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DIRECT SUPPLY SERVICE TO READERS 
TOWERS INTERNATIONAL 

TRANSISTOR SELECTOR 
(NEW REVISED EDITION) 

Towers' International 
Transistor Selector 
resmraal,%.tbhBsex6 

1 

l 

This is dead! 

Would this replace it? 

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) 

TOWERS INTERNATIONAL 

FET SELECTOR 

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). 

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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A IOkELICT ICS 
CONSTRUCTOR 

NOVEMBER 1980 
Volume 34 No. 3 

Published Monthly 
First published in 1947 

Incorporating The Radio 
Amateur 

Editorial and Advertising Offices 
57 MAIDA VALE LONDON W9 1SN 

Telephone 
01-286 6141 

Telegrams 
Databux, London 

c Data Publications Ltd., 1980. Contents 
may only be reproduced after obtaining 
prior permission from the Editor. Short 
abstracts or references are allowable 
provided acknowledgement of source is 
given. 

Annual Subscription: £9.50, Eire and 
Overseas £10.50 (U.S.A. and Canada 
$25.00) including postage. Remittances 
should be made payable to "Data Publica- 
tions Ltd". Overseas readers, please pay 
by cheque or International Money Order. 

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 
addressed envelope for reply. 

Correspondence should be addressed to 
the Editor, Advertising Manager, Sub- 
scription Manager or the Publishers as 
appropriate. 

Opinions expressed by contributors are 
not necessarily those of the Editor or prop- 
rietors. 

Production - Web Offset. 

LINEAR SCALE OHMMETER - Suggested Circuit - by G. A. French 
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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. TBA800 
50p. 741 22p. 741 S 35p. 723 
35p. NE555 24p. 2N3773 
£1.70. AD161/2 70p. ZN414 
75p. BD238 28p. BD438 
28p. IN4005 10 for 35p. 
TIL305 alpha numeric dis- 
plays £2.50. T1L209 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 insulated 
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 D 
£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, £9.75 

2,000 OPV. 250 volts AC/DC., 
0-100ma DC current, resist- 
ance to Meg in 2 ranges, 
mirror scale £5.75p. 

40kHz Transducers. Rec/ 
Sender £3.50 pair. 

TELEPHONE PICK UP 
COIL 

Sucker type with lead and 
3.5mm plug 62p. 

Hand drill, double pinion with 
machine cut gears, '/d', only 
£2.75p plus 50p p&p. 

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 

YN360TR 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/ 
SO239 90p. Double in line male 
connector (2XPL259) 65p. Plug 
reducers 13p. PL259 Dummy 
load, 52 ohms 1 watt with 
indicator bulb 95p. 

Disco Strobe lights, adjust- 
able speed, 80 joules, 
£22.50p. 

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 
£3.95 
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. 

Mercury (Tilt) switches, 1" x 
'/." cylinder 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. 

äatllireilMer. 

c® tot 
Signal Generator. Ranges 
250Hz-100MHz in 6 Bands, 
100MHz-300MHz (har- 
monics) internal modulator 
at 100Hz. R.F., output Max. 
0.1vRMS. 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 } track 
50p. BSR SRP90 I track 
£1.95. TD10 tape head 
assembly - 2 heads both 1 

track R/P with built in 
erase, mounted on bracket 
£1.20 

PROGRESSIVE 
RADIO 

31 CHEAPSIDE, LIVERPOOL 2. 
ALL ORDERS DESPATCHED BY RETURN POST 

RADIO AND ELECTRONICS CONSTRUCTOR 
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SEMICONDUCTORS GIRO NO. 3887006 Bl-PA DEPT.RC11 PO Box, 6, WARE, HERTS.TEL: 0920 3182 

Visit our Shop at: 3 Baldock Street, Ware, Herts. TELEX: 817861 

EXPERIMENTOR BREADBOARDS 
CONTINENTAL SPECIALITIES CORPORATION 

FROM I=E= 
No soldering breadboards. Simply plug components in 
and out of letter number identified, Nickel -silver 
contact holes. Start small and simply snap -lock boards 
together to build a breadboard of any size. 
Alf EXP Breadboards have two bus -bars as an integral 
part of the board. If you need more than two buses, 
simply snap on 4 more bus -bare with the add of an EXP 
48. 
EXP 325 The ideal breadboard for 1 chip circuits. 

Accepte 8, 14, 16 and up to 22 -pin IC's 
ONLY £1.84 

48mm (1.9") 
EXP 350270 contact points with two 20 -point bus -bars. 

ONLY £3.62 
91mm (3.6") 

EXP 300550 contacts with two 40 -point bus -bars. 
ONLY £6.61 

152mm (6.0") 
EXP 650 For Micro -processors. ONLY £4.14 

91mm (3.6") 
ONLY £2.86 

152mm (6.0") 
EXP 600 As EXP 300 but accepts 24 pin DIL and over. 

ONLY £7.25 
152mm (6.0") 

All EXP 300 Breadboards mix and match with 600 
series. 

EXP 48 

ANTEX IRONS 

1943 15 watt quality soldering iron with 3/32" bit £5.12 
1947 Replacement element for 1943 £2.33 
1944 Iron coated bit 3/32" for 1943 
1945 Iron coated bit 1/8" for 1943 
1946 Iron coated bit 3/16" for 1943 
1948 18 watt iron with iron coated bit 
1952 Replacement element for 1948 
1949 Iron coated bit 3/32" for 1948 
1950 Iron coated bit 1/8" for 1948 
1961 Iron coated bit 3/16" for 1948 
1931 X25 25 watt iron, ceramic shaft and another shaft 

of stainless steel to ensure strength £6.12 
1935 Replacement element for 1931 £2.05 
1932 Iron coated bit 1/8" for 1931 £0.58 
1933 Iron coated bit 2/16" for 1931 £0.58 
1934 Iron coated bit 3/32" for 1931 £0.58 
1953 SKI soldering Kit - contains 15 watt soldering 

iron with 3/16" bit plus two spare bits, s reel of 
solder, heat -sink and a booklet 'How to Soldgr 

£7.28 
1939 ST3 iron stand made from high grade bakelite 

chrome plated steel spring, suit all models - 
includes accommodation for six bits and two 
sponges to keep the iron bits clean £1.89 

1724 Model MLX as X25 iron but 12 volts £5.59 

£0.58 
£0.58 
£0.58 
£5.12 
£2.22 
£0.58 
£0.58 
£0.58 

CASES AND BOXES 

VERO plastic caw box. These boxes consist of top and 
bottom sections which Include fixings points for 
horizontal mounting PC boards/chassis plates, the two 
sections are held together by four screws which enter 
through the base and are concealed by plastic feet. 
No. Length Width Height Price 
170 140mm 40mm 205mm E4.35 
171 140mm 75mm 205mm £4.85 
172 140mm 110mm 205mm £6.30 
INSTRUMENT CASES In two sections vinyl covered top 
and sides, aluminium bottom, front and back. 
No. Length Width Height Price 
155 Bin 51ín 2in £2.01 
156 11in 6in 3in £3.10 
157 6in 41ìn 13in £1.93 
158 9in 51in 21ín £2.59 
ALUMINIUM BOXES made from bright alli, folded 
construction each box complete with half inch deep lid 
and screws. 
No. Length Width Height Price 
159 Slin 21in 11in £0.98 
160 4in 4in 11ín £0.98 
161 4in 21in 11ín £098 
162 51in 4in 11ín £1.10 
163 4in 21ín 2in £0.98 
164 3in 2in lin £0.87 
165 7in 5in 21ín £1.54 
166 8in 6in 3in £1.98 
167 6in 4in 2in £1.32 
SLOPE front aluminium boxes with black vinyl base 
and sides & aluminium back, top & front - strong 
construction easily accessible. 
169 2 /.in 5./.in 21in 12in 31in Bin £5.45 
168 2°/.in 71in 4in 16in 44in 11in £8.21 

AUDIO MODULES 
AMPLIFIERS 

AL10 3 wan Audio Amplifier Module 22-32v supply 
E3.63 

AL20 5 watt Audio Amplifier Module 22-32v supply 
£4.11 

AL30A 7-10 watt Audio Amplifier Module 22-32v 
supply E4.78 

ALse 1525 watt Audio Amplifier Module 30-50v 
supply [5.92 

AL80 35 watt Audio Amplifier Module 40.60v supply 
£9.28 

AL120 50 watt Audio Amplifier Module 50-70v supply 
E15.11 

AL250 125 watt Audio Amplifier Module 50-80v supply 
£22.54 

STEREO PRE -AMPLIFIERS 
PA12 Supply voltage 22-32v input sensitivity 300mv 

suit ALI0/AL20/AL30 [9.83 
PA100 Supply voltage 24-36v inputs - Tape, Tuner, 

Meg P.U. Suit AL60/A1.80 [20.30 
PA200 Supply voltage 35-70v inputs:- Tape, Tuner, 

Mag P.U., Suit: ALB0/AL120/AL250 [20.98 

MONO PRE -AMPLIFIERS 
MM100 Supply voltage 40-65v inputs: Meg. P.U., 

Tape Microphone Max. output 500mv £14.29 
MM1000 Supply voltage 40.65v inputs: 2 Guitars. 

Microphones Max. output B00mv £14.3 

POWER SUPPLIES 
PS12 

SPM60 

24v Supply suit 2 - 4110, 2 - AL20. 
2 - AL30 & PA12/S.450 01.90 
33v Stabilised supply - suit 2 - AL60. 
PA100 to 15 wette 05.57 

SPM120/46 45v Stabilised supply - suit 2 - ALSO. 
PA100 to 25 watts £7.34 

SPM120/65 55v Stabilised supply - suit 2 - ALSO. 
PA200 17.34 

SPM120/66 65v Stabilised supply - suit 2 - AL120. 
PA200, 1 - AL250, PA200 07.34 

SG30 15-0 15 Stabillsed power supply for 
2- GEIOOMKII £4.37 

MISCELLANEOUS 
MPA30 Stereo Magnetic Cartridge Pre -Amplifier 

input 3.5mv Output 100mv £3.76 
Stereo FM Tuner Supply Voltage 20-30v - 
Varicap tuned £29.39 

STERE030 Complete 7 watt per Channel Stereo 
Amplifier Board - includes amps. pre - 
amp. power supply front panel, knobs 
etc.- requires 2050 Transformer £24.25 

BP124 5 watt 12v max - Siren Alarm Module 
£4.43 

GE700Mk11 10 channel mono -graphic equaliser 
complete with sliders and knobs E20.46 
Variable regulated stabilised power supply 
2-30v0.2amps £6.74 

S 450 

VPS30 

TRANSFORMERS 

2034 1.7 amp 35v suit SPM80 
2035 2 amp 55v 
2030 750mA 17v suit P512 
2040 1.5 amp 0 -45v -55v suit SPM120/45. 

SPM120/55v 
2041 2 amp 0 -55v -65v suit SPM120/55. 

SPM120/65V 
2060 1 amp 0-20v wit Stereo 30 
1725 150mA 15-0-15v wit SG30. 

P&P 
£6.21 £1.21 
£7.30 £1.47 
£3,68 

£5.98 £1.21 

E7.e2 £1.47 
£3.74 £0.76 
f2.04 

ACCESSORIES 
139 

140 

Teak Cabinet suit Stereo 30, 320 - 235 - 81 mm 
E6.06 

Teak Cabinet suit STA 15 425 - 290 - 95mm 
£9.78 

FP100 Front Panel for PA100 & PA200 E2.07 
BP100 Back Panel for PA100 & PA200 E1.04 
GE100FP Front Panel for one GE100MKII £2.05 
2240 Kit of parts including Teak Cabinet, chasaia 

sockets, knobs to build 15 watt stereo 
amplifier (Does not include modules) £/2.94 

SPECIAL OFFERS 
MINIDRILL 12v hand held battery -operated mini drill, 
7,500 r.p.m. Collet chuck. Ideal for drilling printed 
circuits or model making. No. 1402. Complete with 2 

dril Is .1 and .15 £8.33 
TRANSFORMER 240v Primary 0.20v at 2A Secondary. 
By removing 5 turns for each volt from the secondary 
winding, any voltage up to 20v at 2A is obtainable. Ideal 
for the experimenter. No. 2042. £150 + 86p P & P 
ANTEX MLX Soldering Iron. Sturdy 25 wan iron 
complete with: 44 metres of 2 core cable. Works off a 12 
volt battery. Ideal for Car, Boat, Caravan, No. 1724. 

E5.29 

METAL FOIL CAPACITOR PAKS 
16204 -Containing 50 metal foil capacitor like Mullard 
C280 series. Mixed values ranging for 01uf - 2.2uf. 
Complete with identification Meet £1.38 

TRIACS 

2 amp TOO case 
volts No. Price 
100 TR12N100 E0.38 
200 T1112A/200 £0.59 
400 TR128/400 £0.82 

10 amp 
volt. 
100 TR110N100 £0.88 
200 TR1104/200 £1.06 
400 TR110N400 £1.29 
10 amp 

8 amp volt. 
volts 400 781108/400P E1.29 
100 T8164100 60.59 
200 TR16A/200 E0,70 DIACS 
400 T916N400 E0.80 00100 E0.23 032 E0.23 

SILICON RECTIFIERS 
200mA 
15920 50V 
IS921100V 
15922 150V 
1S923 200V 
1S924 300V 

1 Amp 
N4001 50V 
N4002 100V 
N4003 200V 
N4004 400V 
144005 600V 
N4006 800V 
N4007 1000V 

5 Amp 
015 50V 
020 100V 
021 200V 
023 400V 
025 600V 
027 800V 
0291000V 
0311200V 

60 Amp 
IS70/50 50V 
IS70/100 100V 
1570/200 200V 

E0.07 
£0.08 
£0.09 
£0.10 
£0.12 

£5.051 
£0.06 
£0.07 
£0.08 
£0.09 
£0.10 
£0.12 

£0.10 
£0.12 
£0.13 
£0.15 
£0.16 
£0.18 
£0.23 
£0.29 

£0.66 
£0.97 
£1.38 

3 Amp 
N5400 50V 
N5401 100V 
N5402 200V 
N5404 400V 
N5406 600V 
N5407 800V 
N5408 1000V 

70 Atn 
S10/550V 
S10/10'1100V 
510/200 200V 
5101400 100V 
S1016001'OOV 
510/800 800V 
510/1000 1000V 
510/1200 1200V 

30 Amp 
530/50 50V 
530/100 100V 
530/200 200V 
S30/400 400V 
S30/600 600V 
S30/800 800V 
S30/1000 1000V 
S30/1200 1200V 
1570/400 400V 
1570/600 600V 
1570/800 800V 
1S70/1000 1000V 

£0.16 
£0.17 
£0.18 
£0.20 
£0.24 
£0.29 
£0.35 

£0.22 
£0.24 
E0.26 
£0.40 
£0.48 
£0.59 
£0.69 
£0.79 

£0.64 
£0.79 
£1.07 
£1.44 
£2.02 
£2.33 
£2.66 
£3.31 
£2.01 
£2.59 
£2.88 
£3.45 

THYRISTORS 

600ma T018 Caw 

ï ö Tivsoon o 
20 THY600/20 
30 THV600/30 
50 THY600/50 

100 THY600/100 
200 THY600/200 
400 THY600/400 

£0.17 
£0.18 
£0.23 
£0.25 
£0.29 
£0.44 
£0.51 

lamp TO 66 Caw 
Volts No. Price 

50 THY1A/50 £0.30 
100THY1A/100 £0.32 
200 THY1A/200 £0.37 
400 THY1A/400 £0.44 
600THY1A/600 £0.52 
800 THY A/800 £0.67 

3 amp TO 66 Caw 
Volts No. Price 

50 THY3A/50 £0.32 
100THV3A/100 £0.35 
200 THV34/200 £0.38 
400 THY3A/400 £0.48 
600 THV3A/600 £0.58 
800 THY3A/800 £0.75 

5 amp TO 66 Caw 
Volts No. Price 

50 THYSA/50 £0.41 
100 THY5N100 £0.52 
200 THY5A/200 £0.58 
400 THY5N400 £0.66 
600 THY5N600 £0.79 
800 THY5N800 £0.93 

5 amp TO 220 Case 
Volts No. Price 
400 THY54/400P £0.86 
600 THY5A/600P 60.79 
800 THY5A/800P £0.93 

7 amp T048 Caw 
Volts No. Price 

50 THY7A/50 £0.55 
100THY7A/100 £0.59 
200 THY7N200 £0.66 
400 THY7A/400 £0.71 
600 THY7N600 £0.90 
800 THY74/800 £1.06 

10 amp TO 48 Case 
Volts No. Price 

50THY10A/50 £0.59 
100THY10A/100 £0.68 
200THY10A/200 £0.71 
400 THY10A/400 £0.81 
600THY10A/600 £1.14 
800THY10A/800 £1.40 

18'emp TO 48 Caw 
Volta No. Price 

50THY16A/50 £0.62 
100THY16AJ100 £0.67 
200THY16A/200 E0.71 
400 THY16A/400 £0.89 
600 THY16A/600 £1.04 
800THY16A/800 £1.600 

30 imp TO 94 Caw 
Price 
£1.38 
£1.64 
£1.87 
£2.06 
£4.03 

Price 
£0.92 
£0.92 
£1.44 
£1.07 
£1.13 
£0.81 
£0.89 
£0.38 
£0.53 
£0.69 
£1.73 

50 THY30A/50 
100 THY30AJ 100 
200 THY30A/200 
400 THY30A/d00 
600 THY30A/600 

No. 
8T101/500R 
BT102/500R 
BT106 
81107 
BT1o8 
2N3228 
2N3525 
BTX30/50L 
BTX30/400L 
C106/4 
BT116 

ZENER DIODES 
400 mw (Bzy88) D007. Glass encapsulated range of 
voltages available. 1.3v, 2.2v, 2.7v, 3.3v, 3.9v, 4.3v, 4.7v, 
5.1v, 5.6v, 6.2v, 6.8v, 7.5v, 8.2v, 9.1v, 10v, 11v, 12v, 13v, 
15v, 16v, 18v, 20v, 22v, 24v, 27v, 30v, 33v. 39v. 

No. 24 10p 
1w -1,5w Plastic end Metal encapsulated. Range of 
voltages available. 1.3v, 2.2v, 2.7v. 3.3v, 3.9v, 4.3v, 4.7v, 
5.1v, 5.6v, 6.2v, 6.8v, 7.5v, 8.2v, 9.1v, 10v, 11v, 12v, 13v, 
15v, 16v, 18v, 20V, 22v, 24v, 27v, 30v, 33v, 43v, 47v, 51v. 
68v, 72v, 75v, 82v, 91v, 100v. No. 213 18p 
10w Metal stud type SO10 case. Range of voltages 
available. 1.3v, 2.2v, 2.7v, 3.3v, 3.9v, 4.3v, 4.7v, 5.1v, 
5.6v, 6.2v. 6.8v, 7.5v, 8.2v, 9.1v, 10v, 11v. 12v, 13v, 15v, 
16v, 18v, 20v, 22v, 24v, 27v, 30v, 33V, 43v, 47v, 510, 68v, 
72v, 75v, 82v, 91v, 100v. No. 210 hep 

BRIDGE RECTIFIERS 
SILICON / amp 
Type No. 

50v RMS R1/50 
100v RMS BR1/100 
200v RMS BR1/200 
400v RMS BR1/400 

SILICON 10 amp 
Type Pio. 

50v RMS B010/50 
200v RMS 8810/200 

SIMCON 2 amp 
Price Type No. Price 
£0.23 50v RMS BR2/50 £0.52 
£0.25 100v RMS 802/100 £0.55 
£0.29 200v RMS BR2/200 £060 
£0.41 400v RMS BR21400 £0.67 

1000v RMS 882/1000 £0.78 

SILICON 25 amp 
Price Type No. Price 
£1.73 50v RMS 8825/50 £2.19 
£1.96 200V RMS BR25/200 £2.53 

All prices include VAT: Add 50p post per order - Just quote your Access or Barclaycard number. 
Terms: Cash with order, cheques, POs, payable to Bi -Pak at above address 

Access and Barclaycard also accepted 
WOMB 
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DO YOU EVER WISH YOU HAD A FEW MORE HANDS? 

ABSONGLEN LIMITED 

ANNOUNCE THE NEW MIN1BENCH 
SYSTEM 

Just a squeeze needed to clamp or release the circuit board. 

Adjustable minimum jaw aperture. 

Jaws flip over for work on either side of circuit board. 

Rubber lined jaws for circuit board protection and maximum grip. 

Single wing nut adjusts fiction control of jaw setting. 

Crocodile clips mounted on flexi-arms hold components exactly where needed. 

Crocodile clip can be used as a heat shunt. 

Lens similarly mounted is ideal for close work and spotting those solder bridges. 

Flexi-arms are mounted on the jaw assembly to keep station with circuit board. 

6 separate flexi-arm mounting positions. 

A typical configuration would include 2 flexi-arms with clips and one with lens. 

Attractive two tone stove enamelled finish. 

Built to last a lifetime. 

SEE US ON STAND 21 at the ARRA Exhibition at the Granby Halls, 
LEICESTER, on the 6th, 7th, 8th NOVEMBER. 

* MKII 

PATENTED 

MINIBENCH MKII £12.95 FLEXI-ARMS WITH CLIPS £4.75t FLEXI-ARMS WITH LENS £5.75 t P. & P. £2.00 

ABSONGLEN LTD. (Dept. REC) THE FORGE, STAPLOW, Nr. LEDBURY HEREFORDSHIRE HR8 1 NP 

TRADE MARK t PRICE APPLICABLE TO MINIBENCH PURCHASERS ONLY 
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COMPUTERS AUDIO RADIO MUSIC LOGIC TEST GEAR CB GAMES KITS 

26th Nov - WEDNESDAY - 10am-6pm 
*Be 27th Nov - THURSDAY - 10am-8pm 

28th Nov - FRIDAY - 10am-6pm 
29th Nov - SATURDAY - 10am-6pm 
30th Nov - SUNDAY - 10am-4pm 

COMPONENTS DEMONSTRATIONS SPECIAL OFFERS MAGAZINES BOOKS 

Royal Horticultural Halls Elverton Street 
Westminster London SW1 
November 26-30 1980 

It's all at Breadboard '80 
This is the exhibition for the electronics enthusiast. From 
November 26 -30 there is only one place in the universe for the 
electronics enthusiast to be - Breadboard '80, at the Royal 
Horticultural Hall in London. The majority of leading companies will 
be exhibiting, including all the top monthly magazines in the field. 
There will be demonstrations on most stands and many feature 
special offers that are EXCLUSIVE to Breadboard! 

All aspects of this fascinating field are catered for, from CB to 
home computing, so whether you want to buy a soldering iron or a 

synthesiser - or just keep up to date with your hobby - don't 
miss Breadboard '80. 

r- - - ...... 
AVOID QUEUES - GET ADVANCE TICKETS 

Send to: Advance Tickets, Modmags Ltd, 
145 Charing Cross Rd, London WC2H OEE 

Please send 

TO: 

tickets@ £1.50 

tickets@ £1.00 (Student/Child/OAP) 

I enclose P.O./Cheque for£ 

RADIO AND ELECTRONICS CONSTRUCTOR 

www.americanradiohistory.com



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 sob -spec or 
nobraod,d devices. All our part. ere guaranteed new. first quality. factory prima, full spec device.. h Is also our policy to offer you the best of new devices that become available and these ere featured regularly. Prices are. 
exclu,less of pap and VAT- please refer to "Ordering Information' before ordering. Official orders hem Schools, 
Colleges. Univershle. and Gov. Authorities ...med. 

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 

lip 
12p 
12p 
13p 
17p 
18p 
16p 
18p 
28p 
,6p 
18p 
25p 
18p 
68p 
75p 
32p 
32p 
40p 
40p 
35p 

SOP 
500 
45p 
35p 
45p 
90V 
55p 
45p 
50p 

100p 
100p 
140p 
120p 

Sop 
90p 

74LS 
741500 
741501 
741504 
741508 
741510 
741511 
74/512 
741014 
741515 
741520 
741530 
741532 
741540 
741_542 
741547 
741548 
741549 
741573 
741574 
741575 
741586 
74L590 
7415107 
7415123 
7415125 
74/5132 
7415138 
7415151 
7415153 
7415155 
7415161 
7415163 
741_5164 
7415168 
7415174 
7415175 
7415195 
7415221 
7415244 
741.0245 
7415251 
7415257 
7415290 
7415293 
74/5366 
7415373 
7415374 
741.0375 
7415377 
7415393 
7415490 
7415670 

lap 
12p 
15p 
20p 
19p 
30p 
30p 
600 
38p 
19p 
19p 
25p 
26p 
56F 
78p 
85p 
99p 
30p 
30e 
390 
39p 
40p 
40p 
69p 
Sop 
79p 
69p 
75p 
75p 
65p 
78p 
90p 
90p 

190p 
9sp 
99p 
87p 

110p 
175p 
3250 
120p 
110p 
95p 

120p 
57p 

170p 
170p 
140p 
1 

136p 
140p 
260p 

CMOS 
4001 
4002 
4006 
4007 
4008 
4009 
4010 
4011 
4012 
4013 
4014 
4015 
4016 
4017 
4018 
4019 
4020 
4021 
4022 
4023 
4024 
4025 
4026 
4027 
4028 
4029 
4030 
4031 
4033 
4035 
4036 
4037 
4038 
4039 

19p 
19p 
750 
19p 

380p 5p 
45P 
20p 
24p 
38p 
70p 
75p 
35p 
Bep 

42p 
88p 

loop 
88p 
22p 
50p 
top 

130p 
45p 
75p 

s5op 
195p 
145p 
104p 
290F 
105p 
1100 
290p 

4040 
4041 
4042 
4043 
4044 
4045 
4047 
4048 
4049 
4050 
4051 
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 

4501 
4502 
4503 
4507 
4508 
4510 
4511 
4512 
4514 
4515 
4516 
4518 
4520 
4521 
4526 
4527 
4528 
4529 
4531 
4532 
4538 
4543 
4556 
4560 
4569 
4072 
4584 
4585 

99p 
75p 
73p 
86p 
88p 

160p 
99P 
56p 
38p 
40p 
69p 
75p 
73p 

1110 
121p 
121p 
560p 
112p 
112p 
58p 

422p 
19p 
19p 
28p 
25p 
25p 
20p 
â8p 
23p 
29P 
23P 
25p 
86p 

130p 
68p 

225p 
99p 

325p 
110p 
160p 

25p 
112p 

68p 
52p 

288p 
76p 

125p 
lop 

250p 
290p 
109p 

99p 
230p 
105p 
130p 

99p 
140p 
150p 
125p 
150p 
160p 
70p 

225p 
240p 

46p 
79p 

125p 

MEMORIES 

71141 300 NS 250p 
21141.450 NS 225p 
4116 150 NS 375p 
4116 200 55 275p 
6514 Ilk x 41 CMOS RAM 
450 NS 550p 
4315 (4k x 11 CMOS RAM 
450 NS 995p 

EPROMS 

1702A 45op 
2708 450 NS 395p 
27165V450NS 595p 
253232K450NS 1995p 

AV -5-1013A 325p 
AV -3.1015D 398v 
IM6402 IPL 425p 

CHARACTER 
GENERATOR 

00.3.2513 UC 450p 

CPU's 

6502 795p 
6504 796p 
6505 795p 
6800 895p 
6802 995p 
80808 525p 
80658 1095p 
Z80 795p 
2804 995p 
28001 12500p 
Z8002 9500p 
W090008 19900p 

SPECIAa_ OFFEß11. 
Compare our prices before you buy elsewhere! All devices are brand new, 
factory prime, lull spec and fully guaranteed 

2708 450 NS 395p 375p 350p 
MEMORIES 1 50+ 100.- 

2716 Single 5V 450 NS 
2532 Single 50 450 NS 

5960 
19950 

550p 
1895p 

495p 
14950 

2114L450NS 225p 200p 175p LINE ARS 
2114 l 300 NS 
4116 150 NS 

250p 
375p 

225p 
350p 

1950 
3250 

ICL7106 CPL 
LCD 106 3/ -digit 

575p 525P 4750 

4116 200 NS Coronas 275p 245p 195p LCD Display 5759 525p 475p 
6514 (TC 5514P) 1k x 4 
CMOS RAM 450 NS 5501e 525p 495e 

NE 555P 
723 

18p 
33p 

17p 
30p 

16p 
28p 

All prices exclude p&p and VAT. Please refer to 'Ordering Information' before ordering 
DON'T DELAY - BUY TODAY - SPECIAL OFFERS DON'T LAST FOR EVERI ! 

