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Available for the first time! The new Maplin 
magazine binder that holds twelve issues of 
Electronics, the Maplin magazine. If you have not 
got the world of Electronics covered, now's your chance! 
This great, quality binder comes in hard wearing, 
laminated art board, that not only looks good on your 
bookshelf or workshop desk, but is also a great way to 
build up an Electronics reference library of your own! 

Now you can keep all of your copies of Electronics, 
the Maplin magazine, together and on hand for when 
you need that extra piece of information. To order your 
binder simply fill in the order form provided in this issue of 
Electronics. Only £5.25 (plus £1 handling charge). 
Order no: XH99H. 
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THE NEW MAPLIN MAGAZINE BINDER... 
A GREAT WAY TO GET THE WORLD OF ELECTRONICS COVERED! 



EDITORIAL 

I Hello! And welcome to this edition of 
'Electronics— The Maplin Magazine'! In 
the projects line-up there is a High 
Quality Power Supply which, when 
combined with the MOSFET Amplifier, 
published in the last issue provides the 
basis for a professional power 
amplification system. There have been 
many requests for beginners' projects, so 
we've designed an AM Radio project 
specifically for you. 'Data File' presents 
the SSM2044 VCF IC, ideal for use in 
synthesiser and audio effects 
applications. Test equipment is often 
needed on the work bench but is 
expensive to buy: the 'Tetraprobe' otters 
a viable alternative by combining four 
frequently used 'pieces of kit' into one 
compact unit. 'Attenuators' provides 
some useful ideas for measurements on 
the work bench. The 'TVFX Unit' presents 
the novel idea of using a colour TV or 
video monitor as the basis for a colourful 
pulsating screen display. Apart from our 
regular features, there are three new 
series: 'Practieal Robotics' looks at how 
to build and control simple robots, 
'Programming in BASIC' and also 
'Hearing, Deafness and Electronic 
Technology' deals with the inner 
workings of the human ear. With such a 
lot inside you'd better read on and enjoy! 
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PROJECTS 

4 I An ingenious and easy to 
build 4-in-1 test unit. 

8. An innovative unit that 
brings a new dimension to 
sound-to-light shows. 

TETRAPROBE 
TIIFX 

32 HIGH QUALITY POWER SUPPLY 
1 A superbly designed, very 
high quality, power supply 
specifically intended for use 
with the MOSFET amplifier. 

46 BEGINNERS' AM RADIO 
I An ingenious design for a 
pocket sized TRF radio 
receiver that covers the MW 
broadcast band. 

DATA FILE: SSM2044 
IA versatile Voltage 
Controlled Filter IC which is 
ideal for use in synthesisers 
and audio effects processors. 

FEATURES 

16 PRACTICAL ROBOTICS 
IA new series about the 
practical aspects of building 
simple robots. 

SQUARE ONE 
I Part six in this informative 
beginners' series takes a 
look at using digital logic to 
perform arithmetic functions. 

9/ HEARING, L 41 DEAFNESS AND ELECTRONIC TECHNOLOGY 
Deals with how our ears 
work, what can go wrong and 
how modern technology can 
help deaf people. 

FUNDAMENTALS 
I David Clark takes a look at 
the world of resistors, 
capacitors and inductors. 

3 7 I E P O _S Alan Simpson dips his hand into the high-
technology cash-till 
revolution that is sweeping 
through the high street. 
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A ti 

I Our roving reporter dons 
his tin helmet and digs into 
the trenches of the newly 
refurbished Imperial War 
Museum. 

42 ATTENUATORS I Graham Dixey looks at the 
attenuator in its various 
guises and presents a 
practical design for the work 
bench. 

58 PROGRAMMING IN BASIC 
IA new series about 
programming in every 
computer hobbyists' 
favourite language, BASIC. 

72'FITECIOUENCY INDUCTION LOOPS 
I Part four deals with the 
practical aspects of installing 
a loop system. 
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When it's Not S mart 
to be Square 
So its goodbye to BSB and Hi to Sky. 
Indeed for BSB and its viewers, it is 
certainly 'a funny old world'. Exactly 
two days after launching their multi-
million pound advertising campaign 
came the announcement of the Sky 
take-over - sorry. merger. Along with 
the demise of BSB comes the probable 
demise of the D-MAC (Multiplexed 
Analogue Component) broadcasting 
standard. Instead the PAL (Phase 
Alternation Line) system as used by 
Sky, and is likely to dominate the 
sky-waves. Sky say that their Astra 
satellites will continue to transmit PAL, 
although technically it would be poss-
ible to transmit the MAC system. 

Meanwhile, the news is of no great 
concern to Maplin customers, who may 
have invested in the Maplin top of the 
range multi-satellite, receiving system. 
Although capable of picking up some 
100 channels, the system was de-
signed to receive PAL transmissions 
only. In fact Sky lost little time in 
launching their new series, 'The Gol-
den Age of Movies'. Sky Television's 
24-hour a day subscription film chan-
nel, 'Sky Movies', has lined up some 
vintage films which include 'The Seven 
Year Itch', and 'Ninotchka'. To cele-
brate the series, Sky has issued a 
brochure written by film critic Elkan 
Allan. Maplin have secured a dozen 
copies and the first 12 postcards which 
correctly identify the respective leading 
stars will enter the editor's draw 
Entries by the 5th April please to Sky 
Movie Contest, Electronics - The 
Maplin Magazine, PO Box 3. Rayleigh, 
Essex SS6 8LR (or fax 0702 553935). 

A Dishy Future 
Now it seems that the BBC are joining 
the satellite action. BBC TV Europe. 
the satellite relay of the best of BBC 
television to viewers in Europe, is to be 
re-launched from September 1991. 
The new service will offer a number of 
features  not provided at present. 
including stereo sound and an exten-
sion of Teletext. The aim is to make 
BBC TV Europe the leading English 

language TV service in Europe. target-
ing everybody who speaks English. 
The service is already seen in well over 
half a million households in 22 coun-
tries throughout Europe via cablenets. 
SMATV and Direct-to-Home. BBC TV 
Europe. which is transmitted from East 
Spot Beam on Intelsat VI. is an 18 
hours a day service made up of a 
simultaneous relay of BBC1 with BBC2 
programmes substituted for purchased 
programmes, feature films and certain 
sporting events. 

BBC goes Selective 
BBC Select is the name for the range 
of specialist television services to be 
launched later this year. A range of up 
to fifteen 'niche' subscription services 
for special interest groups will be 
offered initially. The programmes will 
be transmitted on both BBC1 and 
BBC2 transmitters during the night-
hours shutdown. Pro9rammes on BBC 
Select will be transmitted in scrambled 
or encrypted  form  which will  be 
decoded and recorded onto the sub-
scriber's video cassette recorder using 
a specially developed decoder. 
The BBC will be concentrating on 

four broad categories: professional and 
training, community services, leisure 
and interest services such as motoring 
and music, and education services 
such as languages. Though whether 
viewers will be willing to pay the 
subscription and the cost of a special 
decoder remains to be seen. 

They said it. 
No Co m ment 
An interesting couplet noticed in The 
Wall Street Gazette: 

"Our office is all computerised, I 
happily exalt: 
There are still as many mistakes. 
But now they're no one's fault." 

Don't Take Care 

Honeywell has introduced a robust. 
sealed, 101-key. PC compatible. Hall-
effect keyboard designed for industrial 
applications and environments. Sug-
gested areas of operation include 
warehouses,  shipping  and  main-

Action-line DTI 
Apart from releasing details of their 
proposals on the U.K. communications 
duopoly, the Department of Trade and 
Industry have been having a busy time. 
For Information Technology users. the 
DTI have launched 'Usability Now', a 
programme aimed at encouraging IT 
users to be more precise and demand-
ing in their specifications for hardware 
and software with a view to improved 
efficiency and ease of use.  The 
objective is to bridge the communica-
tions gap between the industry and 
the user. particularly for improving 
human-computer interaction. For de-
tails. contact the DTI: 071-222 3312. 
The DTI  have also put out a 

document which suggests that the U.K. 
has the broadest product base in 
Europe in electronic components. In 
particular. the U.K. has the largest 
semiconductor market in Europe and 
the second largest market for other 
electronic components. Growth areas 
include consumer electronics. automo-
tive and mobile telecommunications. 

YEDA 
The  Young  Electronic  Designer 
Awards Scheme. which is now spon-
sored by Mercury Communications. is 
open to students at secondary schools, 
polytechnics and universities in the 
U.K. There are three age categories: 
junior (under 15), intermediate (15 - 17 
years) and senior (18 -- 25 years). The 
basic challenge of the scheme in this 
age of technology is for students to 
produce an electronic device of their 
own which is original, effective and has 
a useful application in everyday life. 
There are cash prices of £2.500 for the 
schools or colleges plus personal 
prizes. Additionally, the winning pro-
jects will be on show at the Science 
Museum. Details: 0403-211048. 

Skills Shortages 
Employers, meanwhile, should make a 
note of the Science Museum event. 
Apparently nearly half of U.K. electro-
nics companies are experiencing skills 
shortages and the situation is not 
getting any better. Factors include the 
falling number of school leavers and 
the lack of skilled training at school. 
The combined power of the •comms 

industry' has got together to launch a 
new Certificate of Telecommunications 
Management. which aims to alleviate 
skills shortages in the industry. Those 
involved include the Telecom Users 
Association. the National Computer 
Society and the British Computer 
Society.  Although whether.  having 
managed to recruit the necessary 
skills, companies will still insist on a 

tenance centres where dust, grime 
moisture  and  liquid  contamination 
threaten keyboard operation. 
The Honeywell Hall-effect solid-state 

series of keyboards have a proven long 
life of over 100 million operations. Now 
then, pass me that hot coffee . . . 
Details: 0344-424555. 

training exam is very much open to 
doubt. Especially as the comms world 
is such a fast moving and innovative 
subject. 

New Film Chip 

Panasonic have introduced the world's 
first  film  chip capacitors  able to 
withstand high temperature flow and 
re-flow soldering. The new UF-series is 
the product of a breakthrough in the 
technological development of passive 
components resulting in two model 
ranges: the ECH-U for critical applica-
tions requiring the maximum perform-
ance,  and the  ECW-U  for more 
standard applications. Details: 0344 
853550 

Strip Circuit 
According to the influential daily news 
report 'ComputergraM. a Rome night-
club is featuring a $150,000 American-
built 'female' robot called •Futura', 
which does a strip-tease amid dimmed 
lights and clouds of vapour. But just 
who gets turned on (or off) is not made 
clear. 

Happy Birthday 
Teleco m To wer 

One of London's best-known land-
marks. The Telecom Tower recently 
celebrated its 25th birthday. Opened in 
1965 by the then Prime Minister Harold 
Wilson. the 620 foot tower has become 
the focal point of the nation's telecom-
munications system.  It acts as a 
switching point for radio, television and 
telephone signals world-wide.  The 
tower can carry 110 television chan-
nels and 90.000 telephone and data 
links, sending signals by microwave 
radio which reduces the need for more 
expensive underground cables, For the 
statistical record. the tower cost £9 
million to build and weighs 13.000 
tonnes. To rise to 620ft, the tower's 
high-speed lifts travel at six metres per 
second. 

Challenging Disability 
British Telecom is increasingly in-
volved in social matters. Now the 
corporation has introduced a new 
video -Everyday', which shows how 
four people have successfully dealt 
with their own challenges in com-
munications. The four are, a teacher of 
lip-reading, a deaf teacher, a blind 
switchboard operator, and an artist 
who has multiple sclerosis. Copies of 
the 'Everyday video are available on 
free loan to clubs,  societies and 
community groups. Details: 071 - 356 
5369. 
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'999'- No Change 
Suggestions that BT is to phase out the 
emergency  number  .999'  are 
erroneous. BT has no plans in fact to 
move to suggested 911 or 112 num-
bers. The 999 number is too firmly 
embedded in the nation's conscious-
ness to make any change practicable 
or desirable", says BT. 

Mercury Calls 
Following the 15% cut in the price of 
economy rate calls for residential 
customers calling North America. Mer-
cury Communications has been pulling 
in new customers. By the end of the 
year, the total number of home users of 
Mercury's services was over 70.000. 
However. with BT still enjoying over 
95% of all comms traffic, the govern-
ment are keen to see Mercury extend 
their competitive service further. As a 
result, we can expect more tariff cuts 
before long. 

Father of Co mputing 
Goes on Show 
From July this year for six months, the 
Science Museum will be putting on 
show Charles Babbage.s full-size Dif-
ference Engine No. 2. constructed from 
original designs dating from 1847. The 
engine (which was never completed) 
consists of 4.000 parts. weighs 3 
tonnes, and measures 10ft long, 61t 
high and 1.5ft deep.  It is widely 
believed, says the Curator of Comput-
ing, that Babbage failed because of the 
limitations  of  nineteenth-century 
machine tool technology. "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". 

Taking Note 

It has been a very busy period in the 
micro market-place. Compaq Compu-
ter introduced what it describes as the 
highest-performance  notebook  per-
sonal computer, the LTE 386s 20. a 
PC small enough to carry in a briefcase 
yet as powerful as many desktop 
computers. The new system incorpo-
rates a 20MHz 386SX processor, 
cache memory. VGA graphics display, 
and high performance disk drive in a 
7-pound package. Priced at around 
£4.000. the unit runs on a NiCad 
battery pack for a period of up to four 
hours, while a standard AC adapter 
plugs directly into the system to 
provide power when a mains supply is 
available. Details: 081-332 3354. 
Somewhat smaller in both price and 

size is Amstrad's Z80-based notebook 
computer being prepared for release in 
the Spring. Also about to reach the 
U.K.  is the  new  NEC  notebook 
machine which is the size of a diary. 
However. the advent of the notebook 
computers is not deterring the industry 
from developing new laptop machines. 
Sharp  Electronics  have  recently 
announced the new PC-4700 portable 
computer, combining lightweight and 
compact design with a high quality 
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Taking the Census 
Charles Babbage's machine would 
have been hard put to cope with the 
requirements of the 1991 census and 
surveys. Certainly the results would not 
have appeared within a year of the 
event. A contract worth some £1.2 
million has been awarded to ICL to 

supply a Series 39 Level 65 mainframe 
computer to operate in the Population 
Census and Surveys office in South-
ampton. The Series 39, which will 
operate in conjunction with an existing 
Amdahl mainframe computer, will be 
used to process the main census data, 
with information being exchanged daily 
between the two systems. 

LCD screen display, for less than 
£1,000.  Meanwhile  Toshiba  have 
launched the first colour laptop. The 
T5200C 200 is a 20MHz 386-based 
machine with a passive matrix, liquid 
crystal  display  screen.  Weighing 
around 16Ibs, the unit has a recom-
mended retail price of £6,695. 

Who's Calling? 
Apparently most people pick up their 
'phone by the third ring, but allow 
videophones to ring eleven times on 
average before they are answered. 
According to a recent study. the first 
reaction  of many  people  to the 
videophone ringing is to rearrange the 
papers on the desk and check their 
hairstyles. 
Meanwhile  videophone  pioneer 

PictureTel is suggesting that picture 
'phones are at long last becoming 
viable.  By combining digital video 
compression algorithms and computer 
processor technologies, products that 
can deliver multimedia and video-
conferencing are now feasible. But it is 
one thing telling your boss that you are 
not feeling too good and that you are 
staying home in bed, and his seeing 
you dressed ready for that golf match. 

Hot PhoneCards 
According to a letter in "Electronics 
Weekly... you should be careful where 
you store your phonecard. Apparently 
body heat can cause the cards to loose 
their value. So keep the cards in a well 
insulated pocket, and definitely do not 
expose them to a hot radiator or 
excessively high temperatures! Mean-
while. the 100 millionth phonecard for 
BT has been produced. Currently over 
30 million a year are being produced 
for the near 22.000 cardphones in the 
U.K.  So popular are the various 
phonecard designs. that BT has set up 
its own .Collector's Club.. Presumably 
they will not be producing a Hot 
NewsLetter. 
It would seem Mercury have also 

been having problems with their card 
operated payphones, which made it 
possible for those in the know to use 
them for free! Now engineers have 
replaced the EPROMs containing the 
software in all of Mercury's 3,200 
payphones. Somebody fetch me a 12 
year old child. 
It is a well know fact (or myth) that 

anyone over the age of 12 has trouble 
programming their video cassette re-
corders. Now leading Japanese pro-

ducer Matsushita has developed the 
world's first recorder with both speech 
synthesis and speech recognition. This 
responds to spoken instructions and 
answers in a synthesised human voice. 
How is it done? Well the company 
makes use of 'Continuous Linear 
Alpha  technology, which makes it 
possible to recognise spoken com-
mands from a speaker whose speech 
pattern has not been pre-registered. 
Groucho Marx would no doubt have 
approved. 

Getting Mobile 
By the end of the decade, there could 
be up to 15 million mobile communica-
tions users in Europe. says Michael 
Naughton of IT consultancy Applied 
Network Research. Of the 320 million 
people in Western Europe, there could 

competition following the publication 
of the Government's Duopoly re-
view. 

Picture Caption 
Challenge 
Yet again a caption challenge courtesy 
of British Telecom. The corporation. it 
seems, has its beady eyes on us. 
Why? 

* Somewhere there must still be an 
out of order 'phone box. 

* Now just where have those back-up 
engineers got to? 

* BT keeps an eye on potential 

be at least 32 million travelling busi-
ness users". Though ANR is hesitant 
when it comes to forecasting the 
success of telepoint:  'Unless the 
authorities licence CT2 operators to 
provide two-way services, allowing 
users to receive as well as send calls, 
well within present technological capa-
bilities, Telepoint will continue to be 
shunned by users." 

Advantage Cellnet 
British Telecom controlled Cellnet has 
agreed a £100,000 sponsorship of the 
Lawn Tennis Association. Tennis was 
chosen for its clean wholesome image. 
Lets hope that both the quality of 
British tennis and cellular radio im-
proves as a result. 
In fact Cellnet and sport are becom-

ing even more interlinked with the 
news that the cellular radio operator is 
making use of a floodlight tower at 
Cheltenham  Town  Football  Clubs 
ground. At least fans will be able to 
'phone home with the news that extra 
time is being played and to put lunch 
back into the oven. 

The new Cellsite. is one of many 
which Cellnet are bringing into service 
as part of a £4 million programme. 
Those busy numbers on the M25 could 
soon become a relic of the past. 

* BT watching out for the subscriber 
protest march when they get their 
first Directory Enquiries charge bills. 

Well not quite. In fact the picture shows 
Karen Bell of the BT Motor Transport 
Group in Birmingham, holding the 
valve seat insert that is the key element 
of the conversion of BT's vehicle fleet 
to unleaded petrol. 
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FEATURES: 

* Combines Four Widely Used * Easy to Build and Use 
Test Instruments * Discriminating Continuity Tester 
* Compact Design  *1Hz Square Wave Output 
.-Air Low Power Consumption  *MHz Sawtootb Wave Output 

Introduction 
Probably four of the most widely used 

service instruments are the continuity tester, 
signal injector, logic probe and square 
wave generator. They rarely leave the 
workbench so frequently are they re-
quired, and consequently they take up a lot 
of space. 

On the other hand the Tetraprobe 
contains all four instruments in one and it, in 
return for a few limitations, offers compact 
versatility. 

Power Supply 
Figure 1 shows the circuit diagram. 

The power comes from a 9V PP3 battery 
and RG1 is a 5V regulator. Cl and C2 
perform the usual tasks of decoupling and 
transient suppression. 

Continuity Tester 
To test continuity of a conductor the 

design utilises both visual and audible 
indicators, comprising a green LED for 
forward biased germanium and silicon 
junctions, and a tone for metal conductors. 
1C1 c acts as a comparator. The switch-over 
voltage is 50mV and is determined by the 
potential divider formed by R2 and R3. The 
conductor under test is connected to SKI. If 
its resistance is greater than 511 then the 
.voltage at pin 1 0 will be higher than pin 9 
and the output at pin 8 will be high. When 
current is flowing, LD1 will light. There will 
be a voltage of 0.1V or 0.6V across any 
forward biased semiconductor junctions. 
As these values are higher than the 
reference, the comparator will not switch 
over. 

Specification 
Power Supply: 
Standby Current: 
Signal Injector: 
Square W ave Generator: 
Square W ave Source: 
Square W ave Sink: 

9V PP3 battery 
1 3mA approx. 
1 Vpp into 1 Id/ 0) 1 kHz -1.- 5 % 
1 Hz (ie 5Vpp  5 % 
0-6mA al) 3-4V 
60mA 04) 0-2V 

4 

Any conductor of less than 51/, such as 
a length of PCB track or a good soldered 
joint, will switch the comparator output low 
and TR1, previously held saturated by the 
clamping action of D1, will be subject to 
the oscillations from the signal injector via 
C5, and a tone will be heard from the 
piezo transducer BZ1. The oscillations are 
prevented from disappearing into the 
output of the op-amp by D1 being reverse 
biased. 

R4 protects the input from damaging 
overloads, as may be due to accidental 
connection to live circuits. 

Signal Injector 
1C1 b is used as a switched reference 

comparator. R9,10,1 1 determine the two 
reference voltages alternately applied to 
pin 5. When the output at pin 7 is high, C3 
charges through R1 2 until its voltage is 
higher than that at pin 5 (2.3V). The output 
goes low and takes pin 5 down to 1.3V via 
R1 1. C3 then discharges through D4, until 
the voltage on C3 is lower than 1.3V. The 
output goes high again. This cycle repeats, 
and because D4 discharges C3 quickly, a 
sawtooth waveform is presented at TR2 
base. 

The sawtooth is buffered by TR2 in 
emitter follower mode, and the signal 
bifurcated, one part being sent via C5 to 
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Figure 2. PCB legend and track. 

gated bleeper stage of the continuity tester 
described above, and the other part 
delivered via C4 to the output socket SK2. 

At low frequencies, the time taken to 
discharge C3 through D4 (approx. 20µs), 
can be omitted from the formula which is 

FJ88V  FJ88V 
Phono plug Phono plug 

 J-• 
Screened lead 

XR88V 

JK23A  FE19V 
Line phono skt.  Sub—rnin probe 

   XR69A Red flex   

XR68Y Block fle)--

FK34M 
Croc clip 

Figure 3. Suitable test leads. 

I- 1 a F(.3 P2  P I 

-R1 

SK4 

0 0 
-Ve  +Ve 

C2  RG I 

0 +C 1 

f =1 .6/RC. If D4 is removed from the 
circuit, the formula then becomes f = 043/ 
RC and the sawteeth become 'sharkteeth'. 
The values chosen produce a +Ve going 
ramp of lkHz  1V. 

Logic Probe 
Again a comparator is used, IC1a. The 

switching point is set by R16, R17 just 
below midway between 0.2V and 2.4V, 
corresponding to the typical output levels 
of a 74 series device working from a 5V 
supply. Any device connected via SK3 and 
operating around this point will also switch 
the circuit. 

R14 protects the input and R15 makes 
sure that the output indicates logic '0' while 
there is no input to SK3. Therefore, LD2 
also doubles as an on/off power indicator 
for Si! For signal inputs above 24Hz both 
red and green LED's will appear to be on 
continuously due to persistence of vision. 
Otherwise, the red LED will show logic '1' 
and the green will show logic '0'. 

Square Wave 
Generator 

Logic gates are in general use for the 
production of square waves, but op-amps 
provide an alternative, which is in many 
ways preferable. The generator is used as 
a switched reference comparator. The 
action of the circuit is the same as the signal 
injector, except for the output. 

R23 and C6 are the timing elements. 
The voltage at C6 moves between the two 
reference voltages, sequentially applied to 
pin 12. When these two voltages are 
0.377 and 0.622 of the maximum 
charging voltage, 3.5V, then f =1/RC gives 
the frequency as 1Hz and the mark/space 
ratio will be unity. 

Transistor switch TR3 is compatible 
with most current logic devices and is able 
to deliver OV to 5V into high resistance 
inputs such as CMOS, and can also drive 
up to fifteen 74 type inputs in parallel if 
required. 

Construction 
The Tetraprobe is not a complex 

instrument and there should be no 
difficulties in its construction. The PCB 
components are mounted according to 
Figure 2 and the parts list. There is only 1 
link (LK), on the board and this carries the 
5V line from RG1 over impenetrable 
territory. 

Incorrect diode polarity is a major 
cause of circuit failure, so when fitting the 
diodes do make sure that the broad band 
or cathode marker at one end of the diode 
body lies adjacent the white block printed 
on the legend. Using an ohmmeter to verify 
the polarity can be misleading, since while 
the range is switched to 'Ohms' on some 
meters, the red lead actually becomes 
negative and the black, positive! 

Electrolytic capacitors are usually 
marked with at least one minus sign to 
denote the negative terminal. The positive 
terminal is usually unmarked, but generally 
has a longer lead and goes into the hole 
marked '+' on the legend. 

If ICI is viewed from above, with the 
indentation or notch at one end of the 
plastic package uppermost (at top), then 
the top left pin is pin number one. The 
legend on the PCB clearly reflects that of 
the IC. The IC socket is also provided with a 

co t 

114.2 

101.5 
86.5 

77.5 

•  
• 

67.5 
53.5 

•  43.5 
33.5  

1 

Dimensions in mm 
Hole Data 
A 05 
8 07 
C 011 

A  A A 

147 

Figure 4. Wiring diagram. 

6 

Figure 5. Front panel drilling details. 
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Photo 1. Assembled Tetraprobe. 

similar notch and so should be inserted into 
the PCB wiith this corresponding to the 
white block on the legend. Do not insert 
IC1 into its socket yet! 

Figure 3 shows suitable test leads for 
the Tetraprobe. 

Battery and transducer wiring is 
shown in Figure 4. Single-ended 1 mm 
veropins can be used to connect them to 
the board if preferred. 

Photo 1 should help with the final 
assembly. Figure 5 shows front panel 
drilling details. Alternatively a pre-

k 

punched and printed plastic front panel is 
available. Please note that neither the case 
nor front panel are included in the kit. 

Testing 
Before inserting IC1, connect a PP3 

battery to the battery clip and switch on, 
and with a voltmeter set to 10V DC, test for 
+5V at IC1 socket pin 4 on the PCB. This 
will prove that RG1 is operating satisfac-
torily. You can now switch off and insert 
IC1 into its socket taking the usual 
precautions against damage to the pins, 

and do make sure that its notch is at the 
same end as the notch in the socket and the 
white block on the legend. 

Plug the test lead into SK1 and short 
out the other end. LD1 should light and a 
tone should emanate from BZ1. If the tone 
is absent, then D1 may be the wrong way 
round or there may be a dry joint, perhaps 
in the test lead. Check that diodes or 
resistances greater than 5(1 only light the 
LD 1 . 

The tone heard in the above test also 
proves that the signal injector is working. 
The wave shape can then be viewed on an 
oscilloscope via SK2. 

The logic probe and square wave 
generator can be tested together, by 
connecting SK3 to SK4. LD2 and LD3 
should alternately flash once every 
second. 

Using the 
Tetraprobe 

All four sockets can be used indepen-
dently and simultaneously, so two or more 
test leads may be needed. For example, 
the square wave generator and the logic 
probe can be used to check states in 'slow 
motion'. 

R1 2 and R23 need not be, fixed, if 
variable frequencies are required. 
Although intennded mainly for A.F. use, the 
signal injector contains R.F. harmonics, 
which will be demodulated when directly 
connected to the aerial input of a radio, 
operating on the LM/MW bonds, resulting 
in a 1 kHz tone from the loudspeaker. 

If using the signal injector into loads of 
less than 1 ki2, then placing a resistor in 
series with the load, so as to bring the total 
up to 1 ki1 or more, will maintain the shape 
of the waveform. 

TETRAPROBE PARTS LIST 
RESISTORS: All 0.6W 1% Metal Film. 
R1,18,19  300(1 
R2,10,17,21  10k 
R3  1000 
R4,14,23  100k 

27k 
180k 
47k 
4k7 
18k 
16k 
lk 
IM 
20k 
1k8 
2k2 

R5 
R6 
R7 
R8 
R9,20 
R11,12 
R13,25 
R15 
R16,22 
R24 
R26 

CAPACITORS 
Cl 
C2,3 
C4,6 
C5 

1p.F 100V PC Electrolytic 
100nF Mylar 
10µF 50V PC Electrolytic 
10nF Polylayer 

SEMICONDUCTORS 
RGI  I.LA78L05AWC 
10  LM324 
TR1-3 
D1-4 
ID 1,2 
LD3 

BC108C 
1 N4I48 
Mini LED Green 
Mini LED Red 

3  (M300R) 
4  (MI OK) 
1  (MI 00R) 
3  (M100K) 

(M27K) 
1  (M180K) 
1  (M47K) 
1  (M4K7) 
2  (M18K) 
2  (M16K) 
2  (M1 K) 
1  (M1M) 
2  (M20K) 
1  (MI K8) 
1  (M2K2) 

1  (FF018) 
2  (VON21X) 
2  (FF04E) 
1  (W\A/29G) 

1  (Q126D) 
1  (UF26D) 
3  (QB32K) 
4  (QL80B) 
2  (QY87U) 
1  (QY86T) 

MISCELLANEOUS 
51  R/A Toggle SPDT Up/Down 
SKI -4  Phono Socket 
BZI  Mini Piezo Sounder 

DIL Socket 14 Pin 
PP3 Clip 
Quickstick Pads 
PC Board 
Instruction Leaflet 
Constructors' Guide 

OPTIONAL (not in kit) 
Verobox 211 
Tetraprobe Panel 
Pins 2145 
Sub-Min Probe Red 
Black Croc. Clip 
Phono Plug Red 
Line Phono Socket Red 
Min Extra Flex Black 
Min Extra Flex Red 
Miniature Coax 
Alkaline PP3 

1  (FA70M) 
4  (HF99H) 
1  (FM59P) 
1  (BL18U) 

(HF28F) 
1 Pkt  (HB22Y) 
1  (GE40T) 
1  (XK25C) 
1  (XH79L) 

1  (LLO8J) 
1  (JR85G) 
1 Pkt  (FL24B) 
1  (FEI 9V) 
1  (FK34M) 
2  (FJ88V) 
1  (JK23A) 
1  (XR68Y) 
1  (XR69A) 
1  (XR88V) 
1  (FK67X) 

The above items, excluding Optional, are available as a kit: 
Order As LP350 (Tetraprobe Kit) Price £9.95 

The following are also available separately 
but are not shown in our 1991 catalogue: 

Tetraprobe PCB Order As GE4OT Price £3.25 
Tetraprobe Panel Order As JR85G Price £4.45 
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/ 4  II 

By David Lea 

Photo 1. Montage of screen displays produced by TVFX unit. 

FEATURES: 
* Displays Full Colour  * Internal Clock or Audio Triggering 
* Video and TV Outputs * 12V DC Power Supply Input 

Specifications of Prototype 
Power supply input voltage: 
Current at 12V: 
Power consumption: 

RF (UHF) 
Carrier Output: 

Video (Composite) 
Output level: 
Output impedance: 

Audio 
Input attenuator: 

11Vtol 3VDC 
100mA 
1.2 W 

Channel 36 
Frequency 591.5MHz 

1V peak to peak 
759. 

—30dB (low sensitivity) 

Input impedance: 
Filter response: 
Trigger sensitivity: 

Pattern Control 
Clock speed: 

Audio trigger: 

Patterns and Screens 
Patterns: 
Colours in patterns: 
Full screen colours: 

1400.2(high),1 .2MI2 (low) 
15Hz to 90Hz —6dB 
Max sensitivity 100mV (high) 
Max sensitivity 1.5V (low) 

Max 12 screens per second 
Min 1 screen every 3 seconds 
Max 9 screens per second 

64 patterns 
8 colours 
8 colours 
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Introduction 
For many years the comprehensive 

sound to light system has emerged as 
'essential' equipment in the field of audio. 
The idea of sound to light is an old concept, 
but producing sound to light using TVs or 
monitors is fairly new. The project itself 
provides the means for generating a 
screen display from an audio signal under 
control of input signals to change the 
patterns. The project is centred around a 
TEA2000 colour encoder and SAA1043 
universal sync generator. The TEA2000 
provides the colour encoding for the video 
output, whilst the SAA1043 provides 
synchronisation for use with U.K. tele-
visions and monitors. The configuration of 
these devices, with a complex logic array, 
produces the output to generate the 
patterns. 

Circuit Description 
In addition to the circuit diagram 

shown in Figure 1, a block diagram is 
detailed in Figure 2. This should assist you 
when following the circuit description or 
fault finding in the unit. SIG is the power 
socket and requires a regulated supply 
between + 1 1 V and + I 3V with the centre 
pin positive. Should the polarity be 

reversed then diode DI across the supply 
rails is forward biased and blows a fuse to 
prevent further damage. Without this 
protection the semiconductors in the circuit 
could sustain permanent damage render-
ing them unusable. Capacitors CI and C2 
are used for decoupling the supply to 
regulator RG 1 and audio stages. The 
regulator reduces the voltage to a 5V 
level suitable for TTL ICs. 

The signal input from a sound source is 
brought in via two phono sockets, SK3 and 
SK5, to switch S2. High or low input levels 
can be catered for by using this switch and 
will allow for large signals from some 
amplifiers to be used as well as the small 
signals from pre-amps. Logarithmic poten-
tiometer RV2 controls the signal level 
before it enters the audio stages. These 
consist of a summing amplifier IC2ct and a 
filter IC2b. The filter is pre-set to limit input 
frequencies to the range of 15Hz to 90Hz. 
Low pass signals are pulse shaped by a 
series of NAND schmitt triggers IC3a to 
IC3c. These pulses are used to increment a 
binary counter IC7 in the complex logic 
array. When a sound source is not 
available, an internal clock can be selected 
using 53; this internal clock (ICI) sends out 
pulses to the counter at a uniform rate. The 
number of the pulses per second can be 

controlled with the linear potentiometer 
RV1. Only one trigger source can be 
selected at a time, and LEDs LD1 to LD4 
indicate whether the internal clock or 
external audio is the source, as well as 
showing the pulses to the binary counter 
IC7. 

The purpose of the binary counter is to 
provide the necessary inputs to the logic 
array IC8 to ICI 2. The logic is configured 
such that it produces the correct informa-
tion for IC4, the TEA2000; this will enable 
the pictures on a screen to be displayed as 
a series of different sized and different 
coloured boxes. For more information on 
this IC, refer to the PAL colour encoder 
project published in the Maplin Projects 
Book 29 (XA29G). In addition a universal 
sync generator is needed to produce the 
necessary output to control changes of 
pattern on the screen. IC5, the SAA1043, 
fills this role and sends composite blanking 
and sync signals to the colour encoder. This 
is to ensure that the screen changes at the 
start of a picture build up. Figure 2 shows 
four outputs from the sync generator, each 
with a fixed frequency. The combination of 
frequencies produce the colour and size of 
boxes on screen. The outputs from the 
pattern generator contains the codes for 
the TEA2000 which then processes them 
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Colour Video 
Information 

e-N 

Colour Video Output 
SK6 

(monitor connected) 

Black 
Level 

Front 
Porch 

Line 
Blanking 
Interval 

Line 
4-Sync 

1-  ̂

Colour 
Burst 

17 - 1 

Figure 3. Video signal. 

into PAL colour video signals; essential for 
U.K. TVs and monitors, see Figure 3. The 
output from the colour encoder is relayed 
to both a video buffer and a UHF 
modulator. The video buffer, TR I and TR2, 
provides a signal level suitable for the 759. 
output on SK6. The UHF modulator MD1 
converts the video signal into a modulated 
RF carrier at a frequency of approximately 
591.5 MHz (TV channel 36). 

PCB Assembly 
The PCB is a double sided plated 

through glass fibre type, chosen for 
maximum reliability and stability. However 
removing a misplaced component can be 
difficult so please double check the type, 
value and polarity before soldering! The 

1 
16.ak 

1V 

PCB has a printed legend that will assist 
you when positioning each item, see Figure 
4 and Figure 5. 

The sequence in which the compo-
nents are placed is not critical. However 
the following instruction will be of use in 
making the task as straightforward as 
possible. It is easier to start with the smaller 
components such as resistors followed by 

GE019 

L D 2 ,,  D 6 J 
L D 1 -. I  l L 0 SO. Fr-1, Ff =1-K 

Figure 5. Led PCB legend. 

the ceramic, polylayer and electrolytic 
capacitors. The polarity for the electrolytic 
capacitor is shown by a plus sign ( +) on the 
PCB legend. However, the majority of 
electrolytic capacitors have the polarity 
designated by a negative symbol (- ), in 
which case the lead nearest this symbol 
goes away from the positive sign on the 
legend. When soldering in the crystals XT1 
and XT2, be extremely careful not to 
overheat them as this can cause damage. 

All diodes have a band at one end to 
identify the cathode (K) lead. The legend 
shows the diode position with a symbol like 
a resistor, but with the prefix 'D' followed 
by the component's number as identified in 
the parts list. The symbol also has a bar 
across one end, and this is where the 

C 3 1 
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if 
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Ui 
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C 1 2 
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Figure 4. Main PCB legend. 

12 Maplin Magazine  February 1991 



Figure 6. Mounting the LEDs. 

Figure 7. LED information. 

Section 
through 
housing 

Solder to 
conductor 

Clamp 
insulation 

Insert terminal 
into housing 

Locking 
tab 

Figure 8. The 'Minicon' connector, 
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Photo 2. Plain view of the assembled PCB fitted into the suggested case. 

cathode is placed. Be sure to position them 
according to the legend, where the 
markings are shown. Installing the LEDs on 
the small boards will be tricky. These LEDs 
need to be mounted on the track side of the 
board (see Figure 6). The short lead of the 
LED is cathode (K); this is also denoted by a 
flat along one side of the package as 
shown in Figure 7. 

Next, install transistors TR1 and TR2, 
and voltage regulator RG1, making sure 
that they are not put in the wrong positions, 
as they are similar in package style! Where 
the leads of the transistors are placed in the 
PCB is critical; the legend shows flat 
surfaces and tabs which conform to the 
package design of the transistor or 
regulator. When fining the IC sockets 
ensure that you match the notch with the 
block on the legend, do not install the ICs 
until the testing stage! When fitting the 
'Minicon' connectors, ensure that the 
locking tabs are all facing the correct way. 
Output sockets 51(2 to SK6 are phono 
sockets; these are easy to fit into the board, 
see Figure 4. Potentiometers RV1 and RV2 
are mounted on the board; ensure they are 
of the correct values before soldering. 

Finally install switches Si to 54. This 
completes the assembly of the circuit board 
and you should now check your work very 
carefully making sure that all solder joints 
are sound. It is also very important that the 
solder side of the PCB does not have any 
trimmed component leads standing proud 
by more than 2mm, as they may cause 
short circuits. The completed PCB assembly 
is shown in Photo 2. Further information on 
soldering and assembly techniques can be 
found in the Constructors' Guide supplied 
with the kit. 

Wiring 
The kit contains two types of wire, a 

twenty-way ribbon cable and a two-core 
screened cable. No specific colour has 
been allocated for each of the wire 
connections. The use of coloured wires is to 
simplify matters, thus making it easier to 
trace separate connections. Actual con-
nections between the PCB are made using 
'Minicon' connectors and the method of 
installing them is shown in Figure 8. The 
three way 'Minicons' are signal intercon-
nections on the PCB itself; the twelve-way 
'Minicon' is connected to the additional 
smaller LED board (see Figure 9). Many of 
the components that would usually be 
mounted on box panels have been 
positioned on the PCB to simplify construc-
tion. The small LED board can be glued into 
the front of the box with the LEDs poking 
through the front panel. 

Testing and 
Alignment 

The initial testing procedure can be 
undertaken using the minimum amount of 
equipment. You will need a multimeter and 
a regulated +1 2V DC power supply 
capable of providing at least 1 50mA. All 
the following readings are taken from the 
prototype using a digital multimeter, and 
some of the readings you obtain may vary 
slightly depending upon the type of meter 
used! 

Double check that none of the ICs 
have been fitted into the sockets on the 
board and all internal leads are con-
nected. The first test is to ensure that there 
are no short circuits before connecting to a 
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DC supply. Set your multimeter to read 
OHMS on the resistance range and 
connect the two test probes to TP1 and 
TP3. With the probes either way round, a 
reading greater than 40012 should be 
obtained. If a lower reading is registered 
then check solder joints and component 
leads; that they are not shorting between 
tracks. Next monitor the supply current; set 
your meter to DC mA and place in series 
with the positive line of the power supply. 
With Si switched to the 'ON' position, 
apply 12V DC and a current reading of 
approximately 25mA should be obtained; 
the trigger select LED LD3 or LD4 on the 
small board should be illuminated. Discon-
nect the supply, remove meter. 

Reconnect the power supply to the 
unit (SKI), and set your multimeter to read 
DC volts. All of the voltages are positive 
with respect to ground, so connect your 
negative test lead to the ground test point 
TP3. When the unit is powered up all 
voltages present on the PCB assembly 
should approximately match the following 
readings. 

TP1 = +12V 
ICI PIN 4 = + 5V 
IC2 PIN 8 = +12V 
IC4 PIN 11 = +12V 
IC6 PIN 20 = + 5V 
IC8 PIN 14 = + 5V 
IC1OPIN 16 = + 5V 
IC12 PIN 16 = + 5V 

TP2 = +5V 
IC2 PIN 3 = +6V 
IC3 PIN 14 = +5V 
105 PIN 5 = +5V 
IC7 PIN 14 = +5V 
IC9 PIN 5 = +5V 
ICI 1 PIN 2 = +5V 

Turn off the supply and install the ICs 
making certain that all pins go into their 
sockets and the pin 'one' marker is at the 
notched end. Reconnect the meter into the 
+V supply again and set to DC mA. Power 
up the unit and observe the current reading 
which should be approximately 110mA. 
Set switches S2 to S4 in the 'out' position. 
Note the illumination of the LEDs LD I, LD2, 
LD4 and (LD2 should flash) on the small 
PCB. This completes the DC testing for the 
TVFX board. Now disconnect the multi-
meter and power supply from the unit and 
proceed with alignment. 

Before commencing the video testing 
and alignment check the following: 

Clock Speed (RV1) 

Audio Trigger (RV2) 

Sensitivity (S2) 

Trigger (S3) 
Video (S4) 
Power (Si) 

= fully counter clockwise 
(position 1) 

= fully counter clockwise 
(position 1) 

= button out 
(low sensitivity) 

= button out (audio) 
= button out (pattern) 
= button out (on) 

Next connect the video output SK6 to 
a colour monitor, or the RF from modulator 
MD1 to a colour television tuned to UHF 
Channel 36, and the monitor/TV should 
display a patterned screen. If no pattern is 
displayed then try adjusting the channel 
tuning control on the television. If no 
colours are seen then try adjusting VC1 
until the colour locks in, this will be when 
the crystal is oscillating at 8.867MHz, see 
Figure 10. The crominance filter L 1 will 
seem to have little effect on the overall 

picture; however its setting will determine 
the final picture quality of the digitally 
generated graphics as the filter increases 
the amplitude of the colour video informa-
tion. 

The frequency output of the video 
modulator MD1 is factory set to channel 
36 (591.5MHz), which should be suitable 
for most applications. If necessary it can be 
retuned by adjusting the ferrite core of its 
oscillator stage, as shown in Figure 10. 

Variable capacitor VC2 sets the 
oscillator for the sync generator; although 
adjusting this has no dire effect on the 
overall picture. VC2 should be set halfway. 
If a more accurate measurement is needed 
then the frequency on IC5 pin 24 should be 
1.25MHz. All adjustments should be made 
using a trimming tool, the one found most 
suitable is the pot core type (stock code 
BR51F). 

Using the TVFX 
All external connections are of the 

phono type, with the exception of the 
power socket, SK1. It requires an external 
power source with positive on the centre 
pin from a regulated supply. Sockets SK5 
and SK3 are audio inputs, left and right 
channels respectively, and sockets SK4 
and SK2 are the respective outputs. 

Audio in and out can be connected 
two different ways as shown in Figure 11 
and Figure 12; audio between the 
pre-amp and power amplifier; audio out 
from a power amplifier to the speakers. 
Socket SK6 provides a 7512 video output 
to a colour composite monitor, in addition 
to the video socket an output from 
modulator MD1 allows the unit to be used 
on domestic television sets. 

The front panel of the TVFX has the 

TV FX MAIN Board 
GEO0A 
Comp. side legend 

TV FX LED Board 

Figure 9. The wiring diagram. 

1V Tune 
(than. 38) 0 
(591.5MHz) 

Chrominance 
filter 

(4.43MHz) 

0  0 — 
L1  VC1 

0 

Colour adj. 
trimmer 

(8.887238MHz) 

Trimmer 
(5 MHz) 

VC2 

TV FX MAIN Board 
GEDDA   

Comp. side legend  0 

Figure 10. Alignment drawing. 
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necessary controls to change screens, 
triggering sources and sensitivity. Variable 
controls RV1 and RV2 alter the internal 
clock speed and the incoming audio signal 
level. A series of LEDs provide an 
indication of internal clock speed, audio 
triggering, and the state of the switches 
(whether they are in or out). Switch S2 is 

Photo 3. The assembled TVFX unit 

essential for correct operation of the unit 
and the state of the switch depends on the 
configuration of the audio inputs; a high 
sensitivity is generally needed for small 
signals. Switch S3 is the trigger select, this 
connects either the audio trigger or 
internal clock to the pattern generator. 
Switch S4 determines which type of screen 

Domestic  Colour video  Speakers  Speaker 
colour television  monitor  Outputs 

Sound 
system 

display; either patterned or coloured, is to 
be displayed. Switch Si is the power 
switch. Variable resistor RV1 controls the 
speed of the internal clock and RV2 
determines the level of audio signal 
required to trigger the unit which should be 
set to the minimum usable position, to 
avoid overloading. 

