
Li 

BRITAIN'S BEST SELLING ELECTRONICS MAGAZINE 

niTonmiP 
FIBRE-
OPTICS 
For Your 
Computer 

See inside... 

RECEIVER 

No. 47 

C—C=> 

C T-

II I 

c=r) 

1:721=1 

C =0 

* Win free Science Museum admission for a whole year! 
* Discover how frame and ferrite rod aerials work 
* Protect your speakers with an amplifier monitor 
* How to build a low cost bench power supply 
* Find out how to beat motorway traffic jams 
PLUS! How to ... Process images on a computer, 
Build a dynamic range processor, Calculate 
resistor values, and much, much more. 
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Available forthe firsttime! The new Maplin 
magazine binderthat holds twelve issues of 
Electronics, the Maplin magazine. If you have not 
gotthe world of Electronics covered, now's your chance! 
This great, quality binder comes in hard wearing, 
laminated art board, that notonly looks good on your 
bookshelf orworkshop desk, but is also a greatwayto 
build upon Electronics reference library of yourown! 

Now you can keep all of yourcopies of Electronics, 
the Maplin magazine,together and on hand forwhen 
you need that extra piece of information. To orderyour 
bindersimplyfill in the orderform provided in this issue of 
Electronics. Only £5.45 (plus £1 handling charge). 
Orderno: XH99H. 
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THE NEW MAPLIN MAGAZINE BINDER... 
A GREAT WAY TO GET THE WORLD OF ELECTRONICS COVERED! 



EDITORIAL 
1Hello again! and welcome to this month's issue 
of 'Electronics'. As ever, it's a really jam-packed 
issue full of projects for you to build and features 
for you to read. Instead of giving you the usual 
run-down of projects and features, I'll concentrate 
on one particularly fascinating project... 
The cover picture shows the NPL Primary 
Frequency Standard Mk.II at the National Physical 
Laboratory, from where a caesium-based atomic 
clock is used to provide the highly stable signals 
required for the Rugby MSF time-code 
transmissions. The transmitter itself is located at 
Rugby in the Midlands. The Rugby Clock Receiver 
project presented in this issue allows these 
transmissions to be received and demodulated. 
The serial data stream from the receiver can be 
decoded using dedicated hardware or a computer 
running a decoding program. The data, once 
decoded, resolves the exact time, day of the week, 
day of the month, month of the year and the year. 
Certainly an excellent project for radio and 
electronics hobbyists, colleges and other 
educational establishments. 
It has been a really tight fit trying to squeeze all 

of the projects, features and regulars into this 
issue—for this reason, Circuit Maker and Stray 
Signals have been held over until next month So 
until then, all that remains for me to say, is that I 
hope you enjoy reading this issue as much as the 
'team' and I have enjoyed pulling it together for you! 
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Microphones 
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(usually given in the sound level meter instruction book) from the 
measured response curve to get theactual microphone 
response.' 

Prices shown in this issue include VAT at 17 5% (except 
items marked NVwhich are rated at 0%)and are valid behveen 
41h October 1991 and 31st December 1991. 



LSt i f 
i  t a 1  \ 

More Big Bang News 
It was just ten years ago that IBM 
unveiled its PC — then seen as an 
'invasion' of the home market. The 
IBM development team, which was 
given just 12 months to complete the 
project, were told to break the rules 
and go outside the traditional bound-
aries of product development. The 
IBM PC, as introduced to the world's 
press in New York,  used  Intel's 
4-77MHz 8088 microprocessor — state-
of-the-art for the time, but slow by 
today's standards. The diskette drives 
offered 160 kilobytes of storage in a 
51/4in. format and the system memory 
went from 16Kb up to a maximum 
of 256Kb. 
Today, systems are configured with 

the new 50M1-fz card benchmark, at 
over 57 times the performance of the 

or 

original PC, offering over 1000 times 
the memory capacity (64Mb) and 10 
thousand times the storage of the 
original PC, 1-6 gigabytes! The next 
decade of personal computing, says 
IBM, will bring even more rapid change 
and advancement than the last. In the 
next few years, voice recognition 
technology will enable users to speak 
into a microphone and tell the com-
puter what to do. Using verbal com-
mands as though entered from the 
keyboard, they will be able to 'type' 
documents by dictating into the micro-
phone and the words will appear on the 
screen. Also in the coming decade, 
pen-based and wireless computing 
devices will bring computing to an 
entirely new cIass of user, mobile 
workers. 

Spitting Sound 
Love or loath the telephone answering 
machine, it is very much part of our 
lives. One major problem is recording 
the outgoing message, which tends to 
sound like it has been produced in Dr 
Who's 'phone box by a passing robot. 
Now help is at hand. That ever 
enterprising company, Spitting Image, 
are providing pre-recorded opening 
announcements to suit all occasions. 
These include such celebrities as the 
Queen Mother, Princess Di, Barry 
Norman and Sean Connery. Mind you, 
it will take a lot to beat that infamous 
message "You are through to inter-
galactic mission control. Unless you 
replace your receiver immediately, it 
will implode". 

DTI Wish List 
Having some obvious spare time in 
hand, the UK DTI has issued a 'wish 
list', This includes car windscreens that 
can clean themselves and 'wall plugs' 
which are compatible with bone tissues 
for fixing broken bones. Other possible 
future products include an environ-
mentally friendly wood preservative, 
and intelligent sensors in packaging 
which could indicate if food is past its 
sell-by date, or whether it has been 
tampered with. A further wish could be 
that the present unemployment levels 
will soon start to fall. 
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VCR Health Warning 
Ever wanted to run your own TV 
station? Well this could be your 
chance. The Independent Television 
Commission is about to advertise the 
Channel 5 licence with a closing date 
for applications  by  March  1992. 
However, before you apply, give a 
thought to the related problems associ-
ated with Video Cassette Recorders. 
The chosen UHF TV frequencies will 
adversely affect VCRs. Interference 
problems will be evident primarily with 
those VCRs which are tuned to UHF 
output frequencies which are the same 
as those to be used for Channel 5 
transmissions, ie channels 35 and 37. 
The government broadcasting acts 
require that the Channel 5 licence 
holder makes arrangements for the 
retuning or other modification of those 
VCRs affected by the interference 
between TV sets and UHF transmis-
sions! 

The ITC warn that, should every 
viewer who is able to receive Channel 
5 opt to do so, then the number of 
VCRs which might need retuning totals 
5-4 million. Even more problems, if you 
happen to live in an area of West 
London (extending out to Slough), 
where there may be difficulties in 
finding suitable channels for retuning. 
The Authority suggest that up to 
50,000 VCRs in this area might not be 
able to be retuned satisfactorily. For 
more details, contact 071-584 7011. 

Delete Text 
A chap living in New Jersey and less 
than happy with his home computer, 
decided to give it a lesson it would not 
forget in a hurry. Pulling out his .44 
Magnum automatic, he pumped eight 
dum-dum bullets into the beast. He 
later told the police "I didn't think that 
there was any law about shooting your 
own computer in your own house". 

Getting Ready For The 
Olympics 
Sport and high technology will be lining 
up side-by-side at next year's Olympic 
Games. Sponsors of the Winter Olym-
pics, which is being held in February at 
Albertville,  France,  include  Kodak, 
IBM, Philips, Andersen Consulting and 
Alcatel. Alcatel will also be present in 
Barcelona next July, providing some 
4000 journalists and correspondents 
from 50 countries covering the event 
with a special network. This highly 
ambitious networking project will link 

specially configwed Toshiba portable 
laptop computers, fitted with modem 
and software, to a central database 
and messaging service  based  in 
Madrid. This will provide up-to-the-
minute information on current proceed-
ings together with historical input. With 
access through local public networks, 
journalists can, if they choose, report 
on the proceedings from their home 
base. 

Meanwhile,  The  1992  Olympic 
Game events are being seen as a 
worldwide  launch  pad  for  High-
definition television broadcasts. Under 
the guidance of the European Commis-
sion, HDTV reception centres will be 
open to the public in all Member 
States; other reception centres will be 
used for private showings to demon-
strate HDTV to the world's broad-
casters, dealers and assorted VIPs. 
The Commission is planning over 800 
HDTV receivers with the transmission 
facilities being provided by a con-
sortium of broadcasters, producers 
and the manufacturing industry. 

BT Setting The Pace 

BT's massive programme to mod-
ernise its telephone network has now 
reached the halfway stage in switching 
over its local exchanges from electro-
mechanical to digital technology. To 
date, more than £15 billion has been 
spent on supporting, modernising and 
expanding mainstream services in the 
UK. As a result, BT report that 13 
million customers can now receive the 
many benefits of modern communica-
tions technology which gives them 
clearer calls, fewer faults, faster call 
set-up times and call success rates. BT 
can now offer more than three quarters 
of their customers — some 20 million — 
itemised bills. 
BT's network now has more than 1-5 

million kilometres of optical fibre which 
means that voice, image, data and text 
can be transmitted across the network 
at high speed. The current technology 

employed allows more than 7,600 
simultaneous phonecalls to be trans-
mitted and received over a pair of 
fibres. In addition to converting more 
than 15 exchanges to digital operation 
each week (the equivalent of 6,500 
new digital lines every working day), 
BT is continuing to extend its fibre 
network by more than 10,000 kilo-
metres every single week. 
BT has also been setting the pace in 

discouraging directory enquiry calls. As 
a policy this seems to be working. 
Thanks to the imposition of the 44-5 
pence charge ('Electronics' tip: use a 
public call box — there is no charge for 
a directory enquiry call), overall calls to 
this service are down by more than 
25%. The result, suggests 'Computer-
gram', is that BT are 'letting go' 
substantially more operators than origi-
nally planned. 
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Canon Introduce the 
Egg-Shaped Stereo 
Speaker 

OK, it may resemble an egg, but in 
reality, it is a new domestic loud-
speaker system called 'Wide Imaging 
Stereo' from Canon. Unlike traditional 
loudspeakers which create a 'stereo 
hot spot' or optimum stereo area, found 
midway between the two speakers, the 
new system seeks to create an arc of 
sound emanating from each loud-
speaker rather than unidirectional pat-
terns set up by conventional speakers. 
Ideal, the company claims, for group or 
family listening. The speakers cost 
around £350. Details: Canon Audio Ltd 
0483 756066. 

Performance 
Guaranteed 
No sooner had  France Telecom 
announced that it would accept con-
tractual liability for the performance of 
its larger customer's networks, than BT 
weighed in with a new customers 
Charter. The programme includes the 
payment to personal customers one 
month's exchange line rental for each 
day a BT engineer appointment is not 
kept or the exchange line repaired. For 
business customers, the BT penalty 
figure is £25 per day. This BT initiative 
rather took the wind out of the sails of 
UK Telecoms regulator, OFTEL, whose 
head, Sir Bryan Carsberg, had been 
criticising BT's incentive arrangements 
for users. Meanwhile, Carsberg has 
some serious explaining to do in 
respect of his somersault over equal 
access. As a result, new carrier 
entrants will not now have to pay an 
access charge to BT until a business 
has obtained a 10% market share, or 
until BT had lost 15% market share, 
whichever event came sooner. 

Blasting Off 
With security devices featuring strongly 
in the new Maplin 1992 Catalogue, a 
Frost & Sullivan report suggests that 
US residents will be spending some $6 
billion a year on sophisticated security 
devices by 1995. The report indicates 
that major sales areas include pres-
ence and intrusion detectors. It seems 
that the computer world has now got 
the security message. One enterpris-
ing micro dealer, Bondwell Europe Ltd., 
is equipping its latest models with a 
Portable PC Alarm System which, 
apart from incorporating a software 
program to guard against unauthorised 
access to data, includes a motion 
detector alarm, which when triggered, 
activates a 90 decibel alarm if the 
machine is moved or lifted. How it 
would cope with a .44 Magnum 
automatic is not revealed. 

Breaching The 
Barricades 
At the best of times it is difficult to 
communicate with Moscow, but with 
the whole world wanting to watch, 
listen or get in touch during the recent 
abortive coup,  global traffic jams 
formed. As 'Computerworld' reports, it 
took much ingenuity and technology to 
obtain connections between Russia 
and the outside world. Apparently 
Federation President Boris Yeltsin only 
managed to reach the outside world by 
borrowing a cellular phone from a 
visiting US executive, and dialling out 
by means of an international satellite 
network. However, during the crisis, 
one crucial message did get through 
on the academic network Usenet. '0: 
How many software engineers does it 
take to screw in a light bulb? A: It can't 
be done, it's a hardware problem.' 

Computer Abuse and 
Misuse 
It seems that consultancy  house 
Hoskyns are getting all steamed up 
about such matters as transborder 
data flow and vehicle registration 
marks. The company believe that 
harmonisation of national data protec-
tion legislation is essential if The 
Council of Europe Convention is not to 
be circumvented. The council basically 
outlaws transborder flows of personal 
data, and Hoskyns believe that the 
sooner that all countries act on the 
Convention the better. 
However, Hoskyns is perhaps on 

less firm ground when it comments on 
the fact that police are operating a form 
of computer misuse. Under the terms 
of the UK Data Protection Act, the 
police, and certain other categories, 
were justifiably exempt from the Act 
when accessing otherwise confidential 
data. Meanwhile, the DTI has launched 
a study on possible computer misuse. 
Presumably this won't include those 
moments when you swear at the 
screen or thump the processor. 

New Video Tapes for Old 
When Nokia took over ITT's consumer 
electronics division — in particular ITT's 
research laboratory in Germany — they 
took over the development of the 
Active Sideband Optimum (ASO). As a 
method of squeezing high quality 
pictures from VHS video cassette 
recorders, the technology looks set to 
replace the existing complex High 
Quality (HQ) picture enhancement 
systems. The new ASO system gives 
dramatically improved pictures from 
poor quality recordings, such as those 
on old or worn video tapes. The ASO 
circuit is the only system available that 
can simultaneously improve picture 
sharpness while reducing picture noise 
and vertical jitter. 
Until the Nokia development, video 

recorder manufacturers have used the 
HQ system to overcome the problem of 
worn tapes. Unlike ASO, HQ makes 
use of four circuits which serve to 
enhance details and reduce noise. All 
video recorders record the picture as 
an FM signal, with symmetrical side-
bands. Because of the problem of 
adequately recording high frequencies 
on slow moving tapes, amplifiers have 
to boost the high frequencies during 
playback. Although this improves the 
picture,  it does  also  introduce 
unwanted noise. In turn therefore, the 
unwanted noise has to be suppressed. 
The problem is tackled by not 

boosting the missing high frequencies 
and therefore eliminating the noise 
problem. Basically, the FM signal from 
the tape is passed through a filter 
which lets the high frequencies pass 

through 'untouched'. As Nokia says, 
"ASO is a single circuit which pro-
duces a better, clearer picture, even 
where the original tape is of poor 
quality." 
To make sure that customers get the 

message,  dealers of Nokia ASO 
models will run a demonstration tape. 
• Currently Nokia is in discussion with a 
number of other manufacturers who 
are interested in licensing the ASO 
system. With video rental becoming as 
popular a pastime as watching real-
time TV, plus the advent of NICAM 
stereo, the future for video recorders 
looks to be one of the few remaining 
growth areas in the market-place. 
For details contact, Nokia Consumer 

Electronics, 071-436 4060. 

Price Wars 
The news that BT has brought down 
the cost of its main services has been 
greeted with joy by its business and 
residential customers. Even OFTEL 
gave grudging approval to the proposal 
to reduce unit charges for relatively 
heavy users of the telephone on 
standard tariffs, and the introduction of 
optional tariffs involving the payment of 
a higher fixed charge and a reduced 
usage charge. 
As can be expected, Mercury was 

not slow to respond, reducing its basic 
call charges to all international destina-
tions and holding present tariffs for UK 
long distance call charges. 

What's On And Where 
7-15 October. Telecom 91, Geneva. 
ITU, 010 41 22 5192-5969 

8-11 October. Design Engineering 
Show, NEC, Birmingham, 081-948 
9900 

11-13 October. BBC Acorn User 
Show, London. 0737 814084. 

17-27 October. Motorfair, Earls Court, 
London. 081-940 3431. 

30-31  October. Mobile Standards, 
London. Commed, 071-274 8725. 

30th Oct-2nd Nov. MAC User Show, 
Olympia,  London.  Emap,  081-404 
4844. 

5-7 November. Computer Graphics 
Exhibition, Alexandra Palace, London. 
081-868 4466. 

12-15 November. PC '91 Exhibition, 
London. Emap, 071-404 4844. 

4-6 December. European Satellite 
Communications, QE11 Centre, Lon-
don. 081-868 4466. 

5-8 December. Computer Shopper 
Show, Wembley. UK, 081-868 4466. 

October to End-November. Behind 
The Sofa — The World of Doctor Who, 
Museum of the Moving Image, London. 
071-928 3535 

Open until 19 January 1992. Michael 
Faraday 1791-1867, National Portrait 
Gallery, London. 071-306 0055 

Please send details of events for the 
Diary Listings to The Diary Editor, 
'Electronics'. 

PICTURE CAPTION CHALLENGE 

So just what is BT up to this month? 
Can it be: 

* A rehearsal for the annual BT vs 
Mercury tug-of-war; 

* BT auditioning for the next James 
Bond movie; 

* BT hoping to achieve an entry in the 
Guinness Book of Records for the 
world's longest cable run. 

No. Apart from hoping for a transfer to 
the Local Area Network division, BT 

engineers at Cape Wrath on the 
North-West tip of Scotland are laying 
(with a certain amount of assistance 
from an helicopter) a new optical fibre 
telephone cable. The role of the 
helicopter was to airlift 40 drums of 
cable into pre-planned positions along 
the route. Apparently using an helicop-
ter allowed the whole project to be 
completed in just five hours instead of 
2 or 3 days using more conventional 
methods. 
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Introduction 
Traffic and its management is one of 

those modern problems where electronics 
could play a bigger part. Without doubt the 
research cellars of both enthusiasts and 
companies are littered with excellent traffic 
management ideas and road clearing 
gadgets. 

There is now an impetus to produce 
something marketable and lasting. The 
Road Traffic (Driver Licensing and In-
formation Systems) Act of 1989 was the 
legislative 'green light' for the development 
of these opportunities. 

Autoguide (Electronics' December 
1989 — January 1990 Issue 35) is an 
experimental navigation system still under 
development. But nothing involving in-
formation to deal with traffic delays, jams 
and the general frustration of our over-
crowded roads seemed to be around. 

That was until Trafficmaster, a new all 
British system which seems to be the first 
'in-car jam-buster'. 

The System 
Trafficmaster works by using numer-

ous infra-red sensor units strategically 
located around the road network, see 
Photo 1. Whilst driving around the M25 
motorway these units may be clearly seen 
mounted on bridges. These units gather 
data, which is collated by a processor unit 

4 

and then transmitted to a Control Centre 
via the Paknet data transmission system. 
After processing, traffic data is retransmit-
ted via the Radio Paging network to the 
Trafficmaster units mounted on the dash 
board of subcribers vehicles, see Main 
Photo. 

The starting point of the system is the 
infra-red sensor unit. More than two 
hundred of these are now located upon 

motorway bridges around the M25 Lon-
don orbital motorway and across its main 
feeder motorways. Coverage will be 
extended to the entire Southern motorway 
network by early 1992, with full motorway 
coverage by the beginning 1993. Pro-
posed and current coverage is indicated in 
Figure 1. 

The remote station consists of a pair of 
bridge mounted sensor units and a 

Photo 1. Infra-red sensors in use on the motorway network. 
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RECEIVER SPECIFICATION 

Processor: 
Support Logic: 
Receiver Frequency: 
Paging Sensitivity: 
Spurious Signal Rejection: 
Selectivity: 
Frequency Stability: 
Data Modulation: 
Deviation 
Mark: 
Space: 

Data Format: 
Data Bit Rate: 
Backlight: 
Display Type: 
Display Size: 
.Viewing Angle: 
Resolution: 
Dimensions: 
Power Consumption 
Standby: 
Backlit: 

Z180 CMOS MPU 
74HC surface mount logic ICs 
153.275MHz 

60dB 
>70dB at ±25kHz 
0001% (-50 to + 50°C) 
CSFK (Carrier Frequency Shift Keying) 

—4.5kHz (typ.) 
+4.5kHz (typ.) 
POCSAG coding NRZ 
512 bps 
Electroluminescent 
High contrast supertwist LCD 
101 x 82mm 
40° 
160 x 128 pixels 
196 x 114 x 32mm (without holder) 

70mA 
140mA 

PAKNET TECHNICAL SPECIFICATION 
RADIO LINK 
Transmission 
Frequency Bands: 
Channel Allocation: 
Access Control System: 
Error Correction: 

Protocols: 

Terminal Data Rate: 

HOST INTERFACE 
Direct Access via 
fixed data link: 
Data speeds: 

159/164MHz 
14 duplex channels, each of 12.5kHz bandwidth 
Slotted ALOHA 
100% error correction by a combination of Forward Error 
Correction by Golay Code plus CRC and automatic 
request for re-transmission 
Asynchronous data to the following procedures. 
APACS 30/Standard 40. X.28 Subset V.25 bis Subset 
4800 Bits/second 

X.25 
up to 64kBits/second 

PHASE I SEPTEMBER 1990 
PHASE 2 SPRING 1992 

milimm PHASE 3 SPRING 1993 

M65 
sow' 
M61 

11111 

M56 

M42 

processor unit. The sensors monitor the 
outside lane of each carriage-way direc-
tion. The outside lane was chosen as it 
provides the best measure of average 
traffic speeds. The sensors cast twin beams 
onto the carriageway, the time taken for a 
vehicle to pass through both beams gives a 
precise measure of speed. The sensor units 
can be mounted at an angle of up to 15 
degrees, allowing for a great variety of 
mounting configurations. The units are 
mounted at no greater than two mile 
intervals so an accurate picture of traffic 
flow can resolved. The sensors can be post 
mounted, but bridge mounting has been 
found to be less disruptive both for 
installation and ongoing maintenance. 

The bridge processors calculate the 
mean traffic speed over a three minute 
averaging period. The three minute period 
was found to give the best average 
measure of traffic speed. This activity will 
continue at each of the remote sites until 
the average traffic speed falls below a 
preset threshold, at which point the 
processor unit then 'reports in' to the 
Control Centre. The unit gives its ID code 
(hence location), the average speeds of 
both carriageways and the number of 
vehicles that have passed in the last three 
minutes. The reports will continue until 
one call after the threshold has been 
exceeded. Currently the threshold is 30 
MPH, although this figure can be changed 
on a processor-by-processor basis as 
required. 

witimornipproommenim 1 
12:11 9111 Thaw  M A Mame 21  Ne mlog 21 
12:0 21 1 1311 31 
12:11 21 I  1311  • 

12:111 SUMS Rich Wren? 34 Iliben In 34 
12:11 34  I 75 1311 V 
12:1. 34  1 75 1311 31 

12:11 $ID V MS  %lel Athos? 45 Addreesido 45 
Lb* brae 2 at Irides  ember 45 

12:11 St/11 STATUS Uicb Address? 44 Aiditteriel 44 
12:11  44 U iS 1311 45 
12:11  44 S  711 1311 41 

Co ma Aborted 

Figure 1. Trafficmaster motorway coverage, both current and proposed. 
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Photo 2. An example of routine calls to a 
number of random processor units. 

Each of the processor units are called 
up from the Control Centre at least once a 
day as a check of processor and sensor 
operation. In any case each processor unit 
has a number of diagnostic, error and 
failure routines written into the software. 
Photo 2 shows an example of routine calls 
to a number of random sites. The meaning 
of the information displayed is indicated at 
the top of the computer screen. Figure 2 
shows an example of print-out of the 
information log which gives date and time 
of call, processor ID number, traffic speed 
averages in both directions, the preset 
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22/04/91  09:43  53  N  70  [30]  59 
53  S  30  [30]  67 

22/04/91  09:43  79  E  10  [30]  61 
79  W  75  303  36 

22/04/91  09:50  53  N  70  [30]  54 
53  S  35  [ 30]  81 

22/04/91  09:51  4  E  25  [ 30]  61 
4  W  70  [30]  48 

22/04/91  09:51  35  w  35  [30J  78 
35  E  75  [30]  42 

Figure 2. Trafficmaster information log printout. 

II14 01 

threshold and the vehicle count for the 
averaging period. Interestingly, the system 
will not log traffic speeds in excess of 75 
MPH! 

The system uses Paknet as the 
transmission medium. Paknet is primarily 
used by banking and financial systems, 
such as cash dispensers and EPOS 
equipment, however it is ideally suited to 
the requirements of Trafficmaster. 

Figure 3 shows a pictorial diagram of 
how the system operates. The traffic 
information is received by the in car unit, a 
typical display is shown in Photo 3. 

The Receiver 
The receiver unit is itself very compact 

and attractively styled. The unit has a 160 
x 128 pixel supertwist LCD (liquid crystal 
display) backlit with an electroluminescent 
panel. The large 101 x 82mm display has 
a viewing angle of 400 giving a clear crisp 
readout of information. Since the contrast 
of all LCDs is dependent on temperature, 
an automatic contrast control is provided. 
However, if required this may be manually 
overridden. The 'clever stuff' is carried out 
by a Zilog Z180 CMOS MPU IC, this 
device is supported by 741-IC series logic 
ICs and a handful of other components. 
Photo 4 shows the inside of a development 
unit.* 

Information is transmitted country-
wide using the Air Call paging network 
using the POCSAG data format. The 
receiver display units have two 'cap codes' 
(addresses), one is a common to all units 
and is used to update the traffic informa-
tion, the other is user unique. The unique 
code is used to commission or decommis-
sion units òff-air' by coded transmission 
and provide a messaging service. 

Figure 3. Pictorial diagram of system operation. 
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Photo 4. Inside a development Trafficmaster unit. 

Power consumption when in standby 
is 70mA and 140mA when back-lit, which 
means that the unit can be left turned on 
for all but the longer absences. There is no 
external aerial required as the RF receiver 
is housed inside the car, along with the 
power supply and the display unit. 

The siting and design of the units is 
subject to strict monitoring from the 
Transport and Traffic Research Laboratory 
and the Department of Transport. Design 
had to exclude cathode ray technology 
and had to provide audible indication of 
variations in display. The screen size had to 
be such that it was easily visible and did not 
conflict with the information from other 
driving instruments. Fitting is carried out 
only by specially trained installers. 

The display currently offers several 
display options; overall and zone. The full 
display centres upon the M25 'hub', which 
can be subdivided into four quadrants. 
Each of the four quadrants can then be 
accessed from the key pad. The unit will 
not advise when a quadrant boundary has 
been crossed, however all that is required 
is a simple two key operation to change 
quadrants. 

The traffic information display comes 
in two forms: 

Trafficmaster will continuously up-
dated information and will alternately 
indicate the average speed and direction at 
the relevant point when traffic speed falls 
below the preset threshold. This can be 
seen in Photos 5a and 5b, the average 
speed at Junction 5 is lOmph whilst at 
Junction 7 it is zero. 

In addition the manned Control 
Centre can send text messages of up to 50 
characters. This will usually be qualitative 
information, the accident icon, cause of 
hold up or such update as is available. 
Excellent links with police control rooms, 
AA Road Watch and their own mainten-
ance vehicle fleet mean the control centre 
will qualify the information rapidly. The 
Control Centre is supervised during nor-
mal office hours, outside of these hours the 
system functions automatically. Thus in-
formation is available 24 hours a day, 365 
days of the year. 

The use of Air Call paging network 
also means that text based radio paging is 
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available from the unit. Up to 50 messages 
can be held in the unit. Even if the message 
paging option is not required by the user it 
enables the service provider to disable the 
unit if it is stolen, or rentals have ceased. 

A portable version with built-in power 
supply is imminent. 

Photo 5a. Typical display (speed) of a traffic 
jam caused by an accident. 

Photo 5b. Typical display (direction) of a 
traffic jam caused by an accident. 

It is envisaged that as National 
Coverage of major trunk routes develops, 
the system will be zoned. Either local or 
widely used zones can be selected, or all 
zones, to give National Coverage. The 
degree of service required would then be 
reflected in the subscription fee. Traffic-
master is cheaper than Cellular Telephone 
systems (what isn't) and costs are control-
led. For motorway users who need to plan 
journeys and where time is a direct and 
indirect cost, it is a boon. This is a larger 
group than might be thought. It includes all 
transport and haulage operators, the 
ubiquitous businessman, also coach oper-
ators, and the emergency and public utility 
services. Less obvious targets will include 

high security operations and regular drop 
-and airline parcel operators. The list is 
extensive especially as the time people 
spend in traffic jams becomes more 
expensive, both to them and their em-
ployers. 

There is no doubt that as the Nation's 
roads become more crowded better and 
more detailed information about traffic 
conditions will be required. Local Radio 
Stations will often give half hourly traffic 
details, but not knowing whether the 
broadcast is on the hour, half hour or 
quarter, or when they please can be a pain. 
The R.D.S. (Radio Data System) can help, 
but it is still in its infancy. 

Trafficmaster is up and running and 
works. It offers major opportunities both to 
plan journeys effectively and to take 
avoiding action. It also relieves stress by 
providing confident information about the 
journey arrival time. It will need to be 
developed to include the major trunk 
routes, an option to enable alternative 
routes to be offered may be worth 
considering. This would link very well with 
the planned change to enable in-car unit 
locations to be advised. Shades of 'Big 
Brother' perhaps, but vital if the on board 
information is to relate to the journey 
actually taking place. 

Trafficmaster is a great British de-
velopment. It was conceived, designed, 
tested and is built in Britain. It is a British 
product to deal with a British problem. As 
we are all unlikely to relish restrictions 
upon our travelling freedom, having the 
best information must be the way to 
improve our travelling efficiency. 

Trafficmaster is the best piece of 
information efficiency we have found to 
date. It is far less inane than Local Radio 
and far cheaper than the premium Traffic 
Services through the conventional or 
Cellular Telephone System. It may be 
pricey but so were the first pocket 
calculators and digital wrist watches, and 
how far did that revolution take us? 

Users, Costs and Future 
Developments 

The current users of Trafficmaster are 
an impressive array of transport and other 
operators, they include, the Banks, Fire 
Service, the Automobile Association and 
courier companies. 

The system is not cheap, units cost 
£295 to buy with a fixed £95 installation 
fee. Network rental is a further £18.50 per 
month. Personal Radio Paging adds a 
another £17.50 per month. It can also be 
rented for an inclusive cost of £38 per 
month again with the add on paging 
option. 

Acknowledgement 
Thanks to David Martell and all at 

General Logistics. 

Further Information 
Further information on Trafficmaster 

may be obtained from: 
General Logistics Plc., 
Luton International Airport, 
Luton LU2 9LU. 
Tel: 081-951-8787 

Please do not contact Maplin for 
information on this product. 
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 Features   
Normal and Inverted Outputs 
12V Operation 

:1 Fibreglass PCB 
Visual Indication of Signal 
Audible Indication of Signal 
Selectable Filter Response 

Above: Caesium resonator equipment at the National Physical Laboratory. 

- Background photo: The Rugby MSF transmitter mast. 

The Rugby Clock Receiver is a simple 
fixed frequency receiver intended for the 
,reception of the MSF standard time 
service, transmitted from Rugby, in 
central England, at a frequency of 60kHz, 
see Figure 1. The Rugby MSF 
transmission is continuous, except for an 
interruption for monthly maintenance' 
from 10:00hrs to 14:00hrs on the first 
Tuesday of each month. The MSF 
transmission includes time and date 
information, transmitted using both 'fast' 
and 'slow' codes, based on the Binary 
Coded Decimal (BCD) system. The 
receiver provides a normal and inverted 
digital output, corresponding to the 
transmitted information, together with an 
audible tone and a visual indication that 
the signal is being received. 

Circuit Description 
FigurC2 shows the circuit diagram-of 

the receiver. The design is based on the - 
Tuned Radip Frequency (TRF) principle 
in which all RF amplification takes place at 
the reception frequency. TRF designs 
have several disadvantages for high 
frequency reception, but are fairly well 
suited to very low frequency applications 
such as the Rugby Clock Receiver, where 
comparatively narrow bandwidths can be 
achieved using simple tuned circuits. 

Unlike most conventional TRF 
receivers a phase locked loop (PLI.,) circuit 
is used for demodulation purposes:This 
effectively makes the receiver more 
selective and enables the transmitted 
information to be accurately demodulated. 
Because the PLL oscillator operates at the 
same frequency as the incoming signal it is 
important to prevent this signal from 
breaking through into the front end of the 
receiver, as this would make the PLL lock 
up permanently. For this reason the  \ 

Figure 1. Location of the Rugby Transmitter. 



Rugby Clock Receiver uses two separate 
printed circuit boards (PCBs): PCB 1 is 
used for the PLL and digital part of the 
circuit, and the RF amplifier circuitry is 
on PCB 2. For screening purposes, PCB 1 
is housed in a small metal box, which is 
located in a position remote from PCB 2. 

The basic operation of the circuit is as 
follows: Incoming signals at 60kHz are 
initially picked up by aerial coil Ll, which 
is tuned to resonance by VC1 and C11. 
Diodes D3 and D4 provide a degree 
protection against overloading. Field effect 
transistor TR3 acts as a preamplifier, 
providing an initial stage of gain before the 
main amplifier stage. Capacitor, C13 
provides interstage coupling, allowing 
AC signals to pass, whilst isolating DC 
voltages. Operational Amplifier IC3 
provides additional RF amplification to 
bring the signal up to a level suitable to 
drive phase locked loop IC1. 

Resistors RV1 and R2 together with 
capacitor Cl determine the frequency of 
the phase locked loop clock, which in turn 
determines the frequency at which the 
phase locked loop will respond. When a 
signal of the correct frequency is present at 
the input (IC1 pin 3), the phase locked 
loop responds with a logic low at the 

Top photo: The assembled radio frequency PCB (PCB 2). 

Above: The assembled phase locked loop PCB (PCB 1). 
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6  leerf P22 
la °  

Phase locked loop PCB in its screening box. 
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Figure 2. Circuit Diagram of the Rugby Clock Receiver 
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Figure 3. PCB legends and tracks. 

Figure 4. Mounting Li using P-clips and nylon hardware. 

To pin 

24 

output (ICI pin 8); when there is no input, 
the output is logic high. 

Outputs from IC1 are fed to IC2 
which is a quad 2 input schmitt NAND 
gate; this device performs several different 
functions. IC2a is used to drive LD1 
which provides a visual indication of the 
presence of a signal and IC2b acts as a 
gated oscillator, providing the 
corresponding audible indication. It 
should be noted that LD1 and BZ1 are 
operational when no signal is present and 
are switched off when a signal is received; 
when the receiver is receiving the MSF 
transmission, LD1 should flash at 1 
second intervals accompanied by a pulsing 
tone from BZ1. IC2c and IC2d act as 
inverters providing both normal and 
inverted outputs. 

Resistor R5 and capacitor C6 form a 
simple low pass filter when LK1 is fitted 
and this may be used to remove unwanted 
pulses. The outputs from IC2c and IC2d 
are fed to transistors TR1 and TR2 which 

MW coil  LW coil 

 i Th r\r-Nr'N   

To pin 

25 

MW 
coil 

Solder terminals together 

at this point only 

Red & black  Green 
spots  spot 

To pin 

24 

To pin 

25 

Do not solder 

these terminals 

LW 
coil 

Ferrite rod aerial 

(L1) 

Figure 5. Connections to Li. 
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Top view 

Side view 

Insulating 
'material 

PCB No 1 

Metal 
case 

Solder 6 
pins to case 

(see text) 

P9 17  P1 o-'.. 

P12 

Figure 6. Installation of PCB 1 into its screening box. 

are used to provide additional output drive 
capability. 

Two different regulators are used in 
the circuit. RG1 is the main regulator, 
which provides a 9V supply to the RF part 
of the circuit and allows operation over a 
wide range of power supply voltages. RG2 
is a 5V regulator and is used to power the 
PLL and logic part of the circuit providing 
a standard 5V output. 

Construction 
As previously mentioned, the circuit 

is in two parts and is constructed on two 
separate PCBs. The PCB legends are 
shown in Figure 3. It is recommended that 
PCB 1 is constructed first followed by PCB 
2. Component designations start on PCB 1 
and continue on PCB 2. 