VOLTAGE 
REGULATORS 

55p 
65p 

575p 
625p 

IZMIZUZLZIMMM 
93448 512 it 8 40 NS 

.fs2aTrc ( Tr.:an1 a 

AY -5-2376 795p 

FLOPPY DISK 
CONTROLLERS 

FD1771 8-01 S/D Inverted 
Bus 2995p 
FD1791 8-01 DID Inverted 
Bus 4995p 
F01792 B-01 S/D Inverted 
Bus 3495p 
F01793 8.01 D/D True 
Bus 5495p 
FD1794 B.01 570 True 
Bus 3495p 
F01795 B D/D Inverted 
Bus, side select 5995p 
F01797 B D/D True Bus, 
side select 5995p 

74C 
74C20 
74C76 
74C85 
74C97 
74096 
74C107 
74C160 
74C161 
74C162 
74C163 
74C192 
74C193 
74C194 
74C195 
74C903 

30p 
60p 

145p 
125p 
125p 
100p 
110p 
145p 
1450 
145p 
175p 
175p 
175p 
175p 
45F 

LINEAR IC's 
AV,3,1350 
AV -3-8910 
709 
723 
741 
C1 7106 
CL7107 
CL8038 
CM7216A 
CM7216B 
CM7555 
LM301AM 
LM311 
04318 
LM324 
LM339 
LM380 
LM1496 
LM1871 
1241872 
LM3990 
LM3914 
LM3915 
LM13600 
NE555 
NE556 
RC4136 
SN76477N 
TBA810DA5 
71071 
71074 
71082 
T/084 
TL490 
XR2206 
XR2207 

6520 
6522 
6532 
6551 
6810 
6820 
6821 
6850 
6852 
8212 
8214 
8216 
8224 
8228 
8251 
8253 
8255 
8257 
8259 
MC 14412VL 
280 PIO 
Z80 CTC 
Z80A PIO 
Z80A CTC 
Z80 DMA 
280A DMA 
Z80 010/0 
2804 510/0 
280 510/1 
ZBOA S10/1 
Z80 510/2 
Z80A 510/2 

695p 
850p 
30p 
33p 
189 

575p 
B95p 
295p 

1875p 
1675p 

B0p 
30p 

5500p 

p 
45p 
45F 
65p 
66p 

550p55 

sop 
225e 
225p 
125p 

tap 
50p 
85p 

175p 
85p 
55p 

1300 
75p 

110p 
175p 
325p 
3750 

DIL SWITCHES 

4 pole 
6 pole 
8 pole 
10 pole 

99p 
115p 
140p 
175p 

495p 
795p 
895p 

1095p 
375p 
425p 
425p 
425F 
425p 
396p 
450p 
395p 
395v 
395e 
496p 

1125p 
495p 

10500 
1325p 
797p 
595p 
5950 
695p 
695p 

1995p 
2495p 
2995p 
3495p 
29950 
3495P 
2995P 
3495P 

INTERFACE 
LINEAR 

MC1488 
MC1489 
DM8123 
75150 
75154 
75182 
75322 
75324 
75325 
75361 
75365 
75451 
75491/2 
8726 
8728 
8795 
8T97 

LEDs 
711209 
TI1211 
TIL212 
711220 
'111222 
T1L224 

DISPLAYS 
WIC/500 
F90510 
FND567 
01704 
01707 
MV57164 

90p 
90p 

125p 
125p 
125p 
1950 
250p 
3250 
325p 
350p 
295p 
sop 
75p 

175p 
175p 
175p 
175p 

9p 
13p 
15p 
12p 
15p 
í9p 

Bop 
80p 

12S0 
Bsp 
85p 

225p 

ISOLATORS 
ILD74 120p 
6074 325p 
MCT6 90p 
n111í 75p 

7805/7812 
7905/7912 
786O5SC 
78HGKC 

93453 1 k x 4 40 NS p.o... 
93451 1 k x 8 45 NS p.o.a. 
93511 2k x 8 50 NS p.o.a. 

STEREO! 
S100 SOUND COMPUTER BOARD! 

At last, an S-100 Board that unleashes the full power of two unbelievable General Instruments AY -3-8910 NMOS 
Computer sound IC's. Allows you under total computer control to generage an infinite number of epeciel sound 
effects for games or any other program. Sounds can be celled in BASIC, ASSEMBLY LANGUAGE, etc. 
KIT FEATURES 
'Two GI Sound computer IC'. (AY -3-89101 
'Four parallel I/O port* on Board 
Uses on Board audio Amp. or your STEREO 
On Board proto typing area 
'All cockers, parts end hardware ere included 
PC Board ie eoldermesked, silk .reened with gold contact. 
'Easy, quick and fun to build, with full instruction 
'Uses Programmed I/O for maximum ayetem flexibility 
'Both BASIC and ASSEMBLY language programming exemplee are included 
COMPLETE KIT ONLY £59,96 includes 60 page date Menual 
BARE BOARD .. ONLY E25.00 includes 60 page dote Manual 
AV -3-8910 chip special price with purchase of BARE BOARD (2 chipe) £15. 

SO 
SCL is now available) Our Sound Commend Language makes writing 

Memory 
-Mo Effects Dr -Me e ry,SNAPS LSC1 

also include. routines for edi koOeor 270 /2716!0 -£19a5, 2 -£1odity d 716 -Memory. SCL s 
available one sour .compatiblediskette or 080011. Diskene - E1B.95, 2708 - E74.95, 2]16- E24.95. Oi.kene 
includes the source. EPROM'S are ORG et EOOOM. 

SE 01 Sound Effects 
Kit 
The SE -01 is a complete kit that contains 
all the pans to build a programmable 
effects generator. Designed around the 

w Texas Instrument. SN 76477 Sound 
Chip, the board provides banks of MINI DIP 
switches end pots to program the various 
Nombinations of the 91F Oscillator, VCO, 

oises, One Shot, and envelope Controls. 
A quad Op Amp IC is used to implement en 
Adjustable Pulse Generator, Level Com- 
parator 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 Exploeian, Pheser Guns, Steam 
Trains, or almost an infinite number of 
other sounds. The unit has a multiple of 
applications. The low price includes all 
parts. assembly manual, programming 
charts. and detailed 76477 chip specifica- 
tions. it runs on a 9V Sanely (not included). 
On board 100MW amp will drive a small 
speaker directly, or the unit can be co 
nected to your stereo with incredible 
results (Speaker not included). 

COMPLETE KIT ONLY £14.99 
P&P 670 plus VAT 

EXCITING, ENTERTAINING SOFTWARE FOR THE APPLE il AND APPLE 
II PLUS! ! 

ASTEROIDS IN SPACE! H ! 

If you liked 'Invaders' you'll love ASTEROIDS IN SPACE by Bruce Wallace. Your spaceship 
is travelling in the middle of a shower of asteroids. Blast the asteroids with lasers, but 
beware - BIG ASTEROIDS FRAGMENT INTO SMALL ASTEROIDS! The Apple game 
paddles allow you to rotate your spaceship, fire its laser gun, and give it thrust to propel it 
through endless space. From time to time, loo, you'll encounter an alien spaceship whose 
mission is to DESTROY YOU, so you'd boner destroy it first! High resolution graphics and 

sand effects add to the arcade -like excitement this program generates. RIJNS ON ANY 
APPLE II WITH AT LEAST 3211 AND ONE DISK DRIVE, 

ON DISKETTE ONLY £14.95 

BOOKS (continued) 
21612 Oscilloscope Applications & 

Experiments £6.75 
21635 99 Practical Electronics Projects 

2nd Ed. £3.75 
21599 Practical Low -Cost IC Projects 2nd 

Ed. £3.50 
21557 Practical RF Communication Date 

for Engineere and Technicians 
£6.75 

21482 Regulated Power Supplies 2nd Ed. 
£7.50 

21419 Security Electronics 2nd Ed. £4.50 
21621 Solar Heating 6325 
21035 TTL Cookbook £725 
21103 Troubleshooting with the Oscillo - 

Scope 3rd Ed. £4.50 
21313 TV Typewriter Cookbook £7.50 
21339 Video Security Syetems £5.25 
21521 Video Tape Recorders £7.50 

6809 S-100 SINGLE -BOARD COMPUTER 
'Meets IEEE 5,100 Standard! 
'Uses Motorola's Powerful MC6809 CPU) 
'411, 8K, 16K ROM! 
'2K RAMI 
'ACTA, PIA, 8080 Simulated I/O! 
'RS -- 232 Handshake! 'Selectable BAUD Rates. 
'Manual includes' 11" x 7" Schemalic, Parts List, 
User Notes, Software Listings and MOREL 

All this, yet for only £49! 
(plus p&p £1.00) 

(UNIVERSAL SCR) 
C1060400V/5A Sale 30p 

NEW FROM INTERSIL 
ICL 7660 VOLTAGE CONVERTER 

The Intersil ICL7660 is e monolithic MAXCOMOS power supply circule which offers unique 
performance advantages over previously available devices. The ICL7660 performs the 
complete supply voltage conversion from positive to negative for en input range of 1.5V 
to +10.0V, 10001 -rig in complementary output voltages of -1,5 to -10.0V. 

FEATURES 
'Simple Conversion of .5V Logic Supply to *5V 
Supplies. 
'Simple Voltage Multiplication IVOUT = (-) 
nVINI 
'99.9% Typical Open Circuit Voltage Con- 
version 
'98%Typ ical Power Efficiency 
'Wide Operating Voltage Range 1.5V to 10.0V 
'Easy to ose - Requires only 2 External Non - 
Critical Passive Components 

APPLICATIONS 
'On Board Negative Supply for up to 64 
Dynamic RAMs. 
Localized -Processor /0080 type) Negative 
Supplies 
Inexpensive Negative Supplies 
Oeta Acquisition Systems 

ONLY £1.95 EACH 

j4 G? 
AY-3-8910are 

tweet 

THE NEW GI COMPUTER 
SOUND CHIP 

The amazing AV -3-8910 is e fantastically 

p 
Powerful 
erfect forsuse with any 8 -bit microound 

and music 
pro. 

censor. Contains 3 tone channels, noise 
generator, 3 channels of amplitude co- 
trol., 16 -bit envelope period control, 2 

parallel I/O, 313/A cony rtera plus much 
more. All in 40 pin DIP. Super eery to 
interface to the 5,100 or other Busses. 
ONLY £8.50 plus VAT, including FREE 
reprint of BYTE '79 article) Also, add 82.25 
for 66page data manuel. 
"Perhap. the next famous composer will 
not direct e 150 -piece orchestre but, rather, 

trio of microcomputer, controlling e 

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

AUTORANGING, AUTO UNIT DISPLAY, 3S -DIGEST LCD DMM for 
ONLY £39.95 inc. VAT! 
The nationally advertised 6200, giving 200mA AC/DC current measurement; AC voltage to 
750V (DC to 10000); 100µA resolution and o.1 Ohm. - 2 Megohm.. Accuracy ie O.BYeand it 
displays my, V and mA. You won't find a cheaper DMM with these features AND beneries. test 
leads, spare fuse and one year guarantee are INCLUDED in the low, low price of jeer 

£39.95 in. VAT 

MUSIC FOR YOUR EARS 
Bullet's Electronic Music Maker TM Kit hee e single 28 Pin Microprocessor Chip with ROM that hes 
been programmed to play the first 6 to 10 notes of the 25 popular tunas listed below. Each tune can 
easily be addressed individually or played sequentially et the push of a bunon. The 3 chime 
sequences are activated at any time by separate switch closures, so wehen used a. a doorbell, one 
door can piss songs while two other. will play different chimes. The unit has e 5 watt audio Amp 
end will run on either 12 VAC or 12 VDC. Construction is very simple, works with any 8 or 16 ohm 
speaker, or horn speaker, (not included). Tunescan be remotely programmed using e single rotary 
switch, (not included), it desired. COMPLETE KIT £9.95. 240 V Transformer optional. 
Tunes: Toreador William Tell Hallelujah Chorus ' Ster Spangled Banner ' Yankee Doodle 
America America Deutschland Laid' Wedding March' Beethoven's 5th end 9th ' Hell's Bells La 
Vien en Rose' Star Wars Theme ' Clementine Marseillase ' O Sole Mio' Santa Lucie' The End' 
Blue Canube ' Brehms Lullaby ' Westminster Chime' Simple Chime' Descending Octave Chime' 
Augustine ' Jingle Bells God Save the Oueen Colonel Bogie. 

LOW PROFILE 
SOCKETS BY TEXAS SALE 
8 pin 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 

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 £10. If 
ordering by post with ACCESS. include name, address and card 
no. written clearly. Please allow 4/6 weeks 
delivery on books. 

ÍÌÌiCr 
Circuits 

DEPT. R.E.C. 2, 
4 Meeting Street, Appledore, 
Nr. Bideford, North Devon EX39 1RY. 
Tel: Bideford (02372) 79507 
Telex: 8953084 
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AND THERE'S MORE WHERE THIS CAME FROM 
It's a long time since one of our adverts was presented in 'list' form - but simply because we do not try to squeeze this lot in every time 
doesn't mean that it's not available. Our new style price list (now some 40 pages long) includes all this and more, including quantity prices 

and a brief description. The kits, modules and specialized RF components - such as TOKO coils, filters etc. are covered in the general price 
list - so send now for a free copy (with an SAE please). Part 4 of the catalogue is due out now (incorporating a revised version of pt.1). 
LINEAR ICs- NUMERIC LISTINGS TTL Nand LSN 
T8A120S 1.00 KB4413 1.95 
L200 1.95 K84417 1.80 7400N 0.13 

U237B 1.28 TDA4420 2.25 741500 0.20 

U2478 1.28 KB4420B 1.09 7401N 0.13 

U257B 1.28 KB4423 2.30 74LS01 0.20 
U2678 1.28 KB4424 1.65 7402N 0.14 

IM301H 0.67 KB4431 1.95 741502 0.20 

1M301N 0.30 KB4432 1.95 740319 0.14 
LM308H 0.96 KB4433 1.52 741503 0.20 

LM308N 0.65 KB4436 2.53 7404N 0.14 
IM339N 0.66 0B4437 1.75 741504 0.24 
LM348N 1.86 K84438 2.22 7405N 0.18 
LF351N 0.38 KB4441 1.35 74IS05 0.26 
LF353N 0.76 K54445 1.29 7406N 0.28 
IM374N 3.75 0B4446 2.75 7407N 0.38 
IM380N-14 1.00 084448 1.65 7408N 0.17 
LM380N-8 1.00 NE5044N 2.26 741,008 0.24 
LM381N 1.81 NE5532N 1.85 7409N 0.17 
ZN419CE 1.95 S126000 3.75 741509 0.24 
NE544N 1.80 SL6270 2.03 7410N 0.15 
NE555N 0.30 SL6310 2.03 741510 0.24 
NE556N 0.50 01.6600 3.75 741104 0.20 
1,105600 3.50 51.6640 2.75 741511 0.24 

NE562N 4.05 SL6690 3.20 7412N 0.17 
NE564N 4.29 SL6700 2.35 7413N 0.30 
NE565N 1.00 ICL8038CC 4.50 7414N 0.51 

NE566N 1.60 MSL9362 1.75 74íS15 0.24 
NE570N 3.85 MSL9363 1.75 7416N 0.30 

S1.624 3.28 HA11211 1.95 7417N 0.30 
TBA651 1.81 HA11223 2.15 7420N 0.16 
uA7091C 0.64 HA11225 1.45 741520 0.24 
uA709PC 0.36 HA12002 1.45 742119 0.29 
uA7101iC 0.65 HA12017 0.80 741521 0.24 
uA710PC 0.59 HA12402 1.95 742344 0.27 
uA74101 0.66 HA12411 1.20 7425N 0.27 
uA741J4 0.27 FIA12412 1.55 7427N 0.27 
uA74704 0.70 LF13741 0.33 741527 0.44 
uA748CN 0.36 SN76660N 0.80 7428N 0.35 
uA753 2.44 741528 0.32 

FREQUENCY DISPLAY uA758 2.35 743Qí 0.17 
TBA810AS 1.09 & SYNTHESISER ICs 741530 0.24 
TBA820M 0.75 74354 0.25 
1CA940E 1.80 c051056 3.75 744532 0.24 
T0A1028 2.11 SAA1058 3.35 7437N 0.40 
TDA1029 2.11 SAA1059 3.35 7438N 0.33 
TDA1054 1.45 11C9000 14.00 741.538 0.24 
TIR1062 1.95 LEII232 19.00 7440N 0.17 
TIR 1072 2.69 LN1242 19.00 741540 0.24 
TOA1074A 5.04 1151.2318 3.84 7441N 0.74 
T1R1083 1.95 11345523 11.30 7442N 0.70 
TLR1090 3.05 11945524 11.30 74[542 0.99 
HA1137 
HA1196 

1.20 
2.00 

M345525 7.85 
M345526 7.85 

HA1197 1.00 11915527 9.75 4043 0.85 

10411220 1.40 M3155271 9.75 4044 0.80 

LM1303 0.99 ICM7106CP 9.55 4046 1.30 

IM1307 1.55 ICM7107CP 9.55 4047 0.99 

MC1310P 1.90 ICM7216B 19.25 4049 0.52 

MC1330 1.20 ICM7217A 9.50 4050 0.55 

MC1350 1.20 SP8629 3.85 4051 0.65 

HA1370 1.90 SP8647 6.00 4052 0.65 

HA1388 2.75 951190PC 6.00 4053 0.65 

TDA1490 1.86 HI10551 2.45 4063 1.09 

MC1496P 1.25 Hí44015 4.45 4066 0.56 

SL1610P 1.60 11(112009 6.00 4068 0.25 

SL1611P 1.60 H044752 8.00 4069 0.20 

SL1612P 
SL1613P 

1.60 
1.89 

4070 
4071 

0.20 
0.20 

SL1620P 2.17 CMOS 4000 SERIES 4072 0.20 

SL1621P 2.17 4073 0.20 

811623P 2.24 4001 0.17 4075 0.20 

SL624C 3.28 4000 0.17 4076 0.90 

SL1625P 2.17 4002 0.23 4077 0.20 

SL1626P 2.44 4008 0.80 4078 0.20 

SL1630P 1.62 4009 0.58 4082 0.20 
SL1640P 1.89 4010E 0.58 4093 0.78 

SL1641P 1.89 40110E 0.20 4175 0.95 

TIR2002 1.25 4011B 0.20 4503 0.69 

TDA2020 3.00 4012 0.55 4506 0.51 

ULN2242A 3.05 4013 0.55 4510 0.99 
UIN2283B 1.00 4015 0.95 4511 1.49 

CA3080E 0.70 4016 0.52 4512 0.98 

CA3089E 1.84 4017 0.80 4514 2.55 
CA3D90A0 3.35 4019 0.60 4518 1.03 

CA3123E 1.40 40208 0.93 4520 1.09 
CA3130E 0.80 4021 0.82 4521 2.36 

CA3130T 0.90 4022 0.90 4522 1.49 

CA3140E 0.46 4023 0.17 4529 1.41 

CA3189E 2.20 4024 0.76 4539 1.10 

MC3357P 2.35 4025 0.17 4549 3.50 

IM3900N 0.60 4026 1.80 4554 1.53 

1243909N 0.68 4028 0.72 4560 2.18 
1M3914N 2.80 4029 1.00 4566 1.59 

1M3915N 2.80 4030 0.58 4568 2.18 

084400 0.80 4035 1.20 4569 3.03 

KB4406 0.60 4040 0.83 4572 0.30 

084412 1.95 4042 0.85 4585 1.10 

7443N 1.15 
7444N 1.12 
7445N 0.94 
7446N 0.94 
741547 0.89 
7448N 0.56 
741548 0.99 
741049 0.99 
7451N 0.17 
741551 0.24 
7453N 0.17 
7454N 0.17 
741.054 0.24 
741555 0.24 
7460N 0.17 
741563 1.24 
7470N 0.28 
7472N 0.18 
7473N 0.32 
741573 0.38 
7474N 0.27 
74LS74 0.28 

7475N 0.38 
7476N 0.37 
741576 0.38 
74L578 0.38 
7480N 0.48 
7481N 0.86 
7482N 0.69 
7485N 1.04 
74LS85 0.99 
741586 0.40 
7489N 2.05 
74908 0.33 
74LS90 0.90 
7491N 0.76 
741591 1.10 

7492N 0.38 

741592 0.78 
7493N 0.32 
741593 0.99 

7494N 0.78 
7495N 0.65 
74LS95 1.14 
7496N 0.58 
741596 1.20 
7497N 1.85 
7415107 0.38 
74109N 0.63 
7415109 0.70 
74110N 0.54 
74111N 0.68 

74[5112 0.38 
7415113 0.38 
7415114 0.38 

74118N 0.83 
74120N 1.15 
74121N 0.42 

74122N 0.46 
741234 0.73 
741.0124 1.75 
74125N 0.38 
7415125 0.44 
74126N 0.57 
7415126 0.44 
74128N 0.74 
74132N 0.73 
7415132 0.78 
7415136 0.40 
7415138 0.60 
74141N 0.56 
74142N 2.65 
74143N 3.12 

74144N 3.12 

7415145 0.97 
741470 1.75 
74148N 1.09 
7445148 1.19 
74150N 0.99 
74151N 0.55 
7415151 0.84 
74153N 0.64 
74[S153 0.54 
74154N 0.96 
74155N 0.54 
7416155 1.10 
74156N 0.80 
74157N 0.67 
74íS157 0.55 
7415158 0.60 
74159N 2.10 
74160N 0.82 
7415160 1.30 
7416119 0.92 
7415161 0.78 
741E162 1.30 
74163N 0.92 
7415163 0.78 
74164N 1.04 
7415164 1.30 
74165N 1.05 
7415165 1.04 
74167N 2.50 

VOLTAGE REGULATORS 

78series 0.95 
79series 1.00 

78Mseries 0.65 
781series 0.35 
79105 0.85 
78MG.T2C 1.75 
79MGT2C 1.75 
723CN 0.65 
L200 1.95 

TDA1412 0.75 
NE5553N 1.25 
IM317MP 1.48 
1M337MP 1.48 

MICROMARKET 

8080A/2 
8212 
8214 
8216 
8224 

8251 
8255 

6800P 
6810 
6820 
6850 
6852 

MC2708 
2114 
4027 

2102 
2112 
2513 
HM4716 
811597 

7.50 

2.30 
3.50 
1.95 
3.50 

6.25 
5.40 

7.50 
5.95 
7.45 
4.90 
4.85 

7.50 
6.50 
5.78 

1.70 
3.40 
7.54 
4.50 
1.25 

7415169 2.00 
74170N 2.30 
74LS170 2.00 
74[5174 1.20 
74175N 0.87 
7415175 1.10 
74176N 0.75 
74177N 0.78 
74181N 1.65 
7415181 3.50 
7415183 2.10 
74184N 1.35 
74185N 1.34 
7415190 0.92 
74192N 1.05 
7415192 1.80 
74193N 1.05 
7415193 1.80 
74194N 1.05 
74196N 0.99 
7415196 1.10 
74LS197 1.10 
74198N 1.50 
74199N 1.60 
7415247 0.93 
7415257 1.08 

74[5260 1.53 
7415279 0.52 
7415283 1.20 
7415293 0.95 
7415365 0.49 
7415366 0.49 
7415367 0.43 
7410368 0.49 
74L0374 1.80 
74LS377 1.95 
74LS379 1.30 
74[5393 1.40 

TUNING DIODES 
BA102 0.30 
BA121 0.30 
ITT210 0.30 
882048 0.36 
13810513 0.36 
BB109 0.27 
MVM125 1.05 
BB212 1.95 
KV1210 2.45 
KV1211 1.75 
KV1226 1.95 
KV1225 2.75 
KV1215 2.55 
KV1225 2.75 

SWITCHING AND 
PIN DIODES 
SHOTTKY DIODES 
186263 0.62 
BA182 0.19 
ßA244 0.17 
BA379 0.35 
35141061 0.95 

SIGNAL DIODES 
& RECTIFIERS 
154148 0.06 
1194001 0.06 
1194002 0.07 
1195402 0.15 
0091 0.07 
AA112 0.25 
BRIDGES: 

1A/50V 0.35 
6A/200V 0.75 

TOKO COILS AND FILTERS 
SEE THE EXTENSIVE SECTION 
IN OUR NEW PRICE LISTS AND 
CATALOGUE 

LF/HF FIXED INDUCTORS 
-FULL E12 RANGE 
780 series luH-lnlí 0.16 

8R8 series 
100u14 -33m} 0.19 

10RB series 

33mH-120n11 0.33 
10058 series 
120nH-1.58 0.55 

PIETA SOUNDER 
PB2720 0.44 

CRYSTAL FILTER PRODUCTS LEDs 

SMM RID 0.12 
3MM RED CI.FBR 0.15 

3MM RED 0.15 

2.5 X 5MM RED 0.17 

5MM GREEN 0.15 

3MM (54 CLEAR 0.16 

3MM GREEN 0.16 

2.5 X 5Mí4 (N 0.20 

5MM YELLOW 0.15 
3MM YELLOW CL 0.16 
3MM YELLOW 0.18 
2.5 X 5147 YE 0.20 
5MM (*ANGERED 0.20 

5MM ORA CL 0.29 
3MM C1RAi4GÉRED 0.19 
2.5 X 514M ORA 0.24 
5MM INFRA RED 0.56 
BPW41 IR DET 1.51 
IR CPT CPI* 1.44 
5MM CLIP 0.04 

LCD> 

3.5 digit 
4 digit 
5 digit 

10.7MHZ 2 ROLE TYPES: 
10M15A 15KHZ B4 2.49 
10.7MHZ 8 FOIE TYPES: 
10M4B1 15kHz BI 14.50 
H4402 7.5KHZ BW 15.50 
10M22D 2.4KHZ SSO 17.20 
HF FIRST FILTER: 
B34F8A 34.5EHz HF 32.00 

RADIO CONTROL CRYSTALS 

(Np splits available) 

AM TX: - 

3rd OT 30pF 1C25Ú 1.65 
AM/ET4 RX:- 

3rd OT 30pF 10252 1.65 

FM TX :- 

Fund 20pF 11C251.1 1.85 

Pairs FM 3.25 

Pairs AM 3.10 

CRYSTALS 
32.768 kHz 2.70 
100k11Z 3.85 
455kHZ 5.00 
1.0MHz 3.00 

3.2768Miz 2.70 
4.000Miz 2.00 
4.19439MHz 2.30 
6.5536Miz 2.10 
10.0MIz 2.50 
10.6985MHz 2.50 
10.701511íz 2.50 

10.245MHz 2.50 
10.7MHz 3.00 

11.52MHz 2.50 
100MHz 3.00 

9.45 
8.95 
8.95 

SCHOl'B(Y DIODE BAL 

MIXERS (013L1410108) 

SBL1 1-500MHz 4.25 
SBL1-8 .1-200Miz 4.55 

SBL1-X 10-1000MHZ 5.75 
SRA1 .5-500MHz 8.45 
SRA1-1 .1-500MHz 9.25 
SRA1H .5-500Miz 13.35 
SRA3 .025-200MHz 10.25 

VARICAP TRANSISTORS CAPACITORS 
AUDIO DEVICES 
BC237 0.08 
BC238 0.08 
BC239 0.08 
BC307 0.08 
BC308 0.08 
BC309 0.08 
BC413 0.10 
BC414 0.11 
BC415 0.07 
BC416 0.08 
BC546 0.12 
BC556 0.12 
BC550 0.12 
BC560 0.12 
BC639 0.22 
BC640 0.23 
2cY9775 0.18 
2SA872A 0.14 
2S1:666A 0.30 
258646A 0.30 
2SD668A 0.40 
2SB648A 0.40 
29E760 0.45 

256720 0.45 
28(2546 0.19 
25A1084 0.20 
2SC2547 0.19 
2501085 0.20 

AUDIO POWER 
DEVICES 
258753 2.34 
258723 2.34 
2SK133 3.00 
29J 48 3.00 

250134 3.10 
2SK135 3.75 
2SJ 50 3.75 
80535 0.52 
BD536 0.52 
BD377 0.33 

80378 0.33 
BD165 0.30 
80166 0.31 

SMALL SIGNAL 
RF DEVICES 

0E194 0.18 
8E195 0.18 
BF224 0.22 
8E241 0.18 
BF274 0.18 
8E440 0.21 
13E441 0.21 
BF362 0.49 
8E395 0.18 
8E479 0.66 
BF6795 0.55 
BF/191 1.33 
BE1W92 0.60 
8FT95 0.99 
BFY90 0.90 
40238 0.85 
RFPOWER 
DEVICES 

All 5mm or less spacing 

CEHAf4I0 50v 
252, 353, 417, 658 

8P2,10P,155,18P..0.04 
221, 27P,33P,475 
56P, 681, 821, 1OOP.0.05 
150P,220P,270P 
330P,390P,470P...0.055 
1N0,2N2,3N3,4N7..0.06 
ION (0.01uF)....0.05 

224,478 0 06 
100N,220N 0 09 

MONOLITHIC CERAMIC 
lO19,100N 0 16 

FEEDTHR) 

1190 SOLDER IN....0.09 

POLYESTER (SIeMENS) 
10mn LEAD SPACING 

1ON,2204,3311 0 17 

47N,68N,100N 0 19 

2205,47014 0 22 

.1uF 0 29 

POLYESTER (GENERAL) 

lOma LEAD SPACING 
1019,1517,2214319..0.06 
47N,68N,100N 0 08 

220N 0 11 

20mn LEAD SPACING 
220N,330N,470N...5.18 

MYLAR 
Seen LEAD SPACING 
IN0,10N,22s,33N..0.06 
100N 0 09 

20mn LEAD SPACING 
22019,47019 0.17 

POLYSTYRENE 
10P,155,18P,22P, 
27P,47P',56P,68P..0.08 
100P,180P,220P, 
270P,33OP,390P...0.09 
470P,680P,820P...0.10 
1NO,1N2,1N5,1N8..0.11 
2N2,2N7,3N3,3N9..0.12 
4N7,5N6,6N8,10N 0.13 

TANTALUM BEAD CAPS 
16v: 0.22,0.33, 
0.68,1 0 0 18 
16v: 2.2,4.7,10..0.19 
6v3: 22,47 0 30 
10v: 22,100 0 35 

ALUMIN ELECTROLYTICS 
RADIAL (VERT. MOUNT) 
(uF/voltage ) 

1/63,2.2/50,4.7/35 
10/16,15/16,22/10 
33/6.3 - 0 08 

47/10'33/10, 0 09 
10/63,22/50,33/50, 
47/16,100/16 0 10 
47/63,100/25,220/16 

VN66AF 0.95 ( 470/6.3 0 12 
343866 0.85 100/63,470/16, 
SMALL SIGNAL 1000/10 0 18 

RF FET/MOSFET 1000/16,470/63...0.23 
1000/63,2200/16..0.30 
3300/2 0 69 
1000/105 0 0 88 
10000/70 3 00 

AXIAL (8019.12. MOUNT) 

1/25,4.7/16,6.4/25 
10/16 0 08 

4.7/63,22/10,22/16 
33/16 0 09 
47/25,100/16 0 10 

100/25 0 11 

1000/16 0 25 
2200/16,1000/5..0.36 
1000/35,4700/16..0.45 
1000/50 0 58 

8E256 0.38 
2SK55 0.28 

2SK168 0.35 
J310 0.69 

J176 0.65 
40823 0.65 
40673 3SIC51 

3SK45 0.49 
301(51 0.54 
35060 0.58 
MEM680 0.75 
BE961 0.70 
6E960 1.24 

351(48 1.64 

LCD Modula 

CM161. 
Miniature clock, 
12/24 hr., alarm, 
day, date, 
backlight 
All for 9.95 

RESISTORS 
0.25W, 5% E12 CARBON 
lahm -10M 0 02 

0.25W 1% E12 METAL FILM 

1.lohm-1M 0 05 

HORIZ CARBON PRESETS 

10ím TYPE 
100ohms-2M5 0 12 

80RIZ CERMET PRESETS 
lk, 10k 0 27 

Please send an 
SAE with all 
enquiries. 
Access/Barclaycd 
(min £5 please) 
Callers welcome 

PRICES EXCLUDE ADD 
Postage 35p per order. 4 please. lUK only) ambit 

INTERNATIONAL 

ONO PLEASE : Commercial MA terms on application. 
Goods are offered subiect to availability, prices subiect 
to change - so please phone and check if in doubt. 

200 forth Seruice Road, Brentwood, Essex 
TELEPHONE (STD 0277) 230909 TELEX 995194 AMBIT G POSTCODE CM144SG 

CATALOGUES 
2 & 3....60p ea 

4 75p 
(4 inc. rev, of 
part 1) 

ALL PARTS : 

£1.75 
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THREE FOR FRE 
FROM CS 

Np 
g26, 

See 
on ST RNEPpON 

Green 
Ny\1 at IN 

EXPERIMENTOR BREADBOARDS 
No soldering modular breadboards, simply plug 
components in and out of letter number identified 
nickel -silver contact holes. Start small and simply 
snap -lock boards together to build a breadboard of 
any size. 

All EXP Breadboards have two bus -bars as an integral 
part of the board, if you need more than 2 buses 
simply snap on 4 more bus -bars with the aid of an EXP 
4B. 

EXP 325 f1.60 The ideal breadboard ;itttpz: 
for 1 chip circuits. Accepts 8, 14, 16 and -C 1c f 
up to 22 pin ICs. Has 130 contact points "mítilil 
including two 10 point bus -bars. 

EXP 350 f3.15 Specially designed 
for working with up to 40 pin ICs 
perfect for 3 Et 14 pin ICs. 
Has 270 contact points including 
two 20 point bus -bars. 

EXP 300 £5.75The 
most widely 
bread -board in the UK 
With 550 contact 
points, two 40 point 
bus -bars, the EXP 300 will accept any size IC and up 
to 6 x 14 pin DIPS. Use this breadboard with 
Adventures in Microelectronics. 

EXP 600 £6.30 Most 
MICROPROCESSOR 
projects in magazines 
and educational books 
are built on theEXP 600 r 

EXP 650£3.60 Has .6"centre 
spacing so is perfect for 
MICROPROCESSOR applications. 

EXP 4B f2.30 Four 
more bus -bars in 

"snap -on" unit. 
rtrn ë .:, r 

The above prices are exclusive of PUP and 15% VAT. 

THE CSC 24 HOUR SERVICE 
TELEPHONE (0799) 21682 

With your Access, American Express, 
Barclaycard number and your 

order will be in the post immediately 

CONTINENTAL SPECIALTIES CORPORATION 

C.S.C. (UK) LTD Dept.16PP 
Unit 1, Shire Hill Industrial Estate, 
Saffron Walden, Essex CB11 3AQ. 
Tel: Saffron Walden (0799) 21682 Telex: 817477 

Available from selected stockists 
ELECTRONICS BY NUMBERS 
No. 7 DIGITAL DICE 
Roll the dice - the electronic way! The 
digital dice gives you an instant score 
randomly chosen from 1 to 6, every time 
you press the button. No losing this under 
the table! 
No. 8 QUIZ MASTER 
Play your own 'Sale of the Century'! Up to 
four contestants pit their wits; the first one 
to get the answer lights up his 'win' light, 
and stops anybody else from having a go. 
No. 9 MOVING TARGET GAME 
Test your reactions! A moving 'line of light' 
travels along from left to right, over and 
over again. You've got to 'fire' at just the 
right moment to score a hit. Fun for all the 
family! 
Want to get started on building exciting 
projects, but don't know how? Now using 
EXPERIMENTOR BREADBOARDS and 
following the instructions in our FREE 
'Electronics By Numbers' leaflets, 
ANYBODY can build electronic projects. 
For example, take one of our earlier 
projects, a L.E.D. Bar Graph; 

1/P 
I/P 
+YE 

Risqar 
1/P 
-VE - 

oR R Ro R 

,oaoo000ooao000 

o - .aa. .®.,. 

0°Ì°1°o 
You will need; One EXP 300 or EXP 350 
breadboard, 15 silicon diodes, 
6 resistors, 6 Light Emitting Diodes. 
Just look at the diagram, Select R 1, plug it 
into the lettered and numbered holes on the 
EXPERIMENTOR BREADBOARD, do the 
same with all the other components, 
connect to the battery, and your project's 
finished. All you have to do is follow the 
large, clear layouts on the 'Electronics by 
Numbers' leaflets, and ANYBODY can build 
a perfect working project. 

%V 

bers 9 
Sb'INuo8,No iN N elect 

r et 
o 

Prole 

For full detailed instructions and layouts of 
Projects, 7, 8 and 9, simply take the coupon 
to your nearest CSC stock!s,, or send direct 
to us, and you will receive the latest 
'ELECTRONICS BY NUMBERS' leaflet. 

If you missed projects, 1, 2 and 3, or 4, 5 

and 6, please tick the appropriate box in the 
coupon. 

PROTO-BOARDS 
The ultimate in breadboards for the minimum of cost. 
Two easily assembled kits. 

PB6 Kit, 630 contacts, four 5 -way binding posts 
accepts up to six 14 -pin Dips. 
PROTO -BOARD 6 KIT £9.20 

C+ D 

Proro ttoa/,ino.100 

PB 100 Kit complete with 760 contacts accepts up to 
ten 14 -pin Dips, with two binding posts and sturdy 
base. Large capacity with Kit economy. 

PROTO -BOARD 100 KIT £11.80 

Ì - - - - -IT'S EASY WITH C.S.C. 
TO RECEIVE YOUR FREE COPY OF PROJECTS 7, 8 and 9 

I Just clip the coupon 
Give us your name and full postal address lin block 
capitals). Enclose cheque, postal order or credit card 
number and expiry date, indicating in the appropriate 
boxles) the breadboardlsl you require. 

I 
I 
I 
I 
I 
I 
I 
I 

For immediate action 
The C.S.C. 24 hour, 5 day a week service. 
Telephone 0799 21682 and give us your Access, ' 
American Express or Barclaycard number and your 
order will be in the post immediately 

EXPERIMENTOR 
BREADBOARDS CONTACT 

IC CAPACITY 
14 PIN. DIP. 

UNIT PRICE INC. 
P&P & 15% VAT 

Qty 
req. 

EXP 326 130 1 E 2.70 
EXP 360 270 3 £ 4.48 

EXP 300 550 6 f 7.76 

EXP 800 £ 8.39 

EXP 660 270 

use with 
0.6 pitch 

Dip's Strip 
Bus -Bar 

£ 5.00 

EXP 4B 
Four 40 Point 

Bus -Bars 
'£ 3.50 

PROTO -BOARDS 
PB6 630 6 £11.73 

PB100 760 10 £14.72 

NAME 

ADDRESS 

I enclose cheque/P.O. for£ 
Debit my Barclaycard, Access, 

American Express card No. 

Expiry date 

if you missed project No's 
1, 2, 3, 4, 5, and 6, tick box. O 
For Free catalogue tick box 

C.S.C. (UK) Ltd., Dept. 16PP, Unit 1, Shire Hill,lndustrial Estate, Saffron Walden, Essex CB11 3AQ. 
Tel: Saffron Walden 10799) 21682 Telex: 817477 m - - s - - - iti MI MI - sit t - - - - - 

I 
I 
I 
1 

1 

1 
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TRANSISTORS 
AC126 16p 
AC127 16p 
AC128 5p 
AC153 11p 
AC176 11p 
AC188 10p 
ACY20 30p 
ACY21 20p 
ACY28 22p 
AD161/162 

match pair 70p 
AF119 
AF124 
AF126 
AF127 
AF139 
AF178 
AF180 
AF181 
AF239 
ASY60 
ASY63 
ASY73 

35p 
27p 
27p 
27p 
23p 
35p 
35p 
33p 
35p 
35p 

4p 
35p 

ASZ21 4p 
AU110 £1.43 
AU113 £1.031 
AUV10 70p 
BC107/A/B 6p 
BC108/A/B/C 60 
BC109/B 6p 
BC125B 3p 
BC140 15p 
BC141 11p 
BC147/A/B/C 5p 
BC148/AIB1C 5p 
BC1491A/8/C/S 5p 
BC154 7p 
BC157/A 5p 
BC158/AIB 5p 
BC159/B/C 5p 
BC171B 49 
BC172 6ip 
8C172c 71p 
BC173 4p 
BC177A 101p 
BC178A/8/C 101p 
BC1798 14p 
BC182/AL 5p 
BC182L 3p 
BC183A/AL/L/LC 3p 
BC184L 5p 
BC186 21p 
BC187 8p 
BC204 11p 
BC212L1B 5p 
BC213L 5p 
BC213LA 3p 
BC213LB 4p 
BC214B 5p 
BC214L 31p 
BC237A 71p 
BC238 5p 
BC238B/C 71p 
BC239C 71p 
BC251 3p 
BC2578 71p 
BC25881C 71p 
BC259C 7ip 
BC302 15p 
8C304 15p 
BC307 7p 
BC308B/C 71p 
8C3098 71p 
BC327 5p 
BC328 6p 
BC338 5p 
BC382L 71p 
BC384B 71p 
BC546 5p 
BC547/A18 5p 
BC548/A/B/C 5p 
BC549C 5p 
BC556 5p 
8C557/8 5p 
BC558A 5p 
BC559 50 
BC612L 4p 
BCW71R 1p 
BCX32 10p 
BCX34 10p 
BCX36 10p 
BCY11 28p 
BCV31 59p 
BCY56 10p 
BCY70 8p 
BCY71 Sp 
BCY72 Bp 
BCY79B 15p 
BCZ11 32p 
BD113 57p 
80115 35p 

BD1BflC1116 
41.55p 

80133 28p 
80135 22p 
BD136 14p 
BD137 28p 
BD138 28p 
BD137/8 mtch or 60p 
80139 17p 
BD140 26p 
BD142 35p 
BD156 50p 
BD182p 70v 117w 

44p 
BD201 86p 
BD202 64p 
80203 86p 
8D204 86p 
BD232 52p 
BD233 20p 
BD235 35p 

BDY20 
BF115 
BF137 
BF167 
8F173 
BF178 
8F179 
8F180 
BF181 
BF182 
BF183 
8F184 
BF185 
BF194/A 
9F1951C/D 
BF196 
8F197 
BF198 5p 
BF200 13p 
BF224 4p 
BF244C FET 71p 
BF246 6p 
BF256FET 4p 
BF256LB/LC FET 3p 
BF257 20p 
ßF262 29p 
BF263 29p 
BF274 8p 
BF324 31p 
BF336 16p 
BF355 15p 
BF3948 3p 
BF451 6p 
BF494 10p 
BF494 5p 
BF615 27p 
BF617 27p 
BFQ35 15p 
BFQ37 15p 
BF085 15p 
BFR34A 36p 
BFR38 68p 
BFR86 19p 
BFS21 FET pair £3 
BFS28 Dual MUS 50p 
BFT30 15p 
BFT31 15p 
BFT39 15p 
BFT41 15p 
BFT60 6p 
BFT61 15p 
8FT70 15p 
BFT71 15p 
BFW10FET 46p 
BFW11 FET 46p 
BFW30 15p 
BFW31 15p 
BFW57 18 
BFW58 
BFX12 
BFX29 
BFX30 
BFX37 
BFX84 
BFX85 
BFX88 
BFX89 
BFY39 
BFY50 
BFY51 
BFY52 

BD238 25p 
80239C 29p 
80240 30p 
80242 30p 
60243/B 65wT 30p 
BD246 32p 
BD253 44p 
80375 

35p BD437 
8D438 28p 
BD597 60v 55w 36p 
60677 60v 40w 50u 
BD678 Pwr. Darl. 50p 
60X33B Pwr Dar 44p 
8DX34B Pwr. Dad. 

45p 
BDX77 50p 

86p 
18p 
11p 
18p 
18p 
23p 
23p 
12p 

8p 
18p 
18p 
18p 
18p 

5p 
5p 
5p 
5p 

MJE2371 '80p 
MJE2901T (Higain 
2955) 50p 
MJE2955 70v 90w 

45p 
M ff 15 Russian 25p 
Mf141 Russian 25p 
MPF131 Dual 

MOSFET 15p 
MPU131 Frog. Uni. J. 

15p 
MRF502 Improved 

BFY90 50p 
f116ARussian 25p 
I142A Russian 25p 
NKTA49 23p 
NKTA52 20p 
NKT854 30p 
NKT152 38p 
NKT153 24p 
NKT154 26p 
NKT251 18p 
NKT775 16p 
NKTME2 13p 
0C41 4p 
0C42 21p 
0C43 55p 
0C44 4p 
0C45 13p 
0071 4p 
0072 1XK12UI 
0076 
0077 

00811XK1221 
OC84 
0C200 
OC201 
0C202 
00603 
OC701 

8FY75 15p 2G302 
BFY90 40p 2G309 
BLY10 23p 2G339A 
BR101 ( Frog. 20p 2G371 
BRY39 - Uni- 29p 2N456A 
BRY56 J Junct. 29p 2N597 
BSV64 36p 2N598 
BSV79 50p 2N601 
BSV80 50p '2N644 
BSV81 75p 2N706A 
SSX19 15p 2N708 
BSX20 VHF Osc. 7p 2N718 
BSX21 10p 2N914 
BSX78 Bp 2N918 
BSY40 30p 2N929 
BSV95A lOp 2N984 
BU105 64p 2N987 
8U105/04 78p 2N1091 
8 U 133 750v 30w 74p 2N1132 
BU204 50p 2N1302 
BU208 90p 2N1303 
BUX 66P, 150v, 35w, 2N1395 

549 2N1484 
D45C2 40v 30w 2N148560v25w 36p 

D1693E50MHz £2.852N1487 
90p 

2N1490 £3 
GET102 46p 
GET111 yurp 2N1500 30p 

GET120 30p 
2N1507 18p 

M103G MOSFET 30p 
2N1711 13p 

MA393 25p 2N1716 15p 

M07000 £2.25 
2N1748 28p 

ME2 13p 
2N2192A 15p 

ME0412 14p 2N2221/A 9p 

ME8003 20p 2N2222A Bp 

MJ481 (BDY23) 23p 2N2369 lop 
MJE371 40p 

ap 
15p 
46p 
4p 

30p 
41p 
66p 
66p 
50p 
50p 
23p 

P346A 24p 
P7029 30p 
PXB103 25p 
RCP701A/B/D 10wT 

30p 
R1039 12010) 54p 
R20088 £1.18 
R2010B E1.18 
R2306 100v 40w 26p 
52540 £1.70 
S3017 25p 
SB240 26p 
SFT357 26p 
SJE5039 8p 
SL102 40p 
TE886 £1 
TIP29 40v 30w 22p 
TIP30 22p 
TIP30C 100v 30w 

26p 
TIP3150v40w 22p 
TIP32A 60v 40w 22p 
TIP32C 100v 40w 

26p 
TIP41 40v 65w 15p 
TIP42C 100v 65w 

33p 
TIP48 33p 
TIP112900v 50wÿ15p 
TIP117jPwr. Dar 45p 
TIS60GY 3p 
TIS61 3p 
TIS73L 3p 

18p TIS90 4p 
23p TIS91 UN1 Junc. 3p 
119 TIS92GV 14p 
16p TIS98 3p 
16p TK24 20p 
20p V435 20p 
14p U14710 20p 
20p ZT403P 30p 
20p ZT1486 £1.10 
20p ZTX300 9p 
15p ZTX327 18p 
15p ZTX341 9p 
15p 2G103 33p 

12p 
30p 
20p 
18p 
71p 
16p 
16p 

£1.50 
22P 

1019 
9p 

9ip 
15p 
12p 
16p 
28p 
45p 
16p 
14p 
16p 
16p 

36p 

2N2401 lip 
2N2412 27p 
2N2483 28p 
2N2484 10p 
2N2586 15p 
2N2614 4p 
2(42887 E2 
2N2894 11p 
2N2904 9p 
2N2905 15p 
2N2906 9p 
2N2907/A 9p 
2142926 4p 
2N3020 25p 
2N3053 16p 
2N3054 35p 
2N3055RCA 68p 
2N3133 24p 
2N3283 25p 
2N3418 15p 
2N3553 56p 
2N3583 18p 
2N3614 75p 
2N3645 3p 
2N3703 3p 
2N3704 4p 
2N3707 3p 
2(43711 3p 
2N3714 80v 150w 

54p 
2N3794 14p 
2N3799 18p 
2(43823 FET 25p 
2N3906 8p 
2N4000 15p 
2(44026 15p 
2N4031 15p 
2(44062 4p 
2(44285 17p 
2(44891 30p 
2144918 15p 
2N5058 18F2591 119 
2N5147 15 
2145247 FET 40p 
2N5293 80v 36w 30p 
2N529480v36w 30p 
2N5295 60v 36w 30p 
2N529660v36w 30p 
2N5297 80v 36w 36p 
2N5449 3p 
2N5484 37p 
2(45492 75v 50w 36p 
2N5494 60v 50w 36p 
2(45915 (16068) 
450Mhz 6WT R.F. 12v 

£2.50 
2N5954 P, 80v, 40w 

36p 
2146028 PUJT 3p 
2N610180v75w 55p 
2N610680v40w 44p 
2(46109 60v 40w 44p 
2N611140v40w 36p 
2N6124 24p 
2N6178 100v 25w 309 
2N6254 36p 
2N6288 30v 40w 36p 
2(46290 60v 40w 30p 
2N6292 80v 40w 30p 

2N6385 Pwr. Danl. 54p 
2N648640v75w 36p 
2(46488 90v 75w 36p 
25701 18p 
2SA12 42p 
2SA50 36p 
2SAOO 36p 
2SA83 36p 
2SA141 36p 
2SA142 36p 
2SA234 50p 
2SA235 50p 
2SA354 38p 
2SA360 34p 
2SA367 56p 
2SA518 38p 
2SA634 80p 
2SB56 18p 
28875 25p 
25877 25p 
2S6135 25p 
2S8136 25p 
2SB156 60p 
2SB175 20p 
256176 20p 
2SB187 25p 
2SB457 25p 
2SC1061 50v 25w 

50p 
2SD23460v25w 50p 
2803150 80p 
16120 (MPSU55/ 
BD238) 19p 
40235 50p 
40250 36p 
40250VI12N3054 + Ht. 

sink) 40p 
4031640v,50w 36p 
40372 (2(43054 + Ht. 
sink) 40p 
40349v2 160v 1w 30p 
40394 60v 1w 30p 
40409 + Ht. sink 90V 
3w 40p 
40410 + Ht. sink 90v 
3w 40p 
40602 VHF Mosfet 

36p 
40633 NPN 40w 36p 
40911 )2N6261 + Ht. 

sink) 40p 

ELECTROLYTIC CAPACITORS (Wire ended) 
3-4 Volt 

6 6p 125 12p 
25 6p 160 12p 
47 6p 200 12p 
50 6p 800 16p 

6 Volt 
4 6p 100 7p 
8 6p 250 12p 
25 6p 400 13p 
35 Op 470 8p 
40 6p 500 139 
50 6p 680 12p 
80 7p 1000 15p 

10 Volt 
0.47 6p 150 10p 
4 6p 160 12p 
22 5p 220 6p 
47 6p 300 13p 
50 6p 330 8p 
64 7p 400 13p 
100 5p 470 10p 
125 7p 600 16p 

12 Volt 
8 7p 50 7p 
10 6p 100 8p 
20 7p 150 13p 
25 7p 200 139 
30 7p 260 15p 

16 Volt 
2.2 31p 30 7p 
2.5 31p 33 4p 
5 31p 47 4113 

8 7p 50 7p 
10 31p 68 7p 
16 5p 80 Bp 
20 7p 100 5p 
22 3ip 150 8p 
25 7p 200 10p 

18 Volt 
40 7p 220 13p 
100 8p 250 13p 

25 Volt 
1.6 6p 40 4p 
6 4p 47 4p 
6.4 4p 50 4p 
10 4p 64 4p 
12 4p 80 Bp 
16 4p 100 6p 
22 49 150 6p 
25 4p 160 5p 
30 4p 200 13p 
33 4p 220 7p 

30 Volt 
10 7p 100 13p 
25 7p 250 15p 

35 Volt 
10 5p 47 5p 
15 7p 50 7p 

5p 100 6p 
33 5p 150 11p 

40 Volt 
1 31p 47 51P 
8 7p 50 7p 
10 4p 64 lip 
15 3p 100 6p 
16 7p 150 8p 
25 5p 220 7p 
32 5p 250 15p 

50 Volt 
2 5p 12 7p 
3 7p 16 7p 
3.3 4p 25 5p 
4 7p 33 5p 
5 7p 47 6p 
8 7p 50 7p 
10 4p 100 91p 

64 Volt 
0.64 6p 8 8p 
1.5 6p 10 5p 

2 31p 15 8p 
2.2 31p 20 Op 

2.5 3p 22 6p 
4 Bp 33 5p 
4.7 4p 42 6p 

70 Volt 
100 10p 

1250 28p 
2000 28p 

1500 
3300 
5000 
10000 
22000 

680 
1000 
1600 
2200 
3300 
4700 
6800 

550 
1000 
2000 

220 
330 
400 
470 
680 
1000 
5000 
6800 

7ip 
24p 
50p 
70p 

£1.40 

14p 
6p 

28p 
20p 
40p 

9p 
7p 

27p 
17p 
47p 

6p 
fip 

15p 
Bp 

12p 
10p 
60p 
46p 

640 8p 
1500 47p 

250 
300 
330 
470 
640 
680 
750 
1000 

8p 
8p 
6p 
8p 

27p 
119 
27p 
20p 

640 50p 
3500 70p 

330 22p 
470 22p 

400 
470 
680 
1000 
2200 

220 
250 
330 
470 
500 
1000 

50 
68 
100 
150 
220 
330 
470 
1000 

22p 
9p 
Bp 

20p 
36p 

9p 
9p 
9p 

22p 
22p 
22p 

12p 
8p 
8p 

7ip 
8p 
8p 

12íp 
60p 
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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 

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. 

3Ib 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 

- /., - '!_ - 'í. - 1 - 1'/.Wt. Iskra and Piher, 
mainly 5%, few 2%. Lucky Dip as the packs come 
(will not duplicate under 20 packs/ due fo cartons 
packed tight and on top of each other ceiling of 

wa. ehouse. 

PACK OF 100 FOR 25p 
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OPTO 
ELECTRONICS 

Photo Diodes: BPX40, 
BPX42, BPY10, COY77, 
CQY17, BPY68, BPY69, 
BPY77 36p. 
Wire end neons 4p. 
Photo transistors: 
BPX43, BP103, 2N5777 
Darlington. 36p. 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 

7 SEGMENT L.E.D. 
DISPLAYS 
.3" Red corn. anode 81p 
.6" Green R.S.C.A. £1.77 
5082-7650 Red corn. 
anode 
5082-7653 Red corn. cath 
5082-7600 Yellow corn. 
anode 
H.P. Highbrilliance .43" 

72p 

HEWLIT PACKARD 
MULTIPLEXED .12" 7 
SEGMENT LED 

DISPLAYS 

3 Digit HP 5082 7413 45p 
4 Digit HP 5082 7414 45p 
5 Digit HP 50827415 45p 

Infra rea transmit diodes 
CQY11B or LD27 High 
power 1.6-2v or 3-3.5v 
Pulse 32p 
LD242 36p 
H158 Photon coupled 
isolator I.R. diode and 
NPN Photo -Darlington 
amp 26p 
CNY17/1 opto coupler 

70p 
Cold cathode tubes I.T.T. 
G517A or 5870L 60p 

SPECIAL OFFER 
IN4004 or IN4006. Sealed 
manufacturers carton of 

300. 

