about joining ‘MERG’, the Model Electronic
Railway Group. For more details contact:
Mr. Eric Turner, Treasurer MERG, 38 North
Drive, Orpington, Kent, BR6 9PQ.



Design by Tony Bricknell
Text by Tony Bricknell and
Robert Ball AMIPRE

FEATURES

* For use with IBM PC, PC-XT, PC-AT

and Compatible Clones

Eight velay changeover contacts

Switches up to 24V DCIS0V AC

@ 24 resistivel14 inductive

Fused 5V output to power external circuits
Base address selectable

Multiple cards can be used

Fully programmable from BASIC

e S

X ¥

X X X X%

{_ " APPLICATIONS
’ * Robotics * Process control
* Time control * Home automation

i .
i % Controlling lamps, motors, solenoids

Brecmrmossonem
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=2

PROJECT
RATING

L 4 I Shis project is a versatile relay card
for use with the IBM PC, PC-XT,
PC-AT and compatible clones.

Each relay, of which there are eight on the

card, has one set of change-over contacts.

The relay contacts are able to switch

‘moderate’ loads, such as low voltage lamps,

motors and solenoids.

The card slots into any one of the
vacant expansion slots provided on the
host computer. Power, control, address
and data signals are obtained from the
computer’s expansion bus. The relays’
contacts are brought out, together with a
fuse-protected +5V supply, on a 37-way
female D-type connector. The D-type
connector protrudes through the expansion
card slot allowing easy connection with the
outside world.

The card is based around discrete
logic, as opposed to a fully programmable
input/output IC, this has the advantage that
the card does not need to be configured or
initialised before use. Data can simply be
written to the appropriate address to set or
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Rear
of
P.C.
Solder Side Component Side RL8
Ground B1 W A1 1/0 Channel Check RLS
Reset B2| (p |{A2 D7
+5v B3| 1) |A3 D& RL7
(IRQ9 on AT) IRQ2 B4| b |A4 D5
—5v B5| () |A5 Da RL7
DRQ2 B6| () |A6 D3 RL6
—-12v B7|14b [A7 D2
(OWS on AT) Reserved B8| (p |A8 D1 RL6
+12v. B9 I A9 DO RL5
Ground B10{ ¢ f |A10 I/O Channel Ready
(SMEMW on AT) MEMW B11| 01 |A11 AEN RLS
(SMEMR on AT) MEMR B12| 4 |A12 SA19 RL4
IOW B13| 1 [A13 SA18
IOR B14]| 0 |A14 SA17 RL4
DACK3 B15| 1)1 |A15 SA16 RL3
DRQ3 B16| 1) |A16 SA15
DACK1 B17| {1 I |A17 SA14 RL3
DRQ1 B18| (| [A18 SA13 RL2
(Refresh on AT) DACKO B19| {1 [A19 sSA12
Clk B20} 4 I |A20 SA11 RL2
IRQ7 B21| 0 |A21 SA10 RL1
IRQ6 B22| { | |A22 SA9
IRQ5 B23| § [ |A23 SA8 RL1
IRQ4 B24| | p [A24 SA7
IRQ3 B25| 1 p | A25 SAB
DACK2 B26| (0 | A26 SA5S
T/C B27| | h |A27 Sa4
BALE B28| 0 ) |A28 SA3
+5V B29| 1 |A29 SA2
Osc B30 0 |A30 SA1
Ground B31 J] A31 SAO

19
oo | 37
o | oND
N/O " o RL8 COM
N/C o]
o N.C.
N/O 0
N/C o o RL7 COM
o N.C.
N/O ° o RLE COM
N/C o
o N.C.
N/0 ° o RLS COM
N/C o
o N.C.
N/o © o RL4 COM
N/C o
o N.C.
N/O o
o RL3 COM
N/C o}
o N.C.
N/O © o RL2 COM
@]
N/C o N.C.
N/O o}
N/C o o RL1 COM
o N.C.
N.C. o 5y
+5v ||| o O N
1 i 20
NOTE:
N/O = Normally Open
N/C = Normally Closed
N.C. = Not Connected

Figure 2. IBM PC expansion connector pin-out.

reset the relevant relays. To simplify
programming, it is possible

to ‘read back’ from the card which relay
outputs are set or reset, this avoids having
to set or reset software flags to keep track
of the current relay states. A further ‘
advantage is that a self-diagnostic routine
could be written into the software to check
the presence of the card at the correct
input/output map location and whether
the card is functioning correctly.

Circuit Description

Figure 1 shows the circuit diagram of the
PC Relay Card, and the following circuit
description should help the constructor
understand operation of the unit and assist
fault-finding, should this become
necessary. For clarity the pin-out of the
computers expansion port connector and [
the card’s 37-way D-type connector are ’
shown separately in Figures 2 and 3
respectively.

When the computer is first powered up,
a RESET pulse is placed on the bus. This
is inverted by IC2d and fed to IC4 (an
octal D-type flip-flop), resetting its outputs
QO to Q7, ensuring that the Darlington
buffer IC5 keeps all relays turned off
during boot-up.

RN1 “pulls up’ to logic 1 any address
select switch lines that are not set at logic
0. IC1 is an eight-bit comparator and,
when the address set up on the address !
bus matches that set by SW1, pin 19 goes
low. This is accompanied by the computer
requesting either a read or write from the
card by pulling either IOR or IOW low,
respectively.

If IOW is pulled low at the same time
as the output of IC1 is valid (low), then a

10

Figure 3. 37-way D-type connector pin-out.

write pulse is generated on pin 11 of IC4,
by IC2b. This causes the information on
the data bus to be written and latched into
IC4, the latched data is output on QO to
Q7 of the same device. This data is then
buffered by IC5, an octal Darlington driver
array, used to switch the relatvely high
currents required by the coils of RLI to
RLS8. Note that IC5 features integral
induced-emf clamp diodes, so that external
diodes are not required to protect the IC
from the voltage spikes produced when the
relays de-energise. _

On the other hand, if IOR is pulled low
at the same time as the output of IC1 is
valid (low), then IC3, an octal D-type
latch, is enabled by IC2a and c,
transferring the data at Q0 to Q7 of IC4 to
the computer’s data bus. Resistor Rl and
capacitor C5 ensure that IC3 is enabled
before the chip is taken out of tri-state
mode, alleviating any possible spurious
data that might otherwise be written to
the data bus.

Construction

The PCB is a double-sided, plated-through
hole type, with a gold-plated edge
connector, chosen for maximum electrical
reliability and mechanical stability. How-
ever, removal of a misplaced component

is quite difficult with this type of board, so
please double-check each component type,
value and its polarity where appropriate,
before soldering! The PCB has a printed
legend to aid you in correctly positioning
each item, see Figure 4.

The order in which the components are
fitted is not critical, however, the following
instructions will make the assembly task as
straightforward as possible. For general

’ information on soldering and assembly
techniques, please refer to the Constructors’

Guide included with the Maplin kit.

During construction, be careful not

to scratch the gold-plated edge connector
‘ or splash it with solder, as this is likely to

affect operation of the card and computer.

Referring to the Parts List and PCB

legend, insert the resistor network RN 1,

it is important that the pin 1 marker aligns

with the dot on the PCB. Fit the dual-in-

line switch SW1, ensuring that the ‘on’ side

faces towards the edge of the PCB. Next,
’ insert the IC sockets, ensuring that the

notch on the IC sockets are aligned with
the corresponding marks on the PCB
legend. Insert and solder the two tantalum
capacitors C1 and C2, taking care that the
lead nearest to the + mark on the body is
inserted into the hole adjacent to the +
mark on the PCB. Insert the single resistor
R1, the remaining capacitors C3 to C5, the
fuse clip and fuse, and relays RL.1 to RLS.
Fit the 37-way D-type connector into the
board and make sure that it is butted-up
close to the PCB b¢fore soldering. Insert all
the ICs, being careful to line up the pin 1
designator on each IC with the correspond-
ing notch in the IC socket.

An end-plate is supplied in the kit,
allowing the 37-way connector and PCB to
be securely mounted to the back panel of
your PC. This should be fitted as shown in
Figure 5.

Clean up the board, by cutting off
| excess wires — no component lead should

stand proud by more than 2mm. With a
| PCB cleaner and a stiff paint-brush, wash

off any flux before inspecting the module.

A close inspection of all tracks, joints and

components is especially recommended on

this board, before you insert the card into
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your computer. Any mistakes, and your
computer could make an unscheduled visit
to the electronic graveyard in the sky — you
have been warned!

Installation

The installation of the PC Relay Card can
be broken down into a number of steps.

1. Selecting an appropriate base
address:

The I/O address area of an 8086/80286
machine is limited to 64k. The design of
PCs reserves I/O addresses up to OOFF hex
for use on the motherboard, and makes
available I/O addresses 0100 to 03FF hex
for use on expansion cards.

When selecting an I/O base address, it
is important to avoid those already in use
by existing cards. If you have two or more
cards both addressed at, say 0300 hex, bus
contention is likely to cause problems. For
example, one card could pull the data lines
high while another card is trying to hold
them low, so that the data itself is
undefined.

Addresses in use can be determined by
consulting the installation instructions for
the existing cards. In addition, Table 1
gives a list of designated IO addresses. It
is suggested that address 0300 hex is used,
as this is designated for prototyping cards.
However, as the PC Relay Card only
occupies 4 bytes in the /O memory map,
up to seven cards can be installed in the
address space between 0300 to 031F hex,
giving a total of 56 relay outputs! However,
it is unlikely that you will have sufficient
vacant slots to cater for this many cards!

The base address of the PC Relay Card
is set up as follows: The settings of SW1-1
to 8 can be determined by converting the
required address into binary and taking the
8 most significant bits (A9 to A2) as the
settings for the switches. SW1-1 corres-
ponds to bit A2 and SW1-8 corresponds
to bit A9, a logic 1 = switch ‘off” and a
logic 0 = switch ‘on’. An example of how
to determine the switch settings is shown in
Table 2. Photo 1 shows the switch settings
on the prototype corresponding to a base
address of 0300 hex. Note that even though
the card only uses one address (its base
address), the last two bits Al and AQ are
not decoded, resulting in the card actually
occupying four address locations. This is so
that the card is given maximum versatility
in the high-order bits, allowing the address

The assembled PC Relay Card.

PC RELAY CARD

€s ics

FS1-F1A
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RL2

SK1

RL1

RL4
RL3
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g0c

0
o0

ICS

RLG6
RLS

RL8
RL7

Figure 4.

PCB legend.

Close-up of the address setting switches (0300 hex).
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range of the card to be set from 0000 to
03FC hex. Now that s versatile!

2. Turn off the computer and
disconnect the computer from the mains
supply. Lethal voltages reside inside
computers, and installation of the card with
the computer switched on may result in
permanent damage to you, your computer
and/or the card.

3. Referring to the owner’s manual,
remove the cover from your computer to
expose the expansion card area.

4. Locate a suitable empty expansion
slot and remove the metal blanking plate
cover screw and cover. Store the cover in a
safe place for later replacement, should you
wish to remove the PC Relay Card from
your computer.

5. Caretully insert the card into the
empty slot, pushing it fully home without
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Figure 5. End-plate assembly.

100 BASEADD%=&H300
110 OUT BASEADD%,&HFF
120 PRINT “All relays on”
130 GOSUB 180

140 OUT BASEADD%,0
150 PRINT “All relays off”
160 GOSUB 180

170 GOTO 110

180 FOR F=1 TO 5000
190 NEXT F

200 RETURN

‘Set up base address for card

“Turn all relays on

‘Call delay subroutine

“Turn all relays off

‘Call delay subroutine

‘Delay subroutine

Listing 1. Simple program to test operation of PC Relay Card.

Description

Fixed disk

Games adaptor

Expansion unit

2nd Parallel printer port
Alternate EGA

GPIB (0)

Data acquisition (0)
Prototype card

Fixed disk

Network card

1st Parallel printer port
SDLC

2nd Bisynchronous

Cluster (0)

1st Bisynchronous
Monochrome adapter/printer
Enhanced graphics adaptor
Colour graphics adaptor
Floppy diskette controller

Note:

Hex Address
PC/XT PCIAT
ni 01F0-01F8
0200-020 F0200-0207
0210-0217 ni
ni 0278-027F
02B0-2DF 02B0-02DF
02E1 02E1*
02E2-02E3 02E2-02E3*
0300-031F 0300-031F
0320-032F n/i
0360-036F 0360-036F
0378-037F 0378-037F
0380-038F 0380-038F
n/i 0380-038F
0390-0393 0390-0393*
n/i 03A0-03AF
03B0-03BF 03B0-03BF
03C0-03CF 03C0-03CF
03D0-03DF 03D0-03DF
03F0-03F7 03F0-03F7

* = these devices decode the full 16 address bits, allowing further devices to be
located in the same category above 3FF, for example GPIB (1) = 22El1 etc.

n/i = not implemented

Table 1. Designation of input/output map addresses.

12

forcing it. Using the cover screw removed
in (4) above, fix the end-plate to the back
of your computer.

6. Double-check everything!

7. Replace the cover.

Testing

Whilst crossing your fingers, eyes, toes
and anything else you can think of, switch
on the computer — it should boot in the
normal way. If the computer behaves in
an abnormal way, turn off the computer
immediately and cry . . . no, remove the
expansion card and check for a mistake
you should have spotted earlier, solder
whiskers shorting out adjacent tracks, etc.

A simple program written in GW
BASIC can be used to test the card, see
Listing 1. This program, when run, turns
all relays on and then off again at short
intervals. Each of the eight relays can be
checked with a multimeter set to a low-
ohms or continuity range, as shown in
Figure 6. The delay may be adjusted to
alter the switching speed of the relays; this
is achieved by altering the number in line
180, presently set at 5,000. A lower
number will decrease the switching
interval, a higher number will have the
opposite effect.

Accessing the PC Relay Card
from GW BASIC

Defining the Base Address

The easiest way to define the base address
for use in a BASIC program is to set an
integer variable (% suffix) to the base
address of the card. Then whenever the
card needs to be accessed using the QUT
or INP instructions the variable can be
used instead of the actual address. This
technique is good programming practice
as the base address can be changed by
modifying just one line of the program
instead of tediously having to change every
usage of the address. An example of this is
shown in Listing 2.

10 BASEADD%=&H0300

Listing 2. Example line of BASIC to define
base address.

Conrrolling Relays

Switching any one, or any combination

of relays, on or off is simply a matter of
setting or resetting the eight binary
weighted bits associated with the relays.
Switching on a relay requires that its
corresponding bit is set, conversely
switching off a relay requires that its bit is
reset. Since all eight bits are accessible in
one byte of data, all of the relays can be
controlled simultaneously. To set and reset
the data bits, the PC Relay Card must be
written to, using the OQOUT instruction.
Calculation of the data value is easily
achieved using a number line and adding
the values where a Logic 1 (bit set) is
required, see Table 3. This method is
similar to that used to calculate the address
switch settings earlier. Listing 3 shows an
example of how to output data from
BASIC.

Maplin Magazine May 1993



Reading Relay Status

As previously mentioned, it is possible to
‘read back’ the status of the relays, the data
value returned is binary weighted in exactly
the same way as that used for setting and
resetting the relays. On a correctly
functioning card, the data value read from
the card will exactly replicate the data value
last written. Reading the data value is
achieved using the INP instruction. Listing
4 shows an example of how to read data
from the card in BASIC; the data value is
returned in the integer variable DAT%.

Advanced Techniques

It is often necessary to switch on or off a
relay without disturbing the other relays.
This can be easily achieved, regardless of
the previous states of all of the relays, by
reading the data value from the card and
logically ORing or ANDing the data with
the binary weighted value of the bit to be
set or reset. For example:

If RLS5 is to be switched on, the data
from the card (i.e. current relay setting)
should be ORed with the binary weighted
value for RL5 (16 decimal, 10 hex), see
Listing 5a.

If RL7 is to be switched off, the data
from the card should be ANDed with the
complement of the binary weighted value
for RL7 (64 decimal, 40 hex), see Listing
5b.

Extending Switching
Capabiliry

For safety and reliability, the maximum
voltage that should be switched by the PC
Relay Card is 24V DC or 50V AC.
Similarly the maximum current that should
be switched is 2A resistive or 1A inductive.
Voltages/currents above these limits should

Multimeter
set to continuity
or low Ohm’s range

e oo

COM N/O
N~
RL1 — 8

Figure 6. Method of testing relay contacts.
May 1993  Maplin Magazine

Required base address = 0300hex

0300hex = 11 0000 00xx

their setting is irrelevant.

x = Don’t care - as the PC Relay Card does not decode the last two bits Al and AQ,

Switch number = SW1-8 SWI1-7 SW1-6 SW1-5 SWI1-4 SW1-3 SW1-2 SWI-1
Address line = A9 A8 A7 Ab A5 A4 A3 A2
Binary value = 1 1 0 0 0 0 0 0
Switch setting = OFF OFF ON ON ON ON ON ON
Table 2. Calculating address switch settings.

Relay number = RLS8 RL7 RIL6 RL5 RI4 RIL3 RL2 RLI1
Decimal value = 128 64 32 16 8 4 2 1
For example, to turn relays 3, 4 & 7 on, and relays 1, 2, 5, 6 & 8 off:
Relay number = RIS RL7 RL6 RL5 R4 RI3 RL2 RLI1
Decimal value = 128 64 32 16 8 4 2 1
Binary value = 0 1 0 0 1 1 0 0

= 64+8+4

= 76 decimal

= 4C hex

Table 3. Calculating bit values for setting and resetting relay outputs.

In hex:
20 OUT BASEADD%,&H13

In decimal:
20 OUT BASEADD%,19

“Turn relays 1,2 & 8 on, 3 to 7 off

“Turn relays 1,2 & 8 on, 3 to 7 off

Listing 3. Example line of BASIC to set/reset relay outputs.

30 DAT%=INP(BASEADD%)

‘Read status of relays into DAT%

Listing 4. Example line of BASIC to read status of relay outputs.

not under any circumstances be connected
to the PC Relay Card, however, additional
switching circuits may be added to extend

the switching capability.

240V AC Mains

Figure 7a shows how to switch 240V AC
mains voltage, using a zero-crossing opto-

triac. The circuit, with suitable heatsinking,
is suitable for switching up to 4A resistive.
Ensure that the load is placed in the Live
side of the circuit, however, extreme care
should be exercised with respect to
insulation and spacing as parts of this
circuit are at full mains potential. This
circuit uses the 5V output of the PC Relay
Card to power the LED in the opto-triac.

Ref Description Code
Ra 120R 0.6W Metal Film M120R L
Rb 150R 1W Carbon C150R
Re 1k 1W Carbon C1K LOAD
OPa Optotriac + Zero Crs RAS6L
Tia C206D WQ24B l
—— N/Load —
oP Rb Tla
Ra a 150R
sv 1 6 Mt2
120R
VA SZéi:\ I AVZAN
N/O ©
RLx > G Mt 1
NC 3 ero 4
COM — | Crossing
Unit Re
1k
ov — N/Mains

Figure 7a. Additional circuit for triac of switching a mains load.




| +12v

ov
\
\ |
e (. . Figure 7b. Additional circuit for relay
The PC Relay Card installed in a computer. | switching of a high power load.
‘ High Power Loads
In Hex: Figure 7b shows how a high-power relay
40 OUT BASEADD%, INP(BASEADD%) OR &H10 can be driven from the PC Relay Card to
I facilitate switching voltages and currents
In Decimal: above the rated switching capability of the
40 OUT BASEADD%, INP(BASEADD%) OR 16 card. When switching inductive loads, to
‘ help reduce arcing and prevent welding of
. ) 3 the contacts, place a suitably rated 100nF
Listing 5a. Example line of BASIC to bit mask and set a relay output. l capacitor across the switching contacts of
| the relay.
In Hex: , . Bidirectional Motor Switching
50 OUT BASEADD%, INP(BASEADD%) AND NOT &H40 Figure 7¢ shows how the PC Relay Card
In Decimal: can be L\l;/egl tg cti)lntrlol a bii;ii(recﬁo?aé "
: motor. Wi oth relays off (or on), bo
50 OUT BASEADD%, INP(BASEADD%) AND NOT 64 ends of the motor are held at OV (or +V).
’ By switching on one of the relays, the
Listing 5b. Example line of BASIC to bit mask and reset a relay output. supply voltage is applied to the motor,
| allowing the motor to turn in one direction
| or the other (depending on which of the
= +V l two relays have switched).
N/C — ‘
Rbx E%‘ i Applications
- ’ The applications of the PC Relay Card are
- many and varied, limited only by the user’s
N/C — imagination (and budget): process control;
RLx+1 COM roboucs; time control; automation;
N/O — controlling lamps, motors, solenoids, etc.
ov Advanced applications include controlling
electrical apparatus around the house to
| give the impression that the house is
Figure 7c. Bidirectional motor control using the PC Relay Card. occupied.
PC RELAY CARD PARTS LIST
RESISTORS: All 0-6W 1% Metal Film (Unless specified) FS1 Fuse 20mm 1A 1 (WRO03D)
R1 1500 1 (M150R) SW1 Slimline 8-way DIL Switch 1 (QY70M)
RN1 SIL Resistor 10k 1 (RA30H) RL1 to 8 Ultra-Miniature Relay 12V SPDT 8 (YX94C)
PL1 PCB 37-way D-type Socket 1 (JB38R)
CAPACITORS PC Bracket 37-way D-type 1 (CR45Y)
Cl1,2 10uF 16V Tantalum 2 (WW68Y) PCB 1 (GH22Y)
C3,4 100nF 16V Minidisc 2 (YR75S) Instruction Leaflet 1 (XT88V)
C5 100pF Ceramic 1 (WX56L) Constructors’ Guide 1 XH79L)
SEMICONDUCTORS The Maplin ‘Get-You-Working” Service is available for this
IC1 741.5688 1 (KP49D) project, see Constructors” Guide or current
IC2 741.802 1 (YF02C) Maplin Catalogue for details.
I1C3 741.8373 1 (YHI15R) The above items are available as a kit, which offers a
IC4 741.5273 1 (YHOO0A) saving over buying the parts separately.
IC5 ULN2803A 1 (QY79L) Order As LT16S (PC Relay Card Kit) Price £24.95.
The following new items (which are included in the kit)
MISCELLANEOUS are also available separately, but are not shown in the
14-pin DIL Socket 1 (BL18U) 1993 Maplin Catalogue.
18-pin DIL Socket 1 (HQ76H) PC Bracket 37-Way D-Type Order AS CR45Y Price £2.25.
20-pin DIL Socket 5) (HQ77)) PC Relay Card PCB Order As GH22Y Price £7.95.
Fuse Clip 20mm Type 1 2 (WH49D)
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[TECHNOLOG

No doubt you're wondering what has happened
to your usual correspondent in these matters,
namely Keith Brindley. Unfortunately, Keith has
falleniilt, and so | am ‘holding the fort’ until next
month, when Keith should return with renewed
vigour. Anyway, let's press on with a look at the
record industry. Taiwanese anti-piracy laws have,
for some reason, been considered sufficientty
lenient for many people to set up illegal CD and
tape production plants there — in fact, most pirate
CDs are produced in Far Eastern countries. The
situation is not helped by the fact that a great deal
of pirated products are now indistinguishable from
| the real thing; the methods used by the pirates
have reached new standards of sophistication.
Unfortunately for the pirates, things are now
toughening up. Acting on evidence supplied by
the International Federation of the Phonographic
Industry (IPFl); UFO Records (a subsidiary of
Warner Bros.), Polygram and officers from the
Taiwanese Investigation Bureau (IB) raided two
factories and one distributor — and over 15,000
pirate CDs were seized (most of them destined
for the Hong Kong market).

Perhaps, however, if CDs were to be sold
at a sensible price, the profit margins for pirates
would be so low as to force them out of business.
Remember that CDs are much cheaper to
produce in large volumes than pre-recorded
cassettes — and certainly vinyt LPs (at least
now!). Thanks to volume production, the cost
of producing a CD, since the system was first
introduced, has plummeted — yet the average
retail price has remained virtualiy static, or even
increased slightly. And, as the Government is
fond of telling us, infiation in the UK has generaily
been very low — and so CD prices should have,
in fact, gone down somewhat.

Although most of us would agree that CD
offers better sound quality than LP records,
at least for those of us who can’t afford £1,000
turntables, most of us would disagree with the
amount of manipulation to which the record buyer
is being subjected. Yes, against the wishes of a
sizeable proportion of the public, LPs are being
forcibly phased out —CD is the answer to the
record industry’s prayers (fewer rejects and
customer returns), atthough better quality control
and decent (i.e. non-recycled) vinyl would have
supported the case for LPs. But tightening up
on the quality would have upped the price per
unit by a few tiny pence.

The term *forcibly’, incidentally, is used
purposefully — have you seen the exorbitant
prices being charged for the few new LPs stilt
available? Some would say that this is due to
| the reduced demand for records —and it is; but
it has been achieved by ‘doctoring the market’;
LP prices have been going up regardless to close
the gap with the CD price, so that punters would

with Martin Pipe

choose CD (well wouldn't you, for an extra £3

or so?). So what happens? Demand falls, the
production cost per record goes up, and hence
the retail price. it's a downward spiral from then
on. Of course, there are sound commercial
reasons for the large record shop chains to phase
out, or stop selting records altogether, other than
the bland ‘we don't want to stock three formats’
argument (well, you'll be stocking four when,

and if, DCC and MD are established!). The reality
is that they make more money through a CD
sale, and it costs them money to deal with the
comparatively high numbers of returned LPs —
which are the primarily the fault of cost-cutting
exercises at the pressing plant. lronically, itis
widely reported that WHSMITH have regretted
their decision to stop selling LPs.

The scenario appears to be repeating itself
for the 45rpm single — yes, that origina! icon of
teenage culture; the price gap between these and
CD singles is steadily closing. And, just as in the
album case, it's not through lowering the price
of its digital competitor. What must be taken
into consideration is that album sales generally
exceed single sales noticeably, at least over a
considerable period of time. No great surprise,
though, as sales of 30,000 units are enough to
place a record in the Top 10 — compared with
the healthy sales a few years back, this would
indicate that UK listeners are turning to albums
for their music. The high costs involved in
producing a relatively smalt number of CD singles
may force the record industry to remove any vinyl
alternative — the present situation appears to be
bearing this out.

Once vinyl records have been phased out
altogether, two questions remain to be asked —
what will happen to the disco and back-room DJ
culture (the ‘turntable arts’ of beat-mixing and
‘scratching’) — and hospital/student radio stations,
with their already hard-pressed funds?

Out of interest, a tape duplication company
once said that, for 5p more a cassette, they could
use superior chromium dioxide tape and use
Dolby B HX-Pro — thus producing an excellent-
sounding cassette. Yes, that's right — 5p on a
pre-recorded tape that retails at £7 or more! But,
as we all know, the record industry is renowned
for its avariciousness. And, in any case, what
grounds would there then be for selling DCCs?

The Marcopolo Debate Continues. ..
Many thanks to alt of the ‘Electronics’ readers
who replied to last month’'s comments (refer to
the News Report section) on the ex-BSB satellite
saga. In particular, | would like to thank Reg Prior
of Goodwick in Pembrokeshire, and L. R. Barber
of Lossiemouth in Morayshire. Reg is dissatisfied
with the technical quality of his terrestrial service
— there is an obstructing hill between him and his

local repeater at Fishguard, and no alternative.
Of course, such problems would never dog
Marcopolo viewers — provided that they have

an unobstructed view of the satellite. In particular,
Reg is annoyed with the apathy that he has
received in return for his licence fee. By the way,
Reg, to receive World Service TV (WSTV), all
you need is a D2MAC/Eurocrypt receiver, such
as the Pace MRD920, a good 90cm dish/feed
assembly and a low-noise LNB; all of these
items are available in the UK. | see absolutely

no reason why WSTV should refuse you a
subscription, if they do, contact your local
Trading Standards Office immediately. It is the
BBC's duty, as the UK state broadcaster, to
ensure that alf UK residents have access to BBC
programmes, assuming of course that they pay
their licence dues! But you shouldn't have to go
to such lengths — and, in any case, you wouldn't
have access to ITV and Channel 4!

points in favour of using Marcopolo as a space-
bound repeater of terrestrial TV programmes:
() No more problems with transmitters going

{ii) No more co-channel intetference from

(iiiy BBC national radio stations could be broad-

(iv) Using larger dishes, European hotels couid

from the ITC or, come to think of it, the BBC. If
nothing is forthcoming from these organisations
soon, | will be contacting them myself, on the
behalf of ‘Electronics’ readers. If you have any
comments to make, please contact me at the
editorial address. Meanwhile, some food for
thought. Astra dish owners will know that
practically all of the German terrestrial services
(RTL, ARD, etc.) are available on satellite, in PAL
—and in the clear! Another DTH ('direct to home')
satellite, Kopernikus (23-5°E), duplicates these
and adds more. An example to us all!

Mr. Barber, meanwhile, suggests a few other

off-air due to power cuts (OK, there are brief
eclipse periods every year, but on-satellite
batteries overcome these).

Continental television stations — particularly
annoying in the South-East, when high-
pressure weather systems in Europe
frequently cause tropospheric ducting.

cast alongside the television channels. There
are some areas that never get satisfactory
radio reception, particularly the FM services.

pick up the signals — just what the travelling
UK business fraternity and travellers need
to keep them ‘in touch’ with what's going
on back home. Since the receivers are
individually addressable, the authorities can
keep track of, and enforce, any subscription
payments. As far as the BBC goes, though,
there is a clear conflict of interests here with
WSTV. You can't beat the complete service,
though — as Dutch cable viewers will tell you!
No correspondence has yet been received

/) “tir Hg Tim Jadd!
Cayght in possesin

of a viny/, prepare
fo walk the plank’;
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by Keith Brindley

from the pages of magazines such as

‘Electronics’, industrial methods of
assembly must seem a very long way off.
But, in fact, they're not too far removed
from the standard hand techniques of
inserting a component into a printed cir-
cuit board (PCB), and then soldering it.
Indeed, a look at modern automated
industrial practices can even teach the
hobbyist a thing or two about the job in
hand, as well as pointing the way to the
future of project-building.

Methods used in industry, after all, only
mirror processes undertaken by hand -
perhaps a little faster, and possibly with a
touch more accuracy — the end result, a
working PCB assembly, is the desired aim
of both the hobbyist and the industrial
electronics engineer.

Not so very long ago, industrial manu-
facture of PCB assemblies was just a hand
process anyway. Readers will probably
have seen the BBC television series
‘Making Out’, in which teams of operators
insert components into a PCB, and then
solder them in. Generally, in such a
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For the hobbyist who builds projects
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process each operator is responsible for
soldering in a selection of components,
and then the PCB is passed to the next
operator, who inserts and solders a further
selection of components. Such hand sol-
dering processes (virtually identical to the
hobbyist’s methods) do still exist in indus-
try but are, as they are labour-intensive,
expensive. For this reason alone, such
hand soldering is used only for small-vol-
ume quantities of PCB assemblies, where
the expense of automating the process isn’t
justified.

Where large-batch, high-volume
quantities of PCB assemblies are to be
manufactured, on the other hand, hand
assembly is unnecessarily expensive, so
manufacturers look to full automation as
the best method of manufacture. Here,
components and bare PCBs are loaded in
at one end of the production line — and
fully assembled, soldered, cleaned and
tested PCB assemblies roll off the other
end. What happens between the two ends
of the automated production line is what
this article is about.

1
|
|
|

A

PCBs

While components form the circuit, which
any manufacturer aims to build, the heart
of any modern electronic appliance is a
PCB. The circuit itself is in the hands of
the designer — it can be as simple as a basic
transistor switch, or as complex as a
microcomputer — but it remains just a
handful of loose components until it has
been connected together, with soldered
joints, by a PCB.

A PCB relies on the principle that a
layer of conductive material (frack) is pre-
sent on the surface of a thicker layer of
insulating material (base). Component
connecting terminations are soldered to
the track at points (lands or pads), such
that the track forms all necessary inter-
connections between components. Any
reader of ‘Electronics’ knows this.
Incidentally, the industrial manufacture of
PCBs has already been discussed in a pre-
vious article entitled ‘Across the Board’,
which was published in Issue No. 59
(November 1992).
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If components used in a circuit are con-
ventional resistors, capacitors, transistors
and so on, the PCB is usually pretty basic,
too. Components like these are commonly
known as through-hole components,
because their connections are formed by
leads which go through holes in a PCB.
For the same reason, such components are
also commonly called leaded compon-
ents, and PCBs that contain only these
forms of component are often called
through-hole assemblies.

In automated industrial electronics
assembly processes (and even creeping
into hand assembly processes), another
type of component is becoming increas-
ingly popular. This type of component has
no leads to go through PCB holes. This is
why they are commonly referred to as
leadless components. Because they
haven’t got leads to go through PCB holes,
they are simply mounted on the surface of
a PCB, this giving rise to more exact terms;
surface-mounted components or surface-
mounted devices (SMCs or SMDs) and
surface-mounted assemblies (SMAs).
Surface-mounted components are much,
much smaller than their leaded counter-
parts, simply because they have no leads
acting as soldering terminations. Instead,
the terminations of such components are
formed by small metal areas that are sol-
dered directly to the PCB pads. Both types
of component are compared in Figure 1.

The mix of component types used
within an electronics assembly generally
defines the type of PCB used, and the par-
ticular manufacturing processes required.
As a result, the designer of an electronic
assembly now has to think of the final
product in terms of the components used,
PCBs and reliability, as much as the actual
circuit itself.

There are several constructional vari-
ations possible with leaded and leadless
components, shown in Figure 2. Those
variations in which both component types
are used are commonly called mixed
assemblies. What percentages of either
type of component are used, in an elec-
tronics assembly, varies from manufac-
turer to manufacturer, and from design to
design. With time, however, more leadless

components will become common.
Eventually, in around ten years or so, it's
likely that most manufacturers will use
nothing but leadless components — mind
you, they were saying that 10 years ago!
This is an ecomonic matter — leadless
components are cheaper (they’re easier to
make and, being smaller, use less mater-
ials); and surface-mounted assemblies are
cheaper to make (the manufacturing
equipment, like the components, is
simpler}.

PCB Classifications

There is a wide variety of PCB types for the
designer to choose from; this is hardly sur-
prising when you consider the large num-
ber of component types available ~ every
time a different major form of component
is developed, at least one new type of
board usually has to accompany it.
Consequently, the number of PCB types is
regularly increasing; often, they overlap
somewhat, and they are pretty arbitrary

anyway.

Leaded Components

Q/\
N .|

Leadless Components

Solcier /\

Fﬂu@j Base
/

.

Copper
Track

Base

Copper

Solder Track

Adhesive

Figure 1. Leaded and leadless components
compared. In fact, many leadless components
have very short terminations which (it could

be argued) are leads. But one fact still remains —
these very short leads do not go through heles
in the PCB!
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However, by generalising, it’s possible
to appreciate that whatever the type of
PCB, it falls into one of three main cat-
egories. Out of interest, the boards used in
Maplin projects fall into the first two.

Single-sided Boards

A single-sided PCB has conductive track
on only one side of the base material.
Usually, but not always, the components
are mounted only on the other side.
Typically, holes are drilled or punched
through the board at lands, so that com-
ponent leads can be positioned before sol-
dering. Figure 3 shows a cross-sectional
view of a single-sided PCB. Where sur-
face-mounted components are exclu-
sively used, of course, holes through the
PCB are not required.

Double-sided Boards

Double-sided PCBs have tracks on both
sides of the base material. This simple
fact allows the component density to
increase greatly, without having to reduce
track size. It is usually necessary to make
electrical connections between the tracks
on opposing sides, and the norm is to met-
allise the walls of holes through the board,
using some plating process. Such plated-
through holes (PTHs), which are for the
specific purpose of track connection are
known as vias. Note that the term ‘plated-
through hole’ has no connection with the
descriptive term ‘through-hole, in refer-
ence to PCBs — the first refers to the fact
that a hole through a board is metallised,
the other refers to the fact that holes are
used to mount components, Other meth-
ods are occasionally used to make con-
nections between tracks, such as eyelets,
wire, component leads, all of which
require the two sides of the connection to
be soldered. Figure 4 shows a cross-sec-
tional view of a double-sided through-
hole PCB. As a general rule-of-thumb, a
double-sided through-hole PCB will fea-
ture leaded components on only one side.
A double-sided, surface-mounted PCB,
on the other hand, may have surface-
mounted components on both sides.

Multilayered Boards

Multilayered PCBs have several layers of
tracks, two of which are on the outside
surfaces of the board (as for double-sided
boards). The remainder, however, are
internal to the base material, being lamin-
ated together along with the insulating
layers (which provide electrical insula-
tion between the central layers). All lay-
ers are linked, in the relevant places, with
plated-through hole vias giving the
required electrical connections. Holes
used purely for connection purposes are
known as through vias, while vias which
do not pass completely through the board
are called buried vias or blind vias. Figure
5 shows a cross-sectional view of a mul-
tilayered PCB.

Once the loose components are gath-
ered together with the bare PCB, it’s time
to assemble. Leaded component termina-
tions are inserted through their respective
holes, while leadless components are
onserted on the surface (ves, I know
there’s no such word, really, but the slang
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term ‘onsertion’ has become so popular in
the industry that we can’t ignore it), of the
PCB. A more correct term for positioning
of surface-mounted components onto a
PCB is component placement.

Through-hole assembly

Leaded components, despite being much
larger than leadless components, are more
difficult to handle mechanically due to
the fact that leads have to be bent correctly
to allow them to fit into their PCB holes.
This bending of leads is called preforming
and a selection of common preform
shapes is shown in Figure 6.

Component Component
Hole Lead
Through / Base
Board Material
[ i
hid "N Land
Solder

Figure 3. Cross-section of a single-sided, through-
hole PCB with a leaded component.

In an automatic assembly process, com-
ponents have to be supplied to a mechan-
ical insertion head. There are three main
types of leaded component, of course —
axial components, radial components and
dual-in-line (DIL) components.

As a direct result, there are three types
of insertion head. Manufacturers have to
decide whether to have three insertion
machines (or a single insertion machine
with three rotating insertion heads), or to
pass each PCB through a single machine
three times (each time with a different
bolt-on insertion head).

Components are supplied to whichever
insertion head is used, in a process called
loading. There are two variants here:

(i) Components are sequenced in the
correct order of insertion, and fed directly
to a stationary insertion head, which
inserts each component into its correct
position by moving the PCB underneath it

(ii) The insertion head moves to each
component, selecting it before moving to
the correct position above the stationary
PCB.

Where axial components form the great
majority, sequencing of components is
simpler, but where large numbers of radial
or dual-in-line components prevail, selec-
tion is best. Either way, the process is

Component

Hole Lead

Through
Board

Component

Metallized Layer
Track

Base
Material

B,

Lon/d'

:

N

Solder

| Plated—through
Track Hole (via)

Figure 4. Cross-section of a double-sided, through-hole PCB, with a leaded component.

Layer

Com,_%%réent Component
Through via
L. 8- Padd : 4
K » o
4 Land Blind or
Metallized Track ggiqer Buried via

Figure 5. Cross-section of a multilayered PCB with leaded component.
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Figure 7. Taped and reeled axial leaded
components.
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Figure 6. Common preform shapes for leaded
component leads.

Figure 8. Pre-sequenced taped and reeled axial
leaded components.
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Two-terminal surface-mounted components,
soldered to printed circuit board (Alpha Metals).

pretty complex, so insertion machines are
typically computer-controlled.

For insertion heads using component
selection, axial components are available
in taped and reeled form, as shown in
Figure 7. Dual-in-line components are typ-
ically supplied in magazine tubes, which
usually slot directly into the insertion
machine head.

Where insertion heads which insert
sequenced components are used, it’s
common to supply the machines with
pre-sequenced taped and reeled axial
components, as shown in Figure 8.

Once a component is inserted it has to
be maintained in place, so further bending
ofthe leads is usual to clinch it in position.
Clinching to an lead angle of around 45°
is normal, followed or preceded by the
trimming of the excess leads. Clinching
and trimming can be carried out in a
single machine as shown in Figure 9.

Surface-Mounted
Assembly

Although obvious and simple, it's worth
reiterating the main difference between
through-hole assemblies and surface-
mounted assemblies — the leads of leaded

components go through holes in the PCB
of through-hole assemblies, while the
terminations of leadless components are
soldered directly to the track of the PCB of
surface-mounted assemblies. The main
implication of this is equally simple,
though by no means as obvious.

A Sticky Problem

While leaded components are quite effec-
tively held in place by the very fact that
their leads go through holes in the PCB,
surface-mounted components, on the
other hand, are not effectively fixed in

place. Some other method of holding
them temporarily — until the assembly is
soldered - is necessary.

There are two main methods and
they’re — within reason — equally good:

(i) adhesive (pretty obvious, huh?) —
where the adhesive used must set before
the following application of molten solder.

(ii) solder paste — a glutinous mixture
of solder and flux particles, sufficiently
tacky to hold the components in place,
before heating to melt the solder.

In general, pure adhesive is typically
used where components are to be
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Retaining Plate
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@ Upper Clinching Plate

Lower Clinching Plate

Figure 9. Mechanical clinching and cropping of component leads: (a) component is inserted; (b) lower
clinching plate cuts off excess leads; (c) lower clinching plate clinches leads.

Squeegee Adhesive

Screen

Printed Circuit
Board

(@)
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(b) (e)

Figure 10. Screen-printing adhesive or solder paste onto the surface of a PCB.

Typical multiterminal surface-mounted integrated circuit component —

a plastic leaded chip carrier (PLCC) (R]).
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mounted on the bottom of a board, or
where the board is to be turned upside
down in any subsequent operation (as
solder paste will not necessarily prevent
components falling off by gravity!).

Solder paste, on the other hand, is typ-
ically used where components are only
mounted on the top of a board and where
the soldering process does not require the
board to be inverted. Solder paste com-
prises solder alloy in powdered form,
together with flux and a solvent.

Whatever the method, adhesive or
paste must be applied to the board before
the component. A number of ways to do
this are used, including:

(i) screen-printing — this simple and
fairly cheap process is shown in Figure
10. It is an adaptation of the standard
screen-printing process, used to print pan-
els, clothes and the like. A wood or metal
frame supports a stretched mesh of mater-
ial —before the advent of man-made fibres,
this would be silk (often the process is still
referred to as silk-screen printing), but it is
now usually nylon or a similar material —
a small distance above the board to be
printed. Adhesive or solder paste is
applied to the top of the screen, while a
‘squeegee’ is used to push the screen down
(Figure 10a). Holes between the fibres of
the screen must be selectively filled with
lacquer or similar substance prior to print-
ing with a negative image of the image
required on the board: that is, areas which
are required to be clear of adhesive or sol-
der paste have a corresponding area on
the screen which is filled with lacquer.
The squeegee is pushed along the screen
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Above: Typical two-terminal surface-mounted
component-scale in millimetres (R]).

Left: Adhesive syringe, applying adhesive to
bare PCB, prior to component onsertion
(Dynapert).

Below: Application of adhesive using syringe
(Camelot).

(Figure 10b), forcing the adhesive or sol-
der paste through the screen onto the
board. After the squeegee is lifted (Figure
10c), only those areas of screen which are
unfilled pass the adhesive or solder paste.

Definition of the printed image

depends on the screen’s hole size, which
‘ is referred to by the mesh size i.e. the num-
\ ber of openings per linear measure.

Accuracy is limited, though surprisingly

good.

(ii) pin transfer (Figure 11) — where a
| number of pins are first dipped in a reser-
| voir of adhesive or solder paste (Figure
| 11a), before being lowered onto the board
surface (Figure 11b). This process is suit-
able for use with adhesives of low to
medium viscosity.

(iii) dispensing from nozzles (Figure
12) — syringe-type nozzles (Figure 12a) are
connected with tubing to a pump, which
forces adhesive or solder paste out from a
reservoir, and onto the board (Figure 12b).

Adhesive X
\,_i/Pm ﬂ
C—————
[ ]
C— == —
Printed Circuit
Board
(@) (b) (c)

Printed Circuit
Board

(a)

|
|
‘ Figure 11. Pin transfer of adhesive or solder paste onto the surface of a PCB.

<-—— Nozzle E/ esive
I———,—! ————

(b)

(e)

Figure 12. Nozzle dispensing of adhesive or solder paste onto the surface of a PCB.

l Suitable for adhesives of high viscosity.

| Alternatively, adhesive may be applied
individually to the bottom of each com-

' ponent, by nozzle dispensing or pin trans-
fer methods, before placement onto the

‘ board.

Next Month

We will look at component placement,
mass soldering techniques and the impli-
cations of surface-mount technology for
the electronics hobbyist.

Keith Brindley is a freelance writer and
publisher who has written several elec-
tronics and computing books — many of
them available from Maplin. His book
‘Electronics Assembly Handbook’, which
deals specifically with the topics in this
article, is available from Maplin — Order
Code WT15R. Price £40.00 NV.
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FOR Bacosnludd
AND MORE,
VISIT YOUR
LOCAL STOlR=E

For personal service, visit our shops at:
Birmingham Sutton New Road, Erdington.
Brighton 65 London Road.

Bristol 302 Gloucester Road.

Cardiff 29-31 City Road.

Chatham 2 Luton Road.

Coventry 12 Bishop Street.
Edinburgh 126 Dalry Road.
Glasgow 264-266 Great Western Road.
IIford 302-304 Green Lane.

Leeds Carpet World Building, 3 Regent Street.
Leicester Office World Building, Burton Street.
London 146-148 Burnt Oak Broadway, Edgware.

107-113 Stanstead Road, Forest Hill.
120-122 King Street, Hammersmith.
Manchester 8 Oxford Road.
Middlesbrough Unit 1, The Forbes Building, Linthorpe
Newcastle-upon-Tyne Unit 4, Allison Court,
The Metro Centre, Gateshead.
Nottingham 86-88 Lower Parliament Street.
Portsmouth 28-100 Kingston Road.
Reading 129-131 Oxford Road.
Sheffield 413 Langsett Road, Hillsborough.
Southampton 46-48 Bevois Valley Road.
Southend-on-Sea 282-284 London Road, Westcliff.

Plus a NEW store opening soon in MILTON KEYNES.

|

23



PROJECT
RATING

FEATURES

* Rugged
construction

* Portability
* 1-2W output

APPLICATIONS

% Personal stereo
amplifier

* General
purpose/test
amp

* ‘Active’ speaker

by Alan H. Bradley

he Walkamp is an add-on amplified-
loudspeaker for use with a Personal

Stereo, and has been designed pri-
marily for portability and ruggedness, but
has a reasonable output power and quality
of reproduction. It is a mono unit which com-
bines the left and right stereo signals, and
therefore does not require two speakers that
need yards of interconnecting cables, to get
tangled and trip over. The unit is housed in L
a compact plastic box and is powered by P e
four alkaline AA cells. , -N.

Circuit Description

The circuit diagram of the Walkamp is
shown in Figure 1. The heart of the unit
is a TDA7052 bridge amplifier IC which,
with a 6V supply, can deliver 1-:2W rms
into an 8Q load. The IC has built-in
short-circuit protection, but does not
have thermal shutdown protection and
therefore should not be used with
loads of less than 8Q impedance.
Resistors R3 and R4 form a non-
inverting adder, producing a combined
left and right signal for the TDA7052
input. C1 and C2 are DC blocking capac-
itors. RV1 provides variable attenuation of
the input signal so that the amplifier can be
set up to pre-vent distortion, even if the per- Internal view of the Walkamp prior to final assembly.
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Figure 1. Walkamp circuit diagram.

Finished Walkamp.

sonal stereo volume control is set to maxi-
mum. Some Personal Stereo output stages
require a DC path to ground and these are
catered for by resistors R1 and R2. C3 and
C4 are decoupling capacitors for the power
supply. LS1 is a 4in., 8Q, 1-5W speaker.

Construction
Stripboard Assembly

The circuit is built on a piece of stripboard,
34 holes by 16 strips, the layout of which is
shown in Figure 2. Cut the tracks and drill
the mounting holes as shown and then care-
fully fit all the components except the
TDA7052. PCB pins are used for connect-
ing the ‘flying leads’ and an iC socket is used
for the TDA7052, allowing it to be fitted last,
avoiding possible damage from overheat-
ing during soldering. Inspect the stripboard
for poor joints, bridged tracks, etc.
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Drilling the Box

Box drilling details for the mounting holes
and speaker grille are shown in Figure 3.
Take great care when marking out the box
as the appearance of the finished product
will be spoiled by inaccurately placed holes
or nasty scratches. Completely cover the
front of the box with masking tape to prevent
scratching, and also provide a convenient
surface on which to mark the drilling details.
To mark the speaker grille holes, it may be
easier to use the speaker as a template to
mark the four mounting holes, draw two
diagonal lines between the hole centres to
find the centre of the speaker. Use a pair of
compasses, on the centre mark, to mark the

| three circles. Halve the length of each side

and join opposite marks. You should now
have a cross marking the centre of each
hole, including the centre one. Use a sharp
point, such as a compass point, to make

small indentations at each hole position as
a location for the drill. Use a 1mm drill bit to
produce an accurate pilot hole in each posi-
tion, then open up each hole to its proper
size. If you don't have an 18mm drill for the
rocker switch hole, drill a hole, and then
enlarge it with a sharp knife (be very care-
i full} or round file, or, using a pair of com-
passes, draw an 18mm circle and drill
several small holes inside it which can then
be joined by cutting with a knife or needle
file, to remove the unwanted material. Tidy
up the hole, using a round file.

. Final Assembly and Wiring

Fasten the speaker to the lid with four M4 x
10mm bolts, shakeproof washers and nuts.
Fasten the stripboard into the box using four
M3 x 16mm bolts, '/sin. spacers, shakeproof
washers and nuts. Mount the input socket
and the on/off rocker switch. Referring to
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Figure 2. Stripboard layout.
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Assembled stripboard circuit.

Figure 4 wire up the stripboard, input socket,
loudspeaker, switch and battery box; trim-
ming the wires to the required length. The
battery holder is fixed inside the box by
means of self-adhesive backed velcro tabs
enabling the battery holder to be completely
removed for ease of battery replacement.
Do not insert the AA cells at this stage.

Assemble the interconnecting cable, tak-
ing care not to bridge the terminals of the
plug. The cable screen should connect the
jack plug sleeve of both plugs and the two
cores should connect the jack plug ring and
tip of both plugs.

26

Testing

If you have a multimeter, set the on/off switch
to on and check for an open circuit between
the battery connector terminals. Set the
on/off switch to off, insert the batteries into
the battery box and connect the battery con-
nector. Fit the TDA7052 taking care to get it
round the right way. Set RV1 to mid-travel.
Connect a Personal Stereo with its volume
set to minimum, via the interconnecting
cable to the Walkamp. If you have a multi-
meter, connect it in series with the battery
(set to a current range) to monitor the qui-
escent current. (After the initial surge caused

by the capacitors charging, the current
should be in the region of 10mA.) Switch the
Walkamp on and slowly increase the
Personal Stereo volume, sound should be
heard from the speaker. Check that RV1
controls the speaker volume. Set RV1 to
minimum and turn the personal stereo vol-
ume control to maximum, then adjust RV1
for maximum undistorted output. If the
Walkamp does not function as expected,
switch off immediately and check all con-
nections. Check that a defective personal
stereo is not the problem. Finally secure the
lid with the four screws supplied with the
box.
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WALKAMP PARTS LIST
RESISTORS: All 1% 0-6W Metal Film (Unless Specified)

Rito4 5ké 4 (M5KS)

RV1 4k7 Horizontal S-min Preset 1 (UHO02C)

CAPACITORS

C1,2 10uF 50V PC Elect 2 (FFO4E)

C3 220uF 16V PC Elect 1 (FF13P)

C4 100nF Polyester 1 (BX76H)

SEMICONDUCTORS

IC1 TDA7052 1 (UK79L)

MISCELLANEOQUS

S Miniature Rocker Switch 1 (YX64U)

LS 1-5W Loudspeaker 1 (YT25C)

SK1 Stereo 3-5mm Socket t (FKO3D)
Stereo 3:5mm Plug 2 (HF98G)
Stripboard 29 x 39 i (JP47B)
PCB Pin 2145 1 Pkt (FL24B)
8-pin DIL IC Socket 1 (BL17T)

Verobox 305 1 (LH51F)
Alkaline AA Cell 4 (FKB64U)
4AA Battery Box 1 (HF94C)
PP3 Clip 1 (HF28F)
Twin Screened Cable im (XS23A)
Wire 7/0-2 x 10m Red 1Pk (BLO7H)
Wire 7/0:2 x 10m Black 1 Pk (BLOOA)
Spacer M3 x '4in. 1 Pkt (FG33L)
Countersunk Bolt M3 x 16mm 1 Pkt (JC70M)
Shakeproof Washer M3 1 Pkt (BF44X)
Nut M3 1 Pkt (JD61R)
Countersunk Bolt M4 x 10mm {1 Pkt (JC73Q)
Shakeproof Washer M4 1Pkt  (BF43W)
Nut M4 1 Pkt (JD60Q)
Velcromounts 1 Pkt (FE45Y)

The Maplin ‘Get-You-Working’ Services
is not available for this project.
The above items are not available as a kit.

SAVE £££’°s
ON KITS AND
COMPONENTS

If you would like to SAVE £££’s whenever
you purchase kits, components or other
goods from Maplin, then follow our ‘as
easy as ABC’ guide to saving money!

sk yourself - “Since | buy ‘Electronics’
regularly, why don't | take out a
subscription? — it'll save me up to
£4.52* and I'll have each issue delivered to
my door Free of Charge before it's available
in the shops!”

enefit — “I'll also benefit from having a

Subscriber’s Exclusive 5% Discount

Club Card that | can use, with a few
exceptions**, on purchases of over £20 from
Maplin.”

omplete — “All | have to do is complete
the subscription form on page 21 of this
issue, what could be easier!”

SAVE £££’s ON KITS
and COMPONENTS -
IT'S AS EASY ASs ABC!

* A saving of £4.52 is based on a Direct Debit or Continuous Credit Card Subscription that includes
two free issues worth £3.50 and a subscription saving of £1.02.

“*Full detaiis on how to make the most of the discount card are supplied with the card. Full terms
and conditions are available on request.
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Don’t Miss Next Month’s Money
Saving Special Offer! - Exclusive
to Subsctiber’s Club Members!

PCB / Schematic CAD - From £98

EASY-PC - For single sided and
multilayer boardsto 17"x17".
Phenomenally fast and easy to use.

Over 14,000 copies sold.

EASY-PC Professional for boards up to
32" x 32" at .001" resolution, 16 layers.
Schematic capture and netlist extraction -
integrates seamlessly with PULSAR and
ANALYSER ill. Not Copy Protected.

Loglc Simulation - from £98

]l PULSAR and PULSAR Professional -
Full featured digital logic simulators.
Allow you to test your designs quickly
and inexpensively without the need for
sohisticated test equipment.

PULSAR can detect the equivalent of a
picosecond glitch occurring once a week!
Not Copy Protected.

T e s wimeam

e o

Analogue Simulation - from £98

-] ANALYSER Il and ANALYSER Il Pro.

. Iy {.-| Powerful linear circuit simulators have full

b=l {=~| graphical output, handle R’s,L’s,C's, Bipo-
| &I-“ lar Transistors, FET's, Op-Amp’s, Tapped

j_ : .| Transformers and Transmission Lines etc.
.::I ! |,... Plots input and Output Impedances, Gain,
D Y ==| Phase and Group Delay. Covers 0.001 Hz
o :27| to >10GHz Not Copy Protected.

O T g

For full info, phone, fax or use enquiry card BRITISH

Number One Systems Ltd. L~
REF: MAP, HARDING WAY, SOMERSHAM ROAD,

ST.IVES, HUNTINGDON, CAMBS, England, PE17 4WR
Telephone: 0480 461778 (7 lines) Fax: 0480 494042
International: +44 480 461778 Credit Cards Welcome
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very now and again a topic
Ebecomes so important that some

clarification is needed. Frame Relay
has reached this point. Over the past few
months Frame Relay technology has
received unprecedented attention in the
communications industry. Hardly a week
goes by without some major new devel-
opment, and, as most people know, when-
ever there is this much progress in such a
short time, confusion abounds!

There have been tremendous advances
in the knowledge base in general con-
cerning Frame Relay. But while lots of
users have a good understanding of what
Frame Relay does, there is still a wide-
spread misunderstanding of what Frame
Relay does not do. One good way to tackle
this situation is to play a game of ‘20
questions’.

1. In 25 words or less, what is Frame
Relay? Frame Relay is a ‘standard inter-
face specification’ optimised for trans-
porting ‘protocol oriented traffic’. Here
‘standard’ refers to the fact that the
specifications have either already been
approved, or are in the final steps of
approval by all of the major standards
bodies, including ANSI and CCITT.
‘Interface’ refers to the specification’s
applicable capability at the interface
between a device (DTE) that supplies
Frame Relay compatible frames, and a
network designed to transport these
frames. With functions equivalent to X.25
in this respect, the specification refers to
the interface only — not to the transport
within the network (see question 2).
‘Protocol oriented traffic’ indicates that the
specifications for Frame Relay do not
include retransmission of data to guaran-
tee delivery. Because the vast majority of
network traffic today — including X.25,
TCP/IP and SNA - already performs this
function, it is redundant to have both the
network and the end devices guarantee
delivery.

2. If the specifications are only for an
interface, do I have interoperability? Yes.
The intended functions for Frame Relay
are to allow any DTE, such as a bridge or
router, to pass Frame Relay traffic to any
network, whether public or private. This
removes the extremely complex task of
trying to match a router with a specific net-
work service or E1 multiplexer. (El1 = a
transmission rate of 2,048 megabits per
second.) Simultaneously, the interoper-
ability does not extend to the network
switches themselves. Each switch vendor
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will optimise the transport to provide what
it believes to be the best blend of price
and performance. This will also provide
the competitive ‘fuel’ to support advances
in the technology. The interoperability
provided by Frame Relay does not in itself
allow a mix and match of equipment from
various bridge/router manufacturers.
Although there is significant work under
way to provide this type of function, and a
lot of the work is closely related to Frame
Relay, this is not a specific function of
Frame Relay.

3. This interoperability sounds good,
but are there any other advantages? There
are actually three major advantages to
using Frame Relay technology. First, data
within the network is statistically multi-
plexed. Because data is only submitted to
the network when there is real data — not
just idle ‘sync fills’ — to send, network effi-
ciency is high. For private networks, this
means a greater utilisation of network
bandwidth. For public networks, it still
means a better utilisation of facilities, and
thus lower prices.

Secondly, a single physical interface
may serve multiple logical connections.
One connection to the network may have
literally hundreds of terminations, thus
reducing the number of interfaces needed
on both the DTE and network switches.
This boils down to reduced hardware
costs.

Lastly, because these multiple locations
can be served by a single interface, local
access costs are reduced. Statistical mul-

FRAME RELAY
PUT PLAINLY

tiplexing to the local service allows the
connection to each destination to run at
maximum speed when needed.

4. Aren’t these the same arguments we
were hearing 10 years ago, for statistical
multiplexers and for X.25 based packet
switching for asynchronous traffic? To
tell the truth, yes. In fact, most of the
arguments for statistical multiplexing
and packet switching for low speed asyn-
chronous traffic are also applicable for
high-speed traffic.

5. So why are we only, just now, getting
around to Frame Relay? Many people
would like to have had statistical multi-
plexing at El1 speeds 10 years ago. The
problem was that it just wasn’t practical.
Statistical multiplexing takes processor
power. Statistical multiplexers only
became economically feasible 10 years
ago because of the availability of inex-
pensive (albeit low power by current stan-
dards) microprocessors. There is now
enough processor power available at
reasonable prices to do statistical multi-
plexing at higher speeds.

6. So how do I know whether Frame
Relay will help in my network? Frame
Relays real applicability will evolve. The
statistical multiplexing here, is orders of
magnitude faster than is needed for asyn-
chronous ASCII traffic. The critical factors
are the ‘burstiness’ (the frequency of the
data bursts) of the traffic and the size and
speed of the bursts. Statistical multiplexing
worked because not everyone typed at
once. The gaps between characters were

very high speeds.

150k — —H1.5
bytes seconds
30k —1.0
T I T T ] I
1990 1991 1992 1993 1994 1995 1996

As data traffic changes from host—based to distributed processing
applications, highly bursty traffic will need to be transmitted at

Figure 1. Projected data traffic growth by 1995.
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filled in with characters from other ses-
sions. In traditional host based process-
ing, using terminal type interactions, the
largest typical burst of data was 1920 char-
acters (24 lines of 80 characters, or an 80-
column screen full). Then the recipient
would mentally ‘process’ the information
for a period of time. Thus, with only a few
users at relatively slow speeds, the traffic
approximated a constant flow of data.
Once the data flow is about constant, the
advantages of statistical multiplexing
essentially disappear.

Distributed processing, particularly
with LAN-to-LAN interconnections, will
change the basic data flow. Now, rather
than transmit a screen at a time, we want
to transmit a file at a time. With the infor-
mation transfers averaging at least one
megabyte, our ‘new’ computing models
will generate highly ‘bursty’ traffic (please
excuse the phraseology, but this expres-
sion describes a high frequency of data
bursts) at very high speeds (see Figure 1).
So, Frame Relay will give you the greatest
advantages for high-speed, protocol ori-
ented, ‘bursty’ traffic. Simply agreeing that
the traffic is LAN-to-LAN is over-simplify-
ing the problem. If the inter-LAN traffic is
terminal oriented, Frame Relay doesn’t
provide great advantages, because the
traffic for several terminals will approx-
imate a steady flow. The real advantage
comes in transferring large bursts of
information at high speeds.

7. So what about voice and video?
What's the Frame Relay story here? Frame
Relay excels as a transport technology for
‘bursty’ data. In most applications today,
voice and video tend to be what we usu-
ally refer to as ‘constant bit rate’ applica-
tions. This means they are not ‘bursty’.
Frame Relay is not inherently bad for these
applications, and there is tremendous
potential for voice and video services via
Frame Relay. Voice capabilities have
already been demonstrated using
packetised voice - after all, the innate,
half-duplex nature of voice makes it an
excellent candidate for statistical multi-
plexing. A matter of personal preference
also creeps into the equation here. If you
want to continue putting voice on the
private network, Frame Relay voice is a
viable option. However, if you prefer to
use a public service for voice, the ability
to put voice on the Frame Relay network
becomes a meaningless option.

8. It has been said that Frame Relay is
just for private networks while SMDS and
other technologies are for public net-
works. Is this true? Absolutely not! There
are actually two types of Frame Relay net-
works — private and public. Private Frame
Relay networks are certainly a viable
option. In this implementation, the Frame
Relay network is a technology comple-
ment/replacement for private E]1 and pri-
vate X.25 networks (see questions 13 and
15). But that is only half the story.

There have been calls for carriers to
offer Frame Relay as a service. Traditional
X.25 packet switching carriers such as BT,
CompuServe and Sprint were among the
first to offer such services. Inter-exchange
carriers such as MCI, Sprint and AT&T are
also offering these services. This drastic-
ally expands the options for using Frame
Relay by opening the door for hybrid pub-
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Using Frame Relay technology in its simplest form may consist only
of connecting Frame Relay DTE (bridge, router, etc.) to a CSU/DSU.
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Figure 2. Equipment needed for Frame Relay.

lic/private networks. Moreover, work is
also already in progress for network-to-
network interfaces - the equivalent of X.75
— so the future for Frame Relay services
looks increasingly bright.

9. But isn't Frame Relay limited to El
speeds while SMDS is faster? No. Last year
people didn’t talk much about Frame
Relay being faster than E1, so there was a
common belief that this was a technolo-
gical limit. In reality, there isn’t a theoret-
ical limit to the technology. You can send
Frame Relay information as fast as you can
process it with a reasonable amount of
technology. Already there are HDLC
framer chips available with speeds up to
50M-bit/s (bits-per-second), so there is
confidence that Frame Relay is a reason-
able technology up to at least E3 speeds.
(E3 = a transmission rate of 34 megabits
per second.) As there are few processors
available today that can keep an E3 line
full of statistically multiplexed data at these
speeds, it's a reasonably safe bet that
Frame Relay will be fast enough for most
users for a long time.

10. Fine, so what type of equipment do
I need to be able to use Frame Relay? In
its simplest form, you may already have
the equipment you need for Frame Relay.
Many bridges and routers can be
upgraded at little or no extra cost to be
Frame Relay compatible. These devices
can then use a public service. All you
need is the bridge/router, a CSU/DSU, and
a line to the service. As an option, some
of the carriers even offer to supply the
local access line and the CSU/DSU (see
Figure 2).

11. Should I always use Frame Relay to
connect bridges and routers? Not neces-
sarily. If the bridge/routers are running
point-to-point over dedicated facilities to
connect only two points, Frame Relay may
not really offer any strong advantages. The
advantages of using Frame Relay become
evident when connectivity is needed
among several points. Then you start
exploiting the shared physical interface.
Point-to-point Frame Relay may be

economically advantageous. Comparing
prices between dedicated facilities and
Frame Relay services will determine this.
Preliminary pricing information indicates
that Frame Relay services will be quite
cost-effective, but this must be determined
by each network manager on a case by
case basis.

12. What happens as my network
grows? Frame Relay has a particular
strength here that is seldom discussed.
Using traditional networking methods,
adding a new site to the network involves
adding extra equipment at the connecting
sites to support the new application. This
could include extra line cards, multiplexer
ports, etc., at several, most or even all of
the connecting nodes. Frame Relay net-
work services require that a physical
change be made only at the new site to
add it to the network. This site may then be
connected to the rest of the network by
making logical (software) definition modi-
fications in the network and the existing
nodes.

13. Does Frame Relay replace my TDM-
based E1 network? Probably, eventually. It
all depends on how your El network is
used. The statistical multiplexing that is
inherent in Frame Relay provides excel-
lent bandwidth utilisation for ‘bursty’ traf-
fic. However, once the traffic is coming
from many different sources such that the
‘bursty’ nature disappears, due to the
peaks from one session filling in the gaps
of another, then there is no further band-
width efficiency to be gained. At some
peint in the network, whether in the pri-
vate network or in the carrier network,
we'll still be providing time division mul-
tiplexing. Another key question here,
though, is what the most cost-effective car-
rier services will be. Almost all current E1
multiplexer technology is based on man-
aging dedicated bandwidth facilities.
Some pricing exercises so far indicate that
Frame Relay services may actually be less
expensive than dedicated services, even
if they are used all of the time. If this turns
out to be the case, the future of the private
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Figure 3. Upgrading to private Frame Relay.

network could be drastically altered. It
may, in fact, turn out that the private net-
work uses packet switched, rather than
dedicated bandwidth, for the backbone
transport.

For today though, do not delay buying
a new anchor for your boat just because
you may eventually have some spare mul-
tiplexers. Remember that this is an evolu-
tion, not a revolution — and, for some
applications, El multiplexers will still be
around for a long time to come.

14. So do I upgrade my current El
backbone networking equipment, to sup-
port Frame Relay, or do I install a new net-
work? Once again, this will be a network
by network decision. A good first step may
be to add some Frame Relay capabilities
to the current network. Most of the El
vendors are offering this option and, to a
certain extent, it makes sense. The funda-
mental architecture of an E1 multiplexer,
though, is based on time division multi-
plexing and circuit switching. High power
Frame Relay applications will take on a
packet switching architecture. Although
upgrading the current level of equipment
isnot a bad starting strategy, at some point
a new architecture will be needed. It's
basically a question of when you will need
enough power in the packet-based net-
work to justify a new system. Of course,
there’s always the possibility of running a
separate Frame Relay system over your
existing El multiplexers. The El multi-
plexers would then provide the time divi-
sion multiplexing, and Frame Relay would
simply be another application running on
this network. This approach may provide
an excellent transition path for the evol-
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ving network, with the Frame Relay net-
work slowly growing while the TDM net-
work gradually shrinks.

Another advantage to following this
path is vendor independence. Although
your cuwrrent E1 multiplexer vendor may
also provide the best Frame Relay solu-
tion, the move to Frame Relay should be
viewed as a major network move. The fact
that the vendor supplies an existing TDM
based E1l network is not a sufficient reason
to exclude all others from consideration.

18. Speaking of evolving networks,
does Frame Relay replace a private X.25
network? Most of the preceding comments
about El1 networks apply here as well.
Although X.25 packet networks provide
excellent functions now, Frame Relay is
still a slightly different animal. These X.25
based networks already have basic packet
switching functions but, depending on the
architecture, these functions may have to
be revised significantly to provide the
throughput and speeds expected from a
frame transporting network (see Figure 3).
Once again, the move to a Frame Relay
network is a major step, so it is worthy of
consideration on its own. Upgrading the
current network should be considered as
a viable option, but this option will not
always be appropriate. Remember,
though, that while Frame Relay provides a
quite significant subset of the functions of
X.28, it is not a replacement per se, If you
need all of the capabilities of X.25, espe-
cially guaranteed delivery of data, you still
need X.285.

16. Where can I buy Frame Relay
equipment? Anywhere. There are many
equipment and service providers for

Frame Relay related equipment. As far as
the devices to supply frames to a network,
the major bridge/router vendors now sup-
port Frame Relay. Several companies also
supply Frame Relay ‘framers’ to convert
non-frame relay traffic into a Frame Relay
format. For private Frame Relay network
equipment, most of the traditional El
multiplexer vendors and X.25 packet
switching vendors are now supplying
capabilities for Frame Relay networks.
Also, some start-up companies are build-
ing networking equipment explicitly for
the Frame Relay market.

17. Does Frame Relay offer a transition
path to B-ISDN (ATM)? Isn't it ‘narrowband
ISDN’ compatible rather than broadband
compatible? The claims that Frame Relay
is narrowband-ISDN compatible while
SMDS (Switched Multi-megabit Data
Service) is broadband ISDN compatible
represent a fair amount of marketing hype.
Although it is true that Frame Relay was
first defined as part of ISDN prior to the
inception of B-ISDN, this point is relatively
meaningless. The really important ques-
tion is whether there will be a smooth trans-
ition path from Frame Relay to B-ISDN, if
and when B-ISDN becomes a reality.

In which case the answer is “yes”. The
only major difference between Frame
Relay and connection oriented B-ISDN
ATM (the form of B-ISDN that is currently
under rapid development) is that Frame
Relay uses variable rather than fixed
length frames. Going from one to the other
simply requires converting the addresses
and segmenting the frame into a number
of cells. With such a simple conversion,
there is no reason to worry about compat-
ibility between the two technologies.

18. Speaking of B-ISDN, what exactly is
the difference between Frame Relay and
cell relay? The difference is simple.
Frames are variable-length units of data. If
all of the units of data within a particular
network — a known ‘universe’ — are of the
same length, they are called cells. While
this is the difference in an nutshell, the
implications of it could fill several volumes
with still no firm conclusions reached. Data
transfers are a natural fit for frames,
because data naturally occurs in frame
sized chunks. However, there are numer-
ous arguments, with varying degrees of
validity, that cell based transport may
eventually prove to be ‘better’. At this
point, most of the arguments for and
against each technology are based on
popular belief rather than fact. Both tech-
nologies will work, but, although the per-
formance and price of a network will be
influenced by these factors, beware of
making any quick judgments that one is
inherently better than the other without
understanding all of the implications!

19. Frame Relay is said to be an
‘interim’ technology. Is this true? Yes, but
all technologies are ‘interim’ technologies.
The important questions for users to ask
are, how long the interval for the techno-
logy is, and whether the technology will
work well for this time. Frame Relay comes
out very well in this respect. Its life cycle
as the highest speed, highest perform-
ance technology may be in the range of
four to eight years, which is not bad for a
technology these days. After all, how many
people who put in E1 multiplexers eight
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years ago, and saw the technology pay for
itself in the first six months, are now cry-
ing into their beer about having chosen an
‘interim’ technology? Frame Relay should
provide statistical multiplexing for data
streams up to at least 50M-bit/s. That much
capacity will serve a lot of users for a very,
very long time.

20. This seems ‘too good to be true’,
leading to suspicion. What are the hidden
risks? There are indeed a few hidden
risks, but no more so than with any other
technology; and the reduction of these
risks is coming along nicely. One of the
risks is the price/performance of current
generation switches, With processor tech-
nology advancing so rapidly, at what point
do you make a decision to buy? Although
this is a valid concern, you should remem-
ber that all of those ‘obsolete’, slow micro-
processors performed their jobs well.
Sooner or later, it will be time to jump in
and make a commitment, and from 1992
onwards, there’s going to be a lot of prod-
ucts available at reasonable prices.
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Even so, users will still be faced with a
most confusing lack of consistency in per-
formance measurement, so it will continue
to be quite difficult to make ‘apples-to-
apples’ comparisons. Measurements, such
as ‘frames per second’ and ‘megabits per
second’, are meaningless out of context.
How big are the frames? Does the frame
length affect this measurement? If so, how?
What is the anticipated distribution of
frame lengths in your network? This set of
detailed questions just scratches the sur-
face of the sort of concerns users should
have when comparing performance.

Congestion control is another concern,
but this a problem with LAN internet-
working regardless of the transport tech-
nology. Control of most asynchronous
ASCII devices with X.25 networks and
statistical multiplexers was simple. When
the network was overloaded, it sent a
“receiver not ready” message, then the
PAD sent an ‘X-off’ to the attached devices,
and the data was temporarily halted.

Frame Relay provides sophisticated

notification to attached devices that con-
gestion is occurring. In fact the conges-
tion controlin Frame Relay is probably the
most robust of any of the fast-packet pro-
tocols! Nevertheless some of the devices,
whose traffic the network is carrying, may
still follow the LAN based asswmption of
essentially infinite, free bandwidth. Thus,
they may or may not respond to this noti-
fication. Although this problem is being
actively addressed, you need to be aware
of it. Of course, nowhere are the ‘seven
Ps of perfection’ more germane than in
network congestion management: prior
proper planning precludes pitifully poor
performance.

Summary

In the final analysis, the benefits of imple-
menting Frame Relay far outweigh the
risks. So long as you take care to follow a
prudent evaluation and procurement
cycle, it’s time to start implementing
Frame Relay technology.

e

ssue
S

Next month’s superb issue of ‘Elec-
tronics — The Maplin Magazine’ will
have all your favourite regulars plus
more terrific projects and features to
while away a pleasant summer even-
ing! The June issue is on sale on the
7th of May and available from all
Maplin’s regional stores, and news-
agents countrywide, and of course by
subscription (see page 21 for details).
Here’s just a sample of the good
things to look forward to:

COMPUTER VIRUSES

A detailed look into the fascinating
world of computer viruses, tackling
such questions as who created the first
computer virus and why, how they
are spread around and how they
behave, and how destructive they are.
Virus effects can range from no visible
damage to complete and obvious data
destruction, or the more insidious
randomly selected destruction. To-
day’s sophisticated viruses camou-
flage themselves so well, that often,
there are no indications of their pres-
ence. However, anti-viral software is

available, and the techniques used
here are also described.

TORCH FINDER

Be prepared for a sudden mains
power cut! No more fumbling about
looking for torches or candles. This
wall mounted, mains powered project
lights up, guiding you to the small
clip-on torch it carries. An internal
rechargeable battery is kept ‘topped
up’ when the mains supply is on, and
a rechargeable torch can be used if
preferred. The circuit is powered by
an inexpensive mains adaptor. A
green LED indicates that the mains
supply is connected, and operation of
the torch bulbs during a power cut is
fully automatic.

PC OPTO-ISOLATOR
CARD

A versatile interface card for use with
the IBM PC, PC-XT, PC-AT and
compatible clones, featuring electrical
isolation of both inputs and outputs
using the optocoupling technique.
It has separate, 8-bit parallel input
and output connections, with an
additional strobe input for the 8-bit
parallel input. The card is especially
useful where electrical isolation is
required between the computer and
the other circuit, and applications
include isolated data links, switching,
pulse detectors, robotics, timed con-
trol, home automation and many
other uses.

TROUBLESHOOTING DIGITAL
CIRCUITS

A great deal of digital troubleshooting
can be carried out using just two
relatively inexpensive and easy to use
test instruments. These are the Logic
Pulser, and the Logic Probe. These
also have the merits of being small
and compact, and requiring no power
supply requirements of their own
since the small amount of power that
they need is drawn from the circuit
under test. This article provides an
in-depth description of how to go
about fault-finding digital circuits.

AUDIBLE TTL LOGIC PROBE

Whereas conventional logic testers
use an LED to indicate high or low
TTL voltage levels, and they also
often have the useful facility of detect-
ing very short pulses, sometimes they
can be awkward to use. It can be
tricky to keep a probe steady on a pin
while looking at an LED, and there is
a risk of the probes slipping and
shorting adjacent pins, or shorting to
a nearby component lead. With this
audible logic tester changes of tone
between high and low TTL levels are
easily detectable while your eyes are
otherwise engaged.

Plus of course there’s all the
usual features for you to enjoy!

‘ELECTRONICS - THE

MAPLIN MAGAZINE’

BRITAIN’S BEST SELLING
ELECTRONICS MAGAZINE
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Short Wave
Broadcasting is more
important than ever before.
Despite all the developments in
satellite technology, and the improve-

ments in domestic broadcasting services
around the world, the level of short wave

broadcasting is still increasing.
Broadcasters are actively trying
fo increase the number of
bands they are allowed
to use.

In the UK, most people listen to the domestic
broadcasting services on VHF FM as well as
the long and medium wave bands. In fact,
with the introduction of all the BBC and
Independent Local radio stations, the amount
of time spent listening has increased.
However, the success of the domestic broad-
casting services in the UK hides all the activ-
ity which can be heard on the short wave
bands. For anyone with a receiver which cov-
ers the short wave bands, the large number
of stations broadcastfing all over the world is
immediately obvious.

For international broadcasting, the short
wave bands are still the only viable way of
reaching listeners all around the globe. Large
numbers of people possess radios which can
receive the short wave bands, so audiences
can be very large.
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Beginnings
The need for international broadcasting has
long been recognised. Since the very earliest
days of broadcasting, people have sought to
transmit overseas. In the UK, this need arose
from the desire to be able to broadcast to
every part of the British Empire at least once
a day. As a result, the BBC Empire service
was inaugurated in 1932 with transmissions
from Daventry. However, an experimental
service had been in operation since 1928.

During the Second World War, the import-
ance of infernational broadcasting was
realised and used to great effect. The in-
famous Lord Haw Haw regularly broadcast
propaganda from Germany to demoralise
the British people. However, the Germans
were not the only ones using these techniques,
the allies were also using similar tactics.

After the war, communism dominated
Eastern Europe, and the West saw broad-
casting as a very effective way of reaching
people behind the Iron Curtain. In fact, in
1953 high power transmitters were installed
in Berlin and around the Mediterranean, for

Radio Netherlands
Flevo transmitter site
on the Flevo polder,
east of Amsterdam.

lan Poole G3YwWx

the purpose of transmitting wesfern propa-
ganda. Sometimes, these transmitters used
exactly the same frequency as Radio Moscow
— but more powerﬁj.

Whilst many of these propaganda broad-
casts were transmitied on fﬁe medium and
long wave bands, there was plenty of activ-
ity on the short wave bands, as they were far
more suited to international broadcastin
because of ionospheric propagation, whicﬁ
enables the signals to travel much further.

Because broadcasting on the short wave
bands could reach many people internation-
ally, these services were seen as part of a
country’s foreign policy. Governments often
set up the stations and spent huge amounts
of money installing large and powerful
transmitters.

During the Cold War years, this was par-
ticularly obvious. Radio Moscow and the
Voice of America vied with each other to
reach audiences in the other’s country. In the
UK, Radio Moscow ensured the communist
view was heard by broadcasting, simultan-
eously, on many frequencies, However, these
two powerful stations were by no means the
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only stations which were easily heard, Radio
Tirana, broadcasting from Albania, was
another powerful station.

In addition, there were many other stations
which could be heard on the air waves. Some
were less well known and many used far less
powerful transmitters, but all sought to reach
audiences outside their own countries.

Today

Today short wave broadcasting is as import
ant as ever. Despite the relaxation of the cold
war, countries still feel the need to express
their foreign policies over the air. Often, when
a government wants to make a statement con-
cerned with international affairs, it will use its
short wave transmissions for this purpose.
These transmissions are usually monitored by
other countries, and makes an ideal medium,
especially when other diplomatic means are
not open.

May 1993  Maplin Magazine

Top left: Radio Netherlands studio centre.

Top right: Studio mixing table, Radio Netherlands.

Short wave broadcasting was recently
used to great effect during the Gulf War. Prior
to the start of hostilities, Irag had built several
large transmitters, some of which were cap-
able of producing over a Megawatt. Using
these transmitters, they were able to convey
their message to large parts of the Arab
world. The codlition forces were fully aware
of the power of this type of propaganda and
also used this medium to great advantage. In
addition, they also set up a number of stations
to broadcast to their own troops.

However, not all stations are used solely
for propaganda. Some stafions have sought
to report the news and current affairs as ac-
curately as possible. Of all the short wave
broadcasting stations, the BBC World Service
has gained a worldwide reputation for the
quality of its programmes, and its impartial
news service. In many countries, people tune
to the BBC World Service to hear what is
going on in their own country rather than

Bottom right: Radio Netherlonds’ Bonaire relay station Netherlonds Antilles.

Bottom left: Newsroom Rodio Netherlands.

listening to broadcasts from their own radio
stations.

Apart from the national stations which exist
around the world, a number of stations have
been set up for religious purposes. For exam-
ple, the Vatican has its own station. Other
religious stations include HCJB, which broad-
casts from the Columbian Andes, and FEBA
Radio, from the Seychelles.

Sometimes the short waves are used to
carry domestic broadcasts. In very large coun-
tries, such as Russia and China, long and
medium wave fransmissions cannot cover the
country without an extensive network of trans-
mitters, so the short wave bands are used.

Another use of these bands for domestic
broadcasting occurs in tropical areas of the
world, where static levels can be very high,
making the long and medium wave bands
unsuitable. Special bands at the lower end of
the short wave spectrum have been allocated
specifically for this purpose.

33




Transmitting Stations

Sefting up and running a short wave broad-
casting station is very costly. For instance, the
BBC has a number of sites around the UK.
Each site has several transmitters, or ‘senders’
as they are called, as well as a number of
aerials. The senders are generally very pow-
erful. TOOkW is considered to be quite mod-
est by today’s standards and some senders
are capable of producing half a megawatt.

In addition to the basic sites, many stations
will have a number of relay stations around
the world. By using these relays, it is possible
to achieve much better coverage, especiall
when the broadcasts are intended to rech
places that are far away from the country of
origin. The BBC has a number of relay sta-
tions — Ascension Island, Hong Kong, and
Masirah Island in the Gulf to mention just a
few.

Relay stations usually receive their pro-
gramme material via satellite links. However,
in the days before satellites, short wave links
had to be used, and this meant that the sound
quality of a broadcast from relays was
markedly poorer than that of a main station.
Today there is virtually no difference, but satel-
lite links do cause one interesting problem.
The time delay caused by the signal having
to travel to the satellite and back means that
any time signals will be inaccurate. To over-
come this problem, time signals are gener-
ated locally at the relay station.

Apart from the basic equipment, a large
amount of planning is needed to ensure the
station operates efficiently. Transmissions have
to be aimed at a particular target area, and
this may meam the transmission has to be in
a particular language.

To ensure that the transmission reaches its
desired areaq, stations will have a department
devoted to calculating the optimum frequen-
cies. These calculations are not at all easy,
since the signal propagation will depend
upon the state of the ionosphere — trying to
predict this is a little like weather forecasting.
Nevertheless, the degree of success is remcug(-
ably good.

Bands

In view of the fact that many other services
use the short waves apart from broadcasters,
different frequency bands are allocated to
different users. In this way listeners know
where to look and interference between the
different services is minimised.

There are a total of thirteen bands alloc-
ated for broadcasting which are spread over
the short wave spectrum. By using different
bands, broadcasters are cbft/a to use the pro-
pagation characteristics to target their trans-
missions to a particular area.

The bands are shown in Table 1. Of these
the 120, 90 and 60m bands are for tropical
broadcasting and are not generally avail-
able. They are used for comparatively local
transmissions and not international use, the
stations on them tend to operate on low
power levels.

The 75m band is the lowest frequency
band for general use. It is not one of the most
popular bands because it is fairly small, and
its propagation characteristics mean that sig-
nals do not carry particularly far. However,
a number of larger stations can be heard,
including the BBC.

The 49 and 41m bands are probably the
most popular bands and as such they are
very crowded. During the day they give cov-
erage up to about 3000km. At night this
range can be extended, although the stronger
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120 Metres 2300 - 2.498
90 Metres 3200 - 3400
75 Metres 3950 - 4.000
60 Metres 4.750 - 5.060
49 Metres 5950 -~ 6200
41 Metres 7100 - 7.300
31 Metres 9500 - 9.900
25 Metres 11.650 - 12.050
22 Metres 13600 - 13-800
19 Metres 15100 - 15.600
16 Metres 17.550 - 17.900
13 Mefres 21450 - 21.850
11 Metres 25.670 - 26-100
All frequencies are in MHz

Table 1. Short Wave Broadcast Allocations

local stations often tend to mask out the more
distant ones. The 31m band exhibits similar
characteristics and is also quite popular.

The 25 and 22m bcngs give extended
coverage, particularly at dawn and dusk.
However, the 19 and 16m bands offer good
long distance propagation, broadcasters use
them quite heavily for daytime broadcasts to
other continents.

Finally, there is the 11m band, which is not
widely used because it is unreliable. When
conditions are poor, it is likely that no signals

will be audible.
Modes

Currently AM is used for all short wave broad-
casting on the long, medium and short wave
bands. However, it has long been known that
AM is not a very efficient form of ransmission.
Only a fraction of the power, which is broad-
cast, actually carries sound information, as
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shown in Figure Ta. In addition, it uses a lot
of the spectrum. lts main advantage is that it
is easy to demodulate in the receiver, and this
reduces the cost of radios.

Now that technology is advancing, the
additional cost of a more sophisticated
demodulator is comparatively low. This allows
the possibility of other forms of transmission
to be considered. It is planned to convert
short wave broadcasting to single sideband
(SSB) in the future. This?orm of fransmission
is a derivative of AM, but one sideband is
removed and the carrier is reduced in level,
as shown in Figure Tb. Some carrier is
refained so that the receiver can lock onto it,
to regenerate the audio correctly.

For communications purposes, such as
ship to shore, aircraft and radio amateurs,
another variant of SSB is used. It is basically
the same as the version used for broadcast-
ing but differs in that alf the carrier is removed.
This can be done because the effects caused
by the removal of the carrier can be tolerated
by these users.

By using SSB the power consumption is
drastically reduced. This is of paramount im-
portance when it is considered that a single
sender may use a few hundred kilowatts, and
there could be several senders on one site.
The other advantage of SSB is that it uses less
spectrum. Using SSB will result in less con-
gestion on the airwaves.

To help intfroduce SSB broadcasting in
the near future, the World Administrative
Radio Conference, held at Torremolinos in
February 1992, agreed to allocate a number
of new broadcast bands. These bands are
shown in Table 2 and they are to be used
specifically for SSB broadcasting. Access will
be given to broadcasters from the year 2007 .
However, it is also planned that all short wave
broadcasting will use SSB by the year 2015.

Lower
sideband

/ Carrier

7

Sidebands
carrying
audio
information

Upper
sideband

Figure 1a. The Spectrum of AM Signals.

Carrier
(This may be reduced
or completely suppressed)

Either the
upper or lower
sideband can

be used

Upper
sideband

Figure 1b. The Spectrum of SSB Signals.
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5.900 - 5.950
7-300 - 7-350
9-400 - 9-500
1-600 - 11.650
2-050 - 12-100
3-570 - 13-600
3-800 - 13-870
5600 - 15-800
7-480 - 17.550
8-900 - 19-020
Frequencies in MHz

Table 2. SSB Broadcasting Bands
Available After 2007

Listening to Short
Waves

Listening to short wave broadcasts can be
very entertaining. There are avast number of
stations transmitting their programmes into
the ether, which means that the choice of
stations is very varied. However, they trans-
mit to areas all over the world and a large
number of languages are used. Fortunately
English is wide?y used, so there is still a selec-
tion of programmes which can be understood
by the British listener.

Most ordinary portable sets with short
wave bands are not ideal, because it is not
possible fo set the dial exactly. World Band
Radios overcome this problem by being digit
ally controlled. A keypad is used, as well as
the usual tuning knob, to set the correct fre-
quency which is viewed on a LCD display.

One example of this type of radio is the
Multiband Stereo Receiver with Frequency

Synthesizer Tuning (stock number GK85G).
This covers 150 to 29999kHz for AM/SSB
/CW and 87.5 to 108MHz for FM stereo.
With this coverage, it encompasses the long,
medium and short wave bands, as well as the
VHF FM band and costs £109.95 [H.

Another receiver of interest is the Sony
ICF-SW 7600 (stock number XP52G), in the
lower frequency ranges it covers 150kHz to
30MHz with AM/SSB/CW. Then in the VHF
portion of the spectrum it covers 76 to
108MHz FM stereo, dll of this for a cost of
£159.00 H. A more sophisticated receiver
is also stocked, the Sony ICF 2001D (stock
number XP50E) has tuning steps down to
100Hz and 32 memories enabling a wide
variety of stations to have their frequencies
preset info the set. Not surprisingly this set with
its additional features and better performance
is a litle more expensive but at £299 .95 H it
is still a good buy.

For those intending to take listening to the
short waves more seriously, a full communi-

cations receiver is necessary. There is a wide
variety on the market, but one which has

| earned itself a very good reputation is the

Lowe HF 150 (stock number CM23A) costing
£359.00H.

The Future

Activity on the short wave broadcast bands
is increasing ever? year, and they are likely
to remain in use for broadcasting for many
years to come. With advances in technology,
many improvements are taking place, the
change to SSB has already been mentioned.
Transmitters and aerials are continually being
updated, being more powerful and versdtile,
the transmitters can retune to different fre-
quencies very quickly.

Other new improvements are also taking
place to enable listeners to pick up particular
stations more easily. One new system being
developed at the moment, cctuclK/ updates a
memory in the receiver with the latest fre-
quency information from off air fransmissions.
With%is information the receiver can select
the best frequency for a particular station.

In addition to continuing the development
of fransmissions on the short waves, broad-
casters are looking to satellite technology. A
number of stctions%wcve ut their programmes
onto DBS satellites. WhiEf comparatively few
people listen to them directly at the moment,
they are relayed onfo cable systems where
they can be rebroadcast by local stations.
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Sony ICF-SW7600 Pocket Size Receiver.

LOWE HF-150 Communications Receiver.
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Multiband Stereo Radio with Frequency Synthesis Tuning.
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: Text by
L Mike Holmes

This clever module will be invaluable to car owners whose vehicle's
lighting switch allows the headlights to remain ‘burning’ even if the
ignition switch is off! This will result in the battery being reduced to
a discharged state, so that it will be unable to re-start the car, in a short
space of time. The module is designed to give a repeated audible alarm
tone to remind you that the main lights are on when the ignition is
switched off, so preventing a flat battery. It can also be configured to
give a continuous alarm tone to remind you to switch your lights on
(this is a requirement in certain countries outside of the UK).

Output?¥ { Input » Ignition ‘C’ontact ‘L’ights
No Link Fitted:

No output ov ov
Timed bleep output ov +V
Continuous bleep output +V ov
No output +V +V
Link Fitted:

No output ov ov
Timed bleep output ov +V
No output +V ov
No output +V +V

Table 1. ‘Truth table’<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>