It is probably easiest to fit the 
resistors first as they can be awkward to fit 

0 

ci) ex  g  P25 
P24 

1= ./ 

RUGBY RX 
PCB No 2 

P20 *  OV 

P21    

P22   

P23 * 

PCB No 1 

P13 

LJ 

P11  

P14 1_ 

at a later stage due to the height of 
surrounding components; this is also the 
case with the diodes. It is important to 
observe the polarity markings when fitting 
the diodes; the cathode (marked by a band 
at one end of the device) should be 
orientated toward the band indicated on 
the legend. Next fit the capacitors, 
ensuring that the negative lead of the 
electrolytic capacitors (marked by a 

BZ1 

(Piezo transducer) 

• 

0 

RUGBY RX 
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OV 
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OV  OV 

 o P15 
 o P3 
 ® P 4 

P12  P13 
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P7 
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• +V 

• OV 
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0/P 

OV 
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0/P 
\./ 
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+V 

Metal 
case 

Power 
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Figure 7. Wiring Diagram. 
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Figure 8. Directional response of Li. 

negative (—) symbol on the side of the 
capacitor) is inserted in the hole furthest 
away from the positive (+) symbol on the 
legend. The regulators and transistors 
should be fitted so that the case of the 
device corresponds with the outline on the 
PCB legend. A hot soldering iron with a 
reasonably substantial bit will be required 
to fit the PCB pins. Insert the pins from 
the track side of the board, and heat the 
heads of the pins with a hot soldering iron 
until they are hot enough to press home, 
such that, each head is flush with the PCB. 
When each pin is heated in this way, very 
little pressure should be required for 
correct insertion. It is not necessary to fit 
LK1 at this stage. 

Aerial coil, L I is held in position by 
two P-clips, which are bolted to the PCB 
using nylon nuts and bolts, as shown in 

Control 
pulse 

there are no dry joints or solder short 
circuits. It is necessary to prevent the 
component leads and tracks on the track 
side of the PCB from shorting on the 
bottom of the metal enclosure, as this 
could be disastrous. A small square of 
insulating material (thick insulating tape, 
fibreglass board, plastic sheet, etc.) may be 
used for this purpose, but it is important to 
make sure that any component leads 
protruding from the track side of the PCB 
will not penetrate the insulation. 

The PCB is actually held in place 
using six mounting pins which are 
provided close to the edge of the board 
(P9, P10, P11, P12, P13 and P14). The 
pins are soldered to the side of the box and 
in addition to providing support, also act 
as an additional ground connection. In 
some cases, for ease of soldering, it may be 
necessary to bend the mounting pins out 
slightly to allow contact with the box. Only 
the pins specified should be soldered to the 
case in this way. 

PCB 2 may be used free-standing and 
does not require a box. Whatever kind of 
housing is used, it should be remembered 
that the performance of the receiver will be 
significantly modified by the presence of 
any metal in proximity to the ferrite rod 
aerial. It is, therefore, recommended that a 
plastic box is used for this purpose if, for 
example, the assembly is required to be 
weatherproof. 

Wiring between PCB 1 and PCB 2 is 
made using 2-core screened cable 
(XR2OW). lm of cable is included in the 
kit, but the length may be extended to 5m 
without any significant degradation in 
performance. The type of wire used 
between PCB1 and any decoder is really 
dependent on which of the outputs are 
used but as a general guide, multiway 
screened cable is recommended. Many 
users may wish to disconnect BZ1 and/or 
LD1 after the unit is initially aligned and 
in this case, external wiring may be 
substantially reduced. Figure 7 shows 
wiring information. 

Power Supply 
The receiver requires a 12 to 16V 

power supply that is capable of supplying 
at least 50mA. A suitable supply is Maplin 
stock code XXO9K. Although the 
smoothing capacitors and regulator 
circuitry allow operation, even when large 

Marker 
bit 

Ohr  hr  10min 

211j  14;211;4121 1 
I  I 
I  I 

MOM 
1111111.1 
KNIQJ 

Minimu m 
Signal 
strength 

Ferrite 
rod aerial 

Figure 4. Before fixing the aerial in place, 
it is necessary to move the two coils to the 
centre of the ferrite rod and solder the 
tags, as show in in Figure 5, so that the 
coils are in series. Component leads may 
be used to make connections from the 
aerial to P24 and P25 on the PCB. All 
unused tags should be carefully bent back 
to prevent shorting; take care not to break 
any of the aerial connection wires. 

For further information on soldering 
and constructional techniques, refer to the 
Constructors' Guide, which is included in 
the kit. 

Final Assembly and Wiring 
Figure 6 shows how to install PCB 1 

into its screening box. Before installing 
PCB 1 in the box, it is suggested that you 
double-check your work, to make sure that 

Parit y BST 
bit 

Parity 
10 month  bit 

min  10day day 
i  I  11 month 

12111 1 12111814121  ;81412111 
I I  I I I 

1 I  I I  I 

0  25 4550 200 330 500 ms 

Figure 9. Format of 'fast' code. 
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Figure 10. Format of 'slow' code. 

amounts of ripple are present, it is 
recommended that a power supply with a 
relatively smooth output is used, as this 
will improve reliability of operation. 
Power supply connections are made to PI 
(+V) and P2 (OV). 

Testing and Alignment 
Before the circuit is powered up for 

testing, it is recommended that you 
double-check your work to make sure that 
there are no dry joints or solder short 
circuits. There are basically two methods 
of alignment: with test equipment and by 
trial and error. 

Alignment with test equipment 
requires some method of accurate 
frequency measurement, such as a 
frequency counter and a signal generator 
capable of generating a 60kHz signal of 
adjustable amplitude. 

In many cases, the necessary test 
equipment is not available and it is 
possible to align the circuit without test 
equipment by trial and error; this can be a 
time consuming process, but achieves the 
November 1991  Maplin Magazine 

same end result as alignment with test 
equipment. 

Before any alignment is carried out it 
is advantageous to establish the direction 
of the MSF transmitter, from your 
location, so as to achieve the maximum 
signal strength possible. The ferrite rod 
aerial is directional and the approximate 
directions of maximum and minimum 
response are shown in Figure 8. When the 
ferrite rod is pointed in the direction of 
minimum response it will be found that 
there is a deep null and in many locations, 
the signal may be completely lost. 

When power is first applied to the 
module, LD I should light and BZ1 should 
emit an audible tone. To begin with, it is a 
good idea to position the ferrite rod such 
that the aerial coil (Li) is approximately 
central. Adjust RV I until a break in the 
tone occurs. Move the ferrite rod in and 
out of Li until a peak in the signal is 
achieved; only very fine movement is 
required as the tuning is quite sharp. 
Repeat this procedure until a satisfactory 
signal level is achieved. Any final fine 
tuning can then be made using VC1 and by 

further adjustment of RV I. Initial 
alignment should be made without LK1 
fitted as this provides an unfiltered output. 
A satisfactory signal should produce a clear 
repetitive pulsing tone. In some locations, 
it may not be possible to achieve an 
interference free signal; if this presents a 
problem, LK1 may be fitted to provide 
extra filtering and to remove short 
duration pulses. It should be noted that 
when LK1 is fitted, much of the 'fast' code 
is filtered out, so for decoding purposes, 
the 'slow' code should be used. The 'slow' 
code filter (LK I fitted) does modify the 
timing very slightly but in most 
applications this does not present a 
problem. 

Using the Rugby Clock 
Receiver 

To make use of the digital outputs 
from the Rugby Clock Receiver, it is 
necessary to use some form of decoder; 
this may either take the form of a 
dedicated decoder circuit or a computer 
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10 REM RUGBY SLOW CODE DATA DECODING PROGRAM 
20 REM GW—BASIC FOR IBM PC AND COMPATIBLES 
30 REM REQUIRES 24—LINE PC I/0 CARD 
40 REM (C) MAPLIN ELECTRONICS 1991 
50 CLS 
60 DIM TIM.DAT%  (35) 
70 FOR COUNTER% = 1 TO 35 
80 READ TIM.DAT%  (COUNTER%): REM READ BCD TIME AND DATE DATA 
90 NEXT COUNTER% 
100 BASEADD% = &H320 
110 OUT BASEADD% + 3,  &H9B: REM SET I/O PORT TO INPUT 
120 DAT$ =  
130 WHILE INKEY$ <> CHR$(13): REM ESCAPE FROM PROGRAM IF ENTER PRESSED 
140 LAST.DAT% = DAT% 
150 DAT% = INP  (BASEADD%) 
160 IF LAST.DAT% = 0 
170 IF LAST.DAT% = 1 AND DAT% 
180 WEND 
190 END 
200 BIN$ =  
210 IF TIM.HIGH < .05 THEN RETURN 
220 IF TIM.HIGH >= .08 AND TIM.HIGH 
230 IF TIM.HIGH >= .18 AND TIM.HIGH <= .32 THEN BIN$ = "1" 
240 PRINT BIN$; 
250 DAT$ = DAT$ + BIN$ 
260 IF RIGHT$  (DAT$,8)  = "01111110" 
MINUTE MARKER 
270 RETURN 
280 DAT$ = R1GHT$  (DAT$,43): REM STRIP VALID DATA 
290 L.DAT% = LEN  (DAT$) 
300 IF L.DAT% < 43 THEN DAT$ = STRING$  (43 — L.DAT%,"E")  + DAT$: REM PAD OUT IF 
INCOMPLETE MINUTE RECEIVED 

310 YEAR%=0: MONTH%=0: DAY.MONTH%=0: DAY.WEEK%=0: HOUR%=0: MINUTE%=0 
320 FOR COUNTER% = 1 TO 8 
330 IF MID$  (DAT$,COUNTER%,1)  = "1" 
M CALCULATE YEAR 
340 NEXT COUNTER% 
350 FOR COUNTER% = 9 TO 13 
360 IF M1D$  (DAT$,COUNTER%,1) 
REM CALCULATE MONTH 
370 NEXT COUNTER% 
380 FOR COUNTER% = 14 TO 19 
390 IF M1D$  (DAT$,COUNTER%,1) 
UNTER%): REM CALCULATE DAY OF 
400 NEXT COUNTER% 
410 FOR COUNTER% = 20 TO 22 
420 IF M1D$  (DAT$,COUNTER%,1)  = 
ER%): REM CALCULATE DAY OF WEEK 
430 NEXT COUNTER% 
440 FOR COUNTER% = 23 TO 28 
450 IF M1D$  (DAT$,COUNTER%,1) 
M CALCULATE HOUR 
460 NEXT COUNTER% 
470 FOR COUNTER% = 29 TO 35 
480 IF M1D$  (DAT$,COUNTER%,1) 
): REM CALCULATE MINUTE 
490 NEXT COUNTER% 
500 PRINT 
510 IF INSTR  (DAT$,"E")  <> 0 THEN PRINT "ERROR IN DATA" 
520 PRINT "YEAR  "; YEAR% 

530 PRINT "MONTH  "; MONTH% 

540 PRINT "DAY OF MONTH"; DAY.MONTH% 
550 PRINT "DAY OF WEEK "; DAY.WEEK% 
560 PRINT "HOUR  "; HOUR% 
570 PRINT "MINUTE  "; MINUTE% 
580 PRINT 
590 RETURN 
600 DATA 80,40,20,10,8,4,2,1: REM YEAR BCD DATA 
610 DATA 10,8,4,2,1  : REM MONTH BCD DATA 
620 DATA 20,10,8,4,2,1  : REM DAY OF MONTH BCD DATA 
630 DATA 4,2,1  : REM DAY OF WEEK BCD DATA 
640 DATA 20,10,8,4,2,1  : REM HOUR BCD DATA 
650 DATA 40,20,10,8,4,2,1  : REM MINUTE BCD DATA 

AND 
AND DAT% 

=  M 1 M 

= "1" 
MONTH 

1 11 

=  M 1 M 

=  n l m 

1: REM GET DATA FROM RUGBY RECEIVER 
= 1 THEN TIM = TIMER 
= 0 THEN TIM.HIGH = TIMER — TIM: GOSUB 200 

< 

THEN PRINT: GOSUB 280: DAT$ = "": REM DETECT 

.12 THEN BIN$ = "0" 

THEN YEAR% = YEAR% + TIM.DAT%  (COUNTER%): RE 

THEN MONTH% = MONTH% + TIM.DAT%  (COUNTER%): 

THEN DAY.MONTH% = DAY.MONTH% + TIM.DAT%  (CO 

THEN DAY.WEEK% = DAY.WEEK% + TIM.DAT%  (COUNT 

THEN HOUR% = HOUR% + TIM.DAT%  (COUNTER%): RE 

THEN MINUTE% = MINUTE% + TIM.DAT%  (COUNTER% 

Listing 1. GW-BASIC 'Slow' Code decoding program for the IBM PC. 
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running the appropriate software. 
Two different codes are transmitted 

by switching the carrier on and off. The 
'Fast Code' is transmitted at the beginning 
of each minute within a 500ms window, 
using the format illustrated in Figure 9. 
'Fast' code information includes time of 
day in Universal Time Co-ordinated 
(UTC) together with date information. 

The 'Slow Code' is completely 
separate from the 'fast' code, and is sent 
over the period of 1 minute. Figure 10 
illustrates the format of the 'slow' code. 
The carrier is interrupted once each 
second for a period of either 100ms or 
200ms; 100ms corresponding to a binary 
'0' and 200ms corresponding to a binary 
'1'. 'Slow' code information includes time 
of day, day of week and date information. 

Both codes use a 'Binary Coded 
Decimal' system and the 'slow' code is 
actually slow enough to be decoded by ear 
with some practice! Additional bits are 
used for error checking purposes and to 
indicate British Summer Time (BST). It 
should be noted that the 'slow' code is 
effectively inverted when compared to the 
'fast' code. 

Listing 1 gives a program written for 
the IBM-PC and compatibles in GW-
BASIC to decode the 'slow code' 
transmission. To allow the digital code 
from the Rugby Clock Receiver to be read 
by the computer, a parallel input output/ 
card must be used. The 24-line PIO card 

Table 1. Specification of Prototype 
Power Supply Voltage  12V to 16V 
Average Power Supply 
Current (at 12V)  35mA 
Operating Frequency  60kHz 
Logic Output Level 
(Normal and Inverted) 5V 

Table 1. Specification of prototype. 

published in 'Electronics' April to May '91 
is suitable for this purpose. The output 
from the Rugby Clock Receiver P7 
(inverted output) and P8 (OV) should be 
connected to P19 (PAO) and P10 (OV) of 
the PIO Card. The address in line 100 will 
need to be set to whatever base address is 
being used by the PIO Card. Address 
&H320 was selected on the author's 
machine as this address was vacant, this 
may not be the case on other machines, so 
please check to avoid an input/output bus 
contention and possible damage to the 
computer and/or PIO Card. 

It is possible to modify the program to 
run on other computers, however, it is 
outside the scope of this article to give 
exact details of how to do this. 

In some locations, it may be possible 
to receive other standard time signals 
located in Europe but signal strengths vary 
from place to place, and results cannot be 
guaranteed. To receive such stations 
(which operate at different frequencies to 
MSF), it will be necessary to re-tune the 

RUGBY CLOCK RECEIVER 
PARTS LIST 
RESISTORS all 0.6W 1% Metal Film (Unless specified) 
R1,3,8,9,10  lk  5  (MIK) 
R2,6,7  4k7  3  (M4K7) 
R4  22k  1  (M22K) 
R5,13,15 
R11 
R12 
R14 
RV1 

CAPACITORS 
Cl 
C2 
C3,5 
C4 
C6 
C7,8,12,13,14,15, 
16,18 
C9,19 
C10 
C11 
C17 
VC1 

47k 
2k2 
1000. 
180k 
Hor End l Preset 10k 

2n2F Ceramic 
lOnF Ceramic 
22nF Ceramic 
PC Elect 470µF 35V 
Poly Layer 330nF 

Minidisc 100nF 16V 
PC Elect 470µF 16V 
Feed Through Capacitor 
1% Polysty 1200pF 
47pF Ceramic 
Trimmer 65pF 

SEMICONDUCTORS 
IC1 
IC2 
IC3 
TR1,2 
TR3 
Dl 
D2,3,4 
RG I 
RG2 
LD1 

NE567 
4093BE 
TL081 
BC548 
BF244A 
1N4001 
1N4148 
pA78S09UC 
1zA78L05AWC 
LED Red 5mm 2mA 

4  (M47K) 
1  (M2K2) 
1  (M100R) 
1  (M180K) 
1  (UHO3D) 

1  (WX72P) 
1  (WX77J) 
2  (WX78K) 
1  (FF16S) 
1  (WW47B) 

8  (YR75S) 
2  (FF15R) 
1  (BX16S) 
1  (BX57M) 
1  (WX52G) 
1  (WL72P) 

1  (QH69A) 
1  (QW53H) 
1  (RA70M) 
2  (QB73Q) 
1  (QF16S) 
1  (QL73Q) 
3  (QL80B) 
1  (UJ55K) 
1  (QL26D) 
1  (UK48C) 

receiver by adjustment of RV1 and VCI 
and by sliding the ferrite rod in or out of 
the aerial coil (L1). 

Finally, Table 1 shows the 
specification of the prototype receiver. 
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Further information 
Further information about the Rugby 

MSF transmissions, and other time-code 
and frequency standards may be obtained 
from: 

Time and Frequency Section, 
Division of Electrical Science, National 
Physical Laboratory, Teddington, 
Middlesex TW11 OLW. 

MISCELLANEOUS 
L 1  MW/LW Aerial 
BZ I  Min Piezo Sounder 

Pins 2145 
DIL Socket 14-pin 
DIL Socket 8-pin 
Low-Z Mic Preamp Case 
PCB 1 
PCB 2 
Lapped Pair Cable 
Cable P-clip 3/8 inch 
Nylon Bolt 6BA x lin. 
Nylon Nut 6BA 
Instruction Leaflet 
Constructors' Guide 

OPTIONAL (Not in Kit) 
24-line PIO Card 
37-way D-type Socket 

1  (LB12N) 
1  (FM59P) 
1 Pkt  (FL24B) 
1  (BL18U) 
2  (BL17T) 
1  (FD2OW) 
1  (GE91Y) 
1  (GE92A) 
lm  (XR2OW) 
2  (LRO4E) 
1 Pkt  (BF76H) 
I Pkt  (BF80B) 
1  (XTO1B) 
1  (XH79L) 

1  (LP12N) 
1  (FV72P) 

The Maplin 'Get-You-Working' Service is available for 
this project, see page 71 for details. 

The above items (excluding Optional) are available as a 
kit, which offers a saving over buying the parts 

separately. 
Order As (601tHz Rugby Rx) LP7OM Price £16.95. 

Please Note: where 'package' quantities are stated in the 
Parts List (e.g. packet, strip, reel, etc.) the exact quantity 
required to build the project will be supplied in the kit. 
The following new items (which are included in the kit) 
are also available separately, but are not shown in the 1992 

Maplin Catalogue. 
Rugby Rx PCB No. 1 Order As GE91Y Price £2.45 
Rugby Rx PCB No. 2 Order As GE92A Price £2.25 

November 1991  Maplin Magazine 15 



A PC-based image processing work station (photo courtesy of Data Translation Ltd.). 

-- —  
The ability to convert a filing cabinet full of documentation on to a single 51/4 inch 
disk may seem fanciful. But such is the potential of Image Processing (IP) — a 
process says the Hoskyns consultancy, as revolutionary as the move from batch 
to online processing. In fact computer suppliers Wang suggest that IP will take its 
place as the 4th revolution following the advent of the mainframe in the 60's, word 
processing in the 70's and PCs in the 80's 

or once all the experts — and an 
increasing number of actual users — 
are agreed: IP has an almost 
unlimited potential. "After several 

years gestation" says Charles Dawson of the 
PA Consulting Group, "IP is nearing a 'critical 
mass' in terms of products, sales and markets. 

The industry has by no means fully 
matured yet, and there are many more 
opportunities now available for products". 
Certainly, with more than 95% of all documents 
still being stored as paper (whatever happened 
to that much promoted IT Paperless office?), 
that opportunity seems boundless. 

Considerable levels of smart money are 
now going into Document Image Processing. 
As the NCC reports, when IP was first 
introduced, it was considered very much the 
domain of affluent organisations and more or 
less an up-market archive system. There are 
now estimated to be over 600 known systems 
in the UK, and probably many more stand-
alone facilities that have gone unrecorded. 
More to the point, is the fact that IP is 
beginning to be more widely accepted as the 
salvation for paper congested companies in all 
walks of industry and commerce. 

Equally revealing says the NCC is the 
broader applications base which is now 
moving well beyond the purely archival 
system and into the interactive and 
transaction processing needs of busy work 
groups. In a recent survey of 11,000 assorted 
businesses conducted by the NCC, 8% said 
they were already using IP either in pilot form, 
or in a fully commissioned system. Of the rest, 
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over 20% reckoned to be using IP within the 
next two years, and a further 40% within 5 
years. "With competitive awareness on the 
increase, and with the recognition that 
information management issues will influence 
performance, IP is likely to be the next 
technological wave to hit the office 
environment." 

The R & D and pioneering phase is now 
over reports Paul Bradford of Andersen 
Consulting and the IP roll out is in fast-ahead 
mode. "It is a phenomenally huge market 
place for the 90's", says Carolyn Nimmy of 
Hoskyns, "We are talking about very big 
business." 

But before we all get carried away with 
the latest technology, as Charles Dawson of 
PA points out, "just consider the old adage 'a 
picture paints a thousand words'." For much 
of our lives we use images in the form of 
drawings and pictures, relying on form, texture 
and coloration to provide us with information. 
These images include signs, photographs, 
X-rays, microfilm, television, adverts, 
_packaging and more. Many of these images 
are incorporated into newspapers, magazines 
and books. Images apply to many fields of 
work. As a consequence computers have 
been applied for many years to store, 
reproduce and manipulate images, and to 
create new forms of previously unavailable 
images. Typical computerised image 
processing includes 

* Body scans — images of 'slices' of the 
interior of a body for medical diagnosis. 

* Computer aided design — architectural and 

Alan Simpson 
manufacturing related drawings, and 3-D 
representations of the finished object. 

* Satellite imaging — weather formations, crop 
distributions, geographical feature analysis, 
military intelligence; all processed beyond the 
limits of normal photographs by computer 
image manipulation. 

* Police videofit — a computer graphics form 
of the identikit 'artist's impression' of suspects 
and missing persons. Also for fingerprint 
matching. 

* Image recognition — used on production 
lines for the placement of parts and 
recognition of defects, or to allow mobile 
machines to avoid obstacles. 

* Other image related applications include: 
sales and stock control — bar code recognition; 
flight simulators — creation of interactive visual 
displays; flight navigation; graphics design; 
publishing; television, film and video; 
archiving; Optical Character Recognition; and 
interior design. 

But as Michael Naughton of ANR says, 
"What most people mean when they discuss 
imaging is electronic document processing. 
That is scanning paper documents and 
retrieving them onto a computer screen". This 
is not exactly a new technology — in fact it 
dates back to the 60's, but it was so 
expensive, that few could afford it. A more 
advanced analogue system emerged in the 
70's which made use of magnetic disk tapes 
and drives. It was not until the early 80's when 
the second generation of document imaging 
emerged, based on optical disks. Nowadays, 
the availability of high powered PCs, has 
opened up the market-place both in price and 
technology. 
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A VAX-based image processing work station (photo courtesy of Digital Equipment Corp.). 

Very basically, DIP is the taking of a 
paper document and converting it into 
electronic format for storage or manipulation. 
As the NCC state, in essence, the technology 
offers the business user an alternative to 
paper based information. The process 
involves scanning a document and saving the 
digitised result on a storage medium — usually 
an optical disk, from which it may 
subsequently be retrieved and viewed by 
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Screen display of a VAX station running DEC image software. 

many numbers of users simultaneously, and 
without losing the originally stored image. 

The complexity, says the NCC, arises 
once one begins to define what is meant by 'a 
document', also by what levels of 
sophistication one wishes to apply to the 
scanning process, and what the user wished 
to do with the result. A document can be 
regarded as a page of A4 text, pages from a 
book or journal, an engineering drawing, a 
microfilm or microfiche, a record card, a 
photograph, a line drawing or charts and 

graphics. More important than document 
types is the definition of a documents logical 
structure and layout, for this is how it presents 
the information it contains, and allows the user 
to identify parts of it for subsequent browsing 
and retrieval. 

Similarly, report the NCC, the scanning 
process can be limited to a page image scan 
(simply a digitised equivalent of the paper 
version) — or fully coded text if one employs 
Optical Character Recognition (OCR) as part 
of the capture process. There are also 
differing levels of facility for those who need to 
handle compound documents — i.e. 
documents containing a mixture of text, 
graphics, photographs, drawings etc., which 
will support editing needs. 

DIP, believes PA, is distinguished from 
other image processing applications by its 
emphasis on storing rather than processing 
images. Paper documents are converted into 
an electronic format (by means of scanning), 
stored in computer-based archives and 
subsequently manipulated. The prime tasks of 
a DIP system are reading a document image, 
storing it, remembering where it is (by means 
of indexing), retrieving it, displaying it via a 
screen and printing copies. Indexing is the 
recording of information about the document 
(such as its age, location, author) and its 
content (subject matter, keywords) to assist in 
retrieval. 

To help make the situation even clearer, 
PA's Charles Dawson says that DIP can be 
considered as a computer equivalent of 
microfilm document storage. "The advantage 
of DIP over microfilm is that documents can be 
retrieved more quickly and by more than one 
person at a time. The application of DIP is 
therefore more often geared to providing 
comprehensive and intelligent ways to locate 
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PC-based vision board from Philips. 

documents. These facilities have much in 
common with text-retrieval systems used in 
wordprocessing and document management 
systems." 

When it comes to how image systems 
work, Michael Naughton of ANR fills in the 
picture. In hardware terms, it is normally 
composed of a combination of workstations, 
document scanners, servers, central 
processor (varies from the basic PC to a 
mainframe unit), storage media, display 
monitors, printers and a local area network. 
Software, the most important element of the 
system, includes a database management 
system for image indexing and software to 
drive the hardware components. In practice, 
users feed the document into the scanner, 
rather like you feed paper in the fax or 
photocopier machine. At this stage, the 
document is reduced to a binary series 
consisting of is for a dark portion of the 
document or Os for a white portion of the 
document. 

At this stage the image, as far as the 
processor is concerned, is an unintelligible 
mass of bits. Unlike a text-based file, the 
computer has no search reference point and 
specific index data has to be inputted — either 
manually or automatically. At this stage, data 
compression processes reduce the number of 
bits stored from a range of 15 to 1 to a more 
manageable 60 to 1. 

As PA point out, optical disk storage 
media are usually used for storage due to their 
very high storage capacity in relation to their 
size and cost. Optical disks used in the 
computer industry are derived from the optical 
disks used in the audio industry in the form of 
compact disks. Thanks to the expanding 
market, the cost of optical disk technology is 
now competitive, information is stored on 
optical disks in digital format, with one 
exception of the the Philips Videodisk which 
uses analogue format. Error correction is 
standard within the decoding circuitry. Some 
of the main types of storage include: 

CD — Audio industry optical disks which 
are a popular replacement for vinyl records. 
Available in 31/2 inch singles and 51/4 inch 
album sizes. 
. CDV — Similar to CDs but used to record 
video images and sound and thus equivalent 
to video tape. 
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CD-ROM (Compact Disk, Read Only 
Memory) — Again very similar to CDs in 
format, but data is stored rather than music. 

WORM (Write Once — Read Many) — 
Again similar to CDs but with a different 
physical surface which can be etched by a 
laser beam. As PA state, any part of the disk 
surface can only be written to (etched) once. 
Therefore data cannot be deleted, but it can 
be changed by writing it again to a 'free' part of 
the disk. In this way, an audit trail of data 
changes is built up. 

Laservision Videodisk — This is the 
original optical disk produced by Philips in the 
70's. It was never successful as a 
replacement for VHS video tapes but has 
been successfully used for data archives. 

EMOD (Erasable magneto-optical disk) — 
Also known as CD-E (CD Erasable) and CD-R 
(CD Recordable) in the music industry; these 
disks are the latest addition to the optical disk 
family. In effect, says PA, they are erasable 
versions of the WORM disks using a 
magneto-optical coating upon which data is 
recorded. 

Optical disks reports PA can store very 
large quantities of data at a cost of about six 
pence per megabyte. Optical disk juke-boxes 
are devices similar-to musical juke-boxes 
which contain several optical disks. These can 
store over 1 Terabyte (1362Gb), and can 
provide almost unlimited storage capacity. 
The disadvantage however of juke-boxes is 
the delay while the required disk is loaded and 
'played' which is in the region of 10 seconds. 

Meanwhile, consultancy Andersen warns 
the industry not to hold its breath over 
standards. Imaging brings together very many 
technologies — workstations, optics, user 
interfaces, networks, (LANs and WANs) which 
already have de facto standards. What is 
positive however is the size of the market-
place. According to a Frost & Sullivan Report, 
imaging is bursting forth and headed up, up 
and away. In fact in Europe, the market could 
bring about a 14-fold leap in volume sales by 
1993 valuing the market at some $100m. 

Further confirmation, if such is needed, 
comes from a further US report. Image 
Processing is hot, with the market growing by 
some 50% annually. "There are a billion zillion 
dollars to be made in this area" says Nolan 
Norton & Co — a statement which must have 

had a zillion equipment suppliers reaching for 
their Porsche brochures. Yet a further 
authority believes that document image 
processing is the fastest growing segment of 
worldwide data processing. 

As Frost & Sullivan put it, "Say 
information systems, and automatically many 
people think 'computers' or 'computer 
networks'. In fact, close to 95% of all current 
business files are still paper based. Moreover, 
with paper records growing at the rate of 8% 
annually, the average organisation doubles its 
records volume every ten years — creating for 
many, a huge unmanageable storage 
problem." 

Now thanks to image processing 
techniques, that paper dragon could be 
slayed, and at the same time, many forests 
saved. Certainly, Charles Dawson, principal 
consultant with PA, is excited about IP 
technology. "It makes the paperless office 
affordable and achievable — filing cabinet 
manufacturers should be concerned about 
their future." 

Several different areas of technology 
advance are making their own contribution to 
the evolution of DIP and its wider acceptance 
says the NCC. These include processor 
speeds, network and communications 
technology, image compression performance, 
Optical Character and Intelligent Character 
Recognition (OCR/ICR), multi-media 
databases and more besides. 

Hoskyns meanwhile, see the storage of 
voice alongside that of text, graphics and 
image as being a further development. Or as 
Andersen put it, in some ten years time, we 
will have moved from interfacing to 
integration. At which time, those filing cabinet 
suppliers really had better watch out while 
Porsche sales to IP suppliers can be expected 
to soar. 

Andersen Consulting: 071-438-5520 
Applied Network Research: 081-947-2684 
Hoskyns Group (Insight): 081-940-8070 
NCC: 061-228-6333 
PA Consulting Group: 071-730-9000 
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FRAME AND 
FERRITE ROD 
ANTENNAS 

by y.m. Woodgate 
B.Sc.(Eng.), C.Eng., M.I.E.E., M.A.E.S., F.Inst.S.C.E. 

Words, Words • • • 

'Antenna' or 'aerial'? For many years, 
I supported the British 'aerial' (until my 
arms got tired), but I am now convinced 
that the international standards authorities 
preference for the American usage of 
'antenna', and the plural form 'antennas', is 
correct. The Oxford English Dictionaries 
are inconsistent in this latter respect. The 
Concise gives only the Latin form ànten-
nx', while the Shorter explains fully that 
life forms have àntennx' while radio 
equipment has 'antennas'. So does this 
mean that miniature radio transmitters 
intended for secret surveillance, being 
'bugs', have 'antenna'? 

A frame antenna is a coil of wire wound 
on a frame of insulating material, usually 
rectangular and with side dimensions 
between about 150mm and 2m (although 
much larger coils are sometimes installed, 
e.g. on the end-wall of a house). 

The term 'rod antenna', unfortu-
nately, is used both for a thin, vertical 
antenna (which we are not concerned with 
here) and for a coil of wire mounted on a rod 
of ferrite material. To distinguish them, we 
can say 'ferrite rod antenna'. In pocket 
radios, the rod may be no more than 75mm 
long, but some early transistor portables 
used 20mm diameter rods, 200mm long, to 
obtain as good a signal-to-noise ratio as 
possible. 

Old Technology 
Often there isn't much point in going 

back to look at the original designs of 
circuits for valves (or t̀ubes'), because 
modern design methods, even when 
applied to valves (as currently in vogue for 
'high quid-elity' [quid — get it?]), are 
generally better and simpler. But this is not 
always the case for passive-component 
circuitry. It isn't that modern methods may 
not be better, but because the circuit 
techniques have fallen out of favour for 
non-technical reasons (such as fashion), 
and modern methods have never been 
applied. Recently, while studying the EMC 
potential of audio frequency induction loop 
systems, my attention was directed to the 
articles listed in the Bibliography, and it 
seemed high time that the subject received a 
new airing. 
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Changes in Radio 
Broadcasting 

Until quite recently the BBC, for social 
reasons, had been for many years wasting 
valuable spectrum space by duplicating the 
Radio 2, 3 and 4 programmes on AM (LF 
and MF) and FM (VHF). (LF — 
frequency' — and MF — 'medium frequency' 
— replaced 'Long Wave' and 'Medium 
Wave' in techno-speak some time ago. 
Rather earlier, the opposite change, from 
'VHF' to 'FM' had been made by the BBC!) 
This resulted in a 'chicken and egg' 
situation with regard to the spread of FM 
receivers. The public had no incentive to 
buy these while the programmes were 
available on AM, while the BBC considered 
that it could not stop the duplication until 
there were enough FM receivers in use! 
Finally, it was agreed that duplication 
should stop, but we still have, amongst 
other things, Radio 4 duplicated when 
there isn't a war on. In fact, the 
pre-emption of Radio 4 FM for continuous 
news on the Gulf War may well be a 
forerunner of more channel-splitting in 
future (hopefully not for war reports!). We 
also have the new programme Radio 5 on 
MF, although very few people are reported 
to be listening to it; Radio 3 is more popular 
by comparison. Also people would like to 
be able to listen to their local radio station 
even when away (not too far away) from its 
service area. The trend is clear; good 
reception of AM broadcasts will be 
increasingly in demand in the future. 

LF and MF Reception 
Problems 

There are four main problems that 
affect AM reception: inadequate and 
variable signal strength (the latter often 
accompanied by distortion of the modula-
tion), interference from other stations and 
interference from electrical equipment. All 
of these problems can be reduced or even 
effectively eliminated by the use of a frame 
or rod antenna instead of the bit of damp 
string often supplied with hi-fl receivers 
and tuners with AM facilities, or a frame 
antenna with a receiver having a built-in 
rod antenna of mediocre performance. A 
properly installed, high external antenna is 

likely to be better still, particularly if used 
with matching transformers and a screened 
downlead, but too few are equipped to 
accommodate one these days. 

Sensitivity and AGC 
The sensitivity of the receiver may be 

inadequate, so that stations at medium 
distance are overly weak and noisy. The 
only remedy for this is to increase the 
effective signal strength presented to the 
receiver, and we shall describe an in-
triguing way of doing this a bit later. The 
Automatic Gain Control (AGC) may be 
inadequate, causing a loss of signal when 
fading due to multipath reception occurs. 
Nowadays multipath reception is mostly 
regarded as an FM and TV problem, but it 
occurs at LF and MF too, mostly during 
the night. What happens is that the 'sky 
wave', reflected from the ionosphere, and 
the 'ground wave' from the transmitter 
arrive at the receiver together. If they 
happen to be in phase coincidence, they add 
up, but if they are in phase-opposition, they 
subtract and tend to cancel out. Since the 
height of the ionosphere varies, the sky 
wave path length, and therefore the sky 
wave phase at the receiver, varies. This 
causes the signal strength to fluctuate, 
which is called 'fading'. Fading can also 
occur if two sky waves are received (this 
happens on short wave,  in new-speak, 
and at long distances from the transmitter), 
and the phase may depend so much on 
frequency that the carrier and sidebands of 
the signal are affected differently, thus 
leading to distortion in the received 
modulation. This is called 'selective 
fading'. 

Increasing the average signal strength 
can allow an otherwise overstrained AGC 
circuit to reduce the audible effect of 
fading, and a non-vertical frame antenna 
may provide some discrimination against 
sky wave signals, but usually requires 
continual adjustment to be effective. Still, 
it's better than watching TV! 

Interference from Other 
Stations 

This is basically caused by inade-
quacies in the receiver (except where one of 
the, now few, stations not operating within 
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the ITU Plan is concerned). The selectivity 
(sharpness of tuning) may be insufficient, 
allowing energy from transmissions on 
adjacent channels to cause interference in 
the form of whistles (due to beats between 
carrier frequencies) or 'monkey chatter' 
(frequency-inverted audio derived from 
adjacent channel sidebands). Alternatively, 
or additionally, the linearity of the receiver 
may be inadequate; strong unwanted 
stations may break through on the image 
frequency (wanted frequency plus twice the 
IF), or by cross-modulation, and/or will 
cause whistles. To some extent, superhet 
technology contributes to this problem, 
since it leads designers to provide nearly all 
the selectivity at the intermediate fre-
quency (which is easy and cheap to do, 
particularly if a ceramic block filter is used) 
and to neglect front-end selectivity, which 
is indispensable in eliminating some forms 
of interference, particularly image. Even 
quite inexpensive receivers in the late 1930s 
included a tuned band-pass filter at the 
antenna input. Bring back the 3-gang 
tuning capacitor (or matched triplets of 
varicap diodes)! 

A frame or rod antenna can help to 
overcome these problems, partly because it 
is directional. Figure 1 shows what may by 
now be a familiar shape: the directional 
response of a frame or rod antenna is the 
same as that of a velocity microphone and a 
hearing aid t̀elecoil'. So a correctly-aimed 
antenna can greatly reduce the effective 
signal strength of potentially interfering 
stations which happen to lie in a direction 
approximately at right-angles to that of the 
wanted station. What may not be so 
obvious is that, provided a small loss of the 
wanted signal strength is accepted, the 
limitation of 'approximately at right-angles' 
can be relaxed to 'not within 600 of the 
wanted signal direction'. To take advantage 
of this, the procedure is to turn the frame or 
rod until the interference is weakest, not 
until the wanted signal is strongest. 

Interference from 
Electrical Equipment 

Any piece of electrical equipment 
which includes switch contacts produces 
some radiated electrical noise, which may 
be from the body of the equipment and/or 
sent along the mains wiring, which can 
reradiate it at a distance. Electronic 
equipment which uses signals with fast 
transients (i.e. most digital equipment) also 
emits r.f. noise. These emissions can be 
reduced but complete elimination is not 
practicable. 

At a far distant point from the source 
of noise, the electric and magnetic field 
strengths, E (volts per metre) and H (amps 
per metre) are related in value: 

E/H = Zo = 37711, 

where Zo is called the impedance of free 
space. However, close to the source, while 
there still is a relation between the E and H 
values, it becomes very complex, and it is 
usually better to regard the magnetic and 
electric fields as independent. What does 
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Figure 1. Directional response of a frame or ferrite rod antenna. 

Figure 2. A balanced frame antenna, 
insensitive to electric fields. 

'close to' the source mean? Actually, it 
depends on the radiating characteristics of 
the source, but is also related to the 
wavelength of the radiation as a 'scale 
factor', and may be taken as approximately 
limited by the 'critical distance' dc metres: 

= X/27 = c/27f, 

where X is the wavelength in metres and f is 
the frequency of the radiation in hertz, c 
being the speed of light in metres per 
second. The critical distance is quite large 

at LF, being 241m at 1515kHz, the Radio 4 
frequency. 

Beyond the critical distance, the 
radiated field strength from most equip-
ment is, luckily, too small to cause a serious 
problem. Within the critical distance, most 
equipment produces more electric noise 
than magnetic noise. (Audio frequency 
induction loop systems are a notable 
exception, in the rare cases of mal-
adjustment when they produce any detect-
able noise at all!). Ordinary open-wire 
antennas are far more responsive to electric 
fields than to magnetic fields, whereas 
properly-designed frame and ferrite rod 
antennas are very unresponsive to electric 
fields. Hence they are much less sensitive to 
radiated noise from equipment than wire 
antennas are. Rod antennas are insensitive 
to electric fields because of the small linear 
dimensions of the coil: only a very small 
voltage appears across the coil. Frame 
antennas can be made insensitive to electric 
fields by using a balanced circuit configura-
tion (Figure 2), where the electrical centre 
of the coil is earthed so that the voltages 
induced by the electric field in the vertical 
limbs of the coil are rejected as common-
mode signals, and/or by screening the coil 
with a metal tube or a cage of wires 
(Faraday screen) so that the electric field 
strength close to the coil is much reduced, 
as shown in Figure 3. 

Passive Amplifier 
A frame antenna can help to overcome 

the inadequate sensitivity, AGC and 
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Gap in tube 

Coil  Metal tube 
(non—magnetic) 

Figure 3a. A frame antenna screened with a metal tube. 

selectivity exhibited by a receiver fitted 
with a built-in ferrite rod antenna. No 
connection is needed between the antenna 
and the receiver, and the antenna needs no 
power supply. Since, nevertheless, it 
increases the signal strength presented to 
the receiver, it can reasonably be called a 
passive amplifier (with more justification 
than a 'pot in a box' is called a 'passive 
preamplifier' by hi-fl minimalists). 

This remarkable device is easy to 
make. You need a frame made of insulating 
material (hardboard, perhaps),  about 
250mm square and up to 400mm deep (if 
you want to cover the LF band as well as the 
MF). Even a strong cardboard box will do 
for a try out. Wind about 32 turns of 16/0-2 
hook-up wire (e.g. FA26D), or preferably 
32/0-2 power connection wire (e.g.XR32K) 
close-wound around the box for MF, or 160 
turns for LF. Connect the ends of the 
winding to an air-dielectric variable capaci-
tor, preferably FF39N, if you are rich, or 
one cannibalised from an old radio if you 
are not (Figure 4). Because of the high 
self-capacitance of a frame antenna, low-
value tuning capacitors, such as FT78K, 
can only be used if both sections are 
connected in parallel. Used in this way, 

3:11* 

Figure 4. Circuit diagram of the passive 
amplifier. 
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Figure 3b. A frame antenna screened with a cage of wires 

FT78K gives a maximum capacitance of 
2008 pF, and needs more than 32 turns to 
tune to the low frequency end of the MF 
band. Really clever people will probably 
devise an electronically-synthesised capaci-
tor, which would be cheaper than an 
air-spaced variable. 

If you are prepared to accept a 
restricted tuning range on LF, i.e. you only 
want Radio 4 or one of the French 
pop-music stations, you can use 32 turns 
and connect a fixed capacitor (preferably 
polystyrene) in parallel with the variable 
one. You will need to adjust the value of the 
parallel capacitor, between approximately 
1nF and 1 8nF , so that the wanted station 
comes within the tuning range. If you use 
32/02 wire for the coil, you will also need to 
damp the circuit with a parallel resistor, 47 
or 681(11, otherwise, as you will hear, the 
high-Q circuit will attenuate the sidebands 
too much and the sound will lack high 
frequencies (even more than usual). 

To use the passive amplifier, tune the 
receiver to the wanted signal and turn it for 
maximum signal strength or minimum 
interference. Then line up the axis of the 
frame antenna with that of the ferrite rod in 
the receiver, and stand it about 15cm away. 
Now tune the antenna for maximum signal, 
and enjoy the music! If you put the frame 
too close to the receiver, it will detune the 
ferrite rod (not permanently!) and you will 
lose signal instead of gaining. You will find, 
if you tune to an apparently quiet place on 
the MF band during the day, that in fact 
there are several stations there which will 
become audible as you tune the frame 
antenna, and perhaps more if you turn the 
receiver and frame to point in a different 
direction. 

The gain in signal strength produced 
inside the passive amplifier coil is approxi-
mately equal to the Q of the tuned circuit, 
which for a sample of the above design, 
wound on a low-loss Maplin cardboard box, 
measured 160 at 1MHz and 108 at 210kHz, 
using 1 5nF and 68kfl across the tuning 

capacitor. It should be noted that these 
gains, 46dB and 41dB respectively, are 
somewhat higher than those produced at 
150mm separation, by a factor that depends 
on the dimensions of the coil, and that even 
with 68k1I damping, the bandwidth at 
210/108 = 1 -94kHz, which explains the 
sideband-cutting! 

Designing a Frame 
Antenna 

This could be a big subject, because 
there are many factors which might be 
included in the design criteria, and choices 
could be made as to which characteristics to 
optimise. It can be shown, for example, 
that in country districts where man-made 
interference is low, and especially during 
daylight hours in winter, the optimum size 
of a frame is 2 to 3 metres square, and it 
could be attached to a wall, either inside or 
outside the house, if you happen to have 
one facing in the right direction. 

However, today we will keep to 
smaller frames. For a frame coil similar to 
that used in the passive amplifier, the 
required number of turns can be found as 
follows. The required inductance L is given 
by: 

L = 1/ {47r2f2(C +Cs)}  (1), 

where f is the lowest frequency required to 
tune (531kHz for MF), C is the maximum 
value of the tuning capacitor (365pF for 
FF39N) and C, is the self-capacitance of the 
frame coil, plus some stray capacitance. 

The next step is to choose a convenient 
size for the frame. Assuming that the frame 
is a metre square, the value of C, may be 
taken roughly as (60a + 20)pF, and the 
inductance is given by: 

L = (/g) x 2an2 In(2a/d), 

where mo is the permeability of space (0- 4ff 
n is the number of turns and d is 

the depth of the single-layer winding (more 
or less independent of the thickness of the 
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wire and the spacing of the turns). To save 
you the bother of looking up the natural 
logarithms (which are 2.3 times bigger than 
ordinary logarithms to base 10), here is a 
table of rounded values of In(2a/d) for 
values of a/d from 1 to 10: 

a/d 
1 
2 
4 
10 

In(2a/d) 
0.7 
1.4 
2.1 
3.0 

We can simplify the equation a bit more by 
putting in the numerical value of 2µ0/71-, 
giving: 

L = 1 -84an2 In(2a/d) MICROhenrys ....(2) 

However, we need the number of turns n, 
which will give us the inductance L 
calculated from equation (1). So we 
rearrange (2) to give: 

n = V[L/{ 1.84a ln(2a/d)}], 

which is the number of turns we need. 
It is possible to go further into what 

wire gauge to use, but this is rather 
complex. Using PVC insulated wire spaces 
the turns apart, which gives a higher Q 
factor, and the Qs obtained with 16/0-2 and 
32/0.2 flexible wire are so high that there is 
no point in considering expensive Litz wire 
or even solid wire, which requires a very 
strong frame to withstand the winding 
tension. 

Frame Antenna for a 
11z-Ft (or not) Tuner 

It is perfectly possible, and quite 
convenient, to use the passive amplifier as 
the frame antenna for a tuner. To do this, 
the tuner must have antenna and earth 
connectors, which may be in the form of a 
2-contact socket similar to, but not the 
same as, the socket which goes with 
HH16S. What you do is to make a tapping 
on the frame coil at the exact centre (i.e. at 
the middle of turn 16 for a 32 turn coil), and 
taps at 2, 4, 6 and 8 turns from the centre 
(multiply by 5 for the 160-turn coil). The 
best way to do this is to use wire-strippers 
BR94C or BR95D, to cut only through the 
insulation of the wire, and to bare about 
3mm, to which a piece of coaxial cable 
(up to about 3m long) can be soldered. 
Initially, solder the braid to the centre tap, 
and put an insulated croc-clip on the inner. 
To begin with, clip this onto the tap at 4 
turns. At the other end, the braid goes to 
the earth terminal and the inner to the 
antenna terminal. You tune the tuner to the 
wanted station and then tune the antenna. 
Then you adjust the tap position up or 
down from 4 turns until you get the 
maximum (loudest) signal (or the maxi-
mum reading on the signal strength meter) 
without damping or detuning the antenna 
so much that interference or noise 
increases. You may have to retune the 
antenna when you move the tapping. If the 
tuner uses bottom-capacitance coupling for 
the antenna, instead of an input trans-
former, you might have to tap the coil at less 
than 2 turns for best results. The use of 
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coaxial cable for the connection to the 
receiver prevents the cable acting as an 
antenna itself, and picking up interference. 

Frame Antenna for 
Top-Band' 
There is no reason why you should not 

get good results with a frame antenna for 
amateur radio or general short wave (HF) 
reception. While it is, of course, quite 
correct for Gavin Cheeseman to say, in his 
article in the previous issue on the Maplin 
160m receiver, that a long, high outdoor 
antenna and a good earth are the best, a 
frame antenna could be much better than 
an indoor wire antenna and a doubtful earth 
connection. For this you will need rather 
more than half as many turns as you need 
for the MF band, but half the fun is finding 
out exactly how many, and where to tap the 
feeder in! 

Low Impedance Frame 
Antenna 

If you have a communications receiver 
with a 50 or 7511 antenna input and, like 
me, you haven't built the Maplin ATU 
(LMO6G) yet, you can experiment with a 
low impedance frame. I have been using the 
500nun square single turn that I made for 
calibrating AFILS field strength meters 
(see Issue 43), without the series resistor, of 
course! This will tune up on my ancient 
RA17L receiver (not a Maplin code!), even 
at 27MHz, and seems to work quite well, 
although without an ATU I can't compare 
it with a long-wire antenna, of course. 

Ferrite Rods 
The earliest known magnets were 

lumps of rock, called 'lodestones', contain-
ing the mineral magnetite, which is an 
oxide of iron (Fe304) in which the iron 
atoms occupy two different positions in the 
crystal structure. But for the development 
of the petrol engine, this oxide would still 
be familiar as the bluish-grey 'smithy scale' 
which appears on hot horseshoes. Mag-
netite obviously has permanent magnet 
properties, and was magnetised by the 
Earth's magnetic field as it cooled from 
whatever high temperature it was subjected 
to in the depths of the Earth's crust. 
Different samples vary greatly in strength, 
and research has shown that this was due to 
the presence of other metals, replacing iron 
atoms at one of the two sites in the crystals. 
The chemical name for these compounds is 
'ferrites', indeed magnetite is itself 'ferrous 
ferrite'(FeFe204). It was eventually found 
that very good permanent magnets could be 
made by replacing some of the iron by the 
metal barium. This is done by strongly 
heating and compressing a mixture of the 
oxides. The result is the type of ferrite used 
so widely for loudspeaker magnets. It is far 
cheaper than the metal alloys, such as 
Alnico and Ticonal, which were formerly 
used. 

The chemists also found that soft 
magnetic materials (i.e. materials that are 
magnetic but do not form permanent 

magnets, like soft iron) could be made by 
replacing part of the iron with other metals, 
such as manganese, and mixtures of 
manganese or nickel with zinc. These 
materials were found to have excellent 
properties at radio frequencies, with low 
losses and high permeability, and are 
cheaper to produce, mechanically stronger 
and less variable in their properties than the 
iron dust materials which had been used 
previously (from the mid 1930s to the late 
1940s). 

Manganese ferrites have 'square' hys-
teresis loops, and are used for pulse 
transformers and in components for 
switched-mode power supplies and CRT 
magnetic deflection. Manganese-zinc fer-
rites have the highest permeability (but far 
short of those of nickel-iron alloys such as 
Mumetal) and are used for pot cores for 
inductors. Nickel-zinc ferrites, which 
usually contain a proprietary mixture of 
other trace metals, are used at radio 
frequencies, up to about 200MHz. Ferrite 
rods (to get to the point) for antennas are 
usually made of these materials, which 
come in a variety of grades with different 
properties. Microwave ferrites are another 
subject, which we won't go into here. 

Permeability 
Permeability is a measure of how easy 

it is for a magnetic field to create magnetic 
flux in the material, and is the ratio of 
magnetic flux density B (expressed in tesla, 
symbol T) to magnetic field strength H 
(Am-1 ). This is called 'absolute permeabil-
ity', and we have already met the absolute 
permeability of space, go = 0.126 
We are more often interested in how much 
easier it is for a material to be magnetised 
than for space. This is 'relative permeabil-
ity', and we shall mostly be dealing with 
this. 

A note on CGS Units 
Some magnetic data is still given in 

units belonging to the centimetre-gram-
second electromagnetic system. In this 
system the unit of magnetic field strength is 
the oersted (symbol Oe), and it is a big unit. 
1 oersted is 1000/47r = 79-6 Am- On the 
contrary, the unit of magnetic flux density, 
the gauss (Gs), is very small. 1Gs = 100 ,uT. 
In this context, 'big' and 'small' relate to 
practical values, which, in electronics, are 
typically 1 Am-1 and 10T. 

Permeabilities of 
Ferrite Rings 

Having decided to deal with relative 
permeabilities, we now find we have to 
consider another set of variations. If we 
have a ferrite material in the form of a ring 
(toroid, from 'torus', an anchor ring, not 
Taurus, the bull), and pass a current 
through a coil wound on it, magnetic flux is 
created in the ring, and its density can be 
measured. This can be done, for example, 
by using alternating current of a known 
frequency and measuring the voltage across 
the coil for a given current; this would allow 
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us to calculate the impedance and induct-
ance, but the magnetic flux density is easy 
to calculate from the voltage directly: 

B = V/(27rfAn), 

where V is the voltage, f is the frequency, A 
is the area of cross-section of the ring and n 
is the number of turns in the coil. The 
magnetic field strength is: 

H = In/(27rr), 

where I is the current and r is the average 
radius of the ring, so that: 

ua = B/H = Vr/(fAn2I) 

This gives the absolute permeability u„ 
and to get the relative permeability ,u„ we 
just divide by ,u0: 

Pr = Vr/(fAn2I,e) 

If we use a very small current, the value of 
that we measure is called the ìnitial 

permeability' pi. As we increase the 
current, the permeability is found first to 
increase and then to decrease, eventually 
reaching 1, at which point the material is 
said to be 'fully saturated' with magnetic 
flux. The maximum measured value of 
permeability is naturally called 'maximum 
permeability',  Typical .values for 
initial permeability, range from 20 for a 
ferrite suitable for use at 180MHz to 5000 
for one usable up to 1MHz. The maximum 
permeability is typically 1.5 to 3 times the 
initial value. For ferrite rod receiving 
antennas, the current is so small that the 
initial permeability is the one that counts. 
This may well not apply to pot cores in 
miniature IF transformers, for example, 
where currents of the order of 100mA or 
more may flow in tuned coils. 

Points to Watch Out For 
There are a few points about ferrites 

that can catch you out if you do not know 
about them, and they are not too well 
known. First, some grades of 'soft' ferrite 
which are usable up to VHF can become 
permanently magnetised, which ruins 
them. Some other grades, which do not 
retain appreciable permanent magnetisa-
tion, nevertheless suffer permanent change 
if strongly magnetised. Since this informa-
tion is often not published, ferrite rods 
should always be kept away from, for 
example, loudspeaker magnets. The third 
point is that some grades of ferrite conduct 
electricity quite well, while others are good 
insulators. You need to be particularly 
careful about ferrite beads, which may 
cause short-circuits if it is not realised that 
they are, or may be, conductors. 

Perineabihtles of 
Ferrite Rods 

When we come to rods, we have to deal 
with yet two more varieties of permeability. 
Firstly, if we put the rod into a uniform 
magnetic field it concentrates the field 
within itself (Figure 5), and the amount of 
concentration is called 'rod permeability'. 
It depends on both the initial permeability 

Figure 5. Concentration of the magnetic field 
by a ferrite rod. 

Figure 6. Flux paths round a coil on a ferrite rod. 

and the ratio of the length to diameter of the 
rod. For the Maplin rods YG2OW and 
YG22Y, the rod permeability is about 75, 
assuming that the initial permeability is 
about 200. This means that the flux density 
inside the rod is about 75 times stronger 
than it would be without the rod, so that the 
rod is equivalent to a frame of 75 times the 
area of cross-section of the rod, or 
approximately 0-013 m2. Since quite a 
small frame (about 1 foot square) would 
have an area of 0-1 m2, you can see that it 
will pick up about eight times as much 
signal as a rod (18dB more). Nevertheless, 
rods do pick up enough signal for everyday 
use. 

The other sort of permeability we need 
to consider is that which is called 'apparent 
permeability', but is often more clearly 
termed 'coil permeability', and is a measure 
of how much the rod increases the 
inductance of a coil wound on it. Figure 6 
shows the flux distribution round such a 
coil, and it can be seen that the coil 
permeability depends somewhat on the 
initial permeability, but most of the flux 
path is in air. The coil permeability is much 
less than the rod permeability. In fact, it 
depends mostly on the ratio of length to 
diameter of the coil, and the position of the 
coil on the rod. This is why the inductance 
of a rod antenna coil can be set by sliding it 
along the rod. Typically, the coil per-
meability is 10 to 14 for a coil on the centre 
of a rod, falling to 6 to 9 if the coil is at one 
end. 

Coils for Ferrite Rod 
Antennas 

By far the simplest construction is a 
single-layer coil wound on an insulating 

tube slightly larger than the rod diameter. 
The diameter affects the Q slightly, but not 
enough to matter. Traditionally, Litz wire 
has been used for LF and MF coils, 
resulting in a very high Q, too high to 
preserve the sidebands due to high 
modulation frequencies ('high' in this 
context being 4kHz, remembering that 
most transmissions are limited to 4.5kHz 
modulation frequency to avoid adjacent-
channel interference). Solid wire is there-
fore usable, and 24 to 34 SWG can give 
useful values of Q. Enamel-covered wire 
does not give the highest Q if close-wound, 
so a spaced winding may be preferable. 
Winding a coil for LF is beyond most 
home-constructors who do not have a 
coil-winder (too many turns), but for the 
MF and HF bands, it is not too difficult. 

Ferrite Rods at VHF 
This has always been one of those 

developments that never quite seems to 
have 'made it'. The broadcast receiver 
industry was offered suitable ferrites in the 
early 1960s, but no simple way of using 
them was found. In 1977, the BBC 
Research Department produced a design, 
but again there was no take-up. One of the 
problems is that the ferrite rod antenna may 
be distinctly less sensitive than a dipole, or 
even the usual telescopic rod fitted to FM 
broadcast receivers. Another is (again!) that 
three tuned circuits are needed, and 3-gang 
variable capacitors are very expensive 
'specials', while the use of varicap diodes 
really implies four tuned circuits (because 
of the lower Q offered by the diodes), which 
adds even more cost to the feature. 
However, the use of a ferrite rod antenna 
for portable VHF equipment, instead of the 
popular 'duck', might well be worth 
looking at if suitable VHF-grade ferrite 
rods can be obtained. At least the coils are 
easy to wind! It should be noted that for 
horizontally-polarised transmissions, the 
axis of the rod should be vertical, and it 
then, of course, is omnidirectional in the 
horizontal plane. 

Bibliography 
A lot more detailed information (some 

of it perhaps too detailed!) may be found in 
the following: 

Loop Aerial Reception, G. Bramslev, 
Wireless World Vol. 58 No. 11 (November 
1952); 

Ferrite Rod Aerials, W.A. Everden, 
Wireless World Vol. 60 No. 9 (September 
1954); 

Effective Length of Ferrite Rod 
Aerials, H. Sutcliffe, Wireless World Vol. 
84 No. 1516 (December 1978); 

The  Loop  Aerial Revived, R. 
Schemel, Wireless World, Vol. 85 No. 
1523 (July 1979); 

An Introduction to Antenna Theory, 
H.C. Wright, Bernard Babani BP198 
(Maplin code WP78K); 

A Band II Ferrite Aerial Unit for 
Portable Receivers, R.D.C. Thoday, BBC 
Research Report RD1977/11. 

November 1991  Maplin Magazine  23 



MONITOR 
11 by 'klan Williamson -----

*Prevents switch-on and switch off 
transients 

*Protects loudspeakers against 
amplifier and power supply faults 

Self resetting or manual reset 
modes of operation 
Can be used with mono or 
stereo amplifiers 

24 
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Prototype Specification 

Mains power supply: 
Supply current: 
Monitor input voltage: 
Monitor input trip voltage: 
Signal requirements to trip 
Input frequency 
Cl and C101 = 10AF: 
Cl and C101 = 33µF: 

Pulse width at 4Vpk 
Cl and C101 = 10/2F 
Cl and C101 = 33µF 

Output current from —12V: 

Introduction 
The Amplifier Monitor described here 

provides loudspeaker protection against 
such 'nasties' as d.c. offsets. This can (and 
does!) occur when amplifiers and their 
associated power supplies go faulty. The 
circuit is, however, not intended to protect 
loudspeakers from being over-driven, we'll 
leave this up to your ears to decide if this 
occurs. 

The circuit is intended to protect d.c. 

240V AC 50Hz 
34mA max. 
±-50V max. 
-±3V min. 

<8Hz 
<2•5Hz 

>70ms 
>200ms 
75mA max. 

coupled loudspeakers — such as ba'ss and 
mid-range units. Generally tweeters do not 
require this type of protection as the 
majority of these are a.c. coupled by a 
capacitor in the crossover unit. 

The Amplifier Monitor also provides a 
time delay at switch-on, during which the 
loudspeakers are 'disconnected' from the 
amplifier by means of relays, this allows the 
power supply to stabilise and allows 
the amplifier output capacitor(s) (if fitted) 
to charge. At switch-off, the relays im-

mediately 'drop-outs'. Thus the Amplifier 
Monitor prevents those nasty 'bangs, pops 
and thuds' at switch-on and switch-off, 
which otherwise might damage your 
delicate and expensive loudspeakers. 

The Amplifier Monitor is suitable for 
use with amplifiers having symmetrical or 
asymmetrical power supplies up to ±-50V or 
+100V, see note*. The Amplifier Monitor 
also has the facility for adding an external 
trigger circuit, e.g. a temperature monitor 
circuit, giving complete protection for both 
amplifier and loudspeakers. Such a circuit 
will be published in the next monthly issue 
of 'Electronics'. 

If you wish to use this Amplifier Monitor 
for PA use, you may find that the monitor 
will promptly drop out when a 'rniked-up' 
drum kit is struck, to overcome this, replace 
the 10µF capacitors with 33µF capacitors 
of the same type (stock code JH33L), enough 
room has been allowed on the PCB. 

Circuit Description 
The circuit described below is based 

around a hex schmitt-trigger inverter 
package. 

Some components have been dupli-
cated to allow the Amplifier Monitor to be 
used with a stereo amplifier, these com-
ponents are numbered 1XX (e.g. R101). The 
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Figure 1. PC B legend and track. 
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2 x M3 nut   

3 x shake 
proof washer 

1 x M3 
solder tag 

Terminal 
block 

PCB 

1 x M2.5 
washer 

1 x 
screw 

2 x M3 washer 

2 x M3 screw 

Figure 3. Transformer and terminal block mounting details. 

use of two input stages prevents any poss-
ible interaction between the two channels 
being monitored. 

Referring to Figure 2, the signal from 
the amplifier is monitored by filtering out 
any ac. component above 10Hz, and recti-
fying the remainder. R1-R3 and Cl are the 
filtering components, diodes D1 -D4 form 
the rectifier. Diodes D5 and D6 limit the 
offset voltage across R5 to a maximum of 
0.6V (1.2V —0.6V = 0-6V), there is also 1.2V 
dropped across D1 -D4, the rest of the 
voltage is dropped across R1 and R2. 

Capacitor C2 provides the required 
smoothing for TR1, which is used as a 
voltage level shifter, making the circuit 
much more sensitive to d.c. offsets. Capa-
citor C3, ensures that the circuit starts with 
the correct logic state at the input of ICla 
by generating a reset pulse when power is 
applied to the circuit. Diode D7 prevents 
Ida from resetting the latch circuit once 
triggered, the latch is formed by IC1b and 
IC1 c. 

Switch 51, connected to the input of the 
latch circuit has three positions ON, OFF, 
(ON). Assuming that the latch has been 
triggered (relays de-energised and loud-
speakers 'disconnected'); with Si in the 
ON position, the switch will reset the latch; 
with Si in the OFF position, the switch will 
not reset the latch, i.e. it remains latched; 
and with Si in the (ON) position, the latch 
is triggered and the loudspeakers dis-
connected. 

ICld is used as a timer which feeds a 
jamming voltage to the base of TR2, thus 
preventing the relays from being energised 
at switch-on and providing the time delay of 
approximately 10 seconds. While IC1 d is 
'timing out', TR3 is turned on via IC1f, D12 
and R17, illuminating the red half of LD1. 
ICle is used as an oscillator, diode D9 and 
IC1c disable the oscillator when the latch is 
in the logic low state, when the latch is in the 
logic high state, diode D9 is reverse biased 
and the oscillator is then allowed to run 
causing the red half of LD1 to flash; this 
indicates a fault condition. The green half of 
LD1 illuminates continuously only when the 
relays have operated. 

Construction 
The kit contains all the components 

required to build the project. A Construc-
tors' Guide is also provided in the kit for 
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Photo 2. Close-up of transformer wiring. 

c 
0  0  0 

those of you who are beginners, the Guide 
contains some useful information on com-
ponent identification and constructional 
techniques. 

To assist construction a high quality 
glass-fibre PCB, which has solder resist on 
the track side and a silk screened legend on 
the component side, is supplied. 

Note:* If your amplifier has an asym-
metrical power supply (+V and OV only), it 
will also have an output capacitor; resistors 
R15 and R16 should therefore be fitted, but 
if your amplifier has a symmetrical supply 
(+V, OV and —V) then R15 and R16 should 
NOT be fitted. 

Begin construction by giving each 

(C) 

(8) 

Min'con 
socket 

(A)  Tin the wire end 
with solder. 

(8) 

(C) 

Crimp insulation 
and wire. 

Push terminal in 
until locked. 

Figure 4. Switch wiring. Figure 5. LED wiring. Figure 6. Minicon assembly. 
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IMMINIMM 
IMEMMEM 
= MO M 

M OM 
MO M 
MO M 

ekj 

Complete PCB. 

L. 

component lead a thorough clean, remov-
ing all traces of tarnish. Start by fitting the 
smallest components first, working up in size 
to the largest, use the component lead 
offcuts for the links. Avoid over-heating the 
semiconductors, the electrolytic capacitors 
and diodes (except Cl and C101 which are 
nonpolarised devices) must be correctly 
orientated for proper operation of the 
circuit, check and re-check that each com-
ponent is correctly fitted before soldering 
— there are a lot of diodes in this kit and it's 
all too easy to make a mistake. The PCB pins 
are fitted from the track side, you may wish 

AMP MONITOR  PCB 

Blue 

Brown 

444114... 

IMMEMOMMEMMEMMEMMINIMMINIM MEMM 
''w. "I MMEMMEMMINIMEMMINIMMEMEMEM 

4k,MMINIMMINIMMIIMMEMMEMMEMEM 

to fit the optional minicon connector 
instead. 

Figure 3 shows the transformer and 
terminal block mounting details. Figures 4, 
5 and 6 show the switch, the LED and the 
minicon connector wiring respectively. 

There are two tracks on the PCB which 
are free of solder resist, these areas should 
be 'built-up' by heavily tinning with solder; 
this is to increase the current rating of the 
tracks. 

After completing the PCB, clean off all 
traces of flux residue using a suitable solvent 
(PCB cleaner YJ45Y or Ultraclene LHO3D). 

Green/Yellow 

Blue 

Terminal  Brown 
block 

Fuse boot --0-1 

Fuse holder 

Brown 

Blue 

Green/ 
Yellow 

Earth 
to chassis 

Having now cleaned-off all the flux from the 
PCB, re-check the soldering for dry joints 
and solder whiskers which could cause 
premature failure or reliability problems. 

Testing and Use 
Before testing can begin, the module 

requires a 240 volt AC mains supply, 
temporarily connect a mains lead with a 
13 amp plug (fitted with a 2 amp fuse) to the 
module, connect the fuse holder with insu-
lating boot in the live line (not forgetting to 
fit the fuse into the holder). The wiring must 
be safe, please be very careful! Double-
check for your own health's sake that you 
cannot touch any part of the mains wiring 
accidentally or otherwise, before plugging 
into a 13 amp socket. 

For testing purposes you will need a 
wire link and a >3V supply — a PP3 battery 
would suffice. 

Apply power to the module, the tri-
colour LED will immediately illuminate 
continuous red, this shows that the module is 
'timing out'. After a short period, approxi-
mately 10 seconds, the LED will change from 
red to continuous green, at the same time a 
click will be heard indicating that the relays 
have operated. 

The first test is to check that the switch is 
operating correctly, move the switch toggle 
into the biased-off (ON) position and hold 
for two seconds; the relays will de-energise 
and the LED will flash red. Let the switch 
toggle return to the centre OFF position, 
there should be no change. Now move the 
switch to the ON (latching) position, the 
module will then reset after two seconds 
re-energising the relays and illuminating the 
LED green, leave the switch in the ON 
position for the rest of the tests. 

Second test, apply your battery to the 
speaker input terminals, the relays will 
de-energise and the LED will flash red. 
Remove the battery, allow the module to 

Blue 

From 
fused mains 

supply 

Amplifier 
ON/OFF switch 

To Amplifier 
transformer 

Figure 7. Mains wiring. 
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reset, reconnect the battery with the 
opposite polarity, this will test all the diodes 
in the bridge (D1-D4 and D101-D104). 

Third test, connect a wire link between 
the external trigger input and —12V, the 
relays will de-energise once again and the 
LED will flash red/green, remove the wire 
link. Please note that if the switch is in the 
centre OFF position, and the wire link is 
removed the LED will change from flashing 
red/green to flashing red showing that 
there was a fault condition. 

Last test, allow the module to reset 
(continuous green LED), use a multimeter 
set on the lowest resistance/continuity 
range and check that there is a connection 
between +IN and +OLJT on each relay. 

If your module fails to do any of the 
above, check that you have not fitted a 
BC548 in place of a BC558 or vice versa, or 
inserted a diode/electrolytic capacitor the 
wrong way round. 

When the module has been tested and 
found to be operating correctly; it can be 
fitted into your amplifier, see Figure 7 for 
the mains wiring details and Figure 8 for the 
speaker wiring. 

You may also wish to solder the speaker 
leads directly to the PCB track to minimise 
the number of connections, Figure 8 shows 
an alternative speaker wiring for minimum 
signal degradation. 

—OUT 

—IN 

+IN 

Thick — C) 
Red 

C 

(One channel shown only) 

Figure 8. Speaker wiring. 

+OUT 

RED 

Thick 
Black 

7: 1  
BLACK 

AMPLIFIER 

Thick Red 
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Thick Black 

—OUT 

—IN 

+IN 

Thick  Thin 
Red  Black 

RED BLACK 

AMPLIFIER 

(One channel shown only) a   

Figure 9. Alternative speaker wiring. 

AMPLIFIER MONITOR PARTS LIST 
RESISTORS: All 0-6W 1% Metal Film (unless specified) 
R1,2,101,102  5k6 1W Carbon Film  4 
R3,4,103,104  47k  4 
R5,6,7,10, 
17,21,105  10k 
R8,11,12,13,14,20 100k 
R9  470k 
R15,16  W/W Min 220f1 
R18  6800 
R19  7511 

CAPACITORS 
C1,101 
C2,102 
C3 
C4,6,9 
C5 
C7 
C8 
C10 

104iF Reversolytic 
Minelect 

lOnF Mylar Film 
10I.LF Minelect 
100µF Minelect 
100nF Ceramic 
220µF 35V PC Elect 
lOnF Ceramic 

SEMICONDUCTORS 
D1-12, 16-19, 
101-106 
D13,14,15 
LD1 
TR1,101 
TR2 
TR3,4 
ICi 
RG1 

1N4148 
1N4001 
Tr-colour LED 
BC548 
TIP127 
BC558 
40106 
mA79M12UC 

MISCELLANEOUS 
TB1a,lb,2a,2b  PCB Screw T/Block 2Way 
PL1 2  3 Way Minicon Plug 
RL1,2  12V/10A Min Relay SPST 
Ti  Sub-Min Tr 15-0-15 (250mA) 
FS1  A/S 100mA Fuse 11/4in 
FS2  A/S 250mA Fuse 
Si  Sub-Min Toggle C 

Fuse Clip 
DIL Socket 14-Pin 

(C5K6) 
(M47K) 

7  (M10K) 
6  (M100K) 
1  (M470K) 
2  (W220R) 
1  (M680R) 
1  (M75R) 

2  (JH31J) 
2  (YY33L) 
1  (WW18U) 
3  (YY34M) 
1  (RA55K) 
1  (BX03D) 
1  (JL22Y) 
1  (BX00A) 

22  (QL80B) 
3  (QL73Q) 
1  (YH75S) 
2  (QB73Q) 
1  (WQ74R) 
2  (QQ17T) 
1  (QW64U) 
1  (WQ89W) 

4  (FT38R) 
2  (BX96E) 
2  (JM67X) 
1  (YN I 7T) 
1  (UK58N) 
1  (RAO6G) 
1  (FHO2C) 
2  (WH49D) 
1  (BL18U) 

UUULJLIULJULJ
U 

?   

Thick Block 

PCB Ltch Hsng 3-Way  2  (BX97F) 
Minicon Terminals  1  (YW25C) 
Terminal Block 2A  1  (FE78K) 
Pins 2145  1 Pkt  (FL24B) 
lsobolt M3 X 6mm  1 Pkt  (BF51F) 
Isobolt M2.5 X 12mm  1 Pkt  (BF55K) 
Steel Nut M3  1 Pkt  (JD61R) 
lsoshake M3  1 Pkt  (BF44X) 
Steel Washer M3  1 Pkt  (JD76H) 
Steel Nut M2-5  1 Pkt  (JD62S) 
Steel Washer M2.5 0 D77.1) 1 Pkt 
Isotag M3  1 Pkt  (LR64U) 
4-Wire Burglar Cable  1 Mtr  (XR89W) 
lltsin Clickcatch F/H  1  TFT3A359QN)) 
Fuseholder Boot  1 
PCB  1 
Constructors' Guide  1  (GE5XH799Plj 
Instruction Leaflet  1  (XK41U) 

OPTIONAL (Not in kit) 
M3 X lOmm Insulated 
Spacer  1 Pkt (FS36P) 

3 Way Minicon Plug  1   (BX96E) 
3 Way Minicon Hsng.  1  (BX97F) 
Min Mains Black  As Req  (XROIB) 

The Maplin Get-You-Working Service is available 
for this project, see page 71 for details. 

The above items are available as a kit (excluding Optional), 
which offers a saving over buying the parts separately. 
Order As 1P32K (Amplifier Monitor) Price £17.95 
Please Note: where 'package' quantities are stated in the 
Parts List (e.g. packet, strip, reel, etc.) the exact quantity 
required to build the project will be supplied in the kit. 

The following new item (which is included in the kit) is also 
available separately, but is not shown in our 1992 Catalogue. 

Amp Monitor PCB Order As GE59P Price £3.95 
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FOR BARGAINS 
AND MORE, 
VISIT YOUR 
LOCAL STORE. 

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

Brighton 65 London Road. 
Bristol 302 Gloucester Road. 
Cardiff 29 City Road. 

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

Manchester 8 Oxford Road. 
Newcastle-upon-Tyne Inside Bennetts Electrical Superstore, 

136-168 Shields Road, Byker. 
Nottingham 86-88 Lower Parliament Street. 

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 NEW stores in CHATHAM, LIVERPOOL, GLASGOW and HAMMERSMITH. 

Opening soon. Ring 0702 552911 for further details. 

MA KIN STORES 
NATIONWIDE. 
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RESISTORS in  

'SERIES 
N M and PARALLEL = 

Introduction 
Nowadays, modern resistors are 

high-quality components and, providing 
they are correctly used, are both reliable 
and accurate. Unfortunately, it is this very 
accuracy which can turn out to be an 
embarrassment if a particularly unusual 
value of resistance is required in some 
critical part of a circuit. The following 
approach will enable any value of 
resistance to be achieved with a high 
degree of accuracy (certainly within 1%) 
from a maximum of three preferred-value 
components. 

Method 
1) Select the preferred value resistor 

which is the closest to the desired 
resistance. A table of preferred values, 
taken from the Maplin range of 0-6W 
Metal Film resistors is given in Table 1 to 
illustrate some of the points made and to 
provide a basis for a couple of typical 
examples. If the desired resistance is 
higher than the preferred value, then 
proceed to 2 below; if it is lower, then go 
to 3. 

Preferred Values in 
1  10  100  lkO  10k  100k 1M 

11  110  lkl  ilk  110k 
1.2  12  120  1k2  12k  120k 1M2 

13  130  1k3  13k  130k 
1.5  15  150  1k5  15k  150k 1M5 

16  160  1k6  16k  160k 
1-8  18  180  1k8  18k  180k 1M8 

20  200  2k0  20k  220k 
2-2  22  220  2k2  22k  220k 2M2 

24  240  2k4  24k  240k 
2.7  27  270  2k7  27k  270k 2M7 

30  300  3k0  30k  300k 
3-3  33  330  3k3  33k  330k 3M3 

36  360  3k6  36k  360k 
3.9  39  390  3k9  39k  390k 3M9 

43  430  4k3  43k  430k 
4-7  47  470  4k7  47k  470k 4M7 

51  510  5k1  51k  510k 
5-6  56  560  5k6  56k  560k 5M6 

62  620  6k2  62k  620k 
6.8  68  680  6k8  68k  680k 6M8 

75  750  7k5  75k  750k 
8.2  82  820  8k2  82k  820k 8M2 

91  910  9k1  91k  910k 
10M 

by R. T. Irish 
2) Now select a resistance value 

from the preferred list which when 
connected in series will just take the total 
value above the desired value. For 
example, if it desired to make up a 
resistor of value 342512, first select the 
nearest preferred value. This, from the 
table below, is 33000. A preferred value 
resistor of 150(1, connected in series will 
increase the total resistance to 345052 - 
just above the wanted 3425(1,  see 
Figure 1. 

3,300.0.  15011 

 3450.C1   

Figure 1 

Now select the nearest preferred 
value of resistance, which when con-
nected in parallel with the two resistors 
will reduce it to the wanted 342512: 
(1 + RT) = (1 + Ri) + (1 + R2) 

therefore: 

R1 = (R2 x RT) = (R2 - RT) 
with R2 = 345051 and RT = 342552 

472-6k52 (nearest preferred value 
470162) 

A value of 470k11 is therefore selected, 
see Figure 2. 

3,30011  1 5011 

— = 1   

470k11 

 I   

•  3424.911 

Figure 2 

The result is an equivalent resistance 
of 3424-9(2 which should be near enough 
to the wanted value of 3425Q for all 
conceivable practical purposes. 

3) Now select a resistor from the 
preferred list which will, when it is 
connected in parallel, will just take the 
total value below the desired value. For 

2700.11 

270011 

100kfl 

Figure 3 

2629 11 

example, if it is desired to make up a 
resistor of value 263311, the nearest 
(higher) preferred value is 270011. To 
reduce this to 263311 would require a 
parallel resistor of 106-1k11. The nearest, 
lower, preferred value is 100k11 and the 
combination would then have a resist-
ance of 262911, see Figure 3. 

The series connection of 3-911 would 
bring this up to 2632.951 which is 
probably near enough to the desired 
263351, see Figure 4. 

Note that the scope of the resistors 
shown below is quite wide and encom-
passes most of the values that would 
normally be needed in practice. How-
ever, other resistor types - perhaps of 
higher wattage - may not be available in 
such a range of values and this technique 
would then come into its own more 
frequently - the carbon film, 1W range of 
values is given in Table 2 to illustrate this 
point. 

100k.a 

Preferred Values in f/ 
10  100  lkO  10k  100k 1M  10M 
12  120  1k2  12k  120k 1M2 
15  150  11(5  15k  150k 1M5 
18  180  1k8  18k  180k 1M8 
22  220  2k2  22k  220k 2M2 
27  270  2k7  27k  270k 2M7 
33  330  3k3  33k  330k 3M3 
39  390  3k9  39k  390k 3M9 
47  470  4k7  47k  470k 4M7 
56  560  5k6  56k  560k 5M6 
68  680  6k8  68k  680k 6M8 
82  820  8k2  82k  820k 8M2 

Table 2. 1W 5% Carbon Film range. 

3.911 

Table 1. 0.6W 1% Metal Film range. 
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SSM2120 
DYNAMIC RANGE 

PROCESSOR 
DATA 0 14 FILE 4.  0  

,441.  

'Data Files' are intended as 
'building blocks' for constructors 
to experiment with and the 
components supplied provide 
a good starting point for 
further development. 

F E A T- MR.1E 
* Wide supply voltage range * Low distortion * Low external parts count 

* Large VCA dynamic range * Kit available 

APPLICATIONS 
* Compressors * Expanders * Limiters * AGC circuits 

* Voltage-controlled filters * Noise reduction systems * Stereo noise gates 

Introduction 
to SSM2120 

The SSM2120 is a versatile 
IC designed for the purpose of 
processing dynamic signals in 
various analogue systems 

32 

including audio. This 'dynamic 
range processor' consists of two 
VCAs and two level detectors. 
These circuit blocks allow the 
user to logarithmically control 
the gain or attenuation of the 
signals presented to the level 

detectors depending on their 
magnitudes. This allows the 
compression, expansion or 
limiting of AC signals which are 
some of the primary applications 
for the SSM2120. The device will 
operate over a wide range of 

power supply voltages between 
±-5V and -±18V. Figure 1 shows 
the IC pin-out and Table 1 shows 
some typical electrical 
characteristics for the device. 
Figure 2 shows the IC block 
diagram. 
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Parameter 

Supply voltage range 
Dual supply: 
Single supply: 

Supply current 
Positive: 
Negative: 

Level Detectors 
Dynamic range: 
Input current range: 
Output offset voltage: 
Frequency response 

= 
= 10µAp_p: 
=  

VCAs 
Frequency response: 
Control feedthrough (trimmed): 

Gain control range: 
THD (unity-gain): 
Noise (20kHz bandwidth): 

Conditions M M. 

-±3V 
+6V 

Typ.  Max. 

-±15V  -±18V 
+30V  +36V 

8mA  10mA 
6mA  8mA 

100dB  110dB 
3 0 n Ap p 

Unity-gain or less 
RIN = Rom  = 36kfl, 
Av OdB to —30dB 
Unity-gain  —100dB 
+10dBV IN/OUT 
Ref: OdBV 

Table 1. Typical electrical characteristics. 

IC Description 
The SSM2 120 effectively 

contains two duplicate parts; 
each with a level detector and 
a VCA. 

Level Detector 
Circuit 

Two independent level 
detection circuits are provided, 
each containing a wide dynamic 
range full-wave rectifier, logging 
circuit and a unipolar drive 
amplifier. These circuits will 
accurately detect the input 
signal level over a 100dB range 
from 30nA to 3mA peak-to-peak. 

INPUT 1 

INPUT 2 

+vc 

—VC 1 CFT 1 

+VC2 

—VC2 CFT 2 

Level Detector 
Theory of 
Operation 

Referring to the level 
detector block diagram of 
Figure 3, the REC,N input is an 
AC virtual ground. The next 
block implements the full-wave 
rectification of the input current. 
This current is then fed into a 
logging transistor (TR1) whose 
pair transistor (TR2) has a fixed 
collector current of 'REF. With the 
use of the LOG AV capacitor, the 
output is then the log of the 
average of the absolute value 
of I. 

OUTPUT 1 

OUTPUT 2 

3mAp p 

±0 .5 m V  -±2mV 

1MHz 
50kHz 
7.5kHz 

250kHz 

750µV 
+40dB 

0.005%  0.02% 
—80dB 

THRESH 1 E 
LOG AV 1 E 

E 
"c, 
CFT1 E 
_vc, E 
IN 

SIG 

IN  REC  1 El 
I REF El 
v- El 

CON 
OUT 

SIG 
OUT 

Figure 1. IC pinout. 

When applying signals to 
RECIN, a blocking capacitor 
should be followed by an input 
series resistor since REC/N has a 
DC offset of approximately 2.1V 
above ground. Choose RIN for a 
±-1-5mA peak signal; for -±15V 
operation, this corresponds to a 
value of 10kfl. 

A 1.5M11 value of RREF  from 
LOG AV to —15V will establish a 
10/./A reference current in the 
logging transistor, biasing the 
transistor in the middle of the 
detector's dynamic current 
range in dB to optimise dynamic 
range and accuracy. The LOG 
AV outputs are buffered and 
amplified by unipolar drive 

E GND 
v+ 
SI20 G 
OUT 2 

E +VC2 

3 CFT2 
E -V C2 
E SIG 

IN 2 
E REC 

IN 2 

3 CON OUT 2 
ELOG AV 2 

3 THRESH 2 

op-amps. 
The attenuator from CONour 

to the appropriate VCA control 
port establishes the control 
sensitivity. Use a 18011 
attenuator resistor to ground and 
choose ICON for the desired 
sensitivity. 

Voltage-
Controlled 
Amplifiers 

The two voltage-controlled 
amplifiers are full Class A 
current in/out devices with 
complementary dB/V gain 
control ports. The control 
sensitivities are +6mV/dB and 

THRESH 1  CON 
V+  OUT 1 

THRESH 2 
V+ 

CON 
OUT 2 

Figure 2. SSM2120 block diagram. 

November 1991  Maplin Magazine 33 



39K 

1K 

R IN  

INPUT  FULL 

WAVE 
RECTIFIER 

'IN 

2V 
V  TR1 

V+ 

-0 — 

TR2 

THRESH 

LOG AV 
-0-

R REF 

CON 

OUT 

V-

CON 
 0 TO Vc 

180 SI 

Figure 3. Level detector block diagram. 

C IS 

C 11 

CS 

EKE 

WEN 

,4 c 10 ri  
R34  •,_1 

RV2 
C6  — 

C2 

C3 

R8 
RIB 
RG 
RB 
R3 

-I R7  f-

NMI 

Ll< I  55P12120 DATA FILE 

L W  R26  

CS 

R27  
Res  
R28  
—L I W 

01 
Id I 

ICES 

-r  

R25 

N MI 
MEM 

C12 ro 

Cl 

553 

RV1 

Figure 4. PCB legend and track. 

-6mV/dB. A resistor divider is 
used to adapt the sensitivity of 
an external control voltage to the 
range of the control port. 

The signal inputs behave 
as virtual grounds. The input 
current compliance range is 
determined by the current into 

34 

the reference current pin. This 
current is set by connecting a 
resistor to V+. The current 
consumption of the VCAs is 
directly proportional to  
which is nominally 200µA, 
giving input and output clip 
points of ±-400µA. The device 

will operate at lower current 
levels, but with a reduced 
effective dynamic range. 

The VCA outputs are 
designed to interface directly 
with the virtual ground inputs of 
external operational amplifiers 
configured as current-to-voltage 



C6  C7 
2n2F 7 121,2F 

C4  gy 
411  lOT CI3 

22vF 

IC2c 
TLOPICP 

 1  
LK3 33k  

TL074CP  13 

14 
12  33 

1Ceo 33k 
TL0746P 

Figure 5. Circuit to which the PCB is designed. 

IC1 
5912120 

Photo 1. Asse mbled dynamic filter with downward expander. 

Signal Output 

OV 

Signal Output 

OV 
Signal Output 

OV 
Signal Input 

OV 
Signal Input 

* FOR VALUE SEE TEXT 

R24  R20  R2I 
18OR 

OS 
10*140 

R30  DI  Ra7 
39k  1N4148 

833 

160k 

R14  816  Re5 --
18OR  1k  180R 

 ® P12 

 0 P11 

 ® P10 
 ® P9 

 ® P8 

 ® P7 

 ® P6 
 ® P5 
  P4 

SSM2120 DATA FILE 

L_J 

P1 ®  

P2 ®  

P3 ®  

L64 

LK5 

RV3 
10k 

LK6 

33,  IC2b 
6  TL074CP 

7 

CIS 
22uF  p12  

Dual 
supply  Single 
rail  supply 
(LK1 
NOT  (rLaKi 11 

installed)  installed) 

+15V  +30V 

OV 

15V  OV 

Figure 6. Basic wiring diagram. 
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v 
fi'v44? i) i> AfIr4? 4".i>  4"'  t,tty 

4, 4%  ••  •••  a•  iiv4> •4%°' 4‘P'' 
in the kit have been assigned an 
arbitrary value. For this reason 
minor modifications may be 
necessary to adapt the circuit to 
individual purposes. 

The SSM2120 requires a 
split-rail supply and will operate 
over a wide range of voltages 
between ±-3V and ±18V. 
However, additional components 
have been included in the 

design to allow the circuit to 
operate from a single rail supply 
of between 6V and 36V, by 
installing link LK1. It is important 
that the supply is adequately 
decoupled in order to prevent 
the introduction of mains 
derived noise onto the supply 
rails. For optimum performance 
a regulated power supply 
should be used. All application 

circuits contained within this 
Data File are optimised for use 
with a -±15V power supply 
(+30V power supply with LK1 
fitted). 

The current into the reference 
pin determines the input and 
output compliance range of the 
VCAs. This current has a 
nominal value of 200,uA, and is 
set by R7; for ±-15V operation 

this corresponds to a value of 
100kfl. 

Figure 6 shows the basic 
wiring information. 

Applications 
Figure 7 shows the control 

circuit for a typical downward 
expander, providing a negative 
unipolar control output. This is 

SIGNAL 
INPUT 
P4 0 1 

02 
R3 
10k  REC IN 

TYPICAL DOWNWARD EXPANDER 
CONTROL CURVE 

THRESHOLD 

08 

'CON 

viN (dB) 

Figure 7. Downward expander control circuit. 

2 

RV3 
THRESHOLD 

LK5 CONTROL  LK7 
0--

R30 
THRESH  39k 

CON 
OUT 

v— 

To 
+Vc 

LK*  R27  5 

180R 

* Fit link in 
place of D1 

Photo 2. Assembled dynamic noise filter. 
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SIGNAL  R3 
INPUT  C2 + 10k  REC IN 

P4 0 — In— =  0 I IN I 

TYPICAL COMPRESSOR/LIMITER 
CONTROL CURVE 

THRESHOLD 

C8 

V+ THRESHOLD  V+  02  
To RV3 

0  I N4I 48  —V C 
LKS CONTROL LK4  y R26 R24  7 
0- - -0 —  0  I 1 F-0-  1- -•--- -- I>-- - r—i  0 

R29 
R32  L .1_ 180R 

..  

LOG AV 

THRESH 
0   
1 

R16 
lk 

2 

VCON 

v-

VIN (dB) 

* Upper limit can be fixed by 
value of pull—up resistor R26 

RI 2 
1.5M 

R30 
39k 

V77 DI   1N4148 

CON OUT 
 03 

Cr) 
v-

Figure 8. Compressor/limiter control circuit. 

SIGNAL 
INPUT  C2 
P4 0 - 1 + 

VCON 

R3 
10k REC IN 

0 

TYPICAL COMPANDOR 
CONTROL CURVES 

IN I 

VT <0  T=0  VT>0 

VIN (dB) 

* Upper limit can be set 
by the value of R26 

Figure 9. Typical Compander control circuit. 

typically used in downward 
expander, noise gate and 
dynamic filter applications. 
Here, the threshold control RV3 
sets the signal level versus 
control voltage characteristics. 
The sensitivity of the control 
action depends on the value 
of R32. 

For a positive unipolar 
control output add two diodes, 
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V+  RV3 
0  LK7  GAIN  LK4 

0-- -0 -1 1- 0-

VT vo_ 

2 

C80 + LOG AV 

E R1 2 
L 1.5M 

v— 

R32 

see Figure 8. This is useful in 
compressor/limiter applications. 

Bipolar outputs can be 
achieved by connecting a 
resistor (R26) from the op-amp 
output to V+. This is useful in 
compander circuits as shown in 
Figure 9. The value of resistor 
R26 will determine the maximum 
output from the control amplifier. 

An attenuator resistor 

V+ 
R26 

THRESH 
0   
1 

R16 
1k 

R30 
39k 

-J 

3 

R27 

/ X 

\ 
, 

\ 
\ 

\  LK 
"   

CON 
OUT 

v-

(R24/R27) from CONour  to the 
appropriate VCA control port 
establishes the control 
sensitivity. 

As mentioned previously, 
in applications such as noise 
gating and downwarq expansion 
the VCA's require trimming as 
follows: 

Apply a 100Hz sinewave to 
the control point attenuator 

To 
+Vc 
5 

R24 

* Fit link in 
place of D1 

+ Fit link in 
place of D2 

R29 
18OR 

To 
—VC 
7 

R20 
180R 

(DI side of R27 for VCA1, R31 
side of R22 for VCA2). The 
signal peaks should correspond 
to control voltages which induce 
the VCAs maximum intended 
gain and at least 30dB of 
attenuation. Adjust RV1/RV2 for 
minimum feedtluough. 

In all other applications, 
leave the CFT pins open by not 
fitting resistors R18 and R19. 
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gtv 
‘t,4v vis* i4v 

R25 

P4 
SIGNAL 0  
INPUT 

C2 
1 u F 1=1+ 

R5 
33k 

I i  

SIGNAL 
IN 

8 

R8 
47R 

C6 
2.2nF r 

R3 
10k REC IN 

9 

7 
— Vc 

— R20 
18OR 

PIN I 

P12  C15 
SIGNAL 0_ B + 
OUTPUT 

22uF 

v+E 

10k 

v-0 

= C8 71uF 
7 = C10 

10pF 

-111 -
R34 
33k 

V+ 

R22 
(SEE TABLE 2) 

R31 
39k 

SIG 
OUT 
0  
4 

(SEE 

C4 
10pF 

R10 
33k 

C14 

 +11111  
22uF 

R24 
TABLE 2)  LK* 

SIG 
OUT 
0 
20 

12 
0 

THRESH 

R15 
1k 

R14 
180R 
—Vc 
17 

R21 
180R 

V+ 

LOG AV 

13 

R13 
4.7M 

SIGNAL  R7 
IN  33k  LK8  P6 

I-0- 0  0 

19 
+Vc 

C9 
1 uF 

V+ 

R26 
10k 

* Fit link in place 

of D1  & 02 

16 

R9 
47R 

C7 
2.2nF 

C3 mi 
1 uF 

R4 
REC IN  10k 

15 

TRANSMISSION 
OR 

STORAGE 
MEDIUM 

P8 

Figure 10. Companding noise reduction system. 

Compression/ 
expansion/  R22/24 
ratio  (kil) 

1-5:1 
2:1 
3:1 
4:1 
5:1 
7.5:1 
10:1 
ACC' /limiter 

11-800 
7.800 
5-800 
5.133 
4-800 
4-415 
4-244 
3.800 

Note: *AGC for compression only 

Table 2. Compression/Expansion ratios. 
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Gain 
(reduction 
or increase) 
(dB) 

Compressor 
only 
output signal 
increase (dB) 

6-67  13-33 
10-00  10-00 
13-33  6-67 
15-00  5.00 
16-00  4-00 
17-33  2-67 
18-00  2.00 
20-00  0 

Expander 
only 
output signal 
increase (dB) 

22 67 

30.00 

33.33 

36-00 

36 00 

37.33 

38 00 

40.00 

Companding 
Noise Reduction 
System 

A complete compartding 
noise reduction system is shown 
in Figure 10. Normally, to obtain 
an overall gain of unity, the value 
of R24 (compression) is equal to 
R22 (expansion). As shown in 
Table 2, the values of R22/24 
will determine the compression/ 
expansion ratio. Note that signal 
compression increases gain for 
low level signals and reduces 
gain for high levels while 
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SIG    
OUT 
0  • 
4 

AUDIO 
INPUT 

C2  R3 
p40  2u2F  10k  REC IN 

> 20Hz 
(WIDEBAND) 

C3 R4 
LK2  3 3̂F  10k REC IN  

•--0-
15 

> 5kHz 
(HIGH FREQUENCY) 

R6 
33k 

C8 

 I EI+  
4.7u F 

RV3 
V+  THRESHOLD 
0  LK4 CONTROL LK7 
•--0- -  0  0 V — 

R32  R30 
160k THRESH  39k 

C9 

 I If  
4.7uF 

+Vc 

LOG AV 

2 

E R12 
L 1.5N 

v - 
v + 
0 

LOG AV 

R33 
160k 

R16 
1k 

R31 
THRESH  39k 

R15 
1k 

12 

13 

R13 
1.5M 

* Fit link in 
place of D1 

R27 
12k 

I LK * 

CON 
OUT 

V— 

R28 
CON OUT 5.6k 

14 

V— 

R29 
18OR 

5 R6 
33k 

SIG 
IN 

8 

47R  .4_.vc 
R8 

C6  R20 
2.2nF  18OR 

Figure 11. Dynamic noise filter circuit. 

R10 
33k 

LJ 
R11 
33k 

C5 
100pF 

I 1— * 

C13  P10 
AUDIO 

22pF  OUTPUT 

Photo 3. Assembled companding noise reduction system. 
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HAPPY BIRTHDAY! In case you 
didn't know, this year is the 
bicentenary of the birth of both 

Charles Babbage and Michael Fara-
day, respectively, 'the fathers of com-
puters and electricity'. Not only has 
the Bank of England issued a new and 
smaller £20 note, which features 
Faraday; there are many exhibitions 
and events to mark the occasion being 
staged-throughout the UK. 

But without doubt, the  most 
ambitious — and the one which got 
your intrepid 'Out and About' reporter 
to hasten on his bike (no spare £20 
note for editorial expenses being 
available) to downtown South Kens-
ington. Here at the Science Museum 
they are having a particularly busy 
year. Apart from special exhibitions 
on  Michael  Faraday and  Charles 
Babbage (where there will be a real-
live working Babbage Machine, never 
built before), Japanese robots are also 
on show together with 'Flight Lab', an 
interactive exhibition about flight, 
which complements the Aeronautics 
gallery. 

In fact, so much is happening that 
you should book your place in the 
daily queue now, purchase a season 
ticket — or better still, enter our com-
petition and try to win a family season 
ticket to The Science Museum. With 
renowned collections made up of more 
than 200,000 objects, the Science 
Museum is the world's pre-eminent 
museum devoted to the history and 
contemporary practice of science, 
technology and medicine. As the 
catalogue says, "the museum features 
exhibits of actual equipment, instru-
ments and machinery which tell the 
story of the history of science and 
industry, from the first steam loco-
motive and the beginnings of photo-
graphy, to man's first flight in space 
and computer technology." 

Above: The front facade of The Science 
Museum in South Kensington. 
Top Centre: Lenses from a Devon 
lighthouse, made to a pattern by French 
scientist Augustin Fresnel. 
Right: The second oldest clock in Britain, 
built in 1392 for Wells Cathedral, now tolls 
the hours in the Time Measurement gallery. 

h Tech • 
IR 011u011 Ts 
by Alan Simpson 
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Only at the Science Museum will 
you come face-to-face with the orig-
inal 'Puffing Billy' steam locomotive 
and the Apollo 10 command module 
spacecraft; a Scottish tramcar, a 1929 
Austin 7 and the latest Ford Lotus; 
replica telecomms cabins of 1910 and 
1990, and The Vickers Vimy, the first 
aircraft to fly the Atlantic non-stop. 

The  origins  of the  Science 
Museum dates back to 1857, when 
Queen Victoria opened the South 
Kensington  Museum.  Out of this 
emerged the Science and Victoria and 
Albert Museums at the end of the last 
century. More recently, the museum 
has been totally redeveloped, with 
new galleries being opened by Her 
Majesty the Queen. The museum, 
points out Caroline Nolan who runs 
the press office, "is both a child of the 
industrial revolution and a record of it, 
and presents some fascinating and 
awesome objects of the era." As our 
national museum of industry, in the 
country which 'invented' industrialisa-
tion, it is well endowed with the first-
hand evidence of what happened in 
one of history's major turning-points. 

Spaced Out 
Time has not stood still at the 

Science Museum, one of the top ten 
London museum attractions, which 
attracts nearly 1m visitors annually, is 
the innovative 'Launch Pad', an excit-
ing hands-on area of the museum; 
where you can discover what technol-
ogy is, how it works and what it can 
do. Billed as an interactive gallery for 
children of all ages, Launch Pad allows 
visitors to experience close encoun-
ters of a scientific kind by building 
bridges,  being  a human  battery, 
operating a model grainpit and car-
rying out a range of challenging 
experiments. Meanwhile, 'Food for 
Thought — The Sainsbury Gallery' 
features many computer driven ex-
hibits and replica sets, including a 
1926 Lyons Corner House and, not 
surprisingly, an early Sainsbury store. 

But for most 'Electronics' readers, 
the key galleries include 'Exploration 
of Space', 'Aeronautics', 'Land Trans-
port', and 'The Chemical Industry'. 
More space and related topics are on 
show in the lecture theatre every day 
where programmes from the TV series 
'Spaceship Earth' for example, are 
screened. 

Not only does the museum incor-
porate high level audio visual and 
computer driven exhibits, but the 

Top right: A light bulb converted into one 
of the first radio valves by Ambrose 
Fleming. 
Left: Built by Matthew Boulton and James 
Watt in 1788, this steam engine was 
capable of driving up to 43 separate 
machines in a factory. The steam engine 
began the liberation of mankind from toil, 
and today machines which handle energy, 
and the industries that provide their fuel, 
have become crucially important to 
society. Without them, everything else 
grinds to a halt. 
Right: One of the first 'serious' 
microscopes, intended for real research 
rather than as a plaything, made in 1675. 
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organisers have brought history back 
to life with teams of actors and 
interpreters representing such colour-
ful characters as Amy Johnson, of 
aviation fame. Although not quite in 
the space launching class, you can 
ride in a high tech glass lift, designed 
to reveal the technology of hydraulics. 

Robotic Feet on the 
Ground 

Even more down to earth is the 
current exhibition — until 31st October 
— of Japanese robot technology. Here, 
sword wielding, portrait painting, golf 
putting and wall climbing are just 
some of the activities that state-of-the-
art Japanese robots are performing. 
Japanese robots are widely used 



throughout the industrial world, and 
this highly visual exhibition features 
no less than twenty of them. If you still 
believe that robots are designed on 
the lines of the first generation Maplin 
'HERO', then a visit will be most 
enlightening. Here you can see two 
synchronised robots, working with 
amazing precision, balancing spinning 
tops on the edge of a Samurai sword; 
a sitter being scanned by a video 
camera with the information being 
transferred to a robot which produces 
a portrait; flowers being selected by 
their colour and so on. In real life, this 
last robot works on  high-tension 
power lines which are coloured coded. 
there is a robotic exercising machine 
(you will have to find out for yourself if 
the unit is wearing a leotard), and 
different coloured golf balls being 
accurately putted by a voice activated 
robot. 

The Science Museum already has 

Above: Babbage's second difference 
engine, itself designed by Babbage and 
built by the Science Museum. It would 
seem that it was Babbage's own test 
pieces which kept failing — the design was 
sound, but Victorian metallurgy wasn't up 
to it. 
Inset: A close-up of just one of the shafts 
of numbered cog-wheels in the difference 
engine. 
Right: A few of the 800 valves (many 
wearing coloured screening cans) which 
made up 'Pilot Ace', one of the first real 
computers and finished in 1950. It evolved 
thanks to British experience in building 
code-breaking machines during the 
Second World War. 

a comprehensive selection of calcula-
tors and computers, all the way from 
the basic abacus to what is often 
claimed as the world's first real 
computer, the Pilot Ace, developed 
from  electronic  code-breaking 
machines and featuring some eight 
hundred  radio  valves.  But  the 
museum has also taken delivery of a 

Cray 1A supercomputer which, until 
recently, was in active service at 
Aldermaston  AWE.  The  scientists 
there must have been somewhat 
relieved to be rid of their five ton, six 
foot diameter and six foot high, 
freon-cooled machine which incorp-
orated some 50 miles of wiring and 
consumed 200kW of electric power! 
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The Babbage Heritage 
It was the English mathematician 

Charles Babbage who was the true 
inventor of computers. He designed a 
machine which had many of the 
attributes of modern electronic com-
puters, but which would not become 
reality for nearly another century, 
including the use of punched cards. In 
fact Babbage's plans were too ad-
vanced for the technology of the 
time, and he died a dissatisfied and 
unhappy man two hundred years ago 
this year. 

Recognition is now being given to 
the extraordinary talents of Babbage 
by the Science Museum, who are 
constructing, in public view, a full-size 
working example of the 'Difference 
Engine No. 2', directly from Babbage's 
original designs, but making use of 
modern machining processes. The 
engine consists of 4,000 parts, weighs 
3 tons and measures 10 feet long, 6 
feet high and 1.5 feet deep — a 
'footprint' which is not exactly lap-top 
size! 

Babbage tried to stretch Victorian 
cog-wheel  technology  up to  and 
beyond its limits. "It is widely believed 
that Babbage failed because of the 
limitations  in  nineteenth-century 
machine tool technology," says Doron 
Swade, Curator of Computing at the 
museum, and responsible for the 
construction project. "By building a 
Babbage engine to original designs, 
we have set out to prove that these 
machines could have worked in Bab-
bage's day. We have a unique oppor-
tunity to redeem this great man, in 
time for the 200th anniversary of his 
birth  and  rewrite  history  in the 
process." On completion of its con-
struction, the machine will remain on 
show until the end of January 1992. 

HP Gets into the 
Babbage Act 

Hewlett-Packard will be lending a 
Vectra 486/25 PC to the museum in 
order to demonstrate the principles 
and workings of Babbage's Difference 
Engine No 2 by means of a 3D 
animation and soundtrack. The soft-
ware has been commissioned by HP 
with UCM Ltd, a company specialising 
in multi-media technologies — the 
integration of text, graphics, 2D and 
3D animation and high quality sound 
on a standard desktop PC. 

Bright Sparks 
1991  also  sees  the  Science 

Museum celebrating the bicentenary 
of the birth of Michael Faraday, one of 
the great figures in the history of 
science. The exhibition, organised in 
association with the Royal Institution 
and sponsored by London Electricity, 
runs to the end of the year. It features 
some of Faraday's original apparatus 
and reconstructions of his principal 
experiments. Not only will the event 
explain what Faraday did, it will also 
show how such things as electric 

Above: Museum staff laboriously 
assembling Charles Babbage's complete 
'Difference Engine No. 2'. 
Left: The million volt cascade generator, as 
part of a particle accelerator built at 
Cambridge university, which helped 
research into nuclear physics during 1937. 
The generator was powerful enough to 
imitate lightning, though that wasn't its 
real function. 

motors, generators, and even radios 
and  microwave ovens have been 
developed from his work. 

At least, Messrs Babbage and 
Faraday did not arrive home after a 
long and hard day in the laboratory to 
find the message on their computer 
screens, "What time do you call this — 
your dinner is in the microwave." 

For details contact The Science 
Museum, London SW7, telephone 071 
938 8000. Fees are: adults, £3.50; 
OAPs, £2; children/students, £1.75. 
Disabled persons are free. 

However, as a Maplin reader you 
have the chance to  avoid  those 
queues — and at the same time save 
your family some cash — by entering 
our contest. The Science Museum is 
making available to 'Electronics' four 
sets of season tickets. Each of the 
season tickets, which normally cost 
£15, is available for a year, and allows 
two adults and four children unlimited 
visits. All you have to do to win one is 
to correctly answer the four questions 
below. All entries will be put into the 
dark recesses of the editor's famous 
hat and will be drawn on 29th of 
November 1991. 

Please note that multiple entries 
will be excluded from the draw. Please 
post your entry to:  The Science 
Museum Contest, The Editor, 'Electro-
nics — The Maplin Magazine', P.O. Box 
3, Rayleigh, Essex SS6 8LR. Go to it! 

sc\i/ m 

CO1v1PETIT1011 
All the questions have 
been sourced from 'Launch 
Pad', published by The Science 
Museum. 
1.1n Britain a typical family's 
energy bills (gas, electricity, 
petrol, etc. add up in one year to: 
(a) less than £350. 
(b) £350 to £700. 
(c) more than £700. 

2. Gear wheels were invented: 
(a) about 100 years ago. 
(b) about 500 years ago. 
(c) about 2000 years ago. 

3. The world's largest telescope 
mirror is: 
(a) about three metres across. 
(b) about six metres across. 
(c) about nine metres across. 

4.1f all the TV programmes seen 
by an average person in Britain 
in one year were put end to end, 
how long would they last? 
(a) less than one week. 
(b) between one week and one 
month. 

(c) more than one month. 
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Of course you do, and like all the best things 
in life, it's improved with age! 

Are you confused and bewildered? 
What are we talking about?... 

'Electronics — The Maplin Magazine' of course! 
Ten years ago 'Electronics — The Maplin 

Magazine' was launched and has grown in stature 
with each issue. To celebrate, the forthcoming 
10th ANNIVERSARY ISSUE will include 
not four, not five, or even six, but TEN 

TERRIFIC PROJECTS... 
... OUR ANNIVERSARY PRESENT TO YOU! 

Brand new projects include: a Temperature 
Monitor, an LED Christmas Tree, a Low Cost 
Audio Waveform Generator, a 10 Channel Fibre-
Optic Multiplexer, and an Analogue Delay Line. 

Plus, FEATURES, FACTS and FUN from the 
world of electronics in one BUMPER 

ANNIVERSARY ISSUE. 
This Christmas, celebrate with us — in style! 

The 10th ANNIVERSARY ISSUE of 
'Electronics — The Maplin Magazine', is on sale 
from 1st November 1991, for only £1.60. 
Available from all branches of W H SMITH, 
Maplin Regional Stores, your local newsagent, 

or by subscription. 

And you can rest assured that you'll enjoy it 
every bit as much as your first time... 
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ORDER COUPON  
ELECTRONICS 

P.O. Box 3, Rayleigh, Essex SS6 8LR. 
Telephone, Credit Card Sales (0702) 554161; Enquiries (0702) 552911. 

A different postal code os correctly shown on the reply paid envelopes 

On occasion Maplin Electronics may permit other reputable companies to 
make offers of products or services which we believe will be of interest to our 
customers. If you do not wish to receive this information please write no in the box. 

In any correspondence please quote your customer number  Date   

Customer No.   

Name   

Address   

Post Code   'Phone No   

IT IS MOST IMPORTANT THAT YOU INCLUDE YOUR POSTCODE 

Block capital letters please.  Keep a copy of your order. 

Please enter catalogue page no. where item appears.  If not in catalogue. write Mag for Magazine or SO for Special Offers etc. 

Description (for your information only) 

Price Change Leaflet (Please write 1 in quantity, if required) 

Form ME58 Issue 2 

AMERICAN 
EXPRESS 

PHONE BEFORE 
5pm FOR SAME 
DAY DESPATCH 

Overseas customers 
including Channel Isles 
and Eire, please deduct 
VAT where applicable 
and tick this box. 

Export Order 

Page* Order Code 

A 9 9 

If not using 1992 catalogue, enter date of catalogue here: 19   

Carriage 
E Charge P  Quantity  Price Each 

FREE 

£ Total  p 

0 00 00 

Office Use Only 

DOR 
CO CA PO 

CNC 
Total 

CNM 

I authorise you to debit my credit card account for the cost of goods despatched. 

Credit Card Number 

Access/American Express/Visa/   Delete as required 
Note. Goods will be despatched only if the address above is the cardholder's address. 
If ordering by credit card please sign: 

Expiry date of Credit Card   
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Total this sheet 

Total other sheet(s) 

Total for goods  £ 

Carriage charges for large. fragile, or heavy items as 
shown in catalogue. If total in this box exceeds £5.30 you 
need only pay £5.30 (Max Carr. Charge per order £5.30). 

Deduct value of Credit Note No   
Enclose the numbered Credit Note with this order. 

Deduct value of Gift Token No.   
(Enclose Gift Token with order.) 

Please add £1 Handling Charge. 
This amount must be added to each order placed. 

Total  £ 

1 00 

4  

Carriage Charges 

0.35 
E £1.95 
r] £2.45 
E £2.95 
E £3.45 
E £3.95 
n £4.75 
111 £5.30 
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* Save over Et ! Yes, save money by taking 
a subscription, it's cheaper than buying 
each individual copy. 

* TWO FREE ISSUES if you agree to 
subscribe by Direct Debit or Continuous 
Credit Card. 

* FREE delivery to your door, there are no 
additional carriage charges. 

*  It's bursting at the seams with projects 
and interesting features to read. 

* It's streets ahead of its rivals, with full 
colour pages and far less advertising 
space. 

* Plus — News, reviews, readers letters, 
competitions and lots, lots more 
besides! 

To subscribe just send a cheque:postal order for £8.58 made payable to Maplin Electronics, P.O. Box 3, Rayleigh, Essex SS6 8LR. OR you can take advantage of 
our offer of two free issues by completing the coupon below and agreeing to pay by Credit Card or Direct Debit. The two free issues offer only applies if you use one 
of these two methods of payment. Simply fill in the 'Payment by Credit Card' or 'Payment by Direct Debiting Mandate' and return it to Maplin. Every time, about 

1 month before your subscription is due, we will send you a letter giving details of the subscription rate and telling you the date on which we will charge your Credit 

Card or debit your bank account. If you do not wish to continue your subscription, you have until that date to let us know, and we will then cancel your authority to bill 

your Credit Card or cancel your mandate. Otherwise, if you do nothing, your subscription will continue. The authority or mandate you give us does not allow us to 

charge anything other than the Maplin Magazine subscription. The benefit to you is that you no longer need to remember to re-new your subscription or send off any 
more cheques or postal orders. Payment is made automatically. 

OVERSEAS SUBSCRIBERS 
Subscription rates for 6 issues are: £11.00 (or 30 IRC's) in Eire, Europe and surface mail outside Europe: £25.00 (or 68 IRC's) Air Mail outside Europe. 

TAKE THE NEXT 2 ISSUES OF THIS MAGAZINE FREE!! 
Because we're so certain that now you've seen the Maplin Magazine you'll want to receive it regularly, we're offering to send you the next two issues free of charge with 
absolutely no obligation to continue. Just fill in the details below and if after receiving two issues you do not wish to continue, just let us know at least one month before the next 
issue is due and we will cancel your subscription. The two free issues will be yours to keep whatever you decide. If you already have a subscription, fill in the details below and 
we'll add two issues free of charge to your current subscription. SEND NO MONEY NOW. About 2 weeks before the third issue is due, we will charge you £8.58 for the next six 
issues, unless you have cancelled. This offer is not available to those already paying by Direct Debit or Continuous Credit Card or those who have stopped payment by either 
method within the last two years. Please start my subscription with issue 48. THIS OFFER IS OPEN TO RESIDENTS WITH U.K. ADDRESSES ONLY. 

EITHER 

* PLEASE ADD YOUR ADDRESS, SEE BOTTOM RIGHT * 
PAYMENT BY CREDIT CARD. Please charge my Credit Card Account  Customer Number (if known)   

I authorise you until further notice in writing to debit my CREDIT CARD account 
by £8.58 and in future, with any amounts which, after notification, MARLIN 
ELECTRONICS PLC may debit thereto in respect of my subscription 
to the Maplin Magazine. 

OR 

Access  1 Visa American Express I I 
Account No. 

1  1  1  1  1  1  1  1  1  1  1  1  1  1 
Signature Date 

PAYMENT BY DIRECT DEBITING MANDATE in favour of Maplin Electronics plc, P.O. Box 3, Rayleigh, Essex SS6 8LR. 
Direct Debit payment option is only open to customers with bank accounts in the U.K. including Channel Isles, Isle of Man and N. Ireland. 
Please note: Instructions cannot be accepted to charge Direct Debits to a Deposit or Savings Account. 

Bank Sort Code 

I  I  I  I  I 

Name of Account to be debited 

Bank Account Number 

1  1  1  1  1  1  1 

The Manager 

DIRECT 
1 )Debit 

I authorise you until further notice in writing to charge my account, with you, any 
amounts which MAPLIN ELECTRONICS PLC may debit thereto by Direct Debit 
in respect of my subscription to the Maplin Magazine. 

I will inform the bank in writing if I wish to cancel this instruction. 

I understand that if any direct debit is paid which breaks the terms of this 
instruction, the bank will make a refund. 

Signature Date 

Enter your address and Maplin customer number, if known. 

Post Code 

If you wish, you can put this form in an envelope and address it to: Maplin Electronics, Freepost, P.O. Box 3, Rayleigh, Essex SS6 2BR. 
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O MPETITI ON WINNERS REACH FOR THE 

"Winning the star SKY prize made 
my day- and year". For Mary Kaup of 
Norbury, South West London, winning 
the 'Electronics' prize award - a 
complete SKY TV Satellite Receiver 
System could not have happened at a 
better time. "I was about to get married 
and move into a new house. Funds were 
more than short and I was resigned to 
having to visit my parents to watch any 
special satellite programmes. Now I can 
enjoy the variety of programmes - 
particularly tennis and music, available 
on the SKY TV channels. I didn't believe 
it when Maplin phoned to say I had won 
the star prize and it was not until the 
installation men arrived that I knew it 
was for real. Thank you Maplin, thank 
you SKY". 

SKY TV Satellite Receiver  System  prize  
'   winner, Mary Kaup - "Thank you Maplin, 
thank you SKY". _ 

First runner up, Dave Hilton of 
Macclesfield, Cheshire won the visit to 
the SKY TV centre and studios prize. 
Dave, an electronics engineer, together 
with his niece Hannah Blyth were met at 
the centre by Greg Hayman, SKY TV 
News press officer. "We were shown 
round the studios where the technical 
controllers tried valiantly to explain in 
simple terms the wall to wall TV monitor 
screens facing them, above an equally 
impressive console filled with banks of 
switches, levers and buttons. The 
highlight was watching the 3pm news 
going out live where despite the 
contents being up-dated, re-written and 
re-timed during the actual broadcast, the 
transmission still finished spot on time. 
Our thanks to Maplin and SKY TV for 
making this a thoroughly enjoyable visit. 

First runner-up, Dave Hilton and his neice, 
Hannah Blyth, in the SKY News Studio. 

VIINERW W W W,TarT,All, W,IM MINE M,V, 

MAPLIN'S TOP 
TWENTY KITS  
POSITION 
1.  7 
2.  1 

4,  2 
5.  6 
6.  3 
7.  5 

13.  (9 
14. (11 
15.  (-
16. (10 
17.  (-
18. 116 
19. (14 
20. (20 

DESCRIPTION OF KIT  ORDER AS PRICE  DETAILS IN 
• 1 300 Timer  LP3OH  f 4.95  Magazine  38 IXA38RI 
• Live Wire Detector  LK63T  £4.25  Projects  14 IXA14Q1 
'ENTRY MOSFET Amplifier  LVV51F  £20.35  Magazine  41 IXA41UI 
• 1DA7052 Kit  LP16S  £4.45  Magazine  37 IXA37SI 
• Mini Metal Detector  LM350  £ 4.95  Magazine  25 IXA25CI 
• PWM Motor Driver  LK54J  £9.95  Best of Book  3 (XCO3D1 
• Car Battery Monitor  LK42V  £7.95  Magazine  37 IXA37S1 
• Digital Watch  FS18U  £ 2.45  Catalogue  '92 ICAO9KI 
At, Low Cost Alarm  LP72P  £12.95  Magazine  45 IXA45YI 

Vehicle Intruder Alarm  LP65V  £9.95  Magazine  46 IXA46A) 
• Siren Sound Generator  LM42V  £4.25  Magazine  26 IXA26DI 
• LM386 Amplifier  LM76H  £3.75  Magazine  29 IXA29GI 
• 1DA2822 Amplifier  LPO3D  £6.95  Magazine  34 IXA34MI 
• I R Prox. Detector  LM13P  £9.95  Projects  20 1XA20VVI 
ENTRY Courtesy Light Extender LP66VV  £2.75  Magazine  44 IXA44XI 
• Partylite  LVV93B  £10.25  Catalogue  '92 ICA09KI 
A-',Ry Video Preamp  LP600  £11.95  Magazine  44 IXA44W) 
• Watt Watcher  LM57M  £ 5,45  Magazine  27 IXA27EI 
• U Sonic Car Alarm  LK75S  £17,95  Projects  15 IXA15R) 

TDA1514 Power Amplifier LP43W  £16.45  Magazine  40 IXA40T1 

Over 150 other kits also available. All kits supplied with instructions, 
The descriptions are necessarily short. Please ensure you know exactly what the kit is and 
what it comprises before ordering, by checking the appropriate project book, magazine or 
catalogue mentioned in the list above. 

We also appreciated the 'Olde English' 
Cream Tea to finish with". 

It might have been the second 
runner-up prize, but for Mark Khan, 
winning the prize of a visit to the Music TV 
studio in Central London was an event not 
to be missed. Mark who happens to be 
one half of the 'The Boys (with no name(' 
pop group, the visit was both fascinating 
and timely. "Making a close encounter of 
the pop music kind in what is the world's 
premier music TV station was certainly an 
eye-opener. It beats anything I had 
imagined. Who knows, before long the 
station might even feature our 
forthcoming video. In the meantime, 
thank you Maplin and of course MTV for a 
great experience". 

For another great competition for 
you to enter, turn to page 43! 

Second runner-up, Mark Khan from 'The 

Boys (with no name)', at M N. 

FROM 1/4  PAGE 
TO A FULL PAGE. 

ADVERTISE IN 
THE UK's No.1 
ELECTRONICS 
MAGAZINE. 

TEL: (0702) 554155 
Ext. 209 
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R E VI E W E D  B Y  T O N Y  B RI C K N E L L 

C C A T I 1 ED = 1 
1....0"91,  %.0 Fit 

* 100% galvanic isolation 
* Superb EMI, RFI and 
crosstalk immunity 

* Transmitter compatible with 
TTL/CMOS and RS232C 
signals 

* Receiver output LS 
TTL/CMOS compatible 

Historical Perspective 
The phenomenon of total internal 

reflection at the interface between two 
dielectric media has been known for some 
considerable  time.  In 1870,  Tyndall 
demonstrated that, as a result, light could 
be guided within a water jet. However, 
although some theoretical studies were 
carried out in the early years of the present 
century, it was not until the mid-1960s that 
the idea, of a communication system based 
on the propagation of light within circular 
dielectric waveguides, was considered 
seriously. 

Wire Communications 
Wire communications inherently have 

problems due to the conductive metallic 
path of the interconnecting wires: 

48 

Maximum communication 
speed: 20kbit/sec 

Wide operating voltage: 
5 to 12V DC 

Immune to ambient light 

Extremely high isolation 
voltage 

Radio frequency interference (RFI) 
from radio, TV stations, computers etc. can 
cause errors in data communications, 
where the wire cable is acting as an 
antenna picking up RF signals. 

Electromagnetic interference (EMI) in 
wire systems can be caused by inductive 
pick-up of power line current or interfer-

Figure 1. Optical fibre construction. 

ence due to industrial machinery. Tradi-
tional methods of solving these problems 
have been to use expensive balanced lines 
with differential drivers and receivers or 
heavy twisted shielded cables. 

Also, the data driving the wire cable 
can be radiated with the interconnecting 
wire cable,  acting as a transmitting 
antenna, causing interference to neigh-
bouring circuits. Every time a logic level 
changes in a wire, there is an overshoot or 
undershoot, followed by ringing. Although 
the switching frequency may be only a few 
kilohertz, the ringing frequency depends 
on the resonance of the wiring and may 
cover a bandwidth of several megahertz. 

Whenever data is transmitted over 
any distance, ground loops can cause a 
problem. A ground loop is caused by using 
'ground' as a reference on both the 
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A PPLI C ATI O N S 
* Data links between electronic equipment requiring galvanic isolation with 
excellent noise and interference immunity 

* Remote connections of switches, tacho's, pulse devices and detectors 
which demand reliable operation in hostile environmental conditions 

* Replacement of shielded cables in digital applications 

transmitter and receiver side of a wire cable 
when the two 'grounds' are not at the 
same potential. The ground loop manifests 
itself as a current flowing through the shield 
(or ground wire) of the connecting cable. 
Tying the 'ground' of each unit to a 
common point or using very heavy 
grounding wires, as sometimes done in 
computer installations, can occasionally 
solve this problem. 

Capacitance between wire cables can 
cause coupling between data lines and if 
the interference is great enough, the data 
will be corrupted. 

The Fibre-Optic Solution 
The advantages of using fibre-optics 

over wire, lies in the non-metallic, totally 
dielectric fibre-optical cable. Information is 
transmitted in the optical waveguide by 
packets of photons, which have no charge 
and are not affected by radio frequencies 
or other electromagnetic interference. 

Data can be transmitted with com-
plete isolation between points of vastly 
different potential, eliminating any ground 
loop or common mode voltage problems. 

A dielectric medium with no current 
flowing also has beneficial safety consid-
erations. If the fibre is cut, there is no 
possibility of sparks or short circuits. 
Hazardous areas such as those with 
flammable chemicals can use fibre-optics 
for control and gathering data. 

As can be seen from Figure 1, a 
fibre-optic cable consists of three distinct 
regions: a core, the cladding, and a sheath. 
The core has a constant or smoothly 
varying index of refraction, and the 
cladding region a different constant index 
of refraction. A light source radiates at 
many angles relative to the centre of the 
fibre. In Figure 2, it can be seen that these 
light rays propagate in a zig-zag fashion 
down the core of the fibre until they reach 
the other end. They do this because light 
waves bend or change direction when they 
pass from one medium to another — as the 
speed of propagation of light in each 
medium is different — a phenomenon 
called refraction. 

The Module 
The Fibre-Optic Digital Data Link 

Module is one of a series of products 
distributed by Maplin Electronics. Sold as 
'ready-to-use' modules (without housing) 
and supplied with a comprehensive in-
structions leaflet. 

The fibre-optic digital data link con-
sists of two 35mm square PCBs (1 x 
transmitter. 1 x receiver) and a 3 metre 
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Cladding 

Core 

Figure 2. Light ray path in a waveguide. 

length of fibre-optic waveguide. See Figure 
3 for circuit diagrams of both PCBs. 

The transmitter requires a DC power 
supply of 5V or 12V at 20mA (max.), and 
accepts digital input signals of between 
±5V and  ±15V, allowing it to be 
connected directly to a TTL, CMOS or 
even RS232C output. 

A 5V to 12V DC supply is required for 
the receiver, however, note that the 

Figure 3. Circuit diagrams. 

receiver's output signal is nearly equal to its 
supply voltage so, if working with 5V logic, 
the receiver must also be supplied with 5V. 

Connection to the fibre-optic cable is 
achieved by couplers on the Tx and Rx 
PCB, see Figure 4. These packages 
maximise the electro-optical conversion 
efficiency by maintaining the axial optical 
alignment of the emitter and detector with 
the mating fibre.  Continued on page 52. 
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Data File: S3 M2120 continued from page 39. 

RV3 
V+  THRESHOLD 
? LK4 CONTROL LK7 
0 -  o o v-

* Fit link in 
place of D1 

SIGNAL 
INPUT 

C2  R3 
0 P4  2u2F  10k REC 

R5 

9 
> 20Hz 

(WIDEBAND) 

C3 R4 
LK2  3^3 F 10k REC 1N  

43 — I 
15 

> 5kHz 
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C8 

 I Ill+  
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160k 
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R8 
47R 
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2.2nF 

SIG 
OUT 
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4 

R10 
33k 
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R11 
33k 

C5 
100pF 

--I 
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12 

R27 
12k 

 I 
LK* 

CON 
OUT 
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R28 
CON OUT 5.6k 

v-

y R29 
180R 

R7 
33k 

  6 ' 

R23 
12k 

R21 
180R 

19 
0 +Vc 

SIG 
IN 

16 

SIG 
OUT 
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20 

R34 
33k 

R9  17  -Vc 
47R 

R14 

C7 T  18OR  =1= 
2.2nF  

DOWNWARD 

SIG 
C15  our 
•+01-0  
22uF P12  

EXPANDER 

Figure 12. Dynamic filter with downward expander. 

expansion does the reverse. The 
exact compression/expansion 
ratio needed depends on the 
recording medium being used. 
For example, a household 
cassette deck would require a 
higher compression/expansion 
ratio than a professional tape 
recorder. 

Dynamic Filter 
Figure 11 shows a dynamic 

filter capable of single ended 
(non-encode/decode) noise 
reduction. Dynamic filtering 
limits the signal bandwidth to 
less than lkHz unless enough 
'highs' are detected in the signal 
to cover the noise floor, when 
the filter opens to pass more of 
the audio band. Such circuits 
usually suffer from a loss of 
high-frequency content at low 
signal levels because their 
control circuits detect the 
absolute amount of highs 
present in the signal. This 
circuit, however, measures 

wideband level as well as high-
frequency band level to produce 
a composite control signal 
combined in a 1:2 ratio. The 
upper detector senses 
wideband signals with a cut-off 
of 20Hz, while the lower 
detector has a 5kHz cut-off to 
sense only high-frequency band 
signals. Unfortunately, even in 
this system, a certain amount of 
mid- and high-frequency 
components will be lost, 
especially during transients at 
very low signal levels. The 
threshold control, RV3, sets the 
filter characteristics for 50ciB 
(V+) to 90dB (V-) dynamic 
range programme source 
material. 

Dynamic Filter 
with Downward 
Expander 

As shown in Figure 12, the 
output from the wideband 
detector can also be connected 

to the +Vc control port of the 
second VCA which is connected 
in series with the sliding filter. 
This will act as a downward 
expander with a threshold that 
tracks that of the filter. 
Downward expansion uses a 
VCA controlled by the level 
detector. This section maintains 
dynamic range integrity for all 
levels above the threshold level 
(set by RV3) but, as the input 
level decreases below the 

threshold, gain reduction occurs 
at an increasing rate, as shown 
in Figure 13. This technique 
reduces audible noise in fade-
outs or low level signal 
passages by keeping the 
standing noise floor well below 
the programme material. Using 
this system, up to 30dB of noise 
reduction can be realised while 
preserving the crisp highs with 
a minimum of transient side 
effects. 

Figure 13. Typical downward expander I/O characteristics at -30dB 
threshold level (1:1-5 ratio). 
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COMPANDING NOISE 
REDUCTION SYSTEM 
PARTS LIST 
RESISTORS: All 0.6W 
R1,2,3,4,25,26 
R5,7,10,34 
R8,9 
R12,13 
R14,20,21,29 
R15,16 
R17 
R18,19 
R22,24 
R30,31 
RV1,2 

CAPACITORS 
Cl 
C2,3,8,9 
C4,10 
C6,7 
C11,12 
C14,15 

1% Metal Film (unless specified) 
10k 
33k 
47f/ 
4M7 
18011 
lk 
100k 
220k 
See Table 2' 
39k 
47k Horizontal End. Preset 

10/SF 16V Minelect 
1pF 63V Minelect 
10pF Ceramic 
2n2F Ceramic 
220µF 35V PC Electrolytic 
22j.LF 35V Minelect 

SEMICONDUCTORS 
D1,2  Fit Link 
IC1  55M2120 
IC2  TL074CN 

MISCELLANEOUS 
P1-12 
LK8 

Pins 2145 
Fit Link 

'Note R22 and R24 are supplied as 7k5 in the kit. 

DYNAMIC NOISE FILTER WITH 
DOWNWARD EXPANDER 
PARTS LIST 
RESISTORS: AU 0-6W 1% Metal Film (unless specified) 
R1,2,3,4  10k  4 

6 
2 
2 
4 
2 
1 
2 
2 
1 
2 
2 

R5,6,7,10,11,34 
R8,9 
R12,13 
R14,20,21,29 
R15,16 
R17 
R18,19 
R23,27 
R28 
R30,31 
R32,33 
RV1,2 
RV3 

CAPACITORS 
Cl 
C2 
C3 
C5 
C6,7 
C8,9 
C11,12 
C15 

33k 
4711 
1M5 
18011 
lk 
100k 
220k 
12k 
5k6 
39k 
160k 
47k Horizontal Encl. Preset  2 
10k Horizontal End. Preset  1 

104F 16V Minelect 
2µ2F 63V Minelect 
3n3F Ceramic 
100pF Ceramic 
2n2F Ceramic 
4m7F 35V Minelect 
220µF 35V PC Electrolytic 
221.1F 35V Minelect 

SEMICONDUCTORS 
DI  Fit Link 
IC1  SSM2120 
IC2  TL074CN 

MISCELLANEOUS 
P1-12 
LK2,3,4,7 

Pins 2145 
Fit Link 

1 
1 
1 
1 
2 
2 
2 
1 

12 pins 
4 

DYNAMIC NOISE FILTER 
PARTS LIST 
RESISTORS: All 0•6W 1% Metal Film (unless specified) 
R1,2,3,4 
R5,6,7,10,11 
R8 
R12,13 
R20,29 
R15,16 
R17 
R19 
R27 
R28 
R30,31 
R32,33 
RV2 
RV3 

CAPACITORS 
Cl 
C2 
C3 
C5 
C6 
C8,9 
C11,12 
C13 

10k 
33k 
4711 
1M5 
18011 
lk 
100k 
220k 
12k 
5k6 
39k 
160k 
47k Horizontal End. Preset 
10k Horizontal Encl. Preset 

10µF 16V Minelect 
2,u2F 63V Minelect 
3n3F Ceramic 
100pF Ceramic 
2n2F Ceramic 
4µ7F 35V Minelect 
220µF 35V PC Electrolytic 
22AF 3W Minelect 

SEMICONDUCTORS 
DI  Fit Link 
IC1  SSM2120 
IC2  TL074CN 

MISCELLANEOUS 
P1-12 
LK2,4,7 

Magazine Version 

Pins 2145 
Fit Link 

4 
4 
1 
2 
2 
2 
1 
1 
1 
1 
2 
2 
1 

1 
1 
1 
1 
1 
2 
2 
1 

12 pins 
3 
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SSM2120 PARTS LIST 
RESISTORS: All 0-6 W 1% Metal Film (unless specified) 
R1,2,3,4,25,26  10k 
R5,6,7,10,11,34 
R8,9 
R12,13 
R12,13 
RI4,20,21,29 
R15,16 
R17 
R18,19 
R22,24 
R23,27 
R28 
R30,31 
R32,33 
RV1,2 
RV3 

CAPACITORS 
Cl 
C2,3,8,9 
C2 
C3 
C4,10 
C5 
C6,7 

33k 
47n 
4M7 
1M5 
1800 
lk 
100k 
220k 
See Table 2 (nominally 7k5) 
12k 
5k6 
39k 
160k 
47k Horizontal Encl. Preset 
10k Horizontal End. Preset 

10µF 16V Minelect 
lAiF 63V Minelect 
2122F 63V Minelect 
3n3F Ceramic 
10pF Ceramic 
100pF Ceramic 
2n2F Ceramic 

6  (MIOK) 
6  (M33K) 
2  (M47R) 
2  (M4M7) 
2  (MIMS) 
4  (M180R) 
2  (MIK) 
1  (M100K) 

2  (M220K) 
2  (M7K5) 
2  (M12K) 
1  (M5K6) 
2  (M39K) 
2  (M160K) 
2  (UHO5F) 
1  (UHO3D) 

1  (YY34M) 
4  (YY31j) 
1  (YY32K) 
1  (WX74R) 
2  (VVX44X) 
1  (WX56L) 
2  (WX72P) 

C8,9 
C11.12 
C13,14,15 

4y7F 35V Minelect 
220µF 35V PC Electrolytic 
22µF 35V Minelect 

SEMICONDUCTORS 
D1,2  IN4148 
IC1  SSM2120 
IC2  TL074CN 

MISCELLANEOUS 
PI-12 Pins 2145 

PCB 
Instruction Leaflet 
Constructors Guide 

2  (YY33L) 
2  (11.22Y) 
3  (RA54J) 

2  (QL80B) 
1  (UL78K) 
1  (RA69A) 

1 Pkt  (FL24B) 
1  (GE94C) 
1  (XT18U) 
1  (XH79L) 

The Maplin 'Get-You-Working' service is not available for this project. 
The above items are available as a kit, which offers a saving over 

buying the parts separately. 
Order As LP79L (SSM2120 Data File) Price £10.95 

Please Note: where 'package' quantities are stated in the Parts List 
(e.g. packet, strip, reel, etc.) the exact quantity required to build 

the project will be supplied in the kit. 

The following new item (which is included in the kit) is also 
available separately. 

SSM2120 D. File PCB Order As GE94C Price £3.45 

Fibre-Optic Digital Link Module continued from page 49. 

The transmitter module. 

The receiver module. 

Preparation of the Light 
Guide 

Both couplers are designed to be used 
with 1000 micron (1mm) core plastic fibre. 
A 3m length is supplied with the module. 
Greater lengths can be ordered under 
stock code XR56L; however, note that the 
module can only drive up to 20 metres. 
When cutting the light guide, great care 
should be taken to avoid scoring the fibre 
core. Try to make a single, straight cut thus 
52 

keeping the end as smooth as possible, this 
being important for maximum light transfer 
to the couplers. Use a very sharp knife for 
this. Very fine emery paper, or the striking 
edge of a matchbox (but not glass-paper 
types!) can be gently rubbed squarely 
across the cut fibre end to polish the 
surface. Liquid metal polish also helps to 
develop a smooth finish and could also be 
used to finish off. 

Alternatively, the cut fibre end can be 
placed close to a naked flame for a few 
seconds until the end begins to round off. 
Excessive heat should be avoided as it will 
melt the fibre completely. This method has 
the advantage of producing a near perfect 
finish and develops a 'lens' in the fibre — 
ideal for good light transfer. Whichever 
method is employed, aim for a mirror-like 
finish on the fibre end if maximum range is 
required. 

Push the prepared end of the light 
guide, through the fluted cap and into the 
coupler. Tighten the cap with your fingers 
only - do not use any tools to do this! 
Repeat the procedure on the opposite end 
so that both transmitter and receiver 
modules are secured to the light guide. It 
must be emphasised that careful prepara-
tion of the light guide endings is of vital 
importance if maximum range is required. 

When installing the light guide in a 
permanent position, be careful with bends. 
With reference to Figure 5, the absolute 
minimum radius of any bend in the fibre 
should not be less than 20mm. Exceeding 
the limit could result in cracking of the 
fibre, which will completely refract light 
and result in zero throughput. If using clips 
to hold the guide in position, be careful not 
to pinch or damage the outer sheath in any 
way. Light will escape and/or enter from 
pierced sheathing giving poor results. 

Lens 
Connector 

Fibre  ferrule 

LED or detector IC 

Figure 4. Fibre-optic coupler. 

Figure 5. Bending the light guide. 

Excessive heat and some chemical solvents 
will also damage the guide and should be 
avoided. 

Availability 
The Fibre-Optic Digital Data Link 

Module is obtainable from Maplin Electronics 
by mail-order or through their numerous 
regional stores. The Order Code is LP81C 
and the price just £22.95 inclusive of VAT. 

Reference 
Finally, for additional information on 

fibre-optic techniques, reference is made to 
Òpto-Electronic Line Transmission' by R. L. 
Tricker (Order Code WS74R). 
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PART THREE 

The Resistor — 
Inductor Circuit 
by Philip Lawton 

• 
• 
• 
• 
• 
• 

• • • • II 

• • 

• • • • • • 

USING A COMPUTER 

Introduction 
The previous two parts of this series 

dealt with predicting and drawing the fre-
quency response of C/R circuits. This 
time it is the turn of Resistor-Inductor 
combination. How to predict some of the 
transient and steady state waveshapes 
that are associated with inductors will be 
explained. 

Figure 7. Resistor-Inductor series circuit. 

The Resistor-Inductor series circuit, 
as shown in Figure 7, is used to illus-
trate how to apply the fundamental laws 
in order to obtain a very useful 'rate' 
equation. This is followed by a descrip-
tion of a computer program used to eva-
luate the 'rate' equation for any applied 
input emf and to plot the predicted 
waveshapes. Program listings are given 
in both GW BASIC, as used on the IBM 
PC and compatibles; and BBC BASIC, 
as used on the Acorn BBC micro. To 
adapt them for use on different machi-
nes, only the statements which plot the 
waveshapes onto the screen need to be 
altered. 

The input to the circuit is assumed 
to be a constant. Other inputs are a 
ramp and a sinewave. Finally, the pre-
dictions are related to the time-constant. 

Fundamental Laws 
A useful law for the inductor relates 

the induced emf (emf) to the product of 
the inductance (L), with the 'rate of 
change' with respect to time of the cur-
rent (si). 

The law is: 

emf = L x Si 

which is derived from: 

emf = N x dO ÷ dt 
and 
L = N x dO ± di 

This law predicts the fact that, when 
a rate of change of current (magnetic 
flux) occurs, an emf is induced in the coil 
of the inductor. Note that magnetic 
materials are associated with the B-H 
loop. The magnitude of the change of 
magnetic flux does depend on the in-
stantaneous value of the current and its 
direction. If the core saturates then the 
induced emf is very low, and an 'inrush' 
of current can occur which is only limited 
by the resistance of the inductor. 

Equations 
An equation for modelling the RL 

circuit can be derived using Kirchhoff's 
voltage law, Ohm's law and the above 
law. Note that the waveshape of the ap-
plied input signal is represented by the 
symbol e (volts), and that the results are 

a current i (amps), and an induced emf 
(emf). 

This equation is: 

e = (R x i)  (L x si) 

where: 

e is the value of the applied emf, 
R is the value of the resistor, 
i is the value of the current, 
L is the value of the inductor, 
si is the rate of change of the inductor 
current (di  dt). 

From this equation, another equa-
tion to predict the rate of change of in-
ductor current, with respect to time (Si), 
can be obtained: 

Si = (e x 1  (R — i))  (L  R) 

This is the rate of change equation, 
and is used to evaluate the rate of 
change with respect to time of the induc-
tor current (si). The rate of change is 
equal to the difference between the in-
put to the RL circuit (e), multiplied by the 
gain (1 ÷ R), and the actual current (i) 
divided by the value of the time constant 
(L ÷ R). 

Program 
This 'rate of change' equation can 

be evaluated for any input emf (e) using 
a computer and a suitable language. 
Note that the evaluation can be for any 
input waveshape, and that this is a good 
reason for considering this program. 

The program is shown in Listing 5 in 
GW BASIC, and Listing 6 as BBC Acorn 
BASIC. It predicts, at successive time 
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10 REM RL Listing 5 PC version Philip Lawton 
20 REM Resistor-Inductor circuit 
30 REM Evaluate inductor current 
40 SCREEN 2 : CLS  : REM for graphs 
50 LET R=1000 
60 LET L=1 
70 LET I=0 
80 LET H=.00004 

: REM Time Constant 
: REM L/R is .001 s 
: REM At switch time 
: REM time step 

90 FOR T=0 TO .00628 STEP.H : X=T*100000 
100 LET E=1  : REM LET E=1-1*T/.00314 
110 PSET(X,100)  : REM zero 
120 PSET(X,100-E*50)  : REM volts 
130 PSET(X,100-I*50000)  : REM amps 
140 LET SI=(E*1/R-I)/(L/R)  : REM rate 
150 REM PSET(X,100-SI*50)  : REM i/s 
160 REM At time T+H secs : 
170 LET I=I+SI*H  : REM amps 
180 NEXT T : REM E=1*SIN(1000*T+45/57.3) 

Listing 5. The Resistor-Inductor prediction program in PC GW BASIC. 

10 REM RL Listing 6 BBC Acorn version Philip Lawton 
20 REM Resistor-Inductor circuit 
30 REM Evaluate inductor current 
40 MODE 4  : REM for graphs 
50 LET R=1000  : REM Time Constant 
60 LET L=1  : REM L/R is .001 s 
70 LET I=0  : REM At switch time 
80 LET H=.04E-3  : REM time step 
90 FOR T=0 TO 6.28E-3 STEP H : X = T*1E5 
100 LET E=1  : REM LET E=1-1*T/3.14E-3 
110 PLOT69,X,200  : REM zero 
120 PL0T69,X,e*200+200  : REM volts 
130 PLOT69,X,i*2E5+200  : REM amps 
140 LET SI=(E*1/R-I)/(L/R)  : REM rate 
150 REM PLOT69,T*1E5,SI*200+200  : REM i/s 
160 REM At time T+H secs  : - 
170 LET I=I+SI*H  : REM amps 
180 NEXT T : REM E=1*SIN(1E3*T+45/57.3) 

Listing 6. The Resistor-Inductor prediction program In BBC Acorn BASIC. 

•  .•  • • 
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Figure 8. Predicted current for constant emf. Compare this with 1=e*1,-R x (1- EXP(-1 -1E-3)). 

0 1 2 

steps, the inductor current i (amps) 
when the applied emf e (volts) is a con-
stant. The predicted waveshapes are 
described in the next section. This prog-
ram is based on a FOR STEP NEXT 
loop, and contains several very interest-
ing statements. In line 90 time is step-
ped from 0 up to 6-28ms in intervals of 
h ms, in order to evaluate the equations 
(h has to be relatively 'small', at present 
h = 0-04ms). 

In line 100, the applied emf is speci-
fied as a constant of 1 volt (e = 1). Alter-
natively, by changing line 100 a sine 
wave  could  be  specified,  angular 
frequency, co, of 1000 radians per 
second (159-15Hz), periodic time of 
6-28ms: 

100 LET E=1*SIN(1E3*T+ 45/57.3) 

In line 140 the rate of change equa-
tion is evaluated as amps per second 
(alternatively amps per time constant). 

Line 170 contains a method of pre-
dicting the changing current. It can 
be stated as LET the new value of i 
become the old value of i plus an 
increment, where the increment is the 
product of the rate of change and a 
step in time. Provided the step in time, h, 
is relatively 'small', then the predictions 
will be useful (compare h with the time 
constant L ± R = 1ms). 

Waveshapes 
Figure  8 shows  the  predicted 

waveshape for a constant applied emf. 
The horizontal axis represents time 

from 0 to 6-28ms (note that the time 
constant is 1ms, hence the time axis is 
equivalent to 6-28 time constants). The 
vertical axis represents the constant ap-
plied emf of 1 volt, and the resultant cur-

3  '• •  4 
• ms 

Figure 9. Predicted current for ramp waveform. 
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Figure 10. Predicted current for a sine wave - immediate steady state due to switching angle. 

rent whose final value is a constant of 
1mA. The current increases from 0 to a 
final value of 1mA (e + R) in approxi-
mately 3ms. This period is equal to 3 
time constants. 

Figure  9 shows  the  predicted 
waveshape for a ramp waveform, and is 
very interesting, especially the transient. 
The applied emf changes from +1 to -1 
at a rate of -1  3.14E-3 v/s. At first 
the applied emf is decreasing whilst the 
current is increasing, then the emf is 
negative whilst the current is positive, 
and finally the current has a constant 
rate of change. The current is always 
less than e + R, where e is the instanta-
neous value of the applied emf. 

A useful way of considering this 
type of response is to suggest that, at 
any moment in time, the current has a 
value and is associated with a final 
value determined by the applied emf 
considered as a constant. For example, 
at time equal to zero the current is zero, 
and the final value is one milliamp (e + 
R, e = 1), the rate of change of current 
is a maximum (+1mA/ms). 

Later, at a time equal to the time-
constant (1ms), the current is 0-5mA 
and the final value is 0.7mA (e + R, e = 
0.7), the rate of change of current is 
lower (+0.2mA/ms) 

Figure 10 shows the response to a 
sine wave at a frequency of 1000r/s. 
The current lags the applied emf by a 
time equal to 1/8th of the periodic time 
(6.28  8 ms). This is equivalent to 
-45 degrees. Note that the value of the 
applied emf at the instant of switching 
on ensures that the current immediately 
enters the steady state waveshape. 

Things to Do 
One interesting thing to do is to re-

duce the applied emf to zero: 

100 LET E=1 : IF T >= 3.14E-3 THEN 
E=0 

It is left to the reader to predict the 
waveshapes for various sinusoidal in-
puts, construct the phasor diagrams, 
and to measure the actual responses 
using an oscilloscope. Useful frequen-
cies are w = wb, wb x 10, wb ± 10, 
where wb represents the break fre-
quency of 1000 radians per second. 
(These are frequency 'decades', alterna-
tively use 'octaves') 

The problem of 'inrush' current can 
be predicted using a frequency of wb x 
100 (display the transient on a time axis 
of time-constant + 10). The value of the 
first peak current can be twice the value 
of the steady state current. This problem 

5  .• 
r 
6.-•  ms 

can be minimised by switching on the 
applied emf at its maximum. 

Note that the break frequency is the 
reciprocal of the time constant of the cir-
cuit (wb = 1  (L  R), or wb equals 1 

T (one over tau), where T is the time 
constant). The break frequency is a use-
ful number in relation to the frequency 
response (Bode) diagram, and relates to 
some interesting arithmetic involving 
equal numbers and 1 + 1-414 (0-707). 

Finally 
The Resistor-Inductor series circuit and 
a computer program have been used to 
explain how to predict the waveshapes 
for the response of the RL circuit. 

An exponential response has been 
predicted for a constant input using the 
equation si = (e x 1 + (R - i)) + (L 
R),  and the statement 'LET  1=1+ 
SI*H' and the responses to a ramp 
and to a sine wave have been predicted. 

The program can be amended to 
illustrate the reality of the B-H loop 
which is associated with magnetic mate-
rials. All in all this is a very powerful 
method for predicting the dynamic re-
sponses of complicated systems using 
existing simulation programs. In Part 4 
mutual inductance of transformers will 
be examined. 

0 Do you have difficulty in getting hold of 
your copy of 'Electronics - The Maplin 
Magazine'? 

0 Does your Newsagent always sell out 
before you can get your copy? 

Are you fed up with braving the onslaught 
of wind, rain and keep fit fanatics in your 
ceaseless quest to find a copy of your 
favourite electronics magazine? 

I Do you say to your family and friends, "I'm 
just going outside, I may be gone a little 
while . .."? 

0 Does your dog hide when you return empty 
handed? 

k Do you resort to reading the Beano, Dandy, 
Viz or other well known 'comics'? 

Then why not ask your friendly local Newsagent to reserve or 
deliver every issue of 'Electronics - The Maplin Magazine'? 
Fill out the coupon (below), hand it to your Newsagent and you 
need never miss an issue of' Electronics -The Maplin Magazine'. 

Dear Newsagent 
Please reserve/deliver (delete as applicable) each issue 
of 'Electronics - The Maplin Magazine' for me. 

Name   

Address   

Signature   
'Electronics — The Maplin Magazine is published monthly and is 
distributed through your wholesaler by: United Magazine Distribution Ltd.. 
1 Benwell Road, London N7 7AX. Telephone: 071-700-4600. 
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Figure 1. The 'ring-of-three' astable clock oscillator. 

(a) Output 

(pin  10) 

OV 

(b)  Input of IC1 a 

(pins 18(2) 

(c) Output of IC1 a 

(pin 3) 

OV 

(d) Output of IC1 b 

(pin 4) 

re 2. Waveforms for the circuit of Figure 1. 
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Introduction 
A newcomer to electronics, reading 

this series, may well conclude that there 
is a considerable variety of circuits that 
can be used for generating various 
waveforms. This is the fourth consecutive 
part (but also the last!) in this series that 
deals with this specific topic, before we 
move on. Even then, we shall not have 
exhausted the subject by any means. 
To round up our survey we are going to 
look at a few more circuits that are useful 
in digital electronics. The first of these is 
another relaxation oscillator (remember 
the basic principle from the previous 
issue?), one that may be found in digital 
circuits, especially those which are 
microprocessor based, performing the 
function of a 'clock' oscillator. 

The Clock Oscillator 
The sequence of operations carried 

out by a microprocessor (the program) 
needs to be carefully timed. This timing 
is performed by an oscillator which 
generates a square-wave at a specific, 
often carefully regulated, frequency. 
The value of the clock frequency varies 
between different types/makes of 
microcomputer, being rarely less than 
1MHz and often considerably higher, 
8-20MHz for example. The rise and fall 
times (see last issue) of the leading and 
trailing edges of the clock waveform are 
often important. Nonetheless, the circuit 
itself is usually very simple, with a low 
component count. One possible circuit is 
shown in Figure 1, from which it can be 
seen that only three gates, one resistor 
and one capacitor are required. The 
operation is quite straightforward and can 
be understood very easily by reference to 
the waveforms, taken at various points in 
the circuit, shown in Figure 2. 

This type of oscillator is termed a 
'ring of three' circuit, since a closed loop 
or ring is formed by connecting the output 
of the final gate to the input of the first. 
The gates, in this instance, are simply 
inverters. Either TTL or CMOS ICs can be 
used, though the latter are most 
commonly employed. There is no need to 
use inverter packages as such. A NAND 
or NOR gate will perform the function of 
an inverter if all of its inputs are strapped 
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together. In CMOS terms, the choice 
usually falls on the 4001BE (quad 2-input 
NOR) or the 4011BE (quad 2-input 
NAND). These ICs have the merits of 
being economical on both one's pocket 
and on power supply current! The only 
other components required are the timing 
resistor and capacitor, so called because 
they determine the speed at which the 
circuit operates, in other words the 
'frequency' of the output waveform. 

Now for the manner in which the 
circuit works. It is safe and convenient to 
assume that, at switch on, the capacitor C 
is uncharged. We can then assume that 
both the output of IC1b and the input of 
IC la are low. This would line up with the 
statement just made, that the capacitor is 
uncharged — for example, both plates at 
OV. From this starting point, the other 
potentials can be deduced. Thus, if the 
input of IC la is low then, by inversion, the 
output of this stage must be high; this is 
the input of IC1b, of course. Similarly, 
since the output of IC1b is low, the output 
of M k must be high, by the inverting 
action of this stage. The resistor R is 
connected to the latter point, and it is 
towards this potential that the capacitor 
will attempt to charge, via this resistor. 
This potential is often referred to as the 
'aiming point', because as the capacitor 
voltage rises, it effectively 'aims' at this 
potential. At this instant in time, the 
voltage across the resistor is equal to the 
supply voltage VDD , giving rise to a 
current flowing in the resistor to charge 
the capacitor. This is the point in time 'X' 
on the waveforms of Figure 2. 

Now consider what happens as the 
capacitor charges towards this point. 
The junction of R and C rises 
exponentially; this is the input of IC la, 
which, therefore, also rises exponentially 
from its initial potential of zero volts. 
When the capacitor voltage reaches a 
threshold value, about +2-5V in this case, 
the output of ICla switches from high to 
low. By inversion the output of IC lb goes 
high and, by a further inversion, the 
output of IC lc goes low. What has 
happened to the potential at the input of 
IC la (pin 1)? The waveform diagram of 

Figure 2b shows that, at this instant, it has 
suddenly gone high. How do we explain 
this behaviour? It is due to a fundamental 
fact concerning capacitors, namely that 
they cannot change their state of charge 
instantly. Thus, whenever one plate of a 
capacitor is moved suddenly from one 
potential to another, the potential of the 
other plate moves by the same amount. 
That is exactly what has happened here. 
When pin 4 (lower plate of C) suddenly 
went high, this change was immediately 
communicated to the upper plate of C, 
which is connected to pin 1 of the IC, 
forcing the latter point high as well. 

As a result, there is now a voltage 
across R once more (and, hence, a current 
flowing in this resistor), but the polarity 
has now reversed. The current flowing 
through R is, therefore, a 'discharging' 
current from C. Thus, in Figure 2b we can 
see that there is now a falling exponential 
voltage at pin 1. When this voltage 
reaches the same threshold voltage as 
before (+2-5V), all the voltage levels 
change state once more and a new cycle 
commences. The end result is that there is 
art excellent square-wave output at pin 10 
of the IC, and also a slightly inferior anti-
phase version at pin 4. 

The values of R and C given in the 
circuit of Figure 1 should produce an 
output frequency of about 800Hz. 
Obviously, there is an infinite range of 
values of R and C that can be used, 
though it is better to keep the value of R 
moderately high (greater than 10k f 2), 
otherwise the output waveform 
deteriorates. 

The pin-out diagram for the 4011BE 
IC used in the previous circuit is given in 
Figure 3. 

A Crystal Controlled 
Clock Oscillator 
The Need for 
Frequency Stability 

A frequently desirable feature of 
oscillator circuits is frequency stability, 
that is the ability of the circuit to remain 
as close as possible to the frequency to 

1/4 4001BE 1 / 4 4001BE 

Output 

7,22pF 
OV  OV OV 

22K 

5.5 —65pF 

(a) 

Figure 4. Two examples of crystal controlled clock oscillators. 
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Figure 3. Pin-out diagram for the 

4011BE CMOS IC. 

which it is initially tuned. It is not difficult 
to see why this is important in any form of 
communication system, since any 
tendency for the tuning to drift would 
result in partial or total loss in 
communication between transmitter and 
receiver. The latter item of equipment 
normally needs to be designed to accept 
only a fairly narrow band of frequencies 
about the nominal reception frequency 
(known as the carrier frequency), to 
avoid picking up interfering signals from 
transmitters on adjacent frequencies. 
Care in design of the oscillator circuit can 
often bring about the necessary degree of 
stability but, where very high precision is 
needed, use of crystal control may be 
necessary. The main disadvantage of this 
method, as far as communication systems 
is concerned, is that the frequency cannot 
then be continuously variable; spot 
frequencies only are possible, and 
one crystal must be provided for each 
frequency in use. In computers it is 
common to use only a single clock 
frequency, requiring just one crystal, 
though some machines offer the choice of 
two switchable clock frequencies. Thus, 
the stability of crystal control can be 
conferred conveniently and cheaply. 

XTAL 1-14MHz 

(b) 
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Crystals and the 
Piezo-electric Effect 

So what does a crystal do, and what 
sort of crystal can be used? 

The type of crystal that is used in 
oscillators is a 'quartz' crystal though the 
same effect, known as the piezo-electric 
effect is also found and employed in 
crystals of Rochelle-salt. However, the 
latter were only used in crystal pick-ups 
and microphones for audio work. 

The piezo-electric effect is a two-way 
phenomenon: 

(i) If a slice of quartz crystal is subject to 
stress, for example by squeezing, twisting 
or bending, it develops a voltage 
proportional to the applied stress across 
an opposite pair of its faces. 

(ii) Conversely, if a voltage at the 
resonant frequency of the crystal is 
applied across it, it vibrates mechanically 
at this frequency. This frequency of 
vibration is very stable in value. 

It is possible to include a crystal in 
an oscillator circuit so as to maintain the 
oscillations at the desired frequency, 
namely that of resonance of the crystal. 
Since the frequency of crystals is 

commonly of the order of MHz, it follows 
that the physical dimensions of the crystal 
must be quite small. In fact, it is more a 
matter of the thickness of the crystal slice 
that determines the frequency. They can 
be ground in thickness so precisely that 
the frequency may be specified to at least 
eight decimal places! 

The circuit of Figure 4a shows a clock 
oscillator, using two NOR gates from the 
4001BE IC, that will oscillate at 1MHz. 
Apart from the IC and the crystal, the only 
other components are two resistors and 
two capacitors, one of the latter being a 
small preset for adjustment of the 
oscillator. Thus, apart from the expense 
of the crystal, around £5.00 currently, the 
circuit is cheap and simple. However, the 
circuit of Figure 4b is even simpler. It is 
also a CMOS type, but using two inverters 
and fewer components. The crystal 
frequency can lie in the range 1-14MHz, 
the variable capacitor having sufficient 
'spread' to cope with this. 

The Monostable 
Circuit 

As the name implies, this circuit has 
only one stable state, in which it rests 
until a trigger input is applied. 
Immediately upon being triggered it 
changes state, the new state being 
termed the 'quasi-stable' state. This state 
is purely temporary and its duration 
depends upon the time constant of an RC 
combination. At the end of this timed 
period the circuit reverts to its original 
stable state, awaiting further trigger inputs. 

This circuit is, then, a 'one-shot' pulse 
or square-wave generator, giving out a 
single pulse for each trigger input. That 
may not seem to offer much of an 

exchange until it is appreciated that: 

(i) The output pulse can be of any 
precisely defined length, which may even 
be made variable, if desired. 

(ii) The output waveform may be of better 
shape than the input trigger waveform 
that produced it, thus offering the 
possibility of regenerating waveforms. 

One thing that won't change is the 
frequency; an output pulse will only 
appear when the input is triggered. 
From this it would be logical to deduce 
that we need to wait for the quasi-stable 
time to end before re-triggering the 
circuit. This is generally true, though there 
are monostables that permit re-triggering 
during the quasi-stable time. 

Discrete or IC? 
While as a general policy, I do not 

usually include discrete circuits where 
they have been effectively superseded by 
integrated versions, there is sometimes a 
case for doing so. Thus Figure 5 shows a 
very simple but effective monostable 
designed around two transistors and a 
handful of other components. The 
waveforms for this circuit appear in 
Figure 6. This circuit nicely demonstrates 
the monostable action. It works as follows: 

Stable Time 
Transistor TR1 is biased ON by the 

12kfI resistor R3 between its base and 

the positive supply; its collector potential 
(the output of the circuit) is, therefore, 

vcc = +10V 

R1 
47OR 

R2 
47OR 

BC 108 

Cl 

 +01  
10uF 

R3  R5 
12K _  1K2 

R4 

1 

10K 

Output 

BC108 

Trigger]  L  C2 

input   II  
100nF 

Figure 5. A discrete monostable circuit. 

Figure 6. Waveforms for the circuit of Figure 5. 

0 OV 
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Figure 7. Pin-outs for some TTL monostablos. 

low — virtually OV. The bias for the base 
of TR1 is derived from this point via R4, 
which means that there is no forward bias 
available for this transistor, which is, 
therefore, cut-off. As a consequence, its 
collector potential is high. These levels 
are shown in Figures 6b and 6d, while the 
base voltage of TR2 is given in Figure 6c. 
Now consider the voltage across Cl at 
this time. 

The left-hand plate of Cl is at +10V 
since TR1 is not drawing current and, 
hence, there is no volt drop across RI. 
The right-hand plate of Cl is at a potential 
of +0-6V because this is the normal 
forward bias voltage across the base-
emitter junction of a conducting transistor 
and, as we can see, this plate of Cl 
connects to the base of TR2. From this we 
deduce that the net voltage across Cl is 
the difference between these two 
voltages, namely 10 —0-6 = 9-4V. The 
polarity of this voltage is such that the 
left-hand plate is positive with respect 
to the right-hand one. 

Now we apply a positive step or 
square-wave to trigger the circuit into 
the alternative state. This is shown in 
Figure 6a. 

Quasi-stable Time 
The trigger input is capacitively 

coupled to the base of TR1 by C2. This 
transistor is, we remember, cut-off at this 
time. Therefore, at the moment of 
triggering, its base is forced to rise 
sharply in potential and, if the trigger 
input has sufficient amplitude, TR1 will 
into conduction. Once it is drawing 
current its collector potential, and that 
at the junction of R1 and R2, will fall; 
the latter falls, in fact, by about 4.6V. 
Since the left-hand plate of Cl is 
connected to this point, this also falls by 
the same amount. The crucial question is, 
"what happens to the potential on the 
right-hand plate of Cl?" The short answer 
is that it also falls by 4.6V! This 
phenomenon was explained previously 
when discussing the clock oscillator. 

Since the right-hand plate of Cl is 
connected to TR2 base, the latter falls by 
4.6V from its original value of +0-6V to a 
new value of —4V. See Figure 6c. 
Transistor TR2 is now well and truly 
cut-off by this negative base bias. 
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Therefore, its collector voltage will now 
be high, in practice about +9V. This marks 
the start of the output pulse. This voltage 
also provides a forward bias to the base 
of TR1 via R4, holding this transistor in the 
on state into which it has just been driven 
by the trigger pulse. If the trigger 
terminates now TR1 will stay on; the 
circuit is in the quasi-stable state. 

The explanation given above does 
nothing much more than describe the 
situation that maintains at the instant of 
triggering and the sequence of events 
and resulting conditions that force a 
change from stable to quasi-stable states. 
From this instant onwards the circuit 
begins its return to the stable state. 

Return to the Stable State 
Consider resistor R3. The upper end 

is at +10V, the lower end at — 4V; the 
voltage across it is, therefore, 14V. Under 
these conditions, the current flowing in R4 
is 14  12mA = 1.17mA. This current must 
flow somewhere and since it can't flow 
into the reverse biased base of TR2, it can 
only be flowing in the path that includes 
Cl, R2 and the collector-emitter region 
(a virtual short-circuit) to the OV line. 
Since this current is flowing in the 
opposite direction from the current that 
charged it up in the first place, the 
inference is that Cl is discharging. The 
voltage across it is, therefore, reducing. 
Because the left-hand plate of Cl is tied to 
a fixed potential, this must mean that the 
potential at the right-hand plate is rising. 
We can see by looking at Figure 6c that it 
is, in fact, rising exponentially from --4V 
towards the supply voltage. When it 
eventually rises above the OV level, TR2 
will begin to conduct. At this point a 
regenerative switching action will occur 
that will return the circuit to the stable 
state. This is explained as follows: 

As TR2 starts to draw current its 
collector potential falls; this fall is directly 
coupled to TR1 base by R4. Therefore, 
TR1 takes less current; its collector 
potential rises. A proportion of this rise 
at the Rl/R2 junction is then coupled 
through Cl to TR2 base, so reinforcing the 
exponentially rising voltage at this point. 
This makes TR2 conduct even harder, 
its collector potential falls even more, 

iL 
B  2 

3 

GND  8 

16 vcc 

151 REXT/CEXT1 

14 
C EXT1 

  Qi 
121a2 

 1:--
P 

  - D2 

74123 

101 B2 

A2 

reducing further the voltage at TM 
base. . . in no time at all the circuit is 
back in the stable state. The collector c̀ 
TR2 returns to OV (nearly); this marks the 
end of the output pulse. 

The Timing 
Components 

It should be obvious now that the 
length of time that the circuit spent in the 
quasi-stable state was equal to the time 
that it took for the base voltage of TR2 to 
rise from —4V to just above OV. The rate 
at which this rise occurs depends upon 
the value of Cl and the series resistance 
through which it charges. The latter is 
principally R3 since R2 is small in value 
by comparison. To change the length of 
the output pulse it would seem that we 
could alter the value of either Cl or R3. 
In practice it is better to leave R3 alone 
and use different values of Cl. This is 
because R3 has another role, supplying 
base current to TR2 to hold it in the stable 
state. Make R3 too large and TR2 may not 
conduct sufficiently. 

The Trigger Input 
A fairly sharp trigger input is 

required, of about 2V amplitude. 
A square-wave of this peak-to-peak value 
will trigger the circuit satisfactorily. 
For the value of Cl given here, an input 
frequency of about 5Hz will work well. 
By reducing the value of Cl, a higher 
trigger frequency can be used. 

IC Monostables 
TTL Monostables 

As mentioned earlier, there is 
nowadays no real need to build a 
monostable circuit discretely, except to 
satisfy one's curiosity. Several IC versions 
exist and, in the TTL range, one can cite 
the 74121, 74122 and 74123 ICs as 
examples. These chips, whose pin-outs 
appear in Figure 7, are differentiated 
as follows. 

74121: Single, non-retriggerable. 

74122: Single, retriggerable. 

74123: Dual, retriggerable. 

In this context, the terms single and 
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dual refer to the number of individual 
monostables contained in the IC package. 
The terms non-retriggerable and 
retriggerable require further explanation. 

Non-retriggerable 
and Retriggerable 
Monostables 

In the case of some monostable 
circuits, it is essential to allow the 

triggered circuit to recover fully before 
attempting to trigger it again. The 74121 
is an example of such a circuit. On the 
other hand, there are circuits that respond 
to a new trigger pulse, occurring during 
the recovery time, by commencing a 
complete new cycle from the re-trigger 
point. With such circuits, if they are 
constantly triggered by a train of pulses 
of frequencyJ, with a periodic time T 

somewhat less than the timing period 
of the monostable, they will stay 
permanently in the quasi-stable state. 
This leads to an application known as a 
'missing pulse detector', in which the 
absence of a pulse allows the output level 
to return momentarily to the stable value, 
long enough perhaps to trip a latch to 
indicate the absence of a pulse. The 
74122 and 74123 are both retriggerable. 

The behaviour of both types of 
monostables is illustrated by the 
waveforms of Figure 8. 

Application Circuits 
for TTL Monostables 

Figure 9 shows the three TTL ICs 
mentioned, from which it can be seen that 
the only external components required 
are the timing components consisting of 
a single resistor and a single capacitor. 
The 74123, of course, requires a pair of 
such components for each of its dual 
sections. Each of these monostables 
requires a negative going pulse input 
with the connections as shown. However, 
as seen later, the trigger requirements 
can be configured according to the 
user's needs. 

4 

11  

C T 10 

—  — 

3 

Trigger 
input 

14 5 

74121 

OV 

(a) 

 0 +5V 

Trigger 
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Monostable 
output 

2nd trigger 

pulse starts 

new timing 

cycle 

3rd trigger 

pulse starts 
new timing 

cycle 

(b) 

End of 'normal' 

timing cycle 

Figure 8. (a) Waveforms for non-retriggerable and (b) retriggerable monostables. 

Values of the 
Timing Components 

As just stated, for each of the TTL 
monostables only a single RC time 
constant is required. Obviously, there are 
many RC products that will give any one 
particular output pulse duration. However, 
there is a restriction on the value of 
resistor employed. For the 74121 it should 
lie in the range 2-40k11, while for both 
the 74122 and 74123 its value should be 
between 5-25kfl. The capacitance value 

2  

13  

C 

11  

—  — 

1  

Trigger 
input 

3 14 4 

74122 

OV 

(b) 

5 

8 

 0 +5V 

can be from 10pF upwards. In practice, it 
is usual to use these TTL monostables for 
very short duration pulses, in the region 
of tens of nanoseconds to several 
microseconds, although as Figure 10 
shows, pulse lengths up to 10ms are 
possible using a 1µF capacitor, while 
keeping within the limits for R. 

The graph of Figure 10 is a 
convenient way of determining the values 
of these two components. In use, all one 
has to do is project a horizontal line from 
the vertical axis of pulse widths to 

+5V 

(c) 

Figure 9. Application circuits for the three TTL monostable ICs. 
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Figure 10. Graph for calculating RC timing components for TTL monostables. 

intercept one of the 'lines of constant 
capacitance'. Projection downwards from 
this interception point, onto the horizontal 
axis, gives the resistor value. For 
example, if the pulse length is to be 
100µs, then the value of C is lOnF and 
the value of R is about 16kfl. 

Trigger Requirements 
The three TTL monostables in 

question, each have several trigger 
inputs, which offer various modes of 
triggering, or even of inhibiting the 
trigger operation, according to how they 
are utilised. For the three ICs, these 
facilities are described as follows. 

74121: trigger inputs are Al, A2 and B. 

(i) Al = A2 = OV; B is taken high to 
trigger circuit. This method has a very 
positive action known as a Schmitt trigger 
action. 

(ii) Al = B = high; A2 is taken from high 
to low to trigger circuit. 

(iii) A2 = B = high; Al is taken from high 
to low to trigger circuit. 

74122: trigger inputs are Al, A2, Bl and 
B2; CLEAR RD input must be high, 
otherwise triggering is inhibited. 

(i) Al = A2 = B2 = high; B1 is taken from 
low to high to trigger the circuit. 

(ii) Al = B1 = B2 = high; A2 is taken from 
high to low to trigger the circuit. 

(iii) A2 = B1 = B2 = high; Al is taken from 
high to low to trigger the circuit. 

74123: Each section has two trigger 
inputs, A and B. As with the 74122, the 
CLEAR RD input must be high for 
triggering to be allowed. 

(i) K = OV; taking B from low to high 
triggers the circuit. 

(ii) B = high; taking A from high to low 
triggers the circuit. 

One advantage of these TTL 
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monostables is that there are two 
complementary outputs. The 'normal' 
output at 0 is a positive pulse during the 
quasi-stable time; that at the 0 output is a 
negative pulse, coincident in time. 

The 555 as a 
Monostable 

The 555 timer IC, which we have 
already used as an astable, that is a free-
running pulse generator, can be easily 
adapted as a one-shot circuit (as the 
monostable is often known). Furthermore, 
it can be set up as either a non-
retriggerable or retriggerable type 
merely by changing one pin connection. 
The circuits for both types are shown in 
Figure 11. 

The quasi-stable time period, tc), is 
determined by the values of R and C and 
is given by the formula: 

tc) = 1-1 x R x C. 

Trigger 
input 

C 

555 

 0 +SV 

Output 

L 

For the values given in Figure 11, the 
quasi-stable time works out to 1.1ms. 
Obviously such a simple formula makes it 
a straightforward matter to calculate the 
components required for any given pulse 
length. 

Example: Calculate the component 
values for a timed positive output pulse 
of duration (i) 50µs and (ii) 250ms. 

Since it is required to calculate the 
values required for two components and 
there is only one formula, we play 
the usual trick of making a sensible 
(we hope!) guess at one of them, usually 
the capacitor. It helps that we already 
know the values that give a pulse length 
of 1.1 ms, since we can then scale these 
accordingly to get a rough estimate and 
then calculate the more precise values 
afterwards. 

(i) Suppose we say that the time is 
roughly this and R = 10k11; C = 100nF. 
Then, since 50µs is V20 of lms, we could 
scale the capacitor value down in the 
same ratio, to 169(io = 5nF. The nearest 
preferred value to this is 4-7nF and this is 
what we choose to use. What we now do 
is to substitute this value into the formula 
together with the value for the required 
time and calculate the required value of R. 
First we must transpose the formula for R, 
as follows. 

R = tc?  (1-1 x C). 

= (50 x 10  (1-1 x 4.7 x 10 9). 

= 967111. 

This is quite close to the value of 
10kfl used originally; our approximations 
didn't take us too far from the truth after 
all! Whether we .can use iokn will 
depend upon the degree of accuracy 
required. Suppose that the pulse length is 
to be within 10% of the specified value, 
i.e. between 45 and 55µs. We should 
probably be alright, depending upon the 
tolerance of the capacitor. It would be 

This connection broken 

and re—connected to pin 2 

Trigger 

input 

555 

10nF 

0 V 

(b) 

 0 +5V 

L 
Output 

Figure 11. The 555 IC as a monostable: (a) non-retriggerable and (b) retriggerable modes. 
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 0 +5V 

quite easy to carry out some calculations, 
using the value of lokn and the lower and 
upper limits of the capacitor value, based 
on its nominal value and percentage 
tolerance. However, I won't take up space 
with that here. 

(ii) In the second example, a very much 
longer time is required, almost 250 times 
greater than in the original case (1.1ms). 
We could try simply scaling up either R or 
C by 250 times, or both by a suitable 
proportion for each. 

For example, scaling R by 250 gives 
250>< 10kfl, = 2.Mf1; scaling C by the 
same factor instead gives 250 x 100nF = 
25y.F. While both of these values are 
possible, it is often better to aim for 
'middle of the road' values. 

Instead, we could scale the resistor 
10 times (= iookn) and the capacitor 25 
times (= 2.5,0); or we could scale the 
resistor 25 times (= 250) and the 
capacitor 10 times (= 14F), both of which 
are viable choices, except that we shall 
need to modify C to be either 2.2µF 
instead of 2.5pF or R to be 220kf/ instead 
of 250kf1, if we intend to use preferred 
values (as opposed to making up values 
by combinations). 

As an example, suppose we choose 
the former possibility, with C = 2.2µF, we 

COMPUTERS 
TRIANGLE TDS9090 FORTH BOARD. 
Complete with interpreter and all required 
pans. £50 inc. post. Tel: (0252) 625010. 
VARIOUS BBC RO MS. View, Viewsheet, 
ADFS, DFS, Screenprint, Printer Driver, 
MOS+, Superart, EDword and many more. 
For more information telephone Ian Williams 
on (0656) 739823. 
BBC MASTER, two 40/80 diskdrives, colour 
monitor, printer, various ROMS and disk 
software, all leads. £400 o.n.o. For more 
details Tel: (0353) 860707 any time. 
TURBO C+ + Professional Development 
software for IBM PC/compatibles. Boxed 
with 8 manuals. £60. Cheques to: D. Hiscock, 
164 Mary Rose Avenue, Wootton, Ryde, Isle of 
Wight P033 4PA. 
ATARI ST-FM CO MPUTER FOR SALE. In 
good working order with mouse, mains lead, 
TV lead, joystick, games & plug. 1Mb drive. 
512K memory. Bargain at £180. Tel: Nick 
(evenings) 0634-723659. 
ATARI STE/F M PUBLIC DOMAIN copying 
service provided by individual at budget 
prices from 90p per disk. For disk based 
catalogue, send 50p to: N. Klee, 66 Abbey 
Road, Strood, Kent ME2 30B. 
COMPUTER SOFTWARE: Atari ST/STE 
Public Domain and Shareware. Over 500 disks 
for sale from 90p each. For disk-based list, 
send 50p to: N. H. Klee, 66 Abbey Road, 
Strood, Kent ME2 3QB. 
ACNET.1BM PC Program, analyses circuits 
containing R,C,L, transistors, transformers. 
Gives gain, phase, input, output impedances 
with graphplots, £10. S.A.E. for details. 
Montgomery, 2 Bunby Road, Stoke Poges, 
Slough SL2 4BP. 

OLIVETTI MIS LAPTOP PC, twin 3.5" 
drives, CGA LCD, expansion bus, parallel, 
serial, MS-DOS 3.2, manuals 250. Modems: 
Buzzbox (10), Acoustic coupler (5), Racal-
Milgo MPS 3021 (10). Tel: (0444) 246569. 

WANTED 

WANTED: Any information required on radar 
for a 4th year degree project. Transmission, 
Reflection, Computer Simulation, etc. 81 Cross 
Flatts Place, Beeston, Leeds LS11 7JN. 
WANTED: Realistic 6-CHANNEL STEREO 
AUDIO MIXER. Stock code number 32-1210. 
Tel: Giles Rowland (0923) 34303. 
WANTED: Manual or circuit diagram for 
Dynamco oscilloscope type 7212/7210/7201. 

Trigger 
input 

OV 

555 

10nF 

Output 1 

1/6 7404 

Output 2 

Figure 12. Circuit of Figure ha modified to provide complementary outputs. 

can calculate what the actual value of R 
should be to give the required time 
exactly. 

R =t0 ± (1.1 x C). 

= (250 x 103) ± (1-1 X 2.2 x 10-6). 

= 103ka 

If we use 100kfl instead, this will 
almost certainly be satisfactory. In this 
case, as in any other, if the time period 
needs to be set very closely to some 
specified value, it will be necessary to 
include a preset potentiometer as part of 
the total resistance value. This variable 

part should be only a small percentage of 
the total, otherwise adjustment will be too 
coarse. For example, if the nominal value 
of R is 1001(11, then a 91kfl resistor with a 
22k 11 preset in series should allow 
accurate setting to be achieved. 

The 555 timer IC represents a useful 
device in one-shot applications, being 
inexpensive and easy to set up. Its one 
shortcoming, when compared with the 
TTL chips discussed previously, is its lack 
of a complementary output. However, this 
can easily be provided by using the 
normal 555 positive output at pin 3 to 
drive a TTL inverter as shown in Figure 12. 

CLASSIFIED 
If you would like to place an 

advertisement in this section, here's your 
chance to tell our 33,837 readers 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 of charge. 
Thereafter the charge is 10p per word. 
Please note that only private individuals 

Ken Myers, 2 Hillbury Close, Warlingham, 
Surrey CR6 STN or Tel: (0883) 623040. 
WANTED: Software or Program! To run 2 
trains from Maplin I/O port, train controller 
and 2X81. Will recompense expenses. 
7 Glebe Close, Lewes BN7 1LB. Tel: Arthur 
(0273)477194. 
ARCHI MEDES WANTED: Must be dirt 
cheap. Any model, any OS (even Arthur), any 
age, any condition (must work). No monitor 
required. For impoverished student. (0754) 
67890 after 4pm. 
WANTED: Service and/or user manuals for 
Ferguson Videostar model 3V44 (reasonable 
costs paid). Contact Alistair Brown, 1 Park 
Gate Crescent, Guiseley, Leeds LS20 8AT. 
Tel: (0943) 876534. 

VARIOUS 
LARGE QUANTITY of unused full spec 
electronic components of all types ar.d 
vintage, unused original packaged 
semiconductors, again all types, offers or 
possible swop. Tel: (0670) 361094. 
31/2  DIGIT FIELD EFFECT LCD DISPLAYS. 
Ideal for battery operation, perfect for panel 
meters etc. Ex Stock, £1.50 each, 5 for £6, ring 
Martin (0353) 860707 after 5pm. 
PENTAX ME SUPER SLR with autowinder, 
Tamron 210mm zoom lens. Vivitax 200m flash 
gun. Polaroid 35mm Autoprocessor, exchange 
with good open reel. Bill, 29 Dankworth Road, 
Basingstoke R022 4LJ. 

will be permitted to advertise. 
Commercial or trade advertising is 
strictly prohibited. 

Please print all advertisements in 
bold capital letters. Reference Boxes are 
available at £1.50 each. Please send 
replies to address below quoting 
Reference Box Letters. Please send your 
advertisement with any payment 
necessary to: Classifieds, Maplin Mag., 
P.O. Box 3, Rayleigh, Essex SS6 8LR. 

TESTMATE LCR METER, a precision 
instrument for accurate measurement of 
inductance, capacitance, resistance. Brand 
new unwanted gift cost £110. Will accept £79, 
Tel: (071) 373 6303. 

TWO 240V/50HZ STEPPER MOTORS, no 
details. £15 for two, inc P&P. Write to: Alasdair 
MacLeod, 26 Ferguston Road, Bearsden, 
Glasgow 061 2DY. 

2 ASSEMBLED MAPLIN INFRA RED 
PROXIMITY DETECTORS (GD27E). 
2 assembled Audio Controlled Switches 
(LP290). 1 assembled Maplin Ultrasonic 
Intruder Detector Kit (LW83E). Genuine 
reason for sale. Any offers please ring: 
Richard (0437) 765187. 
SOLDER STATION TC SU I with 40W iron 
and manual. Working but worth treating to a 
new element. £34.50 Tel: (0745) 825750. 
MARINE BAND RECEIVER. 150kHz - 4M112 
- 4 switched bands, switched filter, Ban or 12V 
Ext. £45 Can Ex: Soon Smyth "De Porres" 67 
East Princes Street, Helensburgh G84 700, 
Scotland. Tel: 0436 71181. 
KE1THLEY 197 AUTO DMM 51/2  Digit 
Storage etc. with manuals R&S current model 
cost £600. Best offer or exchange for computer 
(IBM AT) Hardware or Test Gear. Tel: (0685) 
811332. 

SCOPEX 4D10A 10 MHz DUAL BEAM 
OSCILLOSCOPE £148. Heathkit V-7AU 
Electronic Multimeter £23. Portable Stereo 
Graphic Equaliser £25. Ultrasonic remote 

control switch £17. Cathay cassette recorder 
£15. Tel: (0502) 566026. 
CASIO 4" COLOUR TV (LCD) £125, Two 
complete, bound volumes of Everyday 
Electronics 1989 and 1990, £20 each, £35 for 
both. Mr Broadhead, 41 Albany Street, Hull 
HU3 1PL. 
PRACTICAL ELECTRONICS MAGAZINES 
Jan 1966- Dec 1966 (12). Very good condition. 
Offers, contact Miss K. Harris of 44 Fern 
Grove, Bletchley, Milton Keynes MK2 3QF. 
200- ELECTRONICS MAGAZINES and 
hundreds of components including 
transformers, switches, valves, chips, 
capacitors and more, lack of space forces 
sale, £75 ono the lot. Tel: (0725) 20254 
(Wiltshire) buyer collects. 
OSCILLOSCOPE Hybrid 1963 Hewlett 
Packard vintage. 50 MHz bandwidth with 
quad and dual trace plug-in. Perfect working 
order. Fine trace, rock-steady triggering, 
lOns/cm timbase, 10cm x 6cm screen, offers 
over £100. Tel. 0272 246371 (Bristol). 
QUALITY COMPONENT CLEAROUT! 
Hitachi LM058 40 character dot matrix £49 
each. Sensym pressure transducers 3 ranges 
from £20 each. Motorola MTM12N20 TO-3 FET 
200V/12A 5 for £12. National LH0033CG TO-5 
amp DC-100MHz £8 each. LM3914 bargraph 
driver £3 each or 5 for £12. + + --Caps/LEDs/ 

VREGS etc. at silly prices! Send sae for full 
details to Steve Brown, 34 Manor Avenue, 
Nonholt, Middlesex UB5 5B2 or Tel: (081) 
845 1920. 
GOOD QUALITY can electrolytic capacitor 
12,000µF, 100V, 29A. Pressure release valve, 
screw terminals, £6. Also 5000µ7, 70V, £2. 
Tel: Roth (0709) 895707. 
H.P. 1304A X-Y DISPLAY. 14" green 
electrostatic tube, ideal teaching aid, would 
suit college demonstrating semiconductor 
characteristics, etc. Good condition, little used 
£175 buyer collects. Tel: Keith (0703) 243037. 

MUSICAL 
ORGAN BUILDERS! All parts for working, 
pan assembled 2 x 61 note MES53 Organ. Oak 
roll top cabinet, 27 and 13 note pedalboards, 
Rotor, Instructions. £250 ono, Phone Swindon 
(0793) 823513. 
YA MAHA DIGITAL DRUM MACHINE 
(DDS) for sale. MIDI compatible, complete 
with drumsticks. Hardly used. Cost £100 new 
will accept £60. Tel: Lee (0726) 883510. 
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A readers forum for your views and comments. The Editor, 'Electronics — The Maplin Magazine' 
If you want to contribute, write to:  P.O. Box 3, Rayleigh, Essex, SS6 8LR. 

Chop their Bandoliers 
off! 
Dear Sir, 
I frequently use the Maplin 
Catalogue and your Components 
Service, and have only one major 
complaint. This is, the habit of your 
staff tearing resistors and diodes 
off their tape bandoliers instead of 
cutting them off. I know that they 
are working under pressure, but 
the result is that these components 
arrive with the leads twisted and 
bent. Apart from the annoyance of 
receiving components in this 
mangled state and having to 
straighten the leads before use, it 
is possible that a small proportion 
are actually damaged: for 
example, one is not supposed to 
bend the leads of diodes within a 
millimetre or two of the seals. The 
force needed to tear the tape on a 
bandolier is quite considerable, 
and much of it gets applied to the 
component in the process. 
Sometimes the enamel on a 
resistor is cracked at the point 
where the wire emerges. Twice 
before, over the years, I have 
written direct to Maplin to complain 
about this, and once I asked for 
some resistors to be replaced 
(which they were without any fuss). 
Components still arrive bent, and 
yet it would be easy enough to cut 
components off with scissors or 
side-cutters. 
Dr. J. R. Baker, Bath. 

Dave Foreman from the Q. C. 
Department Replies: 
Thank you for drawing the matter 
of resistors and diodes being 'tom 
off' the bandoliers, to my attention. 
I accept that some staff have been 
in the habit of doing this in the past, 
but this problem has now been 
addressed and it is now standard 
practice to cut components from 
their bandoliers. 
lam monitoring this situation 
closely to ensure that the correct 
procedure is being carried out and 
that old habits have in fact died'. 

'Alio 'Alio? 
Dear Sir, 
June/July issue of 'Electronics', 
page 2, Picture Caption Challenge 
— I think it's: That English idiot 
Constable Crabtree, somewhere 
in France, masquerading as Arthur 
Bostrum, masquerading as a bird 
fancier, saying "Owl-o Owl-o". 
J. Rodgers, Sheffield. 

Turn to page 3 for another equally 
stupid picture caption challenge to 
solve! 

Re mote Chance 
Dear Sir, 
Your publication of Mr A. 
Williamson's article on the 
I/R tester is rather coincidental! 
A friend of mine has several TV 
remote controllers that are not 
functioning properly. 
A. Chetwood, Shrewsbury. 

It's nice to know that our projects 
are appreciated. 

VIIIEW 
************* 

&TA R 
This month, D. Greespan from 
Middlesex receives the Star Letter 
Award of a £'5 Maplin Gift Token for 
his letter on re-using discarded IC carriers. 

When the Chips have 
Gone... 
Dear Sir, 
In these days of environmental 
awareness, we should try to 
recycle as much as possible or at 
least make better use of the things 
we have. Many ICs come delivered 
inside plastic capsules with 
conductive bases. For some time, 
these have been cluttering up my 
workbench, with no obvious use. 
However, if you use a two-part 
epoxy resin adhesive, you'll find 
the plastic part of the capsule is 
perfect for mixing them in. Remove 
the backing from the capsule. 
Squeeze some adhesive into one 

end of the plastic part, and the 
same amount of the hardener into 
the other end. Now, using a small 
screwdriver, mix the two together. 
There is no wastage as you can 
scrape out every last drop of the 
stuff, and there is no mess as you 
can throw the capsule out (like you 
were going to in the first place). I 
have found quick-setting epoxy 
resin very useful for encapsulating 
small circuits. It makes them 
virtually indestructible, and 
because it goes opaque when set, 
all the little secrets inside are 
safely kept. 
D. Greespan, Middlesex. 

What an ingenious idea! 

** ** * * * ** *** ****** 

Hard Nut 
Dear Sir, 
A year ago I bought a Maplin 
Hobby Multimeter. This instrument 
has been dropped a number of 
times on to a tiled brick floor. There 
is no sign of a crack in the case, no 
pivot stick balance, 'spot-on' 
accuracy 2% at FSD. lam sure you 
will agree that this is a remarkable 
achievement for an instrument, 
after receiving such rough 
treatment. 
E. Vaughan. 

It certainly is! However, we would 
not recommend that multimeters 
or other items of test equipment 
are deliberately mistreated. 
Accuracy can be seriously affected 
by both physical and electrical 
mistreatment; care should be 
exercised when making 
measurements. For example, 
ensure that a multimeter is not 
switched to a current or resistance 

range when attempting to measure 
mains voltage! It may sound 
obvious but this is probably the 
commonest way of 'killing' a meter. 
A good practice to adopt is to 
switch the meter to 'off' when the 
meter is not in use. However, some 
meters do not have an 'off' position 
and in this case the meter is best 
switched to a high (say 1000V) 
voltage range. Meters, such as the 
well respected AVO 8, often damp 
the meter movement when 
switched off so as to afford further 
protection against vibration and 
physical shock. 

More Video Please 
Dear Sir, 
Firstly congratulations on yet 
another interesting edition of the 
magazine. It's always worth 
reading and informative. I'm sure 
that many readers already have or 
have hopes (like me!) of acquiring 
a video camera. I have already 

used several different models 
(courtesy of various friends), and 
this just helps to emphasise that 
one must be very careful in 
choosing just the right model. lam 
very interested in editing, titling 
etc. so I was pleased to see the 
video amplifier article in the 
June-July magazine as this could 
prove to be very useful in the not 
too distant future. Most of the 
equipment currently available for 
editing, adding video effects and 
titles is extremely expensive. I'm 
sure this is because of the 
relatively small number of people 
prepared to pay the level of price 
demanded. I'm quite sure that 
there must be many video camera 
owners who would welcome the 
chance to construct a unit (or 
several!) which would enable them 
to add effects and titles to their 
'masterpieces'. This could 
perhaps be offered in several 
modules varying in use and 
complexity, audio modules in one 
series and video in another, sq that 
those who like me have a fairly 
comprehensive audio set-up 
already, do not have to buy these 
unnecessarily. 
Dr M. I. Jackman, Chale, loW. 

Thank you for your suggestions, 
which, in time honoured tradition, 
have been passed onto the lab for 
their perusal. (Psst. I'm not 
supposed to mention this but there 
is another video project in the 
pipeline . . . just don't tell anyone 
that I said so!) 

Lonely Hobbyist 
Dear Sir, 
I have been very interested in 
electronics for a number of years 
and have built numerous projects 
from the pages of 'Electronics'. 
Most of which worked first time, 
and those that didn't were usually 
due to my own mistakes. However, 
far from being discouraged (as so 
many hobbyists these days seem 
to be) when the projects didn't 
work first time, I set about finding 
out why they didn't work. The 
overall result was that I learnt a lot 
more about how and why circuits 
work. This really brings me on to 
the main point of my letter; often I 
want to talk to other hobbyists 
about electronics, exchange ideas 
and tips and things like that. 
Unfortunately none of my friends 
are interested in electronics, is 
there any kind of club or society 
that could put me in touch with 
other hobbyists? 
P. Hewitt, Caernafon, Wales. 

The club that springs to mind is the 
British Amateur Electronics Club, 
the club is very well established (it 
was formed some 25 years ago) 
and has members all over the UK 
and abroad as well. The club 
publishes a regular newsletter, 
containing all manner of useful 
information and has contributions 
from club members. For further 
information contact: Mr H. F. 
Howard, 41 Thingwall Park, 
Fishponds, Bristol BS16 2AJ. 
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Low cosT by Gavin Cheeseman 

FE ATURES 

* Variable and Fixed Outputs 
* Current up to 1 A 
*Stable Regulated Supply 
*Single or Split Rail Outputs 
* LED Status Indicators 
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Introduction 
The Low Cost Power Supply is a 

relatively simple design that provides 
reliable performance and is ideal as a 
power supply for the home constructor. 
The supply makes available a variety of 
voltage combinations which include 
variable split supply, variable single 
supply, a fixed 5V and a fixed 12V supply. 
A three position, switchable current limit 
is also provided and the unit is capable of 
supplying current levels up to 1A. 

Circuit Description 
Figure 3 shows the circuit diagram of 

the power supply. The supply is based 
around the L200C regulator, which is 
capable of handling input voltages up to a 
maximum of 40V and output voltages up 
to 30V with programmable current limit. 
The circuit effectively uses two individual 
single power supplies i.e. a transformer 
with two separate secondary windings 
and two regulators. 

A 2A transformer is used in the 
design to allow plenty of headroom when 
the power supply is being used at a 
current level of 1A. It is important that the 
transformer secondary voltage is not 
allowed to drop below the minimum input 
voltage for full voltage output from the 
regulator, as regulation would be lost. 

Mains voltage is applied to transfor-
mer Ti via primary fuse FS1 and mains 
on/off switch Si. A mains voltage of 
240V RMS on the primary of the 
transformer, corresponds to a secondary 
voltage of approximately 20V RMS. The 
low voltage AC is fed to two separate 
bridge rectifiers (BR1 and BR2) via fuses 
FS1 and FS2. The output from the 
rectifiers is smoothed by electrolytic 
capacitors Cl and C2. Two completely 
separate unregulated DC supplies are 
produced which are then individually fed 
to the input of regulators IC1 and IC2. The 
output voltage of each regulator is 
determined separately by a network of 
resistors, switched by S3. A similar set of 
resistors (switched by S2) are used for 
current limiting purposes. S3 is also used 
to select single or split supply operation. 
Transistors TR1 and TR2 are used to drive 
two LEDs which indicate the status of the 
power supply outputs (single or split). 
Diodes, DI and D2 are used to prevent 
voltage spikes or residual voltages from 
external equipment connected to the 
output of the supply from damaging the 
regulators. Fast recovery diodes are used 
in this application because of their fast 
switching characteristics. Resistors R7 and 
R15 ensure that the diodes are main-
tained in a conducting state even at very 
low output current levels. Capacitors C3 
and C4 decouple the regulators, attenu-
ate noise and prevent instability. 

Construction 
Insert and solder the components 

onto the PCB referring to Figure 2 and the 
Parts List. It is a good idea to start with 
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the resistors, as these are relatively low 
profile components, and may be awk-
ward to fit at a later stage. Next, using the 
resistor lead off-cuts, fit the eight links on 
the PCB, these are marked 'LINK' on the 
legend. The fuse clips (used to hold FS1 
and FS2) should then be fitted; these must 
be kept flush with the PCB when soldering 
as illustrated in Figure 1. Next insert and 
solder the capacitors. It is important that 
the electrolytic capacitors are fitted with 
the correct polarity; the negative lead of 
the capacitor, marked by a negative (—) 
symbol on the component body, is 

20 m m fuse 
ta so s val 

Fuse 
clip 

r_ 2:) ___ L___? tag 

Retaining 

,„r, ,,,  ' '  

PCB 

Solder 

Figure 1. Mounting the fuse clips. 

inserted into the hole furthest from the 
positive (+) symbol on the legend. 
Transistors TR1 and TR2 are fitted such 
that the case of the component corres-
ponds with the outline on the PCB legend. 
Regulators RG1 and RG2 are fitted in a 

similar manner with the heatsink tags 
perpendicular to the PCB; the tags are 
bolted down to the bottom of the case, 
using insulating bushes and washers, 
when the PCB is finally installed. Bridge 
rectifiers, BR1 and BR2 are inserted and 
soldered such that the symbols on the 
corners of the device correspond with 
those on the PCB legend. The bridge 
rectifiers each use a small hedtsink and 
these are held in place by a nut and bolt 
through the PCB. Position th,8 heatsink 
such that it is clear of any surrounding 
components. Potentiometers RV1  and 
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4 
RV2 are mounted on the component side 
of the PCB as shown in Figures 4a and 4b. 
Switches S2 and S3 are mounted in a 
similar manner to RV1 and RV2 and are 
connected to the PCB using insulated 
hook-up wire as shown in Figure 5. Fit the 
Iwo LEDs on the track-side of the PCB, 
ensuring correct orientation, this is indi-
cated by the dotted legend on the 
component-side of the PCB. Finally fit 
the two track-side links using insulated 
hook-up wire. The location of each, is 
indicated on the component-side of the 
PCB by a dotted line; a circle at each end 
of the dotted lines indicates the position 
where the wire ends should be soldered 
to the track. Please note, to prevent 
instability these links must be fitted exactly 
where indicated by the legend and not at 
any other point. 

For further information on soldering 
and construction techniques, reference 
should be made to the constructors' guide 
included in the kit. 

Enclosure and Wiring 
Before the supply can be powered 

up, the transformer, PCB and associated 
components MUST be housed in a 
suitable metal case. The recommended 
case is Steel Case 1608 (stock code 
XJ28F) and the drilling details, for those 
wishing to use this case, are shown in 
Figure 6. PCB mounting information is 
shown in Figure 7. 

Tinned copper 
wire 

Solder 

Solder 

Nut 

Washer 

01 — PCB 

Potentiometer 

(RV1) 

Bend 
pins 

-4 -- Solder 

Potentiometer 

(RV2) 

Figure 4. a) Mounting RV1, b) mounting RV2. 

Nut 

Washer 

PCB 

Bare tinned copper wire to outside terminals 

(component lead off—cuts) 

Insulated wire 
to centre terminals 

Switch 
(S2/S3) 

Solder to   
terminals 

PCB component 
side 

Figure 5. Mounting S2 and $3. 

Washer 

-0 —Nut 

> •Solder to PCB 

PCB solder 
side 

Hole Data 

A. 03.5mm 
PCB Fixings 

B. 05m m 

C. 07mm 
D. 010m m 

Figure 6. Drilling details for suggested case. 
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For ease of assembly, it is recom-
mended that the wiring to the PCB is made 
before fitting into the case, and that the 
PCB is fitted before the transformer. With 
the recommended case, it may be found 
advantageous to remove the rear panel 
when installing the PCB and transformer. 

It is important that the case used has 
no large holes as live mains is present 
inside, on the primary side of the 
transformer, and it is important that the 
risk of electric shock due to touching any 
of these parts is eliminated. Figure 8 
shows connections to the mains fuse 
holder (FS1), on/off switch, suppression 
capacitor and transformer (Ti) primary. 

Transformer secondary (low voltage) 
wiring is shown in Figure 9. All mains 
leads should be shrouded using heatshrink 
sleeving. The wiring should be double 
checked to make sure that there are no 
errors. Connection of the earth lead is an 
essential safety precaution; make sure that 
the earth lead (colour coded green/ 
yellow) is securely connected to the tag 
provided, and that the tag is bolted 
securely to the chassis, so as to make a 
good electrical connection. 

The front panel layout is basically 
determined by the position of the front 
panel components, but the actual front 
panel legend is down to the user. A 
suggested front panel layout is shown in 
Figure 10; the illustration also shows the 
different switch positions and approxi-
mate voltage settings for the variable 
voltage controls (RV1 and RV2). 

Terminal posts TB1 (+), TB2 (—), 
TB3 (+) and 1B4 (—) are mounted on 
the front panel of the case and pass 
through four large holes in the PCB. 
The tags are connected to PCB pins P5 
(1B1), P6 (TB2), P7 (TB3) and P8 (1B4) as 
shown in Figure 11. 

Figure 9. Transformer secondary connections. 

It is important that RG1 and RG2 are 
suitably heatsinked. The metal case sug-
gested will provide sufficient heatsinking 
under normal conditions. However, if a 
different case is used, it may be necessary 
to provide additional heatsinks. Failure to 
provide the rated current level due to the 
regulators 'shutting down' suggests addi-
tional heatsinking is necessary. 

Because the bottom of the case is 
used as a heatsink, it is important that the 
case is slightly raised to allow air to flow 
freely under the case-bottom. Four rubber 
feet (one at each corner) can be used for 
this purpose. 

Testing 
Before the circuit is powered up it is 

essential that the transformer, PCB and 
associated circuitry is installed in an 
earthed metal case, and the cover or lid is 
firmly in place; this eliminates the risk of 
electric shock by accidentally touching live 
parts. IMPORTANT: ANY WORK ON THE 
CIRCUIT SHOULD BE CARRIED OUT 
WITH THE MAINS SUPPLY DISCON-
NECTED, and the supply should NEVER 
be powered up with the cover (lid) of 
the case removed. Remember, MAINS 
VOLTAGE CAN KILL. 

5 

,--,  10 
U  1  SINGLE 12V 

DUAL  1 / 
•  I 

..15 
.. 

OUTPUT 
RANGE 

VOLTAGE 

_  ± 

0  0  SLAVE  ICAD 
OUTPUT 

5V 

SINGLE 

0 

1 
MODE 

DUAL 
TRACKING 

100mA  10 I  0 
10mA  1A I •  I 

..15 

0  

CURRENT  OUTPUT 
LIMIT  VOLTAGE 

1  _  + 

a  C )  MASTER  0  
OUTPUT  0 

Figure 10. Front panel layout showing switch positions and approximate voltage settings. 
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Figure 11. Terminal post connection. 

It is recommended that you double-
check your work before powering up the 
supply, to make sure that there are no dry 
joints or solder short circuits, and to ensure 
that all off-board wiring is correct. 

Insert the fuses into the fuse holders; 
the 11/4 inch fuse (FS1) is inserted into the 
chassis fuse holder, which should be 

S3 Position 
1 

2 

3 

4 

TB1 and TB2 
Variable Tracking 
Master (RV1), 3V to 1 5V 
Variable Single (RV1) 
3V to 15V 
Variable Single (RV1) 
3V to 15V 
Variable Single (RV1) 
3V to 15V 

Table 1. Output voltage ranges. 

S2 Position 
1 
2 

TB3 and TB4 
Variable Tracking 
Slave (RV1), 3V to 15V 
Variable Single (RV2) 
3V to 15V 
12V Fixed (RV2) 

5V Fixed (RV2) 

Approxirnii e urrent Limit Threshold 
1 OmA 
100mA 

Table 2. Approximate current limit thresholds. 

mounted on the rear panel, and the two 
20mm fuses (FS2 and FS3) are fitted into 
the appropriate fuse clips on the PCB. 

The circuit requires no alignment and 
once construction is complete, the supply 
should be ready for use. A multimeter is 
required to test the supply properly. 
Initially, rotate RV1 and RV2 fully anti-
clockwise. Set current limit switch S2 to the 
1 A position and voltage range switch S3 
to the tracking position (position 1). With 
S3 in this position, the supplies are 
coupled together, and an output voltage 
of approximately 3V should be present 
between each set of outputs (TB1 and 
TB2, and TB3 and TB4); the voltage 
between TB1 and TB4 should be around 
6V. In the tracking mode, LD2 should light. 
As RV1 istrotated clockwise the voltage 
should increase to at least 15V, between 
each set of outputs, and approximately 
double this between TB1 and TB4. The 

70 

voltages stated may vary somewhat due 
to component tolerances. Set S3 to the 
variable single position (position 2). 
Similar results shOuld be obtained, but this 
time RV1 controls the voltage between 
TB1 and TB2, and RV2 controls the 
voltage between TB3 and TB4. The 
voltage between TB1 and TB4 should be 
CV on this range, as the supplies are 
separate and are not directly coupled 
together. In all modes except the tracking 

mode, LD1 should light indicating single 
supply operation. With S3 in the 12V 
position (position 3), a fixed 12V supply is 
available between TB3 and TB4, and a 
variable supply between TB1 and TB2. 
With S3 in the 5V position (position 4), a 
fixed 5V supply is available between TB3 
and TB4, with a variable supply between 
TB1 and TB2. Table 1 summarises the 
different output voltage combinations 
available and Table 2 shows the three 
different current limit settings. The voltage 
range and current limit threshold figures 
shown are only approximate, and these 
may vary considerably. Switch S2 sets the 
current limit for both sets of outputs. The 
actual current limit thresholds may be 
measured by connecting a multimeter, set 
to measure current, between TB1 and TB2 
or TB3 and TB4, such that the supply is 
temporarily short-circuited. This proce-
dure should be repeated on each of the 
three current ranges. To prevent stress on 
the components, it is recommended that 
the power supply is not left in a short 
circuit condition for more than 1 minute, 
although under normal conditions the 
supply should be capable of operating 
into a short circuit for considerably longer. 

Using the Power 
Supply 

The power supply is suitable for 
general-purpose use and should provide 
a relatively smooth regulated output, if the 
guidelines set out in this article are 
adhered to. Table 3 gives specifications of 
the prototype power supply. The outputs 
are protected against unwanted positive 
transients and the supply features full 
overload protection. 

The supply outputs should exhibit 
very few unwanted switching transients; 
however, to prevent any possible damage 
it is recommended that the power supply 
is initially switched on BEFORE any loads 
are connected. 

To prevent overheating, the supply 
should not be located where the free-flow 
of air is inhibited as this will impede heat 
dissipation. 

In the dual tracking mode (S3 in 
position 1) TB2 is connected to TB3 
internally and an external link is not 
required for this purpose. In this mode TB1 
is the +V output, TB2 or TB3 are OV 
connections and TB4 is the —V output. In 
all other modes two completely separate 
supplies are provided; one set of outputs is 
available from TB1 (+V) and 1B2 (—V) 
and a separate set is available at TB3(+V) 
and T84(—V). 

Input Voltage to Transformer (11) 
Input Voltage to Power Supply PCB (Off Load) 
Power Supply Output Voltage 
Maximum Output Current 
Output Ripple Voltage (500mA Output Current) 

Table 3. Specification of prototype. 

240V AC Mains 
23V RMS 
See Table 1 
See Table 2 
5mV 

Maplin Magazine November 1991 



LOW COST POWER SUPPLY PARTS LIST 
RESISTORS All 0.6W 1% Metal Film (Unless specified) 
R1,8  01222 W/VV Min  2  (W0R22) 
R2,9  45/7  2  (M4R7) 
R3,5,6,10,11,21 47n  6  (M47R) 
R4,12  820,0,  2  (M820R) 
R7,15  1k  2  (M1K) 
R13  2k7  1  (M2K7) 
R14  5600  1  (M560R) 
R16  10k  1  (M10K) 
R17,20  3k9  2  (M3K9) 
R18  4k7  1  (M4K7) 
R19  100k  1  (M100K) 
RV1  Dual Pot Lin 4k7  1  (FW84F) 
RV2  Pot Lin 4k7  1  (FWO1B) 

CAPACITORS 
C1,2 
C3,4 
C5,6 
C7 

PC Elect 4700µF 35V 
PC Elect 470,u.F 35V 
Disc 100nF 50V 
IS Cap 100nF 

SEMICONDUCTORS 
IC1,2  L200 
TR1,2  8C548 
D1,2  BYVV98-150 
LD1  LED Red 5mm 2mA 
LD2  LED Green 5mm 2mA 
BR1,2  504 

MISCELLANEOUS 
Ti  Tr 34V HP 
Si  DPST Rocker 
S2  Rotary SW3B 
S3  Rotary SW4 

11/4 in. Clickcatch F/Holder 
SR Grommet 5R2 
Pins 2141 
Large Terminal Post Black 
Large Terminal Post Red 
Fuse Clip 
PCB 

FS1  A/S 160mA Fuse 11/4 in. 
FS2,3  A/S 2A Fuse 

2  (JL3OH) 
2  (FF16S) 
2  (BX03D) 
1  (JR34M) 

2  (YY74R) 
2  (QB73Q) 
2  (UK65V) 
1  (UK48C) 
1  (UK49D) 
2  (QL1OL) 

1  (WB22Y) 
1  (YR69A) 
1  (FF76H) 
1  (FH44X) 
1  (FA39N) 
1  (LR48C) 
1 Pkt  (FL21X) 
2  (HFO2C) 
2  (HFO7H) 
4  (WH49D) 
1  (GE93B) 
1  (U199H) 
2  (WR2OW) 

Heat Shrink CP32  1 
Vaned Heatsink Plas Pwr  2 
Insulator T0220  2 
Plastic Bush T066 Short  2 
Wire 16/0.2mm 10m Red 1 Pk 
sobolt M4 x 12mm  1 Pkt 
sonut M4  1 Pkt 
sotag M4  1 Pkt 
sobolt M3 x 16mm  1 Pkt 
sonut M3  1 Pkt 
nstruction Leaflet  1 
Constructors' Guide  1 

OPTIONAL (Not in kit) 
Steel Case 1608 
Min Mains Black 
Isobolt M4 x 12mm 
lsonut M4 
Knob K7A 
Knob K7B 
lsoshake M4 
Isonut M3 
Isoshake M3 
Spacer M3 x Yein. 
Poziscrew M3 x 16mm 

(BF88V) 
(FL58N) 
(QY45Y) 
(JR78K) 
(FA33L) 
(BF49D) 
(BF57M) 
(LR63T) 
(JD16S) 
(BF58N) 
(XTO5F) 
(XH79L) 

1  (XJ28F) 
As Req (XR01B) 
1 Pkt  (BF49D) 
1 Pkt  (BF57M) 
2  (YX01B) 
2  (YX02C) 
1 Pkt  (BF43W) 
1 Pkt  (BF58N) 
1 Pkt  (BF44X) 
1 Pkt  (FG32K) 
1 Pkt  (JC70M) 

The Maplin 'Get-You-Working' Service is available for this 
project, see below for details. 

The above items (excluding Optional) are 
available as a kit, which offers a saving over 

buying the parts separately. 
Order As (Lo Cost PSU) LP74R Price £34.95 El 

Please Note: where 'package' quantities are stated in the 
parts list (e.g. Packet, Strip, Reel, etc.) the exact quantity 
required to build the project will be supplied in the kit. 
The following new item (which is included in the kit) 
is also available separately, but is not shown in the 

1992 Maplin Catalogue. 
Lo Cost PSU PCB Order As GE93B Price £4.25 

Now it's easier than ever to 
get our back-up... 

H
OW? When you buy a Maplin 
Kit and if you run into 
difficulties constructing it, we 
are here to help you. 

Sometimes you may have the disappointment 
of putting time, effort and money into a project, 
only to find that on completion it doesn't work. 
When you buy a Maplin Kit you will have the 
reassurance that, if in the unlikely event your 
completed project doesn't work, you know that we 
will 'Get-You-Working'. 

Help is at hand! 
For Technical Queries*: 

Write to: 'Customer Technical Services', Maplin 
Electronics, P.O. Box 3, Rayleigh, Essex, SS6 8LR. 

We will do our utmost to speedily answer 
your technical enquiry; or Fax: (0702) 553935; or 
'Phone: (0702) 556001, 2pm to 4pm, Monday to 
Friday, except public holidays. 

And if you get completely stuck with your 
project, get our back-up and we'll get you back up 
and running! 
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The 'Get-You-Working' Service: 
We will undertake to get working any of the 
Maplin Kits** published in 'Electronics— The 
Maplin Magazine'. Please return the completed kit 

to us at the following address: 'Service 
Department', Maplin Electronics, P.O. Box 3, 
Rayleigh, Essex, SS6 8LR. Enclose a cheque or 
Postal Order for approximately 10% of the cost of 
the kit being returned (subject to a minimum of 
£15.00). If the fault is due to faulty components, 
incorrect instructions or any error on our part 
which could have led to the fault, we will repair the 
project free of charge and return it to you carriage 
paid with a refund of your postage to us. 

If the fault is due to an error or errors that you 
have made, we will charge you at the competitive 
rate of £15.00 per hour, or part thereof, and for the 
cost of any parts replaced. If this is less than the 
amount you sent, we will refund the difference, 
after deducting the cost of postage to you. If the 
cost including return postage is more than the 
amount you sent, we will ask you to pay the 
difference before the goods are returned. 

We will 'Get-You-Working' as fast as possible, 
but please allow up to four weeks. We will 
acknowledge receipt of your returned kit by return 
of post. 

What magazine offersyou this kind of service? 
'Electronics — The Maplin Magazine' of course! 
*We can only answer technical queries related to Maplin 
projects and products. 
"* The 'Get-You-Working' Service is available for all 
Maplin Kits and Maplin Projects with the exception of: 
'Data Files'; projects not built on our ready etched PCBs; 
projects built with the majority of components not 
supplied by Maplin; Circuit Maker ideas; Mini Circuits or 
other similar 'building block' and 'application' type 
circuits. 
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Interfacing Standards 
for Computers 
An IEEIE Monograph 

by A.C. Maine 

This monograph serves as an 
introduction to the interfacing 
techniques and standards used by 
computers. Both computer standard 
buses and local area networks have 
been deliberately excluded from the 
text as due to their breadth, complexity 
and importance, each deserves a 
monograph in their own right. 
With communication being such a 

vital concept in computing systems, the 
basics of interfacing never hurt from 
restating. The opening chapter defines 
the need to have devices which have to 
be physically connected and which 
must recognise a common data format. 
The book then goes on to discuss 
RS-232C Serial Interface Standard, 
the IEEE-488 General Purpose parallel 
interface bus, the HP-IL Serial 
Interface Standard and Parallel 
Interfaces in general. A note upon 
Character Code Standards and 
Appendices giving a data transmission 
Glossary and a Summary of the CCITT 
recommendations complete the work. 
The quest for better, error free, quick 

communications in computer systems 
has never been greater. Interfacing still 
remains the most common way of 
helping computers to communicate. 
This book will ensure that linking is 

both good practice, good engineering 
and has regard to the International 
standards and protocols. 
1987. 209 x 147mm. 62 pages, several 
line diagrams and useful tables. 

OrderAs WT6042 (If Standards 
Comps)  Price E3.90 NV 
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A Beginners Guide to 
Modern Electronic 
Components 
by R.A. Pen fold 

The wide range of components 
available for use in modern electronics 
tends to baffle both newcomers and 
more seasoned users alike. 
This book tries to make life a little 

easier. The book describes the basic 
functions of components but is not an 
electronics text book. Instead it deals 
with the practical aspects such as 
colour codes, deciphering code 
numbers and the suitability of 
components for given applications. 
Some of the components covered 

include Resistors (including 
Potentiometers), various types of 
capacitors, inductors, diodes (including 
Zeners and Varicaps). Transistors both 
silicon and germanium, opto electronic 
devices, operational amplifiers, logic 
integrated circuits, loudspeakers and 
microphones and meters. The book 
cleverly divides the components into 
Passive, semiconductors integrated 
circuits and The Rest which includes 
connectors, switches and multiway 
components. A useful index has to be 
used in conjunction with the contents 
pages, but does enable much of the 
detail about components to be tracked 
down. 

egi .41.011wa-voemnii tietto 

ts 

A range of useful line drawings and 
diagrams further enhance a very useful 
and readable book. An unusual trait in 
what is almost a reference book. 
The Penfold/Babani Partnership has 
advanced the understanding of 
electronics both to enthusiasts and the 
less committed. This book carries on 
that tradition and will be an essential 
addition to any bookshelf. 
1990. 178x 110mm. Many useful 
diagrams, charts and line drawings. 

Order As WT61R (Guide to Elec 
Comps)  Price £3.95 NV 
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The Home Electrical 
Appliance Manual 
A Haynes Manual 

by Graham Dixon 

Each year sees an increase in the 
number and variety of small electrical 
appliances. Some are for 
convenience, some are luxuries and 
some are labour saving. Both indoor 
and outdoor electrical appliances of 
various shapes and sizes are to be 
found in every home. From the 
humble electric kettle to the 
immensely sophisticated video 
recorder, from the electric drill to the 
lawn strimmer, they all have one thing 
in common — at sometime they will fail 
to function correctly, at which point 
you fully realise how indispensible this 
object is. But often lack of 
maintenance is responsible for the 
failure of both new and old equipment. 
Although mass production and large 
volume sales have made many of 
these items very low cost, it may still 
be a practical proposition to effect a 
repair, even though the lack of spares 
outlets for these items makes it 
difficult. Gone are the many small 
ironmongers shops who would be able 
to supply a new knob for your kettle lid 
or a handle for your broom and so on, 
and who also would be willing to repair 
the smaller electrical items at a 
reasonable cost. The larger surviving 
repair businesses now have such high 
overheads, that it is they who make 
such repairs uneconomical. 
Throwing away a complete item which 
has a relatively minor fault can have 
far-reaching effects — it may be made 
from non-renewable materials and 
some of its constituent parts may even 
be hazardous in disposal. 
Maintenance and repair could save 
money by not buying a new one, 
conserves resources and is kinder to 
the environment. Above all you have 
the satisfaction of making a successful 
repair. The book also helps you 
understand how many of our 
household items work, and from this 
you can understand how and why 
faults occur and how to prevent them. 
1991. 182 pages. 276 x 212mm 
hardcover, illustrated. 
Order As WT79L (Appliance 
Manual)  Price £12.95 NV 

The Robot Builder's 
Bonanza 
99 Inexpensive Robotics 
Projects 

by Gordon McComb 

Express your robotic creativity with 
this fascinating guide. It offers you a 
complete and unique collection of 
tested and proven project modules 
that you can mix and match to create 
an almost endless variety of highly 
intelligent and workable robots. By 
using the modular approach there is 
plenty of leeway for your imagination. 
99 different experiments are provided 
which, in different combinations, 
enable you to create robots of all 
shapes and sizes and abilities. There 
are rolling robots, walking robots, 
talking robots, robots which can 
vacuum the floor, serve drinks, teach 
the kids, protect the family against fire 
and intruders, in fact anything is 
possible using these modules and a 
little ingenuity. 

ROgor 
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None of the projects are very 
expensive and the majority of the ICs 
required can be budget priced surplus 
parts. The book is aimed at both the 
novice and intermediate robotics 
enthusiast; the projects include all the 
necessary information you need to 
construct the essential building blocks 
that go into the typical personal robot: 
the body and frame; power and 
locomotion; appendages; eyes, ears 
and mouth; navigation; and electronic 
control. How you put them together is 
up to you. Suggested alternative 
approaches and component sources 
are provided. In addition to the 
abundance of illustrations, 
schematics, diagrams and parts lists, 
there is also a listing of tools and 
equipment required, an IC matching 
chart, a drill bit and bolt sizes chart, 
and computer programs for supplying 
your creation with more than switches 
for control. 
1987. 335 pages. 234 x 187mm, 
illustrated. 
Order As WT77J (Robot 
Bonanza)  Price £14.45 NV 
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Practical Ideas for 
Radio Amateurs 
by Ian Poole G3YWX 

This book is designed to take the new 
Amateur Radio enthusiast a little 
further. It offers a wealth of hints, tips 
and general practical advice for 
transmitting amateurs and short wave 
listeners. 
The book is divided into chapters, 
based around a particular aspect of 
amateur radio, such as the 'shack', 
aerials, constructional techniques, 
components, circuits and testing 
techniques. The Circuit ideas chapter 
goes beyond offering a range of circuit 
designs. Instead it aims to be a source 
of useful ideas. Some of which may be 
incorporated into other circuits to 
improve them or add facilities. Others 
may save time and money, or just help 
to get over a problem. The chapters 
are complemented by appendices 
which offer a wide range of useful 
information. 
All in all a invaluable book that well 

worth having. 
1988. 210 x 150mm. 125 pages, 
illustrated, b&w photographs. 

Order As WT67X(Prct Ideas Radio 
Amt)  Price £6.50 NV 

Build Your Own Laser, 
Phaser. Inn Ray Gun 

and Other Working Space-Age 
Projects 

by Robert E. Lannini 

Build a hand-held, battery operated, 
visible laser light source capable of 
illuminating low level clouds, special 
effects, light shows, long range 
sighting, holography, amid other 
exciting space-age experiments! You 
can put together your own magnetic 
field distortion detector that lets you 
listen to, measure and record solar 
activity; aircraft, UFOs and other 
objects by sensing the slightest 
change in the Earth's magnetic field. 
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Just two of the unique and exciting 
projects to be found in this fascinating 
book — real space-age stuff that you 
can put to work for both practical and 
fun purposes. The book provides 
detailed building instructions 
reinforced with plenty of excellent 
illustrations and parts lists, complete 
to the last detail. Also there are listings 
of names and addresses (note, United 
States only) of likely suppliers. 
You can build several different kinds 
of workable lasers, ultrasonic devices 
including those for pest and insect 
control, telsa coils, ultra-high 
frequency power supplies, ion 
producing devices, and some highly 
practical security units such as an 
infra-red and a voice operated 
wireless 'phone transmitter. 24 
projects in total, all designed, built and 
thoroughly tested by the author, an 
expert in his field. 
1983. 400 pages. 234 x 198mm, 
illustrated. American book. 
Order As WT81C (Ray Gun 
Book)  Price £15.95 NV 

114S-DOS Tips and 
Tricks 
byM. Tomsdorf and H. Tornsdorf 

AbaQrsP4-4 

At last a collection of those use ul tips 
so easily either missed or mislaid. 
This book draws upon the 

experience of professionals using MS-
DOS, and sets down some of their 
secrets. The techniques set out 
include: finding any file on a hard disk, 
copying data from BACKUP without 
the lottery of RESTORE, protecting 
data from unauthorised access and 
booting up from a batch file. The book 
lays out the tips as groups covering file 
management, user and data 
protection, printer tips, screen and 
keyboard routines, and updating and 
modifying DOS. There is also a large 
section of quick tips, which includes 
details on how to make better use of 
files such as AUTOEXEC.BAT and 
CONFIG.SYS. 
A well referenced, easily understood 

companion to the MS-DOS manual. 
230 x 175mm. 220 pages, listings. 

OrderAs W764U (MS-DOS Tips & 
Tricks)  Price £16.45 NV 

Electron:, 
and Systems 
Television, Stereo, Satellite TV, 
Automotive 

by Stan Prentiss 

Understanding electronic signals is 
much more than just simply illustrating 
waveforms from selective sources and 
describing them. To fully define signal 
characteristics, you must also have a 
working knowledge of the equipment 
producing the signals. 
This book presents a detailed study of 
signal analysis as it applies to the 
operation and signal generating 
capabilities of today's most advanced 
electronic devices, including: spectrum 
analysers, digital storage 'scopes, 
logic analysers, high-end multimeters, 
frequency counters; transmission 
coax. cable, fibreoptics, AM and FM 
modulation, stereo multiplexing, 
vectors, television antennas; satellite 
earth terminals, data traffic, 
transponder waveforms; mono and 
stereo audio, harmonic distortion, 
stereo separation; and multiple and 
satellite master antenna systems. Also 
covered are conventional distributors, 
fuel injection and turbo and super-
chargers. The book provides a fresh 
insight into both the commercial and 
consumer aspects of electronics that 
you won't find in any other volume. 
1991. 325 pages. 235 x 188mm, 
illustrated. American book. 
Order As WT8OB (Signals & 
Systems)  Price £15.95 NV 

An Introduction to 
Desktop Publishing 
by R.A. & J. W. Pen fold 

Desktop publishing is one of the most 
exciting developments in computing. It 
puts all the facilities of document 
design and typesetting at the disposal 
of anyone with a suitable micro-
computer. This opens up the field of 
written communication as never 
before. 

The book introduces the software am 
hardware required for 'DTP', and 
shows that it does not necessarily 
require very expensive equipment, 
though this may be desirable for best 
results. It shows how a start can be 
made with modest computers and 
printers. You will learn how to create 
and lay out documents, how to use 
fonts and typography, and how to add 
illustrations, both drawn and scanned 
graphics. Also included is an 
extensive glossary of DTP, computing 
and printing terms. 
1991.94 pages. 263 x 194mm, 
illustrated. 
Order As W778K (Intro Desktop 
Pub)  Price £5.95 NV 

Amateur Radio for 
Beginners — How to 
Discover the Hobby 
by Victor Brand G3JNB 

Amateur Radio is a hobby which is 
enjoyed by over one and a half million 
people. These people are on air from 
their homes, clubs and schools 
worldwide. 
Designed for the absolute beginner, 

this book could easily be enjoyed by 
another million. As well as extolling the 
virtues of 'Ham' radio, the book goes 
on to explain how to make your first 
receiver and progress through to the 
acquisition of a licence. The grades of 
Novice (class A or B) licence are 
described, as is the help provided by 
R.S.G.B. to obtain the licence. The 
support and benefits derived from 
being in a club are described. 
Hopefully, this will go some way to 
shattering the common fallacy that 
'Ham' radio is some kind of lonely attic 
hobby. 
For many people the discovery of 

amateur radio has been the beginning 
of an entirely new and unique hobby. 
They have derived much from its 
pursuit and have gained knowledge of 
electronics in the process. 
Whatever the age, or reason this 

book will ensure the absolute beginner 
has all the information needed to join 
the worldwide Amateur radio family. 
1991. 210 x 145mm. 65 pages, 
illustrated and b&w photographs. 

Order As WT69A(Amtr Radio 
Beginners)  Price £3.50 NV 
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Introduction 
The circuits and information pre-

sented here must be considered as a 
basis for your own experimentation, no 
warranty is given for suitability in 
particular applications, reliability or cir-
cuit operation. Maplin cannot support, in 
any way, the information presented here. 
However, where possible, we will en-
deavour to check that information pre-
sented, is correct, and that circuits will 
function as stated. 

Capacitor Checker 
A commonly asked question by 

constructors who are having difficulty in 
getting a project to work is "How do you 
test the capacitors?". Some multimeters 
do now have capacitance ranges, but this 
feature is far from being a standard one. 
In the absence of a suitably equipped 
multimeter, ideally a capacitance meter 
would be used, but these can be quite 
expensive. The lowest cost option is a 
simple tester of the type featured here. 
This will not tell you the values of the 
suspect components, but it will give a 
rough idea of their values, and will sort 
out the complete duds from those that are 
basically serviceable. 

From Robert Penfold 

The Capacitor Checker. 

This tester is basically just a C/R 
oscillator, with the test capacitor forming 
the capacitive element in the timing 
circuit. The unit relies on the fact that a 
faulty capacitor is unlikely to have a value 

CI 
.1. 4 7 u 
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2M2 

R2 

_ 4122;_ i) S1 
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47u 100R 

 *01-1  

81 

9V 

The Capacitor Checker circuit. 
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that is slightly removed from the correct 
one. These components usually function 
properly, or are totally inoperative, with 
no half measures. One common fault is a 
damaged dielectric, which results in a 
short circuit between the two plates. This 
can actually be detected quite easily 
using a multimeter set to a low resistance 
range, or using a continuity tester. With 
this unit it shows up quite clearly as it 
results in zero output. The other common 
type of fault is where a connection to one 
of the plates breaks away, or possibly a 
plate might become damaged, with only 
part of it being connected to the lead out 
wire. This results in the component 
having an extremely low capacitance. In 
fact the capacitance is no more than a few 
picofarads in most cases. This results in 
the output frequency of the checker 
being far higher than it should be. 

The circuit is basically just a 555 
astable circuit with SKI and SK2 con-
nected in place of the timing capacitor. 
Note that electrolytic and other polarised 
capacitors must be connected to SK 1 and 
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The MIDI Lead Checker. 

SK2 with the polarity indicated in the 
circuit diagram. The output of ICI drives 
a miniature loudspeaker via R4. The latter 
reduces the volume to a level which is 
appropriate for this application, and it 
also prevents excessive loading on ICI's 
output. In order to permit a wide 
capacitance range to be accommodated 
there are two switched timing resistors. 
RI is used for low value capacitors of up 
to about lOnF or so, while R2 is used for 
higher value components. 

Before using the unit in earnest it is a 
good idea to try it out with capacitors 
covering a wide range of values so that 
you know what to expect when function-
ing components are checked. With very 
high value capacitors an audio tone will 
not be produced, but instead there will 
be a series of 'clicks' from the loud-
speaker. The higher the value, the 
greater the time between 'clicks'. If a 
faulty capacitor is connected to the unit, 
either no audio tone will be produced, or 
the pitch will be substantially wrong 
(probably in the high frequency direc-
tion). 

Very low value components are 
notoriously difficult to test, and are 
beyond the capabilities of many capaci-
tance meters. With this unit there will be 
a very high pitched output when R1 is 
selected and no test component is 
connected. The self capacitance of IC1 
effectively provides the timing capaci-
tance.  With a low value capacitor 
connected across SKI and SK2 there will 
be a small drop in the pitch of the output 
signal. However, with capacitors of a few 
picofarads in value the change in pitch 
may well not be noticeable, and such low 
value capacitors can not be tested 
reliably using this unit. As with any 
capacitance tester or meter, always make 
sure that test components are discharged 
before testing them. 

MIDI Lead Checker 
Anyone who is involved with a MIDI 

system is likely to encounter problems 
before too long, with a unit in the system 
not responding to the signals sent to it. 
There are several possible causes for the 
lack of activity. The two most common 
ones are something in the system not 

The MIDI Lead Checker circuit. 

being set up correctly, and a damaged 
MIDI lead. Checking for a broken lead is 
probably the best place to start, especi-
ally if several units in a 'chained' system 
fail to operate. The likely cause of the 
problem is then a damaged lead feeding 
into the first unit in the 'chain' which is 
failing to respond properly. The simplest 
of continuity testers are good enough for 
lead checking purposes, but investigat-
ing leads fitted with DIN plugs tends to be 
a very fiddley task. 

MIDI lead testers are now available 
as ready-made products, but these are 
rather expensive. A simple do-it-yourself 
MIDI lead tester can be produced at 
quite low cost though, and is a more 
practical proposition for amateur MIDI 
users. Assuming the tester featured here 
is housed in a low cost box, or simply left 
as an open unit, it can be built for just a 
few pounds. It will indicate a lack of 
continuity between pairs of pins that 
should be interconnected, as well as 
showing up any short circuits between 
pins of a plug. 

Basically all the unit has to do is feed 
a DC signal down each conductor in turn, 
with some form of indicator showing 
whether or not the signal is reaching the 
far end of the cable. In this circuit a five 
way switch is used to enable the signal to 
be manually connected to each conduc-
tor, one at a time. RI provides current 
limiting for the five LED indicators at the 

opposite end of the cable. If there is 
continuity between the selected pin and a 
pin at the opposite end of the cable, then 
the appropriate LED will switch on. If 
there is a short circuit between the 
selected pin and another pin or pins, then 
two or more LEDs will switch on. If a pin 
on one plug connects to the wrong pin on 
the other plug, then this will be shown by 
the wrong LED lighting up. Of course, 
with a lack of continuity through a 
connector, no LEDs will be activated. 

With a normal MIDI cable there is a 
connection from pin 1 to pin 1, pin 2 to pin 
2, and pin 3 to pin 3. Pins 4 and 5, which 
are the ones at the ends of the arc of pins, 
should not be connected. In reality it is 

not uncommon for these pins to be 
linked, but this should not prevent the 
lead from operating. These pins are 
simply not connected on pieces of MIDI 
equipment. Presumably a lot of MIDI 
leads are actually audio types and not 
leads made specifically for MIDI use. 
Some 5-way DIN audio leads have pins 1 
to 5 connected to pins 5 to 1 respectively. 
These cross-connected leads are not 
suitable for MIDI use. The Atari ST 
computers have a non-standard THRU/ 
OUT socket using all the pins of the 5-way 
DIN socket. With an ST THRU/OUT lead 
pins 4 and 5 on the main plug connect to 
pins I and 3 on the THRU plug. Note that a 
lack of connection between pin 2 on one 
plug and pin 2 on the other should not 
result in a MIDI lead failing to work. It 
does mean that its shielding is faulty 
though, and in use it might radiate 
electrical interference. 

Construction should present few 
difficulties. The prototype is constructed 
on  stripboard using printed  circuit 
mounting sockets, but obviously the unit 
can be built using panel mounted sockets 
and LEDs, with everything hard-wired if 
preferred. 

Sound Switch 
Sound switches are used in applica-

tions such as burglar alarms, automatic 
tape recording systems, and VOX sys-

November 1991  Maplin Magazine  75 



 0 +12V 

O Cl 
100uF 

R1 
2M2 

02 
luF 

TR1 

ici 

R3 
R2  2k2  R5 
10k  05  4k7 

330pF 
C6 
1 u F 

R4 
1M2 

C3 
1 UF 1•0' 

RV1 
47k 

O C4 
1 uF 

TR2 

D1 

TR1,2,3 = 6C549 

The Sound Switch circuit. 

tems in radio transceivers. Ideally where 
a unit of this type is used to operate 
something like a tape recorder or a 
transceiver, the audio signal to the main 
equipment should be fed through a delay 
line. This compensates for the fact that 
the tape recorder (or whatever) will not 
switch on instantly. Also, although the 
sound switch is fast in operation, it is 
inevitably something less than instant. In 
practice the delay line is usually omitted 
as it greatly increases the cost and 
complexity of the unit. Remarkably, its 
absence usually does little to compro-
mise results, but obviously in critical 
applications a simple sound switch of the 
type described here will only operate 
satisfactorily if it is used in conjunction 
with a suitable audio delay-line circuit. 

TR1 acts as a high gain preamplifier 
stage using the common emitter mode. 
This will work reasonably well with 
practically any normal type of micro-
phone, but sensitivity will be better with 
higher impedance types than with some-
thing like a 20011 or 60011 impedance 
dynamic microphone. RV1 is the sensitiv-
ity control, and this is an important 
feature. The sensitivity must be set high 
enough for reliable operation, but it 
should not be set so high that background 
noises cause frequent spurious opera-
tions of the unit. TR2 operates as a second 
high gain common emitter stage, giving 
the unit an overall voltage gain in excess 
of 80dB (10000 times). 

The output from TR2 is rectified by 
DI and D2, and then smoothed by C7, R6, 
and VR2. The latter controls the decay 
time of the smoothing circuit, and enables 
this to be set at anything from about half a 
second to around five seconds. In 
general it is best not to use a very short 
decay time, as this can result in the unit 
switching off during the brief pauses that 
occur during normal speech. On the 
other hand, a very long cut-off time can 
make the unit inefficient in some applica-
tions. RV2 therefore has to be adjusted 
for the best compromise for the prevail-
ing circumstances. 

IC1 is an operational amplifier which 
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operates here as a simple voltage 
comparator. R8 and R9 provide a bias of 
about 1.5 volts to the inverting input of 
IC1, while the output from the smoothing 
circuit is fed to the non-inverting input. 
The output of IC1 drives the relay coil via 
emitter follower buffer stage TR3. Under 
standby conditions the output from TR2 is 
negligible, and the voltage produced by 
the smoothing circuit is very low. The 
output of IC1 therefore goes low, and the 
relay is not activated. When the unit is 
activated by a suitably loud sound, the 
output voltage from the smoothing circuit 

goes above 1.5 volts, the output of IC1 
goes high, and the relay is switched on. 
D3 protects the circuit against the high 
reverse voltage spike that can be 
produced when the relay switches off. 

The Sound Switch. 

When building the unit bear in mind 
that its voltage gain is quite high, and that 
the component layout must be designed 
to avoid stray feed-back that could 
encourage instability. The high frequency 
roll-off provided by C5 prevents the 
circuit from being hypercritical in this 

respect, but the component layout still 
needs to be designed with reasonable 
care. Unless the lead to the microphone is 
extremely short, it must be a screened 
type. It is advisable not to have the 
microphone  mounted  in the  case, 
together with the relay. This would 
encourage audio feed-back from the 
relay to the microphone, which would 
almost certainly result in the circuit going 
into low frequency oscillation. DI and D2 
are germanium diodes which are vulner-
able to heat damage. Take due care 
when soldering them into circuit. 

The operating voltage for the relay 
coil is only about 9 volts, but virtually all 
12 volt relays are guaranteed to operate 
reliably on this potential. A 9 volt supply 
can be used, but the relay must then be a 

6 volt type. The coil resistance should be 
about 20011 or more for 9 volt operation, 
or 30011 or more with a 12 volt supply. Be 
sure to choose a relay which has 
adequate contact ratings for the load 
being controlled. The standby current 
consumption of the circuit is only about 4 
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The Treble Booster circuit. 

milliamps, but the consumption rises to 
over 30 milliamps when the relay is 
activated. 

Treble Booster 
Treble boost is one of the most 

simple of guitar effects, and as its name 
implies, it merely provides some high 
frequency boost to the processed signal. 
This gives a 'brighter' sound, but without 
the distortion produced when a 'fuzz' type 
unit is used. It is perfectly safe to play 
chords when using a treble booster! On 
the face of it you could get much the same 
effect by simply advancing the treble 
control on the amplifier. In practice this 
might result in treble boost being applied 
to other instruments as well, depending 
on the precise set up used. Anyway, the 
degree of treble boost available from an 
effects unit is substantially more than that 
which can be obtained with full treble 
boost on most amplifiers. It is perhaps 
worth pointing out that a unit of this type 
is reliant on there being some high 
frequency signals to boost. It can not 
'make a silk purse out of a sow's ear', and 
if used with a really 'muddy' pick-up it is 
unlikely to have much effect on the 
sound. 

The circuit is basically just an 
operational amplifier used as a non-
inverting amplifier. At low frequencies 
the circuit has approximately unity volt-
age gain due to the feed-back through 
R4. At higher frequencies some of this 
feed-back is decoupled by RI, RV1, and 
C2 or C3. The low values of the 
capacitors results in the gain of the circuit 
rising steadily at 6dB per octave through 
the treble range. The higher value of C3 
results in it starting to apply the boost at a 
lower frequency than C2, thus giving a 
stronger effect with some middle fre-
quencies being boosted significantly. 
The strength of the effect can also be 
controlled using RV I, which limits the 
maximum amount of boost applied. It 
gives a boost range from a minimum of 
about 6dB at maximum resistance, up to a 
little over 20dB at minimum resistance. A 
higher maximum boost can be obtained 
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The Treble Booster. 

by reducing the value of RI. Bear in mind 
though, that using high levels of treble 
boost might give problems with feedback 
or excessive noise. S2 enables the effect 
to be switched in and out. 

Construction of this simple project is 
mostly straightforward. However, bear in 
mind that when used with some guitar 
pick-ups it will be handling fairly low 
signal levels, and that the wiring must be 
kept quite short so that significant pick up 
of stray signals is avoided. A metal case 
earthed to the negative supply rail will 
provide screening and further assist in 
avoiding unwanted pick up. It is advis-
able to use a strong case as S2 should be 
a heavy duty push-button switch mounted 
on the top panel of the unit so that it can 
be operated by foot. The most convenient 
type of switch to use is the successive 
operation type. With this type of switch, 
operating it once switches the effect in, 

operating it again switches out the effect, 
a further operation switches it back in 
again, and so on. This avoids having to 
keep your foot on the switch for the 
duration that the effect is required. On the 
other hand,  a simple push-to-make 
non-locking switch is best if you will need 
to repeatedly switch the effect in and out 
with precise timing. 

The current consumption of the 
circuit is only about 2 milliamps, and a 
PP3 size battery is therefore more than 
adequate as the power source. Some 
modern high output guitar pick-ups have 
surprisingly high output levels, and for 
operation with these the treble booster 
might be lacking in 'headroom'. Any 
problems with overloading can be over-
come by powering the unit from two 9 
volt batteries wired in series so as to give 
an 18 volt supply. 

Dynamic Treble 
Booster 

Most treble boost effects units, like 
the one featured elsewhere in this 
feature, provide a preset amount of treble 
boost continuously. There is a potential 
problem with such units in that the treble 
boost can result in problems with 
feed-back and noise, due to the greatly 
increased gain at some frequencies. The 
feed-back can be combatted by being 
careful with the positioning of loud-
speakers relative to the instruments, and 
using the other normal methods of 
counteracting this problem. 

The noise problem can be overcome 
by using a noise gate which can be a 
separate unit, or built into the effects unit, 
as in this dynamic treble booster. The 
noise will still be there when a reasonably 
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The Dynamic Treble Booster circuit. 

strong signal level is present, but it will 
be masked by the main signal. When the 
signal decays to a low level, the signal 
path is cut and the noise is removed. In 
this case the unit does not provide a true 
noise gate action, and at low signal levels 
the signal path is maintained. However, 
the treble boost is removed on low level 
signals, which should reduce the noise to 
an acceptable level. This more subtle 
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IC2 = uA741C  D1,2 = 0A91 TR1  = VNIOKM 

approach is not normally apparent, which 
is not always the case with a true noise 
gate action. 

The basic treble booster circuit is 
exactly the same as the one featured 
elsewhere in this feature. However, the 
drain to source resistance of TR1 has 
been added in series with Si, S2, etc., and 
the treble booster action is only obtained 
if TR1 is switched on. This is a VMOS 

transistor, and accordingly it is normally 
switched off and requires a forward bias 
to bring it into conduction. Its control 
signal is produced by first amplifying the 
input signal using IC2, and then rectifying 
and smoothing the amplified signal using 
DI and D2 in a conventional rectifier and 
smoothing circuit. This gives a control 
signal that is roughly proportional to the 
input signal level. This circuit has a fast 
attack time, plus a slower (but still 
reasonably fast) decay time, so that the 
DC output signal accurately tracks the 
input level. With no input signal or only a 
very low input level, the bias fed to TR l's 
gate is too small to switch it on, and no 
treble boost is obtained. At more than 
quite a modest input level the bias on 
TR1's gate is high enough to bias this 
device hard into conduction so that the 
full treble boost is obtained. 

The notes on constructing the treble 
booster unit apply equally to this circuit. 
Additionally, note that D1 and D2 are 
germanium diodes, and that they are 
more vulnerable to heat damage than are 
the more familiar silicon types. Conse-
quently, extra care should be taken when 
soldering these components into circuit. 
TR1 is a MOS device, but it has a built-in 
anti-static protection circuit. 

In use it might be found that the value 
of R6 has to be altered in order to give a 
suitable threshold level at which the 
treble boost is introduced. If the treble 
boost is held on by the background noise 
level, then R6 must be made lower in 
value. If the treble boost is introduced 
only on volume peaks (which is unlikely), 
then the value of R6 must be increased. 
The current consumption of the circuit is 
only about 3 milliamps, and a PP3 size 
battery is adequate to power the unit. 
Like the basic treble boost unit, it might 
be necessary to use two 9 volt batteries in 
series to give an 18 volt supply if the unit 
is used with a high output guitar pick-up. 
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CAPACITANCE CHECKER 
PARTS LIST 
RESISTORS: All 0.6W 1% Metal Film 
R1  2M2 
R2  10k 
R3  lk 
R4  1000 

CAPACITORS 
C1,2  47i.LF 25V PC Electrolytic  2 

SEMICONDUCTOR 
IC1  NE555 

MISCELLANEOUS 
Si  SPDT Slide Switch 
S2  SPST Sub-mM Toggle 
LS1  50mm dia. 80 Loudspeaker 
SKI  lmm Socket Red 
SK2  lmm Socket Black 
B1  9 volt (PP3 size) Battery 

Battery connector 
8 pin DIL IC socket 

(M2M2) 
(M 10K) 
(MIK) 

(M 100R) 

(FF08J) 

1  (01-166W) 

(FF77J) 
(FH97F) 
(WBO8J) 
(WL60Q) 
(WL59P) 
(FK62S) 
(1-IF28F) 
(BL17T) 

MIDI LEAD CHECKER PARTS LIST 
RESISTORS: All 0.6W 1% Metal Film 
R1  lk 

SEMICONDUCTORS 
1)1,2,3,4,5  Red LED 

1 (MIK) 

5  (WL27E) 

MISCELLANEOUS 
SK1,2  5-way 180 degree DIN  2 
Si  12-way 1 pole rotary  1 
B1  9 volt (PP3 size) Battery  1 

Battery connector  1 

SOUND SWITCH PARTS LIST 
RESISTORS: All 0.6W 1% Metal Film (unless stated) 
RI  2M2  1 
R2,7,9  10k  3 
R3 
R4 
R5 
R6 
R8 
RV1 
RV1 

CAPACITORS 
C1,8 
C2,3,4,6 
C5 
C7 

2k2 
1M2 
4k7 
100k 
47k 
47k log. Potentiometer 
1M lin. Potentiometer 

1001/F 25V PC Electrolytic 
1/1F 100V PC Electrolytic 
330pF Ceramic 
4/17F 63V PC Electrolytic 

SEMICONDUCTORS 
ICI  CA3140E 
TR1,2,3  BC549 
D1,2  0A91 
D3  1N4148 

MISCELLANEOUS 
RLA1  10A mains relay (or similar) 
Mid  l See text 

8 pin DIL socket 

(YX91Y) 
(FF73Q) 
(FK62S) 
(HF28F) 

(M2M2) 
(MIOK) 
(M2K2) 
(M1M2) 
(M4K7) 
(M1OOK) 
(M47K) 
(FW24B) 
(FW48C) 

2  (FF I 1M) 
4  (FFOIB) 
1  (WX62S) 
1  (FFO3D) 

1  (01-1290) 
3  (QQ15R) 
2  (QH72P) 
1  (QL80B) 

1  (YX97F) 
1 
1  (BL17T) 

TREBLE BOOSTER PARTS LIST 
RESISTORS: All 0.6W 1% Metal Film (unless stated) 
RI  4k7 
R2,3  100k 
R4  47k 
RV1  47k lin. Potentiometer 

CAPACITORS 
Cl 
C2 
C3 
C4 
C5 

100nF Ceramic 
1nF Polyester 
3n3F Polyester 
470nF 100V PC Electrolytic 
10µF 50V PC Electrolytic 

SEMICONDUCTOR 
ICI  LF351N 

MISCELLANEOUS 
Si  SPDT ultra-min toggle 
S2  Foot switch 
S3 
81 
SK1,2 

SPST ultra-mM toggle 
9 volt (PP3 size) Battery 
Standard jack 
Battery connector 
8 pin DIL socket 

1  (M4K7) 
2  (M1OOK) 
1  (M47K) 
1  (FW04E) 

1  (BX03D) 
1  (WW22Y) 
1  (WW25C) 
1  (FFOOA) 
1  (FF04E) 

1  (WQ30H) 

(FI-1980) 
1  (FH92A) 
1  (FH97F) 
1  (FK62S) 
2  (HF93B) 
1  (HF28F) 
1  (BL17T) 

DYNAMIC TREBLE BOOSTER 
PARTS LIST 
RESISTORS: All 0.6W 1% Metal Film (unless stated) 
R1  4k7 
R2,3,5,6  100k 
R4  47k 
R5  5k6 
RV1  47k lin. Potentiometer 

CAPACITORS 
Cl 
C2 
C3 
C4 
C5 
C6,8 
C7 

100nF Ceramic 
1nF Polyester 
3n3F Polyester 
470nF 100V PC Electrolytic 
10µF 50V PC Electrolytic 
1,1..4X 100V PC Electrolytic 
2µ2F 100V PC Electrolytic 

SEMICONDUCTORS 
ICI  LF351N 
IC2  µA741C 
D1,2  0A91 
TR1  VN1OKM 

MISCELLANEOUS 
Si 
S2 
S3 
B1 
SK1,2 

SPDT ultra-min toggle 
Foot switch 
SPST ultra-mM toggle 
9 volt (PP3 size) Battery 
Standard jack 
Battery connector 
8 pin DIL socket 

1  (M4K7) 
4  (M100K) 
1  (M47K) 
1  (M5K6) 

(FW04E) 

1  (BX03D) 
1  (WW22Y) 
1  (WW25C) 
1  (FFOOA) 
1  (FF04E) 
2  (FFOIB) 
1  (FFO2C) 

1  (WQ30H) 
1  (QL22Y) 
2  (QH72P) 
1  (QQ27E) 

1  (FH98G) 
1  (FH92A) 
1  (FH97F) 
1  (FK62S) 
2  (HF91Y) 
1  (1-IF28F) 
2  (BL17T) 

The Maplin 'Get-You-Working' Service is not available 
for these circuits. 
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These are our top twenty best 
selling books based on mail 
order and shop sales during 
August '91. 
Our own magazines and 
publications are not included. 
inthe 'chart' below. 

How to Expand, Modify and Repair 
PC's and Compatibles, by R.A. 
Penfold. (WS95D)Cat. P104. 
Previous Position: 3. Price £4.95. 

• 
• 
• 
• 

/Get*j lbe") 
liestF,,011 < 
Venn, 

\ 
‘‘, 

Getting The Most From Your 
Multimeter, by R.A. Penfold. 

(WP94C)Cat P80. Previous 
Position: 2. Price £2.95. 

A Concise Advanced User's Guide to 
MS-DOS, by N. Kantaris. (WS44X) 
Cat. P102. Previous Position: 4. 
Price £2.95. 

An treroductIon 

twuneediers end, 
&odours DesEge 'I 

4 
NO 
CHANGE 
4 

An Introduction to Loudspeakers 
and Enclosure Design, by V. Capel. 
(WS311)Cat. P87. Previous 
Position: 5. Price £2.95. 

Flossto Use 
Oscolloscopes 

and Other Test 

Equipment 

• 
• 
• 
A 

How to Use Oscilloscopes and Other 
Test Equipment, by R.A. Penfold. 
(WS65V)Cat. P80. Previous Position: 
7. Price £3.50. 

A ConcL,, 

Introduction 
to MS-DOS, 
by N. Kantaris 
This book 
will help you 
learn all about 
MS-DOS on your PC. 
(WS94C)Cat. P101. 

Previous Position: 1 

krice 14.5b 

Power Supply Projects, by R.A. 
Penfold. (X1V52G)Cat. P83. Previous 
Position: 6. Price £2.50. 

NO 
CHANGE 

IC555 Projects, by E.A. Parr 
(LY04E)Cat. P85 Previous 

Position: 8. Price £2.95. 

Remote Control 

• Handbook 

• 
• 
• 
• 

Remote Control Handbook, by 
Owen Bishop. (WS23A)Cat. P83. 
Previous Position: 12. Price £3.95. 

The Maplin Electronic Circuits 
Handbook, by Michael Tooley. 
(WTO2C)Cat P82. Previous 

Position: 11. Price £10.95. 

• 
• 
• 
• 

TOWERS'  
INTERNATIONAL 
TRANSISTOR 
SELECTOR 
**sof) 
*sees 
••• ss 
• •••• 
•• 
•••• • 
•••••• 

Towers' International Transistor 
Selector, by T.D. Towers. (RR39N) 
Cat. P76. Previous Position: 15. 
Price £19.95. 

International 
Transistor 
Equivalents 
Guide 

• 
• 
• 
• 

International Transistor Equivalents 
Guide, by Adrian Michaels. 
(WG30H)Cat. P76. Previous 
Position: 9. Price £3.95. 

How To Use 
Op Amps 

• 
• 

• 
How to Use Op-Amps, by E.A. Parr. 
(WA29G)Cat. P79. Previous 
Position: 10. Price £2.95. 

• 
• 
A 
• 

LsierversGude 

PoweGuloko 

Scanners, by Peter Rouse. 
(WP47B)Cat. P93. Previous 
Position: 16. Price £8.95. 

• 
• 
• 
• 

WASHING ars 
MACHINE 

1.47° 

Washing Machine Manual, by 

Graham Dixon. (WS98G)Cat. P96. 
Previous Position: 13. 
Price 111.95. 

The Maplin order code of 
each book is shown together 
with page numbers for our 
1992 catalogue. We stock over 
250 different titles, covering a 
wide range of electronics 
and computing topics. 

Radio Amateurs Examination 
Manual, by G.L. Benbow. (WP87U) 
Cat. P91. Previous Position: 17. 
Price £6.75. 

Electronic 
Security --

Devices. 

• 
• 
• 
• 

Electronic Security Devices, by 
R.A. Penfold. (R143 W)Cat P84. 
Previous Position: 14. 
Price £2.50. 

NO 
CHANGE 
4 

Audio Amplifier Construction, by 
R.A. Penfold.(WM31J)Cat. P8Z 

Previous Position: 18. Price £2.95. 

19 

More Advanced Power Supply 
Projects, by R.A. Penfold. (WP92A) 
Cat. P77. Previous Position: 
Re-Entry. Price £2.95. 

Electronic 
Music 
Projects 

• 
• 
• 
• 

Electronic Music Projects, by R.A. 
Penfold. (XW40T)Cat P89. 
Previous Position: 19. Price £2.50. 
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...set your sights on a better sound! 
Experience a new sensation. An experience that opens up a whole new spectrum of sound. 

Put yourself on stage at the Albert Hall, surrounded by a great 
orchestra. Imagine the sound you will hear, every nuance, every note; 
or travel up the Nile with an intrepid explorer, a journey not only full of 
breathtaking beauty and colour, but rich in the sounds of another 
continent; or capture the hidden gasps of 100,000 hardened fans at 
Wembly for the F.A. Cup Final, when the ball skims the crossbar with 
the last kick of the match; follow with your ears as well as your eyes, 
dodging the bullets, as your favourite hero battles out of yet another 
tight corner, it's just like being in a cinema! 
Nicam hi-ti stereo will turn your living-room into a living room of 

sound! You don't settle for second best with television picture quality, 
why settle for second best in television sound quality? Nicam sound is 
the new high quality digital stereo sound system, pioneered by BBC, 
ITV and TV/video manufacturers. In fact so good is Nicam it is 
comparable to the superb sound reproduction of the compact disc, 
when played through your existing hi-fl arrangement. It your television 
hasn't got a built-in Nicam decoder, you will need the Maplin Nicam 
Tuner System. Ultimately almost all of your favourite programmes will 
be broadcast in superb hi-fi quality stereo-sound. Without a Maplin 
Nicam Tuner you won't be able to capture every sound to its full. 
Nicam hi-ti stereo. Catch your breath, open your eyes, and pin 

back your ears! It's what your hi-ti system was made for ... It's what 
your ears are made for! 

ELECTRONICS 
CREDIT CARD HOTLINE 

0702 5541 61 
For a friendly welcome and the very best of service, why not visit our shops in 
Birmingham, Brighton, Bristol, Leeds, London (Edgware), Manchester. 
Newcastle-upon-Tyne, Nottingham, Reading, Southampton. Southend-on-
Sea, Cardiff and Sheffield. Plus new stores in Chatham. Liverpool and 
London (Hammersmith) opening soon. Phone (0702) 552911 for further details. 

Subjecttoavallability. Pricessubjecttochange. 

• 

11,LI  L J 

DIGITAL STEREO TV 
SOUND FROM YOUR HI-Fl 
The complete kit contains all the components 
required to build the unit. However, you wit also 
need: a power supply.12V at 600mA regulated 
e.g. YZ21X at £9.95; acs-as Y adaptor e.g. 
FS23A at £1.20; a co-ax lead to connect to your 
TV or video; RW36P 2m long at £1.28, JW39N 5m 
long at £1.98, or JW4OT 10m long at £2.45;a 
phono lead to connect to your hi-ti e.g. RW50E at 
£1.10 or a SCANT Peritel lead JW36P at £4.95. 
An infra-red remote control kit is also available 
LP2OW at £29.95. 
Complete kit LP19V only 039.95 incl. VAT - 
mail-order handling charge. 

I I O 

Digital stereo sound companion for your TV set. 

IMAM 
TELEVISION   
TUNER 

PlEc-A.+( I I17.: "a I 