£6.75 

RESISTORS 1p 

'/r-)-/,-i -i watt. 
mainly 5% 1, 2, 2.7, 3.3, 
3.9, 4.7, 5, 5.6, 6.8, 8.2, 10, 
12, 15, 18, 20, 22, 24, 27, 
33, 36, 39, 43, 47, 51, 56, 
62, 65, 68, 75, 82, 91, 100, 
120, 130, 150, 160, 180, 
200, 220, 270, 280, 290, 
300, 330, 360, 390, 430, 
470, 510, 560, 620, 680, 
750, 820, 910, 1K, 1K1, 
1K2, 1K5, 1K6, 1K8, 2K, 
2K2, 2K7, 3K, 3K3, 3K9, 
4K7, 5K6, 6K2, 6K8, 8K2, 
9K1, 10K, 11K, 12K, 13K, 
15K, 18K, 20K, 22K, 24K, 
25K, 27K, 30K, 33K, 39K, 
40K, 43K, 47K, 50K, 51K, 
56K, 58K, 68K, 75K, 82K, 
91K, 100K, 110K, 120K, 
150K, 180K, 200K, 220K, 
270K, 330K, 390K, 400K, 
450K, 470K, 560K, 600K, 
680K, 820K, 1M, tM2, 
1M5, 1M8, 2M, 2M2, 2M7, 
3M, 3M3, 3M9, 4M7, 5M6, 
6M8, 8M2, 10M. 

TUNING GANGS 
AIRSPACED 100PF £1 
500 + 500PF £1.50 
900 + 500PF £1.50 
DIALECTRIC 
4 gang transister radio 
type 40p 
250PF 82p 
265 + 108PF £1 
265 + 265PF £1 

AA119 
AA 133 
AAZ15 
B1 
BA116 
BA128 
BA145 
BA148 
BA182 Varicap 
BAX 14 
BAX54 8p 
BAY36P 21p 
BB103 Varicap 6p 
66104 Varicap 16p 
BB109 Varicap 24p 
BB110B Varicap 24p 
BB113 Triple Varicap 

43p 
BB139 £1 
8Y206 lip 
BY207 23p 
BY402 21p 
BY403 21p 
Centercell 3p 
CG651 9p 
CR HG/3 10p 
CSD117YLZ 40p 
CV7095 21p 
CV7098 21p 
D3202Y Diac. 11p 
DC2845 Microwave 20p 
DOG53 11p 
FSY28A 40p 
HG1012 10p 
HS2091 itp 
MPN3401 30p 

DIODES 
7P 0A5 
9p 0A7 

15p °A10 
11 p 0A47 
30p OA70 
21p 0A75 
21p 0A79 
12p OA81 
6p 0A95 

21p 0A200 
OA202 
GP? 
GP10 
N662 
N914 
N916 
N9358 
N936B 
N937B 
N941B 
N9426 
N943B 
N3064 
N4009 
N4148 
N4150 
N4151 
N4446 
N4449 
N5456 

25p 
25p 
25p 
7p 

10p 
1 1 p 
1 1 p 
31p 
8p 

21p 
21p 
lip 
11p 
21p 
lip 
21p 
71p 
lip 
71p 
lip 
71p 
lip 
21p 
21p 
1p 

21p 
21p 
2)p 
21p 
15p 

5082 2900 RF Schotky 
Barrier 20p 

BRIDGE RECTIFIERS 
1 60V 

1,600 
0.6 110 
1 50V 
1 140 
1 200V 
1 400V 
1 400V 
1 800V 
1 1000 
11 75V 
1) 160V 
21 100 
21 350V 
21 500V 
3 50 
3 100 
3 200 
3 400 
3 600 
31 100 
5 400 
Miniature Meter 

BC30 C350 
BYX10 
EC433 
W005 
OSH01-200 
W02 Ex Equip 
W 04 
MDA104 
W O8 
W10 
IBIBY234 
IBIBY235 
I.R. 
9F2 
9E4 
KBS005 
KB 601 
KBS02 
KBSO4 
KBS06 
B40C 3200 
Texas 

Type 

23p 
34p 
20p 
lap 
25p 
15p 
28p 
29p 
27p 
36p 

111p 
15p 
40p 
70p 
85p 
30p 
30p 
30p 
30p 
30p 
58p 
85p 
34p 

Type 

BY212 
BY235 
BY236 
BY264 
BY265 
BY266 
BY274 
BY275 
BY277 
BY299 
BY1202 
BYX20-200 
BYX22-200 

BYX38-600 
BYX38-900 
BYX38-1200 
BYX42-300 
i3YX42-600 
BYX42-900 
BYX42-1200 
BYX46-300R 
BYX46-400R 
BYX46-500R 
BYX46-600 
BYX48-300R 
BYX48-600 
BYX48-900 
BYX48-1200R 
BYX49-3008 
BYX49-600 
BYX49-900R 
BYX49-1200 
BYX52-300 
BYX52-1200 
BYX72-150R 
BYX72-300R 
BYX72-500R 
BYX94 
E250050 
KS11394 
LT102 
M1 
MR856 
0A210 
RAS3 1 OAF1 
Avalanche ) 
REC53A 
Si0BR30 
SKE4G 
SR100 
SR400 
N3254 
N4002 
N4004 
N4005 
N4006 
N4007 
N5059 
N5401 
S138 
S921 
25G100 

RECTIFIERS 
Volt Amp 

EHT 
600 
900 
300 
600 
900 
300 
600 
1200 
800 
2kV 
200 
300 
300 
600 
900 
1200 
300 
600 
900 
1200 
300 
400 
500 
600 
300 
600 
900 
1200 
300 
600 
900 
1200 
300 
1200 
150 
300 
500 
1250 
250 
800 
30 
68 
600 
400 
1250 

1250 
1000 
200 
100 
400 
400 
100 
400 
600 
800 
1250 
200 
100 
800 
100 
100 

3052 200 

11 

11 

3 
3 
3 
5 

5 
5 
2 
10mA 
25 
11 

21 
21 

2) 
21 
10 
10 
10 
10 

15},15 Avalanche 
15 
6 
6 
6 
6 
3 
3 
3 
3 
40 
40 
10 
10 
10 
1 

3 
2 
i 
3 
5 
11 

11 

30 
6 
11 

11 

1 

1 

1 

1 

1 

1 

11 

3 

60 

3 

Price 

6p 
lip 
71p 
9p 

11íP 
15p 

143p 
17ip 
27p 
4p 
6p 

72p 
25p 
48p 
52p 
60p 
65p 
36p 
46p 
92p 

£ 1.07 
£1.19 
£ 1.75 
£2.00 
£2.30 

47p 
60p 
70p 
92p 
35p 
42p 
47p 
60p 

£2.05 
£2.90 

42p 
52p 
65p 
6p 

14p 
23p 
15p 
5p 

24p 
33p 
48p 

16p 
£2.00 

30p 
9p 

10p 
4p 
3p 

4)p 
6p 
6p 
6p 

10p 
10p 
Zip 
8p 

£4.35 

11p 

Amp Volt 
1 240 
1 240 
1 400 
4 500 
4 600 

6.5 500 
2 400 
8 100 
4 600 

20 600 
15 800 

4 50 
0.8 200 

3 600 
3 100 

110 20 
75 800 

150 1000 
150 1200 

12 1000 
10 200 
5 600 
8 G00 
5 400 

4 50 
7 400 
7 600 
4 400 

BT 106 
BT 121 

Thyristors 
BTX18-200 
BTX30-200 
BTX18-300 
40506 with heatsink 
2N3228 
BT109/SCR957 
S27100 with heatsink 
52800A 
C106M sensitive gate 
BTW92.600RM 
BTX95-800 Pulse Modulated 
S107F Sensitive Gate 
2N5064 
T3NO6C00 
T3N1C00 
72RC2A 
71CG80 
151RA100 
151RA120 
CR121103-RB 
S2800B 
55800M 
S122M 
53700D 
52060F Sensitive gate 
S2620D 
52620M 
S2061D Sensitive gate 
70p 

BT 107 70p 

35p 
35p 
41p 
58p 
36p 
71p 
40p 
36p 
36p 

£3.40 
£1 

36p 
18p 
53p 
36p 

£3 
£6 

£10 
£11 

£8 
54p 
44p 
54p 
44p 
36p 
45p 
45p 
38p 

£1 

Amp 
0.1 
2.5 
4 

6 
6 

8 

25 
25 

TRIACS 
Volt 
40 
600 
400 
200 
400 
400 
100 
1200 

7W84 
2N5757 
T2716D/40730 
T2SOOB/41014 
T2500D 

28500 
BTX94-100 
BTX94-1200 

3p 
44o 
74p 
54p 
72p 
72p 

£2.25 
£5 

ZENER DIODES 
4/500MW. BZY88, BZX97, etc. 5p 
2v. 2v7. 3v. 3v3. 3v6. 3v9. 4v3. 4v7. 5v1. 5v6. 6v2. 6v8. 7v5. 8v2. 
9v1. 10v. 11v. 12v. 13v. 13v5. 15v. 18v. 20v. 22v. 24v. 27v. 30v. 
33v. 43v. 
BZY61 Laboratory Standard 400MW 7v5. Voltage Regulator 
Diode 12p 
1.3/1.5WTBZX61, BZY97, etc. 11P 
2v4. 2v7. 3v. 3v6. 3v9. 4v3. 4v7. 5v6. 6v2. 6v8. 8v2. 10v. 11v. 12v. 
15v. 18v. 27v. 33v. 
2.5WT BZX70, etc. 13p 
v75. 1v. 2v4. 3v6. 3v9. 5v6. 6v2. 7v. 1v5. 8v. 9v. 10v. 11v 14v. 
15v. (8p). 20v. 22v. 24v. 26v. 
5WT BZV40, etc. 15p 
3v3. 3v6. 3v9. 4v3. 4v7. 5v1. 5v6. 6v2.6v8.7v5.8v2.8v7. 9v1. 
10v. 11v. 12v. 15v. 33v. 68v. 120v. 

1 OWT Z5D, ZX, etc. 20p 
4v3. 4v7. 5v1. 5v6. 6v2. 6v8. 7v5. 8v2. 11v. 12v. 13v. 16v. 18v. 
21v. 22v. 33v. 36v. 39v. 68v. 150v. 
15WT BZV 15C12R 12volt 37p 
2OWT BZY93, etc. 44p 
8v2. 12v. 39v. 

40 TURN CERMET TRIMPOT 
1)" track 100K LIN. with knob 11p 

1 WATT RESISTORS 1112 

1, 1.5, 3, 5.6, 10, 12, 15, 18, 22. 25, 27. 30, 33, 39, 42, 45, 47, 50, 51, 
55, 56. 58. 68, 82, 100, 120, 150, 180, 200, 220. 240, 250. 260, 270, 
280, 300, 330, 350, 360. 390. 400, 450. 470, 510, 560, 600, 620, 
680, 700, 750, 800, 820, 850, 1K, 1K2, 1K3, 1K5, 1K6, 1K8, 2K, 
2K1, 2K2, 2K5. 2K7, 3K, 3K3, 3K5, 3K9, 4K5, 4K7, 5K1, 5K6, 6K2, 
6K5. 6K8, 7K, 7K5, 7K6, 7K7, 8K, 8K2, 9K, 9K1, 10K, 11K, 12K, 13K, 
15K, 18K, 20K, 22K, 24K, 25K, 27K, 30K, 33K, 36K, 39K, 40K, 42K, 
43K, 45K, 47K, 50K, 51K, 56K, 60K, 61K, 62K, 68K, 70K, 75K, 80K, 
82K, 91K, 100K, 110K, 120K, 130K, 150K, 180K, 200K, 220K, 240K, 
250K, 270K, 330K, 390K, 400K, 450K, 470K, 500K, 510K, 550K, 
560K, 680K, 800K, 820K,1 M, 1M2, 1M5, 1 M8, 2M, 2M2, 2M7, 3M, 
3M3, 3M9, 4M7. 5M6, 6M8, 7M5, 8M2, 9M1, 10M, 15M. 
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BRIAN J. REED SEE PRECEDING PAGES FOR ORDERING INSTRUCTIONS 
Cut out and keep these 3 pages. Over the monthsthey will 
bring to you some of the 6,000 items stocked. 

INTEGRATED CIRCUITS 
371AJ RF/IF Amp 
542 Servo Amp 
702 CL 
709/72709 OP Amp. 
710 
724 
741 OP Amp 
747 Dual OP Amp 
930DC 
933DC 
936DC 
937DC 
946DC 
949DC 
953- 42300 Trip .2 Innand 
961DC 
962DC 
9630C 
1315P2 
2102 Memory 
2716 Eprom 
3351-2DC 40 x 9 Bit FIFO 2MHZ 
4060 Dymamic RAM 300ns 

74HÓ0 
Quad 2 Input 

74H000 
Positive Nand 

74500 Gates 

7401 
74H01 
7402 
7404 
54/7406 
14LS08 
7410 Triple 3 Input 
74L10 Positive Nand 
74H10 Gates 
7411 

7414 
i 7420 T. Dull-4Input 
74520 J Positive Nand Gates 
74522 
7425 
7426 
5430 
7430 
74L30 
54,/437 
7438 

4p 
lap 
25p 

18íp 
28p 
20p 
16p 
44p 

4p 
4p 
4p 
4p 
4p 
4p 
4p 
4p 
4p 
4p 

36p 
73p 

£10.35 
£1.07 
£1.45' 

10p 
26p 
13p 
18p 
71p 
26p 
11p 
lip 
15p 
15p 
10p 
25p 
18p 

8p 
29p 
lip 
19p 
18p 
18p 
16p 
12p 
11p 

flip 
13p 
14p 

74H40 26p 
7442 BCD to Decimal Decoder 26p 
74LS42 BCD to Decimal Decoder 40p 
7445 42p 
7450 Expandable Duel 2 11p 

J 74H50 Wide 2 Input and/or Inv. 26p 
7451 71p 
7454 11p 
74L54 111p 
54/7472 And Gated JK Master .171p 

"74L72 }Slave F.F. Preset + Clear 25p 
5473 1 Dual JK Mastei 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 181p 
5490 25p 
7493 Binary Counter 4 Bit 25p 
54/74L95 25p 
74LS98 £1.25 
74107 20p 
745112 38p 
74118 75p 
74121 12p 
74122 18p 
54/74123 35p 
74132 44p 
74141 42p 
74LS145 93p 
74150 12p 
74151 32p 
7415416 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 
745196/82590 65p 
74LS221 Dual Monostable MNIB 52p 

r 

74LS290 47p 
74293 80p 
74298 £1 
74490 £1.30 
7905 - 5v Reg. 1 Amp saP 
8080A C.P.U. £3.60 
8086MPU £3.60 
82S129 t5 
9093DC 4p 
9112DC 4p 
93S10 £1 
9311 £1.20 
93L16 36p 
9370 25p 
930399-256 Bit Shift Register 4p 
930399-480 Bit Shift Register 4p 
930399-500 Bit Shift Register 4p 
AY5-3507 3} Digit DVM £1.65 
AY5-8300 Ch/TI Display 36p 
BRCM300 Volt Reg. £1.40 
BTT822 £1.25 
C500 Calculator - 37p 
CA101 Wide Ban40p. Amp 36p 
CA139AG Cued Volt Comp. 54p 
(T)CA270AE £1 

(T1CA270CE 
/AW 351p 

CA758 (MC1311) 36 
CA920 TV-Hbriz. systérn 
CA300T RFAmp P 
CA3028A 75p 
CA3044 £1.20 
CA3046 Transistor Array 40p 
CA3054 69p 
CA3060 72p 
CA3065 36p 
CA3080 OP AMP 59p 
CA3083 65p 
CA3086 29p 
CA3089 54p 
CA3090AQ 72p 
CA3093 36p 
CA31594 Prog. Sw. Pwr. OP Amp. 36p 
CA3097 36p 
CA3123 73p 
CA3132EM £2.22 
CA3146E 10p 
CA3183 80p 
CA318934 

iLM3900) Quad OP Amp 36p CA 
CD2500E 30mA/Seg Dcml Point bvr 90p 
CD4000 Dual 3 input Nor + Inv. 12p 
CD4002 Dual 4 Input Nor 
CD4006 18 Stage Static Shift Reg. 
CD4007 Dual Comp. Pair + Inv. 
"C1740084 -Bit Binary Full Adder 
CD4010 Hex Buffers 
CD4012 Dual 4 Input Nand 
CD4013 Dual D Flip Flop 
CD4014 8 Bit Shift Register 
CD4016 Quad Bilateral Latch 
CD4017 Decade CountJDivide 
CD4018 Preset Divide N Count 
CD4019 Quad 2 Input Multiplex 
CD4020.14 Stage Binary Count 
CD4021 8 Bit Shift Register 
CD4022 Divide by 8 Count/Divide 
CD4023 Triple 3 Input Nand 
CD 44025Triple 3 Input Nor 
CD4026 Dec. Count + 7 Seg. Out 
CD4027 dual JK master/slave 
CD4028/MC14028 BCD/Decimal 
C04029 Syria. Preset Bin/Dec 

72p 

12p 
36p 
12p 

54p 
30p 
13p 
36p 
36p 
36p 
54p 
43p 
25p 
54p 
54p 
36p 
19p 
14p 
72p 
30p 
42p 
54p 

CD4030 Quad Exclusive or 36p 
CD4031 £1.20 
CD4032 72p 
CD4033 Dec. Count. 7 Seg. Output 72p 
CD4035 4 Bit Par, in out Shift 54p 

-CUM 72p 
54p 

BD404014 Si. Rip. carry Bin Count 56p 
CD4041 Quad True/Comp. BUffjr 54p 
CD4043 Quad Nor R/S Latch 54p 
CD4044 Quad Nand R/S Latch 54p 
CD40454 Bit Par. in out shift 54p 
:D4046 Micro Power PH. Lock Loop 36p 
'D4047 monostable 72p 

CD4048 36p, 
CD4049 Hex Inverter Buffers 36p 
CD4050 Hex Buffers 25p 
CD4051 Analogue Multi/Demulti 36p 
CD4053 Analogue Multi/Demulti 54p 
CD40544 LINE LCD driver/count 72p 
CD4055 72p 
CD4056 

CD4061A 256 word Xi Bit St. 
72P 

0 
RAM £5.30 
CD4063 72p 
CD4066 Quad Bilateral Switch 27p 
CD4067 £2.12 

-CD40688 Input Nand 
CD4069 Hex Inverter 
CD4071 quad 2 input or buffer 
CD4076 Quad D Flip -Flop 
CD4077 Quad Exclusive Nor 

CD4078 8 Input Nor 
CD4081 Quad 2-1i-Cput and Buffer 
CD4086 4 Wide 2 Input and/or Inv. 
CD4094 
CD4095 JK. Gated flip flop non Inv. 
CD4096 
CD40100 32 bit UR $Mt Reg. 
CD40182 
c041-92-_ 
CD40194__ 
CD40208BF 
CD4502 Strobed Hex Invertor 
CD4508BF 
CD4510 BCD uesdowp count 
CD4519/MC14519 
Cb4520 Dual Synch. 4 Bit Binary 
CD4532 
Cp4¢27 
CD4555 
CD4556 Decoder 

-C1Sf210if 
CD40101 
CD40108 4 x 4 Multiport Reg. 
CD40162 

-CD40WBEQuad 2 input and 
CDP1802 Cosmac MPU 
CDP1833 Cosmac Rom 1824 x 8 
CDP 1834 Cosmac Rom 1024 x 8 
03624 
DM8214 Intertipt (8080 support) 
FCH111 8 input Nand/Nor 
FCH201 
FCJ101 
FPQ/MPQ3725 4 Tr. Array 
FZH151 
FZH191 
FZH2O1 
ICL 7103 4} Digit DVM/DPM 
IM5623 MPU 
LM300 Volt Reg. 
LM326 Volt Reg. 
LM340T6 6v Reu. 
LM343 Amp 
LM1303N Dual Stéreo Pre Amp 
LM/MC1458N Dual OP Amp 
LM3900 (See /93401) 
MC830P 
MC833P 
MC837P 
MC846P 
MC862P 
MC863P 
MC1306P 
MC1307P 
MC/CA/BRC 1310P St. Dec. 
MC1312P Stereo Decoder 
MC1314P 
MC1315P 
MC/BRC1330 Video Detector 
MC1350P 
MC1357P 
MC32023} Digit DVM 
MC3302L 
MC4044P 
MC4344P 
MIC7C 
MK2686 
MK4012 Memory 
ML237B 
MM5335D M.P.U. 
MM8008 M.P.Ú. 
MT300 Volt Reg. 
MT305 Volt Reg. 
MW 4050D Static Ram 200ns 
SAA661 
SAA1010 
SAA1025 
SAS580 
SAS590 
SGS308 Op. Amp 
SL403A 3Wt. Amp 
SL442 
SN7528 
SN15836 
SN15845 
SN15846 
S N 15851 
SN15858N 
SN15862 
SN75107 Interface 
SN75108 
SN75110 
SN75150 
SN75235N 
SN75451 
SN76001 
SN76003 5Wt. Amp 

20p SN76003N 5Wt. Amp £1.l6 
13p SN76013 5Wt Amp 36p 
16p SN76013N 5 Wt. Amplifier 92p 
54p SN76013ND5Wt.A p £1.lß' 
34 SN760.23 5Wt. Amp -Ai 

515-2N761TOP_ 35W 
SN76115N Stereo Decoder 351p' 

54p SN76131 58p 
72p SN76227 59p 
72p SN76228N £1.60 

SN76396 (TBA396) 35}p. 
£1.78 SN76620 AN 18p 

72p SN76650N 50p 
72p SN76660N 35}p 
72P SN76666N 35)p 

£2_12 SN158093 50p 
44p SN158097 4p 

£1.78, SN158099 50p 
72p TAA263Amp 75p 

TAA300 1Wt. Amp £1 
TAA320 35p 
TAA550 Volt Reg. 104p 
TAA700 £2.30 
TAD100 AM Radio £1.22 
TBA120S/CQ/SB/B TV Amp 25p 
TBA240 £3.90 
TBA395Q £1.50 

TBA550Q £1.25 
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 A.M. Receiver £1.25 
TCA83OS 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 XR215-' 
ZN414 AM Radio Receiver 79p' 
ZST131A 5 Input Power NOR 8p' 

1.08 
T1.20 

72p 

£1.45 
£1.08 
£3.10 
72p, 

£2.12 
£3.60 
£3.60 
£3.60 

36p 
36p 

Bp 
18p 
50p 
45p 
18p 
18p 
18p 

£2.04 
36p 
42p 
20p 
3613 

65p 
19p 

4p 
4p 
4p 

4p 
4p 

40p 
35}p 
351p 
40p 

35}p 
351p 
85p 

351p 
3519, 

£1.45 
/5p 

£1 
£3.50 

25p 
36p' 
38p 

£1 

36p 
36p 
8p 
Sp 

£1.60 
36p 

341p 
£4 

1 

18p 
4p 

38p 
36p 

11}p 
25p 
50p 
37p 
50p 
55p 
6p 

£1.15 
36p 
46p 
18p 
lip 
36p 
36p 
36p 

Electrolytic capacitors (wire ended) 
75 volt 

1 10p 3 10p 100 15p 
2 10p 64 15p 220 22p 

100 Volt 
3 9p 25 13p 330 11}p 
5 71p 47 16p 680 111p 
20 13p 50 16p 
22 13p 60 24p 

160 Volt 
1 15p 8 15p 32 23p 
4 15p 10 15p 50 23p 
4.7 15p 15 7p 80 26p 
6.8 15p 16 18p 

200 Volt 
2 15p 

250 Volt 
22 18p 47 23p 

275 Volt 
32 32p 

300 Volt 
2 26p 10 £1.05p 

(Pack of 5) 
350 Volt 

1 6p 4 6p 
2 26p 4.7 26p 

10 
16 
22 

8p 
32p 
16p 

400 Volt 
1 32p 10 10p 

450 Volt 
2 22p 16 37p 
4.7 27p 22 37p 

500 Volt 
0.47 32p 4.7 304p 22 37p 
1 231p 10 14p 

High Current Carbon Resistors 3p 
2 WATT 2.7, 20, 39, 100, 130, .220, 330, 
360, 470, 680, 1K, 1K5, 2K2, 2K7, 3K3, 
8K2, 10K, 15K, 18K, 22K, 27K, 100K, 
120K, 150K, 220K, 270K, 330K, 390K, 
470K, 680K, 840K. 
3.WATT 39, 47, 50, 100, 150, 180, 220, 
470, 600, 1K, 1K5, 2K2, 2K5, 2K7, 3K, 
3K9, 4K3, 4K7, 6K2, 6K8, 9K1, .18K, 24K, 
27K, 30K, 47K, 62K, 68K, 100K, 220K, 
270K, 470K, 680K, 2M2, 2M7, 3M9. 
5 WATT 30, 50, 220, 270, 1K, 2K2, 2K7, 
3K3, SK1, 6K8, 8K2, 10K, 82K, 100K, 
390K, 8M2. 

6 Pole Linear Phase filter TOKO 135BBR- 
3132A. 10.7MHz £2.35 

Two, 7" Diem. fans on panel, 20t" x 12". 
mains operation £14. 
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TRINE IN 
to the new-look 

taJ 

o 
s 
< 

_ 

C/foCtitdl 

FREE 

LE 

Q 

NOVEMBER 1980 

00 65p 

SURVEY OF 2m 
MULTI --MODES 

'SLIM JIM' 
FOR 29MHz 

AND 
FEATURING 

HEL.FDRD 
PART 1 

HF SSB TRANSCEIVER 

PW'HELFORD' 
A new series giving full instructions on 
how to construct this Amateur Bands 
Transceiver. 

'SLIM JIM' FOR 28 MHz 
By popular request, Fred Judd, designer of 
the 'Slim Jim: has produced a version for 
the 10 -metre amateur band. 

ecticel 
uDge 

Novemberissue 

OUT NOW 65p 

dd 
December issue out Friday November 7 

FREE 
WORKSHOP 
TWEEZERS 

First the EuroBreadBoard 
Now the EuroSolderBoard 

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 DIL 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 I 

Snip out and post to David George Sales, 
Unit 7, Higgs Industrial Estate, 2 Herne Hill Road, London SE24 OAU 

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

1 EuroBreadBoard @ £ 6.20 0 
or 2 EuroBreadBoards @ £11.70 O Please 

or 3 EuroSolderBoards @ £ 2.00 O Tick 
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/11 

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

R.E.C. PROJECT KITS 
Make us YOUR No. 1 SUPPLIER OF KITS and COMPONENTS for 
R.E.C. Projects. We supply carefully selected sets of parts to enable 
you to construct R.E.C. projects. Project kits include ALL THE 
ELECTRONICS AND HARDWARE NEEDED - we have even included 
appropriate screws, nuts and I.C. sockets. Each project kit comes 
complete with its own FREE COMPONENT IDENTIFICATION SHEET. 
We supply - you construct. PRICES INCLUDE CASES UNLESS 
OTHERWISE STATED. BATTERIES NOT INCLUDED. IF YOU DO NOT 
HAVE THE ISSUE OF R.E.C. WHICH CONTAINS THE PROJECT -YOU 
WILL NEED TO ORDER THE INSTRUCTIONS/REPRINT AS AN EXTRA 
- 45p. each. 

LIGHT CHANGE ALARM Dec. 78. £11.84 
In daylight detects someone moving around a room - after dark can be triggered 
by just torchlight. Units output rs from a relay (included). 
DYNAMIC MIC PRE AMP Sept. 78 £5.82 
Features the ZN424E - with very low distortion and noise. 
ULTRA SENSMVE ULTRASONIC REMOTE CONTROL Feb 79 £12.45 and 
DOPPLER SHIFT ADD ON UNIT Mar 79. extra £5.22 
First part covers the construction of a sensitive remote control switch - an 
ultrasonic transmitter and receiver. The Doppler Shift add on unit detects 
movement within the vicinity of the transducers, and so has applications as a 
burglar alarm. 
RING OF LEDS PRINT TIMER Jan 80 £11.22. 
Unusual display indicates 8 segments of timing period. A ring of 8 lads light 
progressively. Switch selectable timing periods of 1, 2, 3, and 4 minutes. Very 
smartly housed in a Vero Case. 
LOGIC TESTER Jan 80 £5.89. 
Detects overload, logic state and pulse voltages in TTL circuits. A piece of 
veroboard is included - but the layout is left to the constructor. Portable. Battery 
operated. Supplied with test leads. 
TELEPHONE BELL. REPEATER Feb 80 £7.48. 
Includes 2 cases and speakers. Twin fig 8 cable to link units 7p per metre extra. 
Remote unit warns when the telephone rings. Battery powered. 
INFRA RED INTRUDER ALARM. Mar 80 £9.98 less cases. 
Invisible infra red beam protects property- when the beam is broken the relay in 
the receiver is activated. Max. range 3 metres. Kit includes relay. Requires 9V 
supply. 
STEREO MIXER Mar. 80 £12.73 
Mixes high impedance dynamic mic and nurse inputs. Based on 4 LF351 ICs. Two 
dual pots form the controls for mic. and line. Sockets for inputs and outputs. 
CONSTANT CURRENT NI -CAD CHARGER. Sept 80. £19.98 
Charges up to 10 cells - suitable for all normal ni -cads. Continuously variable 
output current. Panel meter indicates the output current. Supplied with leads. 
BASIC SHORT WAVE RADIO June 78 £18.95 
3 band trf design covering 1.2 to 24 MHz. Features five front panel controls - 
wavechange, bandset, bandspread, reaction, and aerial attenuator. Built on a pcb. 
The frequency range covers all the HF broadcast and amateur bands. 
3 BAND SHORT WAVE PRESELECTOR Feb 79 £15.98 
Uses a dual gate MOSFET. Tunes from 1.6 to 30 MHz in 3 bands. Adjustable rf 
gain control. Provides additional selectivity and sensitivity when used with a 
receiver. 
BEGINNERS MEDIUM WAVE RADIO Aug. 79. £6.98 
Provides crystal earpiece reception of the M.W. band. Crystal earpiece is 
supplied. 
TOP BAND FERRITE AERIAL UNIT Sept 79 £8.98 
An active tuned and amplified 160 metre band ferrite rod aerial unit. Provides 
directional reception facilities when used with a 160 metre receiver. Reduces. 
interference and increases sensitivity. 
SINGLE CHIP M.W. RADIO Sept 79 £11.37 
Simple sensitive M.W. receiver with loudspeaker. Uses an LM389 IC for rf gain, of 
gain and power output. Ideal for beginners. 
SHORT WAVE AERIAL TUNING UNIT Dec 79 £11.98 
Improves receiver performance over 1.6MHz to 30MHz. Provides an increase in 
signal strength and rejection of strong interfering signals, spurious responses 
etc. 
SIMPLE SHORT WAVE SUPERHET. Feb and Mar 80 £27.39 
Covers 180 to 20 metres. No alignment problems. Very low battery current. Plug 
in coils. Uses a dual gate MOSFET as a mixer. Regenerative RIF stage allows 
reception of a.m., c.w., and s.s.b. 
80 METRE AMATEUR BAND RECEIVER July 80 £19.98 
Expressly designed for ssb and cw amateur signals. This simple homdyne design 
provides world wide reception of amateur transmissions. Housed in a smart Vero 
case. 
PORTABLE SHORT WAVE RADIO Aug 80. £18.94. 
Suitable for beginners. Covers 25, 31, 41, and 49 metre bands. Fitted with 
telescopic aerial. Use of TBA820M amplifier IC provides loudspeaker output. 
Regenerative t.r.f. receiver. Smart ABS case. 

LATEST KITS: S.A.E. OR 'PHONE FOR PRICES 

MAGENTA ELECTRONICS LTD. 
RA1, 98 CALAIS ROAD, BURTON -ON -TRENT, STAFFS., DE13 

OUL. 0283-65435. 9-12, 2-5 MON.-FRI. MAIL ORDER ONLY 

ADD 35p. P.&P. TO ALL ORDERS. ALL 
PRICES INCLUDE 15% V.A.T. OFFICIAL 
ORDERS FROM SCHOOLS ETC. 
WELCOME. 
ENQUIRIES MUST INCLUDE S.A.E. 
OVERSEAS: SEND ORDER WITH 3 
INTERNATIONAL POSTAL COUPONS 
WE WILL QUOTE EXACT PRICE BY 
AIR MAIL. 

EIRE & BFPO ORDERS 
U.K. PRICES - LESS 10% 
(COVERS V.A.T. REFUND & EXPORT 
DOCUMENTS) PAYMENT: STERLING 
U.K. BANK DRAFT, U.K. POSTAL 
ORDERS or U.K. CHEQUE. 
ENQUIRIES: ENCLOSE 2 INTER- 
NATIONAL POSTAL COUPONS. 

ELECTRONICS CATALOGUE 
Magenta's Catalogue has been carefully designed for Electronics Constructors. 
Product data and illustrations make the Magenta Catalogue an indispensable 
guide for the constructor. Catalogue includes ELECTRONIC COMPONENTS, 
HARDWARE, TOOLS, CASES, TEST EQUIPMENT. Details of advertised items and 
CIRCUIT IDEAS for you to build. 
No minimum order - all products are stock lines. FIRST-CLASS delivery of FIRST- 
CLASS components. 
Send for your copy and see how easy our catalogue is to use. WRITE TODAY 
enclosing 6 x 10p stamps. New. 80/81 edition now out. 

ADVENTURES WITH ELECTRONICS o 
An easy to follow book suitable for all ages, ideal for beginners. No Soldering 
Uses an 'S Dec' breadboard. Gives clear instructions with lots of pictures. 1E 
projects - including three radios, siren, metronome, organ, intercom, timer, etc. 
Helps you learn about electronic components and how circuits work. Component 
pack includes an S -Dec and the components for the projects. 
Adventures With Electronics. £1.75. 
Component Pack £16.72 less battery. 

ADVENTURES WITH 
MICROELECTRONICS 

Same style as above book; 11 projects based on integrated circuits - includes: 
dice, two-tone doorbell, electronic organ, MW/LW radio, reaction timer, etc 
Component pack includes a Bimboard, 1 plug-in breadboard and the component: 
for the projects. 
Adventures with Microelectronics £2.35. 
Component pack £29.95 less battery. 

The INStructor 
A FULLY CONSTRUCTIONAL PROJECT 

INCORPORATING AN INS8060 
MICROPROCESSOR CHIP 

A Practical introduction to microprocessor functioning 
Relatively small number of components required 
An instructional 

8 part series. Part 1 in Aug. 80 issue. Reprints of previously published 
part available. 45p each part. 
The Instructor is a low cost assembly which provides a practical 
introduction to microprocessors and their functions. It is not a computer, 
but it is a working circuit which allows microprocessor working to be 
followed, one program step at a time. Build the Instructor and you will 
gain microprocessor experience. The series is based on the INS8060 
microprocessor IC, also known as the SC/MP Mk.2. Circuits are built on a 
plug in Eurobreadboard. Kit is available with or without the breadboard. 
INSTRUCTOR COMPONENT PACK: Including Eurobreadboard £27.85; or 
less Eurobreadboard £21.65. 

HEADPHONES AND EARPIECES. 
The short wave radios require a crystal earpiece or high impedance monc 
headphones. 
MONO HEADPHONES £2.98. 
High impedance 2k. Sensitive, Lightweight. Adjustable padded earpieces. Fittec 
with 3.5mm jack plug. 
CRYSTAL EARPIECE 56p. 
Fitted with lead and 3.5mm jack plug. Top quality. 
STETHOSCOPE. 69p. 
Optional attachment for use with our earpiece. 

TOWERS INTERNATIONAL TRANSISTOR 
SELECTOR £10.35 

ANTEX X25 SOLDERING IRON. 25W. 
£4.98. 
SOLDERING IRON STAND. £2.03. 
SPARE BITS. Small, standard, large. 
65p each. 
SOLDER. Handy size. 95p. 
EUROBREADBOARD. £6.20. 
LOW COST LONG NOSE PLIERS. 
£1.68 
LOW COST CUTTERS. £1.69. 
SIREN. 12V. £5.18 
P.C.B. ASSEMBLY JIG. £11.98. 
P.C.B. ETCHING KIT. £4.98. 
MONO HEADPHONES. 2K Padded. 
Superior, sensitive. £2.98. 
STEREO HEADPHONES. 8 ohm. 
Padded. £4.35. 

DESOLDERING BRAID. 69p. 
HOW TO SOLDER BOOKLET. 12p. 
HEAT SINK TWEEZERS. 15p. 
SOLDER BOBBIN. 30p. 
DESOLDER PUMP. £5.98. 
CONNECTING WIRE PACK. 5 x 5 yd 
coils. 55p. 
VERO SPOT FACE CUTTER. £1.21. 
VERO PIN INSERTION TOOL. 0.1". 
£1.66. 0.15" £1.67. 
RESISTOR COLOUR CODE CALCU- 
LATOR. 21p. 
MULTIMETER TYPE 1. 1,000 o.p.v. 
with probes. 2" x 3V s 1". £6.66. 
MULTIMETER TYPE 2. 20,000 o.p.v. 
with probes. 5" x 31" x 11". £11.52. 

MAGENTA gives you FAST DELIVERY BY FIRST-CLASS POST OF QUALITY 
COMPONENTS AND KITS. All products are stock lines and are new and tut 
specification. We give personal service and quality products to all our customer; 
- HAVE YOU TRIED US? 

INTO ELECTRONICS CONSTRUCTION 
6 part series in Hobby Electronics Feb 80 - July 80. Reprints 
available 45p each part, COVERS THE BASICS OF ELECTRONICS - 
LOTS OF PRACTICAL WORK. Circuits are built on a plug in Euro- 

r breadboard. 

'"="`" Eurobreadboard and components £15.63. Components only 
£9.43. 

PRICES INCLUDE V.A.T. 
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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. 

4/76/,/1727:(e % %/+ j % j 
e / 

/ // 
R . , S7 

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. 

Please send your FREE brochure REcr11/811 

without obligation to:- 
Name 

Address 

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. 
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SUGGESTED CIRCUIT I --I 

LINEAR SCALE 
OHMMETER 

By G. A. French 

The more inexpensive 
analogue multi-testmeters 
have resistance ranges and 
scales which are notoriously 
inaccurate and difficult to read. 
The scales are cramped at the 
high resistance end and accu- 
racy normally worsens with fal- 
ling voltage in the internal 
meter battery. It is, in particu- 
lar, not an easy matter to 
obtain meaningful indications 
of resistance when these 
approach and exceed 1 Mfl. 

The circuit to be described 
this month is for a low cost 
adaptor which can be used 
with an analogue testmeter 
when the latter is switched to a 
suitable voltage range, and it 
provides linear indications of 
resistance in five ranges, the 
lowest range being 0-1k12 and 
the highest range being 
0-10Mfi. The adaptor does not 

Test 
resistor 

Fig.1. The basic circuit for 
obtaining linear resis- 
tance readings by means 
of an analogue voltmeter 

give results which have the 
accuracy of a true laboratory 
measuring instrument, but the 
accuracy is very much better 
than is that given with the 
testmeter ohms ranges them- 
selves. Also, all the resistance 
readings are directly propor- 
tional to meter voltage indica- 
tions, and are in consequence 
free from scale cramping as 
well as being very easy to 
evaluate. 

CONSTANT CURRENT 
SOURCE 

The basic mode of operation 
of the adaptor is shown in 
Fig.1. Here, a constant current 
source causes a constant cur- 
rent to be passed through the 
test resistor whose value is to 
be ascertained. Since the cur- 
rent is constant the voltage 
across the resistor is propor- 
tional to its resistance value. 
The voltage at the upper end of 
the test resistor is applied to an 
operational amplifier having 
an extremly high input resis- 
tance. The op -amp output is 
returned to the inverting input 
and the op -amp thus functions 
as a voltage follower. The vol- 
tage across the resistor, and 
hence an indication of its value, 
is then read from the analogue 
voltmeter connected to the 
op -amp output. 

This method of measuring 
resistance is not, of course, 
new but the fairly recent intro- 
duction of modern devices to 
the home constructor compo- 
nent market, including in par- 
ticular an integrated constant 

1 

current source, makes it poss- 
ible to make up delightfully 
simple circuits which are cap- 
able of measuring resistances 
up to 10MS2 by the constant 
current technique. 

The integrated constant cur- 
rent source is the LM334Z, and 
this is available from Maplin 
Electronic Supplies. It is 
encapsulated in a 3 -pin T092 
package and, for operation at 
room temperatures, requires 
only one external resistor to 
establish the value of the con- 
stant current. The device is 
connected as shown in Fig.2 
and the constant current, in 
amps, is equal to 0.0677 
divided by the value of the 
external resistor. The range of 
constant currents available 
extends from 1µA to 10mA. 
The first current is given when 
the resistor has a value of 68kS1 
and the second current when 
the resistor has a value of 6.852. 

LM334Z 

Fig.2. 
stant 

3 

= 0.0677 
R 

Obtaining a con- 
current from the 

LM334Z 

142 RADIO AND ELECTRONICS CONSTRUCTOR 

www.americanradiohistory.com



RI 

6Bn 

Si 

68n 
R3 

680 
n 

2 

68 
kn 

LM334Z 

R5 

68kn 

3 

S1 Ranges 

I - O-Ikn 
2- O-IOkn 
3- O-IOOkn 
4-O-IMn 
5 - 0-10Mn 

Test 
terminals 

IC2 
LF35I 

6 

0-10V 

S2 
On -Off 

R6 

6.8 kn 

eR 
1.5kn 

000 
312 

LF35I LM334Z 
Top view Lead -outs 

000 
c 

2N39O6 
Lead -outs 

Fig.3. Full circuit of the linear scale ohmmeter, which offers resistance read- 
ings up to 10Mf. Meter M1 is a testmeter switched to read 0 -10 volts. In the 
insets showing pinning for IC1 and TR1, the lead -outs point towards the 

reader. 

ADAPTOR CIRCUIT 

The full circuit of the adaptor 
is in and be 
seen that the range switch S1 
switches in five different val- 
ues of external current control 
resistor. On Range 1 the con- 
stant current is 10mA, on 
Range 2 it is 1 mA and on Range 
3 the current is 100µA. Range 4 
gives 10µA and Range 5 allows 
1µA to flow. A current of 10mA 
through a 11(9, resistor causes 
10 volts to be developed across 
that resistor, and a current of 
1 mA through a 10k9 resistor 
similarly produces a voltage of 
10 volts. On each of the five 
ranges the maximum resis- 
tance shown for the range 
causes a voltage of 10 volts to 
be given. Lower resistances 
within the range produce 
proportionately lower vol- 
tages. 

The resistor being measured 
is connected to the test termi- 
nals and the voltage on the 
upper terminal is applied to the 
non -inverting input of the 
op -amp, IC2, which is con- 
nected as a voltage follower. 
The i.c. chosen for the circuit is 
an LF351 with an input resis- 
tance of 1 tera-ohm, or 1 mil- 
lion megohms. This has J-fet 
inputs and does not need the 

handling precautions that are 
required with devices having 
MOS inputs, although it is wise 
to solder to the input pins with 
an iron having a reliably 
earthed bit. The only main pre- 
caution needed is to ensure 
that neither of the LF351 inputs 
is taken negative of the nega- 
tive supply pin, as damage to 
the device can then result. 

The LF351 ceases to function 
as a voltage follower if the 
input at the non -inverting input 
passes below about 2 volts 
positive of the negative supply 
rail and so it is necessary to 
raise the voltage follower and 
meter circuit above the nega- 
tive rail by a suitable voltage. 
This is achieved with the aid of 
the potential divider consisting 
of R6 and R7, the junction of 
these two resistors connecting 
to the base of emitter follower 
TR1. The voltage at the emitter 
of TR1 is around 4 volts posi- 
tive of the negative rail, and 
falls as battery voltage drops. A 
precise voltage is not required 
as the lower test terminal and 
the negative side of the 
analogue meter are both 
returned to the emitter, and the 
constant current from IC1 is not 
affected by the voltage at this 
point. The emitter follower 
copes comfortably with the 
varying currents required on 

BYI 

9V y 

+ 

BY2 

9V 1 

the different resistances 
ranges. The standing current in 
the potential divider is about 
2.2mA. A 3.9 volt zener diode 
could have been employed 
instead of the emitter follower, 
but it would have required a 
standing zener current of at 
least several milliampsto bring 
it on to the flat part of its 
characteristic. 

As has been already 
explained, the voltage applied 
to the non -inverting input of 
the LF351 is 10 volts maximum 
on each range. The input vol- 
tage varies therefore, from 
zero to 10 volts. With the 4 volt 
delay given at the emitter of 
TR1, the LF351 output voltage 
swing, relative to the negative 
rail, is from 4to 14 volts. Such a 
swing is comfortably within 
the capability of an LF351 hav- 
ing an 18 volt supply. In prac- 
tice, the circuit provides accu- 
rate resistance readings even 
when the supply voltage drops 
to 14 volts, as the reference vol- 
tage at TR1 emitter also falls. 

The total current consumed 
by the circuit is about 4mA on 
Ranges 5, 4 and 3, this rising to 
around 5mA on Range 2 and 
15mA on Range 1. The two 9 
volt batteries may be any type, 
ranging from PP3 to PP9, as 
preferred. 

The meter, M1, is a testmeter 
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switched to read 0-10 volts. 
The circuit will function with 
quite insensitive meters, and it 
is only required that the meter 
resistance should be 1,000fí 
per volt or more. A 0-10 volt 
meter with a sensitivity of 
i,000í2 per volt will consume 
an extra 1 mA from the bat- 
teries when it is at full deflec- 
tion. 

ACCURACY 
Quite fair accuracy will be 

given if R1 to R5 are 5% resis- 
tors, and this will improve if 
these resistors have a toler- 
ance of 2%. The LM334Z is 
quoted as having a current 
accuracy within 3% of the cal- 
culated value, and there would 
be little advantage in using 1% 
components for R1 to R5 if 
these were significantly more 
expensive than 2% types. If dif- 
ficulty is experienced in obtain- 
ing the 6.811 resistor required 
for R1 in close tolerance, it may 
be made up from an 1111 and 
an 1811 resistor in parallel. 
These have a combined calcu- 
lated value of 6.8311. R6 and R7 
can be standard 5% watt 
components. 

The circuit may be made up 
in any convenient case with Si 
and S2 on the front panel, in 
company with two terminals 
for the test resistor and two ter- 
minals to which the testmeter 

connects. Resistance readings 
are then proportional to test - 
meter voltage reading. If, for 
instance, a reading of 3.4 volts 
is given on Range 4, the test 
resistor has a value of 340kí1. 
The prototype circuit gave per- 
fectly satisfactory results when 
the test resistors approached 
and reached 10mf in value. 

The analogue meter gives a 

reading in excess of 10 volts 
when the test terminals are 
open -circuit and the voltage 
then applied to it, with new bat- 
teries, is of the order of 14 
volts. If the meter f.s.d. value 
happens to be 10 volts (instead 
of, say, 15 or 20 volts) this 
means that its needle will be 
deflected against the right 
hand end -stop, although the 
extra current flowing should 
not cause any damage to a 

normal meter movement. If 
this effect is disliked, a press - 
to -break push button can be 
added to the circuit, it being 
connected across the test ter- 
minals as shown in Fig.4. The 
button is pressed, to take a 

reading, after the test resistor 
has been connected to the ter- 
minals. Incidentally, the fact 
that the voltmeter gives a read- 
ing in excess of 10 volts with 
the test terminals open -circuit 
provides an automatic check 
on battery voltage. If the 
open -circuit voltage readings 

Test terminals d Press to break 

Fig. 4. If desired, a press - 
to -break push button 
may be wired across the 
test terminals. This is 
operated after the resis- 
tor to be measured has 
been connected to the 

terminals 

fall to less than 11 volts this is 
an indication that the batteries 
require changing. 

The dissipation in IC1 is low 
on all ranges except Range 1, 

where it can rise to in excess of 
100mW (which is still well 
within its maximum rating). 
There may be a slight drift in 
readings if the ohmmeter is 
used for long periods on Range 
1 due to the consequent rise in 
temperature inside the device, 
but there should be no prob- 
lems in the short term. The 
adaptor should not be left 
switched on with Range 1 

selected for excessive times 
when the push-button of Fig.4 
is incorporated, as apart from 
any other effect there would be 
an excessive drain on the bat- 
teries. 

NEW CATALOGUE 
Now available from Magenta Electronics is their 

new 1980-81 catalogue. With 52 large pages and a 
separate 6 page Price List, this gives details of a very 
wide range of electronic components, including 
printed circuit materials, cases, semiconductors, coils, 
transformers, resistors, capacitors, connectors and 
testmeters. Detailed illustrations of components are 
provided. Five pages of the catalogue are devoted to 
circuit ideas which can be built by the experimenter. 

An unusual feature is the inclusion of a large quan- 
tity of kits for constructional projects published in this 
magazine and others. These kits include our current 
"INStructor" series and, in all, there are well over 
150 projects listed. Each kit provides, nuts, bolts, and 
all hardware needed, as well as the purely electronic 
parts. 

The Magenta Electronics 1980-81 catalogue can 
be obtained from Magenta Electronics Ltd., 98 Calais 
Road, Burton -on -Trent, Staffs, DEI 3 OUL by send- 
ing payment of six 10p stamps. 
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RECENT PUBLICATIONS 

THE PERSONAL COMPUTER BOOK. By Robin Bradbeer. 226 pages, 210 X 140mm. 
(81 X 5 -in.) Published by Input Two -Nine. Price £5.25. 

Robin Bradbeer is a free-lance writer on personal computing, as well as being 
Senior Lecturer in the Department of Electronic and Communications Engineering 
at the Polytechnic of North London. In this book (which is distributed by MCB 
Publications Limited, 198/200 Keighley Road, Bradford, BD9 4JQ, Tel. 0274499821) 
he sets out to explain what the personal computer can do and how the beginner in 
the computer world can obtain and take advantage of a suitable machine for his 
own particular requirements. 

The text is concise, pleasant in style and easy to follow. The first five of the 
seven chapters which make up the body of the book introduce the computer, 
indicate how the reader can start with computers, and discuss hardware and 
software. The sixth chapter gives specifications and details for some 50 commer- 
cially produced computers and systems which are currently available, as well as for 
15 printers and 10 visual display units. Chapter 7 describes the uses to which the 
computer can be put. There are eight appendices, the first four of which cover 
binary arithmetic, interface standards, addresses of manufacturers and dis- 
tributors, and computer clubs and specialist groups in the U.K. The fifth appendix 
gives an extensive list and evaluation of computer magazines in the U.K., U.S.A. 
and the Continent, and the sixth a selected bibliography. A glossary of terms 
appears in the seventh appendix, and advice is given on building kit systems in the 
final appendix. 

This is a comprehensive and carefully prepared publication offering much useful 
information to the newcomer to computers. 

110 IC TIMER PROJECTS FOR THE HOME CONSTRUCTOR. By Jules H. Gilder. 125 
pages, 230 x 145mm. (9 x 52in.) Published by Newnes Technical Books. Price £3.10. 

The 555 must surely be one of the most widely employed i.c.'s in use today. 
Basically intended as a monostable or astable multivibrator, it has appeared in very 
many widely varying applications since its introduction. The book under review 
gives an excellent idea of the versatility possessed by this unique integrated circuit. 

The book commences with a description of the internal circuitry and pin functions 
of the 555 and then deals with monostable and astable circuits. In both instances, 
circuits are presented which offer enhanced performance. The section on astable 
circuits includes, for example, an astable with continuously variable duty cycle and 
an astable with crystal frequency control. 

The following sections cover logic circuits, timer -based instruments, automobile 
applications, alarm and control circuits, and power supplies and converters. As the 
title of the book promises, there are 110 different circuits. These are all good and 
practical and will not only be of considerable interest to the experimenter as well as 
the constructor but may also, in themselves, spark off further ideas and uses for the 
555. 

A GUIDE TO AMATEUR RADIO, 18th Edition. By Pat Hawker, G3VA. 144 pages, 245 x 180mm. (92 x 7in.) Published by Radio Society of Great Britain. Price £2.40. 

A Guide To Amateur Radio first appeared in 1933, and it has now arrived at its 
18th edition. Its continuing popularity gives clear evidence that it is a welcome 
occupant of the bookshelf of anyone having an interest in amateur radio, whether this be for transmitting or simply for listening. 

The prime aim of the book is to advise the newcomer to amateur radio, and to 
assist in the obtaining of a transmitting licence. But in so doing it also provides a great deal of technical information which will help any beginner in electronics in 
general and in short wave radio in particular. Among the subjects covered are 
communications receivers, transmitters, aerials, workshop practice and electronic fundamentals. The book also gives specific information on amateur matters, includ- ing amateur station operation, the function of the RSGB, international amateur 
organisations and working to pass the transmitting licence examination. 

The book is well set up and laid out, with clear illustrations and diagrams. In cases of difficulty it can be obtained direct from Radio Society of Great Britain, 35 Doughty 
Street, London WC1N 2AE, for £2.99 post paid. 
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NEWS .. AND 
HANDHELD DMM REDUCED IN PRICE 

Fluke's latest low cost handheld DMM, the 34 digit 
8022A Troubleshooter model, has just been reduced in 
price from £89 to £75, making it even more attractive in 
design, service and field test work. 

The 8022A is a simple yet versatile general purpose 
DMM providing 6 functions (AC + DC Volts, AC + DC 
Amps and high and low Ohms) with 24 ranges, including 3 
diode test ranges. 

A clear 34 digit LCD display makes it easy to read with 
the single row of buttons down one side allowing single 
handed operation when required. Extensive overload pro- 
tection up to 6 kV for transients and 1000 V or 20 Amps 
make it practically indestructible in use. The LCD display 
on the 8022A also provides a battery low, over -range and 
negative polarity indication. Basic DC accuracy is 0.25%. 

The safety leads are especially designed to prevent acci- 
dental shock and a full range of accessories are available 
including probes for high voltage, high current, RF, tempe- 
rature as well as a battery eliminator for bench work. 

"BROADCASTING TECHNOLOGY FOR THE 1980's" 
The IBA has published a 12 -page, fully -illustrated, description of current engineering progress and development work 

being carried out at Crawley Court, Winchester under the title "Broadcasting Technology for the 1980s". This describes the 
engineering of the "Fourth Channel" under the IBA Act 1979; recent developments for Independent Local Radio; the 
present state of digital technology in broadcasting, including ORACLE teletex and digital techniques for the application of 
space satellites. 

In a foreword by Tom Robson, IBA's Director of Engineering, he writes: 
"The 1980s offer the challenge of the all -digital systems; the new methods of video distribution including optical fibres 

and satellites; the exploitation of bandwidth at SHF and beyond; the new mobility of lightweight equipment - especially 
where microwatts of power consumption can match the micro size of the devices. It is a challenge that will call for new 
skills and new training for a very different world." 

Contents: UHF transmitters and the Fourth Channel; RTS award for SABRE; ILR - the new force in sound radio; the 
ubiquitous digit - digital video processing; IBA digital 'firsts'; the expanding world of teletext; space satellites-questions 
for the future; IBA - an engineering service. 

Copies are available, free of charge, from IBA Engineering Information Service, Crawley Court, Winchester, Hants. S021 
2QA. 

The Screwmaster ratchet 
range, I to r - the 84" screw- 
driver, the 3" Chubby, the new 
bit holder Screwmaster and 
the new Chubby with their set 
of bits. 

'FOUR SCREWDRIVERS IN ONE' 
'Four screwdrivers in one' is the latest addition to the 

Steadfast Screwmaster family of screwdrivers from J. Stead 
& Co Ltd, of Netherlane, Ecclesfield, Sheffield. 

The new screwdriver adaptors incorporate the patented 
roller ratchet Screwmaster mechanism which was success- 
fully launched earlier this year. There is a sleeve at the end 
of the driver shaft to hold all types of standard 4" A/F 
screwdriver bits. 

The bit holder is available in two sizes. The Chubby 
model is only 3" in length -a size which has already proved 
its popularity as a ratchet Screwmaster. The larger model is 

84" in length. Both sizes come with either a magnet or 
retaining clip at the base of the sleeve to hold the bit in 
place. 

The magnet will also attract a screw -a particular feature 
if working in tight or awkward conditions. However, in 
situations where a magnetised blade is not suitable the 
retaining clip is the alternative. 

The adaptor and bits are available separately or in kit 
form comprising an adaptor, together with No 1 Pozidriv, 
No 2 Pozidriv, 3/16" and " flat bits. 

Retail prices range from £3.35 to £4.90, plus VAT, for 
the bit holders and £5.95 to £7.50, plus VAT, for the kit 
form. 
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. COMMENT 
As we grow increasingly security conscious, our 

pockets progressively fill with keys of all shapes and 
sizes. Apart from the wear and tear these may cause, 
the danger of loss is always present. An obvious solu- 
tion is an electronic combination switch, which can be 
ideal for controlling electrically operated devices such 
as alarm systems and solenoid releases, etc. To meet 
this need we are featuring in this issue an article - 
'CMOS Combination Switch'. 

Since a combination switch involves expenditure in 
addition to the expense of the device it controls, it is 
essential to design its circuit such that costs are kept to 
a minimum. This requirement is achieved in the fore- 
going design to such an extent that it costs little more 
than an electrical locking switch! 

SATELLITE DATA BUOY 
McMichael has successfully installed a satellite 

data collection platform (DCP) on a buoy which is 
moored off the coast of the Isle of Wight. 

Data is collected, processed and stored from the 
on -board sensors and at regular time intervals is 
transmitted back to the home base in Slough via 
satellite, satellite receiving station (in W. Germany) 
and then telex. 

Due to the processing capability of the DCP, the 
transmission time is much reduced and thereby saves 
battery power during transmission. 

A wide beam aerial on the buoy mast ensures that 
data is still transmitted even during rough weather, 
which was simulated in this trial by using a buoy with a 
shortened keele which was kindly supplied by the 
British Met. Office. 

Such data buoys can be moored anywhere in the 
world whilst the user receives his information at the 
home base and will gradually replace weather ships 
which are increasingly expensive to operate, as well as 
being used on large lakes and other inland water. 

There has been interest in this project from many 
parts of Europe and the Dutch Water Authority have 
asked for an extension to the trial period whilst they 
undertake some of their own measurements. 

CASIO ENTERING 
THE MUSIC BUSINESS 

CASIO is a name that most people readily associ- 
ate with quality calculators and digital watches. Some 
also recognise Casio as a manufacturer of cash regis- 
ters and computers. 

Casio are breaking new ground by entering the 
music business with a product called Casiotone. It is a 
keyboard instrument that can reproduce the sounds 
of piano, organ, violin, flute, and a couple of dozen 
other instruments that are normally struck, plucked, 
bowed or blown. Moreover it is polyphonic - able to 
play chords of up to eight notes simultaneously. 

Technology employed is a development from 
Casio's earlier electronics expertise. Casiotone's, 
functions are performed by two -chip LSI circuitry. It 
makes sounds that are pleasing to professional musi- 
cians, yet it will sell at a price appealing to amateurs. 

"PATHÉTIQUE" RECORDED 
USING 3M 

DIGITAL EQUIPMENT 

The first classical recording in England using the 
3M Mincom digital multi -track mastering system 
took place during June at the Kingsway Hall in Lon- 
don. 

Carlos Paita conducted the National Philharmonic 
Orchestra under the leadership of Mr. Sidney Sax for 
a recording of Tchaikovsky's Symphony No. 6, "The 
Pathétique". The 3M Mincom 4 -track digital recor- 
der was on hire from the Townhouse Recording 
Studios in Shepherd's Bush. The digital recording was 
backed up by both 8 -and 2 -track analogue recorders 
with Dolby noise reduction equipment on hire from 
Decca. 

The programme was mixed and edited at the 
Roundhouse Recording Studios on 20th and 21st 
June using the studio's 3M Mincom 32 -track and 
4 -track digital recorders and electronic editor, as well 
as new cross fade units also manufactured by 3M. 
Cutting will shortly take place at The Townhouse, 
again using the 3M digital preview unit. The Town- 
house can probably claim the best cutting facilities in 
Europe at present since its acquisition of the 3M 
digital equipment and a new Neuman lathe. 

The digital recording of Tchaikovsky's "Patheti- 
que", with Carlos Paita conducting the National 
Philharmonic Orchestra, is due for release in 
October. 

MICROPROCESSOR 
APPLICATIONS 
UNDERWATER 

The introduction of microprocessors to the under- 
water scene represents yet another step forward on 
the road to extending our knowledge of a range of 
environmental conditions, and provides yet another 
precise tool for the better information of designers, 
engineers and offshore operators. If programmed to 
recognise and record particular non -typical events 
events and conditions, microprocessors can fill in vital 
gaps in information which may be missed by instru- 
ments performing routine sampling. 

The subject is to be dealt with in a one day seminar 
to be held in November under the auspices of the 
Society for Underwater Technology of 1 Birdcage 
Walk, London SW1H 9JJ. 
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CMOS 

COMBINATION 

SWITCH 

The prototype combination switch is 
housed in a neat plastic case. Each of 
the combination numbers is selected 
by touching the corresponding con- 

tact pair with a finger. 

As we grow increasingly security conscious, our 
pockets progressively fill with keys of all shapes and 
sizes. Apart from the wear and tear these may cause, 
the danger of loss is always present. An obvious solut- 
ion is an electronic combination switch, which can be 
ideal for controlling electrically operated devices 
such as alarm systems and solenoid releases, etc. 

Since a combination switch involves expenditure in 
addition to the expense of the device it controls, it is 
essential to design its circuit such that costs are kept to 
a minimum. This requirement was achieved with the 
present design to such an extent that it costs little 
more than an electrical locking switch. 

One of the most expensive parts of a combination 
switch can be the keyboard, press -buttons or other 
circuit controlling switches which are employed. It 
was therefore decided to use a "touch contact" sys- 
tem, which may be home produced at almost zero 
cost. One word of caution, however: touch contacts 
require clean dry conditions, and are only suitable for 
indoor applications. CMOS devices can be readily 
controlled by touch contacts and they incur very low 
battery current consumption. The design incor- 
porates two CMOS chips, these being a 4081 (quad 
2 -input AND gate) and a 4001 (quad 2 -input NOR 
gate). 

OPERATING THE DEVICE 
The switch is activated by touching contacts 1,2, 3, 

4 (as numbered in the circuit diagram) in that order. If 
any other numbered contact is touched the circuit is 
de -activated and remains in that state for a period of 
seconds or minutes according to the values chosen for 
C2 and R9. Thus, the potential thief has to touch the 
correct contacts in the proper order the first time to 

By 

M. P. Horsey 

o a o 0 0 0 
I 2 3 

00 00 00 
4 5 6 

00 00 00 
7 8 9 

- L.E.D. 

0 0 - pairs of contacts 

Fig.1. Front panel layout of the com- 
bination switch. Pairs of contacts are 
bridged by a finger in the correct sequ- 
ence to operate the switch. Touching 
an incorrect contact pair disables the 

switch for a pre-set period. 
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Negligibly low stand-by current. 

Automatic inhibit on selection 
of incorrect contacts. 

Finger-tip operation 

secure operation of the switch. If a wrong contact is 
touched, even the correct sequence will not operate 
the switch until the pre -determined delaying period 
has elapsed. 

The layout of the front panel is shown in Fig.1 and 
the photographs. The pairs of touch contacts are 
numbered 1 to 9 but these numbers do not corres- 
pond with the numbers allocated to the touch con- 
tacts in the circuit diagram. The wiring combination 
to the contacts is carried out as desired by the con- 
structor and it could, for example, produce a correct 
sequence of 9, 5, 8, 1, with all the other contacts 
setting up the delay inhibit period. 

Most readers will be familiar with the NOR gates in 
the 4001 chip. The output of each gate will be high, at 
logic 1, only when both inputs are low, at logic 0. If 
either input or both inputs are at 1 the gate output 
goes to 0. In the 4081, each AND gate produces an 
output 1 only when both inputs are at 1. If either or 
both inputs are at 0, the output of the gate is also at 0. 

THE CIRCUIT 
The circuit appears in Fig.2. In this diagram, both 

C2 and C3 are discharged at the instant of applying 
the 9 volt supply. At this instant, pin 8 of IC2 is held 
low, because of R7 and R8, and the gate output will 
be high. This output, coupled via the discharged 
capacitor C2, keeps pins 12 and 13 high and pin 11 
low. The two gates concerned latch into this state. 
The low output at pin 11 passes to pins 1 and 2 of the 
third gate of IC2, whereupon pin 3 of that gate goes 
high, causing C3 to charge via R10 after a very short 
delay. 

However, C3 is discharged at the instant of supply 
application, thereby biasing the top AND gate of IC1 
so that it takes up the state where pin 3 is low, as also 
is pin 2. These last two pins stay low after C3 has 
charged. The low output at pin 3 of IC1 is applied to 
pin 5 of the second AND gate, whose output at pin 4 
is consequently low. Following the chain of AND 
gates, pin 10 is also low as, finally, is pin 11. 

When contacts 1 are touched, pin 2 of IC1 goes 
high, as also does pin 3, and the top AND gate latches 
into this new state. Pin 5 of the second AND gate is 
now high so that, if contacts 2 are bridged by the 
finger, its output goes high also, at pin 4. The progres- 
sion continues by touching contacts 3 and then con- 
tacts 4, whereupon pin 11 of IC1 goes high, turning 
on transistor TR1 and energising the relay. The relay 

ICI 
P 

14 IC2 pen 14 

ICI 

4081 

LEDI 

Relay 
coil 

IN4O01A\ I 

TRI 

BCI84L 

1C1 IC2 
pin 7 pins 5,6.7 

DI 

+I4 
IN 4001 

+9V 
o 

Relay 
contacts 
moo- 

To / 

controlled 
circuit 

000 
b c e 

BCIB4L 
Lead -outs 

Fig.2. The circuit of the combination 
switch. Contact sets 1 to 4 have to be 
touched in numerical order to actuate 
the switch. Touching any of the other 
contact sets inhibits the switch for a 
period dependent upon the values of 
C2 and R9. Contact set numbering 
does not, of course, correspond with 
the numbers on the front panel of the 

switch. 
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Looking inside the combination switch case. The author's unit is powered by 
a PP3 battery and incorporates a dry reed relay, which is mounted opposite 

the battery. 

contacts then turn on whatever circuit is controlled by 
the combination switch. Diode D2 protects the trans- 
istor against high inductive voltages when the relay is 
subsequently released. The transistor also turns on 
the l.e.d. in its collector circuit, thereby indicating 
that the correct sequence of touch buttons has been 
selected. LED 1 and its current limiting resistor, R6, 
are not essential and may be omitted from the circuit, 
if desired. 

if any of the "wrong" contact pairs, 5 to 9 inclusive, 
is touched, pin 8 of the NOR gate in IC2 is taken high 
and its output at pin 10 goes low, as also do pins 12 
and 13 of the next NOR gate. Pin 11 of the second 
NOR gate goes high and, as long as C2 remains 
discharged, these two gates stay latched in this new 
condition. The high output at pin 11 causes pin 3 of 
IC2 to go low. This low is passed via R10 to pin 1 of 
the top AND gate, with the result that contact sets 1 

to 4 become inactive. Even if one or more of the AND 
gate outputs has already been latched high, the low 
input at pin 1 of the top AND gate will take them all 
low again. 

When, after a "wrong" contact set has been 
touched, pin 10 of IC2 goes low, capacitor C2 is 

discharged. It then begins to charge slowly via R9 
until, eventually, pins 12 and 13 of IC2 go sufficiently 
high to cause pin 11 to go low and pin 3 to go high. 
The first two NOR gates latch back to their initial 
state and the combination switch may again be 
operated by touching contacts 1 to 4 in the correct 
order. The values of C2 and R9 are chosen by the 
constructor to suit his particular requirements. A very 
long time delay is not recommended as it would be 
irritating for the authorised user to have to wait too 
long if he accidentally touched a wrong contact set. 
As an example, a value of 1 MSl for R9, with 4.7µF for 

COMPONENTS 

Resistors 
(All 4 watt 5% unless 
RI 10MS110% 
R2 10MS2 10% 
R3 10MS1 
R4 lOMu 10% 
R5 4.7k12 

Semiconductors 
ICI 4081 
IC2 4001 
TR1 BC184L 

otherwise stated.) 
R6 lkIl 
R7 10MS2 10% 
R8 10MS1 10% 
R9 see text 
R10 1MS1 

D1 1N4001 
D2 1N4001 
LEDI red l.e.d. 

Capacitors 
Cl 100µF electrolytic, 10V. Wkg. 
C2 see text 
C3 0.01µF polyester, type C280 

Miscellaneous 
9 -volt battery type PP3 (see text) 
Battery connector 
Plastic case (see text) 
Relay (see text) 
18 -off touch contacts (see text) 
2 -off 14 -way i.c. holders 

C2, will provide a delay of about 3 seconds. Increas- 
ing either R9 or C2, or both, will increase the delay. 
In practice a delay of about 32 minutes is suggested, 
and this will be obtained with R9 at 4..71VIS2'and C2 at 
100µF. 
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Fig.3. Veroboard layout as seen on the 
component side of the board. The 
"common" lead from hole Al con- 
nects to one contact of all the contact 

pairs. 

e 

1 1 

Also mounted on the front panel is a 
light -emitting diode which lights up 
when the correct combination has 

been selected. 

Relay 

+9V 

Diode D1 is optional, but is included to ensure that 
no damage is done should the battery be momentarily 
connected the wrong way round, as can easily happen 
with a PP3 type connector. 

Point "P" is provided to turn off the combination 
switch once entry has been gained or an alarm 
switched off, etc. A push-button may be connected 
between point "P" and the negative rail, and if this is 
momentarily pressed it will cause all the AND gates 
to latch low. This switching option was not used with 
the author's circuit. Touching one of the "wrong" 
contact pairs will also, of course, cause the AND gates 
to latch low. 

CONSTRUCTION 
The relay can be any type having a coil resistance of 

150SI or more which will energise reliably at some 8 
volts. The prototype used a reed relay. The quiescent 
current consumed by the circuit is negligibly low and 
the author's unit was powered by a PP3 battery. Once 
the switch has operated the current drawn is that 
required by the relay plus some 1 to 2mA in the base 
circuit of TR1 and about 7mA in LED1. If it is 
desired that the relay remain energised for relatively 
long periods, some constructors may prefer to use a 9 
volt battery that is larger than PP3 size. 

Most of the components are assembled on a 0.1 in. 
matrix Veroboard having 19 holes by 24 strips. Com- 
ponent layout is shown in Fig.3. Before soldering 
components in place, make the breaks in the copper 
strips as indicated. There are 16 of these breaks. To 
avoid damage to the two CMOS devices it is advisable 
to solder i.c. holders to the Veroboard and then plug 
in the two i.c.'s after all wiring has been completed. 

The switch may be housed in any plastic case which 
will take the Veroboard, relay and battery. That emp- 
loyed by the author measured 44 in. high by 3 in. wide. 
The contact sets consisted of large stainless steel pins, 
the diameters of the heads being about 2mm. Each 
pair is mounted with centres about 4mm. apart, 18 
pins being required for the 9 contact pairs. The holes 
drilled in the front panel of the case allow the pins to 
be tight push fits. The wires from the Veroboard to 
the pins are routed to provide the required combinat- 
ion. Avoid overheating the pins when soldering as the 
plastic may then melt, causing the pins to become 
loose. Contacts can also be provided by small screws 
with nuts, the screws having heads with a bright 
plated finish. 

The Veroboard is held in place by pieces of plastic 
glued to the sides of the case. In the prototype it is at 
the same end of the case as the contact pins, and its 
underside is kept well clear of the pin ends. Any other 
means of mounting the Veroboard which will not 
interfere with its circuit operation can be used. The 
l.e.d. is a push fit in a rubber grommet which is also 
mounted on the front panel. 

The completed switch is checked by touching the 4 
sequence contact sets in correct order. The l.e.d. 
should then light up. Next, touch one of the remaining 
contact sets and the l.e.d. should extinguish. It should 
not be possible to light it again, by touching the 4 
correct sequence contacts, until the time delay 
imposed by C2 and R9 has elapsed. 

The prototype has proved reliable in operation 
over a long period of time. The touch contacts must 
be kept clean and dry. Avoid spraying the contacts 
with ordinary cleaning agents such as are used for 
dusting, etc., as these can easily produce an insulating 
film which makes the contacts inoperative. 111 
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Although it is one of the easiest forms of electronic 
musical effect, tremolo is still used very frequently 
these days. Tremolo units can be simple and inexpen- 
sive, and they make an ideal project for the construc- 
tor who is interested in electronic music. The design 
featured in this article produces very low levels of 
noise and distortion, and is suitable for use with a low 
level input such as that provided by a guitar pickup. It 
can handle inputs of up to several hundred millivolts 
r.m.s. without clipping, and is therefore also suitable 
for use with many organs and tone generators, etc. 

The unit is powered by an internal 9 volt battery 
and is self-contained. The tremolo frequency is vari- 

94 

TREMOLO 

By 

I. M. Attrill 

able from about 2.5 to 10Hz. 
The tremolo effect is produced by amplitude mod- 

ulating the input signal at tremolo frequency. This can 
be achieved by a unit consisting of two stages: a 
modulator which has a voltage gain proportional to a 
voltage fed to its control terminal, and a low fre- 
quency oscillator which provides the control voltage. 
The frequency of the oscillator should be variable to 
give what is considered the most desirable effect, and 
it should cause the signal amplitude to be varied 
smoothly. 

Fig.1 shows the complete circuit of the tremolo 
unit. 
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Fig.1. The circuit of the tremolo unit. IC1 appears in an oscillator circuit, the 
output of which is fed to the TIL209 light -emitting diode. The light from the 
I.e.d. falls on PCC1 and amplitude modulates the signal applied to TR1. 
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MODULATION UNIT 
Easily made circuit adds brilliance to 

guitars, organs and electronic music. Opto 
coupling gives smooth modulation. 

COMPONENTS 

Resistors 
(All fixed values '-, watt 5% unless otherwise stated) 
R1 8.2kf1 
R2 1.8M11 10% 
R3 4.7kg 
R4 47011 
R5 1.2kí1 
R6 100kf1 
R7 100kí1 
R8 10kí1 
R9 100kíl 
R10 33kí1 
R11 82011 
VR1 100kfl potentiometer, linear 

Capacitors 
Cl 100µF electrolytic, 10V. Wkg. 
C2 1.5µF polyester type C280 
C3 0.1µF polyester type C280 
C4 4.7µF electrolytic, 10V. Wkg. 
C5 1.5µF polyester type C280 
C6 100µF electrolytic, 10V. Wkg. 

Layout inside the case. 
There is plenty of room 
available for the 9 volt 

battery. 

Semiconductors 
TR1 BC109C 
TR2 BC107 
TR3 BC109C 
IC1 CA3140E or CA3140T 
DI TIL209 
D2 IN4148 

Photoconductive Cell 
PCC1 RPY58A 

Switches 
S1 d.p.d.t. (see text) 
S2 s.p.s.t. rotary 

Sockets 
SK1 3.5mm. jack socket (see text) 
SK2 3.5mm. jack socket (see text) 

Miscellaneous 
Case (see text) 
9 -volt battery type PP3 
Battery connector 
Veroboard, 0.lin. matrix 
2 control knobs 
Nuts, bolts, wire, etc. 

The input signal at socket SK1 is applied via S1(a) 
and d.c. blocking capacitor C2 to the attenuator con- 
sisting of R1 and PCC1. The output from the 
attenuator is fed via C3 to the common emitter amp- 
lifier, TR1, and the output signal at TR1 collector 
passes through C4 and S1 (b) to the output socket, 
SK2. Due to the unbypassed emitter resistor, R11, 

the voltage gain of TR1 is of the order of 6 times only. 
The transistor has an input impedance at its base of 
several hundred kilohms. 

PCC1 is a cadmium sulphide photo -resistor which 
has a minimum resistance of 200kí1 in total darkness. 
This resistance falls to less than an under reason- 
ably bright conditions. The signal input to TR1 base 
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can in consequence be varied by varying the light 
intensity on PCC1, and this effect produces the tre- 
molo amplitude modulation. 

The light which falls on PCC1 is provided by the 
light -emitting diode, Dl. The tremolo oscillator emp- 
loys operational amplifier IC1 in a circuit which has 
appeared in previous articles in this magazine, and 
whose functioning will only be briefly described here. 
The upper plate of C5 couples via the protection 
resistor, R8, to the inverting input of the i.c., whilst 
the non -inverting input is connected to the three 
equal value resistors, R6, R7 and R9. At switch -on,. 
CS will be discharged, whereupon the i.c. output will 
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be high and the non -inverting input will be at two- 
thirds of the supply potential. CS will then charge via 
R10 and VR1 until its upper plate takes up the same 
potential as that at the non -inverting input. The i.c. 
output then triggers to the low state, causing the 
non -inverting input to be at about one-third of supply 
potential, and C5 commences to discharge. When the 
voltage across CS falls to that at the non -inverting 
input the output triggers to the high state and C5 
charges once more. The oscillation then continues, 
with C5 alternately charging and discharging. Oscil- 
lator frequency is controlled by VR1. 

A roughly triangular waveform is given at the 
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Fig.2. Most of the components are assembled on a Veroboard panel. This 
diagram shows the component and copper sides of the panel. 
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Component panel (030) 

S2 

Pos. battery clip 

Component panel 

(D21) (L20) 

0 
VR1 

(022) (D15) (A28) 

Component panel Component panel 

Fig.3. The wiring to the components on the front panel. The letter and number references apply to the corresponding Veroboard holes shown in Fig.2 

upper plate of C5 and this is applied to the base of 
emitter follower TR3. TR3 couples via D2 to the base 
of a second emitter follower, TR2, with the result that 
the input impedance at TR3 base is very high and there is negligible loading on the oscillator. The emit- ter of TR2 drives the 1.e.d., D1, and thereby causes the intensity of the light it emits to vary at oscillation 
frequency. D2 is interposed between the two transis- tors to increase the voltage drop from TR3 base to TR2 emitter and to thereby ensure that Dl is fully 
extinguished when the voltage from the oscillator is at 
its minimum level. 

Switch S1(a)(b) can be used to bypass the unit, so that the tremolo effect can be switched out when it is 
not required. VR1 controls the tremolo frequency. S2 
is the on -off switch for the unit, and current consump- tion from the 9 volt battery is only 3.5mA. The 
RPY58A specified for PCC1 is available from Maplin 
Electronic Supplies. Capacitor C4 is specified as 10V. 
Wkg., but it will be quite in order to employ a 
capacitor having a higher working voltage. 

CONSTRUCTION 

The prototype tremolo unit is housed in a Verocase 
type 75-1238D, which has approximate dimensions 

On the front panel the input and out- 
put sockets are to the left. Switch 
S1(a)(b) is to the right of these, fol- 

lowed by VR1 and S2. 

SKI 

of 153 by 84 by 59mm. The general layout can be 
seen from the accompanying photographs, whilst 
Fig.3 shows the layout of the front panel components 
as seen from the rear. S1(a)(b) is a d.p.d.t. toggle 
switch. However, if the unit is to be used with a guitar, or in other circumstances, where it would be preferable for S1 (a)(b) to be a foot operated switch, the components should be housed in a strong case such as a diecast box. S1 (a)(b) could then be a heavy duty successive action push button switch mounted on the top of the case. The input and output jack 
sockets were 3.5mm. with the prototype but any other jack sockets, such as *in. types, can be emp- loyed if these are more convenient. 

Most of the circuitry is assembled on a 0.lin. mat- 
rix Veroboard having 30 holes by 20 copper strips. 
The layout is shown in Fig.2. The two mounting holes 
should be drilled after the board has been cut out, 
following which the breaks are made in the copper 
strips. IC1 has a MOSFET input stage and is suscept- 
ible to damage by high static voltages. It should be the 
last component to be soldered into circuit, and the 
soldering iron must have a reliably earthed bit. Either 
the CA314OE (8 pin d.i.1. version) or the CA314OT (T099 cased) can be employed. The pin layout of 
both types is shown in Fig. 1. 

PCC1 and D1 must be oriented so that the light 
output of D1 is directed at the sensitive surface of 
PCC1. If PCC1 is examined it will be found that the 
lead -out wires can be clearly seen connecting to one 
side of the component. It is the other side which is 
light-sensitive and which should face D1. The two 
components should be positioned so that they are 
touching each other, or are virtually so. 

The wiring from the board to the front panel com- 
ponents is very straightforward and is illustrated in 
Fig.3. When this wiring is completed it is merely 
necessary to mount the component panel to the bot- 
tom of the case using 6BA bolts and nuts with spacing 
washers under the panel. After a final check of the 
wiring the unit is then ready for testing and use. It will, 
of course, be necessary to fit the case lid for correct 
operation, in order that external light cannot fall on 
PCC1. 
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The INStructor 
Part 4 

By Ian Sinclair 

A PRACTICAL 

INTRODUCTION 
TO 

MICROPROCESSORS 

Subtraction and the use of negative numbers. 

In Part 3 we saw how the microprocessor deals 
with addition, and the use of the carry/link bit to 
"catch" the ninth bit in an addition. We're going 
to take a further look at this carry/link bit now 
because it's important in any arithmetical opera- 
tion. If, for example, you have the carry/link bit 
set from some previous operation it will, unless 
you clear it, be automatically added in to a later 
addition. This may give you the impression that 
the microprocessor doesn't add very well! 

STATUS TO ACCUMULATOR 

Last time, we detected whether the carry/link 
was set by doing an addition, and checking to see 
if an extra 1 had been added in. This is a rather 
roundabout method, so we'll start this month 
with something easier. It's a single byte instruc- 
tion, coded as CSA, meaning Copy Status to 
Accumulator. The effect of this instruction, which 
is 00000110, is to set all the flip-flops of the 
accumulator to the same pattern as the flip-flops 
of the status register. As we've mentioned, the 
status register is a collection of flip-flops, each of 
which is used for some different signal. The car- 
ry/link bit is bit number 7 of the status register, so 
that when we carry out the CSA instruction the 
7th data bit of the accumulator is set to 1, and we 
can use the display routine to look at the effect on 
the data I.e.d.'s. Fig. 1 shows a short routine 
which gives you a bit of practice in this - it starts, 
after reset, with the instruction SCL, set carry/ 
link, which sets the carry/link to logic 1. The next 
step, CSA copies this into the accumulator and 

then the two display steps let you see the I.e.d.'s 
lit. Providing you remembered to reset (so that all 
registers started at zero), the display will show 
10000000, with only D7 lit, indicating that bit 7 of 
the status register was set. Remember that count- 
ing of these flip-flops always starts at 0, so that D7 

is what one would normally call the 8th bit. 
Just to make certain, the next part of the prog- 

ram in Fig. 1 resets the carry bit. The NOP instruc- 
tion allows the 8060 to return to normal memory 
addressing, then CCL clears the carry/link (to 
zero). Once again, we look at the result by using 
CSA followed by the display routine. This time, all 
the data I.e.d.'s are extinguished showing that the 
carry/link was cleared. 

Being able to inspect the carry/link in this way 
is useful, and it also lets us look at the other bits in 
the status register. If, by the way, you're wonder- 
ing why the word "link" is used along with 

RESET 
SCL 00000011 
CSA 00000110 
Display 
NOP 00001000 
CCL 00000010 
CSA 00000110 
Display 

Fig.1. Reading the status register. 
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RESET 
LDI 11000100 
196 11000100 
ADI 11110100 
244 11110100 
CSA 00000110 
Display 

Fig.2. Setting the carry/link by a binary 
addition. 

RESET 
LDI 11000100 
128 10000000 
ADI 11110100 
192 11000000 
CSA 00000110 
Display 

Fig.3. A sum which sets another part of 
the status register. 

RESET 
00101101 complements to 
11010010 
Then add 1 to get 
11010011 which is the 2's complement, 
the number in its negative (SIGNED) 
form. 

Fig.4. Forming a 2's complement. 

"carry" - be patient, all will be revealed later. 
Meantime, let's flex our muscles a bit and check if 
a binary sum has caused the carry/link to be set. 
The program is shown in Fig.2 - try it, and see if 
the carry/link is set. 

That was straightforward, so now try some- 
thing for yourself. Question is, does a decimal 
add cause the carry/link bit to be set? Try adding 
10000011 and 10010101 (DCB for decimal 83 and 
95), remembering that the add instruction has to 
be DAI (11101100). 

Once you've sorted that out for yourself, it's 
time for a puzzle. Fig.3 shows the program, which 
is a simple binary addition of 11,000000 and 
11000000, followed by a look at the status regis- 
ter. Try it out. You'd expect to find D7 lit, because 
there's certain to be a carry - but why is D6 lit? 
The answer briefly is that mhis is another bit of 
the status register which has been set by this 
addition. It's called the overflow, and very shortly 
we'll see why it has been set. 

SUBTRACTION AND NEGATIVE NUMBERS 
The arithmetic circuits of microprocessors 

consist entirely of adders-so how do we subtract 
one number from another? The answer is that we 
don't - we add a negative number to a positive 
number, which comes to the same thing. The 
obvious next question is- how do we represent a 
negative in binary? Since we have only the two 
digits 1 and 0, we have to make use of these, and 
the answer is that we use a 1 in the most signific- 
ant place (D7) of the number to show that a nega- 
tive number is intended. Now this conversion of a 
positive number to a negative number can be 
done very easily by a process called 2's comple- 
ment. The number we're going to subtract must 
consist of seven bits, because the eighth (D7) is 
reserved for the "negative sign" bit, and we con- 
vert it to negative form by writing all eight bits 
(Fig.4) and then complementing-swopping each 
0 for a 1, and each 1 for a 0. When this has been 
done, we add 1 to the lowest place (DO) and that's 
our number in negative form, ready to add to the 
other one. A substraction of this type, inciden- 
tally, involves discarding any carry from D7 so 
that if we carried out two substractions in a row we 
would normally have to clear the carry/link bit. Do 
we hear an objection? Using seven bits only lets 
us use numbers up to 01111111, 127 in decimal. 
It's no problem, really because we can take larger 
numbers eight bits at a time, and only the highest 
bit of all needs to be used as a sign bit. Fig.5 
shows an example of 15 -bit arithmetic, with the 
16th bit used as the sign bit. When this is done,, 

Number (A) is 01001001 11001011 
Number (B) is 00110111 11100101 and is to be subtracted from (A). 

UPPER LOWER 
BYTE BYTE 

Complement the UPPER BYTE of B to 110010000 
Then 2's complement the LOWER BYTE of B to 
00011011 
Then add: 
01001001 11001011 
11001000 00011011 

00010001 11100110 and the carry bit is set 
UPPER LOWER 

BYTE BYTE of answer. 

Fig.5. 15 -bit arithmetic. 
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RESET 
SCL 00000011 
LDI 11000100 
5 00000101 
CAI 11111100 
3 00000011 
Display 
NOP 00001000 
CSA 00000110 
Display 

Fig.6. A simple subtraction program. 

RESET 
SCL 00000011 
LDI 11000100 
3 00000011 
CAI 11111100 
5 00000101 
Display 
NOP 00001000 
CSA 00000110 
Display 

Fig.7. A subtraction which gives a 
negative answer. 

only the lower byte of the number which is to be 
substracted has 1 added to it, the upper byte is 
only complemented. 

Back to the hardware. The instruction for sub- 
traction is Complement and Add, and we'll use 
this in its immediate form, CAI, whose binary 
code is 11111100. This will only complement the 
number and add it in, it won't add 1. The reason is 
that 1 only has to be added to the lower byte, 
when a two byte number is used, so that addition 
is not part of the instruction. How do we add 1? 
We could, of course, load in a 1 and add it, but a 
much simpler method is to set the carry link 
before the complement and add step. This way, 
the 1 is automatically added in at the time when 
the complement is added - simple. Now try this 
out. A simple binary subtraction program is 
shown in Fig.6-we're subtracting 00000011 from 
00000101 (decimal 3 from 5) to get the expected 
answer of 00000010 (decimal 2). The program 
now goes on to check the status register - which 
should show the carry which we ignore. Now 
what happens if we do this the other way round 
and subtract 5 from 3? Fig. 7 shows the program 
steps. Try it out and jot down the answer, then 
find out what's happened to the status register. 

No carry in the status register? The answer 
looks a bit odd too, doesn't it? The reason is that 
this is a negative answer, and the 1 in the eighth 
(D7) place indicates this. To make sense of it we 
have to convert it back to ordinary form by revers- 
ing the 2's complement process. This is done by 
subtracting 1 or by adding 11111111, which is the 
two's complement of - 1, giving the sum 
11111101, which is complemented to 00000010, 
or decimal 2. We can make the microprocessor go 

through this routine by using the program in 
Fig.8. Note that we have started with the result of 
the subtraction loaded in, because it saves having 
to start again from scratch. When we copied the 
status register to the accumulator we lost the data 
which was in the accumulator. 

EXTENSION REGISTER 

There is a way of preserving that data byte, 
though, when we want to copy status, and it's 
shown in the programs of Figs. 8 and 9. The two 
new instructions are XAE and LDE. XAE means 
Exchange Accumulator and Extension, and it 
swops the byte in the accumulator with the byte 
in another register called the extension register. If 
we always start a program with a reset, we can 
expect that the extension register will be full of 
zeros when we make this step, so that the result is 
to tuck away the byte which was in the 
accumulator and leave a clear accumulator. We 
can then copy the status register and look at it, 
knowing that the two sets of bytes are preserved. 
To look again at the byte which is now in the 
extension register we use the instruction LDE - 
Load Accumulator from Extension. This doesn't 
erase the byte in the extension register, it merely 
copies it into the accumulator. 

Now for some problems. Suppose we use the 
microprocessor to add two numbers, and one or 
both of these numbers starts (8th place, D7) with 
a 1. Does the microprocessor treat this as a nega- 
tive number, or does it have some magical way of 
being able to tell the difference between, say 
10011010, meaning plus 154, and 10011010, 
meaning - 102? 

RESET 

RESET 
SCL 00000011 
LDI 11000100 

LDI 
-2 

11000100 
11111110 

3 
CAI 

00000011 
11111100 

ADI 
-1 

11110100 
11111111 

5 
XAE 

00000101 
00000001 

CCL 00000010 CSA 00000110 
XAE 00000001 Display 
CAE 0111 1000 N O P 00001000 
Display LDE 01000000 

Fig.8. "Unscrambling" a 2's comple- 
ment number. 

Display 
Fig.9. Using the extension register to 

store an answer. 
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10011010 as an unsigned number is 2 + 8 + 16 + 
128 = 154. 
10011010 taken as a signed number is found by 
subtracting 1 (or ADDING 11111111) to get 
10011001, then complementing to get 01100110. 
This number is 102 in decimal and, because it was 
a signed number, we must write it as - 102. 

Fig.10. Two identical binary numbers 
with different meanings. 

See Fig. 10. The answer is simpler than you 
might think- it can't! The microprocessor simply 
carries out binary arithmetic and what you make 
of the numbers is entirely up to you. As a help, 
though, there's a warning signal which lets you 
know if you have to be careful about an answer. 
It's called the overflow bit (0V) and it's bit 6 
(counting 0 to 7) on the status register. 

To see this in action, try out the four addition 
programs which are shown in Fig. 11, note the 
answers and check the OV bit by using the CSA, 
Display, procedure. The reasons go like this. In 
example (a) the numbers are positive, no matter 
how you look at it, and the answer is also positive. 
There's no carry out of the 7th or 8th place (D6 or 
D7). The answer is correct, and the OV is not set. 
In example (b) there are carries out of D6 and D7, 
and the carry out of D7 causes the carry/link to be 
set. If we think of this as straightforward unsigned 
arithmetic, then we're adding decimal 197 to 
decimal 233, and getting (remembering the 9th 
bit in the carry/link) the answer decimal 430. 
Looks all right, but suppose we were thinking of 
these two as negative numbers? If we were using 
signed arithmetic, then 11000101 is decimal - 59, 
and 11101001 is decimal -23, giving the answer - 
82, which is correct. No matter what we make of 
the figures, then, the arithmetic is correct. 

Now for (c). If we take both numbers as 
unsigned, so that the highest order 1 (in D7) rep- 
resents decimal 128, then the answer is correct 
(remembering the carry bit). What if we take the 

00111101 
+ 00011001 

01010110 
(a) 

11000101 
+ 11101001 

10101110 
(b) 

10100010 
+ 10011001 

00111011 
(c) 

01010110 
+ 01110011 

11001001 
(d) 

Fig.11. Additions which cause differ- 
ent effects on carry and overflow. 

D7 l's as meaning negative sign? 10100010 then 
means decimal - 94, and 10011001 is decimal - 
103, adding to -197. The biggest number we can 
handle with seven digits, though, is 128, and the 
eighth digit has become 0, indicating a positive 
number! This is an overflow, and the overflow 
status is set to warn us. If we are using signed 
numbers, then the 0 at the start is false; the 
number is really negative. If we reverse the l's 
complement on the result, we get the correct 
answer, - 197. 

Next, example (d). Once again, the sum causes 
no difficulties with unsigned arithmetic, but the 
answer looks wrong when we think of these as 
positive numbers, and the answer as negative! 
Once again, the overflow bit is set as a warning 

RESET 
LDI 11000100 

11100111 lower A 
SCL 00000011 
CAI 11111100 

01011001 lower B 
XAE 00000001 stores result in extension 
LDE 01000000 brings it back (but leaves a copy in the extension) 
Display . . so that you can look at it 
LDI 11000100 

00101000 upper A 
CAI 11111100 

00011010 upper B 
Display 
The lower byte of the answer is still in the extension. 

Fig.12. The carry used in double -byte 
subtractions. 

NOVEMBER 1980 
159 

www.americanradiohistory.com



Mnemonic Code Operation 

LDE 01000000 
XAE 00000001 
ANE 01010000 
ORE 01011000 
XRE 01100000 
DAE 01101000 
ADE 01110000 
CAE 01111000 

Load the accumulator from the extension. 
Exchange accumulator and extension 
AND extension with accumulator 
OR extension with accumulator 
X -OR extension with accumulator 
Decimal add extension to accumulator 
Binary add extension to accumulator 
Complement and add extension to accumulator 

Note. In each of these instructions, apart from the 
exchange instruction, the number stored in the 
extension register is not cleared nor changed. 
The accumulator ends up with the result of the 
instruction. 

Fig.13. The extension register instruc- 
tions summarised. 

that two positive numbers don't produce 
a negative answer. What the overflow flag warns, 
then, is that we can use the D7 bits as part of the 
number, but that its sign is wrong. This bit is used 
as a warning only- it's never added in anywhere. 
If it has to be checked in a program, the procedure 
is to copy the status register to the accumulator 
(carrying any valuable data byte in memory or in 
the extension register) and then use logical AND 
to the byte with the pattern 01000000 - we'll 
explain that later. These status register bits, inci- 
dentally, are often called "flags", so that we refer 
to the carry/link flag and the overflow flag as 
being set (to 1) or reset (to 0). 

Now what does the carry/link bit do when we 
subtract? Common sense leads to the conclusion 
that it simply does exactly as it always does - if 
it's set, it adds in on the next byte. to see what this 
does we can try a two byte subtraction, as shown 
in Fig. 12. What we're doing is subtracting (B) 
0001101001011001 from (A) 0010100011100111, 
and it's done in two bytes, as you would expect. 
We start by loading the lower byte of the number 
(A), 11100111 and setting the carry/link so that 
when we complement and add immediate (CAI), 
we have carried out a 2's complement subtrac- 
tion. 

We can display this byte and also preserve it in 
the extension register, and then load in the upper 
byte of number A. Using the complement and 
add on the upper byte of number B then gives the 
result of upper byte subtraction, which can be 
displayed in the usual way. Note that we only 
need to set the carry/link bit for the lower byte, 
after that everything is automatic - the carry/link 
is reset when the first complement and add is put 
in, then set again by the carry from this stage, to 
be added in at the next complement and add step. 

Now for some homework. Could you write and 
try out a program so that you could look again at 
the lower byte of the answer, which was stored in 
the extension register? Remember that this will 
be stored only if you haven't reset. 

Just one final point. All the arithmetic opera- 
tions we've looked at so far can also be carried 
out on numbers in the extension register, using 
the commands shown in Fig.13. This lets us carry 
out arithmetic operations on two bytes sepa- 
rately, but the same carry/link is used, so that we 
need to take great care that a carry from an opera- 
tion in one register is not taken to the other regis- 
ter unless we want it. Obviously, if we're carrying 
out double byte arithmetic we'll want the carry, 
but whatever we're doing we mustn't forget it! 

Next month - Logic Operations. 

(To be continued) 

"We really are in trouble, the compu- 
ter's just resigned!" 

l 
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COIL - 
COUPLED 

S. W. CONVERTER 
By R. A. Penfold 

INDUCTIVE COUPLING TO M. W. radio - no wires. 

19 to 67 metres. Full superhet selectivity. 

In conjunction with an ordinary medium wave 
superhet receiver having a ferrite aerial this unit per- 
mits reception on the short wave broadcast bands in 
the range of 4.5 to 16MHz. The range gives full 
coverage of the 19, 25, 31, 41 and 49 metre bands. 
The 20 and 40 metre amateur bands are also covered, 
but the converter is not recommended for amateur 
bands reception and is really intended as a means of 
increasing the number of broadcast stations which 
can be received with an ordinary domestic radio. 

There is no need to make any modifications to the 
receiver with which the converter is used, and there 
are no direct connections between the converter and 
the receiver. The converter radiates a strong local 
signal at a nominal frequency of 1.6MHz, or 188 
metres, and this is picked up by the ferrite aerial of the 
radio. It is merely necessary to place the converter 
near the receiver and then tune the latter to a quiet 
point around 1.6MHz. Short wave tuning is then car- 
ried out with the converter controls, which alter the 
received short wave signal frequencies to the 1.6MHz 
reception frequency of the radio. 

BLOCK DIAGRAM 
The stage line-up of the converter is shown in the 

block diagram of Fig. 1. The aerial signal is selected 
by the input tuned circuit and is applied to the mixer 
stage. So also is the output of a tunable oscillator. The 
difference frequency is then extracted from the mixer 
by a tuned radiator coil which is resonant at 1.6MHz. 
The signal and oscillator tuning capacitors are ganged 
and the two tuned circuits are set up so that the 
oscillator frequency is always higher than the aerial 
signal frequency by 1.6MHz. The principle is the 

same as that encountered in the first stages of a con- 
ventional superhet, and the aerial and oscillator coils 
specified would produce an intermediate frequency 
of 1.6MHz in a normal superhet application. 

As with the superhet, this line-up can be subject to 
interference by image signals. If, for instance, it is 
desired to receive a signal of 10MHz, the oscillator 
would be set to 11.6MHz to give the difference fre- 
quency of 1.6MHz. An image signal at 13.2MHz, 
which also gives a difference frequency with the oscil- 
lator of 1.6MHz, could then break through. It is the 

Ae 

Input 

Tuned circuit 
Mixer 

Oscillator 

Radiator 
coil 

Fig. 1. The stage line-up of the short 
wave converter. The radiator coil 
causes an output signal at a nominal 
frequency of 1.6MHz to be coupled 
into the ferrite rod aerial of a medium 
wave receiver. No interconnecting 
wires are needed between the conver- 

ter and the receiver. 
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Fig. 2. The circuit of the short wave converter. Ll is the aerial input coil, L3 the 
oscillator coil and L2 the radiator coil. 

function of the aerial tuned circuit to boost the 
strength of the required aerial signal and to attenuate 
the unwanted image signal. 

The mixer output is coupled to the radiator coil. A 
tuned coil is used here since, although it makes initial 
alignment of the converter a little more difficult, it 
produces a much stronger field strength than does an 
untuned coil. The coil is, in fact, the coil of a standard 
medium wave ferrite aerial. The local field strength 
from the radiator coil is quite high, but it rapidly falls 
in strength with distance from the coil, and there is no 
danger of the converter radiating sufficiently strongly 
to cause interference with other receivers. 

Two sockets, for aerial and earth, are mounted 
on the rear panel of the case. 

CIRCUIT OPERATION 
The circuit of the converter is shown in Fig. 2. The 

aerial is coupled to the tuned winding of L1 via the 
coupling winding, and the tuned winding connects 
directly to the gate of the mixer, TR1, which has a 
very high input impedance. The main tuning 
capacitor is VC1, with VC4 acting as an aerial trim 
capacitor. There is a third coupling winding on Ll 
which is not used in the present circuit, and this wind- 
ing is not shown in the circuit diagram. Source bias for 
TR1 is provided by R1. 

TR2 is the oscillator, and is employed in the emitter 
follower mode. The tuned winding of L3 couples via 
C6 to the transistor base, and positive feedback is 
provided via the coupling winding in the emitter cir- 
cuit of TR2. Like L1, L3 has a third winding which is 
not used, and which is not shown in Fig. 2. The main 
oscillator tuning capacitor is VC2, which is ganged 
with VC1. VC3 is an oscillator trim capacitor and 
functions as the bandspread control. Fine tuning is 
carried out by VC3, which is much easier to adjust 
than VC2 because of the limited frequency coverage 
it offers. Cl and C2 in parallel form the oscillator 
padding capacitor and ensure good tracking over the 
range covered. The oscillator output couples through 
C4 to the source of TR1. 

The difference frequency present at the drain of 
TR1 is applied to the coupling winding on the output 
coil, L2. The large winding is tuned to the output 
frequency by TC1. 

C5 is the supply bypass capacitor and S1 the on -off 
switch. The total current consumption is only about 
2.5mA, which allows many hours of operation from 
the PP3 battery. 
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Layout of components in the 
converter. The ferrite rod for 
the radiating output coil is 
secured to the rear panel of the 

case with a plastic clip. 

COMPONENTS 
Most of the components are readily available from 

various suppliers. VC1, 2 is a 2 -gang Jackson type 02 
component without trimmers. The ferrite rod is sec- 
ured in position with a plastic clamp, and a nylon "P" 
cable clip intended for wires of 10mm. diameter was 
employed in the prototype. This clip is available from 
Maplin Electronic Supplies. A metal clamp must not 
be used. In the author's unit, TC1 was a miniature 
film dielectric trimmer with a maximum capacitance 
of 65pF. This can also be obtained from Maplin Elec- 
tronic Supplies. If difficulty is experienced in obtain- 
ing any of the Denco items they can be purchased 
direct from the manufacturer at Denco (Clacton) 
Ltd., 357/9 Old Road, Clacton -on -Sea, Essex, C015 
3RH. 

The converter must be housed in a non-metallic 
case since a metallic one would shield L2 and prevent 
it from radiating the output signal. The author emp- 
loyed a plastic case measuring 160 by 100 by 60mm., 
and any plastic case of about this size, or slightly 
larger, which will accommodate the components with 
the same layout can be used. Parts of L1 and L3 
project below the bottom of the case, which must be 
fitted with four cabinet feet at the corners to provide 
clearance. 

CONSTRUCTION 
One of the 160 by 60mm. sides of the author's case 

forms the front panel. Appearing on this are, from left 
to right, switch Si, VC3, the 2 -gang capacitor VC1,2, 
and VC4. Si, VC3 and VC4 are secured to the front 
panel in the normal manner by means of their bush 
mounting nuts. The hole for VC1,2 takes its *in. 
spindle only. If this component is examined it will be 
found that there are two 4BA tapped holes in the 
bottom of its metal frame, and the capacitor is 
mounted by passing two 4BA bolts through holes in 
the bottom of the case, passing spacing washers over 
these bolts inside the case to provide clearance for the 
ceramic mounts below the capacitor frame and then 
screwing the bolts into the two 4BA tapped holes. 
The bolts should be short, so that their upper ends 
pass only marginally inside the capacitor metal frame. 
This is an important point to observe because, if the 
mounting bolts are too long, their upper ends can 
damage the fixed or moving vanes of the capacitor. 

COMPONENTS 
Resistors 
(All . watt 5%) 
R1 Ike, 
R2 1 MSZ 
R3 2.7kgg 

Capacitors 
Cl 470pF polystyrene 
C2 470pF polystyrene 
C3 180pF ceramic plate 
C4 0.015µF ceramic plate or polyester. 
C5 0.1µF polyester. 
C6 220pF ceramic plate 
VC1,2 365pF + 365pF 2 -gang variable, type 02 
(Jackson) 
VC3 25pF variable, type C804 (Jackson) 
VC4 50pF variable, type C804 (Jackson) 
TC1 65pF trimmer, film dielectric 

Inductors 
L1 Transistor tuning coil, Blue, Range 4T (Denco) 
L2 Ferrite rod aerial type MW5FR (Denco) 
L3 Transistor tuning coil, White, Range 4T 
(Denco) 
Semiconductors 
TR1 2N3819 
TR2 BC109 

Switch 
Si s.p.s.t. toggle 
Sockets 
SK1 4mm. insulated socket, red 
SK2 4mm. insulated socket, black 

Miscellaneous 
Plastic case (see text) 
9 volt battery type PP3 
Battery connector 
2 B9A valveholders 
3 control knobs 
Plastic clip, 10mm. (see text) 
4 cabinet feet 
Nuts, bolts, wire, etc. 
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The positions of the holes in the front panel and in the 
case bottom are measured off from the capacitor 
itself. With the capacitor employed by the author, the 
first 4BA bolt was positioned about 15mm. back from 
the front panel and the second about 34mm. back 
from the front panel, both being in line with the 
spindle hole in the panel. However, there is a possibil- 
ity that the 4BA tapped holes may be positioned 
differently with some capacitors and so measure- 
ments must be taken from the actual component 
which is to be used. Since the process of marking out 
and drilling the three holes for the 2 -gang capacitor is 

a little critical, it is recommended that these three 
holes be drilled first before making the holes for the 
other three front panel controls. 

VC1,2 has a solder tag common with its metal 
frame on its underside and two p.v.c. covered wires 
about 6in. long are soldered to this before it is finally 
mounted. These wires, shortened as necessary, will 
later be soldered to the moving vane tags of VC3 and 
VC4. To avoid damage, do not mount any of the 
variable capacitors until all the remaining holes in the 
case have been drilled out. 

The ferrite rod coil, L2, is mounted near the upper 
edge of the rear panel, and a hole is required for 
securing its plastic clamp. SK1 and SK2 are mounted 
lower down, near the S1 end of the case. 

Two mounting holes of about 6.5mm. diameter are 
required in the bottom of the case for Li and L3. L1 is 
positioned behind VC4 and L3 behind VC3, and they 
should have the tag orientation shown in Fig. 3. Now 
that all the holes in the case have been drilled the 
components may be finally mounted. Ll and L3 are 
secured by the plastic nuts supplied with them. These 
nuts should be made finger tight only, as the plastic 

To VC2 fixed vanes 

Battery clip 

SKI SK2 

TR2 

TC1 

VC3 

Tuned 
winding 

threads in the nuts or formers can be stripped if they 
are over -tightened. 

WIRING 
The converter is wired up as shown in Fig. 3. It is 

not advisable to solder directly to the pins of L1 and 
L3 as the heat of a soldering iron can cause the plastic 
of the coil formers to melt. In consequence a B9A 
valveholder is passed over the pins of each coil, and 
connections are soldered to the valveholder tags. 
Tags 3 and 4 of L1 are used as dummy anchor tags, as 
also are tags 2, 3, 6 and 7 of L3. TC1 is mounted by 
soldering one of its tags to SK2. The front section of 
the 2 -gang capacitor is VC1 and the rear section is 
VC2. On L2, the tuned winding is the long winding, 
and the coupling winding is the short winding. All 
wiring should be kept reasonably short and direct. _ 

The battery fits in the space behind Si. 

AERIAL AND EARTH 
The converter is designed for use with an ordinary 

long wire aerial consisting of some 10 to 40 metres of 
aerial wire strung up as high as possible and prefer- 
ably well clear of buildings and other large objects. 
Where such an aerial is not practicable a short length 
of ordinary connecting wire, say about 3 metres long, 
strung around the walls of a room can be used instead. 
This will give quite acceptable results, but the per- 
formance will not of course be as good as is given with 
a proper outside aerial. 

An earth connection is not essential, and it will 
probably be found to give only a modest increase in 
signal strengths. The best type of earth is given by a 
metal pipe buried outside in the soil. A lead, which is 
as short as possible, connects the pipe to SK2 of the 
converter. 

To VC2 fixed vanes 

1 

To VC1/2 ú 
moving 41IMO 
vanes 

TRI 

Coupling winding 

To VCI fixed vanes 

\Ic4 

Fig. 3. Wiring up the converter. For ease of presentation, the wiring is shown 
spread out. In practice, wiring should be kept reasonably short and direct. 
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Another view 

of the internal wiring. 

ADJUSTMENT AND USE 
First tune the radio receiver to the high frequency 

end of the medium wave band as near as possible to 
1.6MHz and search for a quiet spot on the band. It is 
unlikely that it will be possible, after dark, to find a 
spot which is completely free of any signal, but it 
should be possible to find a spot where there are only 
weak background signals which will not significantly 
interfere with the much stronger output signal from 
the converter. 

L1 and L3 are supplied with their cores fully 
screwed in, and these should initially be adjusted so 
that about 2 to 3mm. of metal screw thread protrudes 
from the plastic of each coil former. The coil former 
for L2 should be at or near the end of the ferrite rod, 
although its precise positioning is not very critical. 
With the medium wave receiver close to the conver- 
ter, switch on the latter and adjust VC1,2 in search of 
signals. If none can be found, repeat the operation 

The front panel components, from left 
to right, are on -off switch Si, VC3, the 

2 -gang capacitor and VC4. 

with TC1 at various settings. When a station has been 
found, tune it in as accurately as possible by means of 
VC3, and then adjust TC1 for optimum results. 

After this, many stations should be received at 
good strength, with VC4 being adjusted to peak the 
signals. Next, tune in a signal with VC1,2 at about half 
maximum capacitance and set VC4 for about half its 
maximum value. Adjust the core of L1 to peak the 
signal. It should then be possible to peak received 
signals with VC4, whatever the setting of VC1,2. It 
may be found that there are two peak settings for 
VC4, with different stations appearing at each peak. 
The correct setting is the one with the vanes of VC4 
more fully meshed. It is the image response which is 
being peaked at the other setting. 

The positioning of converter and medium wave 
receiver relative to each other does not seem to be 
especially critical. However, this may not be the case 
with some radios, whereupon a little experimenting 
will soon indicate the positioning which gives the 
greatest degree of coupling. There will probably be a 
few relative positions where there is practically no 
signal transfer, and these should obviously be 
avoided. Note that the receiver must always be tuned 
to the same spot on the band when employed with the 
converter as, otherwise, TC1 will need to be read- 
justed each time the converter is used. It may some- 
times happen that a station appears quite strongly on 
what was originally a quiet part of the band. It may 
then be necessary to search for a new frequency, but 
often the directional properties of the ferrite aerial in 
the receiver can be used to null the interfering signal. 
This simply involves rotating the receiver for 
minimum interference. 

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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SHORT WAVE NEWS 
FOR DX LISTENERS 

By Frank A. Baldwin 

From time to time, the subject of clandestine 
transmitters is dealt with in this series of articles. 
Several readers have expressed an interest in these 
transmissions - an interest shared by the writer - 
therefore as an opening gambit this month, we again 
deal with some clandestines recently logged. 

"A Voz de Resistencia de Angola" on 4950 at 
1820, YL with songs in Portuguese, OM with a 
harangue in vernacular, YL announcer in a prog- 
ramme of African songs. Carrier abruptly off the air 
at 190,0 without anthem. This is a pro -Unita transmit- 
ter which sometimes also identifies as "A Voz de 
Verdade". 

"Radio Freedom From South Yemen" on 9960 at 
1900, OM with a revolutionary song in Arabic - very 
militant and rousing - then suddenly off the air. All 
this after a preceding harangue in Arabic. This is an 
anti -communist and South Yemen government 
transmitter. 

"Radio Homeland" on 15555 at 1747, two OM's 
with a discussion in Persian followed by a programme 
Df Persian songs and music in typical style until 1759, 
at which time there were several announcements by a 
YL and then sign -off without any anthem. "Radio 
Homeland" is an anti -Persian government transmit- 
ter. 

Readers wishing to log any of the above listed 
transmitters would be well advised to tune to the 
frequencies shown well in advance of the times 
quoted, for each logging will be seen to have been 
made at the signing -off time. Perhaps someone will 
even succeed in hearing the opening transmissions. If 
so, let me know. 

AROUND THE DIAL 
In which are listed some of the more interesting 

transmissions logged within recent weeks. Note how- 
ever that due to publication delay, a few of the time 
and frequency details may have changed - but not 
many. To hear the type of programmes stated, all the 
reader must do is to locate the correct channels at the 
times quoted here. This article is penned solely for 
your guidance over the short wave spectrum. 

PORTUGAL 
Lisbon on 21530 at 1610, OM with a newscast of 

world events. (OM = Old Man -a male announcer). 

Station identification at 1613 "International Service 
of Radio Portugal". All in the English programme 
intended for the Middle East, scheduled from 1600 to 
1630. 

BELGIUM 
Brussels on 6010 at 1605, YL with a local newscast 

and details of recent events in Belgium in an English 
programme presumably intended for African con- 
sumption. (YL = Young Lady - female announcer) 

SPAIN 
Madrid on 9765 at 2030, time -check `pips', OM 

with news of internal affairs and events in the English 
programme for Europe, scheduled from 2010 to 
2110. 

WEST GERMANY 
Cologne on 17875 at 0626, YL with station iden- 

tification and announcements at the end of the Engl- 
ish programme for West Africa, scheduled from 0600 
to 0630. 

FINLAND 
Helsinki on 15265 at 1940, OM with the English 

programmed "Northern Report". The English prog- 
ramme is radiated from 1930 to 2000 to both Europe 
and Africa. 

NORTH KOREA 
Radio Pyongyang on 6575 at 2000, OM and YL 

with station identification and National Anthem var- 
ious announcements after a preceding interval signal. 
This was followed by details of English transmissions 
from Pyongyang. All this in the English programme 
for Europe, scheduled from 2000 to 2150. 

Radio Pyongyang on a measured 9977 at 1642, YL 
with a talk about communal projects in North Korea. 
This programme in English is beamed to the Middle 
East and Africa and is scheduled from 1500 to 1630 
according to announcements. 

SOUTH KOREA 
Seoul on 6480 at 1918, YL announcer, OM song 

Korean, in the English programme for Europ 
scheduled from 1900 to 2000. 

Seoul on 9870 at 1629, OM and YL with an Engli 

in 
e, 

sh 
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programme for the Middle East and North Africa, 
scheduled from 1600 to 1700. YL with station iden- 
tification at 1637. 

CHINA 
Radio Peking on 9530 at 2039, OM with a newscast 

of world events from the Chinese point of view in an 
English programme intended for European con- 
sumption, scheduled from 2030 to 2230. 

INDIA 
AIR (All India Radio) Delhi on 15335 at 1344, a 

programme of local songs and music in an English 
programme for South East Asia, scheduled from 
1330 to 1500. YL with station identification and 
schedule details at 1500. 

PAKISTAN 
Radio Pakistan on 15485 at 1742, YL with the 

"World Service" English programme to the U.K. OM 
station identification in English then into an Urdu 
transmission also for the U.K. at 1744. 

ISRAEL 
Jerusalem on 17685 at 1927, OM with station iden- 

tification after a newscast of both local and world 
events in an English programme announced for 
Africa, Europe and North America from 1900 to 
1930. A programme in French followed at 1930. 

AUSTRALIA 
Melbourne on 21680 at 0659, YL with station iden- 

tification, details of frequencies, times and target 
areas. Time -check `pips' at 0700 followed by a news- 
cast of both local and world events, OM announcer. 
On this channel the programme is directed both to 
Asia and the U.K. Also logged on 9570 in parallel to 
the same target areas and on 15240 directed to the 
Pacific Area. Other announced channels were 11740, 
15115, 17725 and 17870 but a rapid survey resulted in 
either (a) very poor reception or (b) co -channel 
QRM. 

Melbourne on 15240 at 0558, somewhat earlier 
than the above transmission, OM announcements in 
English, including frequencies and target areas in an 
English programme intended for Africa and the 
Pacific. Time -check `pips' at 0600 followed by a 
newscast in English. 

SOUTH AFRICA 
RSA (Radio South Africa) Johannesburg on 21535 

at 0605, OM with station identification, announce- 
ment of frequencies and target areas followed by the 
news in an English programme for West Africa and 
Europe, scheduled from 0600 to 0700. 

GRENADA 
Radio Free Grenada on 15105 at 2022, YL with 

announcements in English, then into a programme of 
local music and songs. At 2030, OM with a talk about 
African origins. 

USSR 
Radio Moscow on 15350 at 1825, OM with a prog- 

ramme in Swahili to Africa (where else?), typical 
African music and at 1830 news about African affairs 
from the USSR point of view. 

AFGHANISTAN 
Kabul on 4740 at 1845, OM announcer in Pashto, 

local music and songs. This is the Home Service 1 
which is scheduled from 0125 to 0330 and from 1340 
to 1940. 

UGANDA 
Kampala on a measured 5027 at 1903, OM with a 

newscast in English mainly about local affäirs. This is 
the National Programme which uses English, Swahili 
and French at various times in the schedule, which is 
from (weekdays) 1300 to 2100 and from 1400 to 
2100. Saturdays and Sundays there is an additional 
transmission from 0300 to 0545 and on Sundays the 
afternoon programmes commence at 1430. The 
power of this recently installed transmitter is 250kW. 

NICARAGUA 
La Voz de Nicaragua on 5950 at 0155, OM with 

identification "La Voz de Nicaragua", announce- 
ments in Spanish then YL with a folk ballad. 

COLOMBIA 
Em. Nuevo Mundo, Bogota, on 4755 at 0054, OM 

with songs in Spanish, local -style music. This one 
radiates on a 24 -hour schedule and the power is 1 kW. 

La Voz del Cinaruco, Arauca, on 4865 at 0114, 
OM with announcements in Spanish, local pops on 
records. The schedule here is from 0900 to a variable 
0330 and the power is 1kW. 

COSTA RICA 
Faro del Caribe (Lighthouse of the Caribbean), 

San Jose, on 5055 at 0130, OM with station identifica- 
tion in Spanish followed by light orchestral music. 
The schedule is from 1030 to 0400 (closing time is 
variable to 0430) and the power is 5k W. 

VENEZUELA 
Radio Valera, Valera, on 4840 at 0106, OM's with 

a discussion in Spanish on both local and world sport- 
ing events. Radio Valera operates from 0900 to 0400 
(variable closing time) and the power is 1kW. 

BRAZIL 
Radio Ribamar, Maranhao, on 4785 at 0058, OM 

with a love song in Portuguese. OM with station 
identification at 0100. The schedule is from 0800 to 
0400 and the power is 5kW. 

Radio Tabajara, Joao Pessoa, on a measured 4797 
at 0103, YL with local pop song, OM announcer. The 
schedule is from 0730 to 0400 and the power is 2kW. 
The frequency is liable to vary, nominal is 4795. 

Radio Difusora Taubate, Taubate, on 4925 at 
0120, OM announcer in Portuguese, OM with a bal- 
lad about the lovelorn. The schedule is from 0830 to 
0300 and the power is 1kW. 

Radio Cultural do Para, Belem, on 5045 at 0127, 
OM with local pops in typical style. The schedule is 
from 0900 to 0300 (variable) and the power is 10kW. 

Radio Bare, Manaus, on 4895 at 0117, OM with 
announcements in Portuguese, local -style dance 
music on records. The schedule is from 0800 to 0400 
(closing time is variable) and the power is 5kW. 

Radio Clube do Para, Belem, on 4855 at 0110, 
local -style pops, OM with lots of commercials. This 
one operates from 0700 to 0400 and the power is 
10kW. 

Radio Nacional Brasiliera, Brasilia, on 15125 at 
2030, OM with identification and a talk about 
Brazilian postage stamps in an English programme 
for Europe, scheduled from 2000 to 2100. 
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TWO 20dB 
AMPLIFIERS 

1M1 Input impedance. Flat response from 
zero to 1MHz. Switching option for a.c. or 
d.c. working. 

The second 20dB amplifier, described this month, 
has a voltage gain of 10 times, is d.c. coupled (with a 
switched option for a.c. coupling at the input) and has 
an input impedance of about 1MII. Its response is flat 
from zero to approximately 1MHz. It is primarily 
intended for use ahead of an oscilloscope when 
measuring small direct voltages or when investigating 
waveforms containing relatively low frequencies 
which are too small in amplitude to provide a useful 
display with the oscilloscope on its own. 

There are other uses for the amplifier and it can be 
employed to boost the sensitivity of an audio mil- 
livoltmeter. It can also be used in conjunction with an 
ordinary multimeter to provide a sensitive high impe- 
dance voltmeter. If, for example, the multimeter is 
switched to read 0-5 volts, an input of only 500 mil- 
livolts to the amplifier will produce full-scale deflec- 
tion in the meter. The consequent sensitivity is 2MS2 
per volt, as compared with the 20kS2 per volt of many 
standard multimeters. The amplifier can similarly 
boost the sensitivity of a multimeter switched to a low 
a.c. volts range. Note, however, that the maximum 
d.c. output of the amplifier is plus or minus 7 volts, 
and the maximum a.c. output is approximately 5 volts 
r.m.s. 

THE CIRCUIT 
An operational amplifier is an obvious choice for 

the unit, and such an amplifier appears in the circuit 
diagram of Fig.3. The op -amp employed is the 
CA3130, which has CMOS input and output stages 
with a bipolar section providing the main voltage gain 
of the device. With the value specified for the com- 
pensation capacitor, C4, the CA3130 gives a unity 
gain bandwidth in excess of 10MHz and a slew rate of 
over 20 volts per microsecond. 

The op -amp is used in the non -inverting mode with 
the closed loop gain controlled by the negative feed- 
back resistors, R3 and R2. The gain is equal to the 
sum of R3 and R2 divided by the value of R2, giving 
the required figure of 10 times. Both these resistors 
must be close tolerance types, either 2% or preferably 
1%. They are specified as # watt because close toler- 
ance resistors are normally available in this rating. 
rather than in ; watt. The calculated level of voltage 
gain can, of coin -se, only be maintained at frequencies 
where the op -amp open loop voltage gain is at least 10 
times. The frequency at which the gain of an opera- 
tional amplifier becomes inadequate to maintain the 
closed loop gain is given roughly by dividing the unity 

gain bandwidth by the closed loop gain so that the 
theoretical closed loop frequency response becomes 
1MHz. Tests on the prototype bear this out in prac- 
tice. 

The circuit has dual balanced supply rails with a 
central earth rail, as is the convention with d.c. cou- 
pled operational amplifiers. Two small PP3 batteries 
provide power, and are connected to the CA3130 via 
voltage dropping resistors R4 and R6. The resistors 
are needed because the maximum supply rating for 
the CA3130 is plus and minus 8 volts. The supply 
current is a fraction under 1mA, producing a voltage 
drop of about 2 volts across each resistor and a nomi- 
nal supply of plus and minus 7 volts. 

R1 biases the non -inverting input to earth and 
causes the input impedance of the amplifier to be 
init. This impedance reduces somewhat at high fre- 

A.C. ICI SI 

SKI 
In 

C IF 

DC 

-- 
C3 

R4 SZ 1MM 
On -Off 

--AAMJ'----3 + 
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C4 R5 

le- ÿy2l- BY1 

9V 

5 
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4 

SK2 
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e 

3 5 
4 

C A 3130T 
Top view 

8 

4 5 

CA 3130E 
Top view 

Fig.3. The d.c. coupled 20dB amplifier. 
This incorporates an operational amp- 

lifier type CA3130. 
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Part 2 

By 

M. V. Hastings 

The amplifier is housed in an all -metal case which 
provides screening. This is particularly important 
with the present design because of its high input 

impedance. 

quencies because of stray capacitances and the input 
capacitance of the CA3130. There is a d.c. path from 
input socket SK1 when S1 is closed and the circuit is 
then direct coupled throughout. Opening Si causes 
C3 to be in series with the input to provide d.c. 
blocking, and the low frequency response has a - 3dB 
point at approximately 10Hz. 

An offset null control is required to ensure that the 
quiescent output voltage is zero. The offset null 
adjustment is given by R5. S2 (a) (b) is the on -off 
switch and controls the two outside supply rails. Cl 
and C2 are supply bypass capacitors. 

CONSTRUCTION 
The amplifier must be housed in an all -metal case 

to screen it from mains hum and other sources of 
interference. The prototype is fitted in a metal 
instrument case type BC1, which has approximate 
dimensions of 6 by 4 by 2in. This case is available 
from Harrison Bros., P.O. Box 55, Westcliff-on-Sea, 
Essex, SSO 7LQ. 

The front panel layout can be seen in the photo- 
graphs. From left to right the items mounted on the 
front panel are SK1, SK2, S2(a)(b) and Si. The two 

The printed circuit module is secured 
to the bottom of the case with two 
6BA bolts and nuts, together with 

spacing washers. 

BY2 

Pos. 

BY1 

Neg. 

Mounting holes 6BA clear 

\\VI 
R3 

H 

1 I 

C2 ICI 

H 

SK1(E) Si and C3 

ek.re: 

57mm 

48mm 

Fig.4. The printed circuit layout pat- 
tern. This will take either a CA3130T or 

a CA3130E. 

sockets are flush mounting coaxial types. A solder tag 
is fitted behind the panel, under the upper securing 
nut of each socket. C3 is soldered to the tags of Si. 

The remaining components are assembled on the 
printed circuit board, which is shown full size in Fig.4. 
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COMPONENTS 

Resistors 
R1 1MS, watt 5% 
R2 3000, 4 watt 1% or 2% 
R3 2.7k11 1 watt 1% or 2% 
R4 2.2k1, watt 5% 
R5 100k1, pre-set potentiometer, 0.1 watt 
horizontal 
R6 2.2kct 4 watt 5% 

Capacitors 
Cl 0.1µF polyester type C280 
C2 0.1µF polyester type C280 
C3 0.1µF polyester type C280 
C4 10pF ceramic or polystyrene 

Semiconductors 
IC1 CA3130T or CA3130E 

Switches 
Si s.p.s.t. toggle 
S2 (a) (b) d.p.s.t. rotary 

Sockets 
SK1 coaxial socket, flush mounting 
SK2 coaxial socket, flush mounting. 

Miscellaneous 
Metal instrument case (see text) 
Printed circuit board 
2 -off 9 -volt batteries type PP3 
2 -off battery connectors 
Control knob 
Nuts, bolts, wire, etc. 

The board is produced and wired up in the normal 
way, but it should be remembered that the i.c. has 
CMOS inputs. The i.c. should therefore be the last 
item to be soldered to the board, and the soldering 
iron must have a bit which is reliably earthed. Either 
the CA3130T (TO -99 case) or the CA3130E (8 pin 
d.i.l.) will fit into the printed circuit layout. The wiring 

On the front panel are the input and 
output coaxial sockets, the on -off 
switch and the a.c. - d.c. input selec- 

tion switch. 

Fig.5. Wiring to the components 
mounted on the front panel. Use a con- 
tinuity tester to confirm the appropri- 
ate tags of S2(a) (b) before wiring to 
this switch, as some switches may 

have a different tag layout 

between the board and the front panel components is 

illustrated in Fig.5. The board is mounted to the base 
of the case with two 6BA bolts and nuts, spacing 
washers being used to keep the board underside clear 
of the inside of the case. 

Since this amplifier has a lower bandwidth than the 
unit described last month, there is no need to use 

Looking at the wiring to 
the rear of the front panel 
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A close-up of the printed 
circuit board assembly. 

screened leads inside the case for the connections to 
SKl and SK2. External test leads connecting to these 
two sockets should, however, consist of screened 
wires. 

ADJUSTMENT 
The only adjustment required to the completed 

amplifier is the setting up of R5. Connect a multime- 
ter set to read 0-5 volts or more d.c. across the output 
of the amplifier with negative to chassis. Adjust R5 so 

that its slider is about 45 degrees anti -clockwise of its 
central setting and switch on the amplifier. There will 
probably be a positive deflection in the meter, or a 
small negative deflection, and R5 is then adjusted for 
a zero reading. The multimeter is then switched to its 
lowest d.c. volts range and R5 finally trimmed for the 
zero reading. 

The amplifier is then ready for use. 

(Concluded) 

NEW DEFENCE AID 
HELICOPTER NIGHT VISION 

Successfully installed on a 
Sea King helicopter is the new 
stabilized night vision system 
pioneered by Marconi Avionics 
Limited. This gives what is vir- 
tually all-round vision and has 
been developed under contract 
from the UK Ministry of 
Defence. 

The system, produced by the 
Marconi Electro-Optical Sur- 
veillance Division at Basildon, 
is for mounting beneath the 
nose of a helicopter and it con- 
sists of a stabilized platform 
bearing a night vision sensor. 
In the case of the Sea King 
installation, the sensor is a 
Marconi Avionics V325 Inten- 
sified Isocon camera, which is 

already in production and is in 
service with the Royal Air 
Force. It can produce useful 
television pictures at light 
levels down to overcast star- 
light. 

A very novel feature of the 
use of the night vision sensor is 
that it can be rapidly directed, 
from side to side and down- 
wards, in synchronism with the 
pilot's head movement. By pro- 
jecting an image of the night 
scene into the pilot's eye via his 
helmet -mounted display, he 
can "see" in the dark wherever 
he happens to be looking, 
including straight downwards. 

The system has an excep- 
tionally fast response (over 100 
degrees per second) to direc- 

tional commands and is highly 
stabilized against the effects of 
helicopter vibration and its 
movements in pitch and yaw. 
This exceptional performance 
means that the system can fol- 
low virtually every movement 
of the pilot's head, whether fast 
or slow. As a result, pilots soon 
become used to the new 
equipment, and very rapidly 
gain confidence in operating 
with it. 

The platform has been con- 
structed to the stringent stan- 
dards already proven with the 
highly successful "Heli-Tele" 
daylight viewing system, now 
in service with the British Army 
and the security services of 
several other nations. 
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"What," asked Dick cheer- 
fully, "is white on the top and 
bottom, green in the middle 
and jumps all round the 
room?" 

Smithy glanced at him 
malevolently. 

"Look," he prounounced 
sternly, "there's just an hour to 
go before we shut up the shop 
for the weekend, and we've 
only got this single a.m.-f.m. 
portable to clear up before we 
leave. Which means that I don't 
intend to waste time with these 
ridiculous jokes of yours." 

"Shall I give you a clue?" 
"I don't even want a clue!" 
"It could," said Dick 

unabashed, "alternatively be 
brown on the top and bottom 
instead of white. But it would 
still be green in the middle and 
it would still jump all round the 
room." 

Smithy put the portable 
radio on his bench and studi- 
ously ignored his assistant. 

"Give up?" 
"Give up?" repeated Smithy 

irately. "I'm not going to start!" 
"I'll tell you then," said Dick 

jubilantly. "It's a frog sand- 
wich!" 

I.C. AMPLIFIER 
An expression of total 

incomprehension spread over 
Smithy's face. 

"Is that your joke?" 
"That's it," confirmed Dick. 

"Good, isn't it?" 
"I think it's dreadful. Now, 

RADIO 
DISTORTION 

FAULT 

Blau don't haue to know 

what's inside an i.c.I 

for goodness' sake let's get on 
with finding the fault in this 
radio." 

"What is it," asked Dick, 
"that's white on the top, white 
on " 

"We will now," interrupted 
Smithy, "get on with this set. 
Okay?" 

"Well yes, all right then," 
replied Dick, bringing his 
thoughts back to the more 
important matters of the 
moment. "What's wrong with 
it?" 

Smithy inspected a label 
attached to the carrying handle 
of the radio. 

"This just says 'Distortion'," 
he remarked. "Let's hear what 
it sounds like." 

He pressed the medium 
wave button on the radio and 
swung its tuning control across 
the scale. The set was quite 
lively and picked up a number 
of signals without any signific- 
ant second channel whistles. 
The volume was at a level suit- 
able for listening in a quiet 
room and there was no notice- 
able distortion. Smithy tuned 
in a musical programme and 
turned up the volume. Distor- 
tion at once became evident, 
increasing in proportion with 
the loudness of the sound from 
the speaker. 

Smithy pressed the long 
wave button and tuned to the 
Radio 4 signal on 1,500 metres. 
Exactly the same kind of distor- 
tion was present here. Finally, 

he pulled out the telescopic 
aerial, pushed the f.m. button 
and tuned in the local v.h.f. 
signals. There was no change 
in the distortion. 

"That distortion must be 
being introduced in the a.f. 
stages," volunteered Dick. 

"I wouldn't argue with that 
at all," stated Smithy, "unless 
we've got a really weird fault 
we wouldn't get distortion in 
both the a.m. and the f.m. sec- 
tions before the volume con- 
trol. Besides, the a.f. signal 
going to the volume control 
must almost certainly be all 
right because there's no distor- 
tion at low volume levels. 
Would you like to start getting 
the back off the set while I get 
the service manual out? With a 
fault like distortion it's a good 
idea to have the circuit of the 
receiver in front of you, and it 
will often save a lot of time in 
looking for the snag. Oh, and 
check battery voltage on load, 
of course." 

As Smithy walked over to 
the filing cabinet, Dick 
removed the battery cover and 
checked the battery voltage 
with the receiver switched on. 
His testmeter indicated a satis- 
factory voltage slightly in 
excess of 9 volts. He then 
started to remove the set back. 
Whilst he was doing so, Smithy 
returned with the service man- 
ual and opened it out at the cir- 
cuit diagram. He quickly 
located the section showing 
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Fig.1. The a.f. stages of the a.m.-f.m. radio examined by Dick and Smithy. 
Apart from a slight simplification at the a.m.-f.m. switch section and the 
volume control, this is taken from the circuit of the Ferguson Model 3182 
Mains/Battery Portable Radio and shows the same R and C numbers. The 

0.22µF and 0.33µF electrolytic capacitors are tantalum. 

the a.f. stages, and studied it 
silently. (Fig.1.1 

"Oh no," breathed a voice at 
his right ear. 

Startled, Smithy turned his 
head to see his assistant gazing 
unhappily over his shoulder at 
the circuit. 

"What are you oh-no-ing 
about?" 

"Those a.f. stages," wailed 
Dick. "There's an i.c. at the out- 
put!" 

"Blimey," snorted Smithy. 
"We've had integrated circuits 
in domestic equipment for 
nearly the last ten years. Why 
should you suddenly start 
moaning about them now?" 

"I've always moaned about 
them," complained Dick. "Just 
look at the circuit we've got 
here. We've got a triangle rep- 
resenting the i.c. amplifier, and 
a whole lot of resistors and 
capacitors connected to its 
pins. What we don't know is 
what exactly is inside that 
triangle!" 

COMPONENT FUNCTIONS 
"That's no problem," said 

Smithy. "With a fairly simple 
integrated circuit such as the 
a.f. amplifier one we've got 
here it's quite adequate to have 
just a rough general idea of 

what's going on inside the i.c. 
without bothering about pre- 
cise circuitry. I'll agree that 
things tend to get a bit mind - 
bending when we get on to 
i.c.'s like microprocessor chips, 
and with these the likes of you 
and me have just got to take the 
manufacturer's word that if we 
connect the chip up correctly 
and put in the right inputs we'll 
get the proper outputs. But, as I 

say, there's no need to have 
such an approach so far as the 
simpler i.c.'s are concerned." 

The Serviceman turned the 
pages of the service manual 
and examined the Compo- 
nents List for the radio. 

"Here's something interest- 
ing," he went on. "The maker 
of this radio has done us a 
favour by not only listing the 
components but also stating 
what their functions are. But 
before we look at these there 
are some obvious facts about 
this audio i.c. which are staring 
us in the face." 

"What are they?" 
"That pins 3 and 5 of the i.c. 

connect to the negative supply 
rail and that pin 14 is the posi- 
tive supply input. Also, that pin 
1 is the output pin." 

"Ah yes," agreed Dick, 
"there isn't much deduction 

needed there! The fact that the 
negative rail is drawn in this 
circuit above the positive rail 
can be a bit confusing at first 
when you're used to having the 
two rails the other way round." 

"That's true," said Smithy, 
"but you often meet that sort of 
thing in these radio circuits. 
Now let's look at some of the 
components. 

We can start off with C66, 
C67 and R57. All these are 
described in the manual as giv- 
ing stability compensation." 
(Fig.2(a).) 

"That will be like the com- 
pensation components which 
are needed with some op - 
amps," put in Dick. "The idea is 
that the capacitors roll off the 
upper frequencies." 

"Exactly," confirmed 
Smithy. "If the i.c. was allowed 
to amplify at frequencies which 
were too high it would be vir- 
tually impossible to prevent 
stray feedback and the whole 
thing would burst into oscilla- 
tion. So, when you find rela- 
tively low value capacitors, or 
relatively low value capacitors 
and resistors in series, con- 
necting to the pins of an 
unfamiliar audio amplifier i.c. 
you can be quite certain that 
they're intended to provide 
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Fig.2(a). Relatively low value 
capacitors around the audio i.c. pro- R5 

vide frequency compensation. 

(b). A high value capacitor from the 
output to another pin, in a circuit such 
as is shown here, provides bootstrap 

coupling. 
(c). The internal bootstrap circuitry 

will have the basic form illustrated 
here. 

(d). External negative feedback 
components. The audio gain of the i.c. 
is controlled by the value of the resis- 

tor. 
(e). Inside the i.c. an internal resistor 

will couple back from the output to an 
early inverting input. 

frequency compensation." 
"What would happen if you 

had a fault there?" 
"Well," said Smithy, "the 

most likely thing is that you'd 
get an open -circuit in a com- 
pensation loop. If this open - 
circuit caused the i.c. to go into 
violent oscillation at a super- 
sonic frequency you might get 
a loud hiss from the speaker, or 

you may even hear nothing at 
all from it. At the same time, 
the i.c. will quite possibly draw 
an excessively high current 
from the power supply. Should 
the oscillation be of a mild 
nature the i.c. might work 
reasonