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NEAT UNCOMPLICATED DESIGN 
OUTPUT OPTIONS AT 7.5 & 6 VOLTS 
AVAILABLE 

9 VOLT Ì AMP 

POWER SUPPLY 

CHARGES UP TO TEN CELLS 
SUITABLE FOR ALL NORMAL N/ -CADS 

ALSO 'LISA' -2 -BAND PORTABLE - Part i 
FEATURED IN -SITU OHM METER 
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DIRECT SUPPLY SERVICE TO READERS 
TOWERS INTERNATIONAL TOWERS INTERNATIONAL 

TRANSISTOR SELECTOR FET SELECTOR 
(NEW REVISED EDITION) 

Towers' International 
Transistor Selector 
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This is dead! 

Would this replace it? 
i x 

If it takes you longer than 1 minute to find out all about these 

transistors then you need a copy of TOWER'S INTERNATIONAL 

TRANSISTOR SELECTOR. It's one of the most useful working 

books you will be offered this year. And probably the cheapest! 
In it, you will find a really international selection of 13,000 

transistor types - British, Continental European, American and 

Japanese. And we think that they will solve 90% of your transistor 
enquiries. 

Current and widely used obsolete types were carefully selected 

and arranged in Numero -Alphabetical order by an author who 

was uniquely qualified to do the job. With his compendium, all 

you need to know is the type number and you can learn all about a 

transistor's specification; who made it and where to contact 

them; or what to use to replace it. 

Price £10.35 inc P&P 
(Please allow 21 

Tower's 
International 
Transistor 
Selector 

by T. D. Towers 
MBE, MA, BSc, C Eng, MIERE 

£10.35 
inc. post and packing 

To:-DATA PUBLICATIONS LTD. 
57 MAIDA VALE 
LONDON W9 1SN 

Please send me copy/copies 
to the address shown below 

NAME 

ADDRESS 

(Block capitals) 

Iona( 
Fet 

2 

(H 

If you deal with field effect transistors, or fet's - whether as a 

student, a hobbyist, a circuit engineer, a buyer, a teacher or a 

serviceman -- you often want data on a specific fet of which you 

know only the type number. 
Specifications apart, you may be even more interested in where 

you can get the device in question. And perhaps more important 

still (particularly with obsolete devices), you may want guidance 

on a readily available possible substitute. 
This fet compendium, a comprehensive tabulation of basic 

specification, offers information on: 
1. Ratings 
2. Characteristics 
3. Case details 
4. Terminal identifications 
5. Applications use 
6. Manufacturers 
7. Substitution equivalents (both European and American) 

The many fet's covered in this compendium are most of the 

more common current and widely -used obsolete types. 

It is international in scope and covers fet's not only from the 

USA and Continental Europe, but also from the United Kingdom 

and the Far East (Japan). 

Q 

days for delivery) r 
Price £4.00 inc P&P 

Tower's 
International 
FET 
Selector 

by T. D. TOWERS 
MBE, MA, BSc, C Eng, MIERE 

£4.00 
inc. post and packing 

To:-DATA PUBLICATIONS LTD. 
57 MAIDA VALE 
LONDON W9 1SN 

Please send me copy/copies 
to the address shown below 

NAME 

ADDRESS 

(Block capitals) 
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Technical Queries. We regret that we are 
unable to answer queries other than those 
arising from articles appearing in this 
magazine nor can we advise on modifica- 
tions to equipment described. We regret 
that queries cannot be answered over the 
telephone, they must be submitted in 
writing and accompanied by a stamped 
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Opinions expressed by contributors are 
not necessarily those of the Editor or prop- 
rietors. 
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Conquer 
the chi 

Be it career, hobby or interest, like it or not 
the Silicon Chip will revolutionise every human 
activity over the next ten years. 

Knowledge of its operation and its use is vital. 
Knowledge you can attain, through us, in simple 
easy to understand stages. 

Learn the technology of the future today in 
your own home. 

MASTER ELECTRONICS MASTER COMPUTERS 
LEARN THE 

PRACTICAL WAY BY 

SEEING AND DOING 

Building an oscilloscope. 
Recognition of components. 
Understanding circuit diagrams. 
Handling all types Solid State 'Chips'. 
Carry out over 40 experiments on basic 
circuits and on digital electronics. 
Testing and servicing of Radio, T.V., 
Hi-Fi and all types of modern computer- 
ised equipment. 

R Ç 

LEARN HOW TO 

REALLY UNDERSTAND 
COMPUTERS, HOW THEY 

WORK - THEIR 'LANGUAGE' 
AND HOW TO DO PROGRAMS. 

Complete Home Study library. 
Special educational Mini -Computer 
supplied ready for use. 

Self Test program exercise. 
Services of skilled tutor available. 

MASTER THE REST 
Radio Amateurs Licence. Logic/Digital techniques. Examination courses (City & Guilds etc.) 

in electronics. Semi -conductor technology. Kits for Signal Generators - Digital Meters etc. 

R 
E 
E 

Please send your FREE brochure 
without obligation to: 

REC/9/811 

Na me 

Address 

REC/9/811 

BLOCK CAPS PLEASE 

I am interested in :- 

PRACTICAL ELECTRONICS 

COMPUTER TECHNOLOGY 

OTHER SUBJECTS 
(please state your interest) 

BRITISH NATIONAL RADIO & ELECTRONICS SCHOOL 

4 CLEVELAND ROAD, JERSEY, CHANNEL ISLANDS. 

2 RADIO AND ELECTRONICS CONSTRUCTOR 
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The 
Proto-.; oard 
Now circuit designing is as 
easy as pushing a lead 
into a hole.. . 

No soldering 
No de -soldering 
No heat -spoilt 
components 
No manual labour 
No wasted time 

For quick signal tracing 
and circuit modification 
For quick circuit analysis and 
diagramming 
With or without built-in regulated power supplies 
Use with virtually all parts - most 
plug in directly, in seconds. 
Ideal for design, prototype and hobby 

NO 
MODEL 
NO 

NO OF 

SOLDERLESS 
TIE.POINTS 

IC 

CAPACITY 
IIapn DIPS) 

UNIT 
PRICE 

PRICE 
INC PEP 
15°ßo VAT 

OTHER 
FEATURES 

1 PB 6 630 6 9.20 11.73 Kit 
2 PB 100 760 10 11.80 14.72 Kit 
3 PB 101 940 10 17.20 2121 
4 PB 102 1240 12 22.95 27.83 
5 PB 103 2250 24 34.45 41.34 
6 PB 104 3060 32 45.95 54.56 
7 PB 203 2250 24 55.15 65.14 5V @ IA 
8 PB 203A 2250 24 74.70 87.63 5V x 15V 
9 PB 203AK 2250 24 59.00 69.57 5V x 15V 

& Kit 

Tomorrow's tools for today's problems 
CONTINENTAL SPECIALTIES CORPORATION 1 c.s.c. UK) Ltd., Dept. 16U Unit 1, Shire Hill Industrial Estate, Saffron Walden, Essex. CB11 3A0 

C.S.C. (UK) Limited Dept.16U 
Unit 1, Shire Hill Industrial Estate, 
Saffron Walden, Essex. CB11 3AQ 
Telephone: Saffron Walden (0799) 21682 
Telex: 817477 
SEPTEMBER 1980 

I 

I 

I 

I 

i 
1 

Only Req 21Only Req 3 Only Req 4 Only Req 5 Only Req 
6 

Only Req 
7 Only Req 

8 
Only Re 19 Only Req 

Name Address 

I enclose Cheque/P.O. for £ 

American Express card no. exp. date 

I FOR IMMEDIATE ACTION - The C.S.C. 24 hour 5 day a week service 
Telephone (0799) 21682 and give us your Barclaycard, Access, 
American Express number and your order will be in the post immediately 

I 

I 

or debit my Barclaycard, Access, I 

I 
For FREE 
catalogue I 
tick box Omil 

3 
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Complete Audio/Tuner Kits 

Mk III FM Tuner series 

95.8 

Carriage for Mk Ill tuner £3 inc 

The Mark Ill series FM tuner has been updated, and now includes a 

centre zero tuning meter as standard. The instruction manual has been 

meticulously revised, enabling easy assembly by constructors of various 
levels of experience - a preview copy may be purchased for £1.00. 
Mark Ill A series 'Reference series' tuner modules £171.35 inc. 

Mark Ill B series 'Hyperfi' modules, with switched 
IF BW, pilot cancel decoder £198.95 inc. 

A matching synthesiser unit will be made available later this year, and can be 

retrofitted to either version. All versions include digital frequency readout/clock, 
VU deviation meters, 6 preset stations, 10 turn pot manual tuning, toroidal PSU, 

output level adjustment, 110/240v AC input. Full alignment service available. 

Power Amplifier Style and performance - with a real 
'belt and braces' PSU design. 

After a couple of preview comments, it seems that many of you are waiting to hear 

about the matching HMOSFET power amplifier for the Mk Ill tuner. Well, it's out 
at last - complete with twin toroidal PSUs for comfortable 80W RMS per channel, 

over 100W peak, but limited' by thermal shutdown of the HMOS. 10W -100W log 

LED output peak indicator, DC offset protection and switch -on pause relay. AC or 

DC input coupling, direct or relay protected output terminals. The works. 

Only one version of this item: Complete kit £178.25 inc. Carr. £5. 

More features and facilities, thanks 
to DC switching and control design 

reviewing t e most c mpre ensive au io preamplifier yet DC switching of 7 inputs, plus 

two tape in/outs. 2 low pas, 2 high pass active filters, genuine volume related loudness, 1dB 

channel matching, with DC volume, balance, bass and treble controls. Suitable for boo/remote 
control, tape dubbing, switched monitor etc. 80dB S/N-t, THD -75dB or better. Pluggable PU 

eualization boards, tone control override. Price for complete unit about £149 ea VAT. 

Preamplifier 

Semiconductors 

Radio/Communications ICs 
CA3089E 2.11 HA1197 
CA3189E 2.53 CA3123E 
HA1137W 1.95 TDA1072 
HA11225 2.47 TBA651 
HA12412 2.81 TDA1090 
K64420 1.95 TDA1220 
TBA720S 1.15 TDA1083 
KB4408 0.80 TDA1062 

SL1610 1.84 SL1626 2.80 
SL1611 1.84 SL1630 1.86 
5L1612 1.84 SL1640 2.17 
SL1613 2.17 SL1641 2.17 
SL1620 2.50 SL6600 4.31 
SL1623 2.80 5L6640 3.16 
5L1624 3.77 SL6690 3.68 
SL1625 2.50 MC1496 1.44 

1.61 SD6000 4.31 
1.61 TDA4420 2.59 
3.09 MC1330P 1.38 
2.53 MC7350P 1.38 
3.51 KB4412 2.24 
1.61 KB4413 2.24 
2 24 K84417 2.53 
2.24 MC3357P 3.16 

FOR COMPLETE LISTINGS - 
SEE OUR NEW PRICELIST 

VARICAP DIODES 
A section from our PL: 

BA102 0.35 16:1 ratio AM tuning 
BB204 0.41 KV1215 9v triple 2.93 
88105 0.41 KV1211 9v dual 2.01 
BB109 0.31 KV1225 25v triple 3.16 
MVAM2 1.93 BB212 9v dual 225 

Radio/Audio/Communications Modules 

LW -MW -SW -SW DC tuned and switched 
91072- All switching of bands by a single 

pin to gnd. Varicap tuned, with LO 
output for synth. MW/LW version 
or MW/LW plus 1 or 2 SW bands 
MW/LW: £15.58 +1SW £16.73 

VHF Tunerheads 
Europes largest stock range for broadcast and 
communications. Probably also the world's - 
details in the catalogues and PL. Specials are 

also supplied in the region 30-220MHz. 

Pilot Cancel PLL Stereo decoders 
Again, Europe's widest range of stereo decoders 
including pilot cancel PLL types. The pic shows 
the 944378 - pilot cancel including post decoder 
26/38kHz filtering and muting preamp output 

Switched bandwidth FM IF strips 

944378-2 
£26.45 

Broadcast FM IF strips for all occasions, including the new 911225 - with diode 
switched narrow filter option, ultra linear phase ceramic filters, 84dB S/N, and 

0.04% THD (40kHz deviation). Plus usual things like AGC, AFC, dev. mute, level 

meter drive. £23.95 (supplied in screen can with 0.1 edge connection system) 
Also the 7230 hyperfi series - as the 911225, but with slope controlled AFC that 
operates in conjunction with signal level - and an extra IF amp stage for DXing. 

Various digital frequency displays 
The World's largest range of receiver DFMs is now 
joined by the DFM7 (shown) - and L shaped version 
of the DFM3 with remote display mount connector 
possibility . 1kHz SW resolution with 455kHz or 
10.7MHz offsets, 100Hz res sip to 3.9999MHz, and 
VHF to 299.99 MHz in 10kHz steps : £41.75 

®11 

POWER MOSFETS 
nee 

pioneering t comp ementary OSFET technique - Hitachi have developed a range 

of output devices and driven that ought to revolutionise opinions and attitudes towards the 
design of all LF amplification systems. We have a new 48 page application note (£1.50 inc) and 

complete sets of parts, modules and now the new complete PA system (see above). 

2SK133 120v N -ch 100W MOSFET £6.33 2SJ48 Pch complement £6.33 
2SK135 160v N -ch 100W MOSFET £7.29 25J50 Pch complement £7.39 
PA101B Kit for 100W MOSFET PA less Heatsink £16.10. £23 inc heatsink/bkt) 

100W PA's made simple 

ULTRA LOW NOISE PU PREAMPLIFIER 
The HA12017 is the last word in PU preamps, and general low noise audio design. 

It is an SIL IC, with 86dB S/N in RIAA configuration, 10v RMS output capability, 
0.002% typ THD at 10v RMS output (imagine the overload margin !!). It comfort- 
ably supercedes discrete circuit designs in terms of price/performance, and takes 
the art beyond the TDA1042's capabilities. (Replaces HA1457) £1.80 each - or 
an RIAA applications PCB with two ICs for £5.75. Complete with Rs&Cs £9.95. 

Radio Control ICs 

Coming Soon 

We have various RC ICs, including NE544 
NE5044, and two new ones from OKI 

KB4445 - 4 channel dig.prop. FM TX IC. 30mW out (amplifyable) -£2.30 inc 
KB4446 - 4/5 ch. dig. prop FM RX IC. Suits KB4445 or RCME syst. £2.65. 
KB4445/6 pair: £4.75. New 8 pa data sheet 35 + SAE. More RC ICs in list 

CMOS, LPSNTTL, TTL, MPU: 
Listings in the new pricelist. 

Most CMOS is available in low 
volume - also LPSN. Standard 
linears and TTL OK. 

Things like ICM7216B, ICL8038, 8080A, 6800P, 2708, NE555,NE556, etc 

Contain yourselves, RF fans ! Not yet ready for 
a full lau -ch until autumn but reviewed here:- 

SSB transceiver system : I OkHz to I000MHz !! 

A modular VLF to UHF SSB TX/RX system at last. With the correct first mixer, the bric PCB 

covers 1014Hz to 1000MHz - using LO fed from ext. source (Our 2 IC Mallard synth for Pretence) 
and RF PA for TX OP. 0.2uV brie sensitivity in HF, Typ cost for HF synth SSB RX will be 
less than £200. Add an RF PA for full TRX for another £50. See one in our foyer, end mervN. 

Please send an 
SAE with all 
enquiries. 
Phone orders by 
ACCESS - but 
minimum £5 
Callers welcome 

Components 

Crystal Filters Most popular types are available - 
ex -stock, and in quantity. 

10.7MHz 25kHz Channel spacing 8pole 
12%kHz . 

2.4kHz SSB 
Monolithic dual roofing filter 

34.5MHz 1.3dB loss, 80dB stopband HF 
first filter in synth. RX 

RC XTALS FM pairs (no spilts) 
AM pairs 

USB/LSB Xtals for 10.7SS6 filter 

Piezo Sounders 

£16.67 
£17.82 
£19.78 
£2.30 

£36.80 
£3.74 
£3.57 --- 
£2.88 ea 

The most efficient warning sounders yet 

The latest thing in elettro -acoustic efficiency. 1mA of drive from 
CMOS will give an SPL of 83dB - 10v RMS drive from CMOS uses 

3mA for 100dB SPL at 4.8kHz (88d8 at 1.65kHz) i fie 
The data sheets shows various drive circuits, and give full 
specifications with regard to broadband responses and power `=,i. 
'consumption etc. 1 off 44p inc. 100 off 28.75p (25p ex vat) 

Keyboard switches and caps 
From the world's most widely used switch 
manufacturers - ALPS - come the biggest and 
best range of keyswitches, and data entry key- 
board switches. The SCM81101 is shown here, 
with the KT5 2 -part cap (with clear top, to enable 
easy fitting of your chosen legend. Other types are 
available with built in LED, 900 mounting etc. 
SCM81101 : 17p, KT5 : 16p - or 29p/pair 

LCD CLOCKS 
LCD DVM 

Clocks use r5v 
at 15uA only 
DVM 9v/I mA 

CM161: 7mm LCD 12/24hr, alarms etc £11.44 each 

CM172: 13mm, 12hr, alarms,timer etc £14.32 each 

CM174: 13mm, 12hr, min/sec stopwatch £14.32 ea 

DVM 176: ICM7106 based LCD 3hdigit £22.36 each 

ap 119Ir switch 

F 12.55 

WHAT's NEW at AMBIT 

NEW PRICELIST/SHORTFORM:- 
2l pages, FOC with A5 SAE pse 

If you still need convincing to invest £1.60 in the cats, be 

POWER MOSFET APPLICATIONS 
HANDBOOK b HITACHI : 

Bigger print than our 
recent one page list - 

and vastly extended 

mean and get this first. 

£1.50 each - or free 
with pairs of HMOS 
and the PA101B. 

Everything you should know about HMOSFET devices theory and applications. 

ambit 
-- INTERNATIONAL 

(.0ml% Age uttered sub,. ru 
m » ,h 4+o nlea phone nM check .1 4n doubt 

200 north 5eruice Road, Brentwood, E55eH 

Parts 1-3 
AMBIT 
catalogues 
60p ea, or 
£1.60 the 
lot. 

4 

TELEPHONE (STD 0277) 230909 TELEX 995194 AMBIT G POSTCODE CM14 4SG 
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ELECTRO ALOE 
SUPPLIERS OF COMPONENTS THAT COUNT 

v 

SIEMENS NASCOM VERO 
SEMI CONDUCTOR 

CAPACITORS 
FERRITES 

MICRO COMPUTERS 
AND 

ANCILLARIES 

BOARDS 
CASES & 

KITS 

ISKRA 
RESISTORS 

RADIOHM 
POTENTIOMETERS 

BREADBOARDS 

SOLDER TOOLS 

OPTO ELECTRONICS SWITCHES CATALOGUE 10 

OUR MINI -SELECTION POINTS THE WAY! 
EXAMPLE ONE - SOLDERING IRONS 

Aryx 50 £12.08 net Antex x 25 £4.83 net 
Isotip £25.90 net Desolder tool SR3A £7.48 net Antex C £4.83 net 500 gm reel solder £6.81 net 

EXAMPLE TWO - PRINTED CIRCUIT MATERIALS 
PCB's 300 x 150 mm Etch Resist Pen £1.14 
SRBP S/S 11.38 D/S Et .73 Breadboards 
F/Glass E1.96 £2.13 Bimboard £9.23 Positive resist 75cc £1.67 Eurobreadboard £6.56 net 
Ferric Chloride 500 g £3.45 T-DeC £5.18 

EXAMPLE THREE - SWITCHES 
Chrome toggle 13A time switch adaptors 
Std. SPDT 65p DPOT 89p Smiths TS100 £14.43 net 
Min. SPDT 66p DPDT92p Wavechange, Lorlin, 1P12W, 

2P6W, 3P4W, 4P3W 46p each 
EXAMPLE FOUR - CAPACITORS BY SIEMENS 
Polyester 7.5mm PCM 
1, 1.5, 2.2, 3.3, 4.7e F, 10, 15, 22, 33, 42p F 8p each, .1p 12p, .15p 15p, .22/, 18p, 
33p 21p, .47p 27p, .68r.34p, 10mm PCM 1p 37p. 
Electrolytic, axial, (N F(V) 
1/40 24p, 1/100 15p, 2.2/25 24p, 2.2/63 15p, 4.7/16 24p, 4.7/40 15p, 10/25 15p, 10/40 18p, 22/25 18p, 22/40 18p, 22/63 19p, 47/10 18p, 47/25 18p, 47/40 16p, 47/63 20p, up to 1000/16V 36p, then 1000/25V 49p to 47/16 65p. 
Also full supporting ranges of other ceramic, plastic and electrolytic caps. 
EXAMPLE FIVE - POTENTIOMETERS BY RADIOHM 

Single gang lin or log 34p (Twin types stereo matched) 
Twin gang lin or log 93p Slider knobs 10p each. 
Mono slider lin or log 83p Presets lin, horiz, or vert at 1Op Twin slider lin or log 136p 

EXAMPLE SIX - RESISTORS 
'(,,'/:,'/.W 2.3p 1W 6p 
Wirewound from 21p 

AND AS FOR SEMI CONDUCTORS ... 
1N914 6p 40673 99p MU481 £1.70 T1P41A 69p 1N4007 9p AC128 36p MJ491 £1.88 T1P41C 74p 1N4148 5p AC176 67p MJ2955 97p T1P42A 69p 1N5402 19p AD136 £4.25 MJE2955 £1.13 T1P42C 74p 2N1599 £1.01 AD149 £1.01 MJE3055 £1.00 T1P2955 69p 2N2369A 24p AD161 40p MPSA12 42p T1P3055 69p 2N3055 81p AD162 52p MPSA63 44p T1S43 40p 
2N3702-11 11p AF127 43p 0A47 14p W02 35p 2N4443 £1.78 AL102 £1.84 0A90 8p 2T x 107, 9 14p 2N4444 £2.28 BA379 29p 0A91 8p 2T x 300 14p 2N4991 98p BB103 43p 0A202 16p 627x500 16p 2N5457-9 45p 68104 70p 0C29 £1.23 This list is 40HF40 E2.25 BB105 37p 0C36 £1.18 but a fraction 40361 49p C10601 52p T2800D £1.20 of what we 40362 49p E1110 92p T1P31A 52p carry. 40636 £1.69 E1210 97p T1P32A 52p 
INFORMATION - To show everything we supply would take about seven pages of closely packed type in this journal - the range is enormous including not only opto devices and very advanced sophisticated items, but all the everyday things you need as well down to nuts and washers! IT'S ALL 
IN CATALOGUE 10- OUR 120 PAGE CATALOGUE FREE FOR THE ASKING. 
PRICES AND V.A.T - All prices quoted here include V.A.T. for U.K. orders. 
Overseas buyers deduct 13% when ordering. 
POSTAGE - For orders up to £5.57 value (U.K.) please add 40p for p/p. If over, orders sent post free in U.K. Overseas orders sent at cost IMin. 40pí. 
DISCOUNTS - 5% allowed on non -net items if order value exceeds £11.50, 10% if order value exceeds 129. Quantity discount prices on most 
components. 
ELECTROVALUE LTD. Dept. 28(A), St. Judes Road, Englefield Green, 
Egham, Surrey TW20 OHS. Phone Egham 33603 Telex 264475. 
Northern Branch (Personal Shoppers only) 680 Burnage Lane, Burnage, 
Manchester M19 1NA. Phone (061) 432 4945. 

First the EuroBreadBoard 
Now the EuroSolderBoard 

ocx 

e Sbes 

Indispensible 
for the professional 

Ideal 
for the beginner 

Design on a EuroBreadBoard - Instal on a EuroSolderBoard 
First the EuroBreadBoard 
Will accept 0.3" and 0.6" pitch OIL IC's, Capacitors, Resistors, 
LED's, Transistors and components with up to .85mm dia leads. 
500 individual connections PLUS 4 integral Power Bus Strips along 
all edges for minimum inter -connection lengths. 
All rows and columns numbered or lettered for exact location 
indexing (ideal for educational projects) 
Long life, low resistance (<10m ohms) nickel silver contacts 
£6.20 each or £11.70 for 2 

Now the EuroSolderBoard 
New 100mm square, 1.6mm thick printed circuit board with pre - 
tinned tracks identically laid out, numbered and lettered to Euro- 
BreadBoard pattern. 
Four 2.5mm dia fixing holes. 
£2.00 for set of three ESB's 

And don't forget the EuroSolderSucker 
Ideal for tidying up messy solder joints or freeing multi -pin IC's, this 
195mm long, all metal, high suction desoldering tool has replaceable 
Teflon tip and enables removal of molten solder from all sizes of 
pcb pads and track. Primed and released by thumb, it costs only 
£7.25 including VAT & PP 

Snip out and post to David George Sales, 
Unit 7, Higgs Industrial Estate, 2 Herne Hill Road, London SE24 OAU aaat_ aaaaaa>_ riaara aaaataari aaaaaataara aril 

David George Sales, 
Unit 7, Higgs Ind. Est., 2 Herne Hill Rd., London SE24 OAU. 
Please send me: - 

Please 

Tick 

1 EuroBreadBoard @ £ 6.20 0 
or 2 EuroBreadBoards @ £11.70 O 
or 3 EuroSolderBoards @ £ 2.00 0 
or 1 EuroSolderSucker @ £ 7.25 0 
All prices are applicable from Jan. 1st 1980 and include VAT 
& PP but add 15% for overseas orders. 
Name 

Company 
Address 

ERC/9 

Tel. No 
Please make cheques/P.O. payable to David George Sales 
and allow 10 days for cheque clearance and order processing 

SEPTEMBER 1980 
5 
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PRIME COMPONENTS 
LOW PRICES 

All our micro chips are at micro prices. Don't be fooled by low prices. We do not offer for sale sub -spec or 
rebrended devices. All our parte are guaranteed new, first quality. factory prime, full spec devices. h is also our 
policy to offer you the best of new devices that become available and these are featured regularly. Prices are 
exclusive of p&p end VAT- please refer to "Ordering Information" before ordering. Official orders from Schools. 
Colleges, Universities and Gov. Authorities accepted. 

DTL 
930 
935 
937 
944 
946 
957 
962 
9099 

55p 
65p 
55p 
65p 
55p 
55p 
55p 
90p 

7400 
7400 
7401 
7402 
7403 
7404 
7409 
7410 
7412 
7513 
7420 
7430 
7432 
7440 
7442 
7448 
7473 
7474 
7475 
7476 
7490 
7492 
7493 
7496 
74121 
74123 
74154 
74157 
74122 
74125 
74195 
74196 
74283 
74290 
74365 
74366 

74LS 

1fp 
12p 
12p 
13p 
17p 
18p 
16p 
lap 
28p 
16p 
18p 
25p 
16p 
68p 
75p 
32p 
32p 
0p 
0p 
35p 
50p 
50p 
45p 
35p 
45p 
BOP 
55p 
45p 
Sop 

100p 
100p 
10p 
120p 
90p 
90p 

741.600 
74LS01 
74L504 
74LS08 
74LS10 
74LS11 
74LS12 
741.514 
741.S15 
74LS20 
74L530 
74LS32 
74LS40 
74LS42 
74LS47 
74LS48 
74LS49 
74LS73 
74LS74 
74L575 
74LS86 
74LS90 
74LS107 
74LS123 
74LS125 
74LS132 
74LS138 
74LS151 
74LS153 
74LS155 
741.5161 
74LS163 
74LS164 
74LS188 
741..5174 
74LS175 
74LS195 
74LS221 
741.5244 
74LS245 
74(5251 
74LS267 
74LS290 
74LS293 
74LS366 
741.5373 
74LS374 
741.5375 
74L8377 
74LS393 
74L5490 
74L5670 

18p 
12p 
15p 
209 
19p 
30p 
30p 
60p 
38p 
19p 
19p 
25p 
28p 
56p 
76p 
85p 
99p 
30p 
30p 
39p 
39p 
40p 
40p 
69p 
50p 
79p 
69p 
75p 
75p 
65p 
78p 
90p 
90p 

190p 
99p 
99p 
87p 

110p 
1750 
325p 
120p 
110p 
95p 

120p 
57p 

1709 
170p 
10p 
188p 
135p 
140p 
260p 

CMOS 
4001 
4002 
4006 
4007 
4008 
4009 
4010 
4011 
4012 
4013 
4014 
4015 
4016 
4017 
4018 
019 
4020 
4021 
4022 
4023 
4024 
025 
4026 
4027 
028 
4029 
4030 
4031 
4033 
035 
4036 
4037 
4038 
4039 

19p 
19p 
75p 
19p 
80p 
359 
45p 
top 
24p 
3Bp 
70p 
75p 
35p 
60p 
76p 
42p 
88p 

loop 
88p 
22p 
50p 
20p 

130p 
45p 
75p 
80p 
50p 

195p 
145p 
104P 
290p 
105p 
110p 
290p 

4040 
4041 
4042 
4043 
4044 
4045 
4047 
4048 
4049 
4050 
4651 
4052 
4053 
4054 
4055 
4056 
4059 
4060 
4063 
4066 
4067 
4068 
4069 
4070 
4071 
4072 
4075 
4076 
4077 
4078 
4081 
4082 
4085 
4086 
4089 
4093 
4094 
4095 
4096 
4098 
4099 
4501 
4502 
4503 
4507 
4608 
4510 
4511 
4512 
4514 
4515 
4516 
4518 
4520 
4521 
4526 
4627 
45213 
4529 
4531 
4532 
4538 
4543 
4556 
4560 
4569 
4572 
4584 
4585 

99p 
75p 
73p 
96p 
88p 

160p 
99p 
56p 
38p 
40p 
89p 
75p 
73p 
ltlp 
121p 
121p 
560p 
112p 
112p 
560 

422p 
19p 
19p 
280 
25p 
25p 
20p 
88p 
23p 
29p 
23p 
25p 
86p 
68p 

130p 
fiep 

225p 
99p 

325p 
110p 
180p 
25p 

112p 
68p 
52p 

288p 
76p 

125p 
75p 

250p 
290p 
109p 
99p 
99p 

230p 
106p 
130p 
99p 

140p 
150p 
125p 
150p 
160p 

709 
225p 
240p 

469 
79p 

125p 

74C 
74C20 
74C76 
74C8ó 
74C97 
74C98 
74C107 
74C160 
74C161 
740162 
74C163 
74C192 
74C193 
74C194 
74C195 
74C9o3 

30p 
80p 

145p 
125p 
125p 
1000 
110p 
145p 
145p 
145p 
175p 
175p 
175p 
175p 

46p 

MEMORIES 

2114 300 NS 275p 
4116 200 N5 300p 
4116150NS 395p 
4315 141( x 11 CMOS RAM 
450 NS 996p 
6514 11k x 41 CMOS RAM 
450 NS 795p 

EPROMS 

1702A 
2708 450 NS 
2716 5V 450 NS 
2532 32K 450 NS 

450p 
4259 
850p 

2995p 

UARTS 

AY -5-1013A 
AY -3-10150 
IM6402 IPL 

325p 
398p 
425p 

CHARACTER 
GENERATOR 

RO -3-2513 UC 460p 

KEYBOARD ENCODER 

AY -5-2376 

FLOPPY DISK 
CONTROLLERS 

795p 

F01771 B-01 S/D Inverted 
Bue 2995p 
FD1791 B-01 DID Inverted 
Fus di 

01792 B-01 S/D Invverted 
Bus 3495p 
FD1793 B-01 D/D True 
Bue 64959 
FD1794 B-01 0/0 True 
Bus 3495p 
FD1795 B D/D Inverted 
Bue, side select 5995p 
FD1797 B D/D True Bus, 
side select 5996p 

SUPPORT DEVICES 

6520 
6522 
6532 
6551 
6810 
6820 
6821 
6850 
6852 
8212 
8214 
8216 
8224 
8228 
8251 
8253 
8255 
8257 
8259 
MC 144 12VL 
Z80 P10 
Z80 CTC 
ZBOA P10 
ZBOA CTC 
Z80 DMA 
Z80A DMA 
280 S10/0 
Z80A S10/0 
Zeo 810/1 
ZBOA Stol1 
Z8081012 
ZBOA S10/2 

495p 
7959 
895p 

10959 
375p 
425p 
425p 

425p 
3959 
4509 
395 
395 
395 
495 

1125 
495 

1050 
1325 
797 
596 
595 
695 
695 
1995 
2495 
2995 
3495 
2996 

99 
3495 

LINEAR IC's 
AY -3-1350 
AY -3-8910 
709 
723 
741 
CL7106 

L7107 
CL8038 
CM7216A 
CM7216B 
CM7555 
LM301AM 
LM311 
LM318 
LM324 
LM339 
LM380 
LM1496 
LM1871 
LM1872 
LM3990 
LM3914 
LM3915 
LM13600 
NE555 
NE556 
RC4136 
SN76477N 
TBA810DAS 
TL071 
TL074 
TL082 
TL084 
TL490 
002206 
xR2207 

695p 
850p 
30p 
33p 
18p 

595p 
695p 
295p 

1875p 
1675p 

80p 
30p 
50p 
75p 
45p 
45p 
659 
65p 

550p 
550p 
50p 

22sp 
225p 
125p 

1óp 
50p 
950 

175p 
85p 
55p 

130p 
75p 

110p 
175p 
325p 
375p 

DIL SWITCHES 
4 pole 
6 pole 
8 pole 
10 pole 

99p 
115p 
140p 
17óP 

INTERFACE 
LINEAR 

MC1488 
MC1489 
DM8123 
75150 
75154 
75182 
75322 
75324 
75325 
75361 
75365 
75451 
75491/2 
8726 
8728 
8795 
8797 

LED. 
TIL209 
TIL211 
TIL212 
TIL220 
TIL222 
T1L224 

DISPLAYS 
FND500 
FND510 
FND567 
DL704 
DL707 
MV57164 

90p 
90p 

125p 
125p 
125p 
195p 
250p 
325p 
325p 
350p 
295p 

50p 
75p 

175P 
17sp 
175p 
175p 

9p 
13p 
15p 
12p 
15p 
18p 

80p 
80p 

125p 
559 
85p 

225p 
ISOLATORS 
ILD74 120p 
IL074 3259 
MCT6 90p 
TIL111 75p 

CPU'S 

6502 
6504 
6505 
6800 
6802 
8080A 
8085A 
Z80 
Z80A 
28001 
Z8002 
WD9000B 

795p 
795p 
795p 
695p 
995p 
525p 

1095p 
795p 
995p 

12506p 
9500p 

19900p 

VOLTAGE 
REGULATORS 

7805/7812 
7905/7912 
788OSSC 
78HGKC 

55p 
65p 

575p 
625p 

BIPOLAR PROMS 

93448 512 x 8 40 NS 
p.o.e. 

93453 1 k x 4 40 NS p.o.e. 
93451 15 x 8 45 NS p.o.e. 
935112kx850NSD.o.a. 

NEW! SPECIAL OFFER! 
4K CMOS RAM (1K x 4) NS ONLY £6.95 (8 for £45) 

The TC 5514P from Toshiba, CMOS equivalent of the 2114! 
'Low Power Dissipation Single 5V Power Supply Input/Output TTL Compatible 
10µW/BIT ITYPI. at 3.0V (STANDBY) 18 PIN Plastic Package Fast Access Time 45050. 

10µW/BIT (TYP). at 50V IOPERATINGI Full Static Operation 
-Data Retention Voltage 2V to 5.5V 'Three Slate Output 

Toshiba's TC5514P )industry type 6514) is a full static reed write memory organised as 1024 words by 4 bits 
using CMOS technology. Ultra low power dissipation mans it can be used as battery -operated portable 
memory system and also es a non-volatile memory with battery back-up. Operate. from a single 5V power 
supply with static operation, hence no refresh periods and a much simplified power supply circuit design. Three 
state outputs simplify memory expansion for minimum data retention voltage is 2V, the battery beck -up system 
needs only simple circuit. Toshiba's original C2MOS technology also means wide operating end noise margins. 
The TC 5514P is moulded in a duel -in -line 18 pin plastic package 0.3 inch in width. 

EREO! 
S100 SOUND COMPUTER BOARD! 

AI lest, an S-100 Board that unleashes the full power of two unbelievable General Instruments AV -3-8910 NMOS 
Computer sound IC's. Allows you under total computer control to genera go an infinite number of special sound 
effects for games or any other program. Sounds can be called in BASIC, ASSEMBLY LANGUAGE, etc. 

KIT FEATURES 
Two GI Sound computer IC's (AY -3.8910) 
'Four parallel I/O ports on Board 
'Uses on Board audio Amps or your STEREO 

area 
AII sockets. partoard 

proto typing 
a 

G 
and hardware are included 

PC Board is soldermesked, silk screened with gold contacts 
'Easy. quick and fun to build. with full instructions 
Uses Programmed I/O for maximum system flexibility 
Both BASIC and ASSEMBLY language programming examplee are included 
COMPLETE KIT ONLY E59,96 includes 60 page data Manual 
BARE BOARD . ONLY £26.00 includes 60 page data Manual 
AY -3-8910 chip special price with purchase of BARE BOARD (2 chip.) E15. 

SOFTWARE 
SCL is now available) Our Sound Command Language makes writing Sound Effects programs a SNAP! SCL 
also includes routine. for Register -Examine -Modify, Memory -Examine -Modify end Play -Memory. SCL is 
available on CP/M compatible diskette or 270812716. Diskette - £19.95, 2708 - £14.95, 2716 - E24.99. Diskette 
includes the source. EPROM'S are ORG at E000H. 

SE 01 Sound Effects 
Kit 
The SE01 is a complete kit that contains 
all the parts to build a programmable 
effects generator. Designed around the 
new Texas Instruments SN 78477 Sound 
Chip, the board provides banks of MINI DIP 
switches and pots to program the various 
combinations of the SLF Oscillator, VCO, 
Noises. One Shot, and envelope Controls. 
A quad Op 
Adjustable Pulse 

is 
e e Generator, Lelvel Com 

Aerator and Multiplex Oscillator for even 
more versatility. The 31" x 3" PC Board 
features a prototype area to allow for user 
added circuitry. Easily programmed to 
duplicate Exploslon, Phssar Guns, Steam 
Trains, or almost an infinite number of 
other sounds. The unit has a multiple of 
applications. The low price includes all 
pans, assembly manual, programming 
charts, and detailed 76477 chip specifica - 
lions. it runs on a 9V battery (not included). 
On board 100MW amp will drive a small 
speaker directly, or the unit can be con- 
nected to your stereo with incredible 
results (Speaker not included). 

COMPLETE KIT ONLY £14.99 
P&P 67p plus VAT 

LOW PROFILE 
SOCKETS BY TEXAS SALE 

8 p 7p 18 pin 15p 24 pin 22p 
14 pin 9p 20 pin 18p 28 pin 25p 
16 pin 10p 22 pin 22p 40 pin 28p 

BOOKS (continued) 
21612 Oscilloscope APPliutione & 

Experiments £8.75 
21635 99 Practical Electronic. Projects 

2nd Ed. E3.75 
21599 Practical Low -Cost IC Projects 2nd 

Ed. E3.50 

21557 Prfor 

Engines so and 
ical E 

nl7 chniciiens 
E8.75 

21482 Regulated Power Supplies 2nd Ed. 
E7.50 

21419 Security Electronics 2nd Ed. £4.50 
21821 Solar Heating £5.25 
21035 TTL Cookbook £7.25 
21103 Troubleshooting with the Oscillo' 

scope 3rd Ed. E4.50 

21313 TV Typewriter Cookbook E7.50 

21339 Video Security Systems E5.25 

21521 Video Tape Recorders E7.50 

OM AY. 3.8910 
an9 

£y40" tweet 

THE NEW GI COMPUTER 
SOUND CHIP 

The amazing AY -3-8910 is a fantastically 
powerful sound and music generator, 
perfect for use with any 8 -bit micro pro - 
minor. Contains 3 tone channels, noise 
Venerator, 3 channels of amplitude con - 
ols, 16 -bit envelope period control, 2 

Parallel All 3 

40 pin DIP. Superert us 
much 

easy to 
interface to the S-100 or other Busses. 
ONLY E8.60 plus VAT, including FREE 

reprint of BYTE '79 
for 60 -page data manual. 

Also, add £2.25 

"Perhaps the next famous composer will 
not direct a 150 -piece orchestra but, rather, 
a trio of microcomputers controlling a 

bank of AY -3-8910s." BYTE July '79. 

31 -DIGIT LIQUID CRYSTAL 
DISPLAY 

with 'low bat' indicator 
'High Contrast Ratio f Yl 0.0 a ) Wide Viewing Angle ` r 

'0.5ín Digit Height 
'ULTRA low Power Consumption 

LCD 106 £6.45 

LED BAR GRAPH AND 
ANALOG METER DRIVER 

New from National LM3914. Drives 10 

LED directly for making bar graphs, 
audio power meters, analog meters, LED 
Oscillators, etc. Units can be stacked for 
more LEDs. A super versatile and truly 
remarkable IC. 

Special price Only £2.25 
12 page data 25p. 
Matching red bar display 
MV57164 £2.25 
Data 25p 

BOOKS 
Please order books by reference no. and title, and add 50p post & pecking for 
each book ordered. 
21168 Active Filter Cookbook 
21440 Aviation Electronics 3rd Ed. 

21558 Audio IC Op Amp Applications 2nd Ed. 

21524 The Cheap Video Cookbook £4.50 
21398 CMOS Cookbook £7.75 
21539 Design of Active Filters with Experi- 

ments £5.95 

21537 Design of Op Amp Circuits with 
Experiments £5.95 

21545 The Design of Phased -Locked Loop 
Circuits with Experiments £6.75 

21686 Design of VMOS Circuits with Experi- 
ments NEWT £5.95 

21618 Electronic Telephone Projects £4.95 

21127 How to Read Schematic Diagrams 3rd 
Ed. £4.25 

21613 How to Use Integrated Circuits Logic 
Elements 3rd Ed. £4.50 

21527 IC Converter Cookbook £10.50 
21695 IC Op Amp Cookbook 2nd Ed. £11.25 
21416 IC Timber Cookbook £8.50 
21601 Instrumentation: Transducers and 

Applications £8.95 

21452 Learn Electronics Thru' Trouble- 
shooting 2nd Ed. £8.25 

21694 LC Circuits £4.46 

21542 Logic and Memory Experiments Using 
TTL Integrated Circuits- Book 1 £7.50 

21543 Logis and Memory Experiments Using 
TTL Integrated Circuits- Book 2 £7.50 

21568 Linear IC Principles, Experiments and 
Projects 2nd Ed. £7.50 

£10.95 
£6.75 
£5.95 

TUNES 
SYNTHESIZER 
The AY3-1350 is a MOS microcompu- 
ter synthesizer of preprogrammed 
tunes for applicationa In toys, music 
boxes and door chimes. The standard 
device has a set of 25 different popular 
end classical tunes. In addition there 
are 3 chimes making a total 0125 tunas. 

FEATURES 
Minimal external components. 
'Automatic switch -off signal at end of 
tune for power saving. 
Envelope control to give organ or 
piano quality. 
Sequential tune mode. 
4 door capability when used es door 
chime. 
Operation with tunes in external 
PROM if required 127081. 
*Single supply I+ 5V) operation. 
Tunes include: STAR WARS, BEETH- 
OVEN'S 9TH AND 5TH, JINGLE BELLS, 
YANKEE DOODLE, STAR SPANGLED 
BANNER, CLEMENTINE, GOD SAVE 
THE QUEEN, 0 SOLE MIO, WEST- 
MINSTER CHIMES, end DESCENDING 
OCTAVE CHIME plus many morel with 
detailed specs and instruction.. 

£6.95 

NEW! 
The XR2266 Decoder/Sense and Drive Chip 

FROM for toy cars that DRIVE LIKE REAL 
e)(0 ONLY £5.451 

This versatile 18 -pin dual in -line IC combines both the decoder and the sense and drive functions to 
cut remote control car circuitry by at Nut a factor of two) Steering, lights', indicators, speed control - 
all from the new XR2266 at only E5.461 

NEW THE NEW ULN-2232A INTEGRATED MOTION DETECTOR 

FROM SPRAGUE The most SOPHISTICATED MOTION DETECTOR availble! 
Automatic Timed Reset 'Long Range Operation Visible or Infra -red Response 
'120 Hz Rejection 100mW Audio Output '14 -Pin Dual In -line Clear Plastic Package 
'Two Sound Patterns 

Combing PL and Bipolar circuitry, the ULN-2232A Motion Detector is a complex optolinear IC 

which includes an on -chip photodiode, high -gain logarithmic and linear amps, extensive digital 
circuitry for sound generation and timing, and high -current output drivers. Add on five small 
capacitors, a speaker and power source end you turn hie state-of-the-art device into a complete 
Motion Detector sensitive to smell changea in light level as a function of time. DETAILED DEVICE 
DESCRIPTION AND APPLICATIONS INFORMATION INCLUDED WITH EVERY ULN-2232A. 
ONLY £7.60!! 

B e B p- 
Bullet's Electronic Music Maker TMIflf-has a single 28 Pin Microprocessor Chip with ROM mat has 
been programmed to play the first 6 to 10 notes of the 25 popular tune. listed below. Each tune can 
easily be addressed individually or played sequentially at the push of e button. The 3 chime 
sequences are activated at any lime by separate twitch closures, so wehen used as a doorbell, one 
door can play songs while two others will play different chimes. The unit has a 5 watt audio Amp 
and will run on either 12 VAC or 12 UDC. Construction is very simple, works with any 8 or 16 ohm 
speaker, or horn speaker, not included). Tunes can be remotely programmed using a single rotary 
switch, (not included), if desired. COMPLETE KIT E9.95. 240 V Transformer optional. 
Tunes: Toreador' William Tell Hallelujah Chorus Star Spangled Banner' Yankee Doodle 
America America Deutschland Leid ' Wedding March' Beethoven's 5th and 9th Hell's Bells La 
Vien en Rose' Star Wars Theme' Clementine Marseillaise ' 0 Sole Mio Santa Lucia The End 
Blue Canute' Brahma Lullaby' Westminster Chime Simple Chime' Descending Octave Chime 
Augustine' Jingle Bells' God Save the Queen Colonel Bogie. 

Ordering information Unless 
otherwise stated, for orders under 
£50 add 50p p&p. Add 15% VAT to 
total no VAT on books/. All 
devices are brand new, factory 
prime and full spec and subject to 
prior sales and availability. Prices 
subject to change without notice. 
Minimum telephone order using 
ACCESS is E10. If ordering by post 
by post with ACCESS, include 
name, address and card 

clearly. 
wee allow d 
eeks k8 delivery 

11131E 
Circuits 

DEPT. R.E.C. 2, 
4 Meeting Street, Appledore, 
Nr. Bideford, North Devon EX39 1RY. 
Tel: Bideford (023721 79507 
Telex: 8953084 
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MOTORS 
1.5-6VDC Model Motors 
22p. Sub. Min. 'Big Inch' 
115VAC 3rpm Motors 32p. 
6 volt standard cassette 
motors new £1.20. 8 track 
12V Replacement Motors 
55p. Cassette Motors 5- 
8VDC ex. equip. 70p. 
Geared Mains Motors 
(240V) 2.5 rpm 75p. 
115VAC 4rpm Geared 
Motors 95p. 

SEMICONDUCTORS 
LM340 80p. BY103 10p. 
2N5062 100V 800mA SCR 
18p. BX504 Opto Isolator 
25p. CA3130 95p. CA3020 
45p. 741 22p. 741S 35p. 723 
35p. NE555 24p. 2N3773 
£1.70. NE556 50p. ZN414 
75p. BD238 28p. BD438 
28p. CB4069 15p. TIL305 
alpha numeric displays 
£2.50. TIL209 Red Leds 10 
for 75p. Man3A 3mm Led 
Displays 40p. 

PROJECT BOXES 
Sturdy ABS black plastic 
boxes with brass inserts 
and lid. 75 x 56 x 35mm 
65p. 95 x 71 x 35mm 75p. 
115 x 95 x 37mm 85p. 

MOTOROLA PIEZO 
CERAMIC TWEETERS 
No crossover required 

2.5" Direct Radiating 
Tweeter, maximum rating 
25 volts R.M.S. 100 watts 
across 8 ohms. Freq. range 
3.8kHz-28kHz, £3.65 

TOOL SALE 
Small side cutters 5" in- 
sulated handles £1. Radio - 
pliers, snipe nosed in- 
sulated handles £1. Heavy 
duty pliers insulated 
handles £1.10. Draper side 
cutters spring loaded £1. 

SWIVEL BASE VICES 
(with anvil) 

With anvil, bench clamp, 
and plated parts, body 
smooth, lacquered finish. 
Jaw width 2", jaw opening 
2;" £5.55 + £1.20 P&P. 

MORSE KEYS 
Beginners practice key 
£1.05. All metal full adjust- 
able type. £2.60 

MINIATURE LEVEL 
METERS 

1 Centre Zero 17 x 17mm 
75p. 2 (scaled 0-10) 28 x 
25mm 75p. 3 Grundig 40 x 
27mm £1.25. 

JVC NIVICO STEREO 
CASSETTE MECHANISM. 
Music centre type. Rev. 
counter, remote operation 
£13.50 and £1.00 p&p. 

JUMPER TEST LEAD 
SETS 

10 pairs of leads with 
various coloured croc clips 
each end (20 clips) 90p per 
set. 

TRANSFORMERS 
All 240VAC Primary (post- 
age per transformer is 
shown after price). 
MINIATURE RANGE: 6-0- 
6V 100mA, 9-0-9V 75mA 
and 12-0-12V 50mA all 79p 
each (15p). 0-6, 0-6V, 
280mA £1.20 (20p). 6V 
500mA £1.20 (15p). 12V 2 
amp £2.75 (45p). 15-0-15V 3 
amp Transformer at £2.85 
(54p). 30-0-30V 1 amp £2.85 
(54p). 20-0-20V 2 amp £3.65 
(54p). 0-12-15-20-24-30V 2 
amp £4.75 (54p). 20V 2.5 
amp £2.45 (54p). 

TRIAC/XENON PULSE 
TRANSFORMERS 

1:1 (gpo style) 30p. 1:1 plus 
1 sub. min. pcb mounting 
type 60p each. 

MICROPHONES 
Min. tie pin. Omni, uses 
deaf aid battery (supplied), 
£4.95, ECM105 low cost 
condenser, Omni, 600 
ohms, on/off switch, stan- 
dard jack plug, £2.95. 
EM507 Condenser, uni, 600 
ohms, 30-18kHz., highly 
polished metal body £7.92. 
DYNAMIC stick micro- 
phone dual imp., 600 ohms 
or 20K, 70 -kHz., attractive 
black metal body £7.75. 
EM506 dual impedance 
condenser microphone 600 
ohms or 50K, heavy 
chromed copper body, 
£12.95 CASSETTE replace- 
ment microphone with 
2.5/3.5 plugs £1.35. INSERT 
Crystal replacement 35 x 
10mm 40p. GRUNDIG elec- 
tric inserts with FET pre - 
amp, 3-6VDC operation 
£1.00. 

LIGHT DIMMER 
240VAC 800 watts max. 
wall mounting, has built in 
photo cell for automatic 
swich on when dark £4.50 

RIBBON CABLE 
8 way single strand 
miniature 22p per metre. 

SPECIAL OFFER TAPE 
HEAD DEMAGNETIZER 

240VAC with curved probe 
suitable for reel to reel or 
cassette machines, £1.95. 

STEREO FM/GRAM TUNER 
AMPLIFIER CHASSIS, VHF 
and AM. Bass, treble and 
volume controls, Gram. 8 - 
track inputs, headphone 
output jack, 3 watts per 
channel with power supply. 
£14.95 and £1.20 p&p 
(CCT supplied). 

MULTIMETER 
BARGAINS 

Pocket Multimeter, 1,000 
opv sensitivity. Ranges 
1KV AC/DC Volts, 150ma 
DC current, resistance 0- 
2.5K, 0-100K, £4.50 

20,000 opv., 1,000 volts 
AC/DC, DC current to 
500ma, 5 ranges, resist- 
ance 4 ranges to 6 meg. 
Mirror scale, carrying 
handle, £975. 

40kHz Transducers. Rev 
Sender £3.50 pair. 

TELEPHONE PICK UP 
COIL 

Sucker type with lead and 
3.5mm plug 62p. 

RELAYS 
Plastic Reed Relay, 
0.1 matrix. 1k n coil 9- 
12VDC normally open, 35p. 
Miniature encapsulated 
reed relay 0.1 matrix 
mounting, single pole 
make, operates on 12VDC 
50p each. Continental 
series, sealed plastic case 
relays, 24VDC 3pole 
change over 5 amp con- 
tacts, new 65p. Min. sealed 
relay, P.C. mounting, 6- 
9vdc operation changeover 
3 amp contacts, new 85p. 
Metal Cased Reed Relay, 50 
x 45 x 17mm, has 4 heavy 
duty make reed inserts, 
operates on 12VDC 35p 
each. Magnets 7," long '/e" 
thick with fixing hole, 10 for 
40p. 

Dalo 33PC Etch Resist 
printed circuit maker pen, 
with spare tip, 79p. 

TERMS: 
Cash with order (Official 
Orders welcomed from 
colleges etc). 30p postage 
please unless otherwise 
shown. VAT inclusive. 
S.A.E. for illustrated lists 

TMK500 MULTIMETER 

TMK500 30,000 ohms per volt. 
IKV AC/DC., D.C. Current to 12 
amps. Resistance to 60 meg in 4 
ranges, mirror scale, with built 
in buzzer for continuity testing 
£20.95 

VN360TR MULTIMETER 

YN360 M/Meter. 20,000 ohms 
per volt. IKV AC/DC volts, 
250ma dc current, 4 resistance 
ranges to 20meg, also has built 
in transistor tester with leakage 
and gain ranges. £12.50 

CRIMPING TOOL 

Combination type for crimping 
red blue and yellow termina- 
tions also incorporates a wire 
stripper (6 gauges) and wire 
cutter, with insultated handles 
only £2.30. 

POWER SUPPLIES 

SWITCHED TYPE, plugs into 13 
amp socket, has 3-4.5-6-7.5 and 
9 volt DC out at either 100 or 40 
OmA, switchable £3.45. HC244R 
STABLISED SUPPLY, 3-6-7.5-9 
volts DC out at 400mA max., 
with on/off switch, polarity 
reversing switch and voltage 
selector switch, fully regulated 
to supply exact voltage from no 
load to max. current £4.95. 

AMPHENOL 
CONNECTORS 

(PL259) PLUGS 47p. Chassis 
sockets 42p. Elbows PL259/ 
S0239 90p. Double in line male 
connector )2XPL259) 65p. Plug 
reducers 13p. PL259 Dummy 
load, 52 ohms 1 watt with 
indicator bulb 95p. 

BUZZERS 

MINIATURE SOLID STATE 
BUZZERS, 33 x 17 x 15mm 
white plastic case, output at 
three feet 70db lapproxl, low 
consumption only 15mA, volt- 
age operating 4-15VDC, 75p 
each. LOUD 12VDC BUZZER, 
Cream plastic case, 50mm 
diem. x 3Òmm high 63p. Carters 
12 volt Minimite Alarm sirens 
£7.65p. 12VDC siren, all metal 
rotary type, high pitched wail, 
£6.25. 

TOOLS 
SOLDER SUCKER, plunger 
type, high suction, teflon 
nozzle, £4.99 (spare nozzles 
69p each). 
All Antex irons still at pre 
increase prices, order now 
as new stock will be going 
up next month. 
Antex Model C 15 watt 
soldering irons, 240VAC 
f3.95 
Antex Model CX 17 watt 
soldering irons, 240VAC 
£3.95 
Antex Model X25 25 watt 
soldering irons, 240VAC 
£3.95 
ANTEX ST3 iron stands, 
suits all above models 
£1.65 
Antex heat shunts 12p 
each. 
Servisol Solder Mop 50p 
each. 
Neon Tester Screwdrivers 
8" long 59p each. 
Miyarna IC test clips 16 pin 
£1.95 

SWITCHES 
Sub. miniature toggles: 
SPST (8 x 5 x 7mm) 42p. 
DPDT (8 x 7 x 7mm) 55p. 
DPDT centre off 12 x 11 x 
9mm 77p. PUSH 
SWITCHES, 16mm x 6mm, 
red top, push to make 14p 
each, push to break version 
(black top) 16p each. 

Electrolytic Caps, 
can type, 2,200mfd and 
2,200mfd 50VDC 35p each. 

RES. SUB BOX 

Resistance Substitution 
Box. Swivelling disc 
provides close tolerance 
resistors of 36 values from 
5 ohms to 1 meg. £3.95. 

, 

fi 
I r 74,t' 

Signal Generator. Ranges 
250Hz-100MHz in 6 Bands, 
100MHz-300MHz (har- 
monics) internal modulator 
at 100Hz. R.F., output Max. 
O.1vRMS. All transistorised 
unit with calibrating 
device. 220-240VAC opera- 
tion, £48.95. 

TAPE HEADS 
Mono cassette £1.75. 
Stereo cassette £3.90. 
Standard 8 track stereo 
£1.95 BSR MN1330 5 track 
50p. BSR SRP90 track 
£1.95. TD10 tape head 
assembly - 2 heads both ; 
track R/P with built in 
erase, mounted on bracket 
£1.20 

PROGRESSIVE 
RADIO 

31 CHEAPSIDE, LIVERPOOL 2. 
ALL ORDERS DESPATCHED BY RETURN POST 
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TRANSISTORS é°osU 
AC126 16p BD238 
AC127 16p BD239C 
AC128 5P BD242 
AC153 11p BD240 
AC176 tip 8D2431865wT 
AC188 10p 8D244A/C 
ACY20 30p BD246 
ACY21 20p BD253 
ACY28 22p 80375 
AD161/162 BD437 

match pair 70p B0438 
AF119 35p 8067760v40w 
AF124 27p 
AF126 27p 
AF127 27p 
AF139 23p 
AF178 35p 
AF180 35p 
AF181 33p 
AF239 35p 
ASV60 35p 
ASY63 4p 
ASY73 35p 
ASZ21 4p 
AU110 £1.43 
AU113 £1.18 
AUY10 70p 
BC107/A/B 6p 
BC108/A/B/C 6p 
BC109/B/C 6p 
BC125B 3p 
BC140 15p 
BC141 11p 
8C147/A/B/C 5p 
BC148/A/B/C 5p 
BC149/A/B/C/S 5p 
BC154 7p 
8C157/A 5p 
BC158/A/B 5p 
BC159/B/C 5p 
BC171B 4p 
BC772 6ip 
BC172c lip 
8C173 4p 
BC177A 14p 
BC178A/B/C 14p 
8C1798 14p 
BC182/AL 5p 
BC182L 3p 
BC183/A/AUL/LC/B 

3p 
BC184L 5p 
BC186 21p 
BC187 8p 
BC204 1 1 p 
BC212U8 5p 
BC213L 5p 
BC213LA 3p 
BC213LB 4p 
BC214B 5p 
BC214L 31p 
BC237A 7ip 
BC238 5p 
BC238B/C lip 
BC239C lip 
BC251 3p 
BC257B lip 
BC258B/C 7ip 
BC259C lip 
BC302 15p 
BC304 15p 
BC307 7p 
BC308B/C lip 
BC309B lip 
BC327 5p 
BC328 6p 
BC338 5p 
BC382L lip 
BC3848 lip 
BC546 5p 
BC547/A/B 5p 
BC548/A/B/C 5p 
BC549C 5p 
BC556 5p 
BC557/B 5p 
BC558A 5p 
BC559 5p 
BC612L 4p 
BCW71R 1p 
BCX32 10p 
BCX34 10p 
BCX36 10p 
BCY11 28p 
BCY31 59p 
BCY56 10p 
BCY70 8p 
BCY71 8p 
BCY72 8p 
BCY79B 15p 
BCZ11 32p 
80113 57p 
BD115 35p 
BDIBRC1116 45p 
BD132 15p 
BD133 28p 
BD135 25p 
BD136 25p 
80137 28p 
BD138 28p 
80137/8 mtch pr 60p 
(3D139 17p 
80140 26p 
BD142 35p 
60156 50p 
BD182p 70v 1174v 

44p 
BD201 86p 
BD202 64p 
80203 86p 
BD204 86p 
BD232 52p 
BD233 20p 

BDX77 
BDY20 
BF115 
BF137 
BF167 
BF173 
BF178 
BF179 
BF180 
BF181 
BF182 
BF183 
BF184 
BF185 
BF194/A 
BF195/C/D 
BF196 
BF197 
BF198 
BF200 
BF224 
BF244C FET 
BF245 
BF256 
BF256L8/LC 
BF257 
BF262 
BF263 
BF274 
BF324 
BF336 
BF355 
BF394B 
BF451 
BF494 
BF495 
BF615 27p 
BF617 27p 
BFQ35 15p 
BFQ37 15p 
8FQ85 15p 
BFR34A 36p 
BFR38 68p 
BFR86 19p 
BFS21 FET pair f3 
BFS28 Dual MUS 50p 
BFT30 15p 
BFT31 15p 
BFT39 15p 
BFT41 15p 
BFT60 6p 
BFT61 15p 
BFT70 15p 
BFT71 15p 
BFW10 FET 46p 
BFW11 FET 46p 
BFW30 15p 
BFW31 15p 
BFW57 18p 
BFW58 18p 
BFX12 23p 
BFX29 15p 
BFX30 16p 
BFX37 16p 
BFX84 20p 
BFX85 14p 
BFX88 20p 
BFX89 20p 
BFY39 20p 
BFY50 15p 
BFV51 15p 
BFY52 15p 
BFY75 15p 
BFV90 40p 
BLY10 23p 
BR101 Prog. 20p 
BRY39 Uni- 29p 
BRY56 ) Junct. 29p 
BSV64 36p 
BSV79 50p 
BSV80 50p 
BSV81 75p 
BSX19 15p 
BSX20 VHF Osc. 10p 
BSX21 10p 
BSX78 8p 
BSY40 30p 
BSY95A 10p 
1311105 64p 
BU105/04 78p 
BU204 63p 
BU208 90p 
BUX 66P, 150v, 35w, 

D1693 62.85 
GET102 46p 
GET111 45p 
GET120 30p 
M103G MOSFET 30p 
MA393 25p 
MD7000 £2.25 
ME2 13p 
ME0412 14p 
ME8003 20p 
MJ481 (BDY23) 23p 
MJE371 40p 
MJE2371 80p 
M n. 15 Russian 25p 

13p 
35p 
25p 
29p 
30p 
30p 
30p 
30p 
32p 
44p 
35 
35p 
28p 
50p 

BD678 Pwr. Darl. 50p 
BDX33B Pwr Dar 44p 

50p 
86-p 
18p 
11p 
18p 
18p 
23p 
23p 
12p 

8p 
18p 
18p 
18p 
18p 
5p 
5p 
5p 
5p 
5p 

13p 
4p 
lip 
6p 
4p 
3p 

20p 
29p 
29p 
8p 

31p 
16p 
15p 
3p 
6p 

10p 
5p 

M 1141/A Russian 2N2907/A 9p 
25p 282926 4p 

283020 25p 
15p 283053 16p 

2N3054 35p 
MPU131 Prog. Uni. J. 2N3055RCA 68p 

15p 2N3133 24p 
MRF502 Improved 2N3283 25p 
BFV90 50p 283418 15p 

II 16A Russian 25p 283553 56p 
fT42ARussian 25p 283583 18p 
NKT A49 23p 283614 75p 
NKTA52 20p 2N3645 3p 
NKTB54 30p 2N3703 3p 
NKT152 38p 

283704 
4 

N3707 3p NKT153 24p 
2N3717 3p NKT154 28p 2N3714 80v 150w NKT251 18p 

NKT775 16p 54p 
NKTME2 13p 283794 14p 
0C41 4p 283799 18p 
0C42 21p 2N3823 FET 25p 
0C43 55p 283904 3p 
0C44 4p 2N3906 8p 
0C45 13p 284000 15p 
0071 4p 284026 15p 
00721XK1201 4p 284031 15p 
0076 2N4062 4p 
0077 284285 17p 
0081(XK122) 2N4891 30p 
0084 28489840v25w 36p 
0C200 284900 80v 25w 36p 
OC201 284918 15p 
0C202 2N5147 15p 
00603 285247 40p 
00701 2N5248 FET 3p 
0N222 285293 30p 
P346A 285295 30p 
P7029 285296 60v 36w 30p 
PX8103 2N5449 3p 

2N5484 37p 
285492 75v 50w 36p 
28549460v50w 36p 
2N5915 (16068) 
450Mhz 6WT R.F. 12v) 

MPF131 Dual 
MOSFET 

15p 
46p 
4p 

30p 
41p 
66p 
66p 
50p 
50p 
23p 
24p 
30p 
25p 

RCP701A/B/D lOwT 
30p 

R1039 (2010) 54p 
R2008B £1.18 
R20108 £1.18 
R2540 £1.70 
S3017 25p 
SB240 26p 
SFT357 26p 
SJE5039 8p 
SL102 40p 
TE886 61 
TIP30 22p 
TIP31 24p 
TIP32C 26p 

TIS6OGY 33p 3p 
TIS61 3p 
TIS73L 3p 
TIS90 4p 
TIS91 3p 
TIS92GY 14p 
TIS98 3p 
TK24 20p 
TOR04 1p 
TOR45A lp 
TOR47 1p 
TOR57 lp 
V435 20p 
U14710 20p 
ZT403P 30p 
ZT1486 £1.10 
ZTX300 p 
ZTX327 198p 

ZTX341 9p 
2G103 33p 
2G302 12p 
2G309 30p 
2G339A 20p 
2G371 i8p 
2N456A 71p 
2N597 16p 
2N598 16p 
2N601 £1.50 
28644 22p 
2N706A 12p 
2N708 9p 
28914 15p 
28918 12p 
28929 16p 
28984 28p 
2N987 45p 
281091 16p 
281132 14p 
2N1302 16p 
2N1303 16p 
2N1395 25p 
2N1484 36p 
2N148560v25w 36p 
2N1487 9op 
281490 £3 
281500 30p 
281507 18p 
281711 13p 
281716 15p 
2N"48 28p 
2N2192A 15p 
282217 15p 
2N2221/A 9p 
2N2222A 9p 
282369 10p 
282401 lip 
282412 27p 
282483 28p 
282484 10p 
282586 15p 
282614 4p 
282887 £2 
282894 tip 
282904 9p 
282905 15p 
2N2906 9p 

285927 36p 
2N5954 P, 80v, 40w 

36p 
2N6028PUJT 3p 
286124 24p 
286178 100v 25w 30p 
2N6254 36p 
286290 60v 16w 30p 
286292 80v 16w 30p 
2N6385 Pwr. Da rl. 54p 
28648640v75w 36p 
286488 90v 75w 36p 
2S701 18p 
2SA12 42p 
2SA50 36p 
2SA80 36p 
2SA83 36p 
2SA141 36p 
2SA142 36p 
2SA234 50p 
2SA235 50p 
2SA354 38p 
2SA360 34p 
2SA367 56p 
2SA518 38p 
25,4634 80p 
2SB56 18p 
2SB75 25p 
2SB77 25p 
216135 25p 
2SB136 25p 
258156 60p 
258175 20p 
256176 20p 
2SB187 25p 
258457 25p 
2SD315D 80p 
40602 VHF Mosier 

36p 
40235 50p 
40250 36p 
40250V1 (283054 + Ht. 
sink) 40p 
4031640v,50w 36p 
40372 (2N3054 + Ht. 
sink) 40p 
40349v2 160v 1w 30p 
40394 60v 1 w 30p 
40409 + Ht. sink 90v 
3w 40p 
40410 + Ht. sink 90v 
3w 40p 
40633 NPN 40W 36p 
440911 

(2N6261 +30 Ht. 
sink) 40p 

4K7T Neg. 45p 
5KT 45p 
10KT 45p 
20KT 45p 
22KT 11p or 

29p 
22KT Balance 

45p 
25KT 45p 
50KT Inv. 25p 

10KT 40p 
22KT 29p 

LOG 
10KT 45p 
47KT 45p 

STANDARD 0.25 WT. PRESETS 
HORIZONTAL 

10012 7p 10K 7p 270K 7p 
22011 7p 15K 7p 470K 21p 
68011 7p 20K 7p 680K 7p 
1K 7p 47K 7p 1M 7p 
2K2 7p 75K 7p 2M2 7p 
3K 7p 100K 7p 3M3 7p 
5K 4p 220K 7p 5M 7p 

VERTICAL 
2011 7p 4K7 7p 250K 7p 
600 7p 5K 7p 270K 7p 
1001 7p 10K 7p 470K 7p 
220)1 7p 20K 7p 500K 4p 
5000 7p 22K 7p 680K 7p 
1K 7p 25K 7p 1M 7p 
2K2 7p 47K 6p 2M5 7p 
2K5 7p 100K 7p 3M3 7p 
3K 7p 220K 7p 4M7 7p 

LARGE 0.5 TO 1 WATT PRESETS 
1K 8p 22K 15p 250K 
5K 15p 100K 15p 680K 
10K 15p 220K 8p 1M 

Dual 500K 15p 

15p 
15p 
15p 

CARBON SLIDER PRESETS 
2K 5p 150K 5p 680K 
10K 5p 250K 5p 2M2 
20K 5p 500K 5p 5M 
27K 5p 

5p 
5p 

Zip 

DUAL POTENTIOMETERS 
IC = CONCENTRIC, T = TANDEM) 1" DIA. SPINDLE 

LOG 
50KT 25p 470KT 
50KT Tapped 500KC 

45p 820KC 
10OKT Tapped 1MC 

45p 1MTlnv. 
10OKT 45p 2MC 
10OKT Inv. 45p 2MT Inv. 
22OKT Neg. 

45p 
250KT 12p or 

33p 
25OKT Inv. 13p 

LIN 
33KT 45p 
100KT 56p 

4mm DIAM. SPINDLE 

DUAL WITH SWITC 
LOG 1" DIAM. SPINDLE 
10KC 55p 
20KC 55p 
22KT Inv. 55p 
22KT Tapped 

30p 

47KT 27p 
10OKT 27p 
100KC 55p 
500KC UAL 

55p 

LIN 
1KC 55p 5KT 55p 
2K5C 55p 100KC 28p 
4mm DIAM. SPINDLE 10OKT 27p 

26p 
12p 
45p 
45p 
13p 
13p 
13p 

25OKT 23p 

LIN 
25KT 20p 
50KT 18p 
10OKT 45p 

500KT 28p 
1MT 55p 

10OKT 55p 

H 

CERMET TRIMMER PRESETS 
47)1 8p 4K7 17p 100K 17p 
1000 17p 5K6 17p 220K 17p 
2200 17p 6K8 17p 250K 17p 
2500 17p 10K 17p 270K 17p 
4700 17p 20K 17p 330K 17p 
5000 17p 27K 17p 470K 17p 
1K 17p 33K 17p 1M 8p 
3K3 17p 47K 5p 1M5 17p 

50K 17p 

HUGHES 
MICRO 

ELECTRONICS 
400MW 

ZENER DIODES 
200 IN CLEAR 

PLASTIC 
HINGED LID 

COMPONENT 
BOX £2.30 
3V, 3.6V, 3.9V, 

4.3V, 4.7V, 
11V or 13V 

MULTITURN TRIMPOT 20p 
2011 20051 1K5 
250 2500 2K 
500 5000 2K5 

1001! 1K 5K 

10K 
50K 

END OF LINE STOCK ITEMS AND COMPUTER & 
AUDIO BOARDS/ASSEMBLIES WITH VARYING 
CONTENTS INCLUDE ZENER, GOLD BOND, 
SILICON, GERMANIUM, LOW AND HIGH POWER 
TRANSISTORS AND DIODES, HI STAB RE- 
SISTORS, CAPACITORS, ELECTROLYTICS, TRIM - 
POTS, POT CORES, CHOKES, INTEGRATED 

CIRCUITS, ETC. 
31b for £2.30 71b for £4.30 

MARKED FULL SPEC DIGITAL I.C.'s 
Branded - New 25 for £1 Mixed 

7 MILLION CARBON FILM RESISTORS 
PURCHASED 

7, - '/, - 'h - 'i, - 1 - 1'/,Wt. Iskra and Piher, 
mainly 6%, few 2%. Lucky Dip as the packs come 
(will not duplicate under 20 packs) due to cartons 
packed tight and on top of each other to ceiling of 

warehouse. 

PACK OF 100 FOR 20p 
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OPTO AA113 
DIODES 
9P OA5 25p 

BRIDGE RECTIFIERS 
ELECTRONICS AA119 7p 0A7 25p Amp Volt 

AAZ15 15p OA10 25p } 1,600 BYX 10 34p 
Photo Diodes: BPX40, 
BPX42, BPY10, CQY77, 
COY17, BPY68, BPY69, 

B1 
BA116 
BA128 

11p OA47 
30p OA70 
21p OA75 

7p 
10p 
11p 

1 140 OSH01-200 25p 
0.6 110 EC433 20p 
5 400 Texas 85p 

BPY77 36p. BA145 21p OA79 11p 21 100 I. R. 40p 
Wire end neons 4p. BA148 12p 0A81 31p 

31 100 B40C 3200 58p 
Photo transistors: BA182 Varicap 6p 0A95 8p 60V BC30 C350 23p 
BPX43, BP103, 2N5777 
Darlington. 36D. OCP71 
40p. LED's (Mullard Sei - 
mans) Red .2" 8p..125" 
9p; Green .2" 11p; .125" 
121p; Micro Yellow 
LD481 71p. 
PHOTO SILICON CON- 
TROLLED SWITCH BPX66 
PNPN 10 amp 36p 
CA3062 Photo Detector 
and power amp. £1 

BAX14 
BAX54 
BAY36P 
BB103 Varicap 
B8104 Varicap 
88109 Varicap 
BB1108 Varicap 
BB113 Triple 

BB139 
8Y206 
BY207 
BY402 

21p 
8p 

21p 
6p 

16p 
24p 
24p 

Varicap 
43p 

E1 
71p 
23p 
21p 

0A200 
0A202 
GP7 
GP10 
N662 
N914 
N916 
N935B 
N936B 
N9378 
N941B 
N942B 
N943B 

21P 
21p 
1 1 p 
11p 
21p 
11p 
21p 
71p 
71p 
71p 
71p 
71p 
71p 

2} 
2} 

350V 9F2 70p 
500V 9E4 85p 
400V WO4 28p 
400V MDA104 29p 
200V W02 Ex Equip 15p 
50V W005 19p 
800V WO8 27p 

} 75V IBIBY234 ll)p 
} 150V IBIBY235 15p 

1000 W10 36p 
3 50 KBS005 30p 
3 100 KBS01 30p 

BY403 21p N3064 21p 3 200 KBS02 30p 
Centercell 3p N3716 Tunnel 3 400 KBSO4 30p 

7 SEGMENT L.E.D. 
DISPLAYS 

CG651 
CR HG/3 
CSD117YLZ 

9p 
10p 
40p 

Diode 
N4009 
N4148 

30p 
21p 
lp 

3 600 KBS06 30p 
Miniature Meter Type 34p 

Thyristors Amp Volt 
.3" Red com. anode 81p 
.6" Green R.S.C.A. £1.77 

CV7095 
CV7098 

21p 
21p 

N4150 
N4151 

21p 
21p 

5082-7650 Red corn. D3202Y Diac. lip N4446 21p 
1 240 BTX18-200 35p anode DC2845 Microwave 20p N4449 21p 1 240 BTX30-200 35p 5082-7653 Red com. Cath DOG53 1 1 p N5456 15p 400 BTX18-300 41p 5082-7600 Yellow corn. FSY28A 40p 5082 2900 RF Schotky 4 500 40506 with heatsink 58p anode HG1012 10p Barrier 20p 4 600 2N3228 36p H.P. Highbrilliance .43" HS2091 11p 6 5 500 BT109/SCR957 71p 72p MPN3401 30p 2 400 S2710D with heatsink 40p 

8 100 S2800A 36p 
4 600 C106M sensitive gate 36p 

HEWLIT PACKARD RECTIFIERS 20 600 BTW92-600RM £3.40 
MULTIPLEXED .12" 7 Type Volt Amp Price 15 600 87X95.800 Pulse Modulated £1 

SEGMENT LEO 
DISPLAYS 

3052 
BY127 

200 3 

1250 1 

11p 
4p 

0.8 50 2N5061 3p 
0.8 200 2 N5064 18p 

3 600 T3NO6C00 53p 3 Digit HP 5082 7413 45p BY212 EHT 6p 3 100 T3N1C00 36p 4 Digit HP 5082 7414 45p BY235 600 1} 71p 110 20 72RC2A £3 5 Digit HP 50827415 45p BY236 900 1} 71p 75 800 71CG80 £6 
Infra red transmit diodes. BY238 1200 1} 9p 150 1000 151RA100 £10 
COY118 or LD27 High BY264 300 3 9p 150 1200 151RA120 £11 
power 1.6-2v or 3-3.5v BY265 600 3 111P 12 1000 CR121 t03 -RB £8 
Pulse 53p BY266 900 3 15p 10 200 52800B 54p 
LD242 36p BY274 300 5 144p 5 600 S5800M 44p 
H15B Photon coupled 8Y275 600 5 171P 8 600 S112M 54p 
isolator I.R. diode and 
NPN Photo -Darlington 

BY277 
BY299 

1200 5 
800 2 

27p 
4p 

5 400 53700D 44p 
4 50 S206OF 36p 

amp 26p BY1202 10mA 7 400 S2620D 45p 
Data Sheet 10p 
CNY17/1 opto coupler 

70p 

BYX20-200 
BYX22-200 
BYX38-300R 

200 25 
300 11 

300 

72p 
25p 
48p 

7 600 S2620M 45p 
BT 106 70 
BT 121 70p BT 107 £1 

Cold cathode tubes I.T.T. 
G517A or 5870L 60p 

BYX38-600 
BYX38-900 
BYX38-1200 
BYX42-300 
BYX42-600 
BYX42-900 
BYX42-1200 
BYX46-300R 
BYX46-400R 
BYX46-500R 

600 2} 
900 
1200 
300 10 
600 10 
900 10 
1200 10 
300 151 

400 
15 

500 15 Avalanche 

52p 
60p 
65p 
36p 
46p 
92p 

£1.07 
£1.19 
£1.75 
£2.00 

TRIACS 
Amp Volt 
0.1 40 7W84 3p 
25 100 BTX94-100 £2.25 
25 1200 BTX94-1200 E5 
6 200 T2500B/41014 54p 
2.5 600 2N5757 44p 
8 400 T2850D 72p 

SPECIAL OFFER 
IN4004 or IN4006. Sealed 
manufacturers carton of 

300. 
BYX46-600 
BYX48-300R 

600 15 
300 6 

£2.30 
47p ZENER DIODES 

£6.75 BYX48-600 600 6 60p 4/500MW. BZY88, BZX97, etc. 5p 
BYX48-900 900 6 70p 2v. 2v7. 3v. 3v3. 3v6. 3v9. 4v3. 4v7. 5v1. 5v6. 6v2. 6v8. 7v5. 8v2. 
BYX48-1200R 1200 6 92p 9v1. 10v. 11v. 12v. 13v. 13v5. 15v. 18v. 20v. 22v. 24v. 27v. 30v. 
BYX49-300R 300 3 35p 33v. 43v. 
BYX49-600 600 3 42p 1.3/1.5T BZX61, BZY97, etc. 11 p W 

HIGH VOLTAGE 
BYX49-900R 
BYX49-1200 

900 3 
1200 3 

47p 
60p 

2v4. 2v7. 3v. 3v6. 3v9. 4v3. 4v7. 5v6. 6v2. 6v8. 8v2. 10v. 11v. 15v. 
18v. 27v. 33v. 

CAPACITORS BYX52-300 300 40 £2.05 2.5WT BZX70, etc. 13p 
630 VOLT BYX52-1200 1200 40 £2.90 v75. 1v. 2v4. 3v6. 3v9. 5v6. 6v2. 7v. 1v5. 8v. 9v. 10v. 11v 14v. 
200, 220, 300, 500, 1000pF BYX72-150R 150 10 42p 15v. (ßp1. 20v. 22v. 24v. 26v. 

7p 
2N2,4N7 8p 

BYX72-300R 
BYX72-500R 

300 10 
500 10 

52p 
65p 

5WT BZV40, etc. 15p 
3v3. 3v6. 3v9. 4v3. 4v7. 5v1. 5v6. 6v2. 6v8. 7v5. 8v2. 8v7. 9v1. 

.02, .068 MFD 13p BYX94 1250 1 5p 10v. 11v. 12v. 15v. 33v. 68v. 120v. 

.033 MFD Pack of 3 39p E250050 250 14p 1OWT Z5D, ZX, etc. 20p 

.047 11p..22 14p..12, LT102 30 2 15p 4v3. 4v7. 5v1. 5v6. 6v2. 6v8. 7v5. 8v2. 11v 12v. 13v. 16v. 18v. .25, 
15p..3 4p. M1 68 1 5p 21v. 22v. 33v. 36v. 39v. 68v. 150v. 

750VOLT 
3.3, 3.9, 6.8, 22, 39, 47, 50, 

MR856 
OA210 
RAS3 1 OAF1 

600 3 
400 
1250 11 

24p 
33p 
48p 

BZY61 Laboratory Standard 400MW 7v5. Voltage Regulator 
Diode 12p 
20WT 8ZY93, etc. 44p 56, 68, 82, 100, 220, 470, 

2,200pF 8p 
Avalanche 
REC53A 1250 11 16p 

8v2. 12v. 39v. 

CONVERGENCE WIREWOUND POTENTIOMETER 0.1 MFD 2p S10BR30 1000 30 £2.00 
900 VOLT 
0.1, 0.22 MFD 15p 

1000 VOLT 

SKE4G 
SR100 
SR400 
N3254 

200 6 
100 1} 

400 11 

400 1 

30p 
9p 

10p 
4p 

50 15p 200 15p 1200 15p 
711 7p 3051 15p 30051 15p 
150 15p 5051 15p 5000 15p 

150pF, 1N, 2N, 2N2 10p. 
3N3 9p, 3N, 4N7, 5N 11p. 
.01 91p, .022, .047, 71p .05 
16p. .22 17p. .5 30p. 
1 MFD 36p 

N4002 
N4004 
N4005 
N4006 
N4007 

100 1 

400 1 

600 1 

800 
1250 

3}p 
41p 
6p 
6p 
6p 

KNOB ATTACHED POTENTIOMETER 
Log 150K 15p 25K 10p 330K 15p 
Lin. 1K 15p 100K 15p 500K 15p 

10K 9p 220K 15p 1M 8p 
1250 VOLT N5059 200 1} lop 20K 15p 250K 15p 
1N 10p..02 8p..022 10p. IN5401 100 3 10p WIREWOUND POTENTIOMETER 
.1 171P IN5402 200 3 11p 3 38p 250 38p 2K 30p 15K 38p 
1500 VOLT 16138 800 21p 5 38p 300 38p 2K5 38p 25K 38p 
150pF 12p. 4N7 9p. IS921 100 8p 8 38p 500 38p 3K 38p 30K 38p .01 
7p, .033 19p..068 12p. 25G100 100 60 f4.35 30 38p 600 38p 5K 30p 50K 38p 

50 38p 750 38p 6K8 38p 75K 38p 2000 VOLT 100 38p 1K 38p 7K5 38p 100K 30p 15, 25, 82, 270, 390, NON POLAR TANTELUM CAPACITORS 200 38p 1K5 38p 10K 30p 2000pF 12p..025 MFD 35p 
.012/25v,.22/35v,.47/35v 22p 

5051 with switch 50p. 2K5 Dual Concentric 55p. 
10K Dual 40p. 50K Dual Log/Inv. Log 55p 
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BRIAN J. REED 
SEE PRECEDING PAGES FOR ORDERING INSTRUCTIONS 
Cut out and keep these 3 pages. Over the months they will 
bring to you some of the 6,000 items stocked. 

542 Servo Amp 18p 
555 Timer 20p 
702 CL 25p 
709/72709 OP Amp. (14 pin 10p) 1810 
710 28p 
724 20p 
741 OP Amp 16p 
747 Dual OP Amp 44p 
930DC 4p 
933DC 4p 
936DC 4p 
937DC 4p 
946DC 4p 
949DC 4p 
953- 42300 Trip .2 Innand 4p 
961DC 4p 
962DC 4p 
963DC 4p 
1315P2 36p 
2102 Memory 73p 
2716 Eprom £10.60 
3351-2DC 40 x 9 Bit FIFO 2MHZ £1.07 
4060 Dymamic RAM 300ns £1.45 
7400 Quad 2Input 1up 

74LS00 
Posative Nand 13p 

74S00 
Gates 

18p 
7401 7Ip 
74H01 26p 
7402 11p 
7404 11p 
54/7406 15p 
74LS08 15p 
7410 Triple 3 Input 10p 
74L10 

1I- 
Posative Nand P5p 

74H10 J. Gates 26p 
7411 8p 
5413 16p 
7414 39p 
7417 

1 Dual 4Input 11p 
74S20 J Posative Nand Gates 50p 
74S22 18p 
7425 18p 
7426 16p 
5430 12p 
7430 11p 
74L30 1tip 
7432 13p 
54/7437 13p 
7438 14p 
74H40 26p 
7442 BCD to Decimal Decoder 26p 
74LS42 BCD to Decimal Decoder 40p 
7445 42p 
7450 1 Expandable Dual 2 11p 
74H50 f Wide 2 Input and/or Inv. 26p 
7451 7Ip 
7454 11p 
74L54 I'll() 
54/7472l} And Gated JK Master 20p 
'74L72 )Slave F.F. Preset + Clear 25p 
5473 j Dual JK Master 12p 
7473 (.Slave Flip Flops 17p 
74H73 J with Clear 26p 
7474 13p 
74L74 25p 
7475 24p 
54/7476 19p 
5480 22p 
7482 35p 
7483 45p 
74LS83 47p 
54/7486 18Ip 
7489 40p 
54/7490 25p 
7493 Binary Counter 4 Bit 25p 
54/14L95 25p 
74LS98 £1.25 
74107 20p 
74S112 38p 
74118 75p 
74121 12p 
74122 18p 
54/74123 35p 
74132 44p 
74141 42p 
74LS145 93p 
74150 12p 
74151 32p 
74154 16 Way Dist. 35p 
74155 12p 
74157 12p 
74165 58p 
74167 23p 
74173 44p 
74176/8280 30p 
74180 12p 
74192 33p 
74LS192 60p 
74193 38p 
74196 36p 
74S196/82S90 65p 

INTEGRATED CIRCUITS 
74LS221 Dual Monostable M/VIB 
74LS290 
74293 
74298 
74490 
7905 - 5v Reg. 1 Amp 
8080A C.P.U. 
8086MPU 
82S129 
9093DC 
9112DC 
93S10 
9311 
93L16 
9370 
930399-256 Bit Shift Register 
930399-480 Bit Shift Register 
930399-500 Bit Shift Register 
930399-512 Bit Shift Register 
AJ371-002 
AY58300 Ch/Time Display 
BRCM300 Volt Reg. 
BTT822 
C500 Calculator 
CA101 Wide Band Op. Amp 
CA139AG Quad Volt Comp. 
(T)CA270AE 
(T)CA270CW/AW 
(T)CA270CE 
CA758 (MC1311 

-CA920 TV Horiz. system 
CA3001 RE Amp 
CA3028A 
CA3044 
CA3046 Transistor Array 
CA3054 
CA3060 
CA3065 
CA3083 
CA3086 
CA3089 
CA3090AQ 
CA3093 
CA3094 Prog. Sw. Pwr. OP Amp. 
CA3097 
CA3123 
CA3132EM 
CA3146E 
CA3183 
CA3189 
CA3401 (LM3900) Quad OP Amp 
CD4000 
CD4001-Civad 2 Input or 
CD4002 
CD4006 18 Stage Static Shift 
CD4007 
CD4008 4 Bit Binary Full Adder 
CD4009 
CD4010 Hex Buffers 
CD4o11 
CD4012 Dual4Input Nand 
CD4013 Dual D Flip Flop 
CD4014 8 Bit Shift Register 
CD4017 Decade Count/Divide 
CD4018 
CD4019 Quad 2 Input Multiplex 
CD4020 
CD4021 91311 -Shift Register 
CD4022 023 Triple 3 Input Nand 
CD4024 
CD4025 Triple 3 Input Nor 
CD4026 
CD4027 Dual JK Master -Slave 
CD402-97MC4 
CDD4029 Synch. Preset Bin/Dec 
CD4030 
CD4031 
CD4032 
CD4033 Dec. Count. 7 Seg. Output 
CD4035 
CD4037 
C64038 

52p 
47p 
80p 

£1 
f1 .30 

54p 
£3.60 
£3.60 

£5 
4p 
4p 
£1 

£1.20 
36p 
25p 

4p 
4p 
4p 
4p 
4p 

36p 
£1.40 
£1.73 

37p 
36p 
54p 

£1 
35Ip 
36p 
36p 

72p 
86p 
75p 

f1 .20 
40p 
69p 
72p 
36p 
65p 
29p 
54p 
72p 
36p 
36p 
36p 
73p 

£2.22 
90p 
80p 
73p 
36p 
12p 
14p 
12p 
36p 
12p 
54p 
19p 
30p 
14p 
13p 
36p 
36p 
54p 
43p 
25p 
54p 
54p 
36p 
19p 
36p 
14p 
72p 
30p 
42p 
54p 
36p 

£1.20 
72p 
72p 
54p 
72p 
54p 

CD4041 Quad True/Comp. Buffer 54p 
CD4042 54p 
CD4043 Quad Nor R/S Latch 54p 
CD4044 54p 
CD4045 72p 
CD4046 Micro Power PH. Lock Loop 36p 
CD4048 
CD4049 
CD4050 Hex Buffers 
CD4051 
CD4053 
CD4055 
CD4056 
CD4063 
CD4066 Quad Bilateral Switch 
CD4067 
CD4068 8 Input Nand 
CD4069 Hex Inverter 

36p 
36p 
25p 
36p 
54p 
72p 
72p 

72p 
27p 

£2.12 
20p 
13p 

CD4076 Quad D Flip -Flop 54p 
CD4077 30p 
CD4078 8 Input Nor 19p 

CD4081 15p 
-0040864 Wide 2 Input and/or Inv. 54p 
CD4093 54p 
004094 72p 
CD4096 72o 
CD40101 £1.08 
CD40162 72p 
CD40181 BE Quad 2 Input and £2.12 
CD40182 72p 
S.D40192 72p 
CD40194 72p 
CD402088F £2.12 
CD4502 Strobed Hex Invertor 44p 
CD4508BF £1.78 
CD4514 £1.45 
CD4516 Binary up/dówn counter 54p 
CD4519/MC14519 54p 
CD4520-Diial Synch. 4 Bit Binary 72p 
CD4532 £1.08 
CD4527 £1.20 
CD4555 72p 
CD22100 £1.45 
CDP1802 Cosmac MPU n.60 
CDP1833 Cosmac Rom 1824 x 8 £3.60 
D3624 36p 
DM8214 Interupt (8080 support) 36p 
FCH111 8 input Nand/Nor 8p 
FCH2O1 18p 
FCJ101 50p 
FPO/MPQ37254 Tr. Array 45p 
FZH151 18p 
FZH191 18p 
FZH2O1 18p 
IM5623 MPU 36p 
LM300 Volt Reg. 42p 
LM309 (Ex Equip.) + 5v Reg. 1.2A 60p 
LM326 Volt Reg. 20p 
LM340T6 6v Reg. 
LM343 Amp 
LM 1303N Dual Stereo Pre Amp 
LM/MC1458N Dual OP Amp 
LM3900 Quad Op. Amp (C.B. Amp) 
MC830P 
MC833P 
MC837P 
MC846P 
MC862P 
MC863P 
MC 1306P 
MC1307P 
MC/CA/BRC 1310P St. Dec. 
MC1312P Stereo Decoder 
MC1314P 
MC1315P 
MC/BRC1330 Video Detector 
MC1350P 
MC1357P 
MC1358PQ 
MC1596L 
MC3302L 
MC4044P 
MC4344P 
MIC7C 
MK2686 
MK4012 Memory 
ML237B 
MM5233 Rom 512 Bit 
MM5335D M.P.U. 
MM8008 M.P.U. 
MPC900 10A- 4 to 30v Reg. 
MT300 Volt Reg. 
MT305 Volt Reg. 
SAA661 
SAA1010 
SAA1025 
SAS580 
SAS590 
SGS308 Op. Amp 
SL403A 3Wt. Amp 
SL442 
SN7528 
S N 15836 
SN15844P 
S N 15845 
SN15846 
SN15851 
SN15858N 
S N 15862 
SN75107 Interface 
SN75108 
SN75110 
SN75150 
SN75235N 
SN75451 
SN76001 
SN76003 5Wt. Amp 
SN76003N 5Wt. Amp 
SN76013 5Wt. Amp 

36p 
4p 

65p 
19p 
36p 
4p 
4p 
4p 
4p 
4p 
4p 

40p 
354) 
35Ip 
40p 

35Ip 
35Ip 
85p 

35íp 
35ip 

35íp 
75p 

£1 
£3.50 

25p 
36p 
38p 

£1 
36p 
36p 
36p 
75p 

8p 
8p 

36p 
34Ip 

£4 
lap 
18p 
4p 

38p 
35p 
11Ip 
25p 
4p 

50p 
37p. 
50p 
55p 

6p. 
£1.15 

36p 
46p 
18p 
11p 
36p 
36p, 
36p 

11.10 

SN76013ND 5Wt. Amp £1.18 
SN76023 5Wt. Amp 36p 
SN76110P 351p 
SN76115N Stereo Decoder 35Ip' 
SN76131 58p 
SN76227 59p 
SN76228N £1.60 
SN76396 (TBA396) 354, 
SN76620 AN 18p 
SN76650N 50p 
SN76660N 35Ip 
SN76666N 35Ip 
SN158093 50p 
SN158097 4p 
SN158099 50p 
TAA263 Amp 75p 
TAA300 1 Wt. Amp £1 
TAA320 35p 
TAA550 Volt Reg. 23p 
TAA700 £2.30 
TAD100 AM Radio £1.22 
TBA120S/CQ/SB/8 TV Amp 25p 
TBA240 £3.90 
TBA395Q £1.50 
TBA396 36p 
TBA550 £1.61 
TBA560C 52p. 
TBA800 Amp 5 Watt Audio 52p' 
TBA810 Amp 7 Watt Audio 70p 
TBA920 TV Line System 70p 
TCA270Q/SA/AE/OS £1 
TCA270SQ 55p 
TCA440 £1.25 
TCA830S Ex. Equip. 18p 
TCA830S 37p 
TCA4401 £1.25 
TCEP100 £1 
TDA/MC1327 Dual Chroma Demod 18p 
TDA2610 71p 
TDA2680 71p 
TDA2690 71p 
TL720 28p 
TMS4034 Memory £1.08 
TYA0171 4p 
XR215 £2 
ZN414 AM Radio Receiver 79p 
ZST131A 5 Input Power NOR Bp 

36p 

LOG 
5000 Rev. 
5K 
10K 
22K 
50K 
50K Inverse 
100K 
150K 
250K Rev. 
250K 
470K 
500K 
1M 
1M5 
2M 
5M 

POTENTIOMETERS 
â" Diam. Spindle 

LIN 
1000 
1500 
2000 
2500 
3000 
4700 
5000 
1K 
2K 
2K2 
5K 
10K 
15K 
20K 
22K 
25K 
30K 
47K 
50K 
50K Tapped 
100K 
150K 
200K 
250K 
470K 
500K 
1M 
1M5 
4M7 

8p 
19p 
19p 
22p 
21p 
11p 
22p 
22p 
21p 
10p 
22p 
22p 
12p 
12p 
22p 
26p 

22p 
20p 
22p 
22p 
22p 
22p 
22p 

22p 
22p 
22p 
22p 
9p 

22p 
12p 

19p or 22p 
16p 
22p 

17por24p 
7p 
7p 

22p 
22p 
10p 

9p or 22p 
19p 

9por21p 
22p 
22p 

8p 
4mm Diam. Spindle 

LOG 
50011 22p 
2K5 22p 
5K 17p 
10K 22p 
20K 22p 
22K 22p 
22K Tapped 26p 
25K 19p 
47K 22p 
50K 22p 
100K 22p 
200K 22p 
250K 18p 
1M 17p 

UN 
1K 22p 
2K2 22p 
22K 22p 
100K 22p 
250K Tapped 10p 

WIREWOUND PRESETS 
2012 
250 
300 
500 
1000 

7p 
15p 
15p 
15p 
15p 

1500 
25011 
3000 
5000 
1K 

4p 
15p 
15p 
15p 

15p 

2K 
2K5 
3K9 
5K 
10K 

15p 
15p 
15p 
15p 
15p 
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SPECIAL OFFER BARGAIN PACKS 
RESISTORS 
Mixed Pack of '/,, 1/3 and '/2 watt Resistors; 
approx 500 items 
Price: £2.75 
ELECTROLYTICS 
Mixed Pack of 150 off Radial and Axial lead 
Electrolytics Wide range; modern type 
Price: £2.75 
CAPACITORS 
Mixed Pack of Ceramic, Silver Mica, Poly- 
styrene, Mixed Dielectric, etc. capacitors, 4kg. 
Price: £1.00 
POLYESTERS 
Mixed Pack of 100 off Radial and Axial lead 
Polyester capacitors. 
Price: £2.25 
DIODES 
Mixed Pack of 50 off Diodes. 
Price: £1.00 
PRESETS 
Mixed Pack of 50 off Sub -min Presets, Vert. 
and Horiz. 15 different values. 
Price: £2.00 
GROMMETS 
Mixed Pack of 100 off Rubber Grommets. 
Price: 75p 

TTL IC's 
Mixed Pack of 50 off TTL I.C.'s Full spec., 
clearly marked. 15 different types. Data sheet 
supplied. 
Price: £3.00 
TRANSISTORS 
Mixed Pack of 50 off Transistors. 
Price: 
PC BOARD AND ETCH PENS 
5 pieces bonded paper, copper clad single 
sided P.C. Board, approx size 2" x 84-" and two 
etch resist pens. 
Price: 85p 
POTENTIOMETERS 
Mixed Pack of 25 off Potentiometers. 
Price: 
COMPONENTS 
Mixed Pack of Components including tran- 
sistors, resistors, I.C.'s, diodes, capacitors, etc. 
Ideal for beginners. Data sheets supplied. 
Price: £2.25 
BITS AND PIECES 
Mixed Pack of Bits and Pieces including plugs, 
sockets, switches, wire, terminal block, ear- 
piece, etc. 
Price: 

ALL PRICES INCLUDE V.A.T. AND P. & P. 

Please add £1 handling charge to all orders 
OUR NEW CATALOGUE IS NOW AVAILABLE. 

SEND 50p FOR YOUR COPY 

£2.25 

£2.50 

£2.50 

LOW PROFILE DIL 
I.C. SOCKETS 

8 pin 
14 pin 
16 pin 
18 pin 
20 pin 
22 pin 
24 pin 
28 pin 
40 pin 

LED's 
Red .2 
Green .2 
Yellow .2 
Red .125 
Green .125 
Yellow .125 

uA 741 8 pin 
NE555 8 pin 

SWITCHES 
Push to Make 
Push to Break 
SPST Toggle 
DPDT Toggle 

BATTERY CLIPS 
PP3 
PP9 

HARRISON BROS. 
P.O. Box 55, 

Westcliff-on-Sea, Essex 

10p 
12p 
13p 
15p 
16p 
18p 
19p 
24p 
34p 

12p 
21p 
21p 
12p 
21p 
21p 
26p 
32p 

16p 
22p 
44p 
49p 

7p 
16p 

THE MODERN BOOK CO 

UNDERSTANDING MICROPROCESSORS Texas Ins. £4.25 

For the newcomer to Microprocessors. An in-depth look at the magic of the solid-state chips that are affecting our lives. 
Written in everyday language. Ideal for self -paced individualised learning. 

ELECTRONIC FAULT DIAGNOSIS 
By I. R. Sinclair Price £3.50 
ELECTRONIC PROJECTS IN AUDIO 
by R. A. Penfold Price £2.50 
OP -AMPS THEIR PRINCIPLES & APPL. 
by J. B. Dance Price £2.50 

PRINTED CIRCUIT ASSEMBLY 
by M. J. Hughes Price £2.10 

ELECTRONIC SECURITY DEVICES 
by R. A. Penfold Price £1.65 

UNDERSTANDING DIGITAL 
ELECTRONICS 
by Texas Inst. Price £4.00 

UNDERSTANDING MICRO- 
PROCESSORS 
by Motorola Price £4.30 

THE FIRST BK OF MICROCOMPUTERS 
by R. Moody Price £3.35 

HOW TO BUILD YOUR OWN SOLID 
STATE OSCILLOSCOPE 
by F. G. Rayer Price £1.70 
THE OSCILLOSCOPE IN USE 
by I. R. Sinclair Price £3.50 

AUDIO AMPLIFIERS FOR THE HOME 
CONSTRUCTOR 
by I. R. Sinclair Price £3.50 

REPAIRING POCKET TRANSISTOR 
RADIOS 
by I. R. Sinclair Price £2.55 

MAKING & REPAIRING TRANSISTOR 
RADIOS 
by W. Oliver Price £2.30 

WORLD RADIO TV HANDBOOK 
by J. M. Frost Price £9.25 

PROJECTS IN RADIO & ELECTRONICS 
by I. R. Sinclair Price £2.50 

ELECTRONIC PROJECTS IN THE HOME 
by O. Bishop Price £2.50 

SIMPLE CIRCUIT BUILDING 
by P. C. Graham Price £2.20 

110 SEMICONDUCTOR PROJECTS FOR 
THE HOME CONSTRUCTOR 
by R. M. Marston Price £3.20 

HAM RADIO 
by K. Ullyett Price £5.00 

We have the Finest Selection of English and American Radio Books in the Country 

UNDERSTANDING ELECTRONIC 
CIRCUITS 
by I. R. Sinclair Price £4.50 
UNDERSTANDING ELECTRONIC 
COMPONENTS 
by I. R. Sinclair Price £4.50 

UNDERSTANDING SOLID-STATE 
ELECTRONICS 
by Texas Inst. Price £3.95 

A SIMPLE GUIDE TO HOME 
COMPUTERS 
by S. Ditlea Price £4.00 

HOW TO BUILD A COMPUTER - 
CONTROLLED ROBOT 
by T. Loofbourrow Price £5.30 

THE CATHODE-RAY OSCILLOSCOPE & 
ITS USE 
by G. N. Patchett Price £4.00 

A GUIDE TO AMATEUR RADIO 
by P. Hawker Price £1.70 

MAKING TRANSISTOR RADIOS A 
BEGINNER'S GUIDE 
by R. H. Warring Price £2.90 

PRICES INCLUDE POSTAGE 

19-21 PRAED STREET (Dept RC) LONDON W2 1NP 
Telephone: 01-402 9176 
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LIGHTING & AMPLIFIER is! MODULES FROM L&B J 
01-689 4138 

YOU'VE ALL HEARD OF OUR SUPERB MODULES, AND IF 
YOU HAVEN'T, IT'S TIME YOU DID, SO READ ON! 
SHOWN HERE ARE A RANGE OF THE MOST RELIABLE 
SYSTEMS ON THE MARKET. 

LB31000SLC Ss.. LB31000SLC SOUND TO LIGHT/CHASER. 
THE MOST ADVANCED SOUND TO 
LIGHT MODULE AVAILABLE, WITH 

AUTOMATIC SWITCHING TO CHASE 
UPON ABSENCE OF A MUSIC INPUT. 

3 Channels, 1000w each. Fully fussed. 
Very high input impedance. Electronic filters. 

5HZ to 70KHZ bandwidth. Operates from '/x to 300w 
sound input. Triac zero voltage triggering. 

Master Vol / Bass/ Mid/Treble / Chase speed controls 

LB31000SL £21.40 

£29.90 

19x 9.5 x 3cm. 
LB31000SL SOUND TO LIGHT. 
A SUPERB PERFORMING SYSTEM 
AT AN INCREDIBLY LOW PRICE. 
3 channels. 1000w each. Fully fused. 
Very high input impedance. Operates 
from 'A to 300w sound input. 
Third order filters. Zero voltage fired. 
Master/Vol/Base/Mid/Treble controls. 

£26.50 
LB81000LC 
19 x 9.5 x 3cm 

L541000L8 SEQUENCER 
LOGIC RANDOM SEQUENCER, WITH TWO 
SPEED CONTROLS OFFERING A WIDE 
RANGE OF EFFECTS. 
4 channels. 1000w each. CMOS circuitry. 
Zero voltage Bred. 

20x73s35 

`8250 
10442 to 25KHZ 

S/N 110dB 
THD01% 
0 ho SENS 

£39.50 

LBS1000LC CHASER 
A FULLY DIGITAL 8 CHANNEL 

CHASER, ALLOWING VARIATION 
OF CHASE SPEED AND CHASE 

RETURN DELAY. 
1000w per channel. CMOS circuitry. 
Zero voltage fired. Can be footswitch 
triggered. Additional modules can be 

cascaded to form 16. 24, 32 chan. ect. 

LB41000LS 
£17.50 

20 9.2 K 3.5 cm 
LB31000LD end 11000LO DIMMERS. 
FULL POWER 3 d SINGLE CHANNEL 

LIGHTING DIMMERS FOR USE IN 
CLUBS/PUBS/THEATRES/SCHOOLS, ETC. 
1000w per channel. Fully fused phase controlled. 

Full input and individual Triac filters. 

LB31000LD £14.70 LB11000LD £6.70 
(LB31000LD for use with) 
sliders £13.50 
sliders 75p 

POWER AMPS. 230. 100 & 2511 EMS. 
IW00EO T0000 MEALOrc AUDIO 
POWER AR AOOULER. 

LB150 
10HZ to 25KHZ 

S/N 110dB 
THD 0.1% 
0 5v SENS 

£26.50 

8100 
10112 so 25KHZ 

S/N ttOde 
THD01% 
0 5v SENS 

£18.20 

PREAMPS 
LBPA3. Complete stereo disco prearnp 
system. Comprising of LER deck mixers. 
mic mixer, deck and mic tone stages, mic 
auto fade over decks. PFL. output 
drivers and its own regulators. 
LBPA2 General purpose 4 
than. mixer/ tone stage 

LBPA1. Stereo 
Hi-Fi System 

LBPA3-M 
204x95cm 

L9 
20Hz to 60KHz 

SIN 94dB 
THO 007% 
0 5v SENS 

LBPA1 £19.50 
LBPA2 £17.20 

LBPA3-M (magnetic 
deck inputs) £30.70 

LBPA3-C (ceramic 
deck inputs) £30.70 

£11.20 

LB250 
31x15x3.5cm 

POWER SUPPLIES 
Four types of powerful supply units for our 
power amps. Consisting of 

a 

nish 
bimpregnated mains transformer and recrilier 

oard flute protected) 

LB250PS £24.50 (P&P 1.70) 
LB150PS £18.00 (P&P 1.40) 
LB100PS £14.70 (P&P 1.40) 

LB25PS £11.20 (P&P 1.20) 

YOU REQUIRE A BOARD THAT'S MIGHTY COMPETITIVE, RELIABLE, MANUFACTURED FROM THE HIGHEST QUALITY COMPONENTS, OF HIGH PERFORMANCE, TESTED AND INSPECTED, SUPPLIED WITH CONNECTION AND CCT, DGM AND GUARANTEED. IN TWO LETTERS YOU REQUIRE L d B. All prices shown are inclusive of VAT for the new autumn catalogue 
(Dept 45 Y ROAD send sop. Chequesand ptomersWESTST CROYDON should be madee payable to L E e 

SURREY CRO 3E8 
electronic. REC) PlPacking hop in the UK except power supplies TEL. 01-689 4138 

Self -Binder 
for "Radio & Electronics 

Constructor" 
The "CORDEX" Patent Self - 
Binding Case will keep your issues 
in mint condition. Copies can be 
inserted or removed with the 
greatest of ease. Rich maroon 
finish, gold lettering on spine. 
Specially constructed Binding Cords are 
made from Super Linen of great 
strength, very hard twisted and twice 
doubled. They are attached to strong 
RUSTLESS Springs under tension, and 
the method adopted ensures PER- 
MANENT RESILIENCE of the Cords. Any 
slack that may develop is immediately 
compensated for and the Cords will 
always remain taut and strong. It is 
impossible to overstretch the springs, as 
a safety check device is fitted to each. 

PRICE £2.25 P, & P. 50p 
including V.A.T. 

For your other magazines 
Plain -backed in Maroon or Green 

(Please state colour choice) 

PRICE £2.25 P. & P. 50p 
including VAT 

Available only from: - 
Data Publications Ltd. 

57 Maida Vale London W9 1 SN 
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If you want an 
Autoranging 

31/2 -digit ß.c11 r,rib 
For only 

* ZERO ADJUSTMENT 
* 31/2 -DIGIT LCD WITH 

200 HRS CONTINUOUS 
BATTERY LIFE 

* AUTO 'BATT' 
WARNING 

* FULL AUTORANGING 
* AUTO UNIT DISPLAY 
* CONTINUITY TEST 

(61 10 and 6100 only) 
* 10 AMP AC/DC (61 10 

and 6220 only) 

Introducing the latest professional state-of-the-art 31/2 -digit DMM - at really old- 
fashioned prices! From just an unbelievable £39.95 inc. VAT, plus £1.15 p&p! 

6100 6110 6200 6220 

Why such a low, low price? 
Because the A/D converter and 

display are custom built! This is a 

genuine top -spec DMM. Check 
these features for unbeatable value 
- you won't find a hand-held 
DMM with these features at these 

0.5% prices again! 

RESOLUTION I n,V. 1022A, 0 Ill on all models 

FULL AUTO RANGING 

RANGE HOLD 

UNITS OF MEASUREMENT DISPLAYED mV. V mA mV. V. mA. A mV. V, mA mV, V. mA A 

FUNCTIONS DISPLAYED Si, KR, AUTO. BATT. ADJ, LO. - and AC 

MEASURES DC VOLTAGE TO. 1000V 1000V 1000V 1000V 

MEASURES AC VOLTAGE TO. 750V 750V 7SOV 750V 

MEASURES AC,DC CURRENT TO 200mA IOA 200mA IOA 

ZERO ADJUSTMENT Zeros out minute test -lead resistances for precise measurements 

ACCURACY 0.5°0 

LOW POWER OHM RANGES For in -circuit resistance measurements on all models 

0.8% 0 8% 

BUZZER - Continuity Test 

BUZZER - Over Range Indicator 

COMPLETE WITH Batteries. pair of Test Leads. Spare Fuse. One Year's Guarantee 

PRICE ONLY £64.95 ONLY [74.95 ONLY [39.95 ONLY £49.95 

P&P £1.15 C1.15 £1.15 £1.15 

r - I believe you! Please send me the DMM/s as marked. 

6200 @ E41.10 each, inc. VAT, p&p. Total price E 

6220 @ E51.10 each, inc. VAT, p&p. Total price £ 

6100 @ E66.10 each, inc. VAT, p&p. Total price £ 

61 10 @ E76.10 each, inc. VAT, p&p. Total price C 

Total cash/cheque enclosed £ 

Cheques payable to 
Maclin-Zand Electronics Ltd., please. 

Available exclusively from the company that gives 
you tomorrow's technology today. 
38 Mount Pleasant, London WC I X OAP. 
Tel. 01-278 7369/01-837 1165 

3333333333 - 

ACCESS orders taken 

ACCESS NO 

Name 

Address 

Please write card no: and signature. 

Signed 

Macun -Zand 
Making state-of-the-art affordable 

To: Maclin-Zand Electronics Ltd., 38 Mount 
Pleasant, London WCIX OAP. 
Despatch by return. For overseas orders, please 
add £5 to cost of total order package. 

1REC 
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SUGGEST 

Q 

ED CIRCUIT H 

MONITORING 
T.T.L. CURRENT 

By G. A. French 

T.T.L. circuits and micro- 
processors require a stabilized 
5 volt power supply and the 
common practice is to employ 
a monolithic voltage regulator, 
as shown in Fig. 1(a). The reg- 
ulator produces a highly stable 
output voltage at a nominal 
level of 5 volts,.and at a very 
low impedance. The circuit 
powered by the regulator is 
shown in Fig. 1(a) as a load. 

LOAD CURRENT 
In many cases it is desirable 

that a check be maintained on 
load current, and Fig.1(b) 
shows a current -reading meter 
inserted between the regulator 
output and the load to carry out 

+5V stab. 

0/P 

Load 

Vol age 

regulator 

+unstab. 

I/P 

ommon 

(a) 

Fig.1(a). The normal method of applying a stabilized voltage of 5 volts to t.t.l. 
or microprocessor loads. 

(b). Attempting to monitor load current by inserting a current -reading meter 
between the regulator output and the load would be unacceptable in practice. 

(c). If the current -reading meter is inserted in series with the regulator input it 
will indicate load current plus internal current in the regulator. 

this function. However, such a 
circuit would be quite unac- 
ceptable in practice due to the 
impedance presented by the 
meter and the voltage which 
must be inevitably dropped 
across it. The first of these 
effects would result in the sup- 
ply impedance across the load 
being very much higher than 
that available at the regulator 
output; whilst the second 
would cause the voltage across 
the load to fall as load current 
increased. This second effect 
would be very noticeable if the 
current -reading meter were an 
analogue multimeter switched 
to a current range. Due to the 
universal shunt circuits emp- 

Load 

Vol age +unstab. 
regulator I/P 

Common 

loyed in such multimeters, the 
voltage dropped across the 
meter at full-scale deflection 
current can be as high as 1 volt. 

A possible alternative 
approach to measuring load 
current is to insert the current - 
reading meter between the 
unstabilized supply voltage 
and the input of the regulator, 
as illustrated in Fig.1(c). The 
meter will now indicate the 
load current plus the current 
required in the regulator i.c. to 
maintain the regulated output. 

The author checked this 
scheme out in practice with the 
circuit of Fig.2, employing a 
positive 5 volt regulator type 
78L05 which has a maximum 

0/P 

Load 

Voltage 
regulator I/P 

Common 

+ +unstab. 

(b) (c) 
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O+ I 
78L05 

0/P 

TO OI}F 

I/P 

Common O.OIyF 

+12v 

lip o)0/P 
Common 

78L05 
Lead -outs 

Fig.2. A practical test circuit to check correlation 
between regulator input and output currents. 

output current rating of 
100mA. The two 0.01 µF 
capacitors at the input and 
output of the regulator are the 
usual components required to 
maintain stability. The load is 
shown as a variable resistor. In 
practice, several variable resis- 
tors were employed to give 
load currents ranging from 
10mA to greater than the 
100mA maximum rating of the 
78L05. This particular regulator 
does not, incidentally, have 
output current limiting. The 
unstabilized supply voltage 
was approximately 12 volts. 
The inset showing the 78L05 
lead -outs is not the usual top 
view given for this device; in 
Fig.2 the lead -outs point 
towards the reader. 

As had been anticipated 
there was little difference bet- 
ween the current indications in 
both meters for all load cur- 
rents from 10mA to greater 
than 100mA. Indeed, the cur- 
rent indicated by the meter in 
the regulator input circuit 
could be considered as giving a 

0/P 

78L05 

I/P 

perfectly adequate measure of 
regulator output current for 
most purposes likely to be 
envisaged. In consequence, 
the basic circuit of Fig.1(c) can 
be employed to check load cur- 
rent whilst still applying a regu- 
lated voltage at low impedance 
to the load. The unstabilized 
voltage should be sufficiently 
high to ensure that the reg- 
ulator input voltage is at least 2 
volts higher than the stabilized 
output voltage, taking into 
account any voltage dropped 
in the current -reading meter. 

The same principle will be 
applicable with other fixed vol- 
tage regulator circuits offering 
output voltages or currents 
higher than are given with the 
78L05. It would be wise, 
nevertheless, to make a quick 
check in this respect, using the 
simple testing circuit of Fig.2. 

OVERLOAD WARNING 
In some instances it may be 

necessary to have an indicator 
to give warning of excessive 
current in the load supplied by 

Common O.OINF 

T 
RI values . 8OmA - 22n 

53mA 33n 
45mA-39n 

RI 

1/2 watt -nv- 
R2 

IOOn LEDI 

1/4 watt FA, r 
+ Unstab. 

Fig.3. A circuit, applicable to the 78L05 regulator, 
which gives visual warning of excessive regulator 

output current. 

a monolithic regulator. At the 
same time, the use of a 
current -reading meter perma- 
nently tied to that regulator 
could be considered 
uneconomic. An - overload 
warning indicator would be of 
particular value with the 78L05 
and similar regulators which 
do not have output current 
limiting. 

A warning circuit applicable 
to the 78L05 is shown in Fig.3. 
Here, LED1 is a red I.e.d., and it 
will start to glow when the vol- 
tage across it is around 1.7 
volts. The input current to the 
regulator is passed through R1, 
and the voltage dropped 
across this resistor is applied to 
the I.e.d. via current limiting 
resistor R2. With R1 at 22f1, the 
I.e.d. gives a noticeable glow 
when the input current reaches 
approximately 80mA. With 
higher values in R1 the I.e.d. 
commences to glow at the 
lower currents indicated in the 
diagram. To allow for the vol- 
tage dropped in R1, the 
unstabilized voltage should be 
at least 4 volts higher than the 
stabilized output voltage of 5 
volts. 

RADIOkELECTRONICS 
CONSTRUCTOR 

ANNUAL 
SUBSCRIPTIONS 

to this magazine may 
be obtained through 

your newsagent or 
direct from the 

publishers 

INLAND £8 50 
OVERSEAS . . . £9.50 
(including Eire) 

per year, post free 

please send remittance with 
name and address and 

commencing issue required to: 

DATA PUBLICATIONS 
LTD 

57 Maida Vale, London 
W9 1SN 
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NEWS . AND 
CASSETTE ESPECIALLY SUITABLE FOR 

IN -CAR ENTERTAINMENT 

Most car cassette players are, by their very nature, 
commercially -produced pieces of equipment lacking 
the sophistication of more expensive cassette recor- 
ders and players. One of the more obvious indications 
of this lack of sophistication is that cassettes played in 
cars tend to suffer from a loss of performance at high 
frequencies - in other words the music lacks 
"sparkle". 

It is therefore important, when playing cassettes in 
cars, to choose a cassette that will in some way com- 
pensate for this loss in performance at high frequen- 

3M has launched three 
new Scotch audio casset- 
tes to replace the old 
Scotch Dynarange, 
Scotch High Energy and 
Scotch Chrome cas- 
settes. These three new 
cassettes - Scotch Ferric, 
Scotch Superferric and 
Scotch Chrome - are 
available in retail outlets 
now. 

Scotch 
FerRrc Scotch 

I9a 
st: Scotch < 

(.`0 i 

cies. Such a tape has been developed as an improve- 
ment over conventional ferric cassettes and this tape 
is called "ferrichrome". 

3M manufactures a ferrichrome product - Scotch 
Master III tape - which is proving particularly suc- 
cessful as an in -car entertainment medium. Scotch 
Master III tape is a dual layer construction of a thin 
coat of Chromium Dioxide on top of super ferric 
oxide - hence the name "ferrichrome". 

It is the presence of this top layer of chromium 
dioxide which gives Scotch Master III tape not only 
an extended response across the frequency band but 
in particular, results in a gain in performance at the 
higher frequencies. The result is a much clearer and 
more natural sound with, for instance, cymbals & 
percussion instruments. 

The combination of both layers on the Scotch Mas- 
ter III tape - that is ferric oxide and chromium diox- 
ide - is necessary in order that recordings can be made 
without the need for excessive bias (which would be 
necessary if the tape was coated only with chromium 
dioxide). 

Scotch Master III cassettes can be recorded with 
the bias set either in the ferrichrome switch position 
(FeCr) or in the normal switch position but in both 
cases the recording may be played back in the normal 
switch position. This is particularly important if the 
cassettes are played in cars since there are very few 
car systems which give a FeCr switch position. 

Ferric cassette tape performs particularly well in 
the low and mid -band areas, whilst chromium dioxide 
tape has a superior treble performance as well as a 
freedom from background hiss. By combining these 
two properties in developing Scotch Master III tape, 
3M has developed an ideal tape for the special 
requirements of in -car entertainment. 

RADIO NORFOLK'S VHF 
STEREO TRANSMISSIONS 

TO START 
Radio Norfolk will be the first of the BBC's local 

radio stations to come on the air in stereo. The station 
will be heard over most of the county which gives it its 
name and in the northern half of Suffolk. Radio Nor- 
folk's studios are being prepared in the county town 
of Norwich and local programmes will start on 11th 
September. 

The frequency used will be 95.1 MHz and the 
signals will come from the BBC's Tacolneston trans- 
mitting station which is 10 miles south-west of Nor- 
wich. 

The transmitter uses mixed polarisation which 
helps listeners using portable vhf radios or car radios 
and it is no disadvantage for listeners with stereo 
receivers which use outside aerials mounted horizon- 
tally. 
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. COMMENT 
BBC PIONEERS 

MICROPROCCESOR 
CONTROLLED RADIO 

BBC Research engineers are developing a way of 
sending extra signals along with medium and long 
wave radio broadcasts. The signals cannot be heard 
on an ordinary radio but new receivers of the future 
could make use of the signals to bring an end to the 
problems of tuning -in to crowded wavebands. Tuning 
could become entirely automatic, and the signals 
could do much more, like writing words and figures 
onto a small display panel on the radio set, giving you 
the name of the channel you are listening to or telling 
you the time, or giving you the news headlines at any 
time you choose. 

The application that promises most for ordinary 
radio listeners is the way the system could one day be 
used to provide automatic tuning of radio sets. With a 
radio set of the future you might be able to demand 
say Radio 1 or Radio 4 and your radio set would 
search out the best signal for the particular service 
wherever you happen to be: and you might be able to 
preset your selection of radio programmes so that the 
receiver would automatically tune its way around the 
dial at the right time making sure that you did not miss 
any of the programmes you particularly wanted to 
hear. All of these tuning and display functions would 
be controlled by a microprocessor inside the radio 
receiver. 

The VHF/FM system that the BBC is developing is 
capable of supporting a data rate of 1200 bits per 
second using a biphase signalling rate of 2400 baud. 
The BBC has shown that these signals could be very 
effectively placed on a subcarrier of 57kHz. The VHF 
system could carry very much more data than the 
medium/long wave system and as well as interna- 
tional discussion on standards there will have to be 
considerable discussion of potential applications with 
the receiver industry before the system could go into 
use. So don't expect to buy one of these new receivers 
for some years. 

NEW PORTABLE 
CAPACITANCE METER 

The new Model 820 portable capacitance meter 
from Havant Instruments Limited is an economical 
multi -range instrument combining digital accuracy 
with complete portability. Its ten ranges cover capaci- 
tances from 0.1 pF to 1 Farad. Accuracy is 0.5% or 1% 
of full scale, and resolution down to 0.1pF, according 
to range. 

In use the capacitor leads are simply inserted into a 
pair of slots and the capacitance is indicated on the 
clear 4 -digit LED display. A flashing display provides 
overrange indication. Provision is also made for using 
jack plugs when measuring in -circuit capacitances. 

The Model 820 is ideal for production line or 
laboratory use. It has a robust and attractive moulded 
case but weighs only 675g (1.51 lb). It will operate 
with rechargeable or disposable cells and there is 
provision for a charger. A tilt stand, spare fuse and 
26 -page operating manual are supplied. 

Enquiries to: Mr. Frank Helmke, Havant Instru- 
ments Ltd., Unit 3., Westfields, Portsmouth Road, 
Horndean, Hants. 

AMATEUR RADIO CLASSES 
At the De Beauvoir School, Tottenham Road, 

London, N1 4BW, commencing 17th. September, 
1980, a course especially designed for those candi- 
dates who have sat for the R.A.E. and failed, and 
others who do not wish to start all over again. A fully 
equipped workshop and amateur transmitting station 
is available with two tutors. Enrolling commences on 
Monday, 8th September, 1980, at the school, or 
details can be obtained from Senior Tutor, Fred 
Barns G3AGP. 

At the Gosforth Secondary School, Gosforth, 
Newcastle upon Tyne, commencing in September, a 
course designed to prepare students for the RAE in 
May/June 1981 - it is also suitable for newcomers to 
the hobby. 

Enquiries to the Principal, Gosforth Adult Associ- 
ation at the school. 
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CONSTANT CURRENT 
NI -CAD CHARGER 

By 

T. J. Johnson 

Charges up to 10 cells. 

Suitable for all normal Ni -Cads. 
Most people are painfully aware of the high cost of 

replacing dry batteries in tranistor equipment, with 
even the humble PP3 costing 50p or more. The most 
common alternative to the continued purchase of 
batteries is to make use of a battery eliminator. 

This is fine for equipment which need not be port- 
able but, on the occasions when it is desired to carry 
the equipment around, trailing mains leads can pose a 
problem. Another solution, therefore, is to use 
chargeable cells, or Ni -Cads as they are commonly 
called. The main advantage of these cells is that, once' 
the initial purchase has been made, there is no need to 
replace them for a very considerable period. Treated 
with care, a single cell can be expected to have a life of 
around 5 to 10 years or more, which is very respect- 
able when the alternative costs of dry batteries over 
such â period are added up. 

The disadvantage with Ni -Cads cells is the period 

of charging which is required when they run down. 
This is normally rather a long business since the usual 
time for a charge is about 10 hours. However, it is not 
too difficult to arrange matters so that the charging 
causes no inconvenience. It will be seen that the use of 
chargeable cells is well worth -while, despite the 
rather high initial outlay which, for instance, can be 
around £1.25 for a single U 1 1 type cell. 

CHARGING CURRENTS 
A minor problem with Ni -cads is that different 

types require different charging currents, and the 
charging rates for four typical Ni -Cads is shown in 
theTable. The charging rate for a discharged cell is 
one -tenth of cell capacity for 14 hours. It would obvi- 
ously be uneconomic to have a different charger for 
each type of cell and this point leads to the design to 
be described here. 

TABLE 

Ni -Cad Charging Rates 

Battery 
Size 

Capacity 
(Amps) 

Charge 
Rate 

PP3 0.09 9mA 

HP7 0.5 50mA 

HP11 2 200mA 

HP2 4 400mA 
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Continuously variable output 
current. 

The charger is capable of charging all the popular 
Ni -Cads which require a charging rate of up to slightly 
less than 1 amp. It may be used to charge any number 
of cells up to a maximum of ten. The cells are con- 
nected in series and must all be of the same type, as 
different types of cell may not be charged at the same 
time. The charging rate is selected by a continuously 
variable front panel control and is monitored by a 
meter. The charger has been designed with simplicity 
in mind and does not have any unnecessary extras. 

l~ig.1. The circuit of the 
constant current charger. 
The meter shunt, R3, is 
made up by the construc- 
tor as described in the 

text. .......................... 

On -Oft TI 

THE CIRCUIT 
The full circuit of the Constant Current Ni -Cad 

Charger is shown in Fig. 1. The secondary of mains 
transformer T1 provides 18 volts r.m.s., which is then 
rectified by the bridge rectifier consisting of D1 to 
D4. Approximately 25 volts appears across the reser- 
voir capacitor, Cl. The 1.e.d. and its current limiting 
resistor, R1, provide a simple indication that the unit 
is switched on. 

A stable reference voltage of 10 volts appears 

L N E 

240V 
AC. 

CI = 

MI 

O-IO0NA 

R3 

S2 

A 
LED' 

ZDI 

BZY88 
C IOV 

NI -CAD 

SKI SK 2I 

0 51 

TRI 

B FY 50 

D 

O IN4001 T+ 

TR2 

2N3055 

C 

B FY50 
Lead -outs 

C b 

2N3055 
Lead -outs 
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Looking down inside the case. The power supply board, mounted vertically, is 
to the rear of the meter 

across zener diode ZD1 and is applied across VR1. 
This control sets the charging current, with the vol- 
tage tapped off by its slider being applied to the input 
base of the Darlington pair given by TR1 and TR2. 
Since the voltage tapped off by VR1 slider is constant, 
and since a fixed voltage drop of about 1.2 volts 
appears between the base of TR1 and the emitter of 
TR2, a constant voltage appears across the emitter 
load resistor R4. The current flowing in this resistor is 
very nearly the same as the collector current of TR2 
and, with a constant voltage across the resistor, the 
current which flows through it is constant also. So, in 
consequence, is the current flowing through the 
Ni -Cad cells being charged. 

The 0-100mA meter M1 is inserted in series with 
the charging circuit so that the charging current may 
be measured. When S2 is in the "LO" position the 
f.s.d. meter indication is 100mA. Setting S2 to "HI" 
connects the shunt R3 across the meter and the full- 
scale deflection current then becomes 1 amp. The 
lower range is switched in when using low currents 
and when greater accuracy is required. Rectifier D7 is 
included to prevent the Ni -Cads from discharging 
when the unit is switched off. 

CONSTRUCTION 
The charger is assembled in a metal case having 

dimensions which allow the parts to be housed com- 
fortably. That employed by the author measured 6 by 
31 by 31in. The rear panel should not be painted on 
the outside as it acts as a heat sink for TR2. 

Commence construction by drilling and cutting out 
the front panel to take the two switches, the two out- 
put sockets, VR1, LED 1 and the meter. S1 must, of 

course, be suitable for switching mains voltages, and 
the contacts of S2 must be rated as at least 1 amp d.c. 
This rules out sub -miniature slides switches, which 
are normally rated at less than 1 amp. The meter is the 
widely available type having a front face measuring 
60 by 45mm. and which requires a circular panel 
cut-out with a diameter of 38mm. (11in.). The 
0-100mA movement has a nominal internal resis- 
tance of 0.5f/. The 1.e.d. may be fitted in a panel - 
mounting bush. The layout of the front panel can be 
,seen in the photographs and in Fig.3. 

The rear panel is next drilled, as shown in Fig. 3, to 
take TR2. This is mounted with a mica washer and 
insulating bushes to insulate it from the case. Connec- 
tion to TR2 collector is made by way of a solder tag 
under the upper securing nut. In the prototype, 
extensions leads were employed for the connections 
to TR1 base, D5 anode and the upper end of R4, 
these leads being covered with sleeving. Some con- 
structors may prefer to anchor these leads more 
closely to the components concerned, and a small 
3 -way tagstrip (with no tag earthed) may be fitted to 
the rear panel for this purpose. Also required in the 
rear panel is a hole for the mains leads, which will pass 
through a suitable grommet. 

The few components which comprise the major 
part of the power supply section are assembled on a 
piece of 0.1 in. plain perforated board having 21 by 28 
holes. The layout for this is shown in Fig.2, and wiring 
on the underside of the board is indicated by the 
broken lines. Two small angle brackets are secured at 
the 6BA clear holes; when these brackets are secured 
to the bottom of the case the board will stand verti- 
cally with Ri at the top. Ensure that the brackets do 
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COM PON ENTS 

Resistors 
R1 2.7k11 4 watt 5% 
R2 1.2k11 # watt 5% 
R3 See text 
R4 1011 10 watts 5% wire wound 
VR1 100k1Z potentiometer, linear 

Capacitor 
Cl 2,200µF electrolytic 40V. Wkg. 

Transformer 
Ti Mains transformer, secondary 9-0-9V at lA 

Semiconductors 
TR1 BFY50 
TR2 2N3055 
D1 1N4001 
D2 1N4001 
D3 1N4001 

D4 1N4001 
D5 1N4001 
LED 1 Red 1.e.d. 
ZD1 BZY88C1OV 

Switches 
S1 s.p.s.t. toggle 
S2 s.p.s.t. slide 

Meter 
M1 0-100mA. 60x45mm face 

Sockets 
SK1 4mm. insulated socket, red 
SK2 4mm. insulated socket, black 

Miscellaneous 
Metal case (see text) 
Insulating kit (for TR2) 
Plain perforated board, 0.lin. matrix 
3 -core mains lead 
2 metal brackets (see text) 
Nuts, bolts, wire, etc. 

0 
0 

0 

0 

0 
0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

MI + 

O 0 

O 0 
0 

R2 

02 

O 0 0 0 
O oOo 0 
O 0 0 0 0 0 0 0 0 
O 0 0 0 0 0 0 0 0 0 

underside wiring 

VRI 

0 0 0 
O 0 0 0 0 0 0 0 
O 0 0 0 0 0 0 0 

fl sec. 

VR1, 

LEDI (C) 

6BA clear 

Fig.2. The power supply components 
are assembled on a plain perforated 
board. This is held upright inside the 
charger case by two small angle brac- 
kets fitted to the underside at the 6BA 

clear holes 

A close-up of the power supply board. 
Note the two angle brackets at the 

bottom 
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not come into contact with any of the wiring under the 
board. Attach the two wires from the rectifiers which 
connect to T1 secondary. 

The bottom of the case may now be drilled to take 
the mains transformer, the power supply board and a 
small clamp to secure the mains lead inside the case. 
Again, layout can be judged from Fig.3 and the 
photographs. Take care to ensure that there is adequ- 
ate clearance between the mains transformer tags and 
other components and wiring. A solder tag is fitted 
under the inside mounting nut of the transformer, and 
the earth wire of the mains lead connects to this tag. 

The power supply board and all the other compo- 
nents with the exception of S2 may next be mounted. 
All the wiring, apart from that between the meter and 
S2 can now be completed, following Fig.2, and Fig.3. 
Stranded p.v.c. covered wire should be used. The 
shape of R4 may differ from type to type, but what- 
ever type is employed its connecting leads should.be 
bent so that its body is very close to the rear panel, 
without any risk of short-circuits between the resistor 
and the panel inside surface. The rear panel will then 
provide some dissipation of the heat generated in the 
resistor at high output currents. 

Connect two insulated wires about 2iin. long bet- 
ween the meter terminals and the two outside tags of 
switch S2. R3 is mounted on the switch tags, as illus- 
trated in Fig.3. The value required in R3 is extremely 
small and, as such, no standard component is avail- 
able. It thus has to be home -constructed. Take about 

Bin. or slightly more of 32 s.w.g. enamelled copper 
wire, tin both ends and solder to the switch tags as 
indicated in Fig.3. The switch is still not mounted in 
position yet and, in company with the 32 s.w.g. 
enamelled wire, it should be kept well out of the way 
of other wiring and connections to prevent accidental 
short-circuits. The 32 s.w.g. wire is not coiled up yet, 
as its length needs to be adjusted. 

In the prototype the front panel was covered with 
white Fablon to provide a neat appearance. Lettering 
can be added, using Panel -Signs Set No. 4. A large 
diameter spun aluminium knob was fitted to enhance 
the appearance. 

The method of connecting the charger to the Ni - 
Cads will be a matter of personal preference. A sim- 
ple pair of leads with crocodile clips would represent 
the most universal approach. A standard PP3 connec- 
tor will also be useful. Each set of leads is fitted with 
4mm. plugs. A fuse of low rating should be fitted in 
the mains plug. 

SETTING UP R3 
After checking the wiring for errors, adjust VR1 

fully anti -clockwise, connect the unit to the mains and 
switch on. The slide switch should be in the "HI" 
position, so that the 8 in. length of 32 s.w.g. enamel- 
led wire is connected across the meter. Allow one or 
two minutes to pass in case a component is faulty. 
Connect the two outpút sockets together and slowly 
advance VR1. A smalrreading should be given in the 
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Mains lead 

Power supply board 

D 

/ 

- Front panel 

Fig.3. Wiring inside the case. The front and rear panels are shown opened out 
for purposes of illustration. Check with Fig.2 for connections to the power 
supply board. Switch S2 is not mounted in position until the correct value for 

R3 has been found 

meter. Switch S2 to the "LO" position, whereupon 
the reading should increase considerably. (S2 was 
initially set to "HI" to provide protection for the 
meter in case a wiring error caused an excessive cur- 
rent to flow). 

Continue to advance VR1 until the meter reads 
f.s.d., i.e. IOOmA. Next, leaving VR1 as it is, put S2 to 
the "HI" position. The meter should now, within 
reasonable limits, give an indication of around I OmA 
on its scale. If the reading is high, as it almost certainly 

will be, switch off at Si, slightly reduce the length of 
32 s.w.g. wire between the switch tags and try again. 
Repeat the process as necessary, until the correct 
reading is obtained. Remember that, if the meter 
gives a low indication, the length of 32 s.w.g. wire has 
to be increased. It is, in consequence, a lot easier to 
stall with a longer length of wire than that which will 
be finally required! When the correct length of 32 
s.w.g. wire has been found, one end is unsoldered 
from. its switch tag, the wire is wrapped round a pencil 
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hole required in the rear panel for IC1 heat tab. 
Remove the board once more and drill out the hole in 
the rear panel. Ensure that this is a clean hole without 
burrs. Finally mount the board, with a second bolt 
and nut securing the heat tab of IC1 to the rear panel 
and with the insulating kit in place. Use an ohmmeter 
to check that the heat tab is reliably insulated from 
the case. 

All the wiring shown in Fig. 3 is next completed. 
The mains lead passes through a grommet in the 
panel and should be secured inside the case with a 
plastic, or plastic -faced clamp. The earth lead con- 
nects to the solder tag under the securing nut for Ti. 
Check out the tags for S1 with an ohmmeter before 
wiring to this switch. Tag positioning with some 
switches may vary from that shown in Fig. 3. If the 
mains transformer has tags at its upper end and there 
is any risk that these tags could make contact with the 
metal lid of the case, glue a piece of s.r.b.p. sheet to 
the inside of the lid over the area where the trans- 
former is mounted. Take especial care with the mains 
wiring to ensure that there is no risk of accidental 
shock. The power supply should always be used with 
the lid of the case screwed securely in place. The 
mains lead should be properly terminated in a 3 -pin 

mains plug. 
When a 3.5mm. jack socket of open construction 

(i.e. not insulated) is used, the negative output is 
automatically connected to the metal case. If two 
insulated terminals are employed neither output will 
be connected to the case, and some constructors may 
prefer to use the power supply in this condition. 
When two insulated terminals are used and it is 
desired to have one connected to the case, a wire may 
be added between the appropriate terminal and the 
solder tag under the securing nut for Ti. 

After checking the power supply wiring for errors, 
it may be connected to the mains and switched on. 
Make sure that it is connected to the supplied equip- 
ment with correct polarity. 

ALTERNATIVE OUTPUT VOLTAGES 
The output voltage of the supply can be changed to 

7.5 volts nominal by reducing the value of R2 to 
4.7k0. An output of approximately 6 volts is given if 
R2 is reduced to 6800. With a 6 volt version of the 
supply, the mains transformer can be a component 
having a secondary rated at 9 volts and 1 amp. 

Si 

BOOK REVIEW 
A MICROPROCESSOR PRIMER. By E.A. Parr, B.Sc., C.Eng., M.I.E.E. 95 pages, 180 x 
105mm. Published by Bernard Babani (publishing) Ltd. Price £1.75. 

Seeking information on microprocessors by reading books on the subject is by 
no means the simplest of processes. Many books tend to assume that the reader is 
already familiar with the jargon or can easily accept the arbitrary nature of micro- 
processor operation. The microprocessor chip is a 40 -pin device whose functions 
are unalterably designed into it. You don't know what lurks behind its pins and you 
have to accept that you must handle it using precisely the procedure detailed for it 
by its manufacturer if you are to obtain sensible results from it. 

The book under review is expressly designed to ease the reader into the ter- 
, 5 minology of microprocessors and their basic simplicity. Indeed, the author refers to 

the analogy of the simplicity of the wood and the complexity of the trees in his 
Introduction. The book then proceeds to outline the operation of a simple theoreti- 
cal computer and thereby leads the reader, at the end, to an actual machine, the Z80. 
A useful glossary of terms is also given. 

This is a most helpful book. To quote from the author's Conclusion: "It was not 
the aim of this book to make the reader competent in the use of any particular 
microprocessor. The aim was to explain some of the basic concepts that are usually 
omitted from microprocessor descriptions." 
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Calcula ting 
Resonance 

By 
P. Rogers 

Easy calculator key sequences for finding resonant frequency 
values. 

One over two pi root LC 
Gives you the resonant frequency! 

This piece of doggerel is a well -tried method of remembering the equation for resonant frequency in a circuit containing inductance and capacitance. Basi- cally, frequency is in Hz, inductance is in henrys and capacitance is in farads, and the equation applies to a series tuned circuit and to a parallel tuned circuit (provided that the latter has a Q factor greater than about 5). 
In the pre -pocket calculator days the resonance equation could prove difficult and time-consuming to work out, partly because of the awkwardness of the units and partly because of the necessity to find the square root of LC. This normally involved the use of logs and there was the ever-present risk of picking up or losing a zero or getting the decimal point in the wrong place. 

TABLE 

RESONANT FREQUENCY 

Units: Megahertz, microhenrys and picofarads, or Hertz, henrys and microfrads. 

Key sequence to find f: 

L X C 1/x X 159.2 = 

Examples: 5µH and 200pF give 5.03MHz. 
22H and 100µF give 3.39Hz. 

Key sequence to find L: 
fx2XC=1/xX25330= 
Examples: 20MHz and 3pF give 21.1µh 
50Hz and 0.5µF give 20.3H. 

Key sequence to find C: 

f x2 X L = 1/x X 25330 --- 

Examples: 15MHz and 2µH give 56.3pF. 
40Hz and 1.3H give 12.2µF. 

T` 
SERIES 

i = 2 

L 

PARALLEL 

The series and parallel LC tuned cir- 
cuits, and the equation which defines 

their resonant frequency 

CALCULATOR SOLUTION 

The resonance equation can, of course, be simp- lified, and it works out, for instance, as frequency being equal to 159.2 divided by the root of LC, where frequency is in MHz, inductance is in microhenrys capacitance in µF. The first set of units is excellent for r.f. resonance calculations whilst the second set cov- ers a.f. resonance calculations. 
r.f. resonance calculations whilst the second set cov- ers a.f. resonance calculations. 

Extracting L or C from the equation when fre- quency and the complementary C or L are known could be an even bigger headache as both sides of the equation had to be squared up. Again a simplification is possible and L is found to be equal to 25330 divided by the product of frequency squared and C. The same two sets of units are again applicable. 
All these calculations can be undertaken with a pocket calculator having ITC,x2 and 1/x functions, and the key sequences are shown in the Table. There may be an "equals" in the sequences which is not needed with some calculators, but it will do no harm and it merely isolates the different parts of the calculation. Answers are intended to be accurate to 3 significant figures, which is more than adequate for most calcula- tions of this nature. 
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9 VOLT 

1 AMP 

POWER SUPPLY 

TPUT 

The only control on the front panel is the on -off 
switch. In the prototype the output was available at 
a 3.5mm. jack socket, but insulated terminals can 

be fitted if preferred. 

By I. M. Attrill 

Neat uncomplicated design. Output options at 
7.5 and 6 volts available. Fully regulated output 

with short-circuit protection. 
An inexpensive fixed voltage power supply such as 

the unit described here can be extremely useful. The 
nominal output voltage is 9 volts, and the supply is 
therefore suitable for use when designing or testing 
most 9 volt battery operated equipment. It can also be 
employed for a specific item of equipment, such as a 
radio or cassette recorder, which has a power input 
socket. When portable operation is not required this 
can result in quite a considerable saving in battery 
costs, especially when the equipment has a high cur- 
rent consumption. The maximum output current of 
the supply is 1 amp, and this is more than adequate for 
most cassette recorders, cassette radios and other 
items of equipment which require a fairly high cur- 
rent. 

The power supply can be modified to give a nomi- 
nal output voltage of 7.5 or 6 volts, as is required by 
many radio and cassette units, and the altered voltage 
is obtained by changing the resistor values. (With a 6 
volt output, a different mains transformer may also be 
employed). At any of the output voltages the supply is 
suitable for applications where good regulation and 
smoothing are required. The output voltage drops by 
only about 1 to 2% between zero and full loading. 
Noise on the output is only a few millivolts even at full 
output current, and it is only a fraction of a millivolt at 
output currents below around 100mA. The design 
incorporates output short-circuit current limiting. 

CIRCUIT OPERATION 
A fixed voltage monolithic regulator device is an 

obvious choice for incorporation in a single voltage 
supply, but such devices are readily available only 
with a few fixed voltage ratings, and these do not 
include 9 volts (or 7.5 or 6 volts). This is only a minor 

problem, however, as it is quite easy to increase the 
voltage available from a regulator device. 

Fig. 1 (a) shows the basic method of employing a 

+° 
TCI 

- o 

+ o 

o 

CI 

n Pos. 

regulator 
Out 

Corn. 

(a) 

n Pos. 

regulator 

Corn. 

(b) 

Out 

c21 

o 

R2 

Fig. 1 (a) The basic method of connect- 
ing a positive monolithic voltage reg- 
ulator (b) This circuit allows the regu- 
lated output voltage to be higher than 

the rated voltage of the regulator. 

o + 

o + 
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IA 

240V 
A.C. 

moins 
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E 

BC 179 
Lead -outs 

Fig. 2 The circuit of the 9 volt 1 amp power supply. The lead layout of IC1 is indicated in Figs. 3 and 4. Output voltages of 7.5 and 6 can be obtained if the 
value of R2 is altered. 
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31111 
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TRI 
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COMPONENTS 

Resistors 
(All watt 5%) 

R1 15k,11. 
R2 8.2kfl. 

Capacitors 
Cl 1,000µF electrolytic, 25V. Wkg. 
C2 0.22µF polyester type C280. 
C3 0.1µF polyester type C280. 
C4 0.1µF polyester type C280. 

Transformer 
TI Mains transformer, secondary 12V at 1A. 

Semiconductors 
IC1 µA7805UC. 
TRi. BC179. 
D1 1N4001. 
D2 1N4001. 
D3 1N4001. 
D4 1N4001. 

Switch 
S1 d.p.s.t., toggle rotary. 

Fuse 
FS1 lA fuse, 20mm. quickblow. 

Indicator 
PL1 Neon indicator with integral series 
resistor, 240 V a.c. 

Miscellaneous 
Metal instrument case (see text). 
Chassis -mounting fuseholder, 20mm. 
Output socket or terminals (see text). 
Veroboard, 0.1 in. matrix. 
Control knob.. 
Mica washer, insulating bush (for IC1). 
3 -core mains lead. 
Nuts, bolts, solder, etc. 

Output 

o 

regulator. The regulator has three terminals only, the 
unregulated input voltage being applied to the input 
and common terminals, and the regulated output 
being taken from the output and common terminals. 
The only discrete components that are required are 
bypass capacitors across the input and output. These 
provide stability and improve transient response. 

There are a number of ways in which the output 
voltage of the device can be increased, but they all 
involve raising the common terminal above the nega- 
tive rail by a fixed voltage. For example, the output 
voltage of a 5 volt regulator can be increased to 9 volts 
by taking the common terminal 4 volts above the 
negative rail potential. What happens here is that the 
regulator is really stabilizing the output voltage at 5 
volts above the potential of its common terminal. 

Fig. 1 (b) shows the method of increasing the out- 
put voltage which is used in the present design. The 
output of the regulator is applied to the potential 
divider consisting of R1 and R2, and the junction of 
these two resistors connects to the base of the emitter 
follower transistor. Assuming that no base current 

Layout of parts inside the case. 

SEPTEMBER 1980 
27 

www.americanradiohistory.com



The Veroboard assembly. The voltage 
regulator heat tab is bolted to the rear 
panel of the metal instrument case. 

flows in the transistor, the voltage at the regulator 
common terminal is then 0.6 volt higher (due to 
base -emitter voltage drop) than the voltage at the 
junction of the potential divider resistors. If R1 and 
R2 had equal values, half the output voltage (plus 0.6 
volt) would be applied to the regulator common ter- 
minal and the regulated output would be approxi- 
mately double the nominal output voltage of the reg- 
ulator. Other boosts in output voltage will be given 
according to the ratio of the two resistor values. In 
practice, the simple relationship just described has to 
be modified slightly to take into account the base 
current in the transistor, and the actual values 
required in R1 and R2, which will be close to the 
values calculated with zero base current, are best 
determined by empirical means. 

The full circuit of the power supply appears in Fig. 
2. The regulator voltage boosting circuit is identical to 
the configuration shown in Fig. 1 (b), except for the 
addition of a third bypass capacitor, C3. IC1 is a 5 volt 
device and the specified values for R1 and R2 raise 
the output voltage to approximately 9 volts. There 
will be a small variation in output voltage between 
one unit and another due mainly to tolerances in the 
values of R1 and R2. The output voltage should be 
within a few hundred millivolts of 9 volts, though, and 
this will be close enough for all normal applications. 

The regulator section of the circuit is fed by a 
conventional full -wave rectifier incorporating D1 to 
D4. The mains input is isolated by step-down trans- 
former Ti, and the rectified output is smoothed by 
the large value capacitor, Cl. The unregulated input 
to IC1 should be at least some 2.5 volts higher than 
the regulated output voltage if the regulator is to 
function properly. With the present circuit the loaded 
voltage across the smoothing capacitor is typically a 
little over 12 volts, giving an adequate margin for 
reliable operation. 

The fuse, FS1, is included despite the fact that ICI 
has output current limiting at a little over 1 amp and 
also incorporates thermal overload protection. The 
fuse gives protection in the event of a component 
failure ahead of the regulator or a regulator malfunc- 
tion. 

On -off switch S1 is the only control in the power 
supply and PL1 indicates when the mains supply is 
switched on. PL1 is a panel -mounting neon indicator 
with its own integral series resistor, and should be 
rated at 240 volts a.c. 

CONSTRUCTION 
The power supply can be made quite compact, and 

the author found that a metal instrument case 
measuring about 152 by 114 by 51mm. provided 
ample space for all the components. This is an instru- 
ment case type BC1, available from Harrison Bros., 
P.O. Box 55, Westcliff-on-Sea, Essex, SSO 7LQ. 
However, the constructor is advised to obtain the 
particular mains transformer to be used (or at least 
ascertain its dimensions) before obtaining the case. 
There is a slight possibility that some transformers 
may require a case which is a little larger than that 
used for the prototype. Si, PL1 and the output socket 
are mounted on the front panel of the case. The 
author employed a 3.5mm. jack socket as the output 
socket, but it will of course be perfectly in order to use 
two insulated terminals instead. 

The photographs illustrate the internal layout 
inside the case. There are three items here, these 
being the mains transformer, the chassis -mounting 
fuseholder for FS1 and a Veroboard panel. Apart 
from the Veroboard panel, the positioning of these 
items is not critical. The mains transformer has a 
solder tag secured under one of its mounting nuts. 
The mounting bolt heads are below the case. 

The wiring, including the Veroboard layout, is 
shown in Fig. 3. The Veroboard is of 0.1 in. matrix and 
has 21 holes by 19 copper strips. There are no breaks 
in any of the strips. The single mounting hole is 6BA 
clearance. 

With the exception of IC1, the components are 
soldered to the Veroboard in normal fashion. Be 
careful not to leave out the single link wire. The 
lead -out wires of IC1 are bent to the shape shown in 
Fig. 4 before it is soldered to the Veroboard, and this 
enables its heat tab to be bolted to the rear panel of 
the case. The regulator dissipates a few watts of 
power at full output, and the rear panel then provides 
the necessary heatsinking. The heat tab must be insu- 
lated from the rear panel, and this is achieved by using 
a mica washer and an insulating bush for the mount- 
ing bolt. 

To locate the Veroboard correctly, place it in posi- 
tion on the bottom of the case with the heat tab of ICI 
in contact with the rear panel. Using the Veroboard 
as a template, mark out the hole required in the case 
bottom. Remove the board and drill this hole 6BA 
clearance. Mount the board with a 6BA bolt and nut, 
using a spacing washer to keep the board underside 
clear of the bottom of the case. Now mark out the 

Another view of the supply unit after 
completion. The legends on the front 
panel are taken from "Panel -Signs" 

Set No. 4. 
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FSI 

K 

J 

H 

G 

F 

E 

D 

C 

B 

A 

Neg. out 
Pos. out 

brown 

gly 

SI 

y 
PLI 

Mains lead 

O 0 0 0 0 0 0 0 0 0 0 0 0 

O 0 0 0 0 0 0 0 0 0 0 0 0 

O 0 0 0 0 0 0 0 0 0 0 

o 0 0 0 0 0 0 0 0 0 0 

O 0 0 0 0 0 0 0 0 0 0 

O 0 0 0 0 0 0 0 0 0 0 

O 0 0 0 0 0 0 0 0 0 0 

o o o o o o 0 0 0 0 0 

o 0 
6BA 

o 0 0 0 0 0 

o o clear o 0 0 0 0 0 

O 0 o O o 0 0 0 0 0 0 

O 0 0 0 0 0 0 0 0 0 0 

o o o o 0 0 0 0 o o o 

In 
O 0 0 0 0 0 o 0 

O o e o 0 0 o Com. 

o 1 0 0 0 0 

Out 
O 0 0 (iAj 0 o 0 0 

R 
o o 0 0 o TRI I o o o o o 

i2 o o 0 0 0 0 1 0 0 0 0 0 

3 5 7 9 II 13 15 17 19 21 

Direction of copper strips 

Fig. 3 Wiring up the power supply. There are no breaks in the Veroboard 
copper strips. 

ICI 

Fig. 4 The heat tab of IC1 is bolted to 
the rear panel of the case, which pro- 
vides heatsinking. The tab should be 
insulated from the rear panel with a 
mica washer and plastic bush, which 

are not shown here. 

Formed lead -out wires 

Component board 

IC 

Rear panel of 
case 
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The charger in use. Here it is charging four HP7 size 
Ni -Cad cells 

to form a neat coil and the free end is then resoldered 
to its tag. When it is switched into. circuit, by putting 
S2 to "HI", the current readings given in the meter 
should be multiplied by 10. The desirability of not 
fitting the switch during the process of finding the 
requisite length of 32 s.w.g. wire will now become 
apparent. The switch may next be mounted in its 
proper place on the front panel. 

When setting up R3 it should be remembered that 
the mains connections to S1 and Ti will be access- 
ible. All precautions, against accidental shock must 
therefore be observed. The charger should only be 
used with its lid in place so that the mains connections 
are covered. 

USING THE CHARGER 
The constant current charger is now complete and 

is ready for use. Before connecting any Ni -Cads to the 
charger temporarily short-circuit the output sockets 
and set VR1 to the current required, as shown in the 
meter. Switch off and then, using the correct type of 
connecting leads, connect the Ni -Cads. Switch on, 
and the cells will be charging. Take care to connect 
the cells with correct polarity. 

Charging rates for the most popular Ni -Cads are 
given in the Table. If an unfamiliar cell is obtained the 

rule -of -thumb is to charge at the 10 hour rate. This 
simply means charging a discharged cell for 14 hours 
at one -tenth of the current capacity of the cell. 

The charger does get warm, especially at R4 and 
TR2. The heat will be particularly noticeable at high 
charging rates, but need not give rise to concern. As a 
check, the prototype was run continually for 11 hours 
at maximum current with the output short-circuited 
and no problems arose. Although the wire used in the 
making of R3 is fairly thin, this did not suffer any 
excessive heating. The dissipation in R4 is very near 
its rating of 10 watts. Some constructors may prefer to 
employ a resistor with a higher wattage rating here, 
say 15 or 20 watts, and the use of such a resistor would 
of course, be perfectly in order. 

The charger can also be used for the measurement 
of low values of resistor. The output is connected to 
the unknown resistor and the output current set to a 
convenient value. A voltmeter is then connected 
across the resistor and the voltage taken after which, 
by application of Ohm's Law, the value of the resistor 
can be found. This procedure, produces far more 
accurate results than are given with a conventional 
testmeter switched to a low ohms range. If a sensitive 
millivoltmeter is employed, extremely low values - 
less than an ohm - can be measured in this way. 

READER SERVICES 
ARTICLE KITS 

Kits for a number of articles we have pub- 
lished in this magazine, including the 'Constant 
Current Ni -Cad Charger' above, can be obtained 
from Messrs. T & J Electronics of 98 Burrow 
Road, Chigwell, Essex IG7 4HB. For the complete 
list to date see their advertisement elsewhere in 
this issue. 

P.C.B. SERVICE 
Messrs. B. R. B. Printed Circuits of 109 Potter 

Street, Worksop, Notts. S80 OBY have instituted 
a p.c.b. service for suitable articles appearing in 
this magazine. The first of such articles - 'Two 
20dB Amplifiers' will appear in our next issue. 

(30 4L: S . 5 p cA.,c),- 
.4- 

RADIO AND ELECTRONICS CONSTRUCTOR 
www.americanradiohistory.com



RECENT PUBLICATIONS in 
ELECTRONICS FOR THE SERVICE ENGINEER, VOLUME 2. By Ian R. Sinclair, B.Sc., M.I.E.E. 279 pages, 240 X 180mm. Published by The Technical Press Limited. Price £4.95. 

Ian Sinclair needs no introduction to the readers of this journal, and his series of articles, "Tune -In To Programs" and "DATABUS", have been appreciated by many seeking knowledge on programmable calculators and microprocessors. In the work under review Ian Sinclair addresses himself primarily to the embryo service technician undertaking the improved City & Guilds of London Institute Course No. 224, which has replaced the popular Course No. 222 in the same subject area. The book will also have a wide appeal for any student in the subjects con- cerned as well as the amateur enthusiast. 
The book is in three sections, the first of which deals with basic principles and circuitry. Items covered include measurements and readings, semiconductor devices, amplifiers, power supplies, LCR circuits, waveform generating and shap- ing circuits, and miscellaneous mechanisms and devices. The second section deals with domestic electronic equipment, with an emphasis on television, whilst the third examines industrial and telecommunications applications. The book has a fully practical approach with emphasis on experiment and fault-finding, and with unnecessary mathematics and theory avoided. Exercises which involve the construction and evaluation of working circuits are also given. This Volume 2 has been published before Volume 1 of the same title because the substitution of "C & G 224" for "C & G 222" has affected Part II of the full C & G Course much more than it has Part I. At the time of publication of Volume 2, the first Volume is nevertheless at an advanced state of preparation. 

TEST GEAR PROJECTS. By Terry Dixon. 109 pages, 210 x 130mm. Published by PAPERMAC. Price £3.95. 
This book is No. 4 in the series "Electronic Projects" published by PAPERMAC, the non-fiction paperback imprint of The Macmillan Press. The three preceding titles in this series are "Cost-effective Projects Around the Home", "Projects for the Car and Garage" and "Audio Circuits and Projects". 
The present book is mainly intended for the amateur who requires simple and relatively inexpensive test equipment to check projects which he has built and also to locate any faults which prevent their functioning. More than thirty home - constructed projects are described in the book, including power supplies, signal injectors, a reference oscillator, noise generator, a logic probe, multimeter, capaci- tance, bridge, transistor tester, oscilloscope calibrator and an oscilloscope dual trace adapter. 
The book is written with the newcomer in mind and the author takes pains to explain practical problems and requirements in any project where these are of importance. Particularly helpful is the approach towards component availability, a matter which can bedevil even the most advanced home experimenter. 

ELECTRONIC HOUSEHOLD PROJECTS. By R.A. Penfold. 102 pages, 180 x 105mm. Published by Bernard Babani (publishing) Ltd. Price £1.75. More than twenty electronic devices which can be used in the home are dealt with in this book by its well-known author, and they range from a very simple fuse checker to a timer incorporating five i.c.'s and two transistors. Each project is presented in the same form. The circuit is given, accompanied by a detailed descrip- tion of its operation together with practical points to be observed in its construction, after which the full component requirements are listed. The book is divided into three sections, the first of which deals with household gadgets. These include a telephone amplifier, a telephone repeater, an intercom and two timers. The second section describes gadgets which can be used around the house, such as an ultrasonic remote control, a Christmas tree lights flasher and a model train controller. Alarm circuits appear in the third section and include a burglar alarm with optional exit and entry delays, a baby alarm, a smoke/gas detector and a freezer alarm. 
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Great new microprocessor series .. . 

Construction is simple, thanks to the use of the 
Eurobreadboard. The photographs show details 
of the board but a more useful guide is Table 1, 
which is a wire -by -wire list of all the interconnec- 
tions. The Table assumes, however, that the i.c's 
will be in certain fixed positions, so we have to 
attend to that first. A lot of the connections 
involve the use of wire links from one Eurobread- 
board hole to another. Make sure that you use 
only single strand wire, because stranded wire 
can catch in the spring clips of the Eurobread- 
board and could cause no end of trouble. As was 
stated last month, I employed "bell wire" 
obtained from Maplin Electronic Supplies. 

EUROBREADBOARD 

If you look at the Eurobreadboard you will see 
that there are four sectIons of 5 -hole rows iden- 
tified as A, B, C and D. The rows are numbered 
from 1 to 25, and all 5 holes in each row are 
connected together. Around the periphery are 4 
rows of holes labelled Y1, X1, X2 and Y2. All the 
holes in each of these rows connect together. In 
Table 1 references are made to rows of holes but 
not to the particular holes in each row to which 
connections are made. The holes which are used 
in each row become evident as assembly pro- 
ceeds, and the major requirement is that connec- 
tions are made to the correct rows, with space left 

Position 
k 

Cc r,iections 

Al None 
A2 None 
A3 LNK B24 
A4 27K Xl; LNK A25 
A5 LED/R Y1 
A6 LED/R Y1 
A7 LED/R Y1 
A8 LED/R Y1 
A9 None 
A10 None 
All None 
A 12 None 
A13 None 
A14 None 
A15 None 
A16 LED/R Y1 
A17 0.015µF Y1; 1K A21 
Alb 1K A21 
A19 'None 
A20 LNK X1 
A21 1K A17; 1K A18; 0.015µF Y1 
A22 LED Yl; 2K2 B22 
A23 LED Yl; 2K2 B21 
A24 LED Y1; 2K2 B24 
A25 P.B.Sw. SIN; LNK 

e I N; 
Part 2 

This month we give 
for the INStructor p 
final step in whicl 
chip is plugged Mt( 

for the INS8060. In this project, the top of the 
board is row Y1, and the bottom is row Y2. This 
orientation may cause the "Eurobreadboard" 
label in the middle to be upside-down with some 
boards. 

We don't, at this stage, plug in the INS8060. 
MOS i.c's generally don't take kindly to being 
plugged into open -circuit sockets, so that the 
8060 goes in last of all. Keep it in its bit of plastic 

T 

EUROBREA 

Position Connections 

BI LNK Y1; LNK B3 
B2 None 
B3 LNK B1 LNK B4 
B4 LNK B3 
B5 LED/R earth; LNK C17 
B6 LED/R earth; LNK C15 
B7 LED/R earth; LNK C/ i 
B8 LED/R earth; LNK C l l 
B9 LED/R earth; LNK Dll 
B10 LED/R earth; LNK D13 
B11 LED/R earth; LNK D15 
B12 LED/R earth; LNK D17 
B13 LNK XI 
B14 LNK B25 
B15 LNK C3 
B16 4K7 B23 
B17 None 
B18 LNK X2 
B19 LNK D10 
B20 None 
B21 2K2 A23 
B22 2K2 A22; LNK I) 
B23 LNK Xl; 4K7 B16: 27K B25 
B24 2k2 A24; LNK A3 
B25 P.B.Sw. RESET; LNK B14; 27K B23 
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Structor 
By Ian Sinclair 

constructional details 
;roject, taking it to the 
h the microprocessor 
o the Eurobreadboard. 

channel, and it'll come to no harm while you wire up the rest of the circuit. We start by inserting the buffer i.c. 74LS240 with its pin 1 in row C9 and its pin 11 (diagonally opposite) in row D18. The 
74LS132 goes in next, with its pin 1 on line Cl and pin 8 on line D7. This puts the end of this i.c. close to the end of the 74LS240, but they will both fit without trouble because there is a spare row bet- ween. 

ABLE l 

DBOARD WIRING 

Position Connections 

Cl LNK X1 
C2 LNK C24 
C3 LNK B15 
C4 None 
C5 None 
C6 Nont 
C7 LNK Y2; LNK earth bar ' '18 
C8 None 
C9 LNK D10 
C10 LNK D22 
C11 LNK B8 
C12 LNK D23 
C13 LNK B7 
C14 LNK D24 
C15 LNK B6 
C16 LNK D25 
C17 LNK B5 
C18 LNK (earth bar) C7 
C19 LNK XI; 27K C25; 27K C24 
C20 None 
C21 None 
C22 None 
C23 None 
C24 0.0068µF C25; LNK C2; 27K C19 
C25 P.B.Sw. GO; 0.0068µF C24; 27K C19; 0.1µF X2 

. 

A PRACTICAL 
INTRODUCTION 

TO 
MICROPROCESSORS 

y t t t M t t t t t t t t tut V t t t t 
t t t t t t t t , t 

t t r t t t t t tarer* t t M Y t' t M t r t t t t t t M r t M r t t t,tttMtt 
= 

t ..., 
__ 

r 
'ttUR rr 

t t t i t t t t t t t r t/ t i , I t t t t t i t r f1411 t t t t i t a t t t t t t a t t t t t t i 
i t t t t , 

t t a t t t Y' 

t t t i t t t t t t* Y r Y Y U Y t t i r 7 
t a t t t t t t t t t t t t t U t i t t U 
* et t t t t t t t t r t t 

2 3 S E 1 8 t t t t t t t t. t t 

The first step consists of fitting the two t.t.l. i.c.'s and the octal switch. Do 
not rely on the "Eurobreadboard" 
label for orientation, but ensure that 
the Y1 line is at the top. The switch is fitted with its numbers uppermost. 

Position Connections 

Dl LNK X1 
D2 None 
D3 None 
D4' None 
D5 LNK X1 
D6 LNK DIO 
D7 LNK B22 
D8 None 
D9 LNK X1 
D10 LNK C9; LNK B19; LNK D6 
D11 LNK B9 
D12 LNK D21 
D13. LNK B10 
D14 LNK D20 
D15 LNK B11 
D16 LNK D19 
D17 LNK B12 
D18 None 
D19 LNK D16 
D20 LNK D14 
D21 LNK D12 
D22 LNK C10 
D23 LNK C12 
D24 LNK C14 
D25 LNK C16 
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Fig.1. One of 
the pins of 
the octal 
switch is 
bent over 
and sol- 
dered to a 
neighbouring 
pin. This 
enables the 
row of pins 
to be 
inserted in 
the Y2 line. 

Pin 4 bent over 

Next to be fitted is the octal switch. This is 
inserted into D18 to D25 and the corresponding holes along the Y2 row. Remember that its num- bers should be uppermost and that the Y1 row is the top of the board. One of the switch pins on the lower side will need to be bent over and soldered to the adjacent pin on either side because there is no hole in the Y2 row for it. The pin is shown bent over in Fig.1. Take care with the soldering, as an untidy solder joint will prevent the switch from bedding down level on the Eurobreadboard. All the lower pins of the switch are now at the same potential as the Y2 line. 

Fit a bare wire to run between C7 and C18, using the holes closest to the Eurobreadboard 
label. This is an earth bus and the data I.e.d. series resistors will be soldered to it. At the corners fit 
small link wires between lines Y1 and X2 and 
between lines X2 and Y2. These three lines are the earth and negative supply rail. X1 is the posi- tive 5 volt supply rail. 

The other bits of hardware which now have to be fitted are the push-button switches and the 
I.e.d.'s. As they come the Maplin push-button 
switches don't plug into the Eurobreadboard so that you'll need to solder on short stubs of wire, 
preferably a bit thicker than the 0.6mm. bellwire we're using for links. Fig.2 shows what's needed, 

Push-button switch 

8mm 

Wire 'plugs" 

Fig.2. Short stubs of wire 
are soldered to the tags of the push-button 
switches. These wires are 
inserted in the Euro- 

breadboard holes. 

the length of wire beyond the solder joint being 
about 8mm. The SIN push-button connects bet- 
ween the lowermost A25 hole and the adjacent 
X2 hole, the RESET push-button between the 
lowermost but one B25 hole and the adjacent X2 
hole, and the GO push-button between the sec- 
ond C25 hole from the top and the adjacent X2 
hole. Fig. 3 shows their relative positions for future reference. 

Spare 

S OUT 
Read /Write 

Address 

YI 
X2 

X2 

OS IN 

O Reset 

Y2 

O Go 

Octal switch 

Y1 0 0000 x1 
ADII ADO3 ADO() 

D7 D6 D5 D4 D3 D2 D1 DO 00000000 
Data 

XI 
Y2 

Fig.3. The general layout of the press - 
button switches, octal switch and 

I.e.d.'s 

L.E.D. FITTING 
The eight data I.e.d.'s need to have limiting resistors soldered to them. Anv value between 1.5kSZ and 3.3kfl is usable, but the 2.2ksì resistor 

specified here gives a good compromise bet- ween brightness and voltage drop. The resistor is soldered to the cathode of each I.e.d. in the man- ner shown in Fig.4, the wires being cut as shown. The I.e.d. anode leads are then inserted in the lowermost B hole, as indicated in Table 1, and the resistor is soldered to the earth bus between holes C7 and C18. Slip a piece of paper under the bus wire whilst soldering to it to prevent blobs of solder getting onto the Eurobreadboard, where they may be difficult to dislodge afterwards. Make sure that you've correctly identified the anode and cathode leads of the I.e.d.'s before soldering the resistors to them and take care not to overheat the I.e.d.'s. It is .necessary to use subminiature I.e.d.'s, incidentally, otherwise you'll have difficulty packing them all in. 
The five address I.e.d.'s have the 2.2kg limiting resistor connected to the anode lead, as shown in Fig.5. The limiting resistor is then inserted into the uppermost hole in A5 to A8 and in A16, the 

I.e.d. cathode lead being inserted in the adjacent, or nearby, hole in the Y1 row. 
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Earth bus C7 to C18 

Solder 

_fm 

24 kn 

Cathode 

LED 

- Anode 

Fig.4. The data I.e.d.'s have their series 
limiting resistors soldered to their 

cathode leads, as shown here. 

There are three further I.e.d.'s which do not 
have series resistors soldered to them. Their 
anodes plug into the uppermost holes at A22, A23 
and A24, and their cathodes into corresponding 
Y1. holes. Their series resistors are plugged in as 
indicated in Table 1. 

At this stage, it's a good idea to test all the 
I.e.d.'s to make sure that they all operate cor- 
rectly. Before this can be done, a link wire is 
required between C7 and the Y2 hole immedi- 
ately below it. This wire passes over the 74LS132 
i.c. Connect the negativa terminal of a 4.5 volt 
battery or a 5 volt power pack to line Y2, and 
connect a lead whose bared end can be inserted 
in the Eurobreadboard holes to the positive ter- 
minal. If you're using a power pack make quite 
sure the voltage does not exceed 5 volts because 
two of your i.c.'s are already in place. Insert the 
positive wire into a free hole of B5. This should 
light up the DO I.e.d., the one which is on your 
right when the board is held with line Y1 upper- 
most. Incidentally, data switch 1 should be on 
your left when the board is in this position, so that 
the row of data I.e.d.'s is arranged in the same 
way as the row of switches. 

Test all of the data I.e.d.'s in the same way, by 
plugging the positive supply lead in the appropri- 
ate data socket rows, and then plug the positive 
lead into line A5 to test address I.e.d. ADOO. Fol- 
low this by checking the other address I.e.d.'s 
and, finally the three I.e.d.'s whose series resis- 
tors end up as B21, B22 and B24. 

MAIN WIRING 
Once all the l.e.d.'s have been checked, the 

board is ready for the mainwiring. This is best 
done by referring to Table 1, which lists each 
connection including the ones you've already 
made. What does need a bit of attention at this 
stage is leaving a space for the INS8060. This is a 

Fig.5. The address I.e.d.'s have the 
series resistor soldered to the anode 

leads. 

wide i.c., and it will cover three columns of holes 
in the A section and two columns of holes in the B 
section. The photograph shows the position it 
takes up. Because of this, it will be necessary to 
use the "outer" holes only and route wires round 
the i.c. and not across it. The wires which have to 
be particularly watched are the connections bet- 
ween the INS8060 and the 74LS240 buffer. String 
each of these out to the X1 line, round and back to 
their places at the buffer. You can, if you like, use 
solid -core ribbon cable, but I find the preparation 
of this stuff takes longer than simply using sepa- 
rate strands of single -core wire. 

Table 1 is easy enough to follow. Each socket 
line letter and number is shown, then the compo- 
nent which is plugged into it (apart from the i.c.'s) 
followed by the socket letter and number to 

: i.,. ,..+ 
, 7 t! t 1 1 . 

1 e t e t 
y r* t Y f, t e* t 

... i t t t t e 1 

, t, t. t t. t t* e t t t t t l t t t If 0.4.111111 t,t,t. , 

a ,,, r. 1. 2 t. t t,) t t. f. t. t 1 r 

The eight data I.e.d.'s have their series 
resistors soldered to an earth bus wire 
which passes across the surface of the 
board between rows C7 and C18. The 
remaining I.e.d.'s are positioned as 
indicated in Table 1. Make sure that all 
series resistors are in circuit before 
testing the I.e.d.'s. The three push- 

button switches are on the left. 

which the other end of the component connects. 
Where there are two connections to a line both 
are shown in the Table with a semicolon between 
them, so that the Table shows each connection 
which is made. Each wire link is inserted into one 
separate hole of the Eurobreadboard, there's no 
need to try to squeeze two wires into one hole. 
Link wires are indicated as "LNK" and capacitors 
by their values, Resistors follow the convention 
"2K2" for "2.2kí2" and so on. 

Since each hole to which a connection is made 
has been listed, there is a double check on the 
wiring. This is particularly useful when the com- 
ponent is a wire link, because one wire link looks 
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TABLE 2 
INS8060 Inputs 

Input Pin on 8060 Point on Board Connections 

NENIN 3 B18 Earth on X2 

NHOLD 6 B15 Gate output 

NRST 7 B14 RESET switch (27K to X1) 

CONT 8 B13 +5V on X1 

SENS -A 17 B4 Earth on Yl 

SENS -B 18 B3 Earth on Y1 

SIN 24 A4 SIN switch (27K to X1) 

XIN 37 A17 1K to A21; 0.015µF to Y1 

pretty much like another. Check each connection 
as you make it and then do a double check by 
tracing each connection back when you come to 
the socket hole at the other end. Again, all refer- 
ences to "top" and "bottom" of the board apply 
to the board with line Y1 at the top. In this position 
the lettering on the INS8060 will be right way up 
whilst the lettering on the other two i.c.'s is 
upside-down. You can of course hold the board 
any way round for wiring, but this is the standard 
working position. Make sure that you check the 
Y1 to X2 and X2 to Y2 earth links, which are not 
listed in the Table. 

FITTING THE 8060 
Now take a deep breath, and check all of your 

connections again. There are quite a lot of con- 
nections around the INS8060 which are not used, 
but these are all for outputs. It's important that no 

Here, the Eurobreadboard is complete 
except for the microprocessor chip. 
The wiring must be routed as shown 
to leave plenty of space for the chip. 

inputs are left without connections, so Table 2 
gives a list of the INS8060 inputs, with both the i.c. 
pin numbers and the Eurobreadboard numbers. 
You can use this list as a safety check to ensure 
that all of the 8060, inputs are connected some- 
where. Tables 3 and 4 show switch and I.e.d. 
postions respectively. 

If all is well, the only task that's left is to mount 
the INS8060 into place. Start by preparing the 
socket holes to receive the INS8060. Using a 
capacitor or a 1 watt resistor which has a fairly 
thick lead -out, poke the wire into each and every 
socket -hole which the INS8060 will use. This 
makes quite certain that there will be no stiff 
springs which might cause the INS8060 to jam. I 

had no trouble with any of mine, but there's 
always a chance, and at around £8 or more a 
throw, you just don't take risks. 

The next set of steps is VERY IMPORTANT. 
Prepare a wire link and use it to join line X1 to one 
of the Ylines -- it doesn't matter which Y line. This 
ensures that there are no voltage differences 
across the board, and makes it ready to receive 
the INS8060. Remember now that the INS8060 is 
a MOS i.c. Nylon carpets, plastic rulers and other 
static generators are things which spell sudden 
death to MOS chips unless you follow these 
instructions exactly, so make sure that you know 
what you have to do before you start. I've never 
lost an i.c. through static damage, and there's no 
reason why you should. The precautions that 
used to be recommended, like chaining yourself 
to waterpipes, are not needed, and all that are 
required here are just a few elementary precau- 
tions. 

TABLE 3 

Switch Positions 

Function Position 

SIN 

RESET 

GO 

A25 and X2 

B25 and X2 

C25 and X2 
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Turn the Eurobreadboard so that you can easily 
locate pin 1 of the 8060 into line B20 of the Euro- 
breadboard, and check that you can recognise pin 
1. Now wash your hands. No. I'm not kidding - 
with you; hands moist, the chances of electrosta- 
tic discharges are much less. Open the plastic 
pack of the INS8060 and slide out the i.c., prefer- 
ably using a pair of tweezers on its flat body. 
DON'T LET YOUR FINGERS TOUCH THE PINS. 
Pick up the i.c., using the tweezers, or with a 
thumb and forefinger at each end. Place the 
INS8060 in its correct position in the Eurobread- 
board, but don't try to plug it in yet. Check first 
that it's the right way up. Once you're sure that all 
is well, push the INe8060 gently into the Euro- 
breadboard socket holes, pressing with athumb at 
each end, and rocking the i.c. gently to help it on 
its way. It should slip in easily, but if it doesn't, 
pop it out again, using a pencil in the groove of 
the Eurobreadboard under the i.c. This groove is 
a feature of the Eurobreadboard which is most 
useful, as it enables us to remove i.c.'s easily. 
Ease out the socket holes again with a wire lead, 

TABLE 4 

L.E.D. Positions 

Function Position 

AD00 

ADO! 

AD02 

AD03 

AD11 

READ 

SPARE 

SOUT 

DBO 

DB1 

DB2 

DB3 

DB4 

DB5 

DB6 

DB7 

Note: "R" indicat 
resistor. 

A5 and Y1 (R) 

A6 and Yl (R) 

A7 and Y1 (R) 

A8 and Y1 (R) 

A16 and Yl (R) 

A22 and Y1 

A23 and Y1 

A24 and Y1 

B5 and earth bar (R) 

B6 and earth bar (R) 

B7 and earth bar (R) 

B8 and earth bar (R) 

B9 and earth bar (R) 

B10 and earth bar (R) 

B11 and earth bar (R) 

B12 and earth bar (R) 

es combination of 1.e.d. and 

The Eurobreadboard complete with 
the INS8060 plugged in place. This i.c. 
must not be removed from its protec- 
tive packaging before the precautio- 
nary instructions in the text have been 

read. 

and then try the INS8060 once more, This time, 
the INS8060 should fit like the proverbial glove. 

That finishes the construction, and you're now 
the proud owner of the INStructor project. Next 
month we'll start INStructing. 

(To be continued) 

"Must you bring your work home with 
you?" 
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SHORT WAVE NEWS 
FOR DX LISTENERS 

By Frank A. Baldwin 

()VENEZUELA 
Radio Frontera, San Antonio on 4760 at 0235, OM 

with a ballad all about unrequited love, OM 
announcer in Spanish. The schedule of this seldom 
heard station is from 0900 to 0300 but the closing 
time can vary up to 0320. The power is 1kW. 

Radio Mundial Bolivar, Bolivar on 4770 at 0243, 
local pops - both music and songs on records, OM 
announcer. This one operates from 1000 through to 
0400 and the power is 1kW. 

Radio Libertador, Caracas on 3245 at 0140, OM 
with a sporting commentary in Spanish. The schedule 
is from 1000 to 0400 and the power is 1kW. 

()ECUADOR 
Radio Difusora del Ecuador, Guayaquil on 4765 at 

0240, OM announcer in Spanish, local pops on 
records. Scheduled from 2300 to 0400, the power is 
5kW. 

COLOMBIA 
Radio Guatapuri, Valledupar on a measured 4814 

at 0247, OM with a newscast of world and local 
events in Spanish. This one can vary in frequency 
anywhere between 4814 up to 4818. The schedule is 
from 0930 to 0600 but the closing time also varies! 

La Voz del Cinaruco, Arauca, on 4865 at 0258, OM 
with a sports commentary in Spanish. Operating on a 
24 -hour schedule, this one has a power of 1kW. 

GUATEMALA 
Radio Mam, Cabrican on 4825 at 0250, OM with 

folk songs rendered complete with a piano and 
rhythm section, OM announcements in Spanish. The 
schedule is from 2200 to 0300 and the power is 1 kW. 

ROMANIA 
Bucharest on 11940 at 2015, OM and YL (male and 

female) announcers with announcements, followed 
by a programme all about science lessons in Roma- 
nian schools - all in the English transmission for 
Europe, timed from 1930 to 2030 on this channel. 

A CZECHOSLOVAKIA 
Prague on 11990 at 1730, YL with station identifi- 

cation and announcements in English. I listened with 
great interest after "This is the Afro -Asian Service of 
Radio Prague" to a newscast slanted towards the 
interests of listeners in the target areas. This prog- 
ramme is timed from 1730 to 1825. 
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()USSR 
Moscow on 11630 at 1746, YL with station identifi- 

cation and "This is the African Service of Radio 
Moscow", followed by a newscast of internal Russian 
affairs. This particular transmission is timed from 
1700 to 1800 I gathered and it was also logged further 
up the band on 11800. 

()BULGARIA 
Radio Sofia on 15310 at 2110, OM and YL alter- 

nate with replies to letters from listeners resident in 
the African continent. According to their schedule, 
this English transmission is timed from 2030 to 2130. 

()HUNGARY 
Radio Budapest on 15160 at 2120, YL with an 

English programme intended for Europe and timed 
from 2100 to 2130 - all about the various facilities 
available for young people in Hungary, both educa- 
tional and recreational. 

() SPAIN 
Madrid on 11840 at 2110, OM with announce- 

ments in the English programme for Europe (2010 to 
2115) which also included a programme about Span- 
ish rural life, its music and some of its songs - includ- 
ing one sung when slaughtering a' pig! 

()PORTUGAL 
Lisbon on 21530 at 1610, YL with a newscast 

followed by announcements of the various schedules 
of English programmes radiated by Radio Portugal to 
respective areas of the world, this one to the Middle 
East from 1600 to 1630. All this was followed by a 
news commentary, mainly of internal affairs and 
recent events in Portugal. 

()ITALY 
Rome on 7275 at 1940, YL with the news in the 

English programme directed at the U.K., scheduled 
from 1935 to 1955. Beginners can easily identify 
Rome - it has a bird -song interval signal. So has 
Wellington in New Zealand - but that is the song, cry 
or chime (take your pick) of the N.Z. Bellbird - quite 
different from the warblings of the Radio Rome 
songster. 

()PAKISTAN - 1 

Radio Pakistan on 11675 at 1735, YL with the news 
in English, mainly about internal affairs, in the 
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"World Service" to the U.K. Station identification 
was then followed at 1745 by announcements and 
programmes in Urdu, also directed to the U.K. 

CHINA 
Radio Peking on 11575 at 1820, OM announcing 

programmes in the Chinese transmission to Europe, 
this programme including some Chinese classical 
music which I find particularly appealing. Station 
identification and a programme in French followed at 
1830. 

Radio Peking on 11600 at 1500, OM and YL with 
station identification in Russian "Govorit Peking" 
(Here is Peking). Needless to say the transmission 
was promptly jammed - no prizes awarded for iden- 
tifying the jammers! 

PAKISTAN -2 
Logged since the above Radio Pakistan logging was 

typed, Islamabad may also be heard at 1605 on 
21485, at which time a newscast in English read at 
slow -speed was heard. Consisting mostly of items 
dealing with internal events and affairs, this transmis- 
sion is timed from 1600 to 1615 on this channel and is 
aimed at the Middle East and Africa. 

IRAN 
Kalamabad on 15084 at 2020, OM in Persian in a 

Home Service 1 transmission consisting mainly of 
local -style music. The frequency is correct - it is 
15084. I measured it! 

SAUDI ARABIA 
Riyadh on 15060 at 2025, OM with songs, local - 

type music in a relay of the Arabic Domestic Service, 
to be heard on this channel from 1500 through to 
2300. Address your QSL's to P.O.. Box 570, Riyadh. 

MADAGASCAR 
Radio Nederlands Relay on 15220 at 2055, OM's 

with a discussion about recent events in Holland with 
respect to various charitable foundations that appar- 
ently flourish there. According to schedule, this Engl- 
ish programme for Central and West Africa is timed 
from 2030 to 2130. 

INDIA 
AIR (All India Radio) Delhi on 15165 at 2105, OM 

with a newscast of local events in English, station 
identification followed by a talk about life in, and 
around, the Indian Ocean. Also logged in parallel on 
15105. This was all in the General Overseas Service to 
the U.K. and Western Europe, timed from 2045 to 
2230. 

U.S.A. 
WINB Red Lion on 15185 at 2013, OM with a 

religious talk and YL with hymns, all in English. 

E. GERMANY 
Radio Berlin International on 7260 at 1940, YL 

with a newscast in the English transmission for 
Europe, scheduled from 1930 to 2015 according to 
announcements. 

UGANDA 
Kampala on a measured 5026.5 at 1834, YL's with 

songs in vernacular, local -style African music. 

ANGOLA 
Emisora Regional do Lobito on a measured 7001 at 

1930, OM with a talk in Portuguese, just barely heard 
under a welter of amateur morse interference. 

MOROCCO 
Rabat on 15335 at 1037, YL with songs in Arabic, 

local -type music. Also logged in parallel on 15360 but 
the former channel providing the best signal here in 
the U.K. This was a transmission in the Domestic 
Service Network 'A'. 

RWANDA 
Kigali on 3330 at 1940, at which time they were 

broadcasting a religious service which included the 
hymn `Onward Christian Soldiers' - all in French. 
This was a programme in the Home Service which is 
scheduled on this frequency from 0300 to 0600 (Sun- 
days until 0900), 0900 to 1200 (Saturdays and Sun- 
days through to 2100) and from 1330 to 2100. The 
power is 51íW. 

MOZAMBIQUE 
Maputo on 3210 at 1950, light music Palm 

Court style, OM with ballads in Portuguese. This is 
the 'A' programme of Radio Mozambique and is 
scheduled here from 0255 to 0430 and from 1700 to 
2210, all in Portuguese. There is one snag for listeners 
however, the frequency can vary at times from 3206 to 
3216. The power is 100kW. 

SWEDEN 
Stockholm on 21700 at 1410, pops on records in â 

request programme, also answers to listeners queries 
in an English for North America and 
South Asia which according to their schedule is aired 
from 1400 to 1430 daily. 

NORWAY 
Oslo on 21730 at 1420, OM with a newscast in 

Norwegian of happenings in various localities in and 
around Norway. This programme was heard on a 
weekday. If you listen on this channel from 1400 to 
1430 on a Sunday, there is a programme in English 
entitled `Norway this Week' - always very interesting. 

EGYPT 
Cairo on 17670 at 1425, songs and local -style music 

in the all -Arabic General Programme, listed on this 
channel from 1300 to 1830. 

vroNAoIaASl 
AIA93A 

"It gone wrong, no more can I get the 
Home, Light, Sunsvall, Hilversum, 
Athlone, Kalundborg, Alhouse, Brason 
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`LISA' 

2 -BAND 

PORTABLE 

Part 1 

The assembled receiver in its home -constructed 
case. 

By Sir Douglas Hall, Bt., K.C.M.G. 

* Ingenious reflex design. * Uses 3 transistors only. 

* Full coverage of medium and long waves. 

This medium and long wave receiver. "Lisa", uses 
a variant of the author's Spontaflex Super Alpha 
circuit, and the name derives from "LIttle Super 
Alpha". Its selectivity is such that it can provide com- 
plete separation between two stations with 24 metre 
spacing around 270 metres when, in the author's 
home, it is midway between the two transmitters, 
both of which are only 12 miles distant. One signal is 
an immensely powerful one whilst the other is that 
provided by an independent local station. 

"Lisa" covers the whole of the medium and long 
wave bands, and its case measures about 84 by 34 by 
14 in. only. A fresh PP6 battery can be expected to 
give about 100 hours' use at around 2 hours per day. 
A 6.2 volt zener diode in the receiver circuit allows 
fairly consistent results to be obtained until the bat- 
tery voltage falls to 6.5 volts. The initial cost is 
reduced by the use of a home-made tuning drive and 
home -wound coils, together with the omission of a 
variable tuning capacitor. 

The practical design of the receiver is based on a 
specific 4f1 elliptical speaker, the dimensions of 
which just fit into the layout employed. Details of this 
speaker are given later in this article under the head- 
ing "Components". 

CIRCUIT DESIGN 
The circuit diagram is given in Fig. 1, which shows 

the two sections of the wavechange switch, S1 (a) (b), 
in the medium wave position. The signal is picked up 
by tuned winding L2 whose inductance is varied by a 
ferrite rod which passes into it by a controlled amount 
to provide permeability tuning. The tuning capaci- 
tance is provided by the 68pF capacitor C4, where- 
upon the inductance to capacitance ratio is high over 
the entire medium wave band. The received signal 
passes to the base of TR1 which, at r.f., functions as 

an emitter follower and which feeds into the base of 
another emitter follower, TR2. Base bias for TR2 is 
given via r.f. choke L1 and R3. C2 bypasses R3 both 
at r.f. and at a.f. TR1 and TR2 thus form a Super 
Alpha pair and the emitter of TR2 feeds into detector 
D1, this being a low impedance diode which has its 
impedance lowered still further by the forward cur- 
rent passing through it from TR2 and R4. 

The detected a.f. across D1 is now passed back to 
TR2 which, at audio frequencies, functions as a com- 
mon base amplifier with the 39k1Z resistor R1 as its 
collector load. The amplified a.f. signal is then cou- 
pled back to the base of TR1 via R2 and L2, with Cl 
and C5 bypassing any residual r.f. signal. R2 also 
provides base bias for TR1, which now acts as a 
common emitter audio frequency amplifier. Because 
TR1 has a high HFE - typical examples of 2N3663's 
in the author's possession show a figure of about 150 
- and because only about 200µA passes through the 
transistor, the input impedance at its base is much 
higher than is usual with a common emitter amplifier. 
Consequently, there is a reasonable match to the a.f. 
signal across R1, and TR2 is able to maintain its 
voltage amplification. The collector of TR1 couples 
to the large winding of T1, and there is little loss 
across the series variable resistor, VR1. The other 
winding of Ti connects to the base of TR3, which 
gives further and final amplification as a high gain 
common emitter amplifier. R5 provides base bias for 
this transistor. 

Reaction (or Q multiplication, to use a modern 
name for a very old device) is provided by way of the 
coupling coil L3, the positive feedback path to the 
negative rail being from the emitter of TR2 through 
C6, the coupling coil, part of VR3, the section of VR2 
track between its slider and VR3 slider, and C8. VR3 
is adjusted to equalise reaction settings on medium 

40 RADIO AND ELECTRONICS CONSTRUCTOR 

www.americanradiohistory.com



TR2 

BC169C TRI 

2 N 3663 

1 C3 

Sla 

M L 

C4 L 

R 
CS 

VR2 
L M t 

Slb 

wVN 
VR3 

C 

T2 o 
B2Y88C6V2 

CIO 

e- +9V 

¢4 

TR3 

BC169C 

2N 3663 
Lead -outs 

and long waves. The reaction feedback current 
increases as VR2 slider approaches the slider of VR3. 
When the slider of VR2 is adjusted in the opposite 
direction a continually reducing resistance is applied 
across the small winding of T1 until, at the minimum 
reaction setting, this winding is virtually short- 
circuited and no a.f. signal can pass to the base of 
TR3. Thus, VR2 functions as a true volume control as 
well as a reaction control. VR1 and VC1 are set up 
such that a fairly constant critical reaction point can 
be maintained throughout the medium wave band 
without any adjustment in VR2. When the required 
station is tuned in, VR2 may then be adjusted to 
reduce volume as required. The presence of resis- 
tance in the collector circuit of TR1 causes the 
receiver to oscillate more readily at the high fre- 
quency end of the band than at the low frequency end, 
but this tendency can be overcome by judicial setting 
up, once and for all, of VR1. This setting up still does 
not, however, cover the situation at the extreme high 
frequency end of the band, around 200 metres, where 
oscillation can still occur too readily after VR1 has 
been correctly adjusted for the remainder of the 
band. The problem is overcome by the addition of a 
few picofarads, contributed by VC1, across VR1. The 
trimmer employed for VC1 should be a type having a 
minimum capacitance not greater than 3pF. 

On medium waves, the pre-set potentiometer VR3 
has two complementary effects on the operation of 
VR2: the track between VR3 slider and L3 is in series 
with VR2 and affects the setting at which VR2 
approaches the oscillation point, and the track bet- 
ween VR3 slider and C8 shunts the section of VR2 in 

000 
bce 

BC169C 
Lead -outs 

the feedback path and can make the onset of critical 
reaction more gradual. When VR3 is finally adjusted 
a large part of the overall travel of VR2 is available 
for purposes of reaction and volume control. 

When S1 (a) (b) is set to long waves, C3 is con- 
nected in parallel with C4 and the tuned winding L2, 
thereby lowering the resonant frequency. Also, the 
track of VR3 between its slider and L3 is short- 
circuited. This is because a higher level of feedback is 
required on long waves. VR3 is adjusted to match the 
medium wave reaction setting to that given, without 
VR3, on long waves. 

Looking inside the receiver with the 
case cover removed. The 19 -way tag - 
strip is on one side of the speaker 
magnet and the ferrite rod tuning 

assembly on the other side. 
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COMPONENTS 
As already mentioned, . the receiver is designed 

around a specific 411 speaker. This is an R.S. Compo- 
nents 411 elliptical speaker, Stock No. 248-785, with 
nominal dimensions of 5 by 3 in. (the actual dimen- 
sions are 5 3/8 by 24 in. or 136.6 by 70.1 mm). R.S. 
Components do not supply to individuals but readers 
who have access to the company by way of radio 
shops, college electronic departments, etc., may be 
able to obtain the speaker required through these 
channels. It may alternatively be purchased retail by 
mail order from Home Radio (Components) Ltd., 
215 London Road, Mitcham, Surrey, CR4 3HD, who 
list the speaker under Cat. No. LS162A. Another 
possible source is Ace Mailtronix Limited, Tootal 
Street, Wakefield, West Yorkshire, WF1 5JR, who 
supply R.S. Components parts subject to a minimum 
order charge (at the time of writing) of £2. Readers 
should make quite certain that they have the correct 
speaker before obtaining the remaining components 
for the receiver. 

Another component which has also been men- 
tioned is the trimmer, VC1. The author employed a 2 
to 20pF mica trimmer here. A suitable mica trimmer, 
specified as 1.5 to 20pF, is listed by Home Radio 
(Components) Ltd. A 2 to 10pF film dielectric trim- 
mer, available from Maplin Electronic Supplies, 
could also be used, and the main criterion is that the 
minimum capacitance should be not greater than 
3pF. 

The home -wound coil unit for L2, L3 requires a 
special grade 4 in. by 3/8 in. ferrite rod, and this can 
be obtained from Amatronix, 396 Selsdon Road, 

South Croydon, Surrey, CR2 ODE. The transistor 
type 2N3663 specified for TR1 can be obtained from 
Electrovalue Limited, 28 St. Judes Road, Englefield 
Green, Egham, Surrey, TW20 OHB. It is essential 
that Dl be an OA10, and this can be supplied by 
Bi -Pak Semiconductors. An ex -equipment OA10 
could also be used, if available, provided it is not 
overheated by desoldering. VR2 is a 2.5kì1 1 watt 
wire -wound potentiometer, and this should be a Col- 
vern type, as supplied by Electrovalue Limited. 

Another R.S. Components item used in the 
receiver is a 28 -way tagstrip with a length of 194 mm., 
this being cut down to various lengths, as required. 
Readers with access to R.S. Components may be able 
to obtain this directly. A suitable alternative is a 
28 -way tagstrip with â in. tag spacing, available from 
Electrovalue. The two slide switches are standard size 
with mounting hole centres spaced by 1 1/8 in. and 
tapped 6BA. 

A number of 6BA and 4BA screws of varying 
lengths are required and these are all dealt with in this 
month's instructions. Apart from the 14 in. 4BA 
cheese -head bolt used in the tuning drive assembly 
these bolts may all be cheese -head or round -head. 
Most constructors may already have the bolts 
required in their spares box and some of the shorter 
bolts can, if necessary, but cut down with a hacksaw 
from longer ones. A length of 4BA studding could be 
employed in place of the 14 in. tuning drive bolt. A 
knob has to be fitted to this at one end and the 
thickness of the studding can be increased to ; in. by, 
say, wrapping and soldering a strip of thin copper foil 
around it. 

COMPONENTS 

Resistors 
(All fixed values â watt 5%) 

R1 39k11 
R2 12k1ì 
R3 3.9k11 
R4 39k11 
R5 470k11 
R6 ìk11 
VR1 22k11 pre-set potentiometer, 0.1 watt hori- 

zontal. 
VR2 2.5k11 potentiometer, wire -wound, 1 watt 

(see text). 
VR3 2.2k11 pre-set potentiometer, 0.1 watt hori- 

zontal. 

Capacitors 
Cl 1,000 pF silvered mica or ceramic. 
C2 64µF or 68µF electrolytic, 3 V. Wkg. 
C3 820 pF silvered mica or ceramic. 
C4 68 pF silvered mica or ceramic. 
C5 1,000 pF silvered mica or ceramic. 
C6 0.01µF polyester. 
C7 1,000 pF silvered mica or ceramic. 
C8 10µF electrolytic, 3 V. Wkg. 
C9 1,000µF electrolytic, 10 V. Wkg. 
C10 0.1µF polyester. 
C11 0.047µF polyester. 
VC1 2-20pF trimmer (see text). 

Inductors 
L1 2.5 mH r.f. choke (Repanco). 
L2, L3 see text. 
Ti Driver transformer type LT44 (Eagle). 
T2 Output transformer type LT700 (Eagle). 

Semiconductors 
TR1 2N3663 (see text). 
TR2 BC169C. 
TR3 BC169C. 
D1 OA10 (see text). 
D2 BZY88C6V2. 

Speaker 
LS1 411, 5 x 3 in. elliptical (see text). 

Switches 
51 d.p.d.t. slide (see text). 
S2 d.p.d.t. slide (see text). 

Miscellaneous 
Ferrite rod, 4 x 3/8 in. (see text). 
9 volt battery type PP6. 
Battery connector. 
28 s.w.g. enamelled wire (for L2, L3). 
2 knobs.. 
Nuts, bolts, washers (see text). 
Materials for receiver assembly and case 

(see text). 
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Fig. 2 (a). The front panel of the 
receiver as seen from the rear (b). The top panel. The permeability tuning 
assembly is fitted with a pointer, the 
end of which travels inside the slot in 

this panel. 

3/8°dia dowelling 170 turns 

4BA clear 

15 turns 

-- II III111111 lll 1''' I 

-.1/2* 1/8" 

4° 

(a) 

Fig. 3 (a). L2 and L3 are home -wound. 
Details are given here (b). Cutting out 
and drilling the plastic item which pro- 
vides a clamp for the ferrite rod (c). The 
clamp fitted to the ferrite rod (d). Two of these pieces are used in the tuning 

drive assembly. 

CONSTRUCTION 
Construction starts by cutting out a piece of 1/8 in. thick s.r.b.p. ("Paxolin") to form a rectangle 8 in. long by 31 in. wide. The rear of this panel is shown in Fig. 2 (a). Next, cut out the speaker aperture and drill 

all the holes except holes J and L. Holes A, B, C and D will be used for mounting the speaker. The two slide switches are fitted so that the metal covers appear on the front side of the s.r.b.p. panel, with their bodies passing through the two rectangular 
cut-outs. These cut-outs are not dimensioned, as 
switch sizes vary with different makes. Holes N, O and P are for thin woodscrews which will later secure the top panel in place. 

Next cut out the top panel illustrated in Fig. 2 (b), including the rectangular slot shown. The material is 
in. plywood. The panel can then be put on one side for the time being. 

The coil unit is tackled next. Take a piece of Fablon or Contact measuring 4 by 4 in., and remove a 1 in. strip of the backing paper along one edge. Wind the Fablon into a tube around the ferrite rod so that the 
exposed 1 in. strip of adhesive is wound on last and secures the tube. The tube should be made such that the ferrite rod can slide freely inside it without any wobble. Make several tubes, if necessary, until one 
giving a really good fit is achieved. 

Next, as in Fig. 3 (a), wind on 15 turns of 28 s.w.g. 
enamelled wire with each turn touching the next and starting at the point indicated in the diagram. This coil 
is L3. Leaving a gap, as shown, wind on 170 turns of the same wire, in the same manner and in the same 
direction. This is L2 and its end should come at a 
point about 5/8 in. from the end of the tube. The ends of the two windings should be held in place with 
Sellotape. Cut akin. length of wooden dowelling with 
a diameter of 3/8 in. and insert it into the end of the 
tube as shown. It should be a good fit, and it will 
probably be necessary to initially put a turn or two of 
Sellotape around it to make -it so. Drill a 4BA clear 
hole through the tube and dowelling, passing through the centre of the dowelling. Put the now completed 
coil on one side. 

End of ferrite rod 

6BA x 7/8°screw 

1/4°. 

Plastic clip 

6BA nut 

6BA clear 

(b) 

6BA clear 

1/2" 
t 

1/4° 

L 1 

4BA 
clear 

1/4rß I/4° 

Material /4 plywood 
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Another view of the interior of the 
receiver. 

Cut a piece of pliable plastic to the dimensions 
shown in Fig. 3 (b). This forms a clip which is secured 
around one end of the ferrite rod as shown in Fig. 3 
(c), using a 6BA bolt and nut. Do not use a metal clip 
as a substitute! 

4BA x 13/8" 

TUNING DRIVE 
Take two pieces of 4 in. plywood not smaller than 

about 2 in. by 1 in., and in one of these drill three 
holes as shown in Fig. 3 (d). Using the drilled piece as 
a template, drill a corresponding three holes in the 
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4 -way E 
tag strip` 

4BA xl 

O 
Speaker -- 

tags 

Ferrite rod 

Pointer IndiarUbber Tuning drive 

Grommet 
t 

Battery 

-Tape Z© 
Y 

19 -way tagstrip 

(a) 

4BA x 13/8ein hole A 

O 
O 

S2 
O O 

4BA xI" 

II 

4BA nuts- 

Clip 

VR2 

ri -41 I rf-h 

I,J 
Panel Hole K 

(b) 

Fig. 4 (a). Mounting the components on the front panel (b). Side view 
showing how the tuning drive spindle causes the ferrite rod to be drawn in 

and out of the coil unit. 
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other piece, then cut down both pieces to the size 
shown in Fig. 3 (d). The reason for starting with the 
larger size pieces is to avoid the risk of splitting 
during drilling. Using a ;in. drill, countersink the 
centre hole in each piece to a depth equal to the 
thickness of a 4BA nut. Hammer a 4BA nut into the 
countersunk hole of each piece. The nuts will be 
found to fit tightly. Using one of the two pieces of 
wood as a template, drill out the holes J and L in the 
panel of Fig. 2 (a). 

Turn next to Fig. 4 (a). Fit the speaker over a piece 
of metal speaker gauze and secure it with four 4BA 
bolts and nuts. The speaker tags should be in the 
position indicated. The bolts may be cheese -head or 
round -head, and the bolt at each hole should have the 
length indicated in the diagram. Cut a 21 -tag section 
from the 28 -way tagstrip. Remove the two outside 
tags, to leave a 19 -tag section, and drill the holes left 
to take 4BA bolts. Cut a 5 -tag section from what 
remains of the tagstrip, remove one end tag and 
enlarge the hole to take a 4BA bolt. Fit second 4BA 
nuts to the bolts at B and D (see Fig. 2 (a)) to act as 
spacers, and fit the 4 -way tagstrip and the 19 -way 
tagstrip as shown in Fig. 4 (a). The short strip is under 
the long strip at hole B, and the long strip should have 
its underside covered with p.v.c. insulating tape for 
insulating purposes. Lock the strips in place with a 
third nut at B and another at D. The spacing nuts 
should be adjusted so that the top nuts are flush with 
the ends of the bolts. Next fit Si, S2 and VR2. Four 
short 6BA bolts will be required for the two switches, 
and these can be cheese -head or round -head. The 
bolts are passed through the threaded mounting holes 
and the securing nuts are on the underside of the 
panel. 

Details of the slow motion tuning drive assembly 
are given in Fig. 4 (b) and Fig. 5. Take one of the 
wooden items of Fig. 3 (d) and, with its 4BA nut away 
from the panel, bolt it to the panel of Fig. 2 (a) as 
shown in Fig. 5. The two 6BA bolts employed may 
be cheese -head or round -head. Take the other item of 
Fig. 3 (d) and, with its 4BA nut towards the penel, 
pass it over the two 6BA screws. Hold the second 
piece so that there is about 3/16 in. between the two 
and screw in a 1i in. cheese -head 4BA bolt, this 
passing through both the 4BA nuts in the two wooden 
pieces. Screw in until only about 3/8 in. of the 4BA 
bolt protrudes from the front of the panel and then fit 
extra 6BA nuts over the end of the two 6BA bolts. 
Tighten these last two nuts until it is difficult, but just 

The end of the ferrite rod clamping bolt 
appears inside the slot in the top panel 
of the receiver, and functions as a tun- 

ing scale pointer. 

Tuning cord secured 
between washers 

Fia. 3d 

F ig.2a 

6BA x I` 4BA x 13/4`cheesehead 

Fig. 5. Details of the tuning drive spin- 
dle and the manner in which it is 

mounted to the front panel. 

possible, to turn the bolt head with the fingers. A 
normal 4 in. knob, with grub screw, can be fitted 
directly onto the cheese -head of the 4BA bolt, and 
the tension given by tightening the 6BA nuts as just 
described will then be about right. The tension can, in 
any case, be adjusted by slightly tightening or loosen- 
ing the two outside 6BA nuts. 

Take a rubber band with an unstretched length of 
about 3 in. and slip it over the 4BA bolt at hole A 
(Fig. 2 (a)). Then fit the coil assembly to this bolt as 
shown in Fig. 4 (b). Loop a piece of nylon cord over 
the 6BA bolt which tightens the plastic clip on the 
ferrite rod. Fully insert the ferrite rod into the coil 
tube so that the bolt takes up the position shown in 
Fig. 4 (a). (The end of the bolt, acting as a tuning 
pointer, will slide in the slot of the top panel of Fig. 2 
(b) when the latter is fitted later). Pass the free end of 
the rubber band over the 6BA bolt on the ferrite rod 
clip so that the band holds the rod fully in the coil. 
Take the nylon cord round the 4BA bolt in a clock- 
wise direction for a couple of turns, fit two 4BA nuts 
and washers at the end of the 4BA bolt and trap the 
nylon cord between the washers. The rod can now be 
withdrawn or allowed to return into the coil by rotat- 
ing the 4BA bolt, the nylon cord wrapping around the 
4BA bolt inside the two 4BA nuts and washers which 
secure its end. The tuning drive is now assembled and 
it will be found that about 5 turns of the 4BA bolt are 
needed to give the required travel for the rod. 

Details of wiring will be given in Part 2 next month, 
and there are a few small matters to clear up before 
concluding the present article. These all concern 
details shown in Fig. 4 (a). First of all, a rubber or 
p.v.c. grommet with a ; in. centre is passed over one of 
the speaker tags. This ensures that the ferrite rod will 
not foul the battery when the latter is fitted later. The 
grommet may be trimmed with a pair of scissors to 
give it the desired shape, if necessary. A piece of p.v.c. 
insulating tape is passed over the speaker frame edge 
to prevent any intermittent contact between the 
metal case of the battery and the speaker frame, 
which can give rise to noise. Also, the battery will be 
held in place, later, against the body of VR2 by a 
piece of pencil indiarubber pushed between it and the 
top panel. 

The item of Fig. 2 (b) is not fitted yet and will be 
secured in place after wiring has been carried out. 

(To be concluded) 
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g } Ô EPATTAZ 

MATCHING 
TRANSFORMERS 

By 
R. J. Caborn 

Impedances are proportiona 
rat 

to the square root of tu 

Nowadays we use transformers most frequently for 
the mundane job of stepping alternating voltages up 
or down. For instance, we may use a step-down trans- 
former to convert the 240 volt a.c. mains to 6 volts for 
supplying semiconductor equipment, as in Fig. 1. 
What is the ratio between the number of turns of wire 
in the primary and the number of turns in the secon- 
dary? This is very easy to work out as the number of 
turns is directly proportional to voltage. It is 240:6 
(i.e. 240 volts to 6 volts), which reduces to 40:1. 

IMPEDANCE MATCHING 

In the old days of valves (not so old, really, as quite 
a few hi-fi buffs are returning to the use of valves in 
their amplifier) transformers were also employed for 
the more esoteric function of impedance matching. 
An a.f. output valve feeds a loudspeaker by way of an 
impedance matching transformer. 

240V 
A.C. 

Primary Secondary 6V 

Turns ratio 40:1 

Fig. 1. A typical transformer applica- 
tion. The 6 volt secondary feeds a 
half -wave rectifier circuit for the sup- 

ply of low voltage equipment 

IMP. 6kn 

Ou put 
anode Turns ratio 2000:1 

Fig. 2. In this circuit the transformer 
has to present an impedance of 6k12 at 

its prinary 

Now, an a.f. output valve works at much higher 
voltages and lower currents than does an output 
transistor, and a typical output valve could offer 
optimum power with minimum distortion if it is 
loaded by an impedance of, say, 6k12. You can't get 
speakers with an impedance of 6k12 and so the valve is 
coupled to a practical speaker by way of an impe- 
dance matching transformer. Let's say we're going to 
use a 312 loudspeaker, as shown in Fig. 2. 

So, the speaker presents an impedance of 312 to the 
transformer secondary and we want the transformer 
primary to present an impedance of 6k12 to the output 
valve anode. The ratio of impedances is 6,000 to 3 or, 
simplifying, 2,000:1. Should our transformer have a 
step-down turns ratio of 2,000:1? It quite definitely 
should not. It should, instead, have a step-down turns 
ratio of the square root of 2,000:1 or (getting out the 
calculator) 44.7:1. In practice, 45:1 would be adequ- 
ate. 
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A.C. 
gcricrator 

IA - 

a 

1:2 

(b) 

O5A - 

Fig. 3(a). The a.c. generator causes 1 watt of power to be dissipated in the 
11/ resistor 

(b). The same power is dissipated in a 
41ì resistor when the generator is fol- 
lowed by a 1:2 step-up transformer 

300n 

Receiver 
chassis 

Fig. 4. Communications receiver aerial 
input circuit catering for 75Sì coaxial 

and 300S1 twin -line aerial feeders 

SQUARE ROOT 

This ruling applies to any transformer which is matching one impedance to another. The turns ratio is equal to the square root of the impedance ratio. To 
understand why this should be so it is helpful to take an example using simple figures. Let's imagine that we have an audio frequency a.c. generator which 
gives of its best when it feeds into a 11ì load, as in Fig. 3(a). When the generator produces a voltage (r.m.s.) of 1 volt the current flowing in the load has to be 1 amp. The power dissipated in the load? This is 1 volt times 1 amp, or 1 watt. 

In Fig. 3(b) we have the a.c. generator feeding via a step-up transformer into a 4S1 load. According to our square root rule, the transformer should have a step- up ratio of 1 to the square root of 4, or 1:2. Let's give it that ratio and see what happens when our a.c. generator once more produces an output voltage of 1 volt. This voltage is stepped up by the transformer to 
2 volts, and 2 volts across 411 causes a current of 2 divided by 4, or 0.5 amp to flow. The power dissi- pated in the 411 load is therefore 2 times 0.5, or 1 watt. So, by using a 1:2 step-up transformer we have 

the same generator voltage and load power situation 
that we had in Fig. 3(a). The generator produces a 
voltage of 1 volt, and 1 watt is dissipated in the 411 
load. 

If you like to take this a little further, you can see 
that if there is a secondary current of 0.5 amp in the 
1:2 transformer, the primary current must be 1 amp. 
So far as the generator is concerned it could just as 
well, in terms of voltage and current, be working into 
a 1,9, load as into a 411 load with a 1:2 matching 
transformer inbetween. 

An interesting matching transformer situation is 
given in the input circuits of many communications 
receivers. These can have an input socket for 751/ 
coaxial aerial feeders and two terminals for 3001ì 
twin -line feeders. These two input impedances are 
catered for by the input coupling coil circuit shown in 
Fig. 4. Both halves of the coupling coil have the same 
number of turns. The 3001/ input connects to the 
outside ends of the coil, and the 75.9, input to the 
centre -tap and one end. 300Sì divided by 751ì is 4, 
and so the coil, with its 2:1 turns ratió, copes with an 
impedance ratio of 4:1. 

Mail Order Protection Scheme 
The publishers of this magazine have given to 

the Director General of Fair Trading an under- 
taking to refund money sent by readers in 
response to mail order advertisements placed in 
this magazine by mail order traders who fail to 
supply goods or refund money and who have 
become the subject of liquidation or bankruptcy 
proceedings. These refunds are made voluntarily and are subject to proof that payment was made to the advertiser for goods ordered through an 
advertisement in this magazine. The arrangement does not apply to any failure to supply goods 
advertised in a catalogue or direct mail solicita- tion. 

If a mail order trader fails, readers are advised to lodge a claim with the Advertisement Manager 
of this magazine within 3 months of the appear- 
ance of the advertisement. 

For the purpose of this scheme mail order 
advertising is defined as: 

"Direct response advertisements, display or 
postal bargains where cash has to be sent in 
advance of goods being delivered." 

Classified and catalogue mail order advertising are excluded. 
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AMATEUR RADIO SATELLITES 
(AMSAT) 

International Body Proposed 
Report by Arthur C. Gee 

The primary organisation looking after the affairs 
of amateur radio satellites, has been, during the past 
few years, AMSAT, short for Amateur Satellite Cor- 
poration. Based in Washington, U.S.A., and the 
Goddard Space Flight Centre, it has been responsible 
for the building and launching of the most recent 
OSCARS - Orbital Satellites Carrying Amateur 
Radio. 

Following the initiative taken by their present Pres- 
ident, Tom Clark, W3IWI, who raised the question 
"An AMSAT for the 80's" in an article of that title in 
a recent AMSAT Newsletter, and subsequently 
introduced the subject at an Open Forum at the last 
AMSAT AGM, the suggestion was made that in view 
of the fact that national AMSAT Groups - ̀ affiliates' 
as they were called - had been formed in a number of 
countries, to cater for local groups, a parent body 
should be set up to correlate the activities of these 
local groups, so that duplication of activities should 
not take place, funds could be apportioned between 
various projects, future policy on a world wide basis 
could be determined and so on. This idea, which was 
formulated following the last AMSAT AGM, held in 
the Goddard Space Flight Centre, was approved by 
the AMSAT Board of Directors at their meeting in 
April last, and they agreed that the AMSAT-UK 
Group should host an exploratory meeting to be held 
at the University of Surrey, Guildford, England, in 
September, to endeavour to set up such an organisa- 
tion. 

Accordingly arrangements have been made for an 
international conference to be held at the University 
of Surrey from September 19th to 23rd to which 
over 160 societies and personalities interested in 
amateur satellite activities have been invited. These 
societies are not only those interested in amateur 
radio satellite communications, but represent a much 
wider field of satellite interest such as weather satel- 
lite reception, scientific satellites, computer and 
data orientated satellite communications, etc. So far, 
amateur radio satellites, particularly the more recent 
ones, have been primarily intended for communica- 
tion pruposes, but there is a trend to propose future 
satellite projects cover a much wider field. In fact, 
future `amateur' orientated satellites may have no 
communication facilities at all, but be used solely for 
scientific and educational pruposes. Britain's first 
amateur satellite, UOSAT, which is being built at the 
University of Surrey, is primarily educational. It will 
carry a number of HF radio beacons, enabling indi- 
vidual radio amateurs and science groups in schools 
and technical colleges to study the changing effects of 
the ionosphere on radio wave propagation. A slow 
scan type T.V. camera for weather picture studies is 
also proposed as well as a magnetometer for the study 
of the earth's magnetic fields. 

All due credit must be given to those American 
workers, who pioneered the first of the OSCARS, but 
one must not forget that workers in Canada, Ger- 

many, Australia and Japan contributed both in design 
studies and constructional work, these projects. 
The purpose of AMASAT INTERNATIONAL is to 
insure adequate correlation of such activities in the 
various countries concerned in future satellite pro- 
jects of this type. France has plans for an OSCAR 
type project, as of course has the USSR, which has 
already launched and operated at least two amateur 
radio satellites. Concerning Russia's future plans for 
amateur radio satellites, we read with interest in the 
current issue of the "Journal of the International 
Amateur Radio Union, Region 1 Division," the 
following: - 

From "RADIO" January, 1980. "The successful 
operation of radio amateur satellites "RS1" and 
"RS2" has been an inspiration to the creators of their 
on -board equipment - enthusiasts from the 
DOSAAF volunteer space technology laboratory. 
Now in 1980, the windows of the laboratory are again 
lit up late at night, on -board translator equipment is 

being perfected, different types of telemetry are 
being tested, and new directions in amateur space 
communication are being explored. One of these new 
directions may be communications using an automa- 
tic operator installed in a satellite. A prototype 
of such an operator, "Robot", has already 
been created in the laboratory and was shown at 
"TELECOM -79" in Geneva. Not only does it con- 
duct a communication, acknowledging receipt of the 
call sign of the correspondent and assigning a serial 
number to the contact, it keeps a "log" and if there is 
interference it sends QRM (call sign of correspondent 
not received) or QRZ (call detected but both call 
signs not received). "Robot" even has a bulletin 
board where necessary information may be entered 
and transmitted during contacts". 

Besides these projects, rumours are current that 
Italy is planning an amateur radio satellite project 
and no doubt Japan will enter the field sooner or 
later, as she has already contributed equipment to 
current constructional projects. So there is a very real 
"International" involvement in the Amateur Space 
Programme nowadays. 

Delegates to the University of Surrey meetings will 
be able to visit the University Space Laboratories and 
see UOSAT under construction. A visit has also been 
planned to the SRC Appleton Laboratories at Ditton 
Park and to the Satellite Signal Reception Centre at 
Winkfield. A dinner and theatre visit has been 
arranged at Guildford, so the delegates will be able to 
enjoy something more than just their deliberations, 
during their visit to this country. An Open Forum will 
be held on one of the days of the conference, so that 
those who are not delegates but are interested enough 
to come to the meetings, will be able to express their 
own individual views on the "Future of AMSAT". It 
should certainly prove to be a most interesting occa- 
sion. a 
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A TALECTRONICS 
CONSTRUCTOR 

IN NEXT MONTH'S ISSUE 

GO -NO GO 
TRANSISTOR 

TESTER 
Inexpensive unit gives positive indication of 

transistor serviceability. 
Excellent project for the newcomer. 

CAPACITANCE 
COMBINATION LOCK 

Suggested Circuit 

CROWBAR 
PROTECTION CIRCUIT 

In Your Workshop 

TWO 20dB 
AMPLIFIERS_,,,,, 

(2 Parts) 

Precise voltage gain of 
10 times. 

Flat bandwidth up to at 
least 20 MHz. 

PLUS MANY OTHER ARTICLES 
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"The trouble with servicing," 
pronounced Dick indistinctly 
as he munched away at a Mr. 
Kipling Viennese Split, "is that 
there's so much guesswork 
involved in trying to locate the 
part which has gone faulty." 

"Nonsense," retorted 
Smithy. "Fault-finding is 
strictly a matter of logical 
.deduction." 

He poked the last piece of a 
pork pie into his mouth and 
chewed contentedly. 

"Plus luck," added Dick. 
Smithy swallowed the 

remnants of the pork pie. 
"It's not a question of luck," 

he loftily corrected his assis- 
tant. "Although I will agree that 
a little intuitive reasoning can 
be very helpful." 

Dick snorted irritably. 
"Well, take this week," he 

resumed, "when I was trying to 
find a fault in a music centre. In 
the end, all that was wrong was 
a measly little 27kí2 resistor 
which had gone high, but it 
was difficult to check the val- 
ues of the resistors with my 
testmeter switched to ohms 
because there were so many 
silicon devices in the circuit. It 
was absolutely bristling with 
transistors, diodes. and i.c.'s" 

IN -SITU OHMMETER 
"You'll have no trouble' 

checking circuit resistances 
from now on," observed 
Smithy. 

"As I was saying," went on 
Dick, ignoring Smithy's 

IN -SITU 
OHMMETER 

Electronic ohmmeter gives 
true readings for circuit resis- 
tances on printed boards. 

remark, "I used an ordinary 
multimeter switched to an 
ohms range. If I applied its test 
leads to any resistor on the 
board I could quite likely get a 
misleading reading because 
there would be the risk that I 

was connecting the test prods 
across some silicon junction in 
the circuit. Say, across a diode 
or across a base -emitter or 
base -collector junction in a 
transistor." (Fig.1.) 

"After today," stated 
Smithy, "that's no problem." 

"I don't get you," replied 
Dick, puzzled. "All I know is 
that, with this music centre, 
had to darned well unsolder 
one end of the 27kí2 resistor 
before I could finally measure 
its resistance reliably." 

Multimeter 

Fig.1. Silicon junctions 
can produce incorrect 
ohmmeter readings if the 
ohmmeter causes the 
voltage across a resistor 
being checked to rise to 
forward conducting level. 
Here, a multimeter 
switched to an ohms 
range could give a falsely 
low resistance indication 
because of the base - 
collector junction of the 
transistor. 

"All that's in the past," 
Smithy repeated. "In the future 
you'll be able to measure cir- 
cuit resistances on printed 
boards without worrying at all 
about any silicon junctions the 
resistors may happen to be 
connected to. Or, at least, you'll 
be able to do so up to values of 
100k9. Now, why do you run 
the risk of getting misleading 
resistance readings with an 
ordinary multimeter?" 

"Because," said Dick, "the 
multimeter can cause the vol- 
tage dropped across a resistor 
being tested to be higher than 
0.6 volt, whereupon any for- 
ward biased silicon junction 
which happens to be con- 
nected across that resistor will 
cause the meter to give a 
falsely low indication." 

"Exactly," confirmed the 
Serviceman. "And, because of 
that, I've made up a special 
ohmmeter which is specifically 
intended for measuring the 
values of resistors whilst 
they're still soldered to a 
printed board, and which 
eradicates all worries about 
any silicon devices which may 
be connected to those resis- 
tors. It doesn't of course, guard 
against incorrect readings 
when other resistors are con- 
nected to the one you're check- 
ing, but it completely removes 
the silicon junction bogy. 
might as well spend what's left 
of our lunch break explaining 
how the ohmmeter works, but 
first perhaps you could get me 
a spot more tea to wash down 
that pork pie." 

Eagerly, Dick picked up 
Smithy's disreputable tin mug 
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and took it over to the Work- 
shop sink, alongside which 
were ranged the motley culi- 
nary effects of the Workshop. 
Returning, he replaced the fully 
charged mug alongside 
Smithy who drank from it 
deeply. 

"Ah, that's better," he said, 
wiping his lips with the back of 
his hand. "Now, if you'll come 
over here, I'll give you the basic 
thinking behind this ohmmeter 
of mine." 

As Dick picked up his stool 
and carried it over to Smithy's 
bench, the Serviceman pulled 
his note -pad towards him and 
proceeded to sketch out a cir- 
cuit. (Fig.2.) 

"That looks very simple," 
commented Dick, looking at 
Smithy's sketch. 

"It is simple," agreed 
Smithy. "All that we have here 
is an operational amplifier 
whose voltage gain is control- 
led by the negative feedback 
resistors, RC and RD. The out- 
put voltage of the op -amp is 
measured by a voltmeter. 
Connected to the non -inverting 
input is the tap in the potential 
divider consisting of RA and 
RB, and this divider is con- 
nected to a stabilized positive 5 
volt rail." 

"I think I can see the idea 
behind this arrangement," said 
Dick quickly. "Would I be cor- 
rect in saying that RA is a resis- 
tor of known value, whilst RB is 
the unknown resistor you're 
measuring?" 

"You would be," confirmed 
Smithy. "Provided that the vol- 
tage across RB is a lot lower 
than the stabilized 5 volts, the 
voltage dropped across it will 
be almost exactly proportional 
to its resistance. That voltage, 
after amplification by the 
op -amp, will then be indicated 
by the voltmeter." 

"Stap me," said Dick 
enthusiastically, "I can see it all 
now! All you've got to do is to 
arrange things so that the vol- 
tage across RB is always below 
that at which a silicon junction 
passes forward current and 
you're home and dry! You can 
apply the test leads to any 
resistor on a printed circuit 
board and you'll always get an 
accurate indication of resis- 
tance regardless of any silicon 
devices which may be con- 
nected to the resistor." 

"That's the idea in a nut- 

Fig.2. If, in this basic ohmmeter circuit, the voltme- 
ter gives an f.s.d. indication when the voltage 
across test resistor RB is much lower than 0.6 volt, 
the ohmmeter can be used to measure circuit resis- 
tances without any worry about false readings due 
to silicon junctions. 

shell," stated Smithy. "The cir- 
cuit has to be set up so that the 
maximum resistance which 
can be measured and which, 
incidentally, corresponds to a 
full-scale deflection in the vol- 
tmeter, produces a voltage 
drop across the test leads 
which is lower than that at 
which a silicon junction con- 
ducts." 

"There should be no diffi- 
culty there," said Dick with 
conviction. "I should imagine 
that all you have to do is to 
ensure that the voltage drop 
across the test resistor doesn't 
exceed, say, 0.4 volt." 
FORWARD VOLTAGE 

"That," confessed Smithy 
ruefully, "is just what I thought, 
too, when I first started work- 
ing on my ohmmeter design. I 

originally planned to have the 
f.s.d. voltmeter reading cor- 
respond to about 0.4 volt 
across the test resistance. After 
all, we do talk about the voltage 
drop across a forward biased 
silicon junction as being of the 
order of 0.6 volt. I thought that 
0.4 volt would be well below 
the level at which any silicon 
junction passed forward cur- 
rent." 

"Wasn't it?" 
"By no means," said Smithy. 

"When I started checking 
things out in practice I found 
that the junctions in some sili- 
con transistors and some sili- 
con diodes started to pass a 
few odd microamps at forward 
voltages not much higher than 
0.3 volt. These currents were 
pretty small but they were still 
sufficient to cause significantly 
false readings near f.s.d. in the 

circuit with test resistances of 
the order of 5kS1 or more." 

"Blimey," said Dick, impre- 
ssed. "I wouldn't have thought 
you'd have had any trouble 
with forward voltages as low 
as 0.3 volt." 

Smithy shrugged his shoul- 
ders. 

"Neither did I. Still, the prob- 
lem was there. In the end I 

decided to play things safe and 
I finally designed the ohmme- 
ter so that it gives an f.s.d. 
resistance indication in the 
meter when the voltage across 
the test resistance is less than 
0.2 volt. With a voltage figure 
as low as that, resistance read- 
ings could surely not be 
affected by any parallel silicon 
junctions." 

"Well, that voltage should 
certainly ensure that no silicon 
junction in the circuit could 
pass forward current." 

Dick looked down at 
Smithy's sketch. 

"Hang on a minute," he went 
on "There's something I've 
just noticed." 

"What's that?" 
"Are the op -amp and the 5 

volt stabilized supply turned on 
all the time?" 

"After the ohmmeter has 
been switched on, yes." 

"And do you just pick up the 
two test leads and connect 
them to the resistor you're 
going to check?" 

"That's right." 
"Well, blow me," expost- 

ulated Dick, "during the 
periods when the test leads are 
not connected to anything, the 
full stabilized 5 volts is passed 
to the non -inverting input of 
the op -amp." 
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"So?" 
"From what you've just said, 

the op -amp causes the meter 
to give full-scale deflection 
when there's less than 0.2 volt 
across the test resistor. If the 
test leads aren't connected to 
anything you'll have all of 5 
volts going into the op -amp 
non -inverting input. That 
means the voltmeter will be 
overloaded by more than 25 
times!" 

"Things won't be as bad as 
all that," chuckled Smithy. "To 
start off with, the op -amp out- 
put can't go higher than its 
positive supply. But, in fact, 
I've incorporated a voltage 
limiting circuit around the vol- 
tmeter to prevent the current 
which flows through it rising to 
more than 60% over its f.s.d. 
value. When the test leads are 
open -circuit the voltmeter 
needle does go up to and rest 
against the end stop at the 
maximum end of the scale, but 
the extra current that passes is 
not sufficient to harm any 
normal meter coil or move- 
ment. However, I think that I 

can now answer any further 
queries more easily if I show 
you the full circuit." 

RI 

270n 

L 
Test 

terminals 

I 

R2 R3 

2.7kn 27kn 

CIRCUIT DIAGRAM 
Smithy picked up his tin mug 

and once more drank deeply of 
its contents. Refreshed, he 
opened a drawer in his bench 
and proceeded to rummage 
through its contents. Eventu- 
ally he produced a sheet of 
paper on which a circuit was 
already drawn and laid it out on 
his bench. (Fig.3.) 

"Here we are," he 
announced proudly. "This is 
the full circuit of the ohmmeter. 
The op -amp is a standard job, 
and I chose an LF351 which has 
an input resistance of a million 
megohms. It doesn't have a 
CMOS input so you don't have 
to be quite as careful with it as 
you would be with a CMOS 
device, although it would still 
be wise to solder to the input 
pins with an earthed soldering 
iron. The stabilized 5 volt sup- 
ply is given by a positive 5 volt 
regulator type 78L05, which 
has a maximum output current 
of 100mA. RA in the previous 
circuit consists now of 
whichever range resistor, from 
R1 to R5, is switched into circuit 
by S1." 

"I see," said Dick, studying 
the circuit, "that on Range 1 the 

pA78L05AWC 

SI 

.5 

R4 

270kn 

R5 k 
27Mn 

C2 sm 

OIpF T 

R6 

100kn 

ICI 

range resistor is 27052 and that 
the ohmmeter reads from zero 
to 1052." 

"That's right," confirmed 
Smithy. "On Range 1 the volt- 
meter reads f.s.d. for a 'test 
resistance of 1052 and propor- 
tionatély less for lower values 
of test resistance. On each 
range, the range resistor is 27 
times the f.s.d. value of the test 
resistance." 

"Why 27 times?" 
"The figure is not particu- 

larly important," said Smithy. 
"It's simply that 27 is the low- 
est figure in the E12 series of 
preferred resistor values which 
gives an f.s.d. voltage of less 
than 0.2 volt across the test 
resistor. There's no point in 
using range resistors with 
out-of-the-way values when 
readily obtainable values can 
be employed. When the test 
resistor has a value which 
gives an f.s.d. reading in the 
meter the voltage across it is 
one twenty-eighth of 5 volts, 
which works out at about 0.18 
volt. Which is, of course, well 
below the level at which we can 
expect a silicon junction to 
start conducting." 

Why," asked Dick, "have you 

S2a 

Di 
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Fig.3. The full circuit of Smithy's in -situ ohmmeter. In the inset showing the 
voltage regulator pinout, the lead -outs point towards the reader. 
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got the two diodes, D1 and D2, 
across the test terminals?" 

"They're to limit voltages at 
the non -inverting input of the 
LF351," explained Smithy. "D2 
is the more important of the 
two. One pf the requirements 
of the LF351 is that its inputs 
must not go negative of the 
negative supply voltage or the 
device will be destroyed. Diode 
D2 prevents any input voltage 
which may be picked up on the 
test leads going more than 
about 0.6 volt negative of the 
centre supply rail so it gives 
stacks of protection in that 
respect. Diode D1 performs the 
less important task of limiting 
possible input voltages by 
about 0.6 volt in the positive 
direction. It also prevents a 
high positive input excursion 
when no test resistor is con- 
nected." 

"Humph," grunted Dick. 
"Hey, what's this? You've got 
the upper test terminal con- 
necting to the non -inverting 
input through a 100k51 resistor. 
And there's a 0.47µF capacitor 
across the i.c. input!" 

"True," grinned Smithy. 
"These two components slow 
down the rising voltage at the 
non -inverting input when the 
test terminals are discon- 
nected from a test resistor. As I 

said just now, the meter needle 
then goes beyond full-scale 
deflection. The 100k11 resistor 
and the 0.47µF capacitor 
ensure that the meter needle 
comes up against the top -of - 
scale end -stop nice and gently 
instead of whanging over!" 

METER CIRCUIT 
"That seems to clear up all 

the points in the input circuit of 
the op -amp," said Dick. 
"Except, of course, the nega- 
tive feedback components." 

"Those," stated Smithy, "are 
VR1, R7 and R8, and VR1 is set 
up to give a voltage gain of 
round about 10 times. Actually, 
it's adjusted to give the correct 
reading in the voltmeter sec- 
tion, which means that the 
resistors in that part don't need 
to be close tolerance types." 

"Are those resistors R9 and 
R10?" 

"They are. The voltmeter 
consists actually of a 0-1 mA 
current -reading meter with R9 
and R10 in series." 

"You haven't," objected 
Dick, "given R10 a value." 

(a) (b) 

Fig.4(a). When meter M1 passes an f.s.d. current of 
1 mA the voltages dropped in the voltmeter section 
of the ohmmeter circuit are as shown here. 
(b). If the i.c. output voltage rises sufficiently, diode 
D3 conducts and limits the current in the meter to 

1.6mA. 

"Yes I have. If you look at the 
circuit more closely you'll see a 
note which says that R10 plus 
the internal resistance of the 
meter should be approxi- 
mately equal to 37052. If you 
use a 0-1 mA meter which has 
an internal resistance of 10052 
then R10 should be 27012. The 
popular panel mounting met- 
ers which require a panel cut- 
out hole of 12 inch diameter 
have internal resistances of 
17012 nominal. With these, R10 
should be 20011 to give an 
overall resistance of 37011." 

"And does D3 prevent 
excessive current passing 
through the meter?" 

"It does," confirmed Smithy. 
"Let's assume that all the resis- 
tances here are at their exact 
values. The total resistance 
between the op -amp output 
and the centre zero voltage rail 
will then be 1.5k11 plus 37011, to 
give 1,87051. Right?" 

"Right!" 
"So, at f.s.d. in the meter, 

we've got 1mA flowing 
through 1,87011, This corres- 
ponds to a voltage at the 
op -amp output of 1.87 volts." 
(Fig.4(a).) 

"Yep." 
"The voltage across the 

37011 part will then be 0.37 volt, 
which is well below the voltage 
at which D3 starts to fully con- 
duct. Okay?" 

"Sure." 
"Now, if we open -circuit the 

test terminals the op -amp out- 
put voltage rises, fairly slowly 

because of the presence of the 
100kfir resistor and the 0.47µF 
capacitor at the non -inverting 
input, until the diode starts to 
conduct fully. Normally, this 
will be at around 0.6 volt. This 
means that the current flowing 
in the 37011 section will be 0.6 
volt divided by 37051, which 
works out at about 1.6mA. So 
the meter is passing 60% more 
current than its f.s.d. value. 
This won't cause any damage 
to a normal meter movement." 
(Fig.4(b).) 

"That seems fair enough," 
said Dick. "What about the 
op -amp output voltage?" 

"That voltage can continue 
to go positive," said Smithy. 
"But the op -amp output cur- 
rent will be limited to some- 
thing like 4 to 5mA by the pres- 
ence of R9." 

"You've certainly," com- 
mented Dick appreciatively, 
"anticipated most of the things 
which can happen in this cir- 
cuit." 

Smithy took a gargantuan 
draught from his mug. 

"I like to cover all the even- 
tualities I can think of," he 
remarked modestly. 
"Although I must admit that 
two things took me mildly by 
surprise when I was checking 
out the circuit in lash-up form 
before making it up properly." 

"What things were those?" 
"The first was what I men- 

tioned just now. I found that I 

had to work to an f.s.d. voltage 
across the test resistor which 
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was much lower than the 0.4 
volt figure, I had originally 
planned on. As you now know, 
I finally settled on an f.s.d. vol- 
tage which was lower than 0.2 
volt. The second thing was 
that, despite the low gain given 
to the op -amp by the negative 
feedback, the circuit was a wee 
bit lively." 

"Lively?" 
"That's right, lively," con- 

firmed Smithy. "In other words 
it had a slight tendency 
towards instability. You get 
this sometimes when you use 
an op -amp in the non -inverting 
mode, because the output is 
then in phase with the input. In 
this case, the input circuit takes 
in all the range resistors and, 
even, the output of the 5 volt 
regulator. To avoid instability 
it's desirable to keep the 
op -amp output components 
away from the input compo- 
nents. All this means in prac- 
tice is that you just ensure that 
VR1, R7, R8, R9 and R10, 
together with their wiring, 
aren't closely intermingled 
with the other components and 
wiring. In addition, C2 and C3 
should be mounted close to 
IC1, and it helps if matters are 
arranged so that C3 is fairly 
close to IC2 as well. The other 
bypass capacitor, C4, should 
also be fairly near IC2. Cl, 
which should be a polyester 
capacitor, by the way, is simi- 
larly best mounted close to IC2. 
Component layout is not criti- 
cal if you just remember those 
few requirements." 

COMPONENT TOLERANCES 
"Do you need any close 

tolerance components?" 
"That," said Smithy, "is 

really up to anyone who's mak- 
ing up the ohmmeter. Ideally, 
R1 to R4 inclusive should be 2%, 
or, better, 1%. However, you 
could use 5% resistors if you're 
prepared to accept a little inac- 
curacy in readings. There's a 
small built-in inaccuracy which 
can't be avoided in a simple 
circuit like this, anyway. If the 
voltage across the test resistor 
is to be truly proportional to the 
resistor value, then a constant 
current should flow through it. 
In this circuit the current in the 
test resistance isn't quite con- 
stant. If the test resistor has a 
resistance which is at f.s.d. 
level the voltage across the 
series range resistor is a little 

more than 4.8 volts. When the 
test resistor is near zero the 
voltage across the range resis- 
tor is nearly 5 volts." 

"You're assuming also," 
said Dick, "that the 5 volt reg- 
ulator gives an output which is 
exactly 5 volts." 

"That's true," admitted 
Smithy. "Actually, the output 
can vary by 4% between differ- 
ent regulator devices, although 
whatever output voltage is 
provided will vary by a max- 
imum of only 0.4% with differ- 
ent loads." 

"What about the tolerance 
for R5?" 

"You'll have to use 5% here," 
said Smithy, "unless you have 
access to a secret store where 
they have resistors of greater 
than 1M9 in tolerances of 2% 
or 1%. In any case, the range 
resistor of 2.7Mí2 is approach- 
ing the limit at which the circuit 
offers really accurate results. 
With the consequence that, 
using my design, the max- 
imum test resistance which 
can be measured is 100kí. 
When you're setting up the 
ohmmeter after you've built it 
you require a known test resis- 

for any from 2 
to 4 inclusive. You could, for 
instance, use a 1 hl test resis- 
tor, preferably close tolerance, 
and select Range 3. After that, 
you merely adjust VR1 for an 
f.s.d. reading in the meter, and 
the ohmmeter is set up on all 
ranges." 

"And battery consump- 
tion?" 

"Ye gods," returned Smithy 
with a touch of irritation, 
"when you were born you 
didn't have a silver spoon in 
your mouth, you had a stain- 
less steel indestructible ques- 
tion mark! Okay, battery cur- 
rent then. Well, the current 
drawn from the lower 9 volt 
battery is only that required by 
the op -amp, and it's around 
1.5mA. The upper battery cur- 
rent is that required by IC2, IC1, 
the range resistors and the 
voltmeter circuit. With a high 
range selected and the test 
terminals short-circuited the 
upper battery current is around 
3mA. It is only when you switch 
to Range 1 that the current 
from the upper battery rises 
appreciably, and it goes up to 
about 21 mA or so, with some 
18mA flowing in R1." 

Smithy turned his gaze on 

his assistant. 
"Any more questions?" 
"Why, no," replied Dick in a 

slightly embarrassed tone. 
"Should there be?" 

"I can think of two." 
"Gosh, can you? I must be 

slipping! What are those, 
Smithy?" 

"The first," said Smithy, 
"consists of offset voltage 
inside the op -amp. You may 
find that the meter needle 
doesn't go exactly to zero 
when the test leads are short- 
circuited. You can clear this 
effect, if it occurs, by a slight 
adjustment to the zero -adjust 
button on the meter move- 
ment, but this should only be 
done on Ranges 2, 3, 4 or 5. 
After that you may find that the 
meter gives a very small for- 
ward reading when the test 
terminals are short-circuited 
on Range 1. This is merely due 
to the ohmmeter detecting the 
very low resistance in the test 
leads you are using and is sim- 
ply ignored. Now, what should 
the second question be?" 

Dick pondered fora moment. 
"I've got it," he said sud- 

denly. "What sort of case 
should the ohmmeter be 
housed in?" 

"Good," said Smithy,, 
pleased. "Even if I have to 
prompt you, you can still find 
the correct question! And the 
answer is that the ohmmeter 
can be housed in an all -plastic 
case or in a plastic case with a 
metal front panel. When there 
is a metal front panel it should 
be made common with the 
centre zero voltage supply rail. 
I've indicated this connection 
by a chassis symbol in my cir- 
cuit diagram." 
FINISHING OFF 

And with these words, 
Smithy reached into the cup- 
board under his bench and 
produced a smart plastic case 
on the front panel of which 
were mounted a 5 -way rotary 
switch, a toggle on -off switch, 
a 0-1 mA meter and two test 
terminals. 

Smithy drained his tin mug. 
"But there's one very import- 
ant thing that has to be at- 
tended to before we even think 
of getting down to servicing 
again." 

"What's that, Smithy?" 
Smithy thrust the mug at 

him. 
"More tea!" 
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TRADE NEWS 
STEPPING MOTORS 

New unipolar stepping motors have been added to the products manufactured by Symot Limited, 22A Reading Road, Henley-on-Thames, Oxon, RG9 
1 AG. These motors are designated the 204/SI range, and the photograph gives two views of the model PC204 from that range. 

Because the position and speed of a stepping motor can be accurately determined by the electrical impulses fed to it, the device is becoming increasingly important in instrumentation and industrial applica- tions. The unipolar construction is claimed to offer considerable advantage in applications where a cost- effective interface between a mechanism and its controlling electronics is sought. Unipolar stepping motors are simple to drive and are particularly suitable for systems where feedback techniques are too expensive. These motors are already widely used in paper chart and magnetic recording systems, and in many machine control applications. 
A typical specification for a Symot stepping motor 

can include 12 volt d.c. operation, a maximum speed of 4,500 r.p.m. and 7.5° step angle. 

Two views of one of the new Symot 
range of stepping motors. These are 
capable of small discrete amounts of 
shaft rotation, and enable an elec- 
tronic circuit to control mechanical 
movement without servo feedback. 

EASAMS LIMITED 
A company whose name 

keeps cropping up more and 
more frequently in the releases 
is EASAMS Limited. EASAMS 
is a member of the GEC - 
Marconi group and is deeply 
involved with naval projects 
both in the U.K. and overseas. 
Based in Camberley, Surrey, 
this expanding company has 
just taken over 4,000 square 
feet of office space in Feder- 
ated House, St. Thomas Street, 
Weymouth. Perhaps the most 
spectacular of its present 
activities is the work being car- 
ried out for the Royal Navy on 
the Seabed Operation's Vessel, 
and the staff at Weymouth will 
be particularly involved here. 

A six -man team from 
EASAMS is assisting the Royal 
Navy in the development of the 
Seabed Operations Vessel, or 
SOV for short. The team, inte- 
grated with Navy staff, is 
undertaking engineering man- 
agement and project control 
functions of those aspects of 
SOV for which the Director of 
Underwater Weapon Projects 
(Navy) is responsible. 
EASAMS is also investigating 
and assessing the operational 
performance of the SOV sys- 
tem. 

The Seabed Operations Ves- 
sel will have a comprehensive 
fit of search sonars and is 
designed to carry out research 

of the seabed using a towed 
unmanned submersible for 
search purposes. In addition 
the vessel will have the capabil- 
ity to deploy divers to consid- 
erable depths using saturated 
diving techniques. The ship is 
fitted with accurate surface and 
sub -surface navigation sys- 
tems from which an output is 
coupled to its Dynamic Posi- 
tioning System. This enables 
the vessel to steer to a pre- 
selected position and maintain 
the position for an indefinite 
period. 

We shall keep an eye open 
for future news concerning this 
particular deepwater 
development. 

BACK NUMBERS 
For the benefit of new readers we would draw attention to our back number service. 
We retain past issues for a period of two years and we can, occasionally, supply copies more than two years old. The cost is 73p, inclusive of postage and packing. 

Before undertaking any constructional project described in a back issue, it must be borne in mind that components readily available at the time of publication may no longer be so. 
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THE 

MODERN BOOK CO. 
Largest selection of English & 
American radio and technical 

books in the country. 

19-21 PRAED STREET 
LONDON W2 1NP 
Tel: 01-402 9176 

MORSE 
IMPROVEMENT 
C90 Cassettes (A) 1-12 w.p.m. with simple 
exercises. Suitable for R.A.E. preparation. 
(B) 12-24 w.p.m. computer produced pro- 
fessional level operator material including 
international symbols. 
Price each: complete with instruction and 
exercise booklets £4.75 including postage. 
Morse Key and Buzzer Unit suitable for 
sending practice and DIY tape preparation. 

Price £4.75 including postage 

Overseas Airmail £1.50 extra. 

MHEL ELECTRONICS (Dept R) 

12 Longshore Way, Milton, 
Portsmouth (UK), PO4 8LS 

GAREX 
V.H.F. Receivers SR -9 for 2 -metres F.M., fully 
tunable 144-146MHz, 2 -speed slow-motion dial, 
also 11 xtal controlled channels. Compact, sen- 
sitive, ideal for fixed or mobile listening. Built-in 
L.S., 12v D.C. operation £47.15 inc. VAT. Crystals, if 
required: £2.60 each. All popular 2m. channels in 
stock. Marine band version (156 162MHz) £47.15 
(xtals £2.90). Mains psu for above £11.95. Pocket 
VHF Receiver 12 channel xtal controlled complete 
with nicad and charger. 4MHz bandwidth in range 
140-175MHz £57.95. Amateur and Marine xtals in 
stock, prices as SR -9. 
Amplifier module new, fully assembled 6W IC unit, 
12v D.C. Low impedance (4-802 input and output 
for extn. speaker amplification, with circuit £2.75. 
Neons min wire end 70p/10: £4.50/100 
Slide switches min DPDT 20p ea; 5 plus: 16p 
Resistor Kits E12 series, 2252 to 1M 52 57 values, 
5% carbon film, '/,W or 1/M Starter pack, 5 each, 
value (285) £3.10 
Mixed pack, 5 each '/,W plus '/M (570) £5.55 
Standard pack, 10 each (570) £5.55 
Giant pack, 25 each (1,425) £13.60 
BNC Cable mtg socket 50.;2 25p; 5 plus: 20p; 
PL259 UHF Plug and Reducer 75p; 5 plus: 67p; 
S0239 UHF Socket panel mtd. 60p; 5 plus: 50p; 
Nicad rechargeables physically equiv. to zinc - 
carbon types: AAA 1016) £1.80; AA(U7) E1.30; 
CIU 11) £3.35; PP3 £5.55. Any 5 plus: less 10%. Any 
10 plus less 20%. 

We stock V.H.F. & U.H.F. mobile aerials 
s.a.e. details. 

Access - Barclaycard 

PRICES INCLUDE UK POST, 
PACKING & VAT 

Mail order only Sole Address 

GAREX ELECTRONICS 
7 NORVIC ROAD, MARSWORTH. 

TRING, HERTS HP23 4LS 
Cheddington (STD 0296) 668684 

0 
Topics 

By Recorder 

The continually reducing 
cost and size of silicon chip cir- 
cuitry continues at break -neck 
speed, and the latest wonder to 
emerge on the scene is a credit 
card incorporating an inte- 
grated circuit. 

Introduced by SGS-ATES 
and known as the XCARD, it 
consists of a 17 x 8 non-volatile 
memory in a credit card style 
package. Of the 136 bits, 100 
represent credit units whilst 
the other 36 are used for sec- 
urity, control and testing. 

ELECTRONIC CREDIT CARD 

The consumer buys a card 
with the memory cells erased, 
i.e. with 100 credit units. The 
point of sale terminal writes 
into some of these cells as' the 
credit is used. When the card is 
completely exhausted the card 
reader withholds the goods 
and services and the card is 
simply thrown away. 

It is stated that the XCARD 
system benefits both con- 
sumer and vendor. For the 
former the XCARD replaces 
loose change and broken 
machines; for the latter the 
XCARD means payment in 
advance, reduced mainte- 
nance, no money left in 
machines to tempt thieves and 
high immunity against fraud. 

The possibility of fraudulent 
misuse is avoided by 100% 
testing, a plastic tab (which 
must be removed to insert the 
card into the point of sale 
reader) to prevent resale of 
used cards, and the security 
code in the memory. This code 
identifies the card vendor, and 

should the memory be erased 
to restore credit the code will 
be erased and the card 
rendered useless. 

The card was designed by 
SGS-ATES in collaboration 
with SIP (Societa Italiana per 
l'Esercizio Telefonico - the 
Italian telephone concessio- 
nary). Originally intended for 
payphones, the XCARD will 
find applications in similar 
low-cost frequently used 
automatic machines. 

The card has seven connec- 
tion points, these being for 
address code input, clock 
input, programming signal 
input, output, supply, ground 
and protection fuse. The block 
diagram for the card shows a 
phase generator coupled to the 
clock input, an 8 bit shift regis- 
ter, column and row decoders, 
a 17 X 8 bit matrix, program 
logic and output buffer. One 
row of the matrix is written 
with an 8 bit word at manufac- 
ture. After writing this word, 
which is the security key, the 
write circuits to this row are 
destroyed by blowing an on - 
chip fuse and it is not possible 
to mend this fuse. If an attempt 
is made to erase the card in 
order to regain its credit value, 
the security key will also be 
erased. Since the service point 
is designed to check for a valid 
security key before providing 
services there is complete pro- 
tection against fraudulent use 
of the card. 

Further information on the 
XCARD can be obtained from 
SGS-ATES (United Kingdom) 
Ltd., Walton Street, Aylesbury, 
Bucks. 

56 RADIO AND ELECTRONICS CONSTRUCTOR 

www.americanradiohistory.com



One of a range of minia- 
ture piezo-ceramic 
"sound -transducers" 
recently introduced by 
Toko. These highly effi- 
cient transducers offer a 
high acoustic output with 
low drive currents and 
are available from Ambit 

International. 

PIEZO RESONATOR 
Shown in the photograph 

alongside a 10p piece (which, 
for the benefit of overseas 
readers, has a diameter of 
about 1.1 in.) is a miniature 
piezo-ceramic "sound - 
transducer" from a range 
recently introduced by Toko. 
These transducers can be emp- 
loyed for all types of electronic 
equipment requiring acoustic 
information of function or mal- 
function, including alarms and 
keyboard entry verification cir- 
cuits. 

The transducers are avail- 
able as unmounted discs or, as 
in the photograph, in plastic 
enclosures. The units offer 
high outputs at their resonant 
peaks whilst still exhibiting 
broadband responses. Drive 
currents can be as small as 
1 mA only. 

The devices, together with 
full specifications, applications 
and drive circuit details, can be 
obtained from Ambit Interna- 
tional, 200 North Service Road, 
Brentwood, Essex, CM14 4SG. 

VOLTAGE CONVERTERS 
Three of a new range of 1 

watt d.c. to d.c. converters can 
be seen in the second photo- 
graph. These are all encapsu- 
lated in 24 pin d.i.l. packages 
and are intended to provide 
alternative voltage supplies in 
equipment having basic 5 volt 
or 12 volt rails. Output current 
capability is of the order of 65 
to 100mA depending on which 
converter in the range of 10 is 
employed. 

These have been introduced 
by Gresham Lion Limited, of 
Gresham House, Twickenham 
Road, Feltham, Middlesex, 
TE13 6HA, and are an exten- 
sion to Gresham Lion's exist- 
ing range of GEMINI conver- 
ters. The new models are to be 
known as the GEMINI 600 
Series. 

Because units from this 
series will fit into standard i.c. 
sockets and printed board dril- 
ling patterns, on -board power 
conversion systems can be 
assembled economically and 
quickly. The devices are suit - 
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able for automatic insertion 
techniques, and may be flow - 
soldered after insertion. 

Although the devices are 
very small, they have all the 
features of much larger mod- 
ules. They are available with 
single and dual outputs, have 
output regulation, are fully iso- 
lated and have protection 
against short-circuits. The ini- 
tial range currently available is 
intended for input voltages of 5 
or 12 volts nominal. There are 
five possible output configura- 
tions for each input, including 5 
volt, 12 volt and 15 volt, as well 
as dual positive and negative 
12 volt and 15 volt. All outputs 
are regulated to 5%. 

A high reliability is claimed 
for the units and a minimum 
mean time between failures of 
100,000 hours is quoted. Load 
regulation is only 150mV from 
zero to full output current and 
output ripple is a maximum of 
30mV peak -to -peak. Output 
current limiting ensures that 
short-circuit currents are only 
150% of full load current. 

Three of the new range of 
GEMINI d.c. to d,c. con- 
verters manufactured by 
Gresham Lion Ltd. With a 
1 watt power capability, 
these provide alternative 
supply voltages on 
boards having basic 5 volt 

or 12 volt supplies. 
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PEATS for PARTS 
ELECTRONIC COMPONENTS 

RADIO & TELEVISION 
For the convenience of Irish 

enthusiasts we supply: 

Radio & Electronics 
Constructor Data Books 
Panel Signs Transfers 

A/so a postal service 

Pe atme"mj 
the world of electronics 

25 Parnell Street, Dublin 1. Tel 749972 

ELECTRONIC 

TUTOR KITS 
Learn electronics the effective way by 
experiments. Each kit contains an 
illustrated handbook, which takes you 
step by step through the funda- 
mentals of electTdnics, plus all the 
components needed. No soldering. 
Safe and instructive for even the 
young enthusiast. Kit 1, £5.85. Kit 2, 
£5.95. Kit 3, £6.15. SAE for leaflets on 
this and other RXG products. 

RXG ELECTRONICS LTD. 
15 Walnut Tree Crescent, 

Sawbridgeworth, Hens, CM21 9EB. 

MORSE MADE 
EASY 

BY THE G3HSC 
RHYTHM METHOD! 

These courses which have been sold for over 25 

years, have been proven many times to be the 
fastest method of learning Morse. You start right 
away by learning the sounds of the various 
letters, numbers, etc., as you will in fact use 

them. Not a series of dots and dashes which later 
you will have to translate into letters and words. 
Using scientifically prepared 3 speed records you 
automatically learn to recognise the code, 
RHYTHM without translating. You can't help it. 

It's as easy as learning a tune. 18 WPM in 4 weeks 
guaranteed. 
The Complete Course consists of three records 
as well as instruction books. 
Complete Course £5.50 U.K. p/p 75p. (Overseas 
postage sufficient for 750grm). Details only s.a.e. 

THE G3HSC MORSE CENTRE 
S. Bennett, (Box 8), 45 Green Lane, 

Purley, Surrey. 

Name 

Address 

ramme and the coefficients 
that control calculation of one 
standard from another are 
stored in EPROM's. 

The process of redistributing 
the picture according to the 
changed number of lines and 
fields per second is called 
interpolation. The large 
amount of storage and the rela- 
tively complex arithmetic in 
the new converter allow it to 
take full advantage of the basic 
Research Department studies 
of the interpolation process. As 
a result, the interpolation pro- 
cess provides pictures that are 
free of judder and flicker and 
do not have the twinkling 
effects that were previously 
associated with sharp horizon- 
tal edges. The interpolation 
process is equally good irres- 
pective of the input and output 
standards. Colour and lumi- 
nance are treated separately 
and, by using the optimum 
apertures for the luminance 
and colour signals, the output 
has less video noise than the 
input. 

Another feature is a micro- 
processor monitoring unit 
which checks the operation of 

points in the conver- 
ter and reports any faults on a 
visual display unit along with 
an indication of the action 
needed. And the converter 
does not need to be told the 
television standard of the 
input, it can work that out for 
itself! 

The BBC produced the 
world's first electronic stan- 
dards converter in 1968, ready 
for the Olympic Games in Mex- 
ico. Three similar converters 
were built and, though they 
still provide reliable service, 
the new equipment achieves 
far better quality and does not 
need daily attention by skilled 
engineers. 

BBC STANDARDS CONVER- 
TERS 

BBC Television is Interna- 
tional Television. The BBC sells 
programmes overseas and 
buys them. For a fee, the BBC 
will process one company's 
signals and send them on to 
someone else. These facts are 
all made possible by BBC tele- 
vision standards converters, 
for which the Corporation is 
justly renowned. 

At the end of last year the 
BBC Designs Department, led 
by John Astle, completed the 
first of two new standards con- 
verters for the Television 
Centre in London. The new 
converter translates television 
pictures, in either direction, 
between the 525 line 60 field 
NTSC system used in North 
America and Japan to the 
European 625 line 50 field 
standard with either PAL or 
SECAM colour. Using extra 
coders and decoders it can 
convert between any two of the 
world's television standards. 
By exploiting fundamental 
work carried out by Chris 
Clarke and his team at the BBC 
Research Department and by 
using digital techniques, the 
converter takes information 
from 16 lines spread over 4 
television fields as the basis for 
the most sophisticated and 
accurate conversion that has 
ever been achieved. Further- 
more, the process even 
reduces noise in the picture. 

The converter first decodes 
the incoming television signal 
using comb filter decoders. 
Next, it samples the compo- 
nents of the incoming signal 
and digitally stores the instan- 
taneous values for four fields. 
Finally, it redistributes the pic- 
ture information to suit the 
needs of the output standard 
by calculating new values from 
the stored samples. The prog- 

"Have you got one with a 
digital display?" 
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SMALL ADVERTISEMENTS 
Rate: 12p per word. Minimum charge 

£2.00 
Box No. 30p extra 

Advertisements must be prepaid and all 
copy must be received by the 4th of the 
month for insertion in the following 
month's issue. The Publishers cannot be 
held liable in any way for printing errors or 
omissions, nor can they accept responsibil- 
ity for the bona fides of Advertisers. 
Where acdvertisements offer any 
equipment of a transmitting nature, 
readers are reminded that a licence is 
normally required. (Replies to Box 
Numbers should be addressed to: Box 
No. -, Radio and Electronics Construc- 
tor, 57 Maida Vale, London, W9 1SN. 

£5 OSCILLOSCOPE. Standard junk box compo- 
nents plus approx. another £5 (Total compo- 
nents approx £12). This unit plugs into TV aerial 
socket and converts TV to oscilloscope. Circuit 
and plans £3. Kerr, 27 Coles Road, Milton, 
Cambridge, CB4 4BL. 

COLLECTORS' ITEMS. Nearly 50 copies of 
Radio Society of Great Britain's Bulletins cover- 
ing period 1945 to 1949. In reasonable condi- 
tion. Offers to: Box No. G377. 

BIGGEST RANGE SERVICE SHEETS/MANU- 
ALS. Any published sheet £1. plus s.a.e. Repair 
data any named TV £5.50 (with circuit set £7). 
S.A.E. newsletter, quotations, bargains. G.T., 
76 Church Street, Larkhall, Lanarkshire. 

WANTED: FAX equipment, manuals, service 
sheets, etc. G2UK, 21 Romany Road, Oulton 
Broad, Lowestoft, Suffolk. NR32 3PJ 

PEN TYPE SIGNAL INJECTOR available for 
£2.50 including air freight. Business Promotion 
Bureau, 376 Lajpat Rai Market, Delhi 110006, 
India. 

FOR SALE: Wide angle 9.5mm cine equipment: 
camera, projector, screen, etc. Also several 
other 9.5mm cine cameras. S.A.E. for details 
Box No. G388. 

RADIO/RADIO & ELECTRONICS CON- 
STRUCTOR. 1950 -1979 bound volumes. Also 
Wireless World 1955-1975 bound and some 
Practical Electronics. Collect Seaford. Tele- 
phone: 01789-1629. 

MODULES: Mullard LP1164 AM/FM I.F. 
Unused and guaranteed. £1.50. P.&P. C.W.O. 
BA screws, hardware, components, manufac- 
turers' clearance. S.A.E. lists. Tennex Ltd., 
Stock Road, Southend-on-Sea, Essex, SS2 50F. 

COMPONENTS, Items, Bargains. Various lists 
15p or s.a.e. Sole Electronics (REC), 37 Stanley 
Street, Ormskirk, Lancs., L39 2DH. 

Wilmslow 
Audio 

THE firm for speakers! 

SEND 50p FOR THE WORLDS BEST 
CATALOGUE OF SPEAKERS, DRIVE UNITS KITS, 
CROSSOVERS ETC. AND DISCOUNT PRICE LIST 

AUDAX AUDIOMASTER BAKER 
BOWERS & 

WILKINS CASTLE CELESTION 
CHARTWELL COLES DALESFORD 
DECCA EAGLE ELAC EMI FANE 

GAUSS GOODMANS HARBETH 
ISOPHON I.M.F. 

JORDAN JORDAN WATTS KEF 
LOWTHER McKENZIE MISSION 

MONITOR AUDIO MOTOROLA 
PEERLESS RADFORD RAM 

ROGERS RICHARD ALLAN SEAS 
SHACKMAN STAG TANNOY 

VIDEOTONE WHARFEDALE 

WILMSLOW AUDIO DEPT REC 
SWAN WORKS, BANK SQUARE, WILMSLOW 

CHESHIRE SK9 1HF 

Tel: 0625-529599 for Mail Order & Export of Drive Units, Kits, 
etc., 

Tel: 0625-526213 (Swift of Wilmslow) for Hi-fi and complete 
speakers 

BECOME A 
RADIO AMATEUR 
Learn how to become a radio amateur in contact 
with the whole world. We give skilled preparation 

for the G.P.O. licence. 
No previous knowledge required. 

am BIM Mlle MU BIM MIMI MBE IMO II» MI 
Brochure without obligation to :- 
British National Radio 
& Electronic School 
4 Cleveland Road, Jersey, Channel Islands. 

Name 

IAddress 

(Continued on page 61) 
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Top Priority for 
every constructor - 
HOME RADIO 
CATALOGUE 

Over 2,000 items clearly listed 
Profusely illustrated throughout 
Over 100 A-4 size pages 
Bargain list included free 

Send cheque or P.O. for £1.30 

HOME RADIO Components LTD 
Dept. RC, P.O. Box 92, 215 
London Road, Mitcham, Surrey. 

01-543 5659 

BUILD YOUR OWN 
P.A., GROUP & DISCO SPEAKERS by R. F. C. Stephens 
Save money with this practical guide. Plans for 17 different 
designs, Line source, I.B., Horn and Reflex types, for 8"-18" 
drive units. £3.95 post free ($8 overseas). 

THE INFRA -BASS LOUDSPEAKER by G. Holliman 
(full constructional details for versions using 15", 12" and 
10" (drive units). £2.95 post free ($6 overseas). 

THE DALESFORD SPEAKER BOOK by R. F. C. Stephens 
This books is a must for the keen home constructor. Latest 
technology DIY designs. Plans for I.B., and Reflex designs for 
10-100 watts. Also unusual centre -bass system. £2.20 post 
free ($5 overseas). 

VAN KAREN PUBLISHING 
5 Swan Street, Wilmslow, Cheshire 

COMMUNICATIONS RXs 
Murphy Navy Rx part of CAS equipment, 5 band Rx covers 60 to 
550Kc two bands and 1.5 to 30Mc/s in 3 bands, uses 13 miniature 
B7g valves. as 2 RF stages, 3 IFs, BFO and Crystal Cal at 800Kc, Swt 
Selectivity 8, 3, 1 Kc or 200c/s as 0/P for phones and 2 watts into 
600 ohms, size inc outer case front 14 x 13" and 14" deep, note 
these Rx require an ext power supply giving 250v DC 100Ma, 150v 
DC stab 20Ma and 6.3v AC at 4 amps there is however ample room 
to build a P.U. inside the case. The Rx is constructed in 3 sub ass 
that can be removed from the main chassis for servicing, they are 
similar to the PYE CAT Rx we have supplied in the past but are 
made to better spec, fuller information available on request. These 
are supplied tested with handbook and circ in good int condition 
some deteriation of paint on outer cases due to storage. Price £115 

inc VAT and Carr. 

A. H. SUPPLIES 
122, HANDSWORTH ROAD, SHEFFIELD. S9. 4AE. 

Phone 444278 (0742) 

PLEASE MENTION 

RADIO & 
ELECTRONICS 

CONSTRUCTOR 

WHEN REPL YING TO 
ADVERTISEMENTS 

BUY THIS 
BEST SELLER 

T.V. FAULT F INDING 
405/625 LINES 

REVISED & ENLARGED 
Edited by J. R. Davies 

132 pages PRICE £1.20 

Over 100 illustrations, including 60 
photographs of a television screen after 
the appropriate faults have been 
deliberately introduced. 

Comprehensive Fault Finding Guide 
cross-referenced to methods of fault 
rectification described at greater length 
in the text. 

Price £1.20 from your bookseller. 

or post this Coupon together 
with remitance for f1.47 
(to include postage) to 

DATA PUBLICATIONS LTD. 
57 Maida Vale, London, W9 1SN 

Please send me the 5th revised edition of TV 
Fault Finding. Data Book No. 5 

I enclose cheque/crossed postal order for 

NAME 

ADDRESS 

BLOCK LETTERS PLEASE SEPTEMBER 

MIN 

r 
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SMALL ADVERTISEMENTS 
(Continued from page 59) 

THE RADIO AMATEUR INVALID & BLIND 
CLUB is a well established Society providing 
facilities for the physically handicapped to enjoy 
the hobby of Amateur Radio. Please become a 
supporter of this worthy cause. Details from the 
Hon. Secretary, Mrs. F. E. Woolley, 9 Rannoch 
Court, Adelaide Road, Surbiton, Surrey, KT6 
4TE. 

BOOKS FOR SALE: Experiments with Opera- 
tional Amplifiers, by George B. Clayton. £3.75. 
Digital I.C. Equivalents & Pin Connections, by 
Adrian Michaels, £1.20. Experimenting with 
Electronic Music by Brown & Olsen. £1.20. 
Electric Model Car Racing by Laidlaw-Dickson. 
60p. Understanding & Using Modern Signal 
Generators by Charles Gilmore. £1.20. Servic- 
ing Medical & Bioelectronic Equipment by Tab 
Books. £1.20. Transistor Ignition Systems by T. 
D. Towers. £1. All prices include postage. Box 
No. G.394. 

FOR SALE: Photographic enlarging equipment: 
Vivitar enlarger. Model E.36 with 50mm f. 3.5 
and 75mm f.3.5 lenses. Kodak safety light. 
Kodak contrast filter set. 11 in. x 14 in. printing 
frame with copying facilities. Measuring flask. 
Three trays, three tweezers. Three plastic bot- 
tles. Clips. Printing paper. Antistatic brush for 
cleaning negatives. Kodak Photoguide Booklet. 
Man's protective apron. £75 o.n.o. Pair of 
Goodman's speakers 8 ohms, 15 watts, £50 
o.n.o. R. L. Gee, 3 Longfellow Drive, Hutton, 
Essex, CM13 200. 

ELECTRICAL/ELECTRONICS WORKSHOP. 
Remains. Many motors, transformers, variable 
condensers, meters (including 2 multimeters, 
large microammeters, CR bridge), switches, 
relays, etc., etc. Some obsolete and some mod- 
ern. Offers around £70 for the lot. To be col- 
lected from Seaford, Sussex. Telephone 
01-789-1629. 

ELECTRONIC COMPONENTS & ACCES- 
SORIES: We offer you a first class service at the 
right price, all orders processed the same day. 
Send now for 1980 catalogue 30p refundable on 
first order over £1.00 or return catalogue within 
10 days for full refund to: Lightning Electronic 
Components (RE), Free post, Tamworth, 
Staffs., B77 1BR. 

AMATEUR REORGANIZING WORKSHOP has 
the following items for sale in working order. 
Avo 8 £35. Advance audio signal generator £18. 
Cossor 1052 D.B. 'scope £20. Cossor 2J inch 
miniscope £16. Triplet a.m. signal generator 
100kHz - 25MHz £20. BC221 frequency meter 
£20. Also variacs, auto transformers and meg- 
gers. State wants. S.A.E. enquiries. Carriage 
extra. Box No. G395. 

(Continued on page 62) 

R & EC PROJECT KITS 
For details and prices of this and last months 
projects, please send a stamped addressed 
envelope. All kits include parts as specified in 
the article except where indicated. Post and 
packing 50p per kit, allow 10 days for delivery. 
WIEN BRIDGE A.F. SIGNAL GENERATOR June 1980 £8.60 
DUSK TO DAWN SWITCH June 1980 £8.50 
PASSIVE LOGIC PROBE June 1980 £2.50 
MODULATED ALARM GENERATOR June 1980 £4.50 
RING OF LEDS PRINT TIMER January 1980 £7.80 
LOGIC TESTER February 1980 £3.05 
LABORATORY POWER SUPPLY May 1980 £12.80 
DUAL POLARITY VOLTMETER May 1980 £9.60 
STEREO MIXER UNIT March 1980 £7.60 
INFRA RED INTRUDER ALARM March 1980 £6.10 
(Excludes relay) 
TELEPHONE BELL REPEATER February 1980 £5.80 
(Excludes screened cable, which is cut as required) 
GENERAL PURPOSE 8 WATT AMPLIFIER May 1980 £12.75 
80M AMATEUR BAND RECEIVER July 1980 £12.75 
CAPACITANCE MEASURING ADAPTOR July 1980 £8.75 
Remember we also stock a wide range of 
components and accessories. Please send 30p 

in stamps for our latest lists. 

T & J ELECTRONIC 
COMPONENTS 

98 BURROW ROAD, CHIGWELL, 
ESSEX. IG7 4HB 

A CAREER IN RADIO 
Start training today and make sure you are qualified to take 
advantage of the many opportunities open to the trained person. ICS can further your technical knowledge and provide the specialist training so essential to success. 

ICS, the world's most experienced home study college, has helped thousands of ambitious men to move up into higher paid jobs- they can do the same for you. 
Fill in the coupon below and find out how! 
There is a wide range of courses to choose from, including: 

CITY & GUILDS CERTIFICATES 
Telecommunications Technicians' 
Radio TV Electronics Technicians' 
Electrical Installations Technicians' 
Electrical Installation Work 
Radio Amateurs' 
MPT Radio Communications Cert 
EXAMINATION STUDENTS - 
GUARANTEED COACHING 
UNTIL SUCCESSFUL 

TECHNICAL TRAINING 
ICS offer a wide choice of non -exam 
courses designed to equip you for a 
better job in your particular branch of 
electronics, including: 
Electronic Engineering & Maintenance 
Computer Engineering/Programming 
Radio, TV & Audio Engineering 

& Servicing 
Electrical Engineering Installations 

& Contracting 

COLOUR TV SERVICING 
Technicians trained in TV Servicing are in constant demand. Learn all the techniques you need to service Colour and Mono TV sets through new home study course approved by leading manufacturer. 

POST THIS COUPON OR TELEPHONE FOR FREE PROSPECTUS 
III III IIZ IM IM 

I am interested in 

Name Age 

Address 

Occupation 

Accredited 
by CACC 

Member of 
ABCC 

To 
International Correspondence Schools 
Dept Y278, Intertext House, LONDON 
SW8 4UJ or phone 01-622 9911 (anytime) 

1 
1 
1 

OM IM IMO MI MI IM Mil 
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LATEST 
BOUND VOLUME 

Na 32 
of 

"Radio & Electronics 
Constructor" 

SEPTEMBER 1978 to AUGUST 1979 

Comprising i c 
dex PRICED £5.50 P&P £1.30 

BOUND VOLUME No. 27 
(August 1973 to July 1974) 

Price £3.00 P&P £1.30 

BOUND VOLUME No. 28 
(August 1974 to July 1975) 

Price £3.20 P&P £1.30 

BOUND VOLUME No. 29 
(August 1975 to July 1976) 

Price £3.50 P&P £1.30 

BOUND VOLUME No. 30 
(August 1976 to July 1977) 

Price £3.70 P&P £1.30 

BOUND VOLUME No. 31 
(August 1977 to August 1978) 

Price £5.20 P&P £1.30 

Limited number of these 
volumes still available. 

We regret all earlier volumes are now 
completely sold out. 

Available only from 

DATA PUBLICATIONS LTD., 
35 MAIDA VALE, LONDON, W9 1SN 

SMALL ADVERTISEMENTS 
(Continued from page 61) 

FREE 1980 AMTRON CATALOGUE with new 
range of kits and equipment cabinets. Send s.a.e. 
Amtron UK Ltd., 7 Hughenden Road, Hast- 
ings, Sussex, TN34 3TG. Telephone: Hastings 
436004. 

JOIN THE INTERNATIONAL S.W. LEAGUE. 
Free services to members including Q.S.L. 
Bureau, Amateur and Broadcast Translation, 
Technical and . Identification Dept. - both 
Broadcast and Fixed Stations, DX Certificates, 
contests and activities for the SWL and transmit- 
ting members. Monthly magazine, Monitor, 
containing articles of general interest to Broad- 
cast and Amateur SWLs, Transmitter Section 
and League affairs, etc. League supplies such as 
badges, headed notepaper and envelopes, QSL 
cards, etc., are available at reasonable cost. Send 
for League particulars. Membership including 
monthly magazines, etc., £6.00 per annum. 
(U.K. and British Commonwealth), overseas 
$12.00. Secretary ISWL, 1 Grove Road, Lyd- 
ney, Glos., GL15 5JE. 

INTERESTED IN RTTY? You should find the 
"RTTY Journal" of interest. Published in 
California, U.S.A., it gives a wide outlook on the 
current RTTY scene; RTTY-DX; DXCC Hon- 
our Roll; VHF RTTY news; and up to date 
technical articles are included. Specimen copies 
35p from: The Subscription Manager, RTTY 
Journal, 21 Romany Road, Oulton Broad, 
Lowestoft, Suffolk, NR32 3PJ. 

BOOKS AND TECHNICAL MANUALS. Elec- 
trical/electronic interest. 1930's to present. 
About 50. £15 for the lot. Collect Seaford. Tele- 
phone: 01-789-1629. 

FOR SALE: A number of "D & S" three pin, 
fused, mains plugs and fuses. S.A.E. for details. 
Box No. G396. 

FOR SALE: 2000 diodes £2.50. 25 mixed voltage 
zeners £1.00. LCD 1/100 sec. stopwatch £12.00. 
LCD watch £7.50. Voice control ladybird toy 
£15.00. 3 dimensional hologram pendants 
£12.50. 10" x 8" holograms £30.00. S.A.E. for 
details. Damaged video tape recorders and 
CCTV cameras £25.00 to £75.00. Nicad battery 
chargers £1.50. Light powered calculator, needs 
no batteries, £20.00. Credit card calculator. C60 
tapes 25p, 10-£2.00, 100-£15.00. Chess chal- 
lenger 10 level £150, 7 level £100. Draughts 
challenger 4 level £90. 2 level £75. Football 
table plans £5.50. Pair walkie talkies £15.00 J. 
Fulton, Derrynaseer, Dromore, Co. Tyrone, N. 
Ireland. 

BOOKS FOR SALE: Amateur Radio Antennas by 
Harry Hooton, £1. Ham Antenna Construction 
Projects by J. A. Stanley, 75p. All about Cubical 
Quad Antennas by W6SAI, £1. Radio 
Astronomy for the Amateur by Dave Heiser- 
man, £2. HAM-RTTY by W2NSD, 50p. All plus 
postage. Box No. G397. 

(Continued on page 63) 
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SMALL ADVERTISEMENTS 
(Continued from page 62) 

POSTAL ADVERTISING? This is the Holborn 
Service. Mailing lists, addressing, enclosing, 
wrapping, facsimile letters, automatic typing, 
copy service, campaign planning, design and 
artwork, printing and stationery. Please ask for 
price list. - The Holborn Direct Mail Company, 
Capacity House, 2-6 Rothsay Street, Tower 
Bridge Road, London, S.E.1. Telephone: 
01-407 6444. 

INTERESTED IN OSCAR? Then join AMSAT- 
UK. Newsletters, OSCAR NEWS Journal, pre- 
diction charts, etc. Details of membership from: 
Ron Broadbent, G3AAJ, 94 Herongate Road, 
Wanstead Park, London, E12 SEQ. 

FOR SALE: Cassette tapes 6 - £5.00. Classical, 
rock, disco, country, party time or easy listening. 
J Fulton, Derrynaseer, Dromore, Co. Tyrone, 
N. Ireland. 

INGENIOUS GAMES to distract and tantalise - 
and to construct. Three original designs by me in 
kit form, pocket sized with a top quality finish to 
grace your coffee table and deceive your friends. 
From £4.25. Send s.a.e. for details of all three to: 
H. S. Houston, 12 Harlech Avenue, Leeds 11 
Yorkshire. 

PERSONAL 

JANE SCOTT FOR GENUINE FRIENDS. Intro- 
ductions to opposite sex with sincerity and 
thoughtfulness. Details free. Stamp to: Jane 
Scott, 3/Con North St. Quadrant, Brighton, Sus- 
sex, BN1 3GJ. 

IF YOU HAVE ENJOYED A HOLIDAY on the 
Norfolk Broads, why not help to preserve these 
beautiful waterways. Join the Broads Society 
and play your part in determining Broadlands 
future. Further details from: The Hon. Mem- 
bership Secretary, The Broads Society, "Ick- 
nield," Hilly Plantation, Thorpe St. Andrew, 
Norwich, NOR 85S. 

BROADLANDS RESIDENTIAL CLUB for 
elderly people. Are you recently retired and 
looking for a home? We have a delightful top 
floor room overlooking Oulton Broad, facing 
south. Write to: The Warden, Broadlands Resi- 
dential Club, Borrow Road, Oulton Broad, 
Lowestoft, Suffolk. 

SPONSORS required for exciting scientific project 
Norwich Astronomical Society are building a 
30" telescope to be housed in a 20" dome of 
novel design. All labour being given by volun- 
teers. Already supported by Industry and 
Commerce in Norfolk. Recreational. Educa- 
tional. You can be involved. Write to: NAS 
Secretary, 195 White Woman Lane, Old Cat - 
ton, Norwich, Norfolk. 

REVOR OPTICAL & 

4" dia. lens 

TECHNICAL 
6 SICILIAN AVENUE 

Tel. 01-836 4536 
LONDON W.C.1 

£14.91 
POST 
FREE 

FLEXIBLE 
MAGNIFIER 

WITH CAST IRON BASE, 
PRECISION GROUND AND 
POLISHED LENS, CHROME PLATED 
FRAME AND FLEXIBLE TUBE. 
IDEAL FOR HOBBIES, AND 
DETAILED WORK WHICH REQUIRES 
BOTH HANDS FREE. 

CALLERS WELCOME 

(Subject to price ruling at the time of issue) 

MARCO TRADING 
To obtain a free copy of our 35 page list simply send a 20p postage 

stamp or a large SAE. This advertisement shows only a part of our 
range. (Our new list includes Tants, Electrolytics, Disc ceremics, etc.) 

8 DIL 10p 22 DIL 
14 DIL 13p 24 DIL 
16 DIL 15p 28 DIL 
18 DIL 18p 40 DIL 
20 DIL 22p 

TANT. BEAD CAPS 
0.1/35v 12p 4.7/35v 
0.22/35v 12p 33/6.3v 
1.0/35v 12p 47/10v 

12p 
25p 
30p 

SUB. MIN. TOGGLE SWITCHES 
SPST- 70p 
SPDT- 78p 
DPDT- 82p 
DPDT- 90p 
1C -OFF) 

BRIDGE RECTIFIERS 
50V 
400V 
800V 

2.0 Amp 50V 
100V 

32p 
43p 
58p 
35p 
42p 

400V 
6.0 Amp 50V 

200V 
400V 

50p 
70p 
78p 
85p 

0.1W SUB. MINIATURE 
PRE-SETS 

100 a to 1 Meg Vertical or Horizontal 
Price: 6p each. 100 any mix £4.50 

AC128 20p BC125 10p 
AD149 58p BC147 8p 

CONNECTING CABLE Bc1o7 lop BC153 lop 
Black. Blue. Green. Grey. Orange. BC108 10p BC172 8p 
Pink. Red. White. Voilet. Yellow. BC109 10p BC183 9p 
Brown. Singles 5p per metre 

7/0.2mm 5p per metre Full range of Penel Meters available 
16/0.2mm 8p per metre E6.25 each 

SPECIAL OFFERS 
BRAND NEW METAL SLIDER POTENTIOMETERS 

60mm TRACK 1+ 
500 ohm Lin. Mono 35p 
50K Log. Stereo 40p 
100K Lin. Stereo 40p 

1 Meg Log. Stereo 40p 

400m/w ZENOR DIODES 
Low Price 

3V6, 3V9, 4V3, 4V7, 5Vt, 5V6, 6V2, 
6V8, 7V5, 8V2, 9V1, 10V, 11V, 12V, 
13V, 13V5, 15V, 16V, 18V, 20V, 

22V, 24V, 27V, 30V, 33V 
Price: 8p each 100 any mix £6.00 

RESISTORS 
PA/ at 40°C 5% tol., 2.2 n 
to 2M2, E12 2p each. 
Resistor Pack - 2.2 /2 -2M2, 10 
each value 1730 resistors) £6.00 

1 watt 
ZENER DIODES 

3V3 to 200V Full range 
Price 15p each 100 any mix £12.50 

23p 
24p 
28p 
40p 

VEROBOARD 
(Copper Clad) 

Size Inch 0.1" 0.15 
2.5 a 1 20p N/A 
2.5 x 5 55p 56p 
2.5 a 3.75 46p 50p 
Vero Wiring Pen (including spool 
of wire) £2.84 

BC184 9p 
ZN3055 48p 
BY127 12p 
IN4007 8p 
IN4148 2p 

100+ 
28p 
30p 
30p 
30p 

Other values available in 45mm track - send for list. 
Send your orders to: 

DEPT DP12, MARCO TRADING, THE OLD SCHOOL, 
EDSTASTON, Nr. WEM, SHROPSHIRE SY4 5RJ 

Tel: Whixall (094872) 464/465 
Please add 30p postage and packing to each order and add 15% VAT to your total 
order. Export add NO VAT but add postage. Air/Sea at cost 
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50 WET) Field 
Effect Transistor 
Projects 

Fun & Games with 
Your Electronic 
Calculator 

ii -15 
r_ lr 

5oProjects 
Using IC CA3130 

5OCMOS IC 
Projects 

DIRECT READER SERVICE 
RADIO 8( ELECTRONICS BOOKS 

18. 50 Projects Using IC CA3130 £1.25 40. Projects in Opto -Electronics £1.25 

19. 50 CMOS IC Projects £1.25 41. Radio Circuits Using IC's £1.35 

20. A Practical Introduction to Digital IC's 95p 42. Mobile Discotheque Handbook £1.35 

22. Beginners Guide to Building Electronic Projects £1.25 43. Electronic Projects for Beginners £1.35 

23. Essential Theory for the Electronics Hobbyist £1.25 44. Popular Electronic Projects £1.45 

26. 52 Projects Using IC741 95p 45. IC LM3900 Projects £1.35 

28. Two Transistor Electronic Projects 85p 46. Electronic Music and Creative Tape Recording £1.25 

29. How to Build Your Own Metal and Treasure 47. Practical Electronic Calculations and Formulae £2.25 
Locators £1.00 48. Radio Stations Guide £1.45 

30. Electronic Calculator Users Handbook 95p 49. Electronic Security Devices £1.45 
31. Practical Repair and Renovation of Colour TVs £1.25 50. How to. Build Your Own Solid State 
32. Handbook of IC Audio Preamplifier and Power Oscilloscope £1.50 

Amplifier Construction £1.25 51. 50 Circuits Using 7400 Series IC's £1.45 

33. 50 Circuits Using Germanium, Silicon and Zener 52. Second Book of CMOS IC Projects £1.50 

Diodes 75p 53. Practical Construction of Pre -Amps, Tone 

34. 50 Projects Using Relays, SCR's and TRIACS £1.25 Controls, Fitters & Attenuators £1.45 

35. Fun and Games with your Electronic Calculator 
36. 50 (FET) Field Effect Transistor Projects 

75p 
£1.25 

54. Beginners Guide to Digital Techniques 
55. 28 Tested Transistor Projects 
56. Digital IC Equivalents 

95p 
£1.25 

37. 50 Simple L.E.D. Circuits 75p and Pin Connections £2.50 
38. How to Make Walkie-Talkies £1.25 57. Linear IC Equivalents 
39. IC 555 Projects £1.75 and Pin Connections £2.75 

POSTAGE: 20p PER BOOK. IF MORE THAN 3 BOOKS ORDERED: 10p PER BOOK 

To: Data Publications Ltd., 57 Maida Vale, London W9 1SN 

Please send me within 21 days copy/copies 

Book Nos 

I enclose Postal Order/Cheque for £ 

Name 

Address 

(Block Letters Please) 

(We regret this offer is only available to readers in the U.K.) 

t 

64 RADIO AND ELECTRONICS CONSTRUCTOR 

www.americanradiohistory.com



 E
LE

C
T

R
O

N
IC

S
 D

A
T

A
 

[6
1'

 

B
IA

S
 

T
he

 t
er

m
 "

bi
as

" 
in

 e
le

ct
ro

ni
cs

 a
pp

lie
s 

ge
ne

ra
lly

 to
 a

n 
ex

te
rn

al
ly

 
pr

ov
id

ed
 v

ol
ta

ge
 o

r 
cu

rr
en

t 
w

hi
ch

 c
au

se
s 

a 
de

vi
ce

 t
o 

ta
ke

 u
p 

a 
de

si
re

d 
po

in
t 

on
 i

ts
 

w
or

ki
ng

 c
ha

ra
ct

er
is

tic
. 

T
he

 d
io

de
 o

f 
(a

) 
is

 
de

sc
ri

be
d 

as
 b

ei
ng

 
"f

or
w

ar
d 

bi
as

ed
" 

si
nc

e 
th

e 
po

la
ri

tie
s 

in
 t

he
 

ci
rc

ui
t 

ca
us

e 
it 

to
 c

on
du

ct
 a

nd
 t

o 
pa

ss
 a

 "
fo

rw
ar

d 
cu

rr
en

t"
. 

T
he

 
di

od
e 

is
 c

on
ne

ct
ed

 t
he

 o
th

er
 w

ay
 r

ou
nd

 i
n 

(b
).

 I
t 

is
 t

he
n 

"r
ev

er
se

 
bi

as
ed

" 
an

d 
no

 c
ur

re
nt

 f
lo

w
s.

 
In

 (
c)

, 
re

si
st

or
 R

1 
al

lo
w

s 
su

ff
ic

ie
nt

 b
ia

s 
cu

rr
en

t 
to

 f
lo

w
 i

n 
th

e 
tr

an
si

st
or

 b
as

e 
-e

m
itt

er
 j

un
ct

io
n 

fo
r 

th
e 

co
lle

ct
or

 v
ol

ta
ge

 
to

 b
e 

ap
pr

ox
im

at
el

y 
m

id
w

ay
 b

et
w

ee
n 

th
e 

su
pp

ly
 r

ai
ls

 u
nd

er
 n

o -
si

gn
al

 
co

nd
iti

on
s.

 T
he

 t
ra

ns
is

to
r 

ca
n 

th
en

 f
un

ct
io

n 
as

, 
fo

r 
in

st
an

ce
, 

an
 a

.f
. 

am
pl

if
ie

r.
 R

1 
in

 (
d)

 c
ar

ri
es

 o
ut

 t
he

 s
am

e 
fu

nc
tio

n 
bu

t, 
as

 i
t 

is
 n

ow
 

re
tu

rn
ed

 t
o 

th
e 

tr
an

si
st

or
 c

ol
le

ct
or

, 
it 

al
so

 p
ro

vi
de

s 
a 

m
ea

su
re

 o
f 

ne
ga

tiv
e 

fe
ed

ba
ck

. 
T

he
 

bi
as

 c
ir

cu
it 

of
 (

e)
 

en
su

re
s 

th
at

 r
ou

gh
ly

 t
he

 s
am

e 
em

itt
er

 
cu

rr
en

t f
lo

w
s 

w
ith

 t
ra

ns
is

to
rs

 o
f 

va
ry

in
g 

ga
in

. 
T

he
 v

ol
ta

ge
 a

t 
th

e 
ju

nc
tio

n 
of

 R
1 

an
d 

R
2 

is
 l

ar
ge

ly
 d

ep
en

de
nt

 u
po

n 
th

e 
va

lu
es

 o
f t

he
se

 
tw

o 
re

si
st

or
s.

 S
o 

al
so

, 
in

 c
on

se
qu

en
ce

, 
is

 
th

e 
vo

lta
ge

 a
cr

os
s 

R
3,

 
w

he
re

up
on

 t
he

 e
m

itt
er

 c
ur

re
nt

 in
 R

3 
do

es
 n

ot
 c

ha
ng

e 
gr

ea
tly

 w
ith

 
tr

an
si

st
or

s 
of

 d
if

fe
re

nt
 g

ai
n.

 
In

 
(f

) 
it 

is
 

de
si

re
d 

th
at

 t
he

 g
at

e 
of

 t
he

 n
 -c

ha
nn

el
 f

ie
ld

-e
ff

ec
t 

tr
an

si
st

or
 b

e 
bi

as
ed

 n
eg

at
iv

e 
of

 it
s 

so
ur

ce
. T

hi
s 

ca
n 

be
 c

on
ve

ni
en

tly
 

ar
ra

ng
ed

 b
y 

bi
as

in
g 

th
e 

ga
te

, 
vi

a 
R

1,
 t

o 
th

e 
ne

ga
tiv

e 
ra

il 
po

te
nt

ia
l 

an
d 

al
lo

w
in

g 
th

e 
vo

lta
ge

 d
ro

pp
ed

 a
cr

os
s 

R
2 

to
 t

ak
e 

th
e 

so
ur

ce
 

po
si

tiv
e 

of
 t

he
 g

at
e.

 P
re

ci
se

ly
 t

he
 s

am
e 

m
et

ho
d 

of
 b

ia
si

ng
 a

 t
ri

od
e 

va
lv

e 
gr

id
 n

eg
at

iv
e 

of
 i

ts
 c

at
ho

de
 w

as
 

us
ed

 i
n 

th
e 

fa
m

ili
ar

 e
ar

ly
 

el
ec

tr
on

ic
s 

ci
rc

ui
t 

of
 (

g)
. 

F-
-i

 
(a

) 

=
11

 (b
) 

l/P
 

R
1 

(t
) 

0/
P

 
F
-
i
 

B
yp

as
s 

ca
pa

ci
to

r 

o/
P

 

u 
N
 

C
ou

pl
in

g 
ca

pa
ci

to
rs

 

I/P
 

R
1 

(c
) (f
) 

0/
13

 

11
-1

11
>

 

B
yp

as
s 

ca
pa

ci
to

r 
I/P

 

(d
) 

(g
) 

O
/P

 
1-

3.
>

 
B

yp
as

s 
ca

pa
ci

to
r 

www.americanradiohistory.com



STEPHEN 
YOU DISCOVER 1ìiffLLHIfli 

For beginners or professionals, the Maplin catalogue will help you 
find just about everything you need for your project. 

Over 5,000 of the most useful components - from resistors to 
microprocessors - clearly described and illustrated. 

Send the coupon for your copy 
and STEP UP TO 

Post this coupon now for your copy 
of our 1979-80 catalogue price 70p. 
Please send me a copy of your 280 page 
catalogue. I enclose 70p (plus 46p p&p). 
If I am not completely satisfied I may return the 
catalogue to you and have my money refunded. 
If you live outside the U.K. send £1.35 or ten 
International Reply Coupons. I enclose £1.16. 

NAME 

ADDRESS 

R.E.C. 980 

1 

n 
ELECTRONIC SUPPLIES LTD 
All mail to:- 
P.O. Box 3, Rayleigh, Essex SS6 BLR. 
Telephone: Southend (0702) 554155. 
Shop: 284 London Road, Westcliff-on-Sea, Essex. (Closed on Monday). 
Telephone: Southend (0702) 554000. 

Catalogue now available in all branches of WHSMITH Price £1.00 
www.americanradiohistory.com