(CH 36) 

0 
1=1  .EL LI .0. 
Video R-Out-L  R-in-L 
Out 

TV FX MAIN Board 
GEOCA 
Comp. side legend 

12V 

Low 

sensitivity 

Regulated 
mains 
adaptor 

Figure 11. Pre-amp connections. 
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PRACTICAL 
ROBOTIC5 
TECHNIQUES 

Part 1 — An Introduction to 
Control by Experiment 

by Alan Pickard 

robot vehicle always seems to pro-
vide fascination to the observer, 
whether he/she is merely curious 

or is an aspiring constructor who would like 
to know how to be able to acquire one to 
play with, program or maybe build one 
from basic principles. 

Over the last decade or so, there have 
been many attempts to provide the 
electronics/micro hobbyist with the means 
to produce a buggy or turtle-like vehicle to 
be controlled by a home computer. Whilst 
there have been many good designs 
providing reasonably inexpensive and 
useful end results, I have the impression 
that these devices merely provide stimulus 
for genuinely interested readers, the vast 
majority of whom never actually take the 
plunge in attempting to build one of their 
own for a variety of reasons. 

In this first part of this three part series, 
I hope to be able to persuade readers that 
it is possible to carry out some very simple 
experiments in robotic vehicle control 
which may encourage them to progress to 
a complete design. 

Although the series will conclude with 
a complete design, albeit with some 
options in its specification, the emphasis 
will be very much on individual functions, 
with the minimum of theoretical material 
required to enable working control circuits 
to be constructed and tested. 

For the purpose of this series our robot 
is described as a 2-wheeled vehicle which 
is under the control of a computer user port 
having 8-bits or control lines. It is defined 
as being a control system which is 
programmable and re-programmable. In 
other words, the robot operates via 
computer instructions (a program) and also 
in response to environmental conditions 
encountered (from sensors). Figure 1 
shows the basic requirements of a robot 
vehicle system. 

The Control 
Computer 

As already mentioned, an essential 
requirement of a robot system is its control 
computer, whether this is an integral part of 
the robot or an external general purpose 
microcomputer. The main computer I have 
used is the BBC Micro. This machine is one 

of the most versatile available for the 
hobbyist, offering BBC Basic, 6502 assem-
bly language and an 8-bit fully programm-
able user port. However, this machine is 
not an essential requirement for those who 
wish to carry out the experimental circuit 
work or build a complete robot vehicle. 
Any computer which has a user port which 
can be programmed via Basic will do. The 
user will need to be familiar with any 
special details such as user port pin 
connections, Basic syntax and general 
layout of the machine. At a later stage it will 
be seen that all robot test programs could 
be converted into 6502 machine code or 
for example Z80 code. Other high level 
languages could also be employed such as 
FORTH or PASCAL and even 16-bit 
processors are not excluded. 

The series will be based on the use of 
the BBC Micro, but its special features will 
not be fully exploited so that the reader 
can relate its use to his or her own machine. 
An experienced BBC Micro user will be 
able to see the possibilities that the basic 
ideas offer with that machine. Towards the 
end of the series alternative machines, e.g. 
PC's, and other processors such as the 
16-bit 68000 and 8086 series will be 
discussed in the context of controlling a 
robot vehicle. 

A Preliminary 
Practical Experiment 

Before delving into any circuit details 
or programming requirements, we will 
look at a very simple experiment in 
robotics which requires only familiarisation 
with simple BASIC and the ability to 
connect a few wires. 

A cheap source of D.C. motors 
already linked to a wheel assembly can be 
found in a radio-controlled car chassis. 
These can be bought very cheaply in toy 
shops or model shops, sales or recovered 

from a child's toy box, particularly if 
already broken or discarded. All that is 
required from the radio controlled car is 
the bare chassis, drive wheel(s) and motor 
assembly and its battery compartment 
intact. (Any radio control circuits should be 
disconnected and/or removed.) These 
vehicle motors typically run on multiples of 
1-5 volt cells (HP7/AA, HP11/C or HP2/D 
size) depending on the size of the motor 
and its current consumption. They are often 
high speed vehicles and because this is 
incompatible with an experimental control 
vehicle, it is usually essential to 're-
program' the battery compartment wiring 
so that anything down to one cell is used to 
achieve the desired speed. The benefits 
become obvious if initially the vehicle 
shoots along the floor at many times the 
expected speed! 

The first experiment makes use of the 
cassette port of a home computer, that is to 
say those pins which enable a cassette 
player/recorder to be switched on and off 
from the computer. The BBC Micro (and 
Electron) use pins 6 and 7 of a 7-pin DIN 
socket to complete a circuit comprising a 
D.C. motor and its power supply. Although 

Control 
computer 

411 -11. 
Control 
circuit 

Transducer 
e.g. relay, motor, 
loudspeaker, 
switch 

OUTPUT 
e.g. physical 
movement, 
sound 

Figure 1. Basic requirements of a robot vehicle system. 
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Figure 2a. Connection details for 
BBC/Electron. 

Figure 2b. Connecting your first robot. 

never included with robot control in mind, it 
is simply a means of switching a motor on 
and off. On the BBC Micro this can be 
carried out directly from the keyboard or 
via a simple BASIC program. Figure 2a 
shows connection details for your motor/ 
wheel unit. 

It can be seen from the diagram that 
whichever instruction causes the cassette 
motor to turn on or off simply activates a 
relay. The relay contacts are 'voltage free' 
and can therefore be connected safely to 
an external circuit with its power supply. It 
must be understood however, that your 
load circuit must not exceed the voltage 
and current ratings of the relay switch 
contacts themselves. The BBC Micro 
cassette relay contact limits are around 9 
volts and 100 mA. This relay could not be 
expected to switch on a milk float! Figure 
2b shows how to connect your first robot. 

Connections 6 and 7 are short-
circuited by the relay contacts to complete 
the circuit, and the diagram also shows 
how to measure voltage and current with 
the motor under load. 

For anyone who does not have a 
motor available to test (suitable inexpen-
sive D.C. motors are available from 
Maplin, see components list), an alterna-
tive test circuit can be produced consisting 
of merely an LED and resistor as shown in 
Figure 3. This provides a means of turning 
on and off a device which effectively 
simulates a motor. This technique may be 
employed later to test simple programs 
prior to connecting up motors. 

To avoid confusion, the circuit shown 
inset illustrates how the test circuit operates. 
This circuit requires a source of +5V and 
this can be considered as a separate 
supply, as for the motor. The supply could 
be obtained from four cells in series (4 x 
1-2V = 4-8V), or in the case of the BBC 
Micro from pins 1 (+5V) and 5(0V) of the 
user port. Figure 3 shows the same 
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connection method as the motor load 
circuit. Note that the 1-2V value refers to a 
rechargeable cell — dry batteries are 1-5V 
at the beginning of their life. Completing 
the circuit by the operation of the relay 
contacts forward biases the LED and 
current limited by the resistor value flows 
around the circuit. 

The next step is to 'program' the unit to 
provide movement. The keyboard instruc-
tion used by the BBC Micro or Electron is 
*MOTOR 1 for ON and *MOTOR 0 for 
OFF. Very simple testing of the load circuit 
can be achieved by typing these com-
mands in individually or by utilising the BBC 
Micro user programmable keys, i.e. fl for 
ON and f0 for OFF. This is achieved as 
follows: 

*KEY 0 *MOTOR 0 M 
*KEY 1 *MOTOR 1 M 

where " is the vertical rule character 
entered via [SHIFT] and [BACKSLASH]. 
Thus the motor can be switched on and off 
by use of these two keys. This simple test 
can be verified easily and simply with no 
'load' connected to the cassette port by 
listening to the relay clicking inside the 
machine and also observing the LED at the 
front of the keyboard. Another method of 
testing could be to use a cassette machine 
itself as a load and observe the cassette 
motion or the spindle rotating. Although 
not exactly mindbending or impressive, 
these exercises can inspire confidence and 
give the reader a feel for indulging in 
further control experiments. When this has 
been proven a simple BASIC program can 
be tried as follows: 

10 *MOTOR 1 
20 FORT = 1 TO 1000 
30 NEXT T 
40 *MOTOR 0 

Figure 3. An alternative test circuit, 
using an LED. 

Running this program will cause the 
motor/wheel unit to switch orr for a period 
of about 1 second and then stop. 

Even this simple testing is a useful 
exercise in the principle of carrying out all 
future testing one step at a time. A robot 
vehicle is not necessarily a complex device 
but there are various considerations which 
depend on each other for correct 
operation. So far, for this simplest experi-
ment in control, we have selected a 
suitable motor/wheel/battery unit, a suit-
able control circuit (cassette port) and a 
means of software control (keyboard 
operations and BASIC program). Our 
'system' looks like the diagram in Figure 4. 

Each aspect of the system must 
function correctly before the robot can 
perform its programmed activity. Hard-
ware operation (mechanical, electrical 
and electronic) and software should all be 
thought out carefully and tested separately 
before connection to the system. In this 
ultra-simple example I hope that the 
potential constructor will see the benefit of 
adopting such an approach in later 
experiments and ultimately the construc-
tion and design of a complete vehicle. 

To finish off the first experiment a 
slightly more useful demonstration pro-
gram can be achieved by adding 3 more 
lines to the test program: 

50 FORT = 1 to 1000 
60 NEXT T 
70 GOTO 10 

This provides an ON/OFF sequence 
such that the vehicle moves forward 
(depending on battery connection polar-
ity) for a period, stops for the same period, 
and then repeats the cycle until [ESCAPE] is 
pressed. 

Varying the range of values for T will 
obviously affect the ON and OFF times. A 
number of points are worth noting which 
will be useful when trying out later 
experiments with robot movement. Firstly, 
be prepared for your vehicle to move off at 
a higher speed than expected (requiring a 
reduction in the number of batteries used in 
series), or even in the wrong direction! 
Secondly, remember to clear a way for the 
vehicle's progress, preferably on the floor. 
Finally, when running a program such as 
the first test program, try to arrange for the 
[ESCAPE] key to be pressed when the 
vehicle is 'OFF' as otherwise it will stay 
'ON' which may be very inconvenient! 
Using the [BREAK] key as a panic button is 
not really a good habit to get into, as it 
resets things and may result in the 

Micro 
computer 

Control 
circuit 

Motor/wheel 
unit 

Power 
supply 

Movement 

Figure 4. Our first practical robot system. 
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Photo 1. Computer controlled vehicle. Inset: Top view of vehicle. 

accidental loss of longer (unsaved) pro-
grams at a later stage. A useful if not 
essential facility for a robot test vehicle is a 
motor power supply switch. This is very 
convenient but not a practical 'panic' 
switch if the vehicle is on the move! It does 
mean that you can run test programs with 
the vehicle disabled, but without having to 
physically disconnect it or unplug it from 
the control computer. Another idea would 
be to fit an infra-red receiver circuit to the 
vehicle providing a remote panic button, 
but this is hardly practical for such a simple 
vehicle as this first one, and will involve 
further power supplies. 

Motor Power 
Sources 

Batteries are a very convenient means 
of providing power to motors and 
although a constructor may consider using 
for example the + 1 2V supply provided on 
an external socket in the case of the BBC 
Micro for a disk drive, this is not really 
feasible for the following two reasons. 

If a disk drive uses this power supply 
rather than a separate mains derived one it, 
would be inconvenient switching from disk 
to robot 'peripheral' when loading test 
programs stored on disk. The other reason 
is that it is better in the long term to avoid 
the use of cable connections wherever 
possible as ultimately the robot may have 
an on board computer in the form of a 
microcontroller, which is itself powered by 
batteries. Although much of the ex-
perimental work in the series will revolve 
around a home computer, it is desirable for 
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a robot vehicle to be independent and not 
connected by cable (or at least additional 
wires) to its control computer. 

The title of this series suggests practical 
exercises or experiments in robotics rather 
than simply presenting a ready made and 
complete design. At each stage it is 
expected that the experimenter will 
consider different ways of achieving an 
objective. For example, at this point he or 
she will choose a suitable D.C. motor or an 
existing motor wheel assembly. A suitable 
power source is then chosen. A D.C. motor 
specified as 3V could be driven from two 
cells in series or only one if a slower speed 
is preferred. The power rating of the motor 
and the surface it will be driven on 
determines the amount of current being 
drawn from the cell and therefore how 
long the battery lasts. If your test surface is 
a standard pile carpet then more motor 
torque is required than if you were working 
on a smooth table top or carpet tiles. A 
carpet surface may mean connecting 
batteries in parallel for more current or 
upgrading from HP7(AA) to HP1 1 (C) cells 
or HP1 1 to HP2(D) and so on. 

It is perhaps useful to arrange an 
operating motor circuit such that current 
can be monitored (see Figure 2b). In other 
words using a simple 'jack' to suspend the 
wheels from its test surface. This will show 
not only how much current and voltage is 
drawn from a battery but also current 
surges when switching on (repeatedly). 
When designing a more substantial vehicle 
it is important to consider such details as 
motor voltage and current requirements 
and it will become obvious that recharge-

able batteries are a good investment with 
of course a suitable charger. A multi-
purpose charger is very useful when trying 
out various battery combinations and will 
be useful again when considering control 
circuit supplies later which must be kept 
separate from motor supplies. 

Materials 
To carry out the simple experiments in 

this first introductory article, all that is 
required apart from the charger and 
suitable batteries are things like battery 
holders, e.g. HP1 1 (single box), connector 
blocks, double sided tape, blue-tack, wire, 
miscellaneous nuts and bolts or self-
tapping screws, SPDT switch, 7-pin DIN 
socket (for BBC Micro). 

Specific items from the Maplin catalogue 
are as follows: 

Small motor 
Min motor 

The Next Stage 
In this introductory article we have 

looked at simple control of a mechanical 
device, its power supply and required 
software. We have also set the scene for a 
disciplined, systematic approach to ex-
perimenting with robotics and designing a 
robot vehicle. In Part 2 we will look at basic 
microcomputer interfacing principles to 
enable us to control a robot vehicle having 
two independently controlled motor/ 
wheel units from a computer user port. We 
will also look at other input and output 
devices to be included in the system. 
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Chips in Logic Systems 
In the preceding pan of this series, 

we looked at some of the basic logic 
blocks, the gates that in combination can 
produce a variety of useful functions. 
Gates are not known as the 'building 
bricks' of logic for nothing. Many of the 
more exotic functions are actually nothing 
more than vast arrays of gates. Integrated 
circuit technology has allowed the 
production of such arrays on single chips 
of silicon, and at an affordable price. The 
nature of the chip means that it is a 
non-repairable item and this, coupled 
with its low cost, means that it can be 
discarded when it fails, to be replaced by 
another. The complexity of many chips 
makes it unrealistic to bother unduly 
about their 'contents'. Instead we focus 
our attention on what the chip can do 
rather than how it does it. It becomes an 
element in a system, an element whose 
function is defined and which can be 
tested and identified by measuring the 
logic levels or events occurring at the 
chip pins. The chip pin-out diagram 
becomes the important reference, 
together with the system diagram that 
shows the interconnection of the chips in 
the system. A full-adder (to name just one 
IC that we shall investigate) becomes just 
a 'block' in the system diagram, its 
purpose defined either by its name or 
type number placed in or near the block. 

It is only at a relatively low level of 
complexity that we can investigate the 
interconnection of actual gates to 
perform specified functions. Above that 
we are into systems, as explained above. 
Therefore, in order to give the reader 
more practice in studying the behaviour 
of individual gates, we shall in this article 
construct some more circuits, building on 
our knowledge gained in the previous 
part of the series. 

The Comparator 
The most complex circuit that we 

built last time was the 'four gate' 
exclusive-OR (XOR) circuit. It was seen 
that the only time the output of this circuit 
was a logic 1 was when one only of the 
two inputs was logic 1. The other two 
possible combinations, inputs both logic 
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A 0-

B O  • 

7400 

Figure 1. The comparator function. 

1 or both logic 0, produced a logic 0 
output. Suppose we follow this circuit 
with an inverter (Figure 1): what is the 
result likely to be? If we think about it, 
remembering that art inverter 'swaps the 
logic levels over', we shall come to the 
conclusion that the output column of the 
truth table for the new circuit will be the 
exact opposite (known as the 'inverse') of 
the same column for the XOR function. 
This is seen to be true in Figure 1. If there 
is any doubt it can be dispelled by wiring 
the circuit up and testing it as described 
before. The inverter could have been 
made from a NAND gate with its inputs 
strapped together, which was also 

7 R  XOR = XNOR = EQV 
(See Text) 

 0 

1/6 7404 

A 
0 
0 
1 

0 1 
0 
0 0 

TRUTH TABLE 

discussed last time, but instead a new 
chip has been introduced, the 7404 'hex 
inverter'. As its name suggests this has six 
inverters on the one chip. Since it has 
taken one complete 7400 IC to make the 
XOR function, we need a second chip 
anyway, and it might as well be the 7404 
as any other. This will provide us with a 
source of inverters for other purposes 
should we need them. In this instance we 
don't, of course, but in other 
circumstances we might. 

The new function that is produced in 
this way has various names, depending 
upon the specific point of view. It may be 
called a 'comparator' since it effectively 

4-Bit 
Number 
Input A 

4-Bit 
Number 
Input B 

Ao 0  

A 10  

A2 0 — 

A3 0 — 

Bo 0-

B 1 

B2 0  

BO 

1 
A2 

B3 0  

B2 

3 

B3 

1 
L 

Comparators 

Output 
 0 

Figure 2. A 4-bit comparator circuit. 
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! A 0  

TRUTH TABLE 
A B Co S 
0 0 0 0 
0 1 0 1 
1 0 0 1 
1 1 1 0 

AND XOR 

Figure 3. The half-adder circuit. 

compares the logic levels at the two 
inputs; it then sets the output to logic 1 
only if they are equal, whether both logic 
0 or both logic 1. Figure 2 shows an 
extension of this idea, more useful than 
just comparing two bits, in which four 
comparators are used to compare two 
4-bit binary numbers. The output from the 
AND gate will only be logic 1 when the 
4-bit numbers are equal. Notice how we 
have automatically slipped into the 
'system' concept with only one gate 
actually being drawn (the AND gate), the 
others being represented by the four 
comparator blocks each of which we 
know contains the gate arrangement of 
Figure 1. 

Another name for the comparator is 
'equivalence' (EQV), which is more of an 
algebraic description, telling us that the 
output is a logic 1 when the inputs are 
equivalent. A further method of labelling 
this function is to call it 'exclusive-NOR' 
(XNOR) since it is the inverse of the XOR 
function. 

Comparator ICs 
There are several ICs available that 

will compare either two 4-bit or two 8-bit 
numbers. Not only will they give an 
indication when the two numbers are 
equal but will also signal the other two 
states, namely 'A greater than B' or 'A less 
than B'. 

Examples of 4-bit comparators of 
this type are the 7485 and 74LS85 TTL ICs. 
These have separate outputs to indicate 
which of the three possible conditions is 
true. It is possible to cascade such ICs to 
increase the bit size of numbers 
compared. However, there is also an 8-bit 
comparator IC available, the 74LS684. 
Again this can detect the three possible 
conditions but signals the results in a 
slightly different manner. On the two 
output pins, each goes low separately to 
indicate either A>B or A=B, but both 
pins high at the same time means that 
A<B. 

S (sum) 
—0 

Co 
(carry out) 

0 

1/6 7404 

Adder circuits 
1. The Half-Adder 

The XOR function was converted 
into the comparator circuit by adding just 
one more gate. An equally simple 
modification produces another quite 
different function. In this case it is the 'half 
adder' of Figure 3. This time it is an 
inverter, which is connected to the output 
of gate Cl and consequently produces 
the function A and B. Why? Because this 
gate, being a NAND gate, produces A 
NAND B; if this is inverted by the said 
inverter, the result will be NOT A NAND 
B. Whichever way you look at this the 
answer surely has to be A AND B. Just 
take the well known fact that 'two 
negatives make a positive'. Both NOT and 
NAND are negative functions; when they 
cancel out all that is left is AND! 

There are now two outputs in the 
new circuit. One is the XOR output of A 
and B; the other is the AND of A and B. 
The truth table for these two outputs 
appears in Figure 3. Note how they have 
been named. The XOR output is called S 
and the AND output is called Co. The 
latter stands for the 'carry out' that can 
occur when two bits are added together. 
For example, consider the following. 

If A = 0 and B = 0 then A + B = 0 (sum) 
and (carry) = 0. 
If A = 0 and B = 1 then A + B = 1 (sum) 
and (carry) = 0. 
If A = 1 and B = 0 then A + B = 1 (sum) 
and (carry) = 0. 

If A = 1 and B = 1 then A + B = 0 (sum) 
and (carry) = 1. 

Put another way: 

+0  +1 
0  1 

+1 
10 

(co 

To relate this to the truth table of 
Figure 3, add the values of A and B in 
each of the four rows and the values of S 
(sum) and Co (carry out) will be seen to 
obey the above rules. All we are doing is 
adding two binary digits together to 
produce a sum and carry. This circuit, 
able to add two bits and produce sum 
and carry outputs, is known as a 
'half-adder'. The reason that it is known 
as a half-adder is because it can only add 
together two bits, and thus is unable to 
handle a carry-in from a previous column 
of addition. Remember that in most 
practical cases it is multi-digit numbers 
that get added, not merely pairs of bits. 
For example, consider the following 
addition of two 4-bit binary numbers: 

PQRS 
1 0 1 1 
+0011 

1 1 1 0 

Taking the addition column by 
column: 

The addition of column S is 1 + 1 giving a 
SUM of 0 and a CARRY of 1; this carry 
goes into column R, so that: 

The addition of column R is 1 + 1 + a 
CARRY of 1, giving a SUM of 1 and a 
CARRY of 1; 

The addition of column Q is 0 + 0 + a 
CARRY of 1, giving a SUM of 1 and NO 
CARRY; 

Finally the addition of column P is 1 + 0 + 
NO CARRY, giving a sum of 1 and NO 
CARRY. 

It should be noted that the additions of 
columns R and S both produced carries in 
this example. Thus, the following column 
additions involved adding three bits and 
not two. The column that will only ever 
involve adding two bits is column S, since 
there is no previous addition to generate 
a carry. A half-adder will suffice for this 
column but subsequent columns will 
require a 'full-adder'. 

2. The Full-Adder 
The full-adder, whose block 

diagram is shown in Figure 4, consists of 
two half-adders plus an OR gate, thus 
showing that two halves don't always 

A 0  
13 0  

HALF 
ADDER 

Ci 0   
(Carry In) 

Si 

Figure 4. The full-adder block diagram. 

HALF 
ADDER 

Co2 

S2 

0 Co 

S 
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1/4 7400 
A 0 • 

• 

• 

B 0 

Ci 0 

7400 

Figure 5. Gate circuit for the full-adder. 

make a whole! One half-adder has as its 
inputs the column bits which we shall call 
A and B; the inputs to the second 
half-adder are the SUM output of the first 
half-adder plus the CARRY IN bit C. The 
end result is the SUM output S from the 
second half-adder. All very logical it is 
hoped. The CARRY output Co is obtained 
by ORing the individual carries from the 
two half-adders. 

Producing the required OR gate 
using NAND logic highlights a point of 
interest and reveals a circuit 
simplification. It may be remembered 
from the previous article that the OR 
function of two inputs is obtained by 
inverting these two inputs and then 
NANDing them; this was possible 
because of de Morgan's theorem. Now 
the carry out from a half-adder is actually 
obtained from another inverter, as 
required to obtain the OR function, and 
we end up with two inverters in series - 
an obvious case of redundancy! One 
inverter will cancel out the other, 
meaning that we can dispense with them 
both. On this basis the full-adder gate 
circuit will look like Figure 5. The final 
carry out is produced by NANDing the 
inverted individual half-adder carries 
directly. 

This Figure includes the truth table 
which can be used to prove the validity of 
the circuit after it is wired up. Three 
switched inputs for A, B and Ci and two 
LEDs for the outputs S and Co are all that 
are needed apart from a +5V power 
supply in order to test the circuit. Pin-outs 

Gnd E 

L. 

Figure 6. Pin-outs for 7400 and 7404 ICs. 
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TRUTH TABLE 
for 7400 and 7404 chips are given in 
Figure 6, as required for the circuits so 
far. 

3. The Parallel Adder 
When it comes to adding together 

two multi-bit numbers, there are two 
ways of doing it. Either we can add the 
bits together all at once and produce a 
simultaneous result, or we can add the 
bits together one at a time and get the 
result bit by bit. The former method 
involves a parallel adder and the latter, a 
serial adder. The parallel adder will be 
explained first and is shown in Figure 7. A 
4-bit adder is actually shown, but the 
principle can be extended to as many 
bits as you wish. 

The first feature that one may note is 
that the circuit consists of one half-adder 
and three full-adders. Following on from 
the recent discussion on carries, this 
should come as no surprise; the first 
stage does not need to include any carry. 
The half-adder adds together the least 
significant bits (LSBs) of the two numbers; 
the full-adders add together the higher 
order bits. The two 4-bit numbers have 
been called A and B, the individual bits in 
each number being given a 
distinguishing suffix. Thus the LSB column 
comprises the bits Ao and Bo, the next 
column the bits A1 and B1, and so on. In a 
similar way the SUM output is a 4-bit 
number comprising the bits So - S3 
inclusive. 

The only linking between one adder 
and the next is by way of the line 

Gnd E 

A B Ci Co S 

0 0 0 0 0 

0 0 1 0 1 

0 1 0 0 1 

0 1 1 1 0 

1 0 0 0 1 

1 0 1 1 0 

1 1 0 1 0 

1 1 1 1 1 

connecting the 'carry out' from one stage 
to the 'carry in' of the next. There is a final 
carry out Co3 from the highest order 
stage. If the addition of two 4-bit numbers 
results in a 4-bit result (e.g. 1000 + 0011 = 
1011), this final carry out will be 0. If the 
addition produces a 5-bit result (e.g. 1000 
+ 1011 = 10011) then this final carry will 
be a 1. 

Parallel addition is used in 
microprocessors. This is illustrated in 
Figure 8, where the contents of two 8-bit 
registers. A and B, are added together. 
The carry out 'drops into' a bit of the 
Status register known as the CARRY 
FLAG. Here it is preserved as the 'ninth 
bit' of the result. It can be used as such 
especially in 16-bit arithmetic. The 8-bit 
result of the addition is usually written 
back into the A register. Thus the full 
9-bit result appears in the Carry Flag 
'alongside' the A register. 

4. Serial Adder 
The parallel adder requires an 

adder block for each column of addition. 
For example, a 16-bit parallel adder 
needs one half-adder and 15 full-adders. 
Such circuits are somewhat hardware 
intensive. On the other hand, the 
simultaneous addition of bits makes them 
extremely fast. However, where speed is 
of less than paramount importance, the 
hardware requirements can be greatly 
reduced by the use of serial addition. As 
one might expect, the bit pairs are taken, 
starting at the LSB end of the addition, 
one at a time and the addition performed 
column by column. Naturally it is 
necessary to 'memorise' the carry 
between one column addition and the 
next. How this can be done is shown in 
the block diagram of Figure 9. 

Essentially this diagram shows the 
same serial adder five times, but for 
successive states of the addition process. 

In Figure 9 (a) the component parts 
of the serial adder and the data to be 
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operated upon are identified. The former 
comprises the following: 

A full-adder whose inputs are the 
data bits A and B and a carry in C„ two 
4-bit shift registers which hold the two 
numbers to be added, and the 4-bit result 
is similarly held, as it is accumulated, in 
another 4-bit shift register. A D-type 
flip-flop is used to temporarily store the 
carry out Co resulting from each addition 
process. 

This circuit contains two logic 
devices not discussed so far. Taking the 
D-type flip-flop first, this need only be 
regarded as a 'single-bit data store' 
whose output, Q, is forced to be a copy of 
its input D. Only when a clock pulse is 
applied to the clock input will the logic 
level at D, whatever it is, be transferred to 
an internal store and appear at Q; the 
latter effectively retains (stores) this 
binary value until the next clock pulse is 
applied, until which time D is ignored. 
The other device, the shift register, is an 
extension of this same idea, except that it 
is a string of D-type flip-flops that can 
store a multi-bit binary number, in this 
case a 4-bit number. It is called a 'shift 
register' because the application of a 
clock pulse causes the data held in any of 
the individual flip-flops to move one 
place to the right. Thus, after four clock 
pulses, the data bit in the leftmost flip-flop 
will have simply 'moved through' the 
whole register completely. With these 
ideas in mind it is not too difficult to 
understand how the serial adder works. 

By an operation which is not of 
specific importance at the moment, the 
two shift-registers A and B are loaded 
with the two 4-bit numbers to be added. 
At this time the 'result shift-register' is 
assumed to be reset (contents = zero) as 
is the D-Wpe flip-flop; the latter state 
means that the only inputs to be added 
are the LSB digits Ao and Bo, C, being zero 
at this time. The addition of A,3 and Bo will 
cause appropriate outputs to appear at 
the S and Co terminals of the full-adder. 
What happens next when the clock pulse 
is applied is of great importance. 
Essentially three things happen. 

(i) The S output of the half-adder is 
'clocked into' the 'results shift-
register' and becomes So in that 
register. 

(ii) The Co output of the full-adder is 
clocked into the D-type flip-flop and 
is stored at its Q output. This 
becomes C, ready for the next 
column addition. 

(iii) Both the A and B shift-registers have 
their contents shifted one place right. 
Thus Ao and Bo 'drop-off the end and 
their places are taken by A, and Bl. 
The other order bits also follow them 
one place to the right. 
This is the situation depicted by 

Figure 9 (b) and shows that the data, plus 
carry, are set up for the next two columns 
to be added. Subsequent operations are 
essentially the same, with the final state 
being shown in Figure 9 (e). The 4-bit 
sum appears as S3S2SiSo with the fifth bit 
of the result (assuming that there is one) 
retained in the D-type flip-flop. 

5th BIT 
4  
Co3 Co2 Co 

FULL 
ADDER 

MSB  C•3 
a 

B3 A3 
• 

B2 A2 

4-BIT SUM 

FULL 
ADDER 

A . -12 

FULL 
ADDER 

ti 
Bi Bo AO 

V FULL 
ADDER 

a 
LSB 

Figure 7. A 4-bit parallel adder. 

8-BIT DATA 

B REGISTER 

9th BIT 

8-BIT DATA 

STATUS REGISTER 

A REGISTER 

8-BIT SUM 

A REGISTER 

Figure 8. Parallel addition in a microprocessor. 
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Figure 9. The serial adder (a) the initial state (b)- (e) the states after each column operations. 
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5. Available Adder ICs 
While there is much to be learned by 

breadboarding the above types of adder 
circuit, in practice it is more likely that 
fully integrated versions would be used 
rather than that they would be 
constructed from individual gates. Some 
cheap and readily available ICs are as 
follows: 

The 7483, 74LS283 and 74HC283 are 
examples of TTL 4-bit full-adders that can 
be cascaded to perform parallel addition 
on any two binary numbers A and B. The 
lowest order adder must have its Ci 
taken to zero volts, while its carry out is 
simply linked to the carry in of the next 
adder up the chain. A carry out is 
available from the last adder in the chain. 
How easy it is to connect up these 
devices can be judged by looking at 
Figure 10 which shows a 12-bit parallel 
adder. 

Where absolute speed is less 

Figure 10. A 12-bit parallel adder formed by cascading three 74L5283 4-bit full-adders. 

important than power consumption, the 
CMOS 4008BE 4-bit full-adder offers an 
alternative. Otherwise it is similar in 
application to the TTL versions. 

In the next issue we continue the 
concept of 'chip systems' by taking a look 
at the principles of some of the chips that 
go to make up a microcomputer. 

As readers of detective novels 
will know, acute powers of 
observation are a must for the 
successful sleuth, whether of the 
regular force or one of the "little 
grey cells" brigade. Even the most 
(apparently) insignificant detail can 
provide grounds for a solid 
deduction. For instance, unlikely as 
it may seem, even as mundane an 
institution as a public convenience 
can furnish one with information as 
to the local set-up. No need even to 
set foot inside- a cursory glance 
suffices; if the building is labelled 
"LADIES" and "GENTLEMEN" one 
is almost certainly in true blue 
country, whereas "MEN" and 
"WOMEN" indicates a local 
authority from the other side of the 
political divide. I mention this 
merely to underline the fact that 
engineers of all sorts, and 
particularly electronic engineers of 
course, are all very observant 
people- aren't we? (Have you ever 
spent ages trying to get an 
amplifier to amplify, only to 
discover that the DC conditions 
were all wrong and the active 
devices all bottomed or cut off?) 

Point Contact was fortunate 
enough earlier this year to attend 
the 5th International Conference on 
Radio Receivers and Associated 
Systems, held at Churchill College, 
Cambridge. (The venue was one of 
the least attractive colleges in the 
city, being built of a very 
unpleasant type of brick in a 
severely functional style; the only 

thing to be said in its favour is that 
at least it is not built of dingy grey 
pre-stressed concrete.) This 
prestigious gathering was attended 
by all sorts, from the grand old men 
of radio-communications such as 
"Sosh", to shiny young new Ph.D's 
presenting their first papers. In 
between, the majority of attendees 
were, like Point Contact, practising 
electronic engineers in 
(comparatively?) early middle age. 
The distinguished Chairman 
opened the proceedings with a gaff 
- "Gentlemen, I am pleased to 
welcome you all to this Fifth ..." - 
which he then made worse by 
breaking off to look around and 
concluding that just "Gentlemen" 
was correct, in the absence of any 
Ladies. P.C. looked around too, but 

by Point Contact 

though I couldn't spot any ladies 
from where I sat, there were 
certainly several present a little 
later at the coffee break following 
the first three papers! I doubt if they 
all arrived late, and they must have 
felt distinctly discriminated against 
by the distinguished Chairman's 
distinguished Introduction. 

The papers presented during 
the three days of the Conference ran 
truetoform,with most being of 
some interest, some of very little but 
justoneortwo being really novel 
and worthwhile. Atlunchtimeeach 
day, P.C. repaired to a nearby local 
hostel ry where the pub-grub was 
appetising and cost but a fraction of 
thatattheCollege—perhapsthat's 
why so many of my colleagues also 
foundtheirwaythere.Returningto 
theCollege afterlunch on thefirst 
day, I suddenly realised that P.C. (and 
all the other male attendees)was as 
much a victim of sex discrimination 
asthe hapless ladies mentioned 
earlier. For, would you believe, their 
powder room was labelled 
"LADIES" whilst our facilities were 
clearly labelled "MEN". Whether the 
architectofChurchillCollegewas a 
feministwith a thing about male 
chauvinist pigs, orwhetherthe 
college authorities knowsomething 
about the relative degree of 
civilisation of male and female 
undergraduates, I leaveyou the 
readerto decide. 

Yours sincerely, 

Point Contact 

• 
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Foreword to the Series 
by David Holroyd 

Deafness has often been called the 
Lonely Disability. This title arises from the 
difficulties many deaf people face when 
communicating in a hearing world. Ad-
vances in electronics are starting to clear 
away some of these problems. 

There have been many attempts to 
improve communication with deaf people 
over the centuries. The first of these was 
shouting and later on, the ear trumpet. 
Electronic hearing aids in various guises 
date from the early twentieth century. The 
basic principle was and still remains that of 
a microphone, amplifier and speaker which 
relays the sound, in an amplified form, 
directly into the external auditory canal. 
Hearing aid technology has advanced such 
that the large chest amplifier units are a 
thing of the past. As with all branches of 
electronics, the advent of miniaturisation 
means that hearing aids can now be minute, 
see Photos 1 and 2. Most will fit behind the 
ear, some will fit into the ear and others are 
combined with spectacles to create as little 
personal embarrassment or disruption as 
possible. 

Introduction 
The following, which is the first in a 

series of articles on Hearing, Deafness and 
Electronic Technology, has been written in 
association with the University College 
Hospital and the Royal National Institute 
for the Deaf. It explains the hearing process 
and what can go wrong with our ears. It is 
hoped that it will encourage both deaf and 
hearing people to accept deafness as part of 
life, and encourage positive thinking and 
action to help deaf people to integrate with 
society as a whole. Every person, whether 
deaf or hearing, has a vital role in today's 
world, each with their own, totally unique, 
contribution. 

Figure 1. The human car. 
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The Ear and How it Works 

Figure 1 shows a cross section of the 
human ear. The ear is divided into three 
main sections; the outer, inner and middle 
ear. Each section will be dealt with 
separately. 

The Outer Ear 
The outer ear consists of the auricle, 

which is the visible part of the ear, and the 
external auditory canal. The canal is a 
narrow passage, approximately 8mm in 
diameter and 25mm long. Its surface is 
lined with skin and ends at the tympanic 
membrane (ear drum). The outer part of 
the canal has wax secreting glands and fine 
hairs, which give protection from dust and 
debris. 

The ear drum separates the outer ear 
from the middle ear; it is roughly circular in 
shape and is anchored to the ear canal wall. 
Sound pressure waves in the air enter the 
ear and cause the ear drum to vibrate in 
sympathy with the sound. 

The Middle Ear 
The middle ear consists of a small 

cavity, approximately 13mm long by 13nun 
high, which is filled with air. Air pressure 
in the middle ear cavity is equalised with 
that of the outside world by means of the 
eustachian tube, which connects the cavity 
with the nose and throat. The tube 
normally remains closed except when 
yawning, swallowing or nose blowing; 
often 'clicks' or 'pops' will be heard in the 
ears, which is perfectly normal. This 
mechanism ensures that the pressure 
differential imposed on the ear drum is 
minimal. Often, when driving up or down a 
steep hill in a car, a sensation of pressure 
will be felt in the ears. This will be 
accompanied at some stage with 'ears 
popping' as the eustachian tube equalises 
the pressure, the sensation of pressure is 
then relieved. The middle ear is separated 

11 
from the inner ear by a wall of bone, in 
which there are two small openings known 
as the oval and round windows. 

The middle ear cavity is straddled by 
three tiny bones, the ossicles, these bones 
are the smallest to be found in the human 
body. Their function is to pass sound 
vibrations from the ear drum to the fenestra 
ovalis (oval window). The bones are named 
after items from the blacksmith's forge. 
The malleus (hammer) is firmly attached to 
the ear drum on its inner side and is 
connected to the second bone, the incus 
(anvil). The incus joins with the head of the 
stapes (stirrup), the base of which fits 
precisely into the oval window. Any 
vibrations of the ear drum, caused by sound 
waves entering the ear, are passed along the 
chain of ossicles and so into the inner ear via 
the oval window. Here the perilymph fluid, 
which fills the inner ear, moves in 
sympathy with the vibrations caused by the 
sound waves. The fenestra rotunda (round 
window) is closed by a thin membrane that 
allows this fluid to move freely. Tiny 
muscles support the ossicles and, if 
tightened, can restrict movement, thus 
reducing sensitivity; which is in fact 
necessary to help prevent loud sounds from 
damaging the ear. This sensitivity adjusting 
mechanism is under control of the auditory 
nervous system. In other words, the ear has 
an inbuilt AGC (Automatic Gain Control) 
system, which accounts for the ears 
logarithmic response to increasing sound 
level. 

The Inner Ear 
The inner ear, also known as the 

labyrinth (a structure of winding passages), 
is embedded in a mass of bone. This 
extremely delicate and intricate structure 
consists of two main parts; the cochlea, 
which transfers sound waves to the auditory 
nerve; and the semi-circular canals, which 
provide motional information to the 
vestibular nerve (nerve of balance). The 
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close relation of the hearing and balance 
mechanisms explains why hearing prob-
lems are often accompanied by giddiness. 
An example of this is Meniere's Disease, 
which is a combination of nerve deafness, 
tinnitus (noises in the ears) and vertigo 
(giddiness and vomiting). 

The cochlea, see Figure 2, is like a 
snail's shell, consisting of a 35mm-long 
tube, which is coiled 23/4  times. It is divided 
longitudinally into upper and lower cham-
bers by a spiral partition. Both chambers 
are filled with endolymph fluid. Sound 
waves pass from the oval window, along the 
upper chamber to the top of the cochlea, 
and then back along the lower chamber to 
reach the round window. 

Located between the upper and lower 
chamber is the organ of corti, itself housed 
in an inner tube and filled with fluid. The 
organ of corti contains some 17,000 small 
cells covered with minute hairs, each cell is 
connected to a fibre, or fibres, of the 
auditory nerve. Sound waves travelling 
through the fluid in the cochlea move the 
hair cells. The resulting nerve impulses 
pass along the auditory nerve to the brain 
where they are interpreted as recognisable 
sounds, such as music or speech. The nerve 
impulses are coded in a complex way, and at 
least six stages along the pathway to the 
brain the impulses are re-coded. Not 
surprisingly, it is extremely difficult to 
correct this complex 'transmission system' 
if it goes wrong. 

One feature of human hearing is that it 
is more sensitive to frequencies around 
lkHz, corresponding to the pitch range of 
human speech. This effect becomes appar-
ent at low sound levels, which is why many 
Hi-Fi amplifiers have a 'loudness' button to 
boost low and high frequencies, thus 
redressing the balance. 

Deafness and its 
Diagnosis 

At first it may seem that diagnosis of 
deafness is a simple matter, however 
deafness is not a 'black and white' case of 
can or cannot hear. In the same way that a 
piece of electronic audio equipment can 
have its frequency response measured, so 
can human hearing, this is known as 
audiometry. This may show up an overall 
hearing loss across the audio frequency 
range or a number of dips and troughs at 
specific frequencies. The deafness, as 
previously mentioned, may be conductive 
or nerve deafness, each requiring a range of 
different treatments. To enable the best 
treatment to be applied, to reduce hearing 
loss or restore normal hearing, correct 
diagnosis of the problem is necessary. 

An otologist is a doctor who specialises 
in diseases of the ear, nose and throat 
(commonly abbreviated to E.N.T.). By 
asking suitable questions, examining the 
ears and performing tests, the doctor may 
discover the cause of deafness. Examina-
tion of the nose and throat may also be 
required as these are closely related. All 
cases of deafness should be examined by an 
otologist, as there may be a simple remedy 
which can put the matter right. 

Figure 2. Cross section of the cochlea. 

Photo 1. A modern miniature 'in the ear' type 
hearing aid. 

Photo 2. A patient wearing an in the ear' type 
hearing aid. 

Tuning Fork Tests 
Tuning fork tests can distinguish, on 

the whole, between conductive deafness 
and nerve deafness. Although sounds are 
normally carried to the inner ear by the 
conducting mechanism of the middle ear 
(air conduction), they can also bypass the 
middle and be transmitted directly to the 
inner ear through the bone structure of the 
skull (bone conduction). The test is 
performed by striking a tuning fork and 

holding it alternately against the skull 
behind the ear and in front of the ear. If 
bone conduction is louder than air 
conduction, there must be an obstruction to 
the passage of sound waves through the 
outer or middle ear (conductive deafness). 
Different pitch tuning forks are used to test 
hearing sensitivity at different frequencies. 

Pure Tone Audiometry 
A much more precise measurement of 

hearing can be determined by using an 
audiometer. Pure tones (sinusoids) of 
different frequencies and amplitudes (loud-
ness) are reproduced through a pair of 
headphones worn by the patient. A 
audiogram (graph) is plotted, showing 
hearing loss at each test frequency, 
measured in decibels. An audiogram 
showing OdB loss implies normal hearing 
sensitivity; a 30dB loss means that 
conversation is heard faintly, and a 60dB 
loss that only a shout is heard. Pure Tone 
audiometry does not measure the ability to 
understand speech, but reveals a great deal 
of useful information. 

Speech Audiometry 
An estimate of how well speech is 

heard can be made by testing hearing with 
spoken and whispered words and sentences 
at various distances. A more accurate 
assessment can be made by speech 
audiometry. This involves replaying a tape 
through headphones, with recordings of 
various words at known amplitudes. The 
words are specially chosen to show up 
different hearing problems. A 'score' of 
correctly identified words is marked on a 
graph. These tests are valuable tools in the 
diagnoses of different types of deafness. 

Conductive Deafness 
Conductive deafness may be caused by 

anything that obstructs the conductive 
mechanism and prevents sound waves 
reaching the ear. Common causes of 
conductive deafness will be dealt with 
briefly. 

Obstruction of the 
External Canal 

Obstruction of the external canal must 
be more or less complete before deafness is 
noticed. The commonest obstruction is 
wax. Under normal circumstances, wax is 
produced in small amounts by the glands 
situated near the opening of the canal. It 
forms small beads mixed with dust and 
dead skin flakes, which then fall out of the 
ear. This self clearing mechanism works 
well for most people and contrary to 
popular belief, does not need any help from 
cotton tipped sticks, corners of towels, 
fingers, etc. Pushing things blindly down 
the ear only serves to increase wax 
production and push wax firmly down onto 
the drum, where it causes pain and 
deafness. As a result of this widespread 
practice, and also because some people do 
make abnormal amounts of wax, periodic 
removal, by a doctor or nurse, may be 
required. 
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It is not uncommon for children to 

place small objects in their ears (such as 
peas, erasers from the top of pencils), which 
become lodged and cause deafness. It is 
important that removal of such an object is 
only carried out by qualified medical 
personnel, otherwise the object may be 
pushed further along the external canal, 
possibly causing damage. It is important to 
strongly discourage children from placing 
any object in their ears. 

Otitis Externa 
A common condition is skin inflam-

mation of the external auditory canal. 
Itchiness is the main symptom. As a result 
of scratching, and less commonly due to an 
underlying skin condition, such as eczema, 
the canal wall becomes swollen and 
infected. At some stage pain and discharge 
may occur. However deafness is usually 
slight or absent. Treatment usually in-
cludes cleaning of the canal by a doctor or 
nurse, avoiding of further scratching and 
use of eardrops. 

Secretory Otitis Media 
A common childhood condition, 

although it may affect adults too, that is 
often referred to as 'Glue Ear'. This is 
caused by the eustachian tube becoming 
obstructed, often by adenoids at the back of 
the nose, so that air cannot enter the middle 
ear. The middle ear cavity fills up with 
fluid, causing the ear-drum to become 
immobile. After some time the fluid 
becomes thicker and of similar consistency 
to that of glue, hence the name. 

In mild cases recovery may occur 
spontaneously. If this does not occur the 
treatment involves making a small hole in 
the ear drum (myringotomy), usually under 
a general anaesthetic. A grommet (ventila-
tion tube) may be inserted and the adenoids 
may also be removed. Adenoids usually 
disappear at puberty and most children 
with 'glue ear' do not need treatment after 
this time. Hearing is usually fully restored 
to normal. 

Otosclerosis 
This is the most commonly occurring 

form of conductive deafness in adults, but it 
affects women more than men, often 
starting at around 30 years of age and may 
run in families. Otosclerosis is caused by an 
overgrowth of bone in the middle ear which 
involves the stapes. The normally free-
moving ossicles become rigid and thus 
cannot vibrate, thus sound is not passed 
into the inner ear, resulting in progressive 
conductive deafness. 

The stapedectomy operation has rev-
olutionised the outlook on this condition. 
Most cases are considered for surgery and 
the success rate is very high. Under a 
general anaesthetic the ear drum is turned 
forward and the middle ear exposed. Using 
a special operating microscope, which is an 
invaluable development in modern ear 
surgery, the fixed stapes is removed from 
the ear. In its place a small piston made of a 
bodily inert material, such as stainless steel 
or Teflon, is placed in the oval window and 
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attached to the incus by a miniature clip. 
This minute structure, which is only 5min 
long and 0.5mm in diameter, restores the 
pathway for sound to pass into the inner 
ear. 

Chronic Middle Ear Infection 
Chronic middle ear infection is a 

problem that is far less common than it used 
to be, mainly due to antibiotics. Acute 
infections, if properly treated, are rarely 
followed by chronic discharge, which can 
destroy the ossicles and perforate the ear 
drum. Minor perforations of the ear drum 
can be repaired by skin grafts. Operations 
for acute mastoid (bone behind the ear) 
infection, once a common surgical 
emergency, are now rare. 

Sometimes, due to an abnormal ear 
drum, quantities of dead skin can accumu-
late in the middle ear and mastoid bone. 
Although hearing may not be severely 
affected, a mastoid operation may be 
recommended by a specialist. This is 
because the dead material may become 
infected and spread infection to the inner 
ear or brain. 

Sensory Neural Deafness 
Sensory neural deafness, which is 

commonly known as 'nerve deafness' or 
'perceptive deafness', is caused by damage 
to the cochlea. This particularly sensitive 
part of the ear can be damaged before birth 
as the result of infections, such as rubella 
(German Measles) during pregnancy; be-
cause of difficult labour or prematurity. In 
some cases the cochlea fails to develop fully. 
Later infections such as mumps or 
meningitis can also cause sensory neural 
deafness, as can accidents involving head 
injury. 

The cochlea may also be damaged by 
certain drugs, especially antibiotic strep-
tomycin or excessive use of aspirin. 
Exposure to loud noises over long periods 
also causes damage to the ear. In years past 
riveters of ship's boilers developed severe 
sensory neural deafness from working on 
the inside of the boiler. Current legislation 
requires that people being exposed to loud 
or explosive noise, especially for long 
periods, wear ear plugs or muffs to reduce 
the noise level. 

Listening to loud music can cause 
damage to the ear, sound pressure levels 
exceeding 90dBA will cause damage. This 
level is easily achievable with personal 
stereos and often massively exceeded at 
concerts and discotheques. If you value 
your hearing, then the obvious answer is to 
turn down the volume (or wear ear plugs 
at concerts and discotheques!). Kylie 
Minogue and Jason Donovan fans please 
take note! 

Presbyacusis 
More commonly known as 'old age 

deafness', presbyacusis is an age related 
hearing loss. In much the same way as all 
our other senses tend to diminish with 
advancing age, hearing may also diminish. 
The actual degree will vary from person to 
person, but about one-fifth of the popula-

tion can expect to have some degree of 
hearing loss through this form of sensory 
neural deafness. For old people it is 
extremely important that family and 
friends maintain good contact and provide 
support, so that presbyacusis does not 
become another contribution to the loneli-
ness that so many old people experience. 
Conventional hearing aids will usually 
achieve a good deal of improvement in all 
but the most profoundly deaf cases. 

Concluding 
In the first part of this series we have 

looked at how the ear works and what can 
go wrong with our ears. In the next issue, 
we shall deal with electronic implants 
which can restore a degree of hearing to 
people who have become profoundly or 
totally deaf. 
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For the newcomer to the electronics 
hobby, who cannot clearly remember the 
physics he or she learned at school, it 
would not be out of place to go over again 
some of the basic principles of electricity, 
a form of energy which our modern 
electrical and electronic devices and 
machines have enslaved for the not 
inconsiderable benefit of us all. Indeed. 
the 20th century is unique in being one 
period in time where technological, 
industrial and social revolutions have 
followed hard on the heels of one another 
at a speed and with a frequency hitherto 
unheard of in any other century in human 
history. Before, approximately one or two 
drastic changes per hundred years were 
normally quite often enough, thank you! It 
makes you think, doesn't it? 

All due in large part to this magic stuff 
called electricity. It would not hurt the 
experienced enthusiast either, to periodi-
cally refresh himself with a 'grass roots' 
understanding of electricity and how it 
behaves. With such understanding the 
operation of an electronic circuit becomes 
clearer; the need for the consideration of 
insulating materials, heat dissipation of 
individual components or complete sys-
tems, and good wiring practices, to use a 
few examples, become obvious. For 
instance: 

Resistance and Resistors 
The movement of electrons through 

materials and the effects produced by that 
movement is the basis behind all electrical 
and electronic circuits, and yet little is 
written in hobby magazines about this 
process, attention being concentrated on 
the operation of the final circuit. In an 
attempt to alter this balance, here is a look 
at arguably the most basic electrical 
property of materials, that of resistance. 

An electric current is a flow of 
electrons, and resistance is a measure of 
the ability of a material to oppose the flow 
of electrons within it. All materials have 
some resistance. Let us expand this a bit 
further. Nearly all materials are conduc-
tors of electric current to some degree, 
some better than others. It could be said of 
rubber, for example, that it makes a good 
insulator for the simple reason that it is 
such a dreadful conductor. Resistance 
may be a desirable or an undesirable 
property, depending on what is required. 
A material with a low resistance would be 
chosen for a conductor, e.g., a copper 
wire. In this case, any resistance is 
undesirable. A material with a very high 
resistance (like the aforementioned rub-
ber) would be chosen for an insulator, or, 
to use another example of a material, a 
ceramic encapsulation of some sort, and 
here a high resistance is essential. A 
controlled amount of resistance which is 
deliberately desired by the designer is a 
manufactured component called a resis-
tor, undoubtedly the commonest compo-
nent used in electronics. In the case of a 
metal oxide resistor, a material such as tin 
oxide is deposited onto a ceramic rod, and 
this has a resistance somewhere between - 
that of a piece of wire and a good insulator, 
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Figure 1. Covalent bonding. 

with a final value determined during its 
manufacture. 

The explanation for the phenomena 
of resistance is to be found in the atomic 
structure of the material. The atoms of a 
solid are arranged in a lattice with the 
positions of the atoms fixed relative to 
each other by inter-atomic forces. In some 
materials, the bonds between the atoms 
are made by the 'sharing' of the outer 
electrons which orbit the nuclei of the 
atoms  concerned.  These  are  called 
'covalent' bonds, and within these the 
electrons are tightly held and so are not 
free to move through the material, see 
Figure 1. It is, therefore, difficult to cause 
an electric current to pass through such a 
material, i.e., it is an insulator. 

The outer electrons of the atoms of 
some materials however,  particularly 
metals, are not so tightly held and can 
become 'free' electrons and move through 
the material, other free electrons taking 
their places. Under the influence of an 
electric field, an applied voltage perhaps, 
these electrons will drift in one direction 
and so a current flows. These materials 
are conductors. 

Inner electron  shells- . 
which ore stable, and 
the electrons firrnly 

(there may be several shells). 

Nucleus 

Outer electron -shelr, 
holding usually only one 
or two electrons, which 
are not held firmly and 

easily become free and can 
move through the material 
of which the atom is a part. 

Figure 2. A metal atom. 
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A similar process occurs in metal 
oxides, which are 'ionic' compounds. The 
atomic lattice in this case is composed of 
two elements, the metal itself and oxygen, 
but in this instance they are present as 
'ions'. As in the pure form, the outer 
electrons of the metal atoms are able to 
leave their orbit around the nucleus, see 
Figure 2. Electrons possess a negative 
charge, and in a normally balanced atom 
there are an equal number of positively 
charged 'protons' within the nucleus, and 
so the atom has no overall charge. If 
however an electron were to leave its 
outer orbit, the atom will be left with an 
overall positive charge, and is then known 
as a 'positive ion'. The oxygen atom 
however, is capable of accepting extra 
electrons into its outer orbit, thus making it 
a 'negative ion', as in Figure 3. 

The tin oxide compound used in our 
resistor is, therefore, a lattice of positive 
and negative ions, with electrons capable 
of moving from one position to another 
through the material. As in the pure metal, 
under the influence of an electric field, the 
electrons will tend to drift in the same 
direction, and so a current flows (Figure 
4). 

Since the free electrons are likely to 
be captured by the oxygen atoms, there 
will be less free electrons per unit volume 
(i.e. electron density) at any instant in the 
tin oxide than in the pure metal, and since 
a substance's resistance is related to its 
free electron density, the tin oxide has a 
greater resistance to current flow than a 
pure metal. 

The free electron density of the 
material determines its resistance in the 
following way. An electron in an electric 
field experiences a force proportional to 
that field, which is in itself proportional to 
the voltage causing it, and so this causes 
the electron to move. Only the free 
electrons can move, and so the size of the 
current flowing is proportional to the 
number of free electrons, i.e. the resist-
ance is inversely proportional to the free 
electron density. To put an actual number 
to the resistance of a material, its resist-
ance in ohms is defined as the ratio of the 
voltage applied across it in volts over the 
current flowing through it in amps. This is 
Ohm's Law, and can be written: 

R = VI 

and it means that the current through it 
will be proportional to the voltage across 
it, i.e: 

I = V/R 

This is simply due to the fact that, by 
increasing the applied voltage and hence 
the electrical field, the force on each 
electron is increased and so the rate of 
flow of electrons past a fixed point is 
increased, which is exactly the same as 
saying the current flow is increased. 

Ohm's Law can also be written in the 
form: 

Outer 
electron shell 

Inner, stable, 
electron shells. 

Nucleus 

'Gaps- or  holes", in 
the outer electron shell, 

which con capture electrons 
to form a more stable " fulr shell 

Figure 3. An oxygen atom. 

Electron source 
(negatively charged 

region). 

Movement towards 
a positively 

charged region. 

Figure 4. Movement of free electrons 
through a material in an electric field. 

This indicates that when a current is 
flowing through a resistance, a voltage or 
'potential difference' is created across it 
as a result (as opposed to the previous 
situation where a voltage applied across 
a resistance causes a current to flow). 
This is explained as a consequence of 
electrons flowing through a lattice of 
atoms or ions. 

Although the atoms in the lattice are 
fixed in position relative to each other, in 
fact they vibrate about that position since 
they possess a certain amount of energy 
due to being at a temperature above 

absolute zero, which is around —273 
degrees centigrade. So as the electrons 
pass through the lattice they tend to 
collide with atoms which get in their way, 
and transfer some of the energy they 
possess to the atom, making it vibrate 
further, as illustrated in Figure 5. 

Since temperature is a manifestation 
of the atomic vibrations, this extra energy 
is eventually dissipated from the material 
as heat. The voltage, or potential of a 
point is a measure of the energy posses-
sed by the electrons at that point, so, 
since electrons are losing energy as they 
pass through the resistor, the voltage at 
the 'far' end of the resistor will be lower 
than at the 'near' end, i.e. there is a 

potential difference across the resistor. 
This then explains the process of current 
flow and resistance, one of the fun-
damental processes which makes the 
whole electronics industry possible, and 
also illustrates how you will always have 
heat dissipation and power loss to some 
degree where resistance is involved. 

Capacitance and 
Capacitors 

The second characteristic of mater-
ials of fundamental importance to the 
electronics industry is that of capacitance, 
which is the ability to store an electric 
charge and hence energy. (This is not to 
be confused with a battery, which is a kind 
of chemical electric generator.) Just as all 
materials have resistance, all materials 
also have capacitance. This is usually 
quite small, as between a pair of wires say, 
and is sometimes undesirable but cannot 
be helped. A lot of the time it does not 
matter. Everywhere where there is a 
potential or voltage difference there is an 
electric field, on which the behaviour of 
capacitance depends. It can be deliber-
ately increased by using specific mater-
ials and optimising the physical configura-
tion of the materials relative to each other, 
where it is desired that this property be 
exploited for some reason, and the 
commonest component used for this 
purpose is the capacitor. As with resist-
ance, the explanation for the phenomena 
of capacitance is to be found at the atomic 
level, and is again to do with the 

Atoms vibrating 
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\  point in a lattice. 

gi f  Electron 
movement. 

V =IxR 

February 1991  Maplin Magazine 

Figure 5. Electrons moving through a crystal lattice tend to collide with the vibrating atoms. 
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Figure 6. Opposite charges on the plates of a 
capacitor attract each other and form a 
stable state. 

movement of electrons. (Because of this, 
all capacitors also have some resistance - 
a pure capacitance cannot be achieved.) 

All electrons have by definition some 
charge associated with them, and this is 
measured in Coulombs (each electron has 
a charge of 1.6 x 10 19). Therefore, any 
region of a material which holds an excess 
of electrons will be harbouring a negative 
charge; likewise, a material maintaining a 
region of positive ions can be considered 
to be storing a positive charge. The 
purpose of a capacitor in a circuit, and the 
means whereby it has its effects, is the 
storage, and release, of energy with a 
chosen time constant (equal to C x R), and 
it does this by storing electric charge. 
Energy is associated with charge by virtue 
of the fact that the charge will have a 
certain potential, or voltage, which is a 
measure of its energy level. Since 
electrons must move around a circuit 
through the conductors to be of practical 
use, the electrical parts of the capacitor, 
i.e. the 'plates', must be conductive to 
electrons, and so the energy stored in a 
capacitor is the energy which keeps the 
charge on the plates, and not flowing to 
the rest of the circuit. 

Positive and negative charges attract 
each other, and try to recombine to 
become a more stable neutral charge. A 
positive charge is effectively a place 
where an electron should be but isn't, a 
negative charge is a place where there is a 
surplus electron. But such electrons need 
a conductive path between these places to 
redress the imbalance. If two conductive 
plates are in close proximity but electri-
cally insulated from one another, and an 
EMF or voltage drives electrons onto one 
plate, then positive charges will move 
onto the other one (i.e. electrons flow out, 
causing a momentary flow of current - 
note that current is not actually flowing 
through the capacitor though). Figure 6 
shows how the positive charges on one 
plate, and negative charges on the other, 
are attracted toward each other, but 
cannot cross the gap and neutralise each 
other. So when the energy source is 

removed, a stable state of oppositely 
charged plates is achieved and the 
energy is stored. 

This can be released by providing a 
path for electrons to flow onto the positive 
plate and/or out of the negative plate, thus 
neutralising the charge on the plates. The 
amount of energy a capacitor can store is 
determined by the total amount of charge, 
in coulombs which can be held on the 

plates at a given voltage 'V', and is defined 
by the equation: 

C = QV 

where 'A' is the area of each plate, 'd' is the 
distance between them, and E' is a 
constant which depends on the nature of 
the material between the plates (the 
dielectric) and is called its permittivity. 
The explanation for this equation is that 
the larger the area of the plates the more 
charge can be stored on them given a 
fixed charge density (charge per unit 
area) for each plate, and the closer 
together the plates the greater the effect of 
the charges on each other across the gap. 
Similarly, the greater the permittivity of 
the dielectric, the more charge can be 
stored for a given plate area and 
separation. 
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Figure 7. Addition of a dielectric material 
between the plates increases the 
capacitance of the capacitor. 

The action of the dielectric is as 
follows. The dielectric is a material which 
is insulating, but which is capable of 
becoming polarised, that is to say the 
electrons of its molecules are not free to 
move through the material, but can move 
within each molecule so that in the 
presence of an electric field, for example 
between the plates of a charged capaci-
tor, the electrons will move to one end of 
the molecule, thus giving it a positively 
charged end and a negatively charged 
end. Thus, the surface of the dielectric 
next to the positively charged plate 
becomes negatively charged, and the 
surface next to the negatively charged 

plate becomes positively charged. This 
has the effect of bringing the plates 
electrically closer together, and the action 
of the oppositely charged plates on each 
other is increased, so for a given voltage 
between the plates more charge can be 
held, and by the definition: 

C = Q/V 

the capacitance is increased, yet the 
whole dielectric is still an insulator, see 
Figure 7. Electrolytic capacitors employ 
this technique, and without it large value 
capacitors would be physically enormous. 

This then is how capacitors work at a 
basic level, enabling a whole range of 
sophisticated possibilities at circuit level. 

Inductance and 
Inductors 

The third fundamental process in 
electronics is inductance, and in some 
ways this  is a similar process to 
capacitance. The effect of an inductor in a 
circuit is to store and release energy, 
according to the time constant L/R, but in 
an inductor this is achieved by means of a 
magnetic field, whereas in a capacitor it is 
achieved by an electric field. The 
explanation for the effect is again found in 
the movement of electrons. When a 
current (i.e. a flow of electrons) is moving 
through any conductor a magnetic field is 
produced around it. As with capacitance, 
this field may be a nuisance to other 
circuits and requires protective or con-
trolling measures, or it may not. This is 
illustrated in Figure 8. 

Just as the small capacitances of 
conductors can be increased by increas-
ing the size of the conductors and the 
selection of materials and their configura-
tion, likewise the small magnetic field 
around a conductor can be increased by 
looping the wire many times into the form 
of a coil, and by placing materials which 
might influence a magnetic field into the 
middle of the coil, as Figure 9. 

The explanation for the energy 
storage capability of a coil is as follows. A 
wire coil having a steady current through 
it will have around it a stable magnetic 
field, just as a capacitor having a steady 
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Figure 8. A steady current through a wire 
produces a stable magnetic field around it, 
the flux density being greatest near the wire. 
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voltage across it has a stable electric field 
between its plates. The electric field of a 
capacitor is stored by virtue of the effect of 
opposite charges across the plate; the 
magnetic field is stored around a coil by 
the following process. 

It is a fundamental electromagnetic 
principle that an electric current will be 
induced in a conductor placed in a 
changing magnetic field, and that if there 
is a path for the electrons, that current will 
flow, and because a current is flowing, an 
EMF or voltage appears across the 
conductor. This is the principle of current 
generating machines like alternators and 
dynamos. And it also works in reverse. 

If an externally supplied current 
through a coil is constant and unchanging, 
then the magnetic field around it will also 
be unchanging. But if the current changes, 
say for example it decreases, then the 
magnetic field also changes. The change 
in the magnetic field, in this case, causes a 
force to act on the electrons flowing 
through the coil, and the direction of this 
force is such as to try to force the electrons 
to continue in the same direction in which 
they were travelling to produce the 
magnetic field in the first place, in other 
words to try to maintain the stable 
magnetic field. So, if there is a path for the 
electron flow, the effect is to oppose the 
reduction of current flow; if the path has 
been broken for example by opening a 
switch in the circuit, then a large voltage 
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MEDIUM RESOLUTION RGB COLOUR 
MONITOR for Atari ST series computer. 
14-inch tube, black case and integral 
amplifier speaker, complete with cable for 
connecting to ST. Has been used, but tube and 
case in good condition, excellent value £50. 
buyers collects. Tel Rob. Southend (0702) 
73810 after 7pm 
AMSTRAD CPC464 Computer - colour 
monitor, joystick. manuals, £110 of software. 
all excellent condition Cost £410, sell for £199 
Phone (0277) 625253 eves 
6502 SYMBOLIC CROSS ASSE MBLER for 
IBM PC and clones At last you can write 6502 
assembly code on a PC' Software runs from 
floppy or hard disk Source files can be 
written and edited using integral line editor or 
standard wordprocessor. Assembled files can 
be output as an ASCII listing. Hex dump or 
Intel format dump Intel format dump can be 
uploaded directly into EPP I EPROM 
Programmer Supports 1500 lines of code and 
300 labels, plus user definable macros Demo 
disk available Send SAE to Maplin P 0 Box 
No. 6502 for details 

CLUBS 

ZZ9 PLURAL Z ALPHA - The Hitch Hikers 
Guide to the Galaxy Appreciation Society - is 
ten years old For more information please 
send an s a e to 17 Guildford Street, Brighton 
BN I 3LA 
INTERESTED IN ELECTRONICS? Then why 
not jout the British Amateur Electronics Club 
Regular news letter and special club member 
benefits For full details write to Mr H F 
Howard, 41 Thingwall Park. Fishponds. Bristol 
BS16 2AI 

W ANTED 

WANTED: Philips model N4450 tape recorder 
reel to reel for parts or in working order. Tel 
(081)800 7636. 
WANTED: One or more 19 miniature 
mounting chassis (rack) as remaindered by 
Proops in kit form. Chrome plated steel 
construction Tool cards 117 • 98mm. 
Mullard(?) refs.4322 026 38250 & 38280. 
Tel King, 07918 4530. 
BOOKS WANTED by student. "MOS Devices 
Design and Manufacture- by A.D Milne and 
"Foundations of Wireless and Electronics". 
Reply: Tim Sawyer, 82 Leeds Road, Oulton. 
Leeds LS26 81Y. 
HELP! Doing a GCSE Technology project to 
build a prototype perimeter security system. 

will be induced across the coil as the coil 
tries in vain to force a current to flow to 
maintain the magnetic field, and this may 
in fact be large enough to cause an arc 
across the switch contacts. The equations 
associated with this process are: 

B = (A x I)/(2 x 2i• x a) 

where B is the magnetic flux density 
around a wire, 'I' is the current through the 

Magnetic flux 

_  —  — 
—  ) 

) 

) 

Current 
flow 

Figure 9. The magnetic flux density around a 

wire can be increased by having the wire 

configured as a coil and using a magnetic 

core material. 

wire, and 'a' is the distance of the flux from 
the wire. 'A' is a constant called the 
permeability of the material in which the 
field exists, and is analogous to the 
permittivity of the dielectric of a capacitor, 
in that by the use of iron materials as a core 

in a coil of wire the magnetic flux density 
can be increased for a given current flow 
and coil configuration. If these cores are 
non-ferrous, it can be reduced. 

The inductance of a coil is given by: 

L = (N x (I)) I 

where 'L' is the inductance of the coil, 'N' is 
the number of turns of the coil, and '(1)' is 
the magnetic flux through the coil 
produced by that current. 

So, this indicates that for a given 
current the inductance of a coil can be 
increased by either increasing the num-
ber of turns on the coil, or by increasing 
the magnetic flux through the coil which 
can be done by altering the physical 
configuration of the coils so that more of 
the magnetic flux is contained within the 
wires of the coil, or by using a core of 
higher permeability thus producing more 
magnetic flux. 

This then, has been a look at the 
basics behind resistance, capacitance 
and inductance, three of the fundamental 
properties of materials which have been 
examined and exploited from the early 
experiments of Faraday and his contem-
poraries of the eighteenth century, to the 
complexities and sophistication t of todays 
electronic systems, ranging from labour 
saving devices and home entertainments, 
to devices for the exploration of the 
universe. 

CLASSIFIED 
If you would like to place an 

advertisement in this section, here's 

your chance to tell our 35,579 

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 pnnt 30 

words free of charge. Thereafter 

the charge is 10p per word. Please 

note that only pnvate individuals 

will be permitted to advertise. 

Commercial or trade advertising is 

strictly prohibited in the Maphn 
Magazine. 

Please print all advertisements 

in bold capital letters. Box numbers 

are available at £1.50 each. Please 

send replies to Box Numbers to the 

address below. Please send your 

advertisement with any payment 

necessary to: Classifieds, Maplin 

Mag., P.O. Box 3, Rayleigh, Essex 

SS6 8LR. 

For the next issue your 

advertisement must be in our hands 

by 1st February 1991 

Any info ideas? Reasonable costs refunded 
(e g postage) Reply. Mr R. S Clarke, 'Leys 
House. Northumberland Avenue, Hornsea 
North Humberside HU18 1E0 
WANTED: Remote Control Handset for Akai 
CD-M459 Compact Disc Player, in any 
condition. Write with price to Mark Robinson, 
124 Swanlow Lane, Winsford, Cheshire 
CW7 1JA 
WANTED! Young hobbyist requires 'Magic 
Eye valve, type EM38, to repair old tape 
recorder Is willing to pay postage Tel (0642) 
588850 after 4pm 
WANTED: Commodore 1351 Mouse Also I 
have for sale a programmers reference guide 
for a Commodore Plus 4 Computer Cost new 
£15. sell for £7 Tel Mike (0752) 369951 
WANTED: SIGNETICS NE540H Monolithic 
Class A.B Driver to drive Class B 
complementary pair Tel Mr B Agar 
(091) 3869600 
WANTED: SINCLAIR ZX80 Computer Up to 
£30 paid for boxed item with instructions 
Working order immaterial but condition must 
be good Telephone Maidstone (0622) 726782 
eves Ask for Cohn 
WANTED: Anything for Commodore Plus 4 
especially books, anything lying around, Also 
wanted. Service Manuals for Superscope 
CD-320 Cassette, TEAC A-3340 4-TK Write to 
J Williams, 25 Coleridge Walk, Eastbourne, 
East Sussex BN23 701 

V ARI OUS FOR SALE 

HUNDREDS OF SERVICE SHEETS, TV. 
Radio. Audio. issued E.R.T (Weekly) and 
R E R (Monthly) 1966-86 Also few full nilis 
manuals early VCRs. Philips, Sony, Fero. Pan. 
etc Best offer over £50 whole lot. Buyer 
carries Bournemouth (0202) 521402 
A WIDE RANGE OF COMPONENTS in big 
packs with resistors, capacitors. 
semiconductors. etc Complete with touch 
switch circuit only £2 per pack R. Narrarnore, 

.5 Cleeve Road. Gother ington, Cheltenham. 
Glos. GL52 4EW. 
GIANT CLEAROUT! Dynamic Memory 
Chips. D41256 D4256 £3 each. R.F. Output 
Transistors 2SC1307 £2 each. Loads more 
components all new at silly prices. Interested? 
Then send a SAE for a full list to Maplin PC 
Box No. 25 
RADIO VALVES from peanuts to 110mm 
very large quantity ideal for replacements in, 
or construction of, historic devices. Who 
needs IC's? £25 the lot collected K. Deane, 
Ripon. N.Yorks (0765) 700488. 
FOR SALE: One Jackson dilecon tuning 
capacitor (O. 0003µ F ). No use, bought in error. 
£5 including postage and packaging 'Phone 
Andrew 031 332 4458 after 6pm 
PROFESSIONAL FLIGHT CASE. Four rack 
units, suitable for 1K MOSFET amplifier. Metal 
corners edging handles, black buffalo 
covering, absolutely first-class Unused. 
Removable lockable end lids. £95. 'Phone 
091 489 3733 
SURPLUS REED SWITCHES for burglar 
alarms, projects, etc. Bags of 25 for only f 1. 
Postage 70p. Cheques, PCs to. M. Knowles. 17 
Daventry Road, Coventry CV3 5D1 
COMPONENTS FOR SALE. Send SAE for list 
to Alan Auden, 206 Ellerchne Road, Hounslow 
TW3 2PX. 

BUSI NESS O PP ORTU NITIES 

TO LET TV 'RADIO ELECTRONICS SHOP. 
Prominent High Street location in Great 
Dunmow Double-fronted. 18 years goodwill. 
workshop and 2 bedroom flat also available. 
Further details from Mrs. Mary Todd, Willow 
Cottage. Parsonage Downs, Great Dunmow, 
Essex. 

MISS SAIGON COMPETITION WINNE 
In the June-July 1990 issue of 'Electronics - The Maplin Magazine' we set the 
Saigon Competition'. Entrants had to correctly answer five questions abo 

3 
Alb 
correctly answer 
winners have been 
Cameron Mackintosh Froth' 

The correct answers are int 
.Maserables; 4 The Man in Grey, 5 Sarah Brightman at time of competi 

The seven lucky prize winners are. 
• S Siess man. Sussex: T Hearne, Sussex: I. Aitken. Hens: K Basks, Cam 

. Attie. Sussex; ( Butler, Co Dublin; I) Basil, Sussex. 
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10,000/, F 63V Can 

Value 
Ripple Current 
Leakage Current 
Power Factor 
Quality Factor 
Equivalent Series Resistance 
Equivalent Parallel Resistance 

100Hz  400Hz  lkHz  Symbol 

10-47  10.48 1  4-59  mF (10 3F) 
9-8  N/A 1  0.8  A 
18-9  N/A  N/A  mA 
2-26  8.25 2  9-67  D 
0.44  0-12  0-03  Q 
0-346  0-313  0-33  0 
0-385  0.317  0-33  11 

10,000pF 63V Audio Can 100Hz  400Hz  lkHz  Symbol 

Value 
Ripple Current 
Leakage Current 
Power Factor 
Quality Factor 
Equivalent Series Resistance 
Equivalent Parallel Resistance 

9-7  10-65 1  5.18  mF (10 3F) 
13-2  N/A 1  4-5  A 
6-3  N/A  N/A  mA 
0.1  0-28  0-32  D 
9.7  3.48  0.75  Q 
0.016  0-011  0-014  0 
1.6  0.138  0-022  0 

Table 1. Capacitor specifications: audio versus can. 

Foreword 
This high quality power supply was 

especially designed in response to many 
requests from our customers for a PSU to 
partner the 150 watt MOSFET amplifier 
(YM27E). 

High Voltage Supply 
The power supply can be used with 

any amplifier requiring a symmetrical  50 
volt supply. 

So what makes this high quality supply 
different from any other power supply? 
Well, basically it's the choice of 'audio 
grade components'. For example an audio 
grade transformer, as used here, employs 
a better quality core, one with a higher iron 
content to achieve a lower external flux 
density, which means that the transformer 
is more efficient at converting the magnetic 
energy back into electrical power. In the 
case of the audio grade capacitor; let's list 
the differences between two capacitors of 
equal voltage and value, see Table 1. As 
you can see, 'audio grade' capacitors are 
a superior breed of animal with the 
lowering of ESR (equivalent series resist-
ance) and use of high quality materials in 
construction will ensure a stable tonal 
balance over the audio bandwidth, second 
and third harmonic distortion will be at a 
minimum. 

The rectifier diodes used are high 
efficiency fast recovery type. Fast recovery 
diodes turn off very quickly, preventing a 
reverse current flowing through the diode, 
this is caused by the capacitance across the 
diode's PN junction. The diodes also have 
a low forward voltage drop, 0-85V as 
opposed to 1.1V for a conventional 
rectifier diode, respectively dissipating a 
power of 0.85 watts per ampere for fast 
recovery diodes and 1.1 watts per amp for 
a conventional diode. So the name of the 
game here is efficiency; the more power 
we can get from the transformer with 
minimum loss, the more power we can 
deliver to the speaker. 

As you can see from the circuit 
diagram shown in Figure 1, the power 
supply is in the usual configuration — in the 
order of transformer, bridge rectifier 
D1 -D4, and smoothing capacitors C3 and 
C4. The extra capacitors Cl and C2 
provide high frequency decoupling. Resis-
tors R1 and R2 discharge the reservoir 
capacitors (C3 and C4) when the output 
supply lines are unterminated, or when the 
amplifier is turned off and is unable to 
discharge the last 10 volts or so, as large 
electrolytic capacitors like these can stay 
charged for months. An interesting point to 
note here is, in case you didn't know, that 
after discharging an unconnected elec-
trolytic capacitor of this sort, if it is then left 
sitting for a few minutes, a voltage will 
appear across it. This is due to dielectric 
absorption in the electrolyte, sometimes 
called dielectric hysteresis. 

You may have noticed in the circuit 
diagram of Figure 1 the two parallel 
devices between the transformer centre 
tap and the common earth point. These are 
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Output Voltage 
Line Regulation 
Load Regulation 
Ripple Rejection 
Quiescent Current 
Input Voltage Range 
Output Impedance 
Output Noise 
Short Circuit Current 

Output Voltage 
Line Regulation 
Load Regulation 
Ripple Rejection 
Quiescent Current 

7812 100mA  7812 IA  Symbol 

12 ± 4%  12 ± 4%  V 
0.25  0.085 
0-25  0.07 
51  71  dB 
3  4.3  mA 
14 5/35  14-5/30  V 
0.2  0.018 
80  75  µV 
N/A  350  mA 

7912 100mA  7912 IA  Symbol 

-12±5%  - 12 ± 4%  V 
• 1  0.085 
0.2  0.07 
55  60  dB 
3  1.5  mA 

Input Voltage Range 
Output Impedance 
Output Noise 
Short Circuit Current 

7912 100mA  7912 1A  Symbol 

-145/--35  - 1 4.5/ - 30  V 
N/A  N/A 
80  300  µV 
N/A  350  mA 

Prototype Specification 
High voltage Section 
Maximum Output 
Off Load: 
Full Load: 

Load Regulation 
Maximum Ripple 

±53V/± 2V V 
±46.7  2A V 

11.887  % 
350mVrms V 

Low voltage Section 
See 78/79 regulator specification 
Maximum current  160mA 

Table 2. Regulator specifications: 100mA versus 1A. 

The completed PCB. 

not ordinary fuses but 'MultiFusesT"', which 
act like a fuse but don't 'blow' like an 
ordinary fuse! The devices have a low 
resistance in the 'untripped' state of 
approximately 0.341) with a holding 
current of up to 0.9A. The 'trip' current is 
1.35A, and in the tripped state they have a 
high resistance of >5001) which still allows 
a small amount of current to flow keeping 
the device heated and therefore latched in 
this state. The idea of placing these devices 
in this position is to protect the amplifier 
and speaker from being over driven, and 
also against a large DC offset due to a 
failed component in the power supply or 
amplifier, which would cause a large 
current to flow along the 0 volt rail. 
Over-driving the amplifier into distortion 
will also cause large currents to flow along 
the 0 volt rail, and both these conditions 
will trip both the MultiFusesTM  into the high 
impedance state, thereby limiting the total 
current flow from the speaker and 
amplifier 0 volt earth returns to less than 
100mA! Being a thermal sensitive device 
the MultiFuse " can be reset by being 

34 

allowed to cool, either by removing the 
input signal or turning the amplifier (supply) 
off. 

Low Voltage 
Regulated Supply 

An extra ± 12 volt regulated supply 
has been included in this project to power 
a preamplifier. Fast recovery diodes were 
not used in the rectifier as efficiency isn't an 
important criterion. But, the same story 
applies to these capacitors as with the 
large capacitors in the main power supply. 
Quality counts, so small value switch mode 
power supply capacitors were chosen for 
their low ESR and excellent high frequency 
response. 

Although only 160mA is available 
from the low voltage winding on the 
transformer, lA regulators where chosen 
for their superior specification in almost 
every respect than their 100mA counter-
parts, see Table 2. 

A +17 volt supply has been made 
available to power a speaker protection 
circuit, which will be published at a later 
date. Diode D9 is fitted in series with the 

Figure 2. Diode leg assembly. 

positive (+V) supply line to prevent the 
1000pf (C7) from powering this protec-
tion circuit during power down, to achieve 
a near instantaneous turn off for the circuit. 

If you are intending to use this power 
supply for other amplifiers driving low 
impedance loads (2-41)) then larger 
transformers (625VA, 43V rms max. ') 
could be usefully employed for their higher 
output current and even lower output 
impedance than the one specified, but the 
penalty incurred is that you need deep 
pockets to pay for them! 

• 43V rms = 60V DC. 
Capacitor C13 is fitted across the 

transformer side of the mains switch, and 
this helps to suppress any noise on the 
mains supply, or spikes generated by the 
action of turning the switch on and off. 

Construction 
Please refer to the Constructors' 

Guide for hints and tips on soldering and 
constructional techniques. 

Start construction by cleaning the 
tarnish off all component leads with a 
piece of emery cloth.  Even if the 
component looks clean, they will benefit 
from this when it comes to soldering. 

Insert diodes D7-D9 being careful of 
the orientation as always, solder and then 
crop the excess leads, repeating this 
process for each component. Next fit the 
remaining components including the ter-
minal connectors (alternatively you may 
prefer to solder the output leads direct to 
the PCB), except the electrolytic capacitors, 
regulators and diodes Dl-D4. 

The diodes require that their legs be 
bent through 90 approximately 5mm 
from the body, see Figure 2. After forming 
the leads, fit the diodes onto the PCB with 
an insulating pad, bush and heatsink using 
the M3 nuts and bolts provided. Align the 
heatsink and diode squarely against the 
edge of the PCB before tightening, once 
this has been done the diodes can then be 
soldered. 

Bolt the two regulators together on 
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Figure 3. Regulator assembly. 

the remaining heatsink with the insulators 
and bushes; note that the 7812 regulator is 
fitted to the inside of the heatsink like 
Dl-D4, see Figure 3. Insert and solder as a 
complete assembly. Do not tighten the M3 
screw and nut until installed and solder, to 
provide movement for adjustment. 

Next are the small electrolytic capaci-
tors, and a little care is needed with these. 
As they are polarised devices, there is a 
negative (—) stripe on the can; keep this 
stripe furthest away from the plus (+) 
symbol on the PCB — obvious I know, but 
double-check the capacitors to see that 
you have got the polarisation correct 
before soldering. 

Last but not least is the large 
electrolytics. First insert the cable ties 
through the holes near the centre of the 
PCB from the component side, and back 
through the holes on the edge of the 
board, feed the tapered end of each cable 
tie into the ratchet mechanism at the other 
end to make a loop large enough for the 
capacitor. Insert the capacitors into the 
loops and'align with the legend, and make 
sure that the solder tags are over their 
allocated holes in the board and that the 
unpainted tag is adjacent to the positive 
(+) symbol on the PCB. Double check to 
ensure correct polarity. Then you can 

NENE 
NIII•111 

The transformer. 

secure the capacitors by pulling the cable 
ties tight and trim off the excess. 

Cut the tinned copper wire into four 
equal lengths, then with a pair of pliers 
bend each wire 5mm from the end to a 
right-angle. Insert the wires through the 
capacitor tags and into the PCB. Solder the 
wires to the tags of the capacitors, and then 
the PCB. Finish by trimming off any excess 
wire, and give the PCB a thorough 
cleaning with thinners or PCB cleaner 
(YJ45Y). The power supply is now 
complete and ready for testing and should 
look as shown in Figure 4. 

Testing 
Before attempting to power up the 

supply, do check the polarisation of each 
diode and capacitor, especially the large 
electrolytics, as an incorrectly inserted 
capacitor could explode, and we don't 
want dismembered readers everywhere! 
Don't forget to check the regulators, the 
7912 (-12V) regulator is next to C7.1f you 
have a multimeter, set it to the resistance/ 
continuity range, and use to check the 
insulation between each diode and 
regulator tab to heatsink. No reading 
should be obtained, if you are getting a 
reading, replace the insulator and bush. 

Attach only the low voltage windings 
of the transformer to the power supply 
board, and use a safeblock type of quick 
connector to connect the transformer to 
the mains. Power up the supply, and be 
very careful where you put your hands, the 
mains can kill! Check the output of each 
regulator using a multimeter with the range 
set to 20V, the outputs should read 12V ± 
4% on the meter. If anything is amiss, 
re-check the diodes, capacitors and 
regulators. 

Assuming everything is working so far, 
re-check the polarity of the large electroly-
tics once more before attaching the high 
voltage windings to the power supply, 
again the unpainted tag of the capacitor 
should be next to the plus (+1 symbol on 
the board. Only after you are completely 
satisfied that the capacitors are correctly 
wired, can the transformer high voltage 
leads be attached, and power be applied 
to the circuit. Check the output of the high 
voltage rails using a multimeter set to the 
200V range, you should get a reading of 
53V 1± 2V). All that remains now is to fit the 
power supply into the amplifier case. 

It is recommended that short lengths 
of 1 .5mm2 solid core cable are used to 
connect the power supply to the amplifier. 
Happy listening! 

HIGH QUALITY POWER SUPPLY 
PARTS LIST 

RESISTORS 
R1,2 

CAPACITORS 
C1,2,13 
C3,4 
C5,6,9,10 
C7,8 
C11,12 

4k7 3W Wirewound 

100nF Polypropylene 
10,000µF 63V Audio 
100nF Polyester 
1000µF 25V SMPS 
100µF 50V SMPS 

SEMICONDUCTORS 
D1-4  BYVV80-150 
D5-9  1N4001 
RGI  µA7812UC IA 
RG2  µA7912UC IA 

MISCELLANEOUS 
FS1,2  MFRO90 
TB1,2  PC Terminal Block 4-Way 
PL I  Minicon Plug 2-Way 
T1  Transformer 

Vaned Heatsink 
Insulator TO220 

2  (W4K7) 

3  (FA21X) 
2  (FA18U) 
4  (BX76H) 
2  (JL56L) 
2  (J1,49D) 

4  (UK63T) 
5  (QL73Q) 
1  (QL32K) 

(WQ93B) 

2  (UL68Y) 
2  (RK73Q) 
1  (RK65V) 
1  (YZ23A) 
5  (FL58N) 
6  (QY45Y) 

Plastic Bush 
Minicon Hsng 2-Way 
Minicon Terminals 
PC Board 
Constructors Guide 
Tie Wrap 385 
TC Wire 1.25mm 18 swg 
Isobolt M3 x 12mm 
Steel Nut M3 

OPTIONAL (not in kit) 
SI  4A Rotary Mains Switch DPST 

Fuse 20mm 2A AS 
Fuse Holder 20mm 
Fuse Holder Insulating Boot 
M3 Insulated Spacer lOmm 
Cable Min. Mains Black 
Cable Three Core and Earth 
SR Grommet 5R2 
Zip Cable 

1 Pict  (JR78K) 
1  (HB59P) 
1 Pict  (YW25C) 
1  (GE29G) 
1  (XH79L) 
4  (FE00A) 
1 Roll  (BL 12N) 
I Pict  (BF52G) 
1 Pkt  (JD61R) 

1  (FH57M) 
1  (WR2OW) 
1  (RX96E) 
1  (FT35Q) 
1  (FS36P) 
1 Mtr  (XR01B) 
1 Mtr  (XR53H) 
1  (LR48C) 
1 Mtr  (XR39N) 

The above items, excluding Optional. are available as a kit: 
Order As LP15R (HO PSU Kit) Price £74.95 

The following item is also available separately: 
HQ PSU PCB Order As GE29G Price £7.45 

MINI M 
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Earlier this year saw Maplin's 
Manchester store introducing an 
Electronic Point of Sale (EPOS) 

system followed by Maplin shops at 
Birmingham, Brighton, Edgware and 
Nottingham. Within the next few months, 
EPOS systems will have been installed in 
the remaining Maplin shops, at which 
time, Maplin will have joined the ranks of 
the major supermarkets and DIY stores in 
joining the electronic revolution. 

In fact this particular revolution got 
under way some 100 years ago when the 
first cash register arrived on the retail 
scene. At that time, the equipment was 
seen more as a method of controlling staff 
from dipping their fingers into the till rather 
than providing essential management 
information facts and figures. Now of 
course, the cash tills are seen as being 
more a method of keeping the 
supermarket lines moving, controlling 
stock and assisting staff. 

EPOS equipment as we know it — the 
industry is already onto its second 
generation and close to the third 
generation — was introduced just ten 
years ago. According to consultancy PA, 
over 350,000 retailers are potential users 
accounting for up to 800,000 EPOS units. 
. Already PA says that there are 

100,000+ terminals installed in the U.K. 
by 1993, the estimate is that nearly half 
a million units will be in operation. 
All parties agree that the installation 

of EPOS is doubling every year. 
In fact it is the department stores 

which are already onto their second 
generation equipment, while 
supermarkets who were a little slow to get 
their EPOS act together are doing their 
best to catch up fast. At the same time 
they are introducing fully comprehensive 
bar coding linked systems as are the 
ever-expanding number of DIY stores. 

Even the Post Office, seldom 
regarded as an instigator of high-tech, are 
midway through a trial involving a £100m 
nation-wide computerisation of its counter 
operations. A highly sophisticated £17m 
EPOS pilot based in the Thames Valley is 
linking over 120 post offices to such 
departments as the Girobank, Driver and 
Vehicle Licensing Centre and National 
Savings. Ever cautious where the Queen's 
Mail and related business is concerned, 
the Post Office are linking their system 
to IBM, ICL and Tandem centres. 

Maplin will certainly find itself in good 
EPOS company. Sir Terence Conran who 
controls the Storehouse Group which 
includes Heals, Habitat and BHS, sees 
EPOS as being a golden triangle. This will 
link goods in shops with buyers in head 
offices who will know what is selling, and 
will therefore be able to pass the 
information direct to the manufacturers. 
In turn, the supplier will be able to provide 
more of what is selling or less of what is 
not moving so fast. Tesco meanwhile, 

expects to have all its major supermarkets 
on an EPOS network by mid summer, 
each linked to bar code scanners and 
local look-up price facilities. Nixdorf 
controllers will act as links between the 
terminals and Tesco's IBM mainframes. 

The Maplin 
Connection 

When Maplin's Mark Dove started his 
investigation of EPOS systems, he soon 
discovered that there was a very wide 
variety of equipment and supplies in the 
market-place. In fact there are over 50 
suppliers whose ranks include such well 
known names as ICL, IBM, Hugin,Sweda, 
NCR, Nixdorf and Thorn EMI as well as 
several specialist companies. 

Having braved the world of 
exhibitions and seminars, Mark decided 
to concentrate on a system suitable for a 
trade counter application which would be 
based in each branch and would be 
capable of handling retail, professional 
and cash and carry sales. This capability 
would give maximum flexibility for the 
store operators and managers and of 
course head office. In the event, the 
Maplin contract was awarded to P.O.S., a 
Halifax-based specialist EPOS supplier. 
With the agreed objective of getting the 
system up and running by June this year, 
all parties had their work cut out to 
achieve the deadline. 

, 11.1.1.1111111*; 
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Why P.O.S? 
There are many computer 

companies capable of providing retail 
systems from small specialists to large 
multinational companies. Maplin wanted 
a supplier with a track record and the 
ability to identify closely with the software 
requirement. P.O.S. who have branches 
in Scotland and the North and South of 
England were ideally situated to meet the 
Maplin shop expansion plans. As P.O.S. 
director Glyn Stirzaker said; "We had to 
develop a special software base to cope 
with the special requirements of Maplin. 
These included the requirement for a 
retail point-of-sale system to run 
alongside a trade counter together with 
quantity price breaks and the need for a 
sophisticated enquiry and stock control." 

For Maplin, the benefits are clear. 
The EPOS system will improve stock 
control in shops; improve all areas of shop 
administration; provide detailed sales 
information for head office and provide a 
secure management reporting function. 
With many of Maplin packaging products 
already incorporating a bar code symbol, 
the introduction of a scanner to the 
system could be a logical development in 
the future. 

The Bar Facts 
Regular readers of 'Electronics —The 

Maplin Magazine' will be no strangers to 
bar coding technologies. In fact an article 
in a previous issue took a technical look at 
bar coding, pointing out the fact that even 
our magazine has a bar code on its cover. 
But in any case, avoiding a close 
encounter with EPOS and bar coding 
systems has become a difficult matter. 
Not only are they standard fittings at your 
local supermarket, but bar coding even 
has a role in blood banks, and ski resorts— 
though one is assured that there is no 
deliberate connection. 

Bar coding is increasingly seen as 
being the central ingredient of an 
electronic point of sales system. Typically 
the supermarkets, department stores and 
hotels are linking together cash terminals 
into a central computer, either based on 
site or at a remote head office. The EPOS 
terminal which acts as a database or 
memory bank, holds details of price and 
product identification as well as details of 
transactions and stock levels whether 
goods, products or services. 

As Michael Bernstein of 
management consultancy Sterlings of 
North London explains: a bar code is a 
series of proportional bars and spaces 
arranged in such a way as to encode data 
in a machine readable form. A wide range 
of material can accommodate bar coding 
formats, including paper, plastic and 
metal foil. There are two main types of bar 
code readers: hand-held such as pen-
shaped contact wands, and hands-free, 
fixed beam scanners where items are 
passed across the beam. 

Focus on Fund 
Transfer 

According to industry authority Nick 
French of consultancy PA, Electronic 
Fund Transfer Point Of Sale (EFTPOS) 
systems can best be described as being 
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an electronic method of transferring 
funds. The overall objective is to eliminate 
the paper chase where millions of bit of 
paper— including those issued by the 
U.K.'s 90m credit cards holders—move 
from the retail store to the local bank and 
onward to the card settlement centres. 

EFTPOS says PA's Nick,is a method 
of adding value to any EPOS transaction. 
If information on a card is received and the 
transaction captured electronically, then 
the system in use is EFTPOS irrespective 
of whether the system transmission is 
operating in real-time or off-line mode. 

Not that all EFTPOS progress has 
been smooth. Plans to have a nation-wide 
EFTPOS U.K. service, the pilot of which 
was set up some three years ago by an 
associate company of the high street 
banks, has now had its electronic plug 
pulled. The £50m cashless shopping 
scheme was taking too long in its 
development stage to satisfy many of its 
members who one by one withdrew their 
support— and more importantly — their 
money. 

Switching Track 
According to PA, EFTPOS was 

overtaken by events such as the major 
retailers preferring the direct debit card 
such as Switch. Unlike the standard credit 
card transactions which are either 
collected by the retailer and submitted to a 
local bank or as is increasingly the 
practice, especially in the garage trade, 
transmitting details direct to the credit 
card company. Very probably, before you 
have had time to sign the credit card 
voucher, the item will have reached your 
bank account. Such is the speed off 
electronic accounting. 

For many end users, the benefit of 
EFTPOS seems distinctly one-sided. But 
the banks appear to recognise that the 
instant debiting of customers' accounts is 
a major change from normal practice. As 
a result, many banks operate a delayed 
debiting system, equivalent to the normal 
cheque clearing period. But as PA warns, 
do take care. Even if the financial 
institution does not debit your account 
immediately, the item is noted or marked 
on your account. 

As Michael Bernstein of Sterlings 
states, EPOS systems were first 
introduced some twenty years ago as a 
stand-alone unit at the time when the first 
electronic card register entered the 
market. Since that time, the unit itself 
together with the cost of the related 
terminal and supporting processor have 
come tumbling down, making EPOS a 
highly cost-effective system for retail 
outlets of all sizes and activities. 

EPOS, as users soon discover, 
provide an enormous range of facts and 
figures. Such as which products are 
selling best; at what time of day; at what 
store and what is the related profit factor. 
But the central feature must be that of 
providing a stock control application. This 
allows close monitoring of stock levels 
and the elimination of over or under 
stocking. 

EPOS systems are now mostly fully 
integrated with up to 30 terminals being 
linked by standard twisted pair cable into 
a PC controller. This in turn connects by 
means of an Ethernet network into a local 
computer. Normally the EPOS systems 
make use of a dial-up public switched 
phone network to exchange data between 
the stores and HO at least once a day. 
The link can go two-way with the store 
sending sales data and receiving in 
return, details of special price offers or 
changes. 

But as is the case with many areas of 
information technology, the bar coding 
and EPOS industry is not short of 
developments. For those light sensitive 
areas, scanners which make use of 
infra-red light or even a radio frequency 
identification transmission signal to speed 
authentication of credit card transactions 
are becoming available. At the same time, 
the technologies can be expected to have 
a major role in Electronic Data 
Interchange (EDI) procedures. Come 
1992, the European Community will be 
imposing the use of EDI — a method of 
transacting paperless trading and 
recording —for customs and excise 
operations. Meanwhile, bar coding is 
expected to have an even more important 
role in recording and transmitting data. 

Maplin's EPOS system it seems will 
be here to stay. 
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TVFX Continued from page 15 

TVFX PARTS LIST 
RESISTORS: All 0-6W 1°,/c. Metal Film (unless specified) 
R1,35  4k7  2 
R2,26,30,34  lk  4 
R3,4,21,24,36  470f?  5 
R5,6,11,20  1M  4 
R7,17,38,39,41-43 100k  7 
R8,9  47k  2 
R10,15  27k 
R12,13,37,40  10k 
R14,23  6k8 
R16  8k2 
R18  270k 
R19  470k 
R22  100f 
R25  680f2 
R27  10M 
R28  43012 
R29  5101/ 
R31  910t2 
R32  36k 
R33  3M3 
R44  1i2 
RV1  220k Pot Lin 
RV2  100k Pot Lin 

CAPACITORS 
C1,3 
C2,4,6,11,16,20, 
24,30-35 
C19 
C5 
C7 
C8 
C9 
C10,28 
C12,15,18 
C13 
C14 
C17 
C21,23 
C22 
C25,26 
C27,36 
C29 
VC1,2 

470µF 16V PC Elect 

100nF Minidisc 
220/2F I6V PC Elect 
100µF I 6V Minelect 
10p.F I6V Minelect 
11.4.F 63V Minelect 
47p.F 16V Minelect 
39pF Ceramic 
100nF Polylayer 
470nF Polylayer 
47nF Polylayer 
220nF Polylayer 
lOnF Ceramic 
82pF Ceramic 
5p6F Ceramic 
330pF Ceramic 
47pF Ceramic 
22pF Trimmer 

SEMICONDUCTORS 
DI  1N4001 
D2-16  1N4148 
LD1 
LD2 
LD3,6 
LD4,5 
RG1 
TR1 
TR2 
Cl 
IC2 
IC3 
IC4 
IC5 
IC6 
IC7 

LED Yellow 
LED Orange 
LED Red 
LED Green 
p.A78L05 
BCI 79 
BF244A 
TLC555CP 
1458 
74HC132 
TEA2000 
SAA1043 
74HC241 
4024BE 

(M4K7) 
(Ml K) 

(M470R) 
(M1 M) 

(Ml 00K) 
(M47K) 

2  (M27K) 
4  (M10K) 
2  (M6K8) 
1  (M8K2) 
1  (M270K) 
1  (M470K) 
1  (M100R) 
1  (M680R) 
1  (M10M) 
1  (M430R) 
1  (M510R) 
1  (M910R) 
1  (M36K) 
1  (M3M3) 
1  (M1 R) 
1  (FWO6G) 
1  (FWO5F) 

2  (FF15R) 

13  (YR75S) 
1  (FF13P) 
1  (RA55K) 
1  (YY34M) 
1  (YY31J) 
1  (YY37S) 
2  (WX51F) 
3  (VA#V41U) 
1  (VAA/49D) 
1  (WW37S) 
1  (WW45Y) 
2  (VVX77J) 
1  (WX55K) 
2  (WX41U) 
2  (VVX62S) 
1  (WX52G) 
2  (WL70M) 

1  (QL73Q) 
15  (QL80B) 
1  (WL3OH) 
1  (WL29G) 
2  (WL27E) 
2  (WL28F) 
1  (QL26D) 
1  (QB54J) 
1  (QFI 6S) 
1  (RA76H) 
1  (QH46A) 
1  (UB29G) 
1  (UH66W) 
1  (UK85G) 
1  (UB59P) 
1  (QX13P) 

IC8 
IC9 
IC10 
Cl 1 
IC12 

MISCELLANEOUS 
SK1 
SK2-6 
PL1,2 
PL3 
S1-4 
Ll 
L2 
MDI 
FSI 
XT1 
XT2 

OPTIONAL 

4077BE 
7411C75 
4040BE 
40103BE 
4017BE 

PCB 2.5mm DC Pwr Skt 
PCB Phono Skt 
Minicon Latch Plug 3Way 
Minicon Latch Plug I2 Way 
Latchswitch 2-Pole 
15 0 Adjustable coil 
DL270 Delay line 
UHF Modulator UMI 233 
250mA Fuse 
8.867238MHz Crystal 
5MHz Crystal 
Fuse clip 
TVFX Main PCB 
TVFX LED PCB 
Knob KB4 
Small Lch But Knob Black 
DIL Socket 8 Pin 
DIL Socket 14 Pin 
DIL Socket 16 Pin 
DIL Socket 18 Pin 
DIL Socket 20 Pin 
DIL Socket 28 Pin 
Minicon Terminal 
Minicon Lch Housing 3 way 
Minicon Lch Housing 12 way 
Lapped Pair 
Ribbon Cable 20 Way 
Constructors' Guide 

Case 3502 
Self-Tapping screw no. 4x 4. 

TVFX Front Panel 
TVFX Back Panel 
AC Adaptor Regulated 
Phono/Coaxplg Vid Lead 

1  (QW47B) 
1  (UB2OW) 
1  (QW27E) 
1  (QW61R) 
1  (QX09K) 

1  (FKO6G) 
5  (HF99H) 
2  (BX96E) 
2  (r/V14Q) 
4  (FH67X) 
1  (UH86T) 
1  (UH84F) 
1  (FT3OH) 
1  (WROI B) 
1  (UH85G) 
1  (UL51F) 
2  (WI-149D) 
1  (GEO0A) 
1  (GEOIB) 
2  (RW87U) 
4  (BWI 3P) 
2  (BLI 7T) 
3  (BL18U) 
4  (BL19V) 
1  (HQ76H) 
1  (HQ77H) 
1  (BL21X) 
3 Pkts  (YW25C) 
2  (BX97F) 
2  (YVV24B) 
1 Mtr  (XR2O W) 
1 Mtr  (XR07H) 
1  (XH79L) 

1  (YN33L) 
1 Pkt  (FE68Y) 
1  (JR68Y) 
1  (JR69A) 
1  (YB23A) 
1  (FV90X) 

The above items, excluding Optional, are available as a kit: 
Order As LPOOA (TVFX Kit) Price £54.95 

The following items are also available separately but are not shown in 
our 1991 catalogue: 

TVFX PCB Order As GEO0A Price £13.45 
TVFX LED PCB Order As GEO1B Price £2.45 
TVFX Front Panel Order As JR68Y Price £2.95 
TVFX Back Panel Order As JR69A Price £2.45 
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OH-NOT SUCH A 
LOVELY WAR 

or our intrepid Out and About 
reporter, the earth literally moved 
when he stepped back in time to the 

'Blitz Experience' at London's Imperial 
War Museum. 

The Imperial War Museum is an 
unusual place in many ways — a museum 
devoted to modern war housed in an 
ancient asylum, it appears full of contradic-
tions with collections ranging from tanks 
and guns to works of art and films. The 
museum, which won the coveted Museum 
of the Year Award in 1990, also houses a 
wide collection of high technology. 

According to Allan Morrow, the 
museum's Audio/Visual officer, it has one 
of the most complex technical installations 
in any British museum. While it may appear 
somewhat simplistic on the surface, a 
sophisticated range of electronics supports 
the exhibits. Allan, who happens to be a 
keen 'Electronics' reader, says it was 
fortunate that we were able to lay all the 
underfloor and riser cabling whilst the 
Museum was being rebuilt. The 100 or so 
cable runs, connecting various points in the 
museum to the control room, connect up to 
individually screened pairs of computer 
cable. A serial RS 422 based system, the 
fully patched design is not only highly 
resilient but is interference screened for 
data transmission. Also inserted are some 
16 fibre optic lines, ready to meet the 
emerging .requirements of the museum. 
Each of the 100 cable groups also has a 
double-screened video cable, a twin 
individually screened twisted pair of two 
channel audio and a 15 way multicore for 
switching/status indication. 

Central to most operations is Tapeless 
Audio (ESTA) supplied by Electrosonic. This 
is a 8-track digital device with audio stored 
on EPROMs. The Blitz Experience uses 8 
minutes of 8-track audio (the largest 
current such ESTA installation) and separ-
ate systems are used elsewhere for 
hand-sets and loudspeaker sound replay. 
The big advantage, says Allan, is that no 
moving parts are involved. The high sound 
quality remains unaltered after any num-
ber of playings. An added bonus is that the 
unit instantly returns to the start position 
when the handset is replaced. 

In addition to the more standard AN 
items, there are a few interactive units, 
located at various points around the 
museum available to visitors. Users can dic-
tate the path they want to follow by means of 
the touch screens. At all points, a large 
screen displays the picture in order that 
other spectators can see what is going on. 

Each unit consists of a computer and 
laser vision player which generate the 
signal in the control room. Here a fault 
detection system ensures that the AV 
programs are kept up and running. 
Operations apart, Allan is also involved in 
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in-house graphics, based on Commodore 
Amiga computers, the main one having a 
28MHz processor accelerator and 8-
megabytes of 32-bit RAM. 

Without doubt, the highlights of the 
exhibition are the simulated London Blitz 
and Trench Warfare experiences. With 
help from electronics and much innovative 
thought, the museum staff have recreated 
the intensity and drama of these experi-
ences which, in the case of the Blitz, London-
ers went through half a century ago. 

Air raid sirens heralded the onslaught 
of the blitz, and here the experience can 
be relived in South London. The set was 
created by the specialist theatrical com-
pany, Kimpton Walker — the company 
responsible for the Museum of the Moving 

1.‘ 
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A 'Going over the top.' 
44 Just some of the extensive displays. 
V Recapturing the 'Blitz' experience. 

Image on the South Bank and the Channel 
Tunnel exhibition in Dover. 

The temperature is that of a cold 
autumn morning; water gushes from 
shattered pipes and gutters, dogs bark; the 
dome of St PauIs burns and even the earth 
moves from yet another near miss (the york 
stone floor sits on a steel frame carried on 
motorised rollers). The Blitz Experience, 
which lasts about eight minutes, processes 
small groups of visitors starting in the air 
raid shelter. On the sound track, the 
terrifying atmosphere of a bombed city is 
built up, threaded through with sighing, 
broken sentences, shouted orders, cries of 
fear and reassurances for the victims. 

At every turn Kimpton Walker har-
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nessed technology to provide the shock 
realism. The movement of torches among 
the wreckage, the flare of incendiary 
bombs, the acrid smells of burning wood 
mixed with the damp and corrosion, and 
graphic simulation of the smoke of 
explosives are all featured. 

As the set designers point out, the 
space available was not lavish. In fact the 
entire three dimensional set, which in-
cludes a public air raid shelter, a street with 
pub, grocer's shop, Victorian semi and 
Georgian town house as well as perspec-
tives of a city aflame plus much more, is 
concentrated into an area of as little as 
15.5 x 7 metres. 

Meanwhile, for the Trench Experi-
ence, the contractors made use of fibre 
optics fed from tungsten halogen sources 
to provide the candle and oil lamp effect, 
and similarly from metal halide sources to 
provide the cool natural lighting. These 
were supplemented by low voltage 
tungsten halogen lighting, with glass colour 
filtering, for general lighting, with all the 
lighting being programmed into the central 
system for the experience. 

A Sound Matter 
Meanwhile, the  Imperial War 

Museum's department of Sound Records 
have amassed over 14,000 hours of 
historical records, mainly personal inter-
views. These cover the minutiae of life — 
details which may not otherwise be 
preserved, but which are of great 

importance to the museum in presenting an 
understanding of the impact of war. 
Contemporary sound effects have also 
been compiled in order to recreate the 
atmosphere of a period. 

All of this material is being catalogued 
and indexed in a computerised system so 
that information from different sources can 
be identified. "This last year," says depart-
ment researcher Rory O'Connell, "we have 
been inundated with requests for sound 
effects for events connected with the 50th 
anniversary of the Second World War." 

Currently the department is concen-
trating on gathering personal interviews 
on First World War recollections as 
witnesses are fast disappearing, and even 
radio programmes are being stored. All 
the taped information is being fed into a 
database held on Apricot computers, with 
master copies of all tapes and disks being 
stored off site for security. 

To emphasise the fact that more than 
one hundred million people have died this 
century as a result of war, an electronic 
clock was set in motion last June marking 
up 5 units on every rotation. On the 31st 
December 1999, the clock will have 
reached that 100m mark. 

The Imperial War Museum is in 
Lambeth Road, London SE1 and is open 
daily from 10am to 6pm; adults £3, 
concessions £1.50. Admission to the Blitz 
Experience is an additional £1, conces-
sions 50p. For further information, phone 
071-416 5000. 

The museum have kindly made 
complimentary tickets available to 'Electro-
nics' readers. To win the tickets, all you 
have to do is to send in the answers to the 
four questions listed below. First all-correct 
answers pulled out of the editor's woolly 
hat — well it is getting colder — will win. Post 
entries to: 

The Imperial War Museum Contest, 
The Editor, 'Electronics — The Maplin 
Magazine', P.O. Box 3, Rayleigh, Essex, 
SS6 8LR. Or fax your entries to (0702) 
553935, but don't forget to mark your fax 
'THE IMPERIAL WAR MUSEUM CON-
TEST', include your name and address. 
Entries by January 15th 1991 please. 

cob r r,)2111111T s 
Name the odd one out: 
(a) Messerschmitt 
(b) Hurricane 
(c) Spitfire 

Is 'MATILDA' the name of: 
(a) An anti-aircraft gun 
(b) A Second World War tank 
(c) The name of the German 
Afrika Korps' pin-up 

Is the Sopworth Camel: 
(a) A First World War aircraft 
(b) A secret desert warfare plot 
(c) A brand of U.S. cigarettes 

'ENIGMA' played a major role in the 
Second World War. Was it: 
(a) The name given to members 
of the Dutch underground 

(b) A POW escape boot, fitted 
with compass and map 

(c) An encyphering machine 
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ATTENUATORS 

by Graham Dixey C.Eng., M.I.E.E. 

Introduction 
A circuit that consists entirely of 

resistors may not sound very exciting, but 
there are nonetheless such circuits that 
have very real uses. One circuit that falls 
into this category is the 'attenuator'. As the 
name implies, its function is to attenuate or 
reduce the magnitude of a signal. This 
allows control to be exercised over the 
magnitude in a way that may be 
determined either subjectively or objec-
tively, the latter usually in a very precise 
manner. 

Consider the subjective aspect first. 
Everyone is used to adjusting the sound 
level, or vofume as we usually call it, of a 
radio, hi-fi amplifier or television set. We 
know the control that does this as the 
volume control and it is, in fact, a 
rudimentary form of attenuator. As can be 
seen in Figure 1, it often takes the form of a 
potentiometer, which may be a rotary or 
slide type. The full signal is applied across 
the ends of the track, and a proportion of it 
appears between the wiper and the 
'bottom' end of the track. The proportion of 
signal obtained depends upon the wiper 
position. Thus the signal output from the 

Figure 1. A simple, continuously 
variable attenuator — the volume 
control. 

wiper can take any value between zero 
(wiper at 'bottom' or earthed end of track) 
and maximum (wiper at top of track). 

What the potentiometer volume con-
trol represents is a continuously variable 
attenuator. It is set to the required position 
by ear (the subjective element referred to), 
though it could be calibrated in values of 
sound level if required. However, that is not 
as simple as it may sound, since there are a 
number of complicating factors. As we 
shall see shortly, there is a particular 
method of calibration that we can use. But 
before we discuss that we need to consider 
another important aspect of aftenuators in 
general, namely the terminal impedance. 

Figure 2 repeats the previous figure 
but now includes a reference to that value 
of impedance (in practice just a resistance) 
that appears between the wiper and the 
zero volt (ground) line. It should be evident 
that this depends upon the wiper's position 
on the track. When the wiper is at the 
bottom of the track, the impedance 
between the wiper and ground is clearly 
zero, while if it is at the top of the track, this 
impedance will be equal to the total track 
resistance of the potentiometer. In the 
specified case of a 1 01(12 (10 kilohm) 
potentiometer, the output impedance will 
vary between the limits of zero ohms and 
10k. 

Why Does This 
Matter? 

In the case of a simple volume control, 
it probably won't matter at all. There are, 
however, other examples where the 
change of impedance with change of 
wiper position is quite unacceptable. For 
example, in the case of laboratory 
measurements on amplifiers, receivers, 
etc., the validity of the results would be 
affected most significantly by such be-
haviour. What is needed in such cases is a 
means of controlling attenuation while 
maintaining constant impedance across 
the terminals of the attenuator. In practice 
this will involve ensuring that this impe-

dance is constant not only across the 
output terminals of the device, but across 
the input terminals too. 

Before going on to the design of such 
circuits, it is worth having a brief look at 
another simple form of attenuator, one 
which offers a fixed degree of attenuation. 
This is shown in Figure 3 and is seen to 
consist of two resistors only, R1 and R2, in 
the form of an 'inverted L'. Probably most 
readers will identify this circuit immediately 
as the well known 'potential divider'. The. 
output voltage, V2, is related to the input 
voltage, VI, and the resistor values by the 
relation: 

V2 = Vi.[R2/(R1 + R2)] 

As we would expect, the degree of 
attenuation is determined by the relative 
values of the two resistors, R1 and R2. We 
could rearrange this equation so that the 
left-hand side is actually the ratio of the 
two voltages, as follows: 

V2/V1 = I R2/(R1 + R2)I 

Remembering that the gain of an amplifier 
is expressed by the ratio of amplifier output 

Figure 2. The output impedance of a 
volume control varies with wiper 
position. 
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Now, 
over amplifier input, the above expression 
obviously does the same for the loss of the 
attenuator. That is, the loss of an attenuator 
also equals output/input. The difference is 
that, in the case of an amplifier, this ratio is 
usually greater than unity while, in the case 
of the attenuator, it is always less than unity. 

To take two specific examples to illustrate 
this: 
Example 1. An amplifier produces an 
output voltage of 1.0V rms when the input 
voltage is 0-1V (100mV) rms. The gain of 
the amplifier, expressed as a numerical 
ratio is: 
Output voltage/input voltage = 1 .0/0.1, 

= 10 

Example 2. Two resistors are arranged as 
in Figure 3 and have their values 
proportioned in such a way that an input 
voltage of 1.0V rms results in an output 
voltage of 0-1V rms. The loss of the 
attenuator, also expressed as a numerical 
ratio, is: 
Output voltage/input voltage = 0-1/1.0, 

= 0-1 

Comparing the two figures obtained, it is 
evident that the reciprocal of the gain is the 
loss: 1/10 = 0.1. 

Figure 3. A simple fixed value 
attenuator. 

Gains and Losses in 
Decibels (dB) 

As the two examples above have 
shown, it is possible to express either gain 
or loss as a numerical ratio. But this method 
has its limitations and so in practice it is 
quite usual to use a logarithmic ratio 
known as the 'decibel (dB)' instead. This is 
especially useful where the numerical 
ratios (of amplifiers) would be extremely 
large (high gain), or when the numerical 
ratios (of attenuators) is extremely small 
(high loss). This leads to the other 
advantage of the decibel, which is that its 
logarithmic nature also allows the total loss 
or gain of a series of connected units to be 
obtained, by a simple addition of the 
decibel values for each unit in the system. 
Figure 4 illustrates this idea. 

The decibel often confuses new-
comers, a situation that we shall try to 
avoid on this occasion! The unit is 
essentially defined in terms of the ratio of 
two 'powers'; call them PI and P2. The 
formula for their ratio in dB is: 

Ratio in dB = 10.1og(P2/P1) I or the ratio 
P1/P2 can be used I 
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Figure 4. Gains and losses in a series system. Use of the decibel simplifies the 
overall calculation. 

Gain-10dB 

Loss= —16dB 

Input 
Amplifier 1 

Gain=14dB  Gain .-74:113 

Loss= —12dB 

Amplifier 2  Amplifier 3 

Total gain/loss = 10-16+14-12+7. 

= 31-28. 

= 3dB 

Since it is usually much more convenient to 
deal with the ratio of two voltages (a lot 
easier to measure for a start) than that of 
two powers, the above formula is 
extended to embrace voltages by what 
appears to be a simple modification of this 
formula, as follows: 

Ratio in dB = 20.1og(V2N1) or V1/V2 

All that appears to have changed is that 10 
has become 20! What this simple substitu-
tion of one expression for another (without 
any intermediate explanation) masks is 
that the latter expression is only strictly true 
if the two voltages, VI and V2, are 
measured across impedances of equal 
value. Putting in the missing steps shows 
why this is so. Repeating the expression for 
dB as the ratio of two powers: 

Ratio in dB = 10.1og (P2/P1) 

Power may be expressed in terms of 
voltage and resistance, as in: 

Power P = (Voltage V)2/Resistance R 
i.e. P  = V2/R 

If we associate a voltage V1 and a 
resistance R1 with the power P1, and a 
voltage V2 and a resistance R2 with the 
power P2, it becomes possible to write the 
formula for the ratio of two powers as: 

Ratio in dB = 10.1og (V22/R2)/(V1 2/R1), 
= 10.1og (V22/V1 2)/(R1/R2) 

The slight rearrangement between the first 
and second lines produces the ratio of 
R1 /R2. Suppose these are equal, what 
would be the result? They would cancel 
out! This leaves the expression as: 

Ratio in dB = 10.1og(V22/V1 2), 
= 10.1og(V2/V1)2, 
= 20.1og(V2/V1) 

This neatly returns us back to the 
expression given previously without proof, 
showing along the way that the final 

Output 

expression only occurs if you let R1 = R2. 
This is what was said earlier, namely the 
voltages V1 and V2 must be measured 
across equal impedances (by which we 
actually mean equal resistances). 

While we acknowledge that, for the 
sake of convenience, this fact is often 
blatantly ignored - the decibel being used 
to express the ratio of two voltages, 
whatever the impedances - for the rest of 
this discussion on attenuators, the assump-
tion will be made that the resistance values 
are in fact equal. This will form the basis for 
the design of an attenuator to a given 
specification. 

Table 1 gives the voltage (or current) 
and power ratios corresponding to a 
range of decibel values. Lines 2 to'S of the 
table give both positive and negative 
decibel values and it should be noted that 
the ratio corresponding to a negative 
decibel value is merely the reciprocal of 
the ratio (1/ratio) for equivalent positive 
value. Thus, any other values may easily be 
deduced by the reader. 

Values of decibels not included in the 
table may be calculated if they are an 
algebraic sum of the integers 3, 6 and 10, 
etc. 

Example 1. The voltage ratio correspond-
ing to 26dB is given by: 
'Voltage ratio for 20dB' times 'the voltage 
ratio for 6dB' 
From Table 1, this ratio = 10 x 2 = 20. 

Example 2. The voltage ratio correspond-
ing to 17dB is given by: 
'Voltage ratio for 20dB' times 'voltage 
ratio for (-3dB)' 
From Table 1, this ratio = 10 x 0.707 

= 7.07. 

We shall make more use of this table later 
in designing attenuators for specific losses. 

Table 1 

Gain/loss (dB) 

0 
+3 
-3 
+ 6 
- 6 
+10 
+20 
+30 
+40 

Corresponding 
Voltage Ratio 
(output/input) 

1-000 
1 -414 
0-707 
2.000 
0-500 
3.160 
10.000 
31.600 
100.000 

Corresponding 
Power Ratio 
(output/input) 

1-00 
2-00 
0-50 
4.00 
0.25 
10-00 
100-00 
1000.00 

100000.00 
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Iterative 
Impedances for 
Networks 

Figure 5 shows a block which contains 
some unspecified arrangement of resistors. 
It has two input terminals, marked 1 and 2, 
and two output terminals, marked 3 and 4. 
It is thus described by the general title of a 
'four terminal network'. Sometimes (quite 
often in fact) two of the terminals are 
common, especially 2 and 4 which might 
well be the ground or zero volt line. 
Nonetheless, the term 'four terminal' 
remains. In this figure each pair of 
terminals is closed by a resistive impe-
dance, ZA at the input and ZB at the output. 
These produce 'iterative' impedances as 
follows. 

Figure 5. Iterative impedances. 

The iterative impedance of a network 
is the value of impedance measured at one 
pair of terminals of the network, while the 
other pair is terminated with an impedance 
of the same value. In Figure 5, closing 
terminals 3 and 4 with an impedance Z6 
causes the some value of impedance, ZB, to 
be 'seen' when looking into terminals 1 
and 2. In the same way, closing terminals 1 
and 2 with an impedance ZA causes this 
some value to appear between terminals 3 
and 4. If the network is symmetrical, the 
iterative impedances ZA and ZB are equal 
and their common value is known as the 
'characteristic impedance' of the network. 

The nature of the resistor network of 
Figure 5 was not described, but it could 
have been similar to either of the circuits of 
Figure 6. These are known, for fairly 
obvious reasons, as (a) T-type and (b) 
Pi-type networks. Because they are pure 
resistors they will attenuate all signals, 
whatever their frequencies, to the same 
degree. Of course, there will be a limit to 
the truth of this statement somewhere, but 
careful design should ensure that it is true 
for the full range of frequencies of interest 
for any given application. Notice that in 
the T-type, the two series resistors are 
known as R1, while in the pi-type both 
shunt resistors are known as R4. Thus, both 
networks are symmetrical. 

vim 

Figure 7. Cascaded attenuator pads: (a) T-type (b) Pi-type, showing how 
resistors may be combined, (c) system is matched throughout. 

Characteristic 
Impedance 

Figure 6 also shows each of the 
networks being terminated in a resistor of 
value Ro. This is the characteristic impe-
dance mentioned earlier. A moment's 
thought shows that it is nothing more than 
the total resistance value between termin-
als 1 and 2 of a network of four resistors in 
a series-parallel arrangement. 

For example, for the T-type of Figure 
6(a) for the total resistance between 
terminals 1 and 2 is given by: 

R0 = R1 + [R2 x (R1 + R0)/(R2 + R1 + R0)1 

On the usual basis that the value of Ro 
is known (since it would normally be 
specified for a given case), the unknowns 
are then R1 and R2. What we appear to 
have is a single equation with two 
unknowns and, as we all know, to solve for 

Figure 6. The T-type and Pi-type attenuators. 

two unknowns we must have a pair of 
simultaneous equations. This apparent 
dilemma is solved by the fact that the 
resistors R1 and R2 determine two 
characteristics of the network, as follows: 

(i) the characteristic impedance, 
(ii) the attenuation of the network. 

At this point it should be quickly 
pointed out that we are not going to get 
involved in setting up and solving any 
simultaneous equations. Networks of the 
type discussed have been around for a 
long time and ready-made equations exist 
for determining the resistor values for 
either type, based on a knowledge of the 
characteristic impedance and the required 
degree of attenuation. These are as 
follows. 

T-type attenuator: 
R1 —120.(n — 1)/(n + 1) 
R2 = Ro.2n/(n2 — 1 ) 

Pi-type attenuator: 
R3 = R0.(n2 — 1)/2n 
R4 = Ro.(n + 1 )/(n — 1 ) 

(ii) 

(iii) 
(iv) 

In the above expressions, the quantity 'n' is 
defined by: 

n = input voltage/output voltage. 

While the above is quite straightfor-
ward, it is based upon the use of numerical 
ratios of input and output voltages rather 
than the preferred decibels discussed 
earlier. However, provided that we can 
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Photo 1. Close-up of the 10dB and 20dB sections. 

turn an attenuation value expressed as 'so 
many dB' into the corresponding numeri-
cal ratio, the use of the equations (i) — (iv) 
above is easy enough. Earlier we saw how 
to use Table 1 for this conversion. Now is 
the time to put it to more practical use. 

Design of a T-type 
Attenuator 

In order to design an attenuator to a 
given specification, it is necessary to know 
the required characteristic impedance and 
loss of the proposed attenuator. Once 
these are known, simple arithmetic will 
determine the resistor values, which will 
then have to be made up from the 
available ranges. The alternative is to have 
them custom made, a process which is only 
feasible for extremely large production 
runs. What we are talking about here is the 
design of practical attenuators for use on 
the amateur work bench — attenuators that 
can be built easily and cheaply and give a 
creditable performance. 

Suppose that the characteristic impe-
dance will be 6001/ and the loss is to be 
10dB. 

The first thing to do is to convert the 
loss in dB into its equivalent numerical ratio. 

from Table 1, this is seen to be 3.16:1. We 
are talking about 'voltage ratio' here. 

Thus, in the formulw for R1 and R2, Ro 
= 60011 and n = 3-16. 

Using equation (i) 
R1 = Ro.(n — 1)/(n + 1), 
= 600.(3-16 — 1)1(3.16 + 1), 
= 600.(2•16)/(4-16), 
= 311-54Q 

Using equation (ii) 
R2 = R0-2n/(n2 — 1), 
= 600.1(2 x 116)1(3-162 — 1 I), 
= 600 x 16-32/(9-99 — 1) ), 
= 600 x [6-32/8-99 ), 
= 421-80Q 

Neither of these is a preferred value 
from the E24 resistor range, but a good 
approximation can often be obtained by 
combinations. One could work out com-
plex series/parallel arrangements that 
would yield a very close total to that 
required, but often a pair of resistors in 
series will do, as well as being the easiest 
combination to calculate. For example: 

The value of R1 could be made up by 
270 + 39 = 30911, while the value of R2 
could be produced quite closely from 390 
+ 33 = 423Q. 

1111  -40111 
It should be borne in mind that resistor 

tolerances will play their part in determin-
ing the actual value obtained; the closer 
the tolerance of the resistors, the more 
accurate the result. 

Design of a Pi-type 
Attenuator 

The same performance could have 
been achieved using a Pi-type attenuator 
instead. We should expect the resistor 
values to be different. If we now perform 
the calculations required, for the identical 
specification, using equations (iii) and (iv), 
we can see how different the values are. 

Using equation 
R3 = Ro.(ǹ -- 11/2n, 
= 600.(3-16 — 1)/(2 x 3-16), 
= 600.(9.99 — 1)/6-32, 
= 853.481/. 

Using equation (iv) 
R4 = Ro.(n + 1)/(n — 1), 
= 6000.16 + 1)/(3-16 — 1), 
= 600.(4-16/2-16), 
= 1155-5612. 

In this case, we notice that the resistor 
values obtained are rather higher than 
those required for the 1-type attenuator. 
However, they are still practical values and 
either type of network would be suitable 
for the stated specification. 

The value of R3 can be obtained from 
the sum: 820 + 33 = 8530, thus working 
out most conveniently. 

A close approximation to R4 is: 
1000 + 150 + 5-6 = 1155-60. 

From the above, one could say that 
the Pi-type has the edge on the T-type in 
terms of its greater ease in obtaining the 
required resistor values. Other designs 
may show that the T-type is to be preferred. 

Cascaded Attenuator 
Networks 

A single network of either T or Pi-type 
is often referred to as a 'pad'. Pads of the 
same characteristic impedance may be 
series connected (cascaded) in order to 
obtain higher values of attenuation, 
especially if a 'stepped' attenuator is 
required. In the latter type, a switch is used 

2dB  5dB  10dB  20dB  20dB 

0 S3b S4a 0  0 S4b S5a  S5b S6a ?  S6b S7o  0 S7b 

Figure 8. Design for a variable attenuator, 0-60dB in ldB steps. 
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to select the number of sections that, added 
together, give the required overall attenu-
ation. Figure 7 shows the cascading of 
both types of attenuator pad and it should 
be noted that, when this is done, the 
series-connected pairs of RI's can be 
replaced by a single resistor of value 2 R1 ; 
while the shunt connected pairs of R4's can 
be combined into a single resistor of value 
R4/2. The iterative impedance is, of course, 
constant along the network and is equal to 
the characteristic impedance as stated 
earlier. Each pad matches the next, while 
the source is matched to the input and the 
load is matched to the output (Figure 7(c)). 

This is fine where it is only required to 
produce a fixed amount of attenuation of 
high value. A laboratory attenuator would 
need to be variable to be of any real use 
and this implies keeping the individual 
pads separate in order to be able to switch 
them into circuit as required. This will now 
be put into practice with a design for an 
attenuator, of characteristic impedance 
600i t, that allows a wide range of 
attenuation values, in 1 dB steps, to be 
obtained. 

The circuit diagram for this design 
appears in Figure 8 and full construction 
details are given, illustrated by photo-
graphs of the author's prototype. There is 
little to the actual construction but one 
criterion to bear in mind is that lead lengths 
should be kept as short as possible. For this 
reason, the resistors are wired directly to 
the switch contacts, either between them or 
down to a heavy gauge tinned copper 
wire bus-bar, which acts as the common 
ground line. As shown in Photo 1. 

Miniature double-pole change-over 
toggle switches are used, the total 
attenuation being selected by the 
appropriate combination of switches set. 
Otherwise, unselected pads are bypassed. 
The wiring of one of these switches is 
shown in Figure 9. 

The choice of 600Q for the character-
istic impedance coincides with the terminal 
impedance of signal generators designed 
for use in audio testing; in fact it is a 
telecommunications standard. Thus, this 
attenuator design will be found useful over 
and beyond the full audio-frequency 
range. Attenuators used at radio-
frequencies usually require a much lower 
value of characteristic impedance, 
typically 50t.t. 

Choice of Resistor 
Values 

One problem that often arises when 
calculating resistor values from formula, is 
that the values obtained are invariably not 
those found in the preferred ranges. 
Approximations affect accuracy, with the 
obvious statement that 'the more approxi-
mate, the less accurate'. Another factor 
that also affects accuracy is the tolerance 
of the resistor type used. For most work in 
electronics a tolerance of ±5% is 
acceptable but for an attenuator, intended 
as a piece of precision test gear, a tighter 
tolerance is needed. Fortunately, Maplin's 
range of metal film resistors having a 
46 

Photo 2. The 60dB Stepped Attenuator. 

L _ 
Photo 3. For testing the output is terminated in 6009 (270 ± 330). 

All resisters wired 
in 'free space' 
(short leads) 

Heavy copper bus e7g. 
wired between zero volt terrnin 

Figure 9. Typical switch wiring in the variable attenuator design. 
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II  111, 41 
tolerance of ±-1°/0 and a power rating of 
0.6W are readily available. Using this 
range, even with approximations, the 
overall accuracy of each pad is likely to be 
little worse than ± 1%. The data shown in 
Table 2 lists the design values and 
approximated values of resistance, as well 
as the combinations of resistors required to 
achieve them. Refer to the circuit of 
Figure 8 on page 45. 

Measurement of 
Amplifier Gain Using 
a Variable 
Attenuator 

The gain of an amplifier is the ratio of 
output voltage to input voltage. It will, to a 
greater or less extent, vary with frequency, 
and a complete statement of amplifier gain 
should take this into account, often shown 
as a graph of gain versus frequency. It 
would seem that all one has to do is to set 
up an input voltage at some test frequency 
and measure the output voltage at that 
frequency. A simple division then yields the 
gain. However, as gain/frequency plots 
are usually given in dB rather than as a 
numerical ratio, it would then be necessary 
to calculate the equivalent number of dB 
for each gain measurement, a tedious 
procedure if there are many points to plot. 

Another disadvantage of the above 
method is that the accuracy relies upon the 
accuracy of the instruments used to 
measure the voltage. If the gain of the 
amplifier is high, one set of measurements 
(those at the input) will be made at very low 
levels, a few mV perhaps, while the output 
voltage measurements will be at a much 
higher level, of the order of volts. By using 
a variable attenuator, it is possible to place 
the responsibility for accuracy on the 
attenuator, shifting it totally from the 
voltmeter, which need not be particularly 
accurate at all. The method is shown in 
Figure 10. 

The completed attenuator (Photo 2) is 
interposed between signal generator and 
amplifier input; initially it is set to maximum 

Photo 4. Rear view of assembled attenuator panel. 

Figure 10. Using a variable attenuator to measure amplifier gain. 

attenuation. A voltmeter, whose only 
performance criteria are that it should not 
load the circuit nor vary widely over the 
frequency range used, is connected across 
the output of the signal generator. The 
output of the latter is adjusted so that the 
voltmeter reads some convenient voltage, 
e.g. 1 volt, at the chosen test frequency. The 

Table 2 
Attenuation 
Value 
(T-pad) 

ldB 

2dB 

5dB 

10dB 

Design 
Resistance 
Value 

R1,R2 = 3312 
R3 = 520012 

R4,R5,R7,R8 = 6811 
R6,R9 = 257312 

R10,R11 = 16812 
R12 = 98712 

R13,R14 = 311.512 
R15 = 42212 

Approximated 
Resistance 
Value 

3312 
521012 

6812 
258011 

16812 
99212 

31112 
42312 

20dB  R16,R17,R19,R20 = 49112 49212 
R18,R21 = 1210  12012 

Series Resistor 
Combination 
Required 

330 
4k7 = 51011 

6811 
2k4 + 18012 

15012 + 1812 
9100 + 8212 

30012 + 1112 
39012 + 3312 

47011 + 2212 
12012 

voltmeter is now transferred to the 
amplifier output. It will probably read very 
little. The setting of the attenuator is 
gradually reduced until the voltmeter 
reads the same value as previously, in this 
case 1 volt. 

Since the input into the attenuator and 
the output of the amplifier have the same 
values, it follows that the attenuation 
exactly cancels the gain of the amplifier. 
Thus, reading the sefting of the attenuator 
yields the gain value of the amplifier! 

For example, if the controls of the 
attenuator indicate 20dB, 10dB, 5dB and 
ldB attenuation, then the amplifier gain is 
equal to: 

20 + 10 + 5 + 1 = 36dB 

By repeating this procedure over a 
range of frequencies, it is possible to plot 
the gain/frequency characteristic of an 
amplifier. If the amplifier being tested has 
gain and/or tone controls, then graphs 
with these controls set to their 'cut' and 
'boost' positions can also be plotted. 
However to ensure accuracy, if the 
amplifier's input impedance is not 60012 
then this should be added across the 
attenuator output with a resistor chain as 
shown in Photo 3. This can also be used to 
test the attenuator itself using an oscillo-
scope or W M. 
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Introduction 
The increased use of the Medium 

Wave broadcast band by local radio 
stations has brought about a renewed 
interest in simple AM (Amplitude 
Modulation) receivers for the home 
constructor. Much of the interest comes 
from beginners, many of whom have very 
little experience (if any) in the construction 
of electronic circuits. With this in mind, the 
Beginners' AM Radio is a simple design 
requiring a minimum of alignment but 
which is however, capable of providing 
reasonable reception of the stronger 
stations. A key feature of the design is its 
small size and portability and to achieve 
this, the circuit uses a minimum of 
components and operates from a 
comparatively small 'N' size battery. 
Generally, the volume of the stations 
received is comparatively low due to the 

relatively simple design of the circuit and 
for this reason a rotary volume control is 
not used. A switchable attenuator is 
provided to prevent overloading and to 
reduce the volume of the demodulated 
signal should an exceptionally strong 
station be encountered. In the majority of 
cases it will not be necessary to use the 
attenuator: however, it was considered that 
the inclusion of this facility would be 
beneficial to some users. In order to 
capitalise on the available space, the on,off 
switch forms an integral part of the 
headphone socket: the receiver being 
powered up when the headphones are 
connected and powered down when they 
are removed. 

Circuit Description 
The Beginners AM Radio employs 

the Tuned Radio Frequency (TRF) 
principle of radio reception in which the 

tuning is carried out in the RF amplifier 
stage only and the receiver is based around 
the ZN415E AM radio IC. Supplied in an 
8-pin DIL package, the ZN415E comprises 
an RF amplifier, demodulator, audio 
amplifier and AGC (Automatic Gain 
Control) circuit. Referring to Figure 1, it 
can be seen that IC1 requires very few 
external components to function. 

Aerial coil Li effectively serves two 
purposes, acting as the receiving aerial and 
also forming a tuned input circuit in 
combination with variable capacitor VC1. 
Capacitor C3 acts as a very simple low 
pass filter, removing the remaining radio 
frequency (RF) signal from the recovered 
audio. Conversely, Cl and C2 act as 
interstage coupling capacitors allowing 
audio frequencies to pass but removing the 
very low frequency components of the 
signal and blocking DC. Slide-switch Si 
operates the attenuator: when Si is open, 

3ECINNERS' AMPLITUDE MODULATION 

by Gavin Cheeseman 
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Figure 1. Circuit diagram. 
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Figure 2. PCB track and legend. 

resistors R1 and R2 act as a potential 
divider, reducing the signal level; however, 
if Si is closed R1 is bypassed and the 
signal is allowed to pass unhindered. 
Capacitors C4 and C5 are decoupling 
components. The final audio output (after 
amplification) is fed to jack socket Ski 
which also provides power supply 
switching via an internal SPDT switch. It 
should be noted that for optimum 
performance the outer (screen) connection 
of the socket remains open circuit; this 
presents the output with a higher 
impedance load as the headphones are 
then effectively connected in series. 

Construction 
The Beginners' AM Radio uses a high 

quality, fibreglass PCB with a printed 

legend for high reliability and ease of 
construction. Begin by fitting the resistors. 
The IC socket should be fitted such that the 
notch at one end of the socket corresponds 
with that on the PCB legend (shown in 
Figure 2). Do not insert the IC at this stage. 
Jack socket Ski should then be installed 
keeping the base of the component flush 
with the PCB as much as possible. Similar 
considerations apply when installing the 
slide switch (Si). When fitting electrolytic 
capacitors Cl and C2, make sure that the 
correct polarity is observed; the negative 
lead, indicated by a minus (—) sign on the 
side of the capacitor, must be inserted 
away from the positive ( + ) symbol on the 
PCB legend. 

Next fit the PCB pins. After insertion, 
use a hot soldering iron to press the pins 

File  Tap 
here  here 

4-0Tnfir' 

v.ert\te  rod 

Hold in  Drill bit or similar 
place  (See text) 

Figure 3. Cutting the ferrite rod. 

30mm Max. 

Coil 

Ferrite 

 C Lrod  

120 Turns 
Tape  Tape 

5mm  5mm 

 Tin these  t 
sections 

Figure 4. Constructing Ll. 

into place. If sufficient heat is used, it 
should not be necessary to use any great 
amount of force. Once in place, the pins 
may then be soldered. The battery holder 
tags are soldered directly onto the 
appropriate PCB pins; the negative end of 
the holder can be identified by the internal 
spring clip terminal. Solder the holder's 
positive tag to P1 and the negative tag to 
P2. 

By far the most involved part of 
constructing the module is winding the 
aerial coil Ll. Although this is not actually 
difficult some care is required to make sure 
that the correct length of ferrite is cut and 
that the coil is wound neatly. Enough 
excess wire is included in the kit to allow 
several attempts at winding the coil should 
this be necessary but if the instructions are 
followed precisely you should encounter 
few problems. 

To construct Li, it is first necessary to 
cut the ferrite rod supplied to a suitable size 
to fit onto the PCB. The easiest method of 
cutting ferrite is to file a ring around the rod 
at the point where it is required to break 
and then while holding it firmly the 
unwanted part of the rod should be tapped 
lightly until it fractures. A small metal rod 
such as a screwdriver or drill bit can be 
used to aid the breaking of the ferrite rod 
and this technique is illustrated in Figure 3. 
During the process, it is recommended that 
for safety, the rod is covered with a piece of 
cloth as sharp splinters of ferrite can be 
produced at the breaking point. 

The coil is wound from 120 turns of 
34swg enamelled copper wire as shown in 
Figure 4. There are several methods of 
fixing the wire in place, but the quickest 
and easiest is by adhesive tape. Electrical 
insulating tape is best but ordinary, clear 
household adhesive tape will suffice. The 
wire should be secured with the tape at 
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The completed PCB fitted into the box. 

one end of the ferrite rod and close wound 
in a neat fashion. When the coil is finished. 
the last few turns should be held in place 
using a second piece of adhesive tape. 
Alternatively the ends of the coil may be 
glued to the ferrite rod: this method 
probably provides a more permanent 
solution but it will be necessary to hold the 
coil in place whilst the glue is drying. 

Variable capacitor VC1 is held in 
position on the PCB using the self adhesive 
pads provided. Remove the protective 
backing from one side of each of the pads 
and position them such that they cover the 
area marked out for VC1 on the PCB and 
also part of the area marked for Li as 

Figure 5. Positioning the adhesive pads. 

shown in Figure 5. Do not remove the 
remaining half of the backing until you are 
ready to fix VC1 into place. Position VC1 
such that the terminals marked A and G 
line up with P4 and P5 respectively. The 
variable capacitor terminals can then be 
soldered to the PCB pins. The third 
terminal of VC1 (marked 0) remains 
unconnected and should be trimmed to 
prevent it shorting against P6. 

Press Li into position so that the 
overlapping section of adhesive pad holds 
the coil in place. Solder the ends of Li to 
P3 and P6. It is a good idea to tin the tip of 
the wire before soldering to ensure that the 
enamel is removed. The tinned section of 
wire should extend no more than 5mm 
from each end. The length of wire between 
the coil and the PCB pins should be kept 
as short as possible. no longer than 2cm. 
When all of the other components are in 
place, the IC can then be fitted, ensuring 
that the notch at one end of the IC 

corresponds with that of the socket. 
After completing construction of the 
receiver, it is a good idea to double check 
your work to make sure that there are no 
obvious errors. In particular, double check 
the soldering for any dry joints or solder 
short circuits. For further information on 
soldering and constructional techniques. 
refer to the Constructors Guide included 
in the kit. 

Testing 
The Beginners' AM Radio is designed 

to operate with medium impedance 
headphones such as the type commonly 
used for personal stereos (32(2 approx.). A 
suitable set of headphones is Maplin stock 
code XM42V. The overall performance 
obtained from the circuit is very much 
dependent on your location and strong 
local stations will usually provide the best 
quality reception. It should, however, be 
possible to receive some medium strength 
signals at reduced volume levels. The 
receiver is designed to operate from an 
alkaline N type battery such as Maplin 
stock code FM13P. Clip the battery into 
the holder, making sure that the correct 
polarity is observed: the positive end of the 
battery faces toward P1. Plug a suitable set 
of headphones into the headphone socket 
(SK1 ). With Si in the open position, listen 
to the output from the headphones and 
adjust VC1 until a signal is received. If you 
have no test equipment. then the 
frequency range of the receiver can only 
be determined by listening to different 
stations of known frequency and noting 
the relevant settings of VC1. 

Figure 6 shows the frequency range 
obtained from the prototype and the 
corresponding settings of VCI. Obtaining 
the correct frequency range is very much 
down to accurate coil winding. For those 
who possess an RF signal generator and 
wish set up the frequency range accurately. 
VC1 can be trimmed using the adjustment 
screws on the back of the capacitor: 
however, it should be noted that only fine 
tuning is possible using this method and 
accurate coil winding is still important. Any 

5.5 

7  

Fl I/ cutout 

I  B 

() — 

LI _ 

—•1 
6.5 

Di mensions in m m 
Hole Data: 
A 03 
B 07 

Lid 

Figure 6. Tuning range. 
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Figure 7. Drilling details. 
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PCB  Quickstick 
fixing nut  pads 

1nn — 1 
VC1 

CSK Spindle screw 

Spacer 

Shake—proof 
washer 

Spindle extention 

Spindle 

G_TI) 

1 1 

Spacer nut 

I 

(2! ) 
3 x CSK 

fixing screws 

Battery 
holder 

PCB 

Base of box 

Figure 8. Final assembly. 

alignment should be carried out before 
VC1 is fixed in position as the adhesive 
pads are not re-usable. 

Housing the Receiver 
A suitable box in which to house the 

finished module is Maplin stock code 
LL12N (not supplied in the kit). It is 
necessary to drill the box in order to mount 
the PCB and to allow access to the 
attenuator switch, headphone socket and 
tuning capacitor. Figure 7 shows the 
necessary drilling information. Attenuator 
switch, Si requires a rectangular hole; the 
easiest way to cut this is probably to drill 
the box out as accurately as possible and 
use a file or a sharp knife to cut the hole to 
the correct shape. 

Figure 8 shows the PCB mounting 
details together with the spindle and knob 
assembly for VC1. The PCB has 3 fixing 

holes and is mounted using M2.5 nuts and 
screws. Nuts are also used as spacers to 
separate the PCB from the base of the box. • 
After the box is drilled, insert the three 
fixing screws through the appropriate holes 
and fit the spacer nuts. The nuts should not 
be fully tightened at this stage and no more 
than 5mm of each screw should protrude 
into the inside of the case. The PCB may 
then be placed in position and the three 
fixing nuts can be screwed into place using 
a pair of long nose or snipe nose pliers. 
The screws should then be tightened so 
that the heads are flush with the outside of 
the box and the nuts hold the PCB tightly 
in place. Before the tuning knob is fitted in 
position fix the box lid into place using the 
4 self-tapping screws supplied. 

The knob used is a type K7A (Stock 
code YX01B). Tuning capacitor VC1 
should be set to the fully anti-clockwise 

BEGINNERS' AM RADIO 
PARTS LIST 
RESISTORS: All 0.6W 1'!;, Metal Film 
R1,2  10k  2 

CAPACITORS 
C1,2  li.LF 63V Minelect 
C3  100nF Minidisc 
C4.5  lOnF Ceramic 
VC1  Min. AM Tuner Capacitor 

2 
1 
2 
1 

SEMICONDUCTORS 
IC1  ZN415E  1 

MISCELLANEOUS 
Si  R/A SPST Slide Switch 
P1-6  Pins 2145 
Ski  PCB 3-5 Stereo SPCO Skt. 

N Battery Box 
Ferrite Rod 810 
EC Wire 34 swg 

1 
1 Pkt 
1 
1 

1 Roll 

View from above of assembled PCB and box. 

position and the knob placed over the 
spindle. For alignment purposes, position 
the knob so that the pointer corresponds 
with the position of P5 on the PCB and 
tighten the knob fixing screw. Check that 
the knob does not foul the lid of the box by 
rotating it from fully anti-clockwise to fully 
clockwise. If the action is not smooth 
release the fixing screw and raise the knob. 
Tighten the fixing screw and repeat the 
above procedure until a smooth action is 
obtained. 

Finally, the Table below shows the 
specification of the prototype receiver. 

Power Supply 
Operating Frequency 
Suitable Headphone 
impedance 
PCB Dimensions 

Alkaline N type 
540kHz — 1600kHz 

32 Ohm nominal 
66mm x 45mm 

(MIOK) 

(YY31J) 
(YR75S) 
(WX77J) 
(FT78K) 

(QY61R) 

(FVO1B) 
(FL24B) 
(JM22Y) 
(JB84F) 
(YG20W) 
(BL42V) 

DIL Socket 8-Pin 
PC Board 
Constructors' Guide 
Quickstick Pads 

OPTIONAL (not in kit) 
Verobox 301 
Alkaline KN Battery 
Knob K7A 
Spacer 4BA x 1/4 inch 
Poziscrew M2-5 x 12mm 
Isoshake M2-5 
Isonut M2-5 

1 
1 
1 
1 Stp 

1 
1 
1 
1 Pkt 
1 Pkt 
1 Pkt 
1 Pkt 

(BLITT) 
(GE43W) 
(XH79L) 
(HB22Y) 

(LL12N) 
(FM13P) 
(YX01B) 
(FW31J) 
(BF40T) 
(BF45Y) 
(BF59P) 

The above items. excluding Optional, are available as a kit 
Order As LP28F (Beginners' AM Radio) Price £6.95 
The following item is also available separately: 

Beginners' AM Radio PCB (GE43W) Price £1.98 
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1991 CATALOGUE PRICE CHANGES 
The price changes shown in this list are valid from 1st January to 30th April 1991. Prices charged will be those ruling on the day of despatch. 

For further details please see 'Prices on catalogue page 577. 

Price Changes 
All items whose prices have changed since the publication of the 1991 
catalogue are shown in the list below. 

Key 
DIS  Discontinued 
TEMP  Temporarily unobtainable. 
FEB  Out of stock; new stock expected in month shown. 
NV  Indicates that item is zero rated for VAT purposes. 

Whilst stocks last. 

1991  VAT  1991  VAT  1991  VAT  1991  VAT 
Catalogue  Inclusive  Catalogue  Inclusive  Catalogue  Inclusive  Catalogue  Inclusive 
Page No  Price  Page No.  Price  Page No.  Price  Page No.  Price 

Audio, Video & Computers 
Page 31 

1 -  25 • 
FV36P  Record Clean Cloth £1 48  1 30 

Page 34  
FD42V  Drive Bell 15 5mm  DIS 
FD43W  Drive Belt 18rnm  DIS 

1 -  10 - 
F063T  Send Cassette Head  E19 95 CI 7 25 

1 -  25 - 
F065V  Stereo Cassette Head £4 95  £4 25 

Page 35 

1. 
CT39N  TDK MA-XG90    £8 95 
CT37S  MaxelIMX-C90    £3 75 

Page 37 

vu 3P •A Enhancer Stabiliser  DIS 
YP478 •A Video-One Adaptor  DIS 

Page 40  
P*26E)  SK-204 Traffic Cop DIS 

Batteries & Power Supplies 
Page 51 

FK55K  Zinc Carbon KAAZN  DIS 
FK56L  Zinc Carbon KCZN  DIS 
FK57M  Zinc Carbon KDZN  DIS 

Page 52 

JG92A  12V Lighter Ban 27A  DIS 

Page 53 

JG89W  Merc Batt HG it  DIS 

Page 55 

FV7OM  Necad D 1600mAh 
YG030  Necad D 4000mAh 

Books 
Page 63 

WS82D  Elect WirOig Dornestc 

Page 64 

WP76H  Mastr Electrical Eng 
WS54J  Basic Skills Elect 

1-  25-
E2 95  £2 34 
£5 45  £4 46 

1 - 
£10 95NV 

£5 99NV£  
4 95NV 

Page 65 

Elect Dictionary  DIS 

Page 67 

WPO7H  Engineers Sourcebook  E12 95NV 

Page 71 

WS22Y  Audio Circuit Manual  El 1 95NV 

Page 74 

WG010  Book NB447   El° 95NV 
WM600  Mastering Electronic  £5 99NV 

Page 75 

WP98G  Elec in Practice   £5 95NV 
XW63T  Book JM671  £5 25NV 

Page 77 

XW3OH  Cost Elfectv Constrc  £8 99NV 
5W31J  Pro for Car Garage  £9 99NV 

Page 78 

RBI OL  Book NB269  El2 95NV 

Page 79 

WS74R  Opto Elec Line Trans  £13 95NV 

Page 80 

WP51F  Audio Prolects  El0 99NV 

Page 81 

WG82D  Book FTI364  £14 95NV 
WSOOA  Comp Disc Tech  £25 OONV 
WS96E  The ICE Manual  Ell 95NV 

Page 82 

WP96E  Pract MIDI Handbook  £6 95NV 

Page 83 

XW54J  Book NB439   DIS 
WP87U  Radio Ams Exam Mandl  £6 45NV 
WS13P  A R Operating Manual   £6 95NV 
WS140  VHF UHF Manual   C9 95NV 

Page 84 

Vi5165  FIF Antennas All Locs  E5 75NV 
RB22Y  Book BP222 
WS61R  Short Wave Listening  £14 95NV 

Page 85 

WP478  Scanners  £8 95NV 

Page 86  
WS34M  Guide TV-VP Tech   £12 95NV 
WG89W  Book NB132    DIS 
WS92A  Mobile Radio Swing   £30 OONV 

Page 87 

WP56L  Service VidRecordrs   £25 OONV 
WS98G  Wash Machine Manual   £11 95NV 
WS97F  Dishwasher Manual £11 95NV 

Page 99  
XW98G  Book FTI 070   DIS 
WM79L  Micro I Face Ccts   E2 75NV 
WAO2C  Book MM495   £12 99NV 

Page 89 

WAO5F  6502 Assembly Subs  DIS 
WK3OH  Programming 6809  £20 95NV 
WA04E  68000 Assembly Prog  £21 95NV 

Page 90 

WP58N  Understanding C  £20 95NV 

Page 92 

WM 77J  Working dBase II  £10 95NV 

Boxes 
Page 99  

1 -  25 - 
FG41U  PSU Box and Plug  £2 20  £2 02 

1 - 
JMI6S  PSU Grommet  80 

Page 101 

1  10 - 
LLOBJ  Verobox 211  £5 25 £4 95 
LLO9K  Verobox212   £5 75 £5 58 
LOO7H  Verobox 214   £7 25 £6 85 
LOO8J  Verobox 215   £7 45 £7 It 
LOO9K  Verobox 216  £7 75 £7 56 

Page 102 

YU96E fAllnstrument Case IB-1 
YU97F X Instrument Case IB-2 
YU98G I1instrument Case IB-3 
YU99H TA-: Instrument Case IB-4 

Page 103 

YN53H  Box CAN40 
YN49D  Box CAN80 
YN50E  Box CCN80 
YN51F  Box CCN160 
YN52G  Box CCN220 

FE36P  Lug 40 
FE37S  Lug 80 

FE38R  Sink 20 
FE39N  Sink 40 
F E41U  Gasket CCN 

Page 104 

YJI IM  Wallbox Plain 

XMI2N .P 19 Case 4817 

Page 106 

JU45Y  Grommet Foot 6 9mm 

Cables 
Page 109 

BL46A  L C Wire Black 
BL470  L C Wire Blue 
BL49D  L C Wire Green 
BL53H  L C Wire Red 
BL55K  L C Wire White 
BL56L  L C Wee Yellow 

1-  5-
E845  £765 
£895  £828 
£945  £880 
£1045 £9 49 

1-  10-
E325  £285 
£425  £375 
£595  £535 
£895  £795 
Ell 95 £9 95 
1-  50-
45p  38p 
52p  43p 
1-  25. 
£1 60  Et 41 
£1 95  El 66 
£1 20  £1 09 

1 -  10 - 
£10 95 £9 95 
1 -  5 - 
£47 95 £42 55 

1 -  25 - 
24p  20p 

1 - 
El 10 
El 10 
C1 10 
£1 10 
El 10 
£1 10 

Page 110 

XR22Y  EHT Wire  50p 
BL16S  EC Wire 2 Omm 14swg  72p 
YN79L  250 ECW 2 Omm 14swg  £2 56 
BL24B  EC Wee 1 6mm 16swg  72p 
YN800  250 ECW 1 6mm 16swg  £2 56 

BL25C  EC Wire 1 25mm I8swg  .75p 
YN81C  250 ECW 1 25mm 18swg 
BL26D  EC Wire 0 9mm 20swg  75p 
YN82D  250 ECW 0 9mrn 20Swg  £2 65 
BL27E  EC Wire 0 71mm 22swg  78p 
BL28F  EC Wire 0 56mm 24swg  78p 
YN84F  250 ECW 0 56mm 24swg  £2 86 
BL29G  EC Wire 0 45mm 26swg  86p 
BL39N  EC Wee 0 375mm28swg  .86p 
BL4OT  EC Wire° 315mm30swg  92p 
BL41U  EC Wire 0 28mm 32swg  92p 
YN88V  250 ECW 0 28mrn 32swg  £2 36 
BL42V  EC Wire° 236rnm34swg  96p 
YN89W  250 ECW 0 236mm34swg  £3 45 
13L440  EC Wire 0 15mm 38swg  f I 06 
YN91Y  250 ECW 0 15mm 38swg  £3 95 
BL600  EC Wire 0 125mm40swg  £1 06 
YN92A  250 ECW 0 125mm40swg  trl 25 
BL61R  EC Wire 0 1mm 42swg  E I 45 
BL62S  EC Wire 0 08mm 44swg  [ 1 98 
BL I 1M  TC Wire 1 6mm 16swg  62p 
BL12N  TC Wire 1 25mm 18swg  65p 
BL13P  TC Wire 0 9mm 20swg  68p 
BL140  TC Wire() 71mm 22swg  75p 
BL15R  TC Wire° 56mm 24swg  80p 

Page 112 

XROIB  Min Mains Black 26p 

Page 113 

XS13P  Earthing Wee  80p 

Page 116 

XR261)  Multi-Core 6-Way    56p 
XR27E  Multi-Core 9-Way  68p 
XR28F  Multi-Core 15-Way  98p 
XR46A  Mutto-Core 25-Way  £1.36 
XR54J  Multi-Core 36-Way  £1 .75 

Page 117 

PB28F  25m Systflex 1mm Blk  £1 20 
PB29G  25m Systflex I mm Grn  El 20 
PB3OH  25m Systflex lmm Red  £1 20 

Capacitors 
Page 121 

1 -  100 . 
WX53H  Ceramic 56 .   10p  9p 
WX54J  Ceramic 68   10p  80 
WX55K  Ceramic 82   10p  80 
WX56L  Ceramic 100   10p  80 
WX57M  Ceramic 120   12p  10p 
WX58N  Ceramic 150   12p  10p 
WX59P  Ceramic 180   12p  10p 
WX600  Ceramic 220   12p  10p 
WX61R  Ceramic 270   14p  12p 
WX62S  CeramiC 330   14p  12p 
WX730  CeramiC 2700   10p  80 
WX74R  Ceramic 3300   10p  80 
WX75S  Ceramic 3900   10p  80 
WX76H  Ceramic 4700  10p  80 
WX77J  Ceramic 10 000  12p  10p 
WX786  Ceramic 22 000  12p  10p 

Page 122 

WX31J  Mica 4700pF  01S 

Page 123 

BX25C  Polystyrene 33  DiS 
1-  25 - 

BX94C  Polystyrene 47.000  45p  42p 

Page 124 

1-  100 - 
BX84F  Polyester 2 2uF  68p  580 

Page 126 

FB91Y  Axial 2200uF 50V  £1 48  £1 13 
FB92A  Axial 2200uF 63V  £1 56  £1 27 

Page 128 

WL69A  Trimmer 10pF 
WL7OM  Trimmer 22pF 
WL72P  Trimmer 65pF 

Page 130 

1 -  25 - 
HX99H  Ceramic For 10 7MHz  El 36  £1 27 
UF7I N  FItr 10 7N1Hz 50kHz  £1 36  El 27 

1 -  50 - 
30p  27p 
380  34P 
40p  35p 

Communications 
Page 140 

1 --
HK25C  HD-1234 Antenna Sw  £39.95 
HK248  HN-31A Cantenna Load  £34.95 

Page 143 

I+  26+ 
FT476  Twin Second Jk 5 6A  £3.95  £2.25 

Connectors 
Page 147 

HH I 7T  BNC Plug 50  £1 45  £1 20 
FE 99H  BNC Plug 75  Et 86  Et 61 
HHI 8U  BNC Round Skt 50  £1.25  ft 13 
FE31J  BNC Round Skt 75  £1.40  £1 21 

Page 148 

FJ76H  Car AE Line Skt  56p  50p 

Page 151 

JL99H  Grounding Post  48p  39p 

Page 153 

RK62S  D-Range 9-Way Cover  £1 20  97p 
86600  D-Range 15-Way Cover  El 28  £1 14 
Y050E  DiRange 25-Way Cover  £1 36  El 20 

Page 162 

FT87U  20W IDC Edge Connctr  £2.25  £2 07 

Page 163 

FV83E  Sig Trans/reader 16w   DIS 
FV86T  Stg Transheader 34w   DIS 
FA53H  Stg Transheader 4Cra  DIS 
FA54J  Stg Trans/reader 50w  DIS 

Page 165 

1-  25-
JB2I X  2x I 4skt x3 5plg Mon  98p  83p 

Page 172 

HL43W  Euro Facility Plug £285  £2 65 

Page 173 

FE 79L  R A Euroconn Lead  5;2-65 £80.. 2.42 

YZ1OL  4 Way Mains Conn  p9.75  £13.69 
YZI1M A 6 Way Mans Conn  £1395 £12 52 

Page 174 

I.  25 , 
HL23A  Mains Socket P430SE  £1.65  £1.51 
HL37S  Mains Socket P636  £1.75  £1 .61 

Page 175 

In  100-
HL51F  Boot 9455   52p  48p 
FK96E  Batt PI Skt Pair  80p  72p 
FK97F  GP PI Skt Pair  75p  57p 

1-  25. 
HLO1B  Octal Ch Plug  £1.75  £1.61 
HLOOA  Octal Ch Skt  £1.45  £1 15 
HLO2C  8-way Plug   £2.25  £2.07 
HLO3D  8-way Socket   £2 45  £228 

Page 177 

FL84F  Edge Conn 116  DIS 

Page 178 

JB79L  0 156in 2x28way Egcn  D1S 

Page 181 

FKO7H  PCB Mini DC Rwr Skt  36p  33p 

Page 187 

RK853  V.cleo Lead 2  DIS 

Electrical Accessories 
Page 189 

1 -  50 - 
FE781(  Terminal Block 2A  48p  42p 
HFO1B  Terminal Block 5A  60p  44p 
HL54J  Terminal Block 15A   75p  60p 
HL55K  Terminal Block 308 .  £1 .36  £1 04 

1.  25 - 
HL56L  Terminal Block Conn  £2.45  E 1 98 
HL58N  Rubber 13A Plug  £1.56  El 43 
HL61R  Fier Connector   £118  El 81 

Page 190 

1.  25 - 
HL62S  Mans Adaptor 2-way  £1.28  98p 
HL63T  Mans Adaptor 3-way  £2.25  £1.90 
HL64U  Shaver Adaptor   £120  92p 
HL65V  Junction Box Small   780  64p 

HL68Y  Single Skt Unswtched  £2.45 
XJ81C  Ski Unsw lOpk  £19.95 
HL69A  Dole Skt Unswitched  £4 45 
XJ820 X Double Skl Unsw 5pk  £1995 
JC350  Triple Skt Unswtched  £8.95 

£1.00 handling charge must be added to each mail-order. W. E etc. against price indicates additional charge for carnage (see Order Coupon). 
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Catalogue 
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VAT 
Inclusive 

Price 

XJ94C g; Triple Ski Unsw 5pk  £39 95 
HL7IN  Single Sw Socket  U 75 
XJ83E EC Single Sw Ski lOpk  £23 95 
JG4OT  Metal Single Sw Skt  £5.45 
XJ98G lil Mu l Sngl Sw Ski 5pk  £24 95 
XJ84F W Double Sw Ski Spit   £20 95 
JG41U  Metal Double Sw Ski  E9 45 
XJ991-I 5::-!, MII D b I Sw S k 1 5pk  E44 95 

Page 191 
1 -  25 - 

YN46A  Extn Lead 13A  £9 95  £8 00 
1 -  10 - 

HL76H  Cooker Switch   £9 45  £8 80 
HL78K  Shaver Ski Isolated .  £22 95 £20 93 

1 -  25-
HL838  Switched Flex Outlet  £4 75  trt 13 
HL86T  Blanking Plate   £1 20  97p 

1 • 
HL87U  208 Plateswilch    £3 95 
JG3OH  20A Neon Plateswrtch  £5 75 
HL89W  Light Such ST Single  El 65 
XJ85G  A Lght Su ST 1W lOpk  £11 95 
HL9OX  Light Such DT Single  El 98 
HL91Y  Light Such Dual   E3 45 

Page 192 

HL92A  Light Switch Triple   DI 45 
1-  10 - 

F016S  Auto Security Switch  £21 95 £19 95 
1 - 

JG3IJ  Metal Box 16mm  98p 
XJ88V  6MetalBon16mm20pk  £11 95 
JG32K  Metal Box 25mm  El 06 
XJ89W rAl Metal Bon 25mm lOpu  £7 95 
JG33L  Metal Box 2-way 25mm  £1 25 
XJ90X WI Metal Br 2w 25mm 5pk  £5 45 
JG34M  Metal Box 2-way 47mm  C I 98 
YB140  Sur Pan 20mm Sngl  £1 06 
YP99H  Pan 20mm Sngl lOpk  £7 75 
YB15R  Sur Pan 29mm Sngl  £1 16 
XJ91Y  Part 29mm Sngl 1 Opk  £8 45 
YB16S  Sur Pan 29mm Dble  £1.98 
XJ92A rid Pall 29mm Dble 5pk  £8 45 

Page 193 

YB17T  Sur Pan 47mm Dble 
YB18U  Conversion Panress 
XJ93B INConv PatIress 5pk 
JG36P  3-way Cony Pattress 
XJ95D Fil] 3w Cony Panress 5pk 
FOO2C  BC Lampholder 
YP98G  Larnpholder lOpk 
JG37S  Rose and Pendant 6in 
YTOOA  Rose Pendant 6on 5pk 
L863T  Bayonet L Hldr 
XJ87U  Battenholder 109k 
FOO5F  Ceiling Rose 
XJ86T  Ceiling Rose lOpk 
JG38R  Rose Larnpholder 
XJ96E  Rose Lampholder tOpk 

FOO7H  Staner 80W 
JK7OM  ES Panel Lampholder 

BK69A  ES to BC Adaptor   

Page 194 

BK7OM  BC to ES Adaptor  El 98  El 73 
1-  10 - 

XJ786  Consmr Unit 12W 100A  £22 95 £19 15 
1 - 

XJ79L  Consmr Unit wilt ELCB   £59 95 
XJ806  Door for Consrnr Unit   £3 45 

1 • 
JG42V  68 MCB  £5 45 
JG43W  16A MCB  £5 45 
JG46A  20A MCB  £5 45 
JG44X  32A MCB  £5 45 
JG4 , Y  TA MCB  £6 45 

Entertainment 
Page 197 

Headphones 

£2 95 
£3 45 
£14 95 
£4 45 
£17 95 
£1 45 
£10 95 
£3 45 
C14 95 
CI 16 
CB 95 
£1 48 
£10 95 
£3 45 
£27 95 

1 -  100 - 
28p  22p 
£1 20  91p 
1-  25-
E2 75  £2 47 

Hardware 
Page 207 

JC8OB  Pozi Screw M520mm   
BF33L  Pozi Screw M4 6mm    
JC730  Pozi Screw M410mm 
JC74R  Pozi Screw M4 16mm 
JC75S  Pozi Screw M4 20mm 
JC76H  Pozi Screw M4 30mm 
BF38R  POZi Screw M3 25mm 
JC72P  Pozi Screw M3 30mm 
LR58N  Pozi Screw M340mm 
JC68Y  Port Screw M2 510mm 
JC69A  Paz, Screw M2 5 20mm 
JC66W  Pozi Screw M210mm 
JC67X  Pozi Screw M212mm 
JD25C  sobolt M510mm 
BF46A  sobolt M512mm 
JD26D  sobolt M5 16mm 
.1027E  sobo0M520mm 
JD28F  soboit M5 25mm 
JD29G  soboliMsdomm 
BF48C  soboltM46mm 
JD2OW  sobolt M4 lOmm 
BF 49D  sobolt M4 12mm 
JD21X  sobolIM4 16mm 
JD22Y  sobolt M4 20mm 
BF50E  sobon M4 25mm 
JD23A  sobolt M4 30mm 
J02413  sobolt M4 40mm 
BF51F  sobolt M3 6mrn 
HY3OH  sobolt M3 10m rn 
BF 52G  sobon M3 12mm 
JDI 6S  sobon M3 16mm 
J0177  sobo11143 20mm    
BF 53H  sobon M3 25mm   
JD18U  sobolt M3 30mm 

CI 

10 • 
£4 75 
£4 75 
£4 75 
£4 75 
£5 45 

DIS 

249 
20p 
209 
20p 
20p 
249 
30P 
36P 
44p 
16p  129 
26p  23p 
24p  21p 
30p  27p 
52p  46p 
56p  499 
62p  56p 
68p  63p 
Cl 36 CI 18 
£2 05 £1 73 
36p  329 
38p  34p 
40p  35p 
429  37p 
459  42p 
56p  51p 
El 65 El 56 
El 65 El 56 
 28p  23p 
 28p  23p 
 28p  23p 
 28p  236 
989 92p 
98p  90p 
 9Elp  92p 

20p 
18p 
18p 
18p 
I 89 
20p 
269 
33p 
40p 
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BF54J 
JD140 
BF55K 
J015R 
J011M 
JDI2N 
JD I 3P  sobon M212mm 
JD61R  Steel Nut M3 
JD62S  Steel Nut M2 5 
JD63T  Steel Nut M2 
BF56L 
'BF57M 
BF58N 
BF59P 
LR59P 

sobon M2 56mm 
sobon 1012 5 lOmm 
sobon M2 512mm 
sObolt M2 5 20mm 
sobolt M26mm 
sobolt M210mm 

sonut M5 
sonut M4 
sonut M3 
sonut M2 5 
sonut M2 

JD75S  Steel Washer M4 
JD76H  Steel Washer M3 
JD77J  Steel Washer M2 5 
JD713K  Steel Washer M2 
BF600  Isowasher M5 
BF61R  Isowasher M4 
BF62S  Isowasher M3 
BF637  Isowasher M2 5 

Page 208 

JD94C  Springwash M5  10p  9p 
JD95D  Springwash M4  10p  9p 
JD96E  Springwash M3 
..1097F  Springwash M2 5  10p  9p 
JD98G  Springwash M2  10p  9p 
BF42V  soshake M5 
BF43W  soshake M4 
BF44X  soshake M3 
BF45Y  soshake M2 5 
LR61R  soshake M2 
LR63T  sotag M4  56p  499 
LR64U  sotag M3  48p  37p 
BFO2C  Bolt 4BA I 4in  329  289 
BFO3D  Boll 4BA 1 2in  36p  33p 
BF04E  Bolt 4BA tin  48p  42p 
BFO5F  Bolt 6BA 1 4in  249  20p 
BFO7H  Bolt 6BA tin  809  75p 
BFO8J  Bon 8BA I 4in  86p  79p 
BFO9K  Boo 8BA 1 2on  869  79p 
FP69A  Bolt 8BA 3 4in  869  75p 
BF1OL  C S Screw 4BA 1 2in  189  15p 
LR56L  C S Screw 6BA 1 4in  209  18p 
BF12N  C S Screw 684 1 2in  20p  17p 
LROOA  C S Screw 8BA 1 2in  20p  17p 

1 • 
BF140  Panel Screw  8P 
LR75S  C S Panel Screw  10p 

1 •  10-
BF16S  Nut 2BA  48p  42p 
BF I 8U  Nut 6BA  18p  14p 
BF19V  Nut 8BA  18p  14p 
BF2OW  Washer 2BA  18p  14p 
BF2' X  Washer 4BA  18p  14p 
BF22Y  Washer 6BA  18p  14p 
E3F23A  Washer 8BA  18p  14p 
BF24B  Shake 2BA  10p  9p 
BF25C  Shake 469  10p  9p 
BF26D  Shake 6BA  10p  9p 
LRO I B  Shake 8BA  159  59 
BF28F  Tag 4BA  24p  20p 
BF29G  Tag 6BA  24p  20p 
LRO2C  Tag 868  24p  20p 
LR67X  SII-Tpr No 603 Bin   24p  209 
BF67X  SII-Tpr No 601 2in   24p  21p 
FE68Y  SII-Tpr No 4 x 1 4in   24p  20p 
BF65V  SII-Tpr No 4 x 3 8in   24p  20p 
BF66W  Str-Tpr No 4 x 1 bri  24p  20p 
BF64U  Slf-Tpr No 2 x 3 16  24p  20p 
LR68Y  Slt-Tpr No 2 x 3 8in   24p  209 

VAT 
Inclusive 

Price 

Page 209 

1 • 
BF84F  Nyl Washer 6BA   16p 
FP98G  4 x I 4 PoziCsk Scov   26p 
LB99H  Blk Wdscrw No 4 1 2  15p 

1-  25-
YL23A  Hand Wheel Bolt  36p  30p 

1 - 
FE69A  Hex Clear Spacer  80p 
LR71N  Threaded Spacer 4BA  Et 36 
FG39N  Threaded Spacer M4   £1.28 

8813  79P 
860  76p 
86P  76p 
98p  889 
98p  88p 
98p  88p 
98p  88p 
12p  10p 
189  15p 
189  15p 
36p  32p 
289  23p 
28p  23p 
209  179 
20p  17p 
10p  99 
89  7P 
8p  7p 

59  71) 
209  189 
14p  12p 
14p  12p 
14p  129 

10p  9p 

10p  99 
109  99 
10p  9p 
10p  9p 
10p  9p 

Page 210 

FI3980  Rubber Coupling 

BK87U  Snap Rivet 
JU39N  Std Grommet 4 Omm 
FW59P  Thu Grommet 6 4mm 
FW600  Std Grommet 9 5mm 
JU4I U  Std Grommet 15 5mm 

Page 211 

JU42V  Ellnk Grommet 15.5   
JU43W  Blnk Grommet 20.0  159  99 
JU44 X  Blnk Grommet 25 4rnrn  149  13p 

1 - 
JP12N  L Corner  32p 

1 •  10-
E1 20  £1 10 
1 -  25 - 
52p  46p 
4p 
50 
Bp  53p 
9p 

1 -  25 - 

89 

Heathkit 
Page 213 

HK71N  GO-1701 Flood Alarm DIS 

Page 214 

MF350  SCD- I Suprcnrictr Kit  DIS 
HKO4E  EE-3140 Hobby Elect  £65 95 
HK32K  EE3100 Basic Ertrty   E53.95NV 

Page 215 

HKO8J  EE-3104A Elect Crs  .E79 95 
HKO9K  E 6-3105A Tst Rip Crs  £129 95 
HK42V  EE;3106 Eict Com Crs  £85 95 

Page 278 
Page 216  10-

HK I OL  ET-3600 Analog Trner  £174.95  LM79L  Aud Vid Mod Hard Krt  £s.95 £895 
00 handling charge must be added to each mail-order. w, E etc. against price indicates additional charge for carriage (see Order Coupon). 
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MF28F  Heathiut ET.3567 

Page 217 

HK13P  ET;3700 Digital Trnr 
MF 38R  E TI-7510 Repair Org 

Page 219 

HK18U  ET-3400A Micro Trnr 
HK19V  E TAN-3400A Assembled 

Knobs 
Page 223 

WL45Y 
WL46A 
WL47I3 
WL48C 
WL49D 
WL50E 

15mm Collet Cap Blk 
15mm Collet Cap Blue 
I 5mm Collet Cap Gmn 
15mm Collet Cap Grey 
15mm Collet Cap Red 
15mm Collet Cap 011 w 

WL43W  3 800 Nut 
WL44X  lOmm Nut 

Page 224 

R0290  Spindle Coupler 
RX3OH  EKt Spindle 
RX44X  Flywheel 

Microphones 
Page 227 

YN1OL  Spctrm 600 Mic Yellw 

Musical & Effects 
Page 233 

YP48C  Mini Guitar Amp 

Page 236 

YM88V  Mic Mixer 

Opto — electrical 
Page 244 

R0600  Holder MES Green 
RX61R  Holder MES Red 

Page 258 

H064U  Lensholder 

Panel Meters 
Page 260 

LB8013  Sig Strength Meter 
LB79L  Tuning Meter 

PCB Equipment 
Page 262 

FL19V  DIP Board 

Page 263 

FL2OW  Pin 2140 
FL23A  Pin 2144 
FL2413  Pin 2145 

Page 264 

FL80E3  Pin 0266 Pk of 100 

FP39N  Wring Combs Pb 100 

FL29G  13-Way Tagstrip 

YLI 1M  Vero Plugblock 

Page 267 

XF343W  Seno Etch System 

Page 271 

1-  25 - 
6W21X  rack Tape 31  Cl 48  Cl 38 
BW22Y  rack Tape 40  Cl 48  CI 38 
BW23A  rack Tape 50  Cl 48  ft 38 
BW2SC  rack Tape 80  Cl 98  El 84 
BW26D  rack Tape 100  El 98  Cl 84 
BW27E  rac0 Tape 125   £2 10  El 94 
BW28F  rack Tape 150  £2 75  C2 59 
BW29G  rack Tape 200   £2 75  £2 59 
BW3OH  aid 075   £2 25  £2 10 
BW31J  ad 100   £2 25  £2 10 
BW32K  ad 125  £2 25  £2 10 
BW33L  ad 150  £2 25  £2 10 
BW34M  ad 200  £2 25  £2 10 
FJ57M  ad 250  DIS 
BW350  ad 300  DIS 

1-  10 - 
BW39N  I Pads 100  £5 95  £5 66 

1 - 
SP 

8p 
8p 
8p 
Be 
1 - 
28p 
28p 

VAT 
Inclusive 

Price 

L199 95 

£189 95 
£94 95 

C319 95 
£459 95 

100 • 
7p 
7p 
7p 
7p 
79 
7p 
50 - 
26p 
26p 

El 48  £1 41 
£1 65  El 59 
 DIS 

LOS 

DIS 

1-  250-
E1 56  £1 33 
£1 56  El 33 

1 -  25-
Et 56  Cl 38 

£2 65  £2 36 
£2 65  £2 36 

1 -  10 - 
£7 95  £7 31 

1-  25-
E1 65  £1 56 
£1 20  El 13 
El 20  £1 13 

£425  £3 97 
1 -  5-
E1245 £11 85 
1-  25-
32p  29p 
1-  10-
C9 95  £9 32 

£9 95  £13 57 

Projects & Modules 
Page 273 

1 - 
FSOIB  Geiger Front Label  Cl 75 
FSO2C  Geiger Rear Sml Labi  Cl 75 
FSO3D  Geiger Rear Lrg Labl  El 75 

Page 275 

LW74R  Radar Ch PSU Module  C19 95 
LW75S  Radar Extr Ch Module  £6 95 
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Page 279 

1 
00699  Temp Mod Ser Par Bd  £6 95 

VAT 
Inclusive 

Price 

Page 282 

GE3OH  Ioniser Pick-UpF3d 

LM97F  Ioniser Kit 

Page 285 

LP3OH  1 300 Timer 

Page 290 

GB67X  RTTY Terminal PCB 

Page 293 

YTO5F  B Box Drilled - ChSSiS 

Page 296 

YM16S  Gen Purp I P Str Ass 

LR34M  HO Mixer PCB No 24 

Page 297 

GD34M  Lo-z Mic Preamp PCB  £2 36 
1 -  10 - 

LK87U  Line Amp Kit  £5 95  £5 25 
YM21X  Line Amp Assembled  £8 95  E7 95 

1 • 
LR23A  HO Mixer PCB No 8  £2 95 

1 -  10 - 
LK85G  Peak Overload Kit  £3 25  E2 95 
YM 1 9V  Peak Overload Assbld  £5 75  £5 25 

1 - 
LR2I X  HO Miner PCB No 6  Cl 86 

1 -  10 - 
LK83E  Tone Cntrl mono Kit  £4 75  £4 25 
YM17T  Tone Cntrl mono ASS  £7 45  £6 75 

989 
1;  10 • 
£32 95 £30 95 

1-  25-
£4 95  £445 

PO 95 

DIS 

1 -  10 - 
E9 95  £13 95 

1 - 
£3 65 

Page 299 

GA31J  Compander PSU PCB 
XG37S AMkN R Unit Case 

Page 302 

1 -  10 - 
,903D  TOA2822 Stro Pwr Amp ' £6 95  £6 45 

1 •  25 - 
LP165  TDA7052 Kit  £3 95  £3 57 

1 -  10 - 
LW36P  8W Amp Kit  £6 95  £6 27 

DIS 
DIS 

Page 303 

Y043W  15W Amp Kit 
Y0375  15W Amp Module 

Page 306 

GA28F  150W MOSFET PCB 

Page 307 

0080B  HP Moslet Driver PCB 

LM50E  HP Mostel Driver Kit 

00910  Wan Watcher PCB 

LM57M  Watt Watcher Ka 

Page 308 

GD72P  D Pany Contrlir PCB 
GD2OW  ADA Digital Echo PCB 

Page 311 

G083E  Tunes Generator PCB 

LM4713  Multi-tune Gen Kit 

Page 313 

GD63T  Mini Metal DelcIr BiT 

Page 316 

00440  41 2 Dig Count, PCB 

LM19V  45 Digit Cowin Kit 

RK39N  Freq Cnt Front Panel 

Page 317 

00290  Fib Optic T0 PCB 
G028F  Fib Optic R0 PCB 

LM12N  Fib Optic To Kit 
LM I 1M  Fib Optic Rk Kit 

Page 323 

LK95D  Digitiser Kit 

LK51F  Light Pen Kit 

Page 325 

1 - 
GDO5F  Amstrad Controller  DIS 
GD37S  ReversrbOard  DIS 
FA136T  50 way Amstrad Cable  DIS 
FA88V  Amstrad Front Panel  DIS 
FA89W  Amstrad Rear Panel  0/S 
LK97F  B Amstrad ROM Card Ku  DIS 
YM57M BAmslradContrllrAsm  DIS 
GDO4E  Amstrad Motherboard  El 95 

1*  10 - 
LK98G  Amstrad Motherbd Kit  El8 95 £15 95 

C6 95  £6 25 
C9 75  £13 75 

£2 95 

Ert 45 
1 -  2-
E11 95 £11 35 

1 - 
C3 20 

1 -  25-
E525  £4 75 

1-
£4 95 
£6 45 

C3 95 
1 -  10-
E10 95 £9 95 

El 48 

£7 95 
1-  10 - 
E25 95 £22 95 

1 - 
C3 75 

£2 45 
£3 65 

1-  10-
E8 95  £7 65 
£9 95  £13 95 

1-  5-
E38 95 £34 95 
1-  10 - 
E9 95  C8 95 
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Page 326 
1 - 

GDO6G  Amstrad 6v8 bit PCB  £12 95 
1 -  10 - 

LMO2C  Amstrad 6v8 Bit Kit  £24 95 £21 95 
1 - 

GDO7H  Amstrad PSU PCB  DIS 
XH651  Amstrad Booklet  DIS 

Page 327 
1-  10 - 

LP 1 OL  SP0256 Kit   £15.95 £14 45 
1-  5 - 

LM808  Rec Playbk Kit   £38.95 £34 95 
1 - 

G0881  Rec Playback PCB   £f3 75 

Protection 
Page 333 
WH49D  Fuse Clip  4p 

VAT 
Inclusive 
Price 

Page 334 

HWO4E  RF Supp Choke lA 
HWO5F  RF Supp Choke 2A 
HWO6G  AF Supp Choke 3A 

Page 335 

YR9OX  R-C Network 

HWO7H  Delta Cap 

Radio Control 
Page 344 

JP938  Blaster Ire Clips 

Page 345 
JL66W  BJ Front Whl Assmbly 
JR41U  Big John Aerial 
JL7I N  BJ Front Shocks 

Page 348 
JF61R  Killer 2130 
JF74R  Killer 2250 
JF9I Y  Killer 4015 

Page 349 
JF09K  Beagle BG-50 

Resistors 
Page 355 
WR79L  Hon° 25W Preset 220R 
WR83E  Hod) 25W Preset 4k7 
WR92A  Nor° 25W Preset 4M7 
WW02C  Vr10 25W Preset 47OR 

Page 357 

YPO2C 
YPO3D 
YPO4E 
YPO5F 
1P06G 
YPO7H 
YPO8J 
YPO9K 
YP1OL 

High Power Pot 47R 
High Power Pot 100R 
High Power Pot 47OR 
High Power Pot lk 
High PoVrer Pot 4k7 
High Power Pot 10k 
High Power Pot 47k 
High Power Pot 100k 
High Power Pot 1M 

Page 358 
FX07H  SIKle Bezel 

Semiconductors 
Page 365 
UJ221  BUV48A 

Page 366 

YH98G  2N3055 
OH59P  MPFI02 

Page 367 
W0968  VN46AF 
W097F  VN66AF 
OH74R  09200 

Page 369 
OLO5F  SCI460 

1 
36p 
40p 
45p 

25 - 
35p 
37p 
42p 

1-  50 - 
El 65  ft 57 
1 - 25 - 
El 06  94p 

1 
DIS 

DIS 
48p 
DIS 

DIS 
DIS 

DIS 

DIS 
DIS 

1 - 
£2 68 
£2 68 
£2 68 
£2 68 
£2 68 
£2 68 
£2 68 

£2 68£  
2 68 

65p 

DIS 

1 -  25 - 
75p  65p 
75p  69p 

£1 06  92p 
£1 48  £1 36 

DIS 

DIS 

Page 380 
UH72P  74AC373  DIS 
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Page 393 

UL33L  LM837 
ULO5F  OP-770P 

VAT 
Inclusive 
Price 

1 -  25-
E2 45  El 93 
Et 68  £1 43 

Page 394 
UJ35O  L465A  £4 95  £4 14 

Page 396 
RA755  TLC251CP  £2 45  £1 96 

Page 401 
OH39N  LM2879 
OL 13P  TBA810P   £1.56  £1.29 

1. 
SRO2C  5W Amp PCB   £2 75 

Page 408 
RA79L  LMC835N   DIS 

Page 413 
1 -  25 - 

RABIC  SAA1099   £9 95  Ea 63 

Page 416 
UK83E  ZNA234E   £14 95 £12 71 

Page 418 
W037S  LM3820  DIS 
01-145Y  MC1310P  DIS 
BRO3D  Decoder PCB  DIS 

Page 422 
1-  25 - 

YH67X  ML922   £7 25  £6 10 
OR57M  ML926    DIS 

Page 426 

UK71N  L297 

Page 431 
FP62S  ICM7224IPL 

Page 435 
YY76H  TDA1024 

Page 441 
OL34M  uA7805KC 
W0911  uA79MGUIC 

Page 443 

0039N  0 IA Reg PSU PCB 

Page 453 
UF48C  ADC0844CCN 
UF47B  DAC0832LCN 

Page 456 

OW94C  7106 

Page 457 
WR31J  Transkt 3-Lead TO5 
WR26D  Kit TO126 
WR23A  Kit (P1Plas 
XX140  Soldercons 

Page 459 
FAO6G  Header 40-pin 

Page 461 

H081C  8W Hr-Fr Healsink 
H069A  50W Hi-Fi Heatsink 

1 - 25 - 
E4 95  £4 26 

£12 95 £9 78 

DIS 

DIS 

1 - 
£2 65 

DIS 
DIS 

1 -  25 - 
C7 45  £6 04 

28p  26p 
12p 
12p 
£2 95  £2 76 

DIS 

1 -  25 - 
E1 75  £1 61 
£1 98  £1 84 

Page 462 
FL54J  Heatsink IODN  £2 95  £2.82 

Speakers & Sounders 
Page 465 
01165  Rubber Disc 27rnm  10p  9p 

Switches & Relays 
Page 480 

1 - 
JR79L  Small Toggle Cover  Cl 28 

Page 485 
Page 385  1-  25 - 
UF18U  7411C4514     DIS  66681  SPCONonlock Switch  £2 75  £2 60 
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VAT 
Inclusive 
Price 

Page 487 
FP51F  Mod Sw Momentary  £1 48  Et 33 
FP52G  Mod Sw Latching   £1 80  cl 61 

1- 50 - 
UH76H  Mod Sw LED Red   80p  72p 
UH77J  Mod Sw LED Green   80p  72p 

1 -  25 - 
FT16S  Small Click SwItch   32p  30p 
FK85G  L P Cap Red    28p  27p 
FK87U  L P Cap Green   28p  27p 
FK89W  L P Cap White   28p  27p 
FK911  L P Cap Blue    28p  27p 
FK936  L P CaP Black    28p  270 

Page 490 
1 -  10 - 

YR88V  Solenoid 12V  £7 75  £7 42 
YR89W  Solenoid 240V AC  £8 95  £8 57 
BK48C  Uft-Mn Rlay 61 DPDT  DIS 
15950  Ult-Mn Play 12V DPDT 

Page 493 
1 -  25 - 

FX89VV  DrI Reed Relay 1p121  E2 75  £2 59 
1-  50 - 

F X68Y  Reed SW Standard  860  81p 

Page 494 
1 -  10 - 

FA74R  13A Mercury TM Sc  CB 95  £7 65 
1- 25 - 

FS99H  Encao Merc Switch  £3 95  £3 34 
FA76H  45deg Tipover Switch  £3 50  £3 05 
FA77J  79cleg Tipover Switch  £2 65  £2 30 
FEIIM  Min Tilt Switch   £1 20  £1 02 
UK57M  Vibration Switch   £2 20  El 90 

Test Gear 
Page 496 

1 -  10 - 
FS95D  Safety Lead 4mm £5 95  £5 20 

Page 502 
UL72P  M3500TC Fuse  £2 65  £2 36 

Page 509 

HG12N  IG-5282 Audio Gen    £114 95 
I-11(34M  101-5281 RCL Bridge  £129 95 
HE95D  IT-3120 Trans Tester  DIS 
HT51F  IM-5215 40kV Probe  £69 95 

Page 510 
HE98G  IT-5230 CRT Tester  DIS 

Page 511 
Yk467X -C M9020  DIS 

Page 512 
XG93B i Hobby Audio Osc   DIS 

Tools 
Page 521 

FR221  Storage Drawer 

FGOOA  DPI Storage Drawer 

Page 522 
1 - 25 • 

FP56 L  D,urdersAPkOf 12  98p  92p 

Page 525 

1 -  250£  • 
1 06  84p 
1 -  100 - 
C1 68  Et 44 

F14713  Robust Screwdriver   DIS 
FV49D  Crosspoint Driver 0  DIS 
FV50E  Crosspoint Driver 1  DIS 
FGO3D  5rnm v not Angle Drvr   £1 06 
FGO4E  6mm no2 Angle Drvr £1 20 

Page 526 
BR72P  Heavy Duty Cutter  0/S 

Page 527 
FV54J  Min Long Nose Pliers  DIS 

Page 529 
F132K  Hand Wrap Tool  DIS 
FAO0A  Telscpc Insp Mirror   DIS 

Page 530 
FY36P  Min Spanner 24  £2 56 
FY37S  Min Spanner 68  £2 56 
JK79L  Spanner 2 5k3 2  £2 56 
J10306  Spanner 3s3 5  £2 56 
JL61R  Spanner 4 v5  £2 56 

1991 
Catalogue 
Page No. 

FY38R  Ring Spanner 02 
FY39N  Ring Spanner 46 

Page 531 

FS96E  HO Centre Punch 

FY57M  Wet& Dry Coarse 

Page 533 
FY53H  Min Vice 

Page 538 
1--  10 - 

YPTOM • A Pistolgnp And Drill   £10.95 £9.89 
YN56L •A Hand Drill   £16.95 £14.95 

VAT 
Inclusive 
Price 

£4 45 
£4 45 

1 -  10 - 
5 25  £4 72 

1 - 
28p 

LES 

Page 540 
1 - 

0165V  Metric Drill 1mm  52p 
01905  Metric Drill 1 2mm  52p 
0194C  Metric DM! 2mm  48p 
01950  Metric Drill 2 5mm  52p 
FV600  Metric Drill 3mm  52p 
FV61R  Metric Drill 3 5mm  52p 
FV62S  Metric Dril14mm  52p 
01637  Metric Drill 5mm  68p 
FV64U  Metric Drill 6rnm  86p 
HOO2C  AS Drill 1 16in  52p 
H0030  HS Drill 5 64in  52p 
HOO4E  HS Drill 3 32in  52p 
HOO5F  HS Drill 7 64in   52p 
HOO6G  HS Drill I Bin  52p 
HC107H  HS Drill 9 64in  52p 
I-1008J  HS Drill 5 32in  52p 
HO I OL  HS Drill 3 16in  68p 
HO12N  HS Drill 7 32in  75p 
H0140  HS Drill 1 4in  980 
H016S  HS Drill 9 32in   £1 .28 
MO M  HS Drill 5 16in  £1.36 
H0221  HS Dull 3 8in   £1.80 
H0260  HS Drill 7 16in   £2.75 
H0290  1-15 Drill I 2in   £3.45 
FV65V  Masonry Drill 3 16   75p 
FV66W  Masonry Drill I 4  80p 

Page 541 

JK81C  Die Holder 13 16 

JU38R  Cutting Compound 

Page 549 
1-  25 - 

FY71N  Alumlnium Solder  98p  91p 

1 - 25 - 
£3 95 £3 40 
1 -  12 - 
C1 98  £1 73 

Wound Components 
Page 555 

LB17T  Former 351  98p 
LBI 8U  Former 450  £1.48 
LB191/  Former 722 1  98p 
LI3221  Former 722 4  DIS 
LB44X  Former Base  560 

Page 556 

HXIIM  Type 3 Cips   

Page 557 
WH3OH  Choke I 5uH 

Page 558 
1 - 10 - 

BK57M  600 Ohm lsotran  C5 95  £5 50 

En 95 £18 08 

1- 25 - 
F 732K  50W Ferrite Iran Kit  £3.65  £3 45 

Page 562 
FT33L  100W Ferrit T ran Kit  £3.95  £3.68 

Page 560 
YM50E  A 100VA US Mains Trans   

Page 561 

1-  100 - 
59  14P 

Miscellaneous 
Page 564 

0512N  Temp Clock Black   

01) handling charge must be added to each mall-order. N. E etc. agatn.:t prkv indicate, additional clian,re for cat mgt. (see Order Coupon). 

1 - 
DIS 

CORRIGENDA 
Compuguard Part 1, Kit LP22Y 
'Electronics' No. 40 (October-November '90) 
Oops! Those gremlins have been up to their old tricks again. this time with the Compuguard Main Unit PCB 

(GE46A). 
The ignition disablement relay. RL1. is incorrectly connected, with the result that its moving contact is not 

joined to anything' This causes TB4-1 1 (ignition input) and TB4-10 (ignition output) to be permanently open 
circuit. 

If you have purchased one of these kits (or the PCB) and the board is marked 'issue 2.. then you must join two 
pads together with a wire link as shown in the accompanying diagram. The link is best fitted after RL1 is 
installed and can be hooked around the relays two pins and anchored with strong solder joints. 

If however your board is marked issue 3 then this error will have been corrected and the modification is not 

necessary. 

Fit Link 
between 2 pods 

MAPLIN GE46A 

COMPUGUARD MAIN PCB 
SOLDER SIDE ISS2 
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An Introduction to 
Microcomputer 
Systems 
Architecture & Interfacing 
by John Fuicher 

Provides a thoroughly modern and 
up-to-date introduction to 
microcomputer interfacing, as well as a 
general introduction to the 
fundamentals of microcomputer 
architecture. Discussion of the 
hardware and software aspects of 
interfacing are woven together and 
exemplified by reference to two 
industry standard 16-bit 
microprocessors, the Intel i8086 and 
the Motorola 68000. The approach 
taken throughout is that, in order to 
interface a peripheral device 
successfully, it is first necessary to 
have a basic understanding of how it 
works. It is also imperative to 
understand the workings of the 
peripheral support chip, as well as the 
microcomputer to which the device is 
being interfaced, and its instruction set. 
A working knowledge of the relevant 
standards must also be acquired. All 
these topics receive full coverage in 
this informative book. 
Contains over 350 diagrams and 
written in a clear and friendly style, and 
packed with up-to-date specifications 
and data. Numerous programming 
examples are shown based on the 
above mentioned two standard 16-bit 
microprocessors, with self test 
objectives and summaries provided 
with each chapter, with self-
assessment review questions. There is 
an extensive list of references for 
further reading, and detailed 
appendices on the Motorola 68000 and 
Intel iAPX86 families. 
Suitable for students of computer 
science and electrical and computer 

56 

systems engineers, and anyone who 
needs to interface real-world devices 
and peripherals to their 
microcomputers. For those with a 
hardware background. the necessary 
I 0 programming techniques are 
introduced; for those with a 
programming background, the relevant 
hardware concepts are presented. 
Whilst no previous knowledge of 
computer architecture or electronic 
hardware is required some previous 
'exposure to assembly language is 
assumed. 
1989.240 x 160mm. 440 pages. 
illustrated, hard cover. 

Order As WT11M (Intro MCP 
Systems)  Price £18.95 NV 

TTL Pocket Guide 
Volume 1: 7400 to 74200 

Provides a comprehensive listing of all 
commonly used TTL ICs from 7400 to 
74200 as available from all the major 
manufacturers. All the current families, 
Standard, Low Power. Schottky. Low 
Power Schottky, Advanced Schottky, 
Advanced Low Power Schottky. High 
Speed and Fast Schottky are covered. 
The format and content make this 
guide easy to use; each page 
describes one device only and is 
divided into 8 sections. The first section 
shows the internal schematic diagram 
of the device, using a clear and simple 
logic diagram within the familiar 
package leadout icon identifying pin 
functions. This is followed by a brief 
description of the device with reference 
to its internal structure. 

The next section provides details 
about operating the device, describing 
input signals or levels at particular pins, 
and in some cases showing up subtle 
differences between various families, 
providing invaluable information for the 
designer. A fourth section lists major 

applications followed by a summary of 
essential data. Below this a table 
indicates the TTL families in which the 
device is available and finally, device 
description and type number 
references. At the back is a 
manufacturers' index showing which 
companies manufacture each 
package. The Pocket Guide extracts all 
the essential data from the 
manufacturers' own data books and 
presents it in a clear and concise 
format, and is invaluable as an aid to 
choosing a device or identifying an 
unfamiliar component. 

English translation of the 
German original. 1990. 185 x 105mm. 
288 pages. illustrated. 

Order As WT21Y (TTL Pocket 
Guide 1)  Price £11.95 NV 

Assembly Language 
Subroutines for the 
6809 
by Lance Levanthal & Sally 
Cordes 

As with 'Assembly Language 
Subroutines for the 6502' by the same 
author, this book provides the reader 
with actual software routines that can 
be used immediately, rather than just 
teach programming. It serves as both a 
source and a reference for 6809 
assembly language programs. 
containing a collection of useful 
subroutines described in a standard 
format, the essentials of which are 
identical to those for the 6502. 
accompanied by an extensive 
documentation package covering 
parameters, results, execution time 
and memory usage. 

The collection emphasises 
common tasks that will be required in 
many applications including code 
conversion, array and bit manipulation, 
data structure management. I 0 
routines, sorting and searching, and 
routines handling common family chips 
such as parallel and serial interfaces 
and timers. This book will save you 
much time and effort by not having to 
write and de-bug your own standard 
routine library, instead just choose the 
specific routines required and get on 

with the main task of completing your 
programs. Each routine is provided 
with test data to verify correct 
assembly. Recommended. 
1989.235 x 171mm. 365 pages, 
illustrated. 

Order As WT2OW (6809 Assembly 
Subs)  Price £19.95 NV 
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Hitchhikers' Guide to 
Electronics in the '90s 
by David Manners 

The strides made by electronics 
technology in the last 40 years would 
have been scarcely conceivable by 
electronics engineers of the 1940s. 
Imagine them trying to come to terms 
with the idea of the thermionic valve 
giving way to the incredibly smaller and 
more efficient transistor - never mind 
the concept of a million such 
transistors sharing the same tiny 
crystal and wired together to make a 
complete circuit. Imagine a computer 
that sits on your lap and is powered by 
batteries, instead of taking up half the 
space of the Albert Hall; a machine 
which can transfer documents around 
the world in seconds - these are giant 
steps. This highly readable book puts 
these advances in a historical context, 
looking at the microchip technology 
which is at the heart of all technological 
advances, and surveying the major 
industrial electronics power houses, 
and finally peeking into the future of 
both the technology and the emerging 
markets. 

Chapters include a discussion on 
the impact of electronics, how it is 
shaping politics and the world; the 'chip 
wars' technology race and how Japan 
won: brief history of electrical 
discoveries and electronics; jargon; 
electronics industry and consumers; 
the chip business and the main 
worldwide companies, who and where 
they are: trends for the '90s, the 
pressing need for both the U.S. and 
Western Europe to rebuild 
technological and industrial strength, 
and whether Eastern Europe will 
become a serious market or producer. 
A really interesting book. 
1990.210 x 148mm. 220 pages. 

Order As WT22Y (Guide to Elec 
in 90s)  Price f12.95 NV 
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Protection of 
Electronic Equipment 

Edited by W.S.E. Mitchell 

This technical monograph, published 
by The Institute of Electrical and 
Electronics Incorporated Engineers, is 
intended as a guide for the protection 
of electronic equipment against the 
potentially harmful effects of wide-
ranging environmental and electrically-
induced conditions. Individual chapters 

are written by specialists in their 
particular fields, covering such areas 
as protection against climatic and 
mechanical environments, hazardous 
areas (chemical etc.), electromagnetic 
and RF interference, electrostatic 
discharge, surges and transients on 
power or signal lines, thermal 
protection and management and 
special requirements relating to micro-
electronic devices. Although much of 
this relates to industrial installations 
and military cases - one chapter deals 
with Nuclear Electro-Magnetic Pulse 
(NEMP) protection for instance - you 
can learn an awful lot about protecting 
your projects and other electronic 
equipment from the weather and or 
mechanical shock and vibration. and 
be able to incorporate proper 
precautions against interference and 
mains noise. avoid hum loops and 
learn how to earth chassis and circuits 
properly. There is good advice on 
correct wiring procedures, so you 
should be able to design and make up 
well thought-out cable looms taking all 
these precautions into account and not 

simply string things together with 
haphazard wiring! 
1989.210 x 148mm. 96 pages. 
illustrated. 

Order As WT23A (Protect Elec 
Equip)  Price £5.00 NV 

Simple Short Wave 
Receiver Construction 

by Robert Pen fold 

Short Wave Radio is a fascinating 
hobby, but one that seems to be 
regarded by many as an expensive 

pastime these days. In fact it is 
possible to pursue this hobby for a 
minimal monetary outlay if you are 
prepared to undertake a bit of DIY, and 
the receivers described in this book 
can all be built at low cost. All the sets 
are easy to construct, full wiring 
diagrams, etc. are provided, and they 
are suitable for complete beginners. 
The receivers only require simple 
aerials, and do not need any complex 
alignment or other difficult setting up 
procedures. 
Topics covered include: the broadcast 
bands and their characteristics; the 
amateur bands and their 
characteristics; the propagation of 
radio signals: simple aerials; making 
an earth connection; short wave crystal 
set: simple t.r.f. receivers; single 
sideband reception; and a direct 
conversion receiver. Contains 
everything you need to know in order to 
get started in this absorbing hobby. 
1990. 178 x 111mm. 88 pages, 
illustrated. 
Order As WT165 (Simple SW Rctir 
Cons)  Price £3.95 NV 

Do you Enjoy your work? 
Or would you prefer to 

Work at what you enjoy? 
If you are an electronics enthusiast and looking for an interesting 
career with a future, Maplin has the answer. 

We currently have vacancies for 

TECHNICAL 
SALES STAFF 
At BRISTOL, CARDIFF 

GLASGOW and HAMMERSMITH 

These vacancies are being created as a result of the Maplin expansion 
programme and offer real prospects up to and including Branch 

Management. 

A knowledge of sales, although an asset, is not essential. But, to 
become part of the team you do need to be self motivated and have a 
cheerful personality. Applicants should also be smart and have a 
knowledge of electronic components. 

We offer excellent working conditions and job security, plus a good 
salary with commission and a realistic pension scheme. 

Apply in writing enclosing CV to: David Snoad, P.O. Box 3, 
Rayleigh, Essex. Or for further information, ring 0702 554155. 

If you are seeking an interesting career in a High Tech environment 
then contact us 

NOW! 

 ..A011 

7.i\ .;-).1,11̀JJ:D* rjP 
')1/ jLidifS 

MIN 

POSITION 
1. (1) 0 
2. (3) • 
3. (2) • 
4. 141 0 
5. (10) • 
6. (14) • 
7. (5) • 
8. (6) • 
9. (8) • 
10. (19) • 
11.  (7) • 
12. (11) • 
13. (17) • 
14.  (-) 
15. (13) • 
16.  (9) • 
17. (20) • 
18.  (-I 
19.  (-) 
20.  I-) 

DESCRIPTION OF KIT 
MOSFET Amplifier 
Live Wire Detector 
Digital Watch 
Car Battery Monitor 
PWM Motor Driver 
Mini Metal Detector 
LM386 Amplifier 
I R Prox. Detector 
Car Burglar Alarm 
Partylite 
U Sonic Car Alarm 
TDA2822 Amplifier 
Siren Sound Generator  LM42V 

LP16S 
LM57M 
LW36P 
LM8OB 
LP3OH 
LM69A 
LK43W 

TDA7052 Kit 
Watt Watcher 
8W Amplifier 
Rec Playback 
1 300 Timer 
IR Remote Switch 
Noise Gate 

ORDER AS PRICE  DETAILS IN 
LW51F  £19.95  Magazine  41 XA41U) 
LK63T  f 3.95  Projects  14 IXA14Q( 
FS18U  E 1.98  Catalogue  '91 (CAO8J) 
LK42V  f 8.95  Magazine  37 IXA31S) 
LK54J  f 9.95  Projects  12 IXA12N) 
LM350  f 5.25  Magazine  25 025C) 
LM16H  f 3.75  Magazine  29 IXA29D) 
IM13P  f 9.95  Projects  20 (XA20W) 
LW18K  f 9.95  Best of Book  2 (XCO2C) 
LW93B  f 9.95  Catalogue  '91 ICAO8J) 
LK75S  £19.95  Projects  15 IXA15R) 
LPO3D  f 6.95  Magazine  34 (XA34M) 

f 4.25  Magazine  26 IXA26D1 
f 3.95  Magazine  37 (XA37SI£  
5.25  Magazine  27 IXA21E1 
f 6.95  Catalogue  '91 ICA08,11 
£38.95  Magazine  30 IXA30H) 
f 4.95  Magazine  38 IXA38R) 
£18.95  Magazine  33 IXA33L) 
E 9.95  Magazine  40 (XA40T) 

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. 
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Introduction 
This is the age, in case you hadn't 

noticed, of the information technology 
revolution. Like a fast spreading, insidious 
disease,  computers  are  increasingly 
found everywhere and getting into every-
thing. The 1980's is a decade notable for 
the micro-chip boom, allowing for the first 
time the mass manufacture of affordable 
machines that can be used in the home by 
the general populace at large, and in 
consequence computing ceases to be a 
technology hitherto only accessible by 
big businesses, scientific research estab-
lishments and universities. The effect can 
be (and has been) compared with that 
other, much earlier 'information tech-
nology' revolution - when latter Dark Age 
kings decided that it was high time that 
they themselves should learn to read and 
write so as to be able to keep important 
records. 

Computers have turned the lives of 
countless people who have come into 
contact with them practically upside 
down, and usually for the better (although 
recipients of erroneous gas bills might 
argue otherwise). No longer the exclusive 
territory of the trained programmer, 
millions of amateurs can now get their 
hands on their very own keyboard. Some 
take to it like a duck to water, others have 

problems coming to terms with it, and are 
not helped by all the myths and legends 
that surround computers, and progress 
little beyond playing computer games. 
Which is a shame because even a modest 
8-bit home micro is still a very powerful 
tool, especially if you can program it 
yourself. 

DIY Programming 
A computer processes information, 

often called 'data', but in order to do this it 
has to have instructions so as to know what 
to do with this data. A series of instructions 
is called a 'program' (not, you will note, 
'programme'). A computer can be pro-
grammed in one of three fundamental 
ways. 

i. In binary code, because a computer 
treats everything as a number, and a 
number as a pattern of 'O's and Ts, 
represented as 'low' or 'high' voltage 
levels on a bundle of eight wires known as 
a 'data bus'. Each wire can only represent 
two numbers, 0 and 1 (a 'bit'), but the next 
'highest' wire is a multiple of 2 of the 
previous. This is what is meant by 'binary', 
because this is a numbering system using 
the base of 2 (unlike decimal for instance 
which uses the base of 10). The eight wires 
on their own can represent numbers 0 to 
255 (a byte'). Primitive computers (as in 

the very early days) can be programmed 
by setting up the required 8-bit pattern 
with switches, and then pushing a button 
will put this value into program memory 
and the location of the memory will be 
incremented  to  the  next  following 
'address', and the process repeated for 
the next 8-bit pattern, or byte, and so on. A 
sequence of such bytes is called 'machine 
code'. Obviously this method of writing a 
program is so mindbendingly tedious to 
do and error prone that no modern 
computers are programmed this way by a 
human being. 

Using an 'Assembler'. An assembler is 
a program resident in the computer which 
preferably allows the programmer to 
refer to all his numerical data, and the 
machine's instructions, by name. Such a 
utility is called a 'symbolic assembler', 
since these are 'symbols'. The human 
mind can recognise names or words much 
better than strings of apparently meaning-
less numbers, especially if written in 
binary, for example '11010111' is not very 
obviously different to '11010011' to look at 
but the actual difference is (usually) vitally 
important. An assembler actually puts 
such binary patterns directly into mem-
ory, but after translating alphabetic words 
and written numeric values understand-
able to a human into binary patterns and in 
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Label 

BASE 

START 

LOOP 

Mnemonic  Operand 

EQU  1024 Define word 'base' to mean the number 1024, 
in this case it will be used as an 'address' 
or memory location. 

LDX  #0  'Start' is name of memory location where this 
program starts. Load register X with value 0. 

LDA  #32  Load accumulator with value 32 (decimal). 

STA  BASE,X  Store accumulator contents at address 'base' 

INX 

BNE  LOOP 

RTS 

with offset X. 

Increment X register by one. 

Branch not equal to 'loop'. When X reaches 
count 255 it will zero again on next increment. 
Here BNE is used to test for a non-zero. 

Return from subroutine if X = 0, i.e. exit 
when finished. 

the right sequence. An example of such 
'assembler code' might be as shown in 
table above: 

The 'mnemonics' are the fixed set of 
numeric codes which the actual micro-
processor recognises as instructions. 
Naturally then the use of an assembly 
language presupposes that the program-
mer is familiar with the MPU's (Micro-
Processor Unit) particular 'instruction set' 
(varies between different makes) and 
memory layout of the machine, and is still 
a very long winded way of writing 
programs of any complexity - because it is 
only 'one step up' from raw machine code, 
assembly is a 'low level' language. 

Using a High Level Language (HLL). 
This will use statements, instructions and 
maybe complete sentences which are 
much closer to normal English, although it 
still looks a bit strange at first. There are 
many high level languages around now; 
FORTH, FORTRAN, PASCAL, COBOL, 
ALGOL, Pill, C, are examples of some 
high level languages currently in use. 
Each language was developed with 
particular applications in mind; FORTRAN 
was developed by a scientific committee 
for  scientific  applications  (complex 
mathematics in engineering, etc.), COBOL 
by a business committee for tasks 
involving sums of money, stock records 
and progress reports. However, recognis-
ing perhaps that the first tinier is not at all 
familiar with computers, the one which 
most personal or home microcomputers 
come already equipped with is BASIC, 
which is an acronym for 'Beginner's 
All-purpose Symbolic Instruction Code', 
and it may be no surprise to learn that 
BASIC was designed by an educational 
committee as a language to help teach 
computing. 

BASIC has one important feature - it 
is an 'interpreted' language. Most of the 
other high level languages convert the 
typed-in listing, called the 'source code', 
directly into machine code which the MPU 
can 'read' immediately, and this is called 
the 'object code' and is actually the final 
program which the computer will execute, 

February 1991  Maplin Magazine 

or run. It cannot execute the source code. 
A program called a 'compiler' is used to 
read the written source code and from it 
produce the object, or binary machine 
code that the MPU can use. The result, 
being operated on directly by the MPU, is 
usually very fast and can be said to 'run at 
machine code speed'. 

BASIC is different. Here the program 
is at one and the same time the source 
code. It is more or less read by the 
computer in the same way as you would 
read it, word by word, line by line. Again 
(like the compiler), between the source 
code and the MPU is another intermedi-
ary; resident software called the 'interpre-
ter'. The interpreter reads the source code 
and then, according to what has been 
found, initiates many machine code 
routines that the MPU can follow to carry 
out the required tasks. Because the 
interpreter has to painstakingly find and 
translate everything it needs, an inter-
preted language; very slow in operation, 
but the advantages are two-fold. 

Firstly,  any instruction, with or 
without  accompanying  'parameters' 
(data), can be typed in 'direct mode' or at 
'command level', and the interpreter will 
respond immediately and execute the 
instruction in real time (without the 
performance of waiting for compiling 
processes, for example). This is very 
useful for testing the validity of instruc-
tions that you may want to use and to see if 
you are getting the answers you want. 
When these trials are successful you can 
repeat the writing of the instructions but 
this time as part of a BASIC listing, or 
program, in memory (more of this in a 
minute). Secondly, once running, such a 
BASIC program can be stopped at any 
time during execution and changed or 
corrected, or in order to examine its 
progress before re-continuing, and it is 
even possible to jump into it anywhere 
from the 'command level'. The listing 
remains available in memory all the time, 
and in this way it is very easy to develop 
the program through a process of 
'moulding and shaping' with repeated test 
runs. 

BASIC was developed by John 
Kemeny and Thomas Fritz in the 1960's at 
Dartmouth College. Since then this inter-
pretive language has been enhanced by 
many new commands as computers have 
become smaller, cheaper and more 
available. The (sometimes unfortunate) 
side effect of this is that now there are 
many different variations on the theme, as 
various manufacturers push their own 
particular preferred version of the lan-
guage with their machines. BASIC's for 
IBM, Commodore, BBC and Atari compu-
ters, as examples, are not all exactly the 
same. One or two are a fair equivalent to 
the original international 'Microsoft' stan-
dard; some, like the BBC machine's 
BASIC, have very advanced features 
which make their BASIC programs 
nothing like Microsoft. 

The upshot of this is that there will 
inevitably be a number of commands 
which are not shared by all BASIC's. For 
example 'WHILE ... WEND' loop com-
mands are not found in all, and commands 
with similar purposes may have different 
names from one machine to another. It is 
always best to become familiar with the 
instruction manual which comes with the 
computer, which will outline the function 
of each command. Most of the commonly 
found and fundamental BASIC commands 
and programming techniques will be 
dealt with in this series, and quoted 
examples will follow the Microsoft stan-
dard as much as possible. 

Programming 
So what is a program? A program is a 

series of logical steps for solving a 
problem. A computer is well able to carry 
out a repetitious task where humans 
would tire and make mistakes. A typical 
example is the widespread use of 
computers to calculate company payrolls 
where, operating on given data like gross 
salary, taxation rates and hours worked, 
the computer will calculate the net salary 
for each employee. 

A program can be one of two types: 
either the repetitious type, or the iterative 
type. In the case of the repetitious type, as 
with the example of payroll calculations, 
the programmer knows the results he 
wants and it is only a matter of carrying out 
the calculations a given number of times. 

For the iterative type, the program-
mer knows the limits within which the 
answer lies, and by a succession of steps - 
a process of elimination, then - the 
program 'zeros in' on the final answer. 
Either process can be laboriously tedious 
for a human being. 

Logical Steps to Problem 
Solving 

It always pays to put down one's ideas 
on paper before actually writing the 
program. What you mustn't do is sit down 
at the keyboard immediately. The only 
exception to this rule would be if you have 
the imagination and the capacity for 
logical thought - which, incidentally, the 
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computer will teach you - to have it all 
worked out in your head first. Otherwise, 
the normal course of events is to establish 
exactly what the program is required to do 
and then in what way it is going to do it. 
Trying to do this as you go along while 
writing the actual program usually gets 
you into all sorts of difficulties as you 
invariably come across problems you 
didn't anticipate. 

Ideas for completing stages of the 
problem are put down in a series of logi-
cal steps, exactly as one would solve 
a problem manually. For example, a 
sequence of steps required for the 
calculation of a payroll might be: 

Read gross salary of first employee 

Deduct 6% superannuation 

Deduct 5% national insurance 

Deduct allowances 

Calculate 25% tax on remainder 

Deduct season ticket loan instalment from 
net salary 

Print final net salary 

Read gross salary of next employee 

In other words, 'loop' back to the 
beginning and repeat operations with a 
new set of data, and so on until all 
employees are done. This is a repetition 
type of program. 

The REM statement 
Every program needs to be properly 

'documented', so that anyone (or, more 
usually, yourself at a later date) can 
understand what's going on. Aside from 
having running instructions and any other 
essential bits of information on paper, the 
program should also have some explana-
tional text in it somewhere. In addition, 
sections of the program will need little 
reminders, so that you can find places 
again and know why certain parts of the 
program do some things in a particular 
way. These reminders are called 'REM' 
statements. 'REM' is a BASIC command 
allowing such comments to exist in the 
listing, and is from 'REMark'. Some 
examples may be: 

REM This program calculates the cost of a 
building 

REM Subroutine for cost of materials 

REM Subroutine for cost of labour 

REM VAT constant 

The 'REM' statement has the effect of 
causing the interpreter to ignore the 
remainder of the line after 'REM', allowing 
any non-executable text to be included. 
Otherwise the interpreter will try to 
execute it! It is always a good idea to 
include plenty of 'REM' statements so 
anyone else taking over the program can 
understand it. In fact, there are many 
instances where the programmer who 
created the original version cannot recall 
what he did, making improvements and 
updates very laborious and difficult some 
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while later, because he did not document 
the work sufficiently. There is nothing like 
having to work out all over again what the 
program is doing. 

Variables 
Variables are what BASIC uses to 

store data in the computer in a form 
accessible to the program. They are given 
names by the programmer. Very often 
these are single character names, 'A', 'B', 
'X' etc., but they can also be words; 
'STATUS', 'PI', 'MAX', 'DEVICE'. You 
should know that some versions of BASIC 
can recognise only the first two characters 
of any variable name - the remainder of 
the word is ignored - while others 
recognise the whole name up to say eight 
letters as being different from any other 
variable name. So beware of using 
variable names which are too similar if the 
number of recognisable characters are 
limited to the first two. Also beware of 
trying to inadvertently use a valid BASIC 
command as part of a variable name! This 
is a common beginner's mistake. 

Unlike  many  other  languages, 
BASIC's variables are very easy to create. 
They don't exist until the program runs, or 
you begin using them in 'direct mode'. You 
create them simply by including them in 
the first series of instructions that will use 
them. This is very different from the 
compiled languages, which usually like all 
their variables 'declared' first before the 
program can use them (this includes 
assembly). 

In BASIC, variables come in three 
different types - these are floating point 
numeric, integer numeric, and strings. As 
an illustration, using the name 'A', there 
could be three and entirely separate 
versions of a variable called 'A', which can 
exist simultaneously, as table shows 
below: 

The LET Statement 
A value can be assigned to a variable 

using the 'LET' statement. This originally 
was the way a BASIC variable was created 
- taking one of the above examples, we 
can, either in direct mode or as part of a 
program, have 'LET A$ = "This is a 
string.", and then A$ will hold the 
message "This is a string" until changed or 
erased. The other two variable types can 
be created in the same way. 
LET I = 0.1 
LET P% = 100 

Note T can be 0.1 because it accepts 
floating point values, 'P' could not because 
it is of the integer type. However the need 
to create variables is so common that now 
the LET statement is often dropped, and 

many BASIC's recognise a variable 
assignment on simply encountering: 
I = 0.1 
P% = 100 

Although still provided, 'LET is now 
probably the most redundant BASIC 
command word. It is possible because the 
interpreter, not being able to match T or 
'P' to a valid BASIC keyword - it keeps a 
reference library of valid keywords - then 
begins to search for a match among its 
store of variables. If T or 'P' exist they are 
re-assigned, if they do not exist they are 
first created, then assigned. However, 
once in existence, if either variable is 
assigned the value of zero, it doesn't 
disappear. Once a variable is brought into 
being it stays. 

It is important to recognise that the 
above examples are assignment state-
ments, not equations. For instance, sup-
pose a program may need to go through a 
loop ten times, incrementing the value of 
'A' by 10% each time. 
LET A = A * 1.1 

This does not mean that 'A' equals À' 
incremented by 10%. It is saying 'increase 
the old value of A by 10% and call the 
result A'. 

Arithmetic Operators 
The usual arithmetic operations are 

permitted in BASIC but some of the 
symbols may look a little strange, as 
shown thus: 

Symbol 

() brackets 

I exponent 

/ division 

* multiplication 

+ addition 

- subtraction 

Order of priority 

innermost first 

left to right 

left to right 

left to right 

left to right 

left to right 

The order of priority for combina-
tions of the above operates from top to 
bottom, where several of the symbols 
appear in a complete formula in a BASIC 
program line. Parts within innermost 
brackets are calculated first, and addition 
and subtraction have the lowest priority, 
the exponent having the highest priority. 
To illustrate a complex example: 

C= 1/((1/(C1 + C2 ))+ ( 1/(C3 /4 ))) 

Which would normally be written on 
paper as: 

C - 
1 

1 

Cl + C2 

1 

C3 + 4 

There are two innermost sets of 
brackets, on a 'fourth level' resulting in Cl 

A  floating point i.e. <whole number> . <fraction> 

A% integer, whole numbers only, no fractions 

AS  string of alphanumeric characters up to a maximum of 255 letters, 
e.g. "This is a string." 
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+ C2 being calculated first, then C3 ± 4. 
Then a 1 is divided by the Cl + C2 result, 
then the other by the C3 ± 4 result. These 
'third level' results are added on a 'second 
level', and finally 1 is divided by this on the 
'first level', and the final result assigned to 
C. Cl, C2 and C3 are other variables. The 
brackets are used to separate the formula 
into stages and force it to be read by 
the interpreter in the required logical 
sequence. 

If the formula is so large that the 
programmer is not sure in which order the 
computer will carry out the operation, it is 
best to split the formula into separate 
stages on different lines, with a 'dia gnos-
tic' PRINT statement so that the results of 
each stage can be checked. 

The mathematical symbols are not as 
you might expect. 42 is written as 4 1 2; 4 ± 
2 is written 4 / 2; and 4 x 2 is 
4 * 2, a convention you will have to 
get used to. 

The PRINT Statement 
'PRINT' usually prints to the VDU 

(Visual Display Unit - your TV or monitor) 
screen, while 1PRINT', meaning Line 
PRINT, outputs to a printer. However 
some machines don't have 1PRINT', and 
require that you 'OPEN' a channel to the 
printer as an external device (more of this 
at a later date). Most of the time you will be 
'PRINT'ing to the screen, especially 
during the development stage of a 
program. The 'PRINT' function prints the 
values of variables and also any constant 
messages when required, which do not 
exist as variables. To print the answer to a 
calculation like: 

T = D / S 

Where 'T' is time in hours, 'D' is 
distance travelled in miles, and 'S' is speed 
in miles per hour, one could merely type 
'PRINT T' to get the answer to the speed 
distance calculation. However in a pro-
gram of which this may a part, it is much 
more professional to see what 'T' actually 
means instead of the program assuming 
that the user knows already. Lots of 
explanatory instructions and qualifying 
statements make for what is called a 'user 
friendly' program. In this event, the value 
'T' would be presented as: 

PRINT "Journey time is"; T; "hours." 

The function literally prints the words 
between quotes, and note that a complete 
sentence can be made with 'T' in the 
middle by using semicolon separators. 
The above will appear as: 'Journey time is 
2 hours.' if 'T' is 2. 

Some BASIC's allow formatted output 
of numeric data. This can be useful for 
rounding off decimal places. To round off 
floating point variables 'A' and 'B' to two 
decimal places one would say: 

PRINT USING "# # .# #"; A, B 

and if'A' and 'B' were 19.276 and 21.328 
respectively, they will be printed as: 

19.28 21.33 
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'A' and 'B' could be prices, and here 
the function has rounded these up to the 
nearest new penny. However not all 
BASIC's have the 'USING' keyword, so 
some other method must be found. 

RUN and END 
A BASIC program, once in memory, 

is started with the command level or 
'direct mode' command 'RUN'. In some 
BASIC's this command can also load the 
program from storage prior to 'RUN'ning, 
for example  'RUN  "PROG.BAS'''.  As 
mentioned earlier the program is the same 
file that you have written and edited 
because an interpreter is used on it at 
execution time. When the 'RUN' command 
is keyed, two things happen. Firstly, all 
variables are erased, or 'cleared', if any 
exist. Then secondly the program is 
executed starting with the very first BASIC 
line in memory. It may not be readily 
appreciated that 'RUN' can also appear in 
the program. In this event, if executed, the 
statement causes the program to re-run 
itself again from the start afresh. More-
over, it needn't have to 'RUN' from the 
beginning if we don't want it to - a 
command 'RUN 200' would cause it to 
commence at line 200 instead. 

Really you should use the 'END' 
statement at the position where the 
program is going to finish. If this is the very 
last line in memory then it doesn't matter if 
'END' is not present; the interpreter will 
simply run out of lines to read and 'END' 
the program, returning to the command 
level. However, if subroutines are in-
cluded after the end of the main program, 
then the interpreter will attempt to 
execute these as well, which is not right. 
Subroutines cannot be 'RUN' like the main 
program; more about this subject later. 
This problem is known as 'crashing 
through', where the interpreter goes onto 
subroutines after the end of the main 
program because there is no 'END' 
statement to prevent it. 'END', then, should 
precede the first subroutine. 

Line Numbers 
We have seen that, thanks to the 

interpreter, BASIC commands can be 
typed in and executed in 'real time'. These 
commands are transient, that is, the 
computer executes them, and then forgets 
them, and if you want it to repeat the 
exercise, the command has to be 
re-entered. For instance: 

PRINT "Hello there" 

in 'direct mode' will cause the machine to 
echo on screen the message 'Hello there'. 
If you want it to do it again you have to type 
it all again. Writing a BASIC program is 
different in the only respect that the 
command lines are preceded by line 
numbers. Applied to what we have 
discussed so far, the above can be turned 
into a program by typing: 

10 REM DO JOVIAL MESSAGE 
20 PRINT "Hello there" 

30 END 

As you type, the machine does not 
appear to respond, as it would to 'direct' 
commands or statements. Because instead 
the interpreter, now in 'edit mode', is 
building a program into memory. This can 
be seen by using the 'LIST' command. 
'LIST' will cause the program to be 
L̀IST'ed out on screen for examination or 
changes. 

Line numbers are very important in 
BASIC. They make it possible for every 
important location in a program to have 
reference made to it by a unique number. 
This is essential for loops using 'GOTO's, 
and calling subroutines with 'GOSUB'. It is 
also a general convention that as you 
write, you skip a few numbers to the next 
line; a typical and well used value to 
increment by is 10. This leaves 'room' for 
up to a further nine extra lines to be 
inserted between any two original lines, 
should changes and additions need to be 
made (and they will!). 

Some BASIC's include commands 
which exist specifically to make life easier 
while writing a BASIC listing or program. 
These vary from machine to machine, but 
typical examples are: 

AUTO: automatic line numbering. 
Obviates the need to type each new line 
number while writing, because this is 
done automatically. The direct mode 
command 'AUTO 100, 10' will cause the 
first line number to commence at 100, and 
further lines to be incremented by 10. This 
helps prevent repetitions by mistake, 
where the original line will be replaced by 
the new version with the same number. 

RENUM: a facility for 'tidying up' the 
line numbers in a listing. If, during 
subsequent development, the program 
needs some changes and insertions, the 
line numbers will include some with odd 
values, which might make it difficult to find 
one's way around the program (line 
numbers represent locations, remember). 
The command 'RENUM 100, 10' will cause 
all line numbers to be altered and 
re-commence at 100 and be incremented 
by 10. All references in the program to any 
lines will also be altered to reflect the 
changed values. It then becomes easier to 
keep track of a reference to a line 
numbered '2230' after renumbering than 
'2791', before renumbering. 

LIST: lists the program, or part 
thereof, on screen for examination. One 
can specify a portion of it only, with for 
example 'LIST 800 - 1000'. Only lines 
numbered 800 to 1000 will be printed on 
screen. Usually 'LIST'ing can be slowed or 
paused, or stopped while it is happening, 
because 'LIST'ing on screen happens 
quite fast! Also possible are 'LIST - 900', 
list everything up to 900 only; 'LIST 3000 -', 
list everything from 3000 onwards. For 
printing on paper, the command may 
typically be 'LUST'. Your manual will 
explain the procedure for your machine in 
more detail. 

DELETE: it may be that you will be 
provided with the 'DELETE' command. 
This is extremely useful for extensive 
editing. Single lines can be deleted 
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(removed from the program) by simply 
typing their number only followed by 
RETURN. But DELETE' allows groups of 
several lines to be removed more easily, 
and works exactly like LIST (DELETE 800 
- 1000', etc.). 

To insert a line, all you need do is 
choose a number between the values of 
the two lines between which you wish to 
insert the new line, and write the new line. 
It doesn't matter where on the screen you 
type this new line to be inserted (usually). 
The method for changing or editing lines 
however depends on how good the BASIC 
editor is (IBM GW BASIC and Commo-
dore's BASIC's are brilliant, whereas for 
example the BBC's BASIC editor is 
horrible to use). The ideal is one which 
merely allows you to list the line to change 
(or more), and type, insert or rub-out text 
over the top. Keying RETURN will cause 
the interpreter to re-read this line and 
re-enter the modified version into the 
listing in memory which, having the same 
line number, will replace the original. 

LOAD, SAVE, STOP 
and CONT 

A BASIC program is loaded into 
memory from storage with the direct 
command 'LOAD "<filename>"'. On PC 
machines (IBM or similar) the program file 
will have the name '<filename>.BAS', 
'.BAS' being what's called an extension 
which qualifies the type of data stored, in 
this case, a BASIC program. While 
working in the BASIC environment, this 
extension is not included when L̀OAD'ing 
BASIC programs, as the system adds it 
automatically.  With  other makes of 
computer there are as many variations. 
Some machines require that the storage 
type is specified, e.g. tape or disk. 'SAVE' 
performs the exact opposite and 'SAVE's 
the BASIC program listing in memory to 
storage. Some disk operating systems 
allow a file to replace an existing file with 
an identical name, others won't without 
special  'over-write'  or  replacement 
syntax. 

A program can be STOP'ped while 
running. This is usually done by pressing 
both 'CTRL' and 'C' keys, but some 
machines may have a special 'STOP' key. 
It interrupts the program and returns the 
interpreter to the command level. Here 
variables can be examined by printing 
them out by hand, or altered, as a 
diagnostic exercise while testing the 
program. Provided no lines are changed, 
the program can be re-continued where it 
left off with 'CONT' (CONTinue). Some 
versions include the facility to slow the 
program down to a crawl or 'freeze' it 
midstride so that you can follow what it's 
doing (usually the same technique used to 
slow or pause a IIST'ing on screen). An 
extremely useful extension of this idea is a 
command called 'TRACE', a keyword 
which displays on screen the number of 
every line that the interpreter has 
currently started to read, so that a problem 
can be pinpointed to the exact BASIC line. 

- 
CLEAR and NEW 

All variables are erased with the 
command 'CLEAR', or 'CLR'. If it gets to a 
stage where there are too many variables 
cluttering up memory, they can be wiped 
out of existance to make room for more 
with this statement. 'NEW' does the same 
to the whole program in memory - before 
beginning to write a fresh new program, 
'NEW' will ensure that no other BASIC 
lines are left. For this reason, as it erases 
everything, 'NEW' is not a command to be 
used lightly. 

At this stage, get used to entering and 
editing BASIC programs using simple 
'REM' and 'PRINT' statements, and get 
familiar with all the BASIC keywords that 
your machine has. Only then will you 
know which similar looking variables to 
avoid! 

FOR... NEXT 
This is one of the commonest and 

most powerful BASIC statements, because 
it enables the computer to repeat a 
calculation or a process over and over 
using increasing or decreasing values. 
The ability to re-direct program flow 
according to certain conditions is what 
distinguishes a computer from a calcula-
tor, say. Whereas with a calculator one has 
to manually punch in values for all of a 
number of repetitions, the computer 
retains these, or versions modified by a 
previous iteration, for further repeats of 
the same process. Such a process 
becomes a loop, which was mentioned 
previously, and in programming such 
conditional modifications of program flow 
are called 'constructs'. We have, then, a 
number of programming 'constructs' at 
our disposal, the 'repeat/until', 'do/while' 
and If/then' constructs being good ex-
amples. The short assembly language 
example shown before is a 'repeat/until' 
construct, because it is saying "keep 
doing this process over and over until the 
X register contains zero". 

'FOR/NEXT' is a 'do/while' construct, 
and the condition sought, in order that the 
loop should not be exited, is usually that a 
count should remain within a limit of some 
description. The 'counter' is a numeric 
variable, and the starting and finishing 
values are determined, together with the 
amount to increment or decrement by, 
with the qualification as to whether to 
count up or down. A simple example will 
help clarify this. Suppose we wanted a 
program to print the five times table, 
starting with 5 x 1 and ending with 5 x 12: 

10 REM FIVE TIMES TABLE 

20 LET A = 5 

30 FOR I = 1 TO 12 

40 S = A * J 

50 PRINT A; "x"; J; "="; S 

60 NEXT J 

70 END 

Several points are reinforced here. 
Note the 'REM' and 'END' statements for 
reasons discussed previously. The 'LET' 
statement in line 20 sets the variable 'A' to 
5, but we could have simply written '20 A 
= 5'. Line 30 initialises T with the starting 
value of 1 using 'FOR', and 'TO' sets the 
terminating value at 12. After the process 
has been carried out in lines 40 to 50, 
which is to produce one line of the times 
table using T as the multiplier, line 60 
contains the 'NEXT' statement which 
increments T, then tests it to see if it is still 
12 or less. If so, then execution is not 
allowed to proceed further but is diverted 
back to line 40 again. In other words, d̀o 
process while I is less than or equal to 12'. 
When the program gets beyond line 60 
and 'END's, T will have the value 13. 

For the required number of pro-
cesses to take place, the 'NEXT f 
statement must be on a line following all of 
the required processes. Putting the 
'PRINT' statement after 'NEXT J' will only 
print one line, '5 x 13 = 65', because I' will 
be one greater than the terminal count 
value. 

'A' needn't have been necessary, 
since its value is constant, we could have 
used just 'S = 5 * J' in line 40, and 
dispensed with line 20 altogether. How-
ever, having 'A' instead can be very useful, 
as will be seen in a minute. 

There is more to the 'FOR / NEXT' 
loop than appears here. It was not actually 
necessary to use 'NEXT r, just 'NEXT' 
would have done, but only because, in this 
case, there is only one for/next loop. If two 
or more loops are 'nested', each will have 
to have a 'NEXT' statement qualified by the 
variable name applicable to it alone to 
prevent confusion. 

Furthermore,  in the  above  ex-
ample, the interpreter takes it for granted 
that the T counter is incremented by one 
each time. If we wanted to write the table 
'backwards', i.e. 12 x 5 first and down-
wards, line 20 would have to be '20 FOR J 
= 12 TO 1 STEP - l', and 'STEP - l' will 
cause the counter to be decremented 
(take 1 away each time). The loop can be 
made to show the table in increments of 
two: '20 FOR J = 1 TO 12 STEP 2'. 'STEP' 
allows counter increments to suit any 
application if the counter variable is 
required in a particular range of values for 
some formula: 'FOR J = 20000 TO 100000 
STEP 10000'. Fractions are allowed too, 
provided the counter variable is not an 
integer. 

Nested Loops 
There can be any number of 'FOR / 

NEXT' loops in a program, but they must 
be entirely separate as in Figure 1, or 
'nested' as in Figure 2, but never 'crossed' 
or overlapping, Figure 3 - you cannot have 
'NEXT r if the immediately previous 'FOR' 
was for T. Nested for/next loops can be 
shown in operation by extending the times 
table idea to include a print-out of all the 
times tables from 1 to 10. 
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10 REM ONE TO TEN MULTIPLICATION 
TABLES 

20 FOR A = 1 TO 10 

30  FOR J = 1 TO 12 

40  S = A * J 

50  PRINT A;  

60  NEXT J 

70 PRINT 

80 NEXT A 

90 END 

The loop 30 to 60 is nested inside the 
loop 20 to 80, and now you can see that 
variable 'A' in the first example has 
become the counter variable for the 'first 
level' loop above in the second example. 
Only after the one times table has been 
completed does line 80 increment 'A' to 2, 
and 'J' again goes through the 'second 
level' loop twelve times before 'A' is 
incremented to 3, and so on. The 'PRINT' 
statement on line 70 puts a blank line 
space between each of the tables, and 
when eventually the interpreter is allowed 
to reach line 90 the program 'ENDS'. 

30 FOR J = 1 TO 10 
40 : 
50 NEXT J 
60 : 
70 : 
80 FOR I = 1 TO 5 
90 : 
100 NEXT I 

Figure 1. Separate 'FOR/ NEXT' loops. 

30 
40 
50 
60 : 
70 
80 
90 

FOR I = 1 TO 10 
FOR J  1 TO 10 

FOR X = 1 TO 5 

NEXT K 
NEXT J 

NEXT I 

Figure 2. Nested 'FOR / NEXT' loops. 

30 
40 
50 
60 
70 
80 
90 

FOR J = 1 TO 10 

FOR I = 1 TO 5 

NEXT J 

NEXT I 

Figure 3. Incorrect crossed 'FOR I NEXT' loops. 

DATA, READ and 
RESTORE 

While variables are very useful for 
storing constants as well as variable data, 
if there is a large amount of unchanging, 
constant data required in the program, 
these shouldn't really be assigned to 
variables as a large number of these will 
then be tied up for 'mundane' purposes, 
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- 
using up variable storage space, limiting 
the variety of free variable names 
available and increasing running time, 
since the interpreter has to repeatedly 
search through a mass of information in 
the variable storage area to find a few 
particular items. Fixed information is 
better made available within the actual 
program in 'DATA statements', and which 
are extracted using the 'READ' statement. 

The list of constants occupying one 
line are separated by commas; there is no 
comma after the last item in any data line. 
The line begins with the word 'DATA'. 
Like 'REM', it causes the interpreter to 
ignore the remainder of the line and go to 
the next. Actually 'DATA' lines can be 
anywhere in the listing, but it is usual to 
have them, if required, either at the 
beginning or the end of the program to 
keep things tidy and so you can find them 
all easily again. 

The items are extracted and assigned 
to a variable by the 'READ' command. 
When a 'READ' statement is first met in a 
program, the value of the first data item is 
assigned to the variable following 'READ', 
e.g. 'READ A'. A second 'READ' operation 
reads the second item, either to the same 
or another variable, and so on - a simple 
example might be: 

10 REM READ DATA DEMO 

20 DATA 0, 1, 2, 3, 4, 5, 6, 7, 8, 9 

30 READ A, B, C, D, E, F, G, H, I, J 

40 X = A+B+C+D+E+F+G+H+I+J 

50 PRINT THE SUM OF"; A; "TO"; J; "IS"; X 

60 END 

RUN 

THE SUM OF 0 TO 9 IS 45 

However, the use of variables 'A' to T 
is wasteful; it is far better to have a single 
'general purpose' variable, and we could 
use 'A'. Using a 'FOR / NEXT' loop to read 
the data, a 'tidier' version, which is much 
more economical with variables, would 
be: 

10 REM READ DATA DEMO 2 

20 DATA 0, 1, 2, 3, 4, 5, 6, 7, 8, 9 

30 FOR J = 1 TO 10 

40 READ A 

50 X = X + A 

60 NEXT J 

The result is exactly the same. If there 
are too many items of data compared to 
the number of 'READ' operations, the 
extra data will be ignored. On the other 
hand, if there are not enough data items, 
then the program will run out of items to 
read, and the interpreter will end the 
program prematurely with an 'OUT OF 
DATA' error message. 

Provided the program only reads 
data once after it is 'RUN', it should not be 
'out of data' if there are the correct number 
of items. If it needs to read them again 
from the beginning, we have a small 
problem. The interpreter remembers 

where it got up to in the list of data items 
after the last 'READ', and if there are no 
more it will not go back to the beginning 
again automatically. But this can be forced 
by the statement 'RESTORE', which resets 
the interpreter's data position counter to 
the first item again. Some BASIC's allow a 
'restore' to a particular line number, so that 
a particular set of data items (out of two or 
more sets) can be selected. 

The above example is given for 
numeric data items, but sentences can be 
stored in this way too. The only difference 
is that the variable that the 'READ' 
operation will assign is a string variable. 
With this revelation in mind, see if you can 
work out how the following works. 
Computer programs often use a 'menu' so 
that the user can select a particular 
requirement from a range of options. This 
menu has its options in the form of a data 
list, which is easy to edit or add to, and 
which makes it shorter than it would 
otherwise be if all the displayed options 
were in the form of text between quotes (") 
and following a mass of 'PRINT' state-
ments: 

10 REM EXPANDABLE DATA READING 
OPTIONS MENU 

20: 

30 DATA 1st Option 

40 DATA 2nd Option 

50 DATA 3rd Option 

60 DATA 4th Option 

70 DATA 5th Option 

80 DATA 6th Option 

90 DATA 7th Option 

100 DATA 8th Option 

(more can be inserted here up to 10 in 
total) 

110 DATA 0 

120 : 

130 RESTORE 

140 FOR J = 1 TO 10 

150 READ 1TEM$ 

160 IF 1TEM$ = "0" THEN GOTO 190 

170 PRINT J; ". "; ITEM$ 

180 NEXT J 

190 PRINT 

200 PRINT "Please choose 1"; "- "; J -1; 

210 INPUT OPT 

220 IF OPT < 1 OR OPT > = J THEN GOTO 
130 

230 ON OPT GOSUB 1000, 2000, 3000, 4000, 
5000, 6000, 7000, 8000 

240 GOTO 130 

Note that it's perfectly alright to jump 
out of the loop if necessary, as with 'IF 
1TEM$ = "0" THEN GOTO 190'. You cannot 
however jump into a 'FOR / NEXT' loop 
from somewhere else, as the interpreter 
will present a 'next without for' error, if it 

Continued on page 68 
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'Data Files' are intended as 
'building blocks' for constructors to 
experiment with and the 
components supplied provide 
a good starting point for 
further development. 

FEATU RES 
* Low External Parts Count 
* Wide Supply Voltage Range 
* Kit Available 

A PPLICATI ONS 
* Electronic Music Syste ms 
* Voltage Controlled Oscillators 
Sweep Oscillators 

Parameter 
Positive supply voltage 
Negative supply range 
Positive supplSr current 
Negative supply current 
Q Control threshold voltage 
Frequency control range 
Frequency control input range 

Conditions 

Pin 13 at OV 
Pin 13 at OV 

Min 
+ 5V 
- 5V 
1.0mA 
4.5mA 
400mV 
10000/1 
120mV 

TYP 
+ 15V 
- 15V 
1.4mA 
6.2mA 
500mV 
50000/1 
+ 1 

Max 
+ 18V 
- 18V 
2.0mA 
8.0mA 

80mV 

Table 1. IC Electrical Characteristics. 
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Introduction 
The SSM2044 is a low cost, 

4-pole voltage controlled filter 
IC which is ideal for use as an 
electronic low pass filter. It is 
also possible to use the device as 
a voltage controlled sine wave 
oscillator. Figure 1 shows the IC 
pinout and Table 1 shows the 
typical electrical characteristics 
of the IC. 

IC Description 
The IC uses a unique 

filtering technique to provide 
low noise operation and a high 
rejection of control signals with 
an extended control range. 
Figure 2 shows typical filter 
responses obtainable using the 
SSM2044. The differential signal 
inputs will accept signals up to 
± 18V peak to peak. 

approached. The type of 
response shown can be a 
problem when designing a Q 
panel control with the right 'feel. 
Ideally the control potentiometer 
should have a characteristic 
which is a reciprocal of this 
response. One way to 
approximate this response is to 
connect a logarithmic 
potentiometer in reverse of the 
standard configuration. To 
obtain better resolution a 
resistor equal to one third of the 
value of the pot can be 
connected in series with the OV 
end to ground, thus discarding 
the lower 25% of the Q response 
curve, where little change is 
evident. The sense of the 0 
control is such that minimum 
resonance is achieved at OV and 
the resonance increases with 
positive 0 control current. 

AMPLITUDE 
INCREASING 

FREQUENCY 

4-POLE 
LOWPASS 
FILTER 

RESPONSE 

-24dB/OCTAVE 

Figure 2. Typical SSM2044 filter responses. 

The effective Q of the filter 
is determined by the current 
flow into pin 2 of the IC. When 
the Q control current reaches a 
critical value (approximately 
425µA) oscillation will occur at 
the cut-off frequency. When 
used as an oscillator the IC is 
capable of producing a 
comparatively pure sine wave. 
For all Q settings below the 
oscillation threshold the final 
roll-off at high frequencies 
approximates - 24dB/octave. 
Figure 3 shows the resonance of 
a 4-pole low pass filter as a 
function of feedback or Q 
control current. It can be seen 
that the rate of change is very 
slow when the Q current is low, 
but increases rapidly as the 
oscillation threshold is 

SIG IN + E 
Q CONTROL E 

OUT E 
C4A E 
C48 E 
C3A E 
C3B E 
GND E 

SSM2044 

÷„ 
ESIG IN _ 
E CIA 

E Freq. 
Control 

C1B 

C2A 

C2B 

-V 

Figure 1. IC pinout diagram. 

RESONANCE 
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08  1 6  24  32 
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40 

Figure 3. Resonance verses Q control current. 
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Figure 4. Circuit diagram. 
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Figure 5. PCB legend and track. 

Kit Available 
A kit of parts, which 

includes a high quality fibreglass 
PCB, is available for a general 
purpose application circuit 
using the SSM2044. Figure 4 
shows the circuit diagram of the 
module and Figure 5 shows the 
legend. 

Additional components 
have been included in the 
design to allow the circuit to 
operate from a single rail supply. 
The module requires a single 
power supply of between 12V 
and 30V which is capable of 
supplying up to 50mA. As 

always, it is important that the 
power supply is adequately 
smoothed to prevent the 
introduction of mains hum onto 
the power supply rails. When 
using a single supply, power 
supply connections are made to 
P1( + V) and P3(0V). Figure 6 
shows the wiring information for 
single supply operation. 

It is equally possible to 
power the circuit from a split rail 
power supply of between ± 6V 
and ± 15V, and when the module 
is used in this way, RI, R2, R5, 
R20, CI and IC I should be 
omitted, and wire links fitted in 
place of C5 and C12. When using 

a split supply, power supply 
connections are made to 
P1( + V), P2(0V) and P3( — V). 
Wiring information for this type 
of configuration is shown in 
Figure 7. 

The circuit can use either 
single ended or balanced inputs 
and provides a single ended 
output. The non-inverting input 
and the output have facilities for 
capacitive coupling. If a single 
ended input is required, then 
input connections should be 
made to P8 with the OV return to 
P7 or P9 as appropriate. For a 
balanced input, connections 
should be made to P8( + i/p), 

P9(0V) and P10( — up). Note: the 
balanced input configuration is 
practical only when using a split 
supply. 

A total of 4 voltage control 
input pins are provided for 
frequency control (P12, P14, P15 
and P17), all of which are 
connected via 100k resistors to 
the inverting input of IC3a, which 
effectively acts as a summing 
amplifier. Preset resistor RV2 is 
used to set the centre point of the 
frequency range, while RV3 
adjusts the sensitivity of the 
voltage control inputs. 

Wire link LK1 allows the 
choice of either an onboard Q 

Voltage 
Control 
Inputs 

Signal Input 

N/C  \'‘/ 

P1(5 

P1c5 

P14 

P 

1.8 
P18 

P16. 

PLO P9 P8 P7 
®  0 

I__J 

A 30 

L__I 

External 0 control 
connection (optional—see text) 

®P4 

®P5 

®P6 

C)P3 OV 
Power 

C)P2 N/C  Supply 
Inputs 

®P1 +V 

0/P N/C OV 

Output 

Figure 6. Wiring diagram for single supply operation. 
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Signal Input 

—I/P OV +I/P N/C 

Voltage 
Control 
Inputs 

OV 

I/P 

N/C 

I/P 

I/P 

N/C 

I/P 

OV 

P1(5 

P 

F15 
1(5 
P 

1.18 

P1()  

P1(3 

II 
®  0  External Q control 

connection (optional—see text) 

40   

j2/12 

Output 

@P4 

@P5 

@P6 

@P3 

@P2 

(DP1 

—V 
Power 

OV  Supply 
Inputs 

+V 

Figure 7. Wiring diagram for split supply operation. 

control preset (RV1) or an 
external potentiometer. If LK I is 
fitted, Q control is via the 
on-board preset; however, an 
external Q control potentiometer 
may be connected to P4, P5 and 
P6 and in this case LK1, RV1, R3 
and R4 must be omitted. A 
suitable value for the 
potentiometer is 10k1 I. 

As mentioned, some of the 
components are only required in 
certain configurations and to 
illustrate this, Table 2 shows the 
appropriate components 
together with the different circuit 
options available. The table also 
shows which of the options are 
available for use with split 
(balanced) or single supplies 
only. In addition to LK1 there are 
three other wire links on the PCB 
(marked LK); these are all fitted 
independent of the options 

chosen. Please note: if all of the 
components shown in the parts 
list are fitted, the module is then 
configured to operate from a 
single rail power supply, with Q 
control via RV1 and with a single 
ended input. 

Applications 
The module may be used in 

many different applications 
requiring a voltage controlled 
low pass filter or oscillator. 
Operating frequency ranges can 
be changed by fitting different 
values in place of C6. Optimum 
performance will usually be 
achieved using the highest 
specified supply voltage as this 
allows improved dynamic range. 

By applying the output of a 
low frequency ramp or 
triangular wave oscillator to the 
control voltage input, the module 

s..tt. -,,., 
s,..., 
elf 
ee 1) : 

435.45, 
00 
ils, 
0 

,.., _ YES NO - 

RI YES NO - 

R2 YES NO 

R3 - - YES NO 

R4 - YES NO 

R5 YES NO - 

R7 - NO YES 

R20 YES NO 

RV1 - YES NO - 

CI YES NO _ _ 

C5 YES UNK ED - 

C12 YES LINKED - 

IC I YES NO - 

SINGLE ENDED 
INPUT YES YES - 

BALANCED 
INPUT NO YES - 

Table 2. Construction information for different options. 
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Figure 8. Basic block diagram of a sweep generator incorporating the SSM2044 module. 
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Programming in BASIC 
Continued from page 63 

hasn't read the line saying 'FOR . .'. Also, 
there should only ever be one 'NEXT' for 
each 'FOR'. If it is necessary to skip a 
section of the instructions in the loop, you 
must 'GOTO' the line having the 'NEXT' - 
you cannot simply use a statement like 
'IF ... THEN NEXT <n>', this is a no-no, 
as it will sooner or later again cause a 'next 
without for' error. 

The INPUT Statement 
We saw  earlier that the 'LET' 

statement can be used to assign a value to 
a variable, and that the 'DATA' and 'READ' 
statements can be used to 'initialise' 
several variables if required. But BASIC 
provides for a variable to be given a value 
by the user from the keyboard. This is the 
'INPUT' statement, which is necessary 
where the program requires data of some 
kind from the person using the program. 
By using 'INPUT' on a line, the program is 
forced to wait for something to be keyed 
in and presents a 'prompt' ('?') on screen 
while waiting for the answer. To illustrate: 

10 REM GUESSING GAME 

20 PRINT "TYPE A NUMBER BETWEEN 1 
AND 9" 

30 INPUT A 

40 PRINT "YOUR NUMBER IS"; A 

50 END 

When 'RUN' the program produces: 

TYPE A NUMBER BETWEEN 1 AND 9 

? 5  • 

YOUR NUMBER IS 5 
You always get a flashing cursor 

while 'INPUT' is active. Typing '5 (RE-
TURN)' allows the program to continue 
and supply the answer. It would be nicer 
however if the question mark immediately 
followed the request, making a proper 
question. Lines 20 and 30 can be 
combined to form: 

20 PRINT "TYPE A NUMBER BETWEEN 1 
AND 9"; : INPUT A 

And when run this will be displayed as: 

TYPE A NUMBER BETWEEN 1 AND 9? 5 

YOUR NUMBER IS 5 

The semicolon defeats the carriage 
return at the end of the 'PRINT'ed 
message, and the colon allows two 
statements to share a BASIC line, in this 
case both 'PRINT' and 'INPUT'. But often 
you can take advantage of the fact that 
'INPUT' can also display one message line 
on its own, like 'PRINT': 

20 INPUT "TYPE A NUMBER BETWEEN 1 
AND 9"; A 

'INPUT also allows more than one number 
to be entered at the same time. For 
instance: 

INPUT A, B, C 

requires data  in the  format  <first 
number>, <second number>, <third 
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number> with commas between, before 
being terminated with a carriage return or 
the 'enter' key. If fewer than the required 
quantity of numbers is entered, the 
interpreter will put up another prompt '?' 
for the missing entry, and continue to do 
so until all the required data is input to the 
relevant variables. If there are more 
individual data items than there are 
specified variables to take them, you will 
get a 'extra ignored' message, or some-
thing similar, so this form of multiple entry 
using one 'INPUT' statement requires 
precise co-operation by the program 
user. 

Strings 
Up to now we have mostly dealt with 

numeric variables, like 'A = 5'. But whole 
alpha-numeric sentences can also be 
handled as variables. Suppose we wish to 
assign the days of the week to a variable, 
by 'LET A = "MONDAY" etc. This will 
cause a 'type mismatch error', because 
either the variable or the information we 
are trying to assign to it is of the wrong 
type. Integers (e.g. À%') can only 
represent whole numbers, a floating point 
variable (e.g. 'A') can only represent 
whole and/or fractional numbers, but for 
one or more 'words' the string variable is 
needed, as in'AS' (and, if used, numbers 
will also become words). Assigned to As, 
"MONDAY" becomes a 'string', because it 
is stored in BASIC memory as 'a string of 
characters'. To assign some text as a string 
to a string variable, the entire sentence 
must be enclosed in quotes ("). Notice that 
this follows the same convention that 
operates for the 'messages' that can follow 
PRINT' arid 'INPUT' statements. Following 
on from this, while a numeric variable can 
be cleared by assigning it the value of 0, it 
may come as no surprise to learn that a 
string variable is cleared by e.g. 'A$ =  
literally nothing between quotes. 

Inputting Strings 
Whole words or sentences can be 

input by specifying a string variable after 
'INPUT', obviously where the information 
from the user is needed in alphabetic 
form, in the case for example of a security 
password required before the program 
can be used. There is another, though less 
obvious, advantage. Where numeric data 
is required, it is usual to input numeric 
variables with 'INPUT A' etc. However, if 
by mistake a letter or string of characters 
was entered the program will stop with a 
'type mismatch' error. 

One of the things that should concern 
the programmer is to anticipate in how 
many different ways the final program can 
be 'abused' by a user. The program, if able 
to anticipate erroneous data input and the 
pressing of wrong keys, etc., through 
using built-in techniques commonly called 
'traps', will be much more 'user friendly' 
and able to safe-guard itself against 
information errors and 'crashes'. 

An example of this is shown in the 
above menu. In this case the menu checks 

that the inputted data from the keyboard, 
which would be an options choice from 
the menu list from 1 to whatever, is within 
the range of options available, i.e., 
numbers less than 1 or greater than the 
highest numbered option are ignored. An 
extension of this would be to recognise 
that the input was non-numerical before 
the interpreter stopped with an error 
message, because the input was the 
wrong type required for the variable. The 
menu could be modified with: 

210 INPUT OPT$ 

215 IF OPTS = " THEN OPTS = "0" 

216 OPT = VAL(OPT$) 

Now the input could be anything 
including 'nothing at all' (just RETURN). If 
OPTS is 'empty' or   (nothing entered) it 
is given the character '0', because on line 
216 the real selection variable 'OPT' is 
assigned the value of OPTS, which the 
'VAL' statement cannot do if the string is 
'empty'. If 'OPT$' is a string of numbers 
then the conversion goes ahead okay; if on 
the other hand the first or all of the 
characters are non-numeric then the 
'VAL(' function assumes zero. Whichever, 
'OPT' gets a legal number. This process 
can be expanded to also exclude 
fractions, by changing line 216 to 'OPT = 
INT(VAL(OPT$))', which will cause 'OPT' 
to have only the whole number portion of 
the digit string assigned to it through the 
function 'INTC, which has the effect of 
changing floating point numbers into 
integers by ignoring fractions. 

Manipulation of Strings 
There is a complementary of the 

function VAL(', having the opposite 
action. S̀TR$C has the effect of converting 
a value of a numeric variable into a string 
of digits for a string variable. Hence 'A$ = 
STI MAY will result in 'AS' having an ASCII 
word which is the written number of the 
value of 'A'. 

When  the  statements  'PRINT', 
1PRINT' and 'PRINT#' (to an external 
device) are used, number to string 
conversions are automatic, and it is always 
the string that appears in print, not the 
actual bytes of the number that is stored 
(which will produce meaningless charac-
ters). When numeric data is sent to 
storage (disk drive or tape) it is also in the 
form of digit strings if 'PRINT#' is used. 
Real strings are unchanged, obviously. 

When the statements 'INPUT' and 
'INPUT#' are used, the opposite conver-
sion takes place if a value needs to be read 
and assigned to a numeric variable. In 
other words, the functions expect the 
value to be written in digit string form, 
whether from keyboard or storage, 
there's no difference. The conversion fails 
if the characters are not digits, i.e. not 
characters '0' to '9', producing an error 
message. It can be seen from this then 
how an 'INPUT(#)' operation to a string 
variable works regardless of which type 
of characters are involved, alphabetic or 
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numeric,  because  no conversion is 
necessary. 

Furthermore, the ASCII (American 
Standard Code for Information Inter-
change) values of individual characters 
can be handled. The standard ASCII code 
for 'carriage return' is 13. You can create 
two blank lines with 'PRINT : PRINT', but 
'PRINT CHR$(13)' will have the same 
effect since the ASCII character 13 is 
printed, producing one line space, and 
then of course if there is no semicolon at 
the end of the 'PRINT' statement to 
suppress the automatic carriage return at 
the end of 'PRINT' we will get another one. 
'PRINT  CHR$(13);  CHR$(13);'  is yet 
another variation for the same result. All 
characters can be 'PRINT'ed individually 
in this way if their values are known, using 
CHR$(< value> )'. 

The ASCII value of a character can be 
discovered by the 'ASC(' function. This 
returns the value to a numeric variable or 
'PRINT' statement, as in: 

PRINT ASCC(i "); ASC("A"); ASC("B") 
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Strings can be added together using 
'+', which has the effect of 'concatenating' 
strings. At the same time, string constants 
between quotes and/or single character 
derivatives from numbers can be in-
cluded. For example: 

WEEK$ = "MONDAY" + CHR$(13) + 
"TUESDAY" + CHR$(13) + 
"WEDNESDAY" + CHR$(13) + 
"THURSDAY" + CHR$(13) + 
"FRIDAY" + CHR$(13) + 
"SATURDAY" + CHR$(13) + 
"SUNDAY" + CHR$(13) 

PRINT WEEK$ 

MONDAY 
TUESDAY 
WEDNESDAY 
THURSDAY 
FRIDAY 
SATURDAY 
SUNDAY 

Because there is a character 13 
between each word, the whole string 
'WEEKS comes out as a list and not a 
single line. Now look at this: 

100 DAY = 0 

110 FOR SCAN = 1 TO LEN( WEEKS) 

120 IF ASC(MID$(WEEK$,SCAN,1)) = 13 
THEN DAY = DAY + 1: PRINT " "; DAY; 

130 PRINT MIDS(WEEKS,SCAN,1); 

140 NEXT SCAN 

150 END 

'LEN(' returns the number of charac-
ters in the string 'WEEKS, and 'MID$(' is a 
string editing function which can extract a 
number of characters from any position in 
a string, in this case, from position 'SCAN' 
and for number of letters V. The 'for / next' 
loop prints all the days in the week exactly 
as 'PRINT WEEK$' would, but one 
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character at a time while it is searching the 
string for carriage returns (13's) so as to 
subsequently display extra information in 
the relevant places: 

MONDAY 1 
TUESDAY 2 
WEDNESDAY 3 
THURSDAY 4 
FRIDAY 5 
SATURDAY 6 
SUNDAY 7 

Some versions of BASIC allow indi-
vidual letters to be changed using 'MID$('. 
If we say M̀IDS(WEEKS1,1) = "S" : 
MIDS(WEEK$,2,1) = "U", then 'MONDAY' 
is changed to 'SUNDAY'. Alternatively, the 
ASCII CHR$Ccodes can be used in place 
of "S" and "U", but not all BASIC's allow 
individual characters of a string to be 
changed like this. 

Similary, L̀EFTS(WEEK$ 7)' extracts 
the first seven letters of 'WEEK$' produc-
ing 'MONDAY', and aightS(WEEKS, 7)', 
'SUNDAY'. Sunday can be moved to 
become the first day of 'WEEKS by: 

WEEK$  =  RIGHTS(WEEKS,7) 
LEFT$(WEEK$,LEN(WEEK$)— 7) 

producing: 

SUNDAY 1 
MONDAY 2 
TUESDAY 3 
WEDNESDAY 4 
THURSDAY 5 
FRIDAY 6 
SATURDAY 7 

from the above program. 
Much can, and has, been written 

about extensive string manipulation in this 
way. The foregoing is just an indication of 
the possibilities, more can be gleaned 
from your computer manual and a number 
of books about BASIC. 

IF . . . THEN. .. ELSE 
Along with 'FOR / NEXT' loops, the 

other important attribute which makes a 
computer different from any other kind of 
machine is its ability to make decisions, 
and alter the direction of its actions 
according to the kind of information 
found. For instance, one might want to 
know for how many years one should 
invest £100 at 9% compound interest for 
the principal sum to reach £1,000. 

Assuming one did not know the 
compound interest formula, one would 
start by calculating the interest and 
adding it to the principal. One variable 
would act as an 'accumulator', keeping a 
count of the number of years. Another 
statement of the program would test to see 
if the principal sum had become equal to 
or exceeded the target of $1,000. If so, then 
the number of years is printed and the 
program terminated. This is an 'iterative' 
type of program which arrives at one 
answer after computing and adding 
compound interest several times until the 
final goal is reached. 

'IF and 'THEN' are instrumental in 

re-directing program flow. The construct 
of 'if / then' is 'IF <condition true> THEN 
<action> ELSE <no action or alternative 
action>. 

Flow-Charting 
Take a look at Figure 4. It is a 

'flow-chart' of the aforementioned com-
pound interest calculator program. As 
mentioned in Part 1, this is the sort of thing 
you must do first, to work out beforehand 
how your program is going to perform its 
actions before you actually start writing 
any of it! Following flow-charting conven-
tions, Figure 4 begins and ends with 
'START' and 'END' contained in lozenges, 
to make it clear where these are. Actions 
are described briefly in boxes and linked 
by lines showing the direction of program 
flow from one to the next. 

Figure 4. Flow chart for a compound 
interest problem. 

The diamond shaped box is the 
interesting one because this is where a 
decision is being made, in this case, 
whether the target of £1,000 has been 
reached or not. 

Program flow is modified according 
to the result of a logical comparison. The 
comparison symbols used in BASIC are: 

=  equal to 
>  greater than 
> = greater than or equal to 
<  less than 
< = less than or equal to 
<>  not equal to 

In the case of 'IF / THEN' the sign  
really does mean 'equal to' and is not an 
assignment, as in the 'LET' statement. The 
simplest form for 'if / then' is 'IF <condition 
true> THEN <action>'; if not true then 
program execution continues on the line 
after the statement unchanged. Many 
versions of BASIC allow an extension of 
this idea if the result of the test is not true, 
using  'IF  <condition  true>  THEN 
<action> ELSE <alternative action>'. 
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The Boolean logical operators 'OR', 
AND and 'NOT' can also be used in 
comparisons. The following are then 
possible: 

IF Z = Y OR Z = X THEN PRINT Z 
IF A = 10 AND B = 10 THEN END 
IF NOT A THEN GOTO 100 

This last actually looks at a negation 
of 'A', as the operator NOT' inverts the 
value as read. If 'A' were - 1, then in the 
above test it is read as 0 and the line would 
not 'GOTO 100'. Similarly: 

IF A THEN GOTO 100 

which simply tests 'A' which again must be 
zero for no action. If it is not zero then 
'GOTO 100' is executed. Just to add further 
confusion, most BASIC interpreters allow 
the 'GOTO' to be dropped if this action is 
required following 'THEN', so: 

IF A THEN 100 

is possible. 

IF ( C>=64 AND C< =90 ) OR ( C>=97 
AND C<=122 ) THEN 2200 ELSE C=46 

shows how 'IF / THEN' can be expanded to 
test for values within one or more ranges. 
Note that, as with arithmetic operators, 
comparisons within brackets are tested 
first. 

Having worked out how to solve the 
compound interest problem by means of 
the flowchart in Figure 4, we can now go 
on to write the program in Figure 5, where: 

N = number of years 
P = initial amount 
I = interest in decimal 

The point to bear in mind is to set the 
value of the principal to the new value 
(principal plus interest) each time. This is 
done at line 60 by the 'LET' statement. It is 
also good practice to set the accumulator 
to zero at tile start just to ensure that it is 

'cleared'. You can double-check the 
program's answer using the formulae: 

A = P (1+1)1 N 
1000 = 100 (1+0 09) 1 N 
10 = (1.09) 1 N 

Taking logarithms to the base 10 each 
side: 
1 = N 0.0374 
N = 26.719 or 27 years. 

ill   

WHILE ... WEND 
This is an enhancement which is 

available on some versions of BASIC. We 
have seen that the 'FOR / NEXT' 
statements can be used to execute a loop a 
number of times determined by a 'counter' 
variable, and the loop ends when the value 
of that variable exceeds a given limit. It is, 
in theoretical terms, a 'do / while (within 
range)'  construct.  What  makes  the 
'WHILE / WEND' statements different is 
that a tested condition is used to decide 
whether to perpetuate the loop or not and 
which is not a count, but can be a test of 
--any parameter. The following revised 
menu example will illustrate the principle 
by not employing 'WHILE / WEND': 

10 REM DATA READING MENU 

20 : 

< 30 - 100 data statements > 

105 : 

110 DATA 0 

120 : 

130 RESTORE 

140 J = 0 : ITEM$=" 

150 IF ITEMS = "0" THEN 190 

160 READ ITEMS : J = J + 1 

170 IF ITEM$<>"0" THEN PRINT J; ". 
ITEMS 

180 GOTO 150 

190 PRINT 

200 PRINT "Please choose"; 1; "-"; J -1; 

210 INPUT OPTS : IF OPT$=" THEN 
OPT =0 ELSE OPT = INT(VAL(OPT$)) 

220 IF OPT < 1 OR OPT > = J THEN 130 

230 ON OPT GOSUB 1000, 2000, 3000, 4000, 
5000, 6000, 7000, 8000 

240 GOTO 130 

In line 150, execution is allowed to 
continue to line 160 while 'ITEMS' is not 
equal to '0'. After printing the menu option 
line (and only if it isn't '0'), execution is 
redirected back to line 150 again. Upon 
'ITEMS' no longer being 'not equal to"0', 
execution jumps to line 190, which is 
immediately after the 'loop back' instruc-
tion at 180. So, line 150 could just as easily 

10 REM PROG FOR SOLVING 

20 N = 0 

30 P = 100 

40 I = 0.09 

50 A = P • I + P 

60 LET P = A 

70 LET N = N + 1 

SO IF A > 1000 

COMPOUND INTEREST PROBLEM 

THEN 90 ELSE 

90 PRINT  Number of 

100 END 

50 

years is"; N 

Figure 5. Program for the compound interest problem. 
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be'150 WHILE ITEMS <>"O", and line 180 
'180 WEND'. 'WEND' is, of course, 'While 
END' (end of 'while' loop). 'WHILE / 
WEND' loops may be nested, as in Figure 
6, just as 'FOR / NEXT' loops can. 

Notice that with 'WHILE / WEND' the 
condition is always tested first. If the 
condition is false first time round, then 
even one iteration of the loop will not be 
executed. Try removing the 'ITEMS = 
statement in line 140 of the above, and see 
what happens when an out-of-range or 
wrong entry forces the menu to re-run a 
second time. Now 'ITEMS' retains the 
string "0", and no more options can be 
read from data, producing no list. What's 
more, the choices available will be in the 
range 1 to - 1! No choice at all. 

10 WHILE < condition 1 > 

20 statements 

50  WHILE < condition 2 > 

60  statements 

100  WEND 

110 WEND 

Figure 6. Nested WHILE - WEND loops. 

Some machines may even support 
the 'DO / WHILE' variation. This will be 
different in that the condition is tested last, 
as in: 

100 DO 

110 statement 

120 statement 

130 statement 

140 WHILE <condition true> 

150 next statement 

Execution will keep returning from 
lines 140 to 110 while the condition is true, 
and only allowed to progress onto line 150 
if false. At least one run through the loop 
110 - 130 must occur before line 140 is 
reached, regardless. 

The following shows an example of 
'WHILE / WEND' for receiving data from a 
keyboard which must match a constant, as 
in the case for a request for a security 
password before the program can be 
used: 

90 INS =  : PRINT "ENTER PASS-
WORD: 

100 WHILE INS <> PASSWORDS 

110 INPUT INS 

120 WEND 

130: 

140 start of actual program 

A more sophisticated version could 
make it more difficult by not showing the 
characters as they are typed (in case 
anyone is watching),  and requiring 
precise key strokes: 

90 INS =  : PRINT "ENTER PASS-
WORD: 

100 WHILE INS <> PASSWORDS 
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110 K$ = 1NKEY$ : 1N$ = 1N$ + K$ 

120 IF K$ = CHR$(13) THEN 90 

130 WEND 

140 : 

150 start of actual program 

As soon as IN$ matches PASSWORD$ 
execution goes straight to line 140 without 
having to key RETURN. But if there is an 
error, RETURN will allow a second 
attempt via line 120. This is necessary or 
else it will be impossible to try again 
without re-running the program from start. 
The 'INKEY$' function is often different 
between the various versions of BASIC, 
some will have alternatives; 'GET K$' for 
instance. If you don't have 'WHILE / 
WEND' with your version of BASIC, don't 
worry. 'WHILE / WEND' and even 'DO / 
WHILE' BASIC constructs can be easily 
simulated using 'IF / THEN' in loops 
created using 'GOTO's, as the previous 
menu example shows. 

Try some experiments of your own to 
produce some of the fundamental loops of 
various sorts. 'FOR / NEXT' is fairly 
straightforward in that it provides for a 
process to be repeated X number of times, 
or until f̀orced' to end by jumping out with 
'IF / THEN'. If you don't have 'WHILE / 
WEND', practice simulating it using 'IF / 
THEN' with 'GOTO's to form a loop. In like 
manner you can also try d̀o / while'. To 
reiterate: 
For / next construct (counted iterations): 

FOR < variable* > = <initial value> 
TO <terminal count> 
[ STEP ( - ) <increment> 
<statements> 
NEXT <variable* > 

Asterisk same variable name 

If / then construct (conditional branching): 

IF <condition true> THEN <action> 
[ ELSE <alternative action> 1 
<next statement> 

\  

'ELSE' can also mean 'no action', or 'no 
deviation from program flow', or in other 
words the next following statement will be 
executed on the next line. 

The following can be simulated if 
actual BASIC keywords representing 
them are not available: 

Do / while construct (condition tested 
first): 

if <condition false> goto next line after 
loop else do <statements> then go back 
to beginning again 

which can be written as: 

IF <condition false> THEN GOTO <end 
of loop> : <statements> : GOTO <start of 
loop> 

This includes: 

WHILE <condition true> <statements> 
WEND 

because the condition is tested first. The 
statements are repeated only if the 
condition is true, and even when these are 
executed for the first time, the construct 
does so only if 'true'. In other words, if the 
condition is false first time round, the 
statements will never be executed at all. 

Repeat / until construct (condition tested 
last): 

do <statements> then test if <condition 
true> and loop back to beginning if 'false', 
else continue 

which can be written: 

<statements*> : IF <condition false> 
THEN  GOTO  <beginning  of 
statements*> again (else continue to) 
<next statement> 

Asterisk same variable name 

The statements are executed at least 
once, whether the condition is true or not. 
Figures 7 and 8 illustrate in flow chart form 
the 'repeat / until' and d̀o / while' 
constructs which might be easier to 

Figure 7. The 'Repeat/ Until' construct. 

follow. It all seems a bit complicated at 
first but it is important to grasp these 
concepts early, as they are the founda-
tions of the way in which computers 
operate. Next time we shall be looking at 
subroutines and sequential data storage 
amongst other things. 

Figure 8. The 'Do/ While' construct. 

Do you have difficulty in getting hold of your copy of 'Electronics - The Maplin Magazine'? 
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? 
Do you say to your family and friends, "I'm just going outside, I may be gone a little while ..."? 
Does your dog hide when you return empty handed? 
Do you resort to reading the Beano, Dandy, Viz or other well known 'comics'? 

\Pr 
Then why not ask your friendly local newsagent to reserve 
or deliver every issue of 'Electronics - The Maplin 
Magazine'? 

Herg5 
Fill out the coupon (right), hand it to your newsagent and 
you need never miss an issue of 'Electronics - The Maplin 
Magazine' 

e ver 

, 1 i 

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

Name   

Address   

Signature   
'Electronics - The Maplin Magazine' is published bi-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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J.M. Woodgate B.Sc.(Eng.), C.Eng., M.I.E.E., M.A.E.S., F.Inst.S.C.E. 

Part 4 - A practical system 

New Readers Start Here 
Audio frequency induction loop sys-

tems (AFILS) are used mainly for 
communicating with hearing aid users 
(hereinafter called 'Grandmas', with abso-
lutely no intention of patronizing them), 
but are increasingly being used for 
confidential communication with staff in 
public buildings and spaces. Speech 
(and/or music) signals are amplified and 
used to drive a current through a loop of 
wire (or a system of loops) encircling the 
area where the system is to be used. The 
resulting magnetic field is picked up by 
suitable receivers (hearing aids equipped 
with magnetic antennas or t̀elecoils') 
carried by the Grandmas or staff. 

This is Part 4 of the series, and it won't 
make much sense without the previous 
Parts, which are in Issues 39, 40 and 41 of • 
the Magazine, so if you are seriously 
interested in audio frequency induction 
loop systems, you will need to order the 
back numbers (why not do it now?). There 
is far too much information in the previous 
three parts for any sort of 'instant update', 
on the theory and practice already covered, 
to be given in this article. 

A Practical System 
The most likely instance of an amateur 

being asked about installing an AFILS is 
where one is required in a church. For those 
people who don't have 'churches', please 
replace by the appropriate word, and do the 
same for any architectural features that may 
be mentioned. A typical professional 
installation might cost £2,000, and such a 
cost is perfectly justified. An amateur, 
however, would not charge for time spent, 
and could make some savings on equipment 
by choosing from the Maplin range. For 
example, a professional would choose an 
amplifier costing in the region of £400, but 
with Maplin we can do better. 

Begin at the Beginning 
It is essential to make some sort ol plan 

— it needn't be too formal — about how and 
when the work is to be done, and where, for 
example, the amplifier is to be located. It 
obviously needs mains power nearby, and it 
must be accessible to authorized people, 
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- and other stories 

without being exposed to possible 'adjust-
ment' by well-meaning but misguided 
people, such as choirboys or vicars. It 
would be a mistake to hide it away in some 
very inaccessible place. It should be 
possible to hear what is going on in the body 
of the church from the amplifier position: 
in this way it is possible to set up the system 
quite easily, whereas if you cannot hear 
what is going on, setting up becomes very 
difficult. 

The next step is to decide where the 
loop cable is to run. In many churches, 
floor level is the only choice, and the cable 
can run along the outer edges of the pews or 
other seating, or at the junction of walls and 
floor. The former position is often 
convenient, but coverage in wide side-aisles 
can be too weak. The aim should be to 
encircle all the seating, because if some is 
left out, that is exactly where the Grandmas 
will want to sit! Having determined the 
cable position, the dimensions of the loop 
should be measured, and preferably 
marked on a plan of the floor layout for 
future reference. A decision has to be made 
whether to extend the loop into the chancel 
or not. For the present, it will be assumed 
that this is not required, and that the loop is 
approximately rectangular and measures 
16m x 20m. 

Microphones 
Obviously, we have to provide micro-

phones to pick up the sounds to feed into 
the loop amplifier. There will clearly be one 
microphone in the pulpit, one or even two 
on the choir, one on the congregation for 
responses, singing and general atmosphere, 
and it will probably be necessary to allow at 
least one for the organ. This latter may 
seem surprising, but remember that most 
hearing aids can only receive either from the 
microphone (M position of the selector 
switch) or from the telecoil (T position). 
Only a few aids have an MT switch 
position, so most Grandmas will not hear 
the organ unless it has a microphone. If the 
organ is electronic, of course, it may be 
possible to extract a 'DI' feed for the loop 
system amplifier. 

Now we have to choose microphones, 
and here comes snag number one. Good 
dynamic (moving coil) microphones are 

expensive, and many are sensitive to 
external magnetic fields, including that 
created by the loop, and thus may suffer 
from magnetic (not acoustic) feedback 
problems. Electret microphones offer good 
quality at lower prices and are not 
(normally) subject to magnetic feedback 
problems. However, those in the Maplin 
range all require a battery, and this is not 
good news, because inevitably one or more 
batteries will be found to be flat just when 
they are needed. The best technical 
solution is to rewire for phantom power, 
but since this involves modifying a new 
piece of equipment, you will forgive me for 
not explaining how to do it: only if you 
know precisely what you are doing should 
you compromise the guarantee on the 
equipment. A slightly less elegant solution 
is to provide a central mains-derived 1.5V 
supply (you only need about 20mA at most 
for four microphones), regulated and 
heavily smoothed, which can be fed to each 
microphone. You could connect the supply 
to a dummy AA size battery (YX92A) by 
cutting the shorting strap. 

Assuming that you are going to use 
electrets, and that you are not going to buy 
capsules (QY63T and FS43W) and make 
your own cases (thus solving the battery 
problem at source), you should consider a 
cardioid (YK64U) for the pulpit. A 
directional microphone will capture the 
voice without much reverberation, which is 
essential for clear hearing. An omni-
directional microphone (YK63T) on the 
congregation will allow the reinsertion of a 
controlled amount of reverberation. This 
microphone should not be more than 10m 
from the pulpit microphone, otherwise 
nasty echo effects may occur. If the choir is 
to have a single microphone, then it may be 
omnidirectional if the chancel roof is not 
too 'live', otherwise a cardioid is indicated. 
This microphone may often conveniently 
be suspended vertically over the centre of 
the chancel (you can see why an internal 
battery is not a good idea!). If two choir 
microphones are used, they should be of the 
cardioid type, each facing the appropriate 
choir stalls. A further microphone, on a 
long lead, may be desirable for ceremonies 
such as christenings, and this should be a 
cardioid type: alternatively, one might be 
suspended permanently over the font. 
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Clearly, with several microphones to 

p
cope with, some form of mixer is essential. 
A decision has to be made whether someone 
is going to attend the mixer during services, 
or whether it is to be pre-set and 
unattended. In the latter case, some form of 
automatic gain control (AGC), separate for 
each microphone, should be provided. It 
might be possible to use the musical effects 
compressor (YB88V) in some way, but I 
have not yet tried it. It would also be 
possible to use the preamplifier board from 
the small amplifier described in Part 2. For 
the present, it will be assumed that 
someone will at least fade in and out the 
microphones as they come into and out of 
use. 'Open' (i.e. faded in) microphones that 
are not in use pick up noise and 
reverberation (and the choirboys' chatter), 
which interfere with the wanted signals. 
Now we strike Snag No. 2. The electret 
microphones have low impedance (60012) 
outputs, but most of the less costly Maplin 
mixers are designed for high impedance 
(501(11) microphones. If you can afford the 
6 channel professional mixer (XMO2C), go 
for it, but please don't use the graphic 
equaliser to ìmprove' the sound: it won't! 
Leave the channel treble controls 'flat', as 
well, and use the bass control only on the 
pulpit •microphone to compensate, if 
necessary, for bass lift due to 'proximity . 
effect'. If the professional mixer is beyond 
your budget, and you only have two 
microphones (pulpit and choir/organ), the 
stereo mixer (XJ17T) would be suitable. 
Another possibility is the 6 channel kit 
mixer (LK49D), which has enough gain for 
some electret microphones even though its 
input impedance is rather high. Yet another 
solution is provided by the mixer modules, 
(LK80B, LK86T, LK85G and LK88V). I 
would not recommend using the latter as a 
VU meter, because I believe that the peak 
programme meter is a much better form of 
indicator (see Part 5, I hope), but it would 
be ideal as a headphone monitor. You must 
listen to the signal you are feeding to the 
loop: how else can you be sure it is free from 
distortion and hum, or that it is even there 
at all? For this job, you could also use the 
'indicator board' from the amplifier de-
scribed in Part 2, with some changes to 
component values. 

Budget 
Now is the time when you can tell 

whoever controls the money bags roughly 
what the cost of the parts for the system will 
be. (Yes, I know we haven't looked at the 
final amplifier, yet: allow £100 or so until 
you have a better estimate.) Don't forget 
that the pulpit microphone will need a 
gooseneck (probably LH88V plus JH58N) 
or some other form of stand: don't use floor 
stands anywhere for an AFILS. Why? Well, 
just think: there you are, wearing your 
hearing aid and contemplating the infinite, 
when somebody kicks the stand! The other 
microphones will also need fixings, and 
cables. If you are running 1.5V from a 
central power supply, you could use 
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(PB49D or PA17T) cable to wall-boxes 
carrying 4-contact DIN connectors 
(HH33L) or multiway connectors 
(FK24B), with the corresponding connec-
tors on the microphones. If the building is 
at all damp, it is best to use gold-plated 
connectors, not for show but for real 
reliability. You would be ill-advised to 
hard-wire the microphones to the cables: 
they should be recovered and stored out of 
harm's way when cleaning and building 
operations are going on. It is also essential 
that any switches on the microphones 
themselves, if they are accessible, should be 
locked in the ON position, otherwise one 
will undoubtedly be OFF just when it is 
most essential that it should be ON, or vice 
versa. This is another reason why internal 
batteries are not practicable. 

Loop Design 
Since the Maplin range does not (yet?) 

include a current-drive amplifier, we are 
looking at voltage drive. A 16 x 20m loop 
could be voltage driven directly, using 7/0.2 
or 1/0.6 wire, or thicker wire with a series 
resistor, but is too large for direct voltage 
drive to be the most efficient technique. 
This can easily be demonstrated, once we 
begin the design procedure. 

Perimeter of loop = 2 x (16 + 20) = 72m 

Therefore, inductance L = 2 x 72 = 144µH 

Inductive reactance at 5kHz = 2 xrx 
5000 x 144 x 10-6  = 4-52fl 

Current required for a field strength of 
0.1Am- at the centre of the loop 

= ir x 16 x 20 x 0.1 ÷ 2 V (162 + 202) = 
1.96A 

Normalized listening height = 2 x 1.2 + 
V (162 + 202) = 0-09 

This is rather too low to meet the 
British Standard (BS6083-4) requirement 
for uniformity of field strength ( ± 3 dB), 
which requires a value of 0.15 minimum for 
the normalized listening height. However, 
it is unlikely that the loop can be installed 
below floor level, so as to increase the 
listening height, so the lack of uniformity 
has to be accepted. Since it appears as a 
rather strong field in the aisles, near the 
loop conductor, it may well not be very 
significant. 

Current increase required due to 
listening height = 1.013 

This is determined by interpolation 
from Table 1 (Part 1 - Issue 39). It is 0- ldB 
and thus quite negligible. 

We could drive this loop from an 
amplifier with a low-level equaliser, but, as 
I explained before, this is not a very good 
technique as it requires very careful design 
and the amplifier needs extra heat-sinking 
arrangements. The high-level equaliser 
described in Part 2, mainly in the context of 
100V line amplifers, can be used in this case 
with advantage. Referring to Figure 23 (the 
same as Figure 13 in Part 2), and using the 
equations in the Appendix to Part 2, 
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Figure 23. A high level equaliser, for use with 
a voltage drive amplifier and a large loop 
(16 x 20m). 

RI = 104 x r x 144 x 10-6 + 2.652 = 1-71(1 

R2= 104 x trx 144x 10-6 +3151= 1.21f1 

C = 4.121 + (109 x 144 x 10-6 ) = 28.6µF 
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Figure 24 shows the current produced 
by a constant voltage input, as a function of 
frequency, both as calculated by a CAD 
program and actually measured on a 
dummy loop. 

We can calculate what conductor size 
• gives a loop resistance of 1-2 Ill as described 
in Part 1. 

A = pk/R 
= 18 x 10-9  x 72 + 1.21 = 1.07 10 6m2 = 
lnun2 

I really didn't 'fiddle' that result! It 
means that the loop can use the inexpensive 
and unobtrusive 32/0.2 'power connection 
wire', (PAO0A for 100m of black). The 
capacitor should preferably be built up 
from thirteen 2.2µF polyester (BX84F) in 
parallel, but r̀eversoradiar 100V reversible 
electrolytics could be used: the 50V range 
however is rather too lossy for comfort at 
the high currents possible in this applica-
tion. 

We know from the analysis of this 
circuit in Part 2 that the impedance stays 
constant at the low-frequency value up to 
about 2.5kHz and then increases steadily, 
reaching V2 times the low-frequency value 
at 5kHz, thus giving us the 5kHz 
bandwidth limitation necessary in order to 
be sure of not causing radio interference 
(provided, of course, that the amplifier is 
stable and not overloaded!). Figure 25 
shows the impedance/frequency character-
istic, calculated with a CAD program. The 
impedance is thus 2.9212, and we ideally 
need a maximum r.m.s. current of 5-6 
times the value of 1.96A calculated above, 
to be sure of coping with signal peaks while 
maintaining the average field strength of 
0.1Am- I specified by BS6083 - 4. This 
gives an amplifier output requirement of 
11A and 32V, i.e. 352W. If we had not 
equalised the loop, we would have needed a 
loop resistance equal to the inductive 
reactance at 5kHz, i.e. 4.52fl, and the same 
current, which gives 49.7V and 547W! 
Clearly, the equaliser is worthwhile. A 
current-drive amplifier would have to give 
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Figure 25. Calculated input impedance of the equalised 16 x 20m loop. 

11A and (11 ± V2) x V(4.522 + 1.212)V, 
i.e. 37.1V and 407.7W. However, even the 
requirement for 352W is fairly expensive to 
fulfil (although the Maplin IkW MOSFET 
amplifier would obviously walk it!). 
Luckily, most churches have very low 
levels of magnetic noise interference, and 
we can reduce the magnetic field strength 
requirement by at least 6dB without being 
likely to run into trouble. You must check, 
however, with a volunteer Grandma (or, 
preferably, a young hearing-aid user who is 
into electronics, if you can find one) that the 
interference level is actually low enough to 
do this. Assuming that it is, the amplifier of 
choice is the 150W power amplifier 

LW32K. It is probable that the new 150W 
MOSFET amplifier described in Issue 41 
of 'Electronics' would also be suitable, but 
of course I have not been able to try one yet. 
The bipolar amplifier will drive a 2.912 load 
without protest, although you clearly 
cannot sine-wave test the system at 
maximum level without blowing the 3A 
fuse in the output circuit. On speech and 
music there will be no problem, so don't put 
in a higher current fuse. 

If the magnetic noise level is really 
low, as it often is, you may even be able to 
use the 50W amplifier kit (LW35Q), with 
the stereo power supply so as to ensure that 
the maximum current can be obtained. 

This amplifier will deliver 72W into 412, 
and current limits at about 5A, so the 
maximum field strength is rather low, but 
may well be enough. This amplifier has the 
capability of producing much higher 
currents, and I hope to be able to say more 
about this in future. I cannot recommend 
the newer 50W module based on the 
TDA1514 for this application, as its 
protection circuits were not designed with 
AFILS in mind. 

Box Cleverly 
If you have chosen a kit amplifier, and 

perhaps a kit mixer as well, it is of course 
absolutely essential to build the equipment 
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into a proper metal box or boxes, properly 
earthed, and with the requisite mains 
switch, fuse and power indicator to make a 
safe and reliable piece of equipment. The 
opposite of 'amateur' is not 'professional' 
but 'cowboy': there is absolutely no reason 
why a piece of equipment designed by an 
amateur should not be every bit as 
well-built as a good commercial product. 
This extends to the labelling of all controls 
and the supply of an Instruction Book. Now 
is the time to prove that you can do a better 
job than the oriental person who wrote the 
IB for your VCR or printer! 

Installation 
The first step is to install the loop 

temporarily on the floor, and then connect 
up the amplifier and one microphone so as 
to check, with one or more Grandmas, that 
the system basically works, with sufficient 
level to banish magnetic interference, good 
intelligibility and without obvious distor-
tion. If you listen through a hearing aid, the 
signal will sound very t̀oppy': don't try to 
alter that because most people using an aid 
suffer from loss of high-frequency hearing, 
so a toppy signal is just what they want. If 
you are offered a 'lorgnette' receiver, use it 
with caution, because a normally-hearing 
person has no idea where to set the gain 
control and the performance of these 
devices varies widely in any case. You 
should rely on what Grandma tells you, or 
preferably on what the average of four 
Grandmas tells you. 

When your 'trial loop' system works 
properly, you can then install the loop and 
microphone wiring, which must be kept 

)) ))I I))))))) 
well apart (1 metre, for preference) and 
cross, if it cannot be avoided, only at 
right-angles. An electrician will show you 
how to find ways through walls etc., and 
how best to conceal the wiring. Finally, you 
can install the amplifier and mixer, and 
connect up the system. Then comes the 
task of setting up all the mixer controls for 
best results. Don't use any tone controls, 
except possibly a little bass cut on the pulpit 
microphone. Mark the positions of the 
controls, and ensure that a plan of the 
wiring and a copy of the Instruction Book 
are put in the archives, as well as a copy of 
each to be stored beside the amplifier. 

Hide not your AFILS 
under 36.368 litres! 

How will people know that you have 
installed an AFILS? Well, you can put it in 
the Parish magazine, but not everyone 
reads all of it, and new residents will not 
know unless you put up some of the discreet 
signs marketed by, for example, the Royal 
National Institute for the Deaf. Preferably, 
too, any side areas not covered by the 
AFILS should be indicated by the same 
sign with a black diagonal bar across it. 
There should also be an AFILS sign outside 
the door, in the porch if there is one. 

Sufficient unto...? 
It is important that budgeting should 

take the future into account. It is no good 
installing an AFILS or anything else, 
without making provision for its upkeep 
and its eventual replacement (in say, ten to 
fifteen years time). Some expenditure will 
probably be required each year: for 

example, microphones are eas ly damaged 
or might even be stolen. The whole system 
should be checked over at least once a year, 
and any defects at any time should be 
reported to whoever is responsible for 
maintaining the system. A neglected fault 
can turn into a costly failure if not repaired 
at once. This all means that you should set 
up 'perpetual funding' for the system. One 
way would be to hold some sort of modest 
event every year, with the proceeds going to 
the ÀFILS fund'. 

Other stories 
I am just going to touch on receiver 

design here, to introduce some of the ideas 
we shall need in earnest in Part 5. 

The output voltage produced by a 
t̀elecoir (magnetic antenna, like a ferrite 
rod antenna but optimised for audio 
frequencies and, of course, not tuned) is 
proportional to frequency, so that if we 
simply amplify it in the receiver, we get a 
very t̀oppy' sound. In a hearing aid, 
resistive loading on the telecoil causes the 
response to flatten out from 1.5 to 2.5kHz, 
but the earphone usually also has a treble 
peak. For people with normal hearing, a 
flatter response is more acceptable, but, 
contrary to popular belief, there is no 
pressing reason to extend the frequency 
response beyond 5kHz or so: the top one or 
two octaves are necessary for high fidelity, 
but not for quite acceptable reproduction 
quality. If this were not so, virtually all 
VCRs without FM sound, and most audio 
cassette recorders, would be useless. 
Actually, it is not difficult to extend the 
overall system response, without raising the 
— 3dB frequency at the loop amplifier 
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Figure 27. Block diagram of an AFILS receiver for a person with normal hearing. 

beyond 5kHz (and thereby requiring a 
bigger amplifier to supply the necessary 
higher driving voltage). 

Receiver EQ 
In order to compensate for the rising 

output voltage of the telecoil with fre-
quency, we can provide EQ, in the form of 
high- frequency cut, in the receiver. This 
has to work, not from lkHz as in a normal 
'tone control', but from low frequencies 
(Figure 26). Now, it is easy to see that if we 
stop the EQ at 5kHz, we can get an overall 
system response that is flat to 10kHz or 
even 20kHz. The penalty for this is that we 
get more noise, but the magnetic noise at 

high audio frequencies is usually negligible 
(not necessarily near TV sets, monitors or 
high-frequency  fluorescent  lamps, 
though). 

Magnetic antenna 
The telecoils used in hearing aids are 

naturally very small, and consist of 
thousands of turns of very fine wire indeed 
on a rod of high-permeability nickel-iron. 
Consequently, they are quite expensive, 
and are not readily available. At present, 
there is no suitable component in the 
Maplin range. However, such components 
do exist (inductors of a few tens of 
millihenrys on an open ferrite core) and 

perhaps in the next part I can give more 
details. Meanwhile, we can see that a 
receiver needs some amplification, an EQ 
stage, and some more amplification to feed 
headphones or an earphone. For the final 
amplifier, the LM386 (UJ37S) is very 
suitable, and the single-supply op-amp 
LM358 is good for the preamplifier and 
EQ. A block diagram of the receiver is 
shown in Figure 27. All the details of this 
design are not yet finalised, but will be 
revealed in Part 5, along with a field-
strength meter having peak programme 
meter (PPM) characteristics, which allows 
more accurate measurements of the field 
strength actually achieved with speech and 
music signals than any other form of meter. 

could be used to form part of a 
sweep oscillator circuit; this can 
be used in conjunction with an 
oscilloscope to display filter 
frequency responses. The 
oscilloscope may then be 

triggered using the same ramp/ 
triangle waveform used to drive 
the VCO. A typical set-up for this 
type of system is shown in Figure 
8. Table 3 shows the specification 
of the prototype SSM2044 module. 

Power supply volt$ *  Single supply 
Split supply 

Power supply current  (Quiescent) 
Operating frequency range (Cut-off frequency) 

SSM2044 4-POLE VCF PARTS LIST 
RESISTORS: All 0.6W 1% Metal Film (unless specified) 

4 
4 
3 
2 
1 
1 
1 
4 

R1,2,5,9  10k 
R3,4,11,20  lk 

47k 
2200 
470k 
150k 
27k 
100k 
10k Hor. End. Preset 
47k Hor. End. Preset 
220k Hor. Encl. Preset 

R6,7,14 
R8,10 
R12 
R13 
R15 
R16,17,18,19 
RV1 
RV2 
RV3 

CAPACITORS 
Cl 
C2,3 
C4,10 
C5 
C6 
C7,8,9 
Cll 
C12 

10µF Minelect 35V 
220µF PC Elect 35V 
100 a Polyester 

Minelect 63V 
750pF Polystyrene 1% 
10,000pF Polystyrene 1% 
22pF Ceramic 
100µF PC Elect 35V 

SEMICONDUCTORS 
IC1  TLOT1C 
IC2  SSM2044 
IC3  LM833N 

MISCELLANEOUS 
P1-21  Pin 2145 

DIL Socket 8-pin 
DIL Socket 16-pin 
SSM2044 PCB 
Constructors' Guide 
SSM2044 D/File Ins 

(MIOK) 
(MIK) 
(M47K) 
(M220R) 
(M470K) 
(M150K) 
(M27K) 
(M1OOK) 

1  (UHO3D) 
1  (UHO5F) 
1  (UHOTH) 

1  (11,05F) 
2  (JL22Y) 
2  (BX76H) 
1  (YY31J) 
1  (BX55K) 
3  (BX86T) 
1  (WX48C) 
1  (JL19V) 

1  (RA67X) 
1  (UL I9V) 
1  (UF49D) 

1 Pict  (FL24B) 
2  (BL17T) 

(BL I9V) 
1  (GE75S) 
1  (XHT9L) 
1  (MUSD) 

A complete kit of parts is available for this project: 
Order As LP45Y (SSM2044 4-Pole VCF Kit) Price £10.95 

The following item is also available separately, but is not shown in our 
1991 catalogue: SSM2044 PCB Order As GET5S Price £2.45 Table 3. Specification of prototype. (Power supply  30V unless 

otherwise specified.) 
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The Editor, 'Electronics — The Maplin Magazine' 
P.O. Box 3, Rayleigh, Essex, SS6 8LR. 

A readers forum for your views and comments. 
If you want to contribute, write to: 

Nonagenarian Hobbyist 
Dear Sir. 
I thank you for your quick response 
to my recent small order. I have 
traded with you over many years. 
not among the mighty big 
spenders, but my dealings have 
always been of a happy and 
satisfactory order. I hasten to 
apologise. therefore, for the 
omission of 75p for carriage from 
my order. I am now 91 years old: 
therefore your generous offer to 
await my next order for the 
payment cannot be sustained. 
There may never be a next order. 
My eyesight is failing, and 
nonagenarians cannot expect to 
go on for ever, or for periods 
counted in years, and I would hate 
to die in debt. I could not pass 
through the Pearly Gates. or even 
the more probable Gates of Hell 
with a clear conscience owing 75p. 
I therefore enclose my cheque for 
this amount herewith, and I take 
the opportunity of offering my 
sincere gratitude for the way that 
with your very efficient help I have 
been able to enjoy thirty-one years 
of a most engrossing and 
fascinating hobby. I can read a 
book with one eye, but I cannot 
handle a hot soldering iron with 
safety, but I have had my day and 
enjoyed most of it, so without 
spilling a lot of sentimental mush I 
will wish you and all your company 
all the happiness and success you 
deserve in many years to come. 
Who knows? I may yet pop up 
again! 
L. Nash, Truro, Cornwall. 

Beginners' Appeal 

Dear Sir, 
I was delighted to read 13 year old 
M. Bridgstock's letter 'Beginners' 
Projects Wanted' (Electronics 
October November). I and several 
of my friends, around the 50 mark 
also find most of the projects too 
complicated and or too expensive. 
It's soul destroying to spend 
pounds on components, only to 
find your effort doesn't work. Come 
on Maplin. give us beginners a fair 
crack of the whip. 
D Woolven, Newport, Gwent. 

Saxy Mike 
Dear Sir, 
At the outset of commencing a 
design for a pick-up (radio or using 
a lead) microphone for a 
Saxophone. I was immediately 
stumped as to which microphone I 
could use. Could you please offer 
any suggestions or sources of 
information concerning this matter. 
E. Freeman, Newcastle. 

If any readers have experience in 
miking-up saxophones. please 
write in and we can pass your 
letters on. 

Finished! 
Dear Sir, 
Looking through past issues of 
Electronics from 1984 onwards, I 
notice that you have never run a 
specific article on finishing off 
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STA R LETTER 
This issue, P. Baxter from Gosport 
receives the Star Letter Award of a £5 
Maplin Gift Token for his letter on... 
Well you'd better read it! 

Whinge! Whinge! 

Dear Editor, 
I am fed up with readers of 
'Electronics bitching and 
whingeing about the lack of 
information provided in Graham 
Dixey's excellent Square One 
series. I am tempted to get out the 
feeding-bottle, as some readers 
appear to be unable to accept solid 
food when it comes to electronics. 
Electronics is a subject which 
requires the use of the old grey 
matter. yes in other words you 
have got to think! Hobbyists 
nowadays seem only to be 
interested in projects that are fully 
developed, have a double-sided 
plated-hole circuit board, and a list 
of instructions that can be copied 
parrot fashion. In art, this is called 
painting by numbers! May I 
suggest that any reader that is 
throwing a tantrum because he or 
she cannot put a project together in 
two seconds flat, and get it to work 
first time, buy some books on the 
subject. What, spend money on 
books, shock horror! Well go down 
to your local library (yes you might 
have to use those things that stick 
out of your bottom called legs) and 
borrow some books. If you pay Poll 

****** 
electronic projects. I am sure that 
beginners and the more 
experienced alike might benefit 
from an article of this type, as so 
often a well built project is let down 
by how it is housed, clear lettering 
etc. This is probably more 
important than ever with your 
increasing range of ready built 
modules, giving people with basic 
knowledge like myself, building 
blocks to experiment with. 

Tax then use the library services 
that you pay for! It is not surprising 
that this nation is in such an 
abysmal state, if the average 
electronics hobbyist is 
representative of the average 
British subject, incapable of 
thinking, reasoning and asking, 
why? Perhaps it is the fault of the 
educational system. I don't know, 
or perhaps today's society makes 
life too easy by spoon-feeding 
(sorry bottle-feeding) everyone. 
Kick yourself up the back side 
otherwise the Germans will do it for 
you. Oh by the way, thanks for a 
great magazine, however a couple 
of points. Please stop colouring in 
components on circuit diagrams, I 
know the artists like to make things 
look nice, but it makes circuits very 
ambiguous. That said, the 
selective highlighting in illustrative 
diagrams works really well. 

Well! Some people certainly do 
seem to get upset and feel 
extremely strongly about the 
subject of where to draw the line 
when it comes to providing 
information. If any other readers 
would like to continue the debate, 
please write in. 

I must agree with R. Potter 
Chesterfield on the comments 
about a Maplin shop in Sheffield. 
Perhaps you could have one in the 
new prestigious Meadowhall 
Complex in Sheffield, which 
opened on the 4th September. 
With an estimated 30 million 
visitors a year it would be good 
news for both yourselves and 
customers in the North. Finally well 
done on the excellent format of this 

magazine, both the projects and 
features are very enlightening and 
I am sure you must find the 
feedback from readers very useful. 
P. Goodrich, Sheffield. 

A feature on finishing projects has 
been suggested several times and 
it really is a good idea. We hope to 
come up with something along 
these lines in the near future. 

1.2k W Po wer Controller 

Dear Sir, 
Just a point about the 1-2kW 
power controller featured in the 
October November issue (No.40). 
Why is the circuit inserted in the 
neutral pole of the mains and not, 
as one would have expected, the 
live? As it stands any appliance 
plugged into the socket is 
completely live while the controller 
is switched on — thus delivering 
the full power of the mains to 
anyone unlucky enough to come 
into contact with a live terminal, 
even if the control was turned 
down. As the mains is an 
alternating current anyway, surely 
there would be no difference if the 
unit were connect?,d in the live 
pole? 
A. Stiles, Derby. 

Alan Williamson from the lab 
replies: You are quite right, there 
would be no difference to the 
performance of the controller if it 
were positioned in the live pole of 
the mains instead of the neutral. 
However the main reason why the 
controller is in the neutral line is to 
ensure that it is as safe as 
possible to use — because the 
earth and neutral lines are at the 
same potential at the substation, 
there is a lower probability of 
insulation breakdown between the 
controller circuit and its earthed 
case. As for the appliance 
remaining completely live even if 
the controller is turned right down, 
it must be said that any equipment 
plugged into the mains supply has 
to comply with minimum insulation 
standards; if the equipment is 
unsafe when plugged into the 
controller, it will be equally unsafe 
when plugged into the mains 
supply direct! We hope you are 
not suggesting that the mains 
connections of such equipment 
can be treated with any less 
respect just because its supplied 
via a 'dimmer device'. Any 
equipment plugged into the 
controller must be treated as if it 
were plugged into the mains 
proper; you shouldn't become 
complacent with, for example, a 
table lamp plugged into a wall 
socket just because the switch on 
the lamp holder is off! Such 
switches are mostly single pole 
type and not always on the live 
side. You would seem to be 
suggesting that the controller 
should render the applicance 
completely safe while fully 'off*: it 
would not. The only way to make 
any mains appliance truly safe is 
to completely remove its plug from 
the mains socket. 
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MIDI 

Dear Sir, 
For several years now I have 
purchased the Maplin Catalogue 
and this year I was prompted to 
buy your magazine for the first 
time. I was very impressed by the 
amount of interesting material 
included. I should like to suggest 
two areas, however, where there 
do not seem to be many projects or 
Maplin products. The first is MIDI, 
the Musical Instrument Digital 
Interface whereby electronic 
instruments can be connected and 
played together. Many keyboards 
now have MIDI facilities and the 
place of the "Practical MIDI 
Handbook" in your Top Twenty 
would indicate that this is an area 
popular with your readers and 
customers. For a specific project I 
would like to suggest a MIDI to 
RS232 Converter so that any 
computer with such an interface 
could be used to send or receive 
from a MIDI device. I only know of 
one commercially available 
product which does this and it is 
only available from the U.S.A. 
Such a project would be a good 
introduction to the whole subject 
which has great scope for home 
construction (it could perhaps use 
the micro-controller featured in the 
October November magazine). 
The second area is add-in boards 
for IBM compatible PCs. These 
computers are now becoming 
much cheaper and will continue to 
do so. It is possible to pick up a 
working model for a couple of 
hundred pounds at auctions for 
example. As far as I can see, most 
of your computer projects are for 
"home" computers. Example PC 
projects could include interfaces 
for many of your current products 
including the weather satellite 
receiver, train controller, etc. (or 
even a MIDI board). I look forward 
to reading future issues of your 
magazine. 
J. Gall. Godalming. Surrey. 

Thanks for some really good ideas. 
Watch this space, as you might 
have a nice surprise in the near 
future! 

Young Ha ms 
Dear Sir, 
We have an Electronics and Radio 
Youth Club here in Thanet which 
has been going for a number of 
years with Dr. Ken Smith who 
works in the University, as our 
Leader. So here is a report about 
the new session and what the boys 
want to get done. The average age 
of members is 13 years. and a lot of 
people say that youngsters are not 
interested in radio and electronics, 
but that is certainly not so with our 
band of young people. Some of us 
went with Ken on a week's youth 
hostel cycle tour around the New 
Forest, Isle of Wight (yes. we do 
that too). We visited the "Wireless 
Museum" at Arreton Manor, and 
were most impressed with the 
interesting things there. Our leader 

is so keen on collecting 
and giving talks on old 
wirelesses, we can see why 
now! The main project this term 
will be everyone building RDF 
receivers, for club outings to "find 
the hidden transmitter" Also, as 
quite a lot of old members passed 
the RAE (and GCE GCSE) from 
the clubwork over the years. some 
of us will study that Course this 
year. Others are interested in the 
new RSGB -novice licence". (We 
also like writing on the word 
processor, like I'm doing now. We 
write a magazine newsletter called 
the "TECnician".) We don't think 
many 13 year olds will be reading 
your magazine, but what is 
important, is older people 
(teachers, uncles. etc.) who might 
do. could well mention our club to 
any young person who could be 
interested, but they must be keen. 
and help run the club. as it is very 
'democratic' (we have a members 
committee who run things). 
R. Collins, Ramsgate, Kent. 

Anyone wishing to contact the club 
can drop us a line with a SAE and 
we will pass the letter on. 

I Can't Get The (4)& % %CS 
Thing To Work! 

Dear Sir. 
With reference to the letter from 
N.C. Thomas, Doncaster and 
Simon Ferrari, Macclesfield in 
issue 39. Beginners by definition 
need encouragement and 
information, not you have it wrong 
try again. After three attempts to 
make the initial Square One 
project work I have become so 
frustrated that only an extreme 
effort of self control prevents me 
from writing in an abusive style in 
reply to the patronising tone of your 
letters page editor and H.C. 
Thomas. I totally agree with Simon 
Ferrari and would be pleased if you 
could pass a copy of this letter to 
him. I would also be pleased to see 
one letter from a genuine beginner 
(by the same count anyone 
experienced) who managed to get 
this project working with the 
components named without 
having to resort to other sources of 
information, e.g. prior knowledge. I 
can only say your present editorial 
style is hardly conducive to an 
expanding readership. I do so wish 
to progress my understanding of 
electronics but your lame use of 
catch 22 is an extreme form of "I'm 
alright Jack". Stop beating around 
the bush and supply the 
information required, your 
credibility is waning. Your reply to 
Simon Ferrari was not a 
satisfactory answer. 
J. Clark, Newcastle Upon Tyne. 

Firstly writing abusively does not 
help anyone and is also something 
that the post office will have 
something to say about. However, 
we always welcome constructive 
criticism, which enables us to 
improve the content of 

'Electronics'. 
Perhaps Simon 

Ferrari would like to write 
in again and say whether the 

practical advice given was of help. 
Obviously we can't go into too 
much detail in the letters page. 
simply because of the space 
available. If you have a particular 
problem and require assistance 
then why not write a letter to the 
Technical Department. After all, 
we pay them to help YOU! As 
human beings, by nature, all the 
things that we do require some 
degree of prior knowledge. A 
beginner's series is difficult to write 
because of knowing 'where to 
draw the line' at explanations (how 
to put the plug on the soldering iron 
for instance). Perhaps if you had 
written in explaining exactly what 
problems you are having, then we 
might have been able to help. Our 
Constructor's Guide, which is 
supplied free with every kit, is full of 
useful information and advice. 
Another excellent source of 
information is your local library, it's 
free (as long as you return the 
books before they're overdue!) 
and if they don't have the book you 
require, they can probably obtain it 
for you. Finally, don't forget 
patience is a virtue, perseverance 
helps a lot too! 

Square One Printing 

Error 

Dear Sir, 
May I first start by congratulating 
you on a really superb series, 
'Square One' in 'Electronics' 
magazine. May I point out though 
that there is an error in the 
calculation on page 8 though I 
assume that this is a misprint. You 
see, according to my calculations, 
40Hz gave me a capacitive 
reactance of 39788.73612, which 
rounded up gives 39.79k12 (not 
39.7912 as printed). 
As you may be aware by my 
callsign. I am a radio ham as may 
be many of your readers. Would it 
be possible to see a bit more from 
Bob Penfold who I know has 
written a lot for the amateur radio 
fraternity, with more radio targeted 
projects in the 'Bob's mini-circuits' 
pages or how about a section 
aimed at radio hams. By the way 
the RTTY system is good as well 
but how about a means of adapting 
it to for the Sinclair Spectrum 
computer owner user and the 
Commodore user. I am a 
Spectrum 48K + owner, the 
Spectrum being a popular 
computer with many radio hams. 
I have been a regular subscriber of 
the Maplin mail order system and 
'Electronics' mag for over a full 
year now and have found the 
magazine to be a very informative 
journal, having it delivered direct 
from Maplin each time it comes out. 
May I take the opportunity to say 
that I fully agree with Mr N.C. 
Thomas of Doncaster (August 
'Electronics' page 62) on the 
subject of making the brain work 

though I have to scratch my own 
head at times myself, then ask the 
guys at the club for help. 
R. Davidson, G7FHD, Cleveland. 

You are of course quite correct, a 
typographical error was 
responsible for the missing 'k', 
which makes the result incorrect 
by a thousand times. If any readers 
have interfaced the RTTY system 
to Commodore or Sinclair 
computers, then drop us a line. 

DC-AC Mains Inverter 
Dear Sir, 
So you want project ideas? How 
about a 240V 50Hz standby supply 
of small size, lightweight, high 
performance and low cost. How? 
By replacing the 50Hz transformer 
by two VCas driving pulse 
generators, each handling one half 
of the output. A fast, tight feedback 
loop would be facilitated by high 
frequencies. This could offer high 
efficiency plus excellent regulation 
and purity of output, with 
capacitive, inductive and resistive 
loads. At least in theory! (I suspect 
it's not exactly easy.) 
C. Collins, Letchworth, Herts. 

You're right the design of such a 
beast is not easy, however it is not 
necessary to use two VCO's. pulse 
generators. etc. A technique 
known as synchronous 
rectification can be used. in a 
modified form, where each half 
cycle is produced by alternating 
between two rectifiers in a 
complimentary pair. Essentially 
the circuit is a SMPS with some 
additional circuitry. Who knows 
what will emerge from the pit next 
(my Lab is not a Pit, it's a cave — 
Dave Goodman). 

It's in the Bag! 

(So me where) 
Dear Sirs, 
I am a subscriber to your 
'Electronics' magazine, and have 
been receiving it on a regular basis 
for a number of years, or so I 
thought. When my postman was 
delivering the most recent issue, 
he pointed out to me how difficult it 
was for him to see the address 
label. The multi-coloured 
magazine comes in a clear plastic 
envelope with only a tiny slip of 
poorly printed paper as the 
address label. The postman said 
he was amazed that it ever gets 
delivered, and asked if I had ever 
missed an issue? 
M. Phelan, Co. Waterford. 

The postal delivery of 'Electronics' 
does occasionally suffer from this 
problem, mainly attributed to the 
bag labels. We are seriously 
looking at producing a carrier 
sheet, which is easy to read and 
can't turn over. as sometimes 
happens with the bag labels. Even 
so the vast majority ( —99- 75%) of 
subscribers receive their copies 
without problems. Please bear 
with us. we are 'addressing' the 
problem. 
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* Save 90p! Yes, save money by 
subscribing for a year, it's cheaper than 
buying each individual copy. 

* FREE DI GEST Supplement! With 
every issue there is a mini Catalogue of 
products for you to collect. 

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

LECTIIONIL, 
* 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, 
cornpetitions and lots, lots more 
besides! 

To subscribe just send a cheque postal order for £7.80 made payable to Maplin Electronics. P.O. Box 3, Rayleigh, Essex SS6 KR. OR you can take advantage of 
our otter of two tree 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 for the next year 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, it 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 46 IRas) in Europe and surface mail outside Europe: £25.00 (or 104 IRCis) Air Mail outside Europe. 

TAKE THE NEXT 2 ISSUES OF THIS MAGAZINE FREE!! 
Because we re so certain that once you ve seen the Maplin Magazine you'll want to continue to receive it, were 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, lust 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 
well 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 £7.80 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 43. 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 (it known) 

I authorise you until further notice in writing to debit my CREDIT CARD account 
with £7.80 and in future, with any amounts which, after notification. MAPLIN 
ELECTRONICS PLC may debit thereto in respect of my subscription 
to the Maplin Magazine. 

OR 

Access  1 Visa I  American Express 

Account No 

1 1 1 1 1 1 1 1 1 1  
j D,tto 

PAYMENT BY DIRECT DEBITING MANDATE in favour of Maplin Electronics plc. P 0. 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   

Name of Account to be debted 

The Manager 

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 

4 

Enter your address and Maplin customer number, if known. 

Post Code 

If you wish you can fold this card, put it in an envelope and write on the envelope. Maplin Electronics, Freepost. P.O. Box 3. Rayleigh, Essex SS6 2BR. 
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These are our top twenty best 
selling books based on mail 
order and shop sales during 
October and November 1990. 
Our own magazines and 
publications are not included. 
in the 'chan' below. 
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Getting the Most from your 
Mulnmeter, by R.A. Penfold. 
(WP94C)Cat. P74. Previous 
Position: 2. Price 22.95. 

• 
• 
• 
• 

A Concise Advanced User's Guide to 
MS-DOS, by N. Kantaris. (WS44X) 
Cat. P9I. Previous Position:4. 
PriceL2.95. 
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Loudspeaker Enclosure Design and 
Construction. (WM82D)Cat. P80. 
Previous Position: 1. Price £9.95. 

• 
• 
• 
• 

IC555 Projects, by E. A. Parr 
(LY04E)Cat. P78. Previous 
Position 3. Price 12.95. 

6 
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• 
• 
• 

• 
• 
• 
• 

by MichaelTooley 
This book contains a 
unique collection of 
practical working 
circuits backed up by 
Maplin kits. 
(WTO2C)Cat. P75. 
Previous Position:5 
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Radio Amateurs Examination 
Manual, by G.L. Benbow. (WP87U) 
Cat. P83. Previous Position: 18. 
Price 26.45. 

Power Supply 
Projects 

• 
• 
• 
• 

Power Supply Projects, By R.A. 
Penfold. (XW52G)Cat. P77. Previous 
Position: 6. Price £2.50. 
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ta. ii An Introduction 1  

Loudspeakers and 

Enclosure Design 

International 
Transistor 
Equivalents 
Guide 

International Transistor Equivalents 
Guide. by Adrian Michaels 
WG30H)Cat, P70. Previous 
Position. 7. Price 23.95. 
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NO 
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Remote Control 

Ilandbook 
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Remote Control Handbook, by 
OwenBishop.(WS23A)Cat. P77. 
Previous Position: 11 Price 23.95. 

• 
• 
• 
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• 
• 

An Introduction to Loudspeakers 
and Enclosure Design by V. Cape!. 
WS3il)Cat P86 
Previous Position: 12. Rice 22.95. 
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TOWERS' '-"*.a.:-;°F.• 
INTERNATIONAL 
TRANSISTOR 
SELECTOR 
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Towers' International Transistor 
Selector, by T.D. Towers. (RR39N) 
Cat. P70. Previous Position: 8. 
Price L19.95. 

The Maplin order code of 
eachbook is shown together 
with page numbers for our 
1991 catalogue. We stock over 
250 different titles, covering a 
wide range of electronics 
and computing topics. 
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Oscilloscopes 
and Other Teat 
Equipment 
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How to Use Oscilloscopes and Other 
Test Equipment by R A Penfold 
(W565V)Cat P74 Previous Position 
New Entry Price L3.50. 
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Mastenng Electronics, by John 
Watson. (WM600)Cat. P74. 
Previous Position: 19. Price £5.99. 

18 

VEY 

50 Projects Using Relays, SCR's and 
Triacs. by F.C. Rayer. (RI13011)Cat. 
P76. Previous Position: Re-Entry. 
Price 22.95. 

19 
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• 

How to Design and Make Your Own 
PCB's, by R.A. Penfold. (WK63T) 
Cat. P73. Previous Position: 16. 
Price 12.50. 

20 
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Electronic 
Music 
Projects 

A Concise Introduction to MS-DOS, 
by N. Kantaris. (WS94C)Car. P9I. 
Previous Position: IS. 
Price 12.95. 

80 

How to Expand. Modify and Repair 
PCs and Compatibles, by R. A. 
Penfold.(WS95D)Cat. P93. Previous 
Position: 17. Price £4.95. 

Washing Machine Manual by 
Graham Dixon. (WS98G)Cat. P87. 
Previous Position: New Entry. 
Price £11.95. 

More Advanced Power Supply 
Projects, by R.A. Penfold.(WP92.4) 
Cat. P77. Previous Position: 10 
Price 12.95. 

Electronic Music Projects, by R.A. 
Penfold.(XW40T)Cat. P82. Previous 
Position: Re-Entry. Price 22.50. 
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A COMPLETELY NEW DIMENSION IN SOUND QUALITY! 

DECODER 
* Fully tested and aligned 
* Ready to install into almost 
any modern colour TV set 

The Maplin NICAM 728 Decoder converts the 
additional digital code presentt in the TV signal to 
a high quality stereo soundtrack with a quality 
similar to that of Compact Disc. 

This fully working system is based upon / 
the Toshiba NICAM chip set, and comes 
ready assembled. 

Turrently being transmitted from Crystal Palace Emley Moor 
Wenvoe Winter Hill. Mendip Black Hill Durns Caradon Hill 

Divis Sandy Heath Rowridge Goldbeck and Belmont 
according to IBA schedule 

Upgrades almost any modern colour TV set - 
no need to purchase a new TV set or VCR! 

features 
* Single  12V power 
requirement 

* Automatic audio 
switching (Mono-
Stereo-Bilingual) 

* British Design 

* Reverts to FM audio if 
NICAM is not present 

* High Quality Optimum 
Performance without 
any additional IC's 

* NICAM mode 
indicators 

Issues 34,35 & 36 of the 
Maplin Magazine contain 
full details of the NICAM 
decoder and the NICAM TV 
tuner projects. 
Order codes: 
XA34M price £1.00, 
XA350 price £1.20, 
XA36P price £1.20. 

* Build-it-yourself NICAM decoder in kit form; 
order as LPO2C £79.95 

British 
Digital 
Stereo 
Sound lor 
Television 
The World's most 
advanced high 
quality stereo 
system for land-
based television! 

TELEVISION ENGINEERS 
This price available to trade only. ring 0702 
554171 and quote AMOOA special 250 off deal 
reference: Electronics. 
Trade: 1 off - E95.60. 10 off - E75. 50 off - 
E69.50. *250 off - E60 plus VAT each. 
Normal Retail Price £109.95 (Inc. VAT) each 
(Order Code AMOOA) 

Initial availability limited — book your orders now! 

ELECTRONICS 
CREDIT CARD H OTLINE 

Access 

VISA 

_m _ cAN  

E<PRESS 

PHONE BEFORE 
5PM FOR SAME 
DAY DESPATCH 

0702 554161 
ALL PRICES INCLUDE VAT 

All items subject to availability, all items will be on sale in our shops in Birmingham, 
Brighton. Bristol, Leeds. Hammersmith. Edgware. Manchester. Nottingham, 
Newcastle-upon-Tyne, Reading. Southampton and Southend-on-Sea. 
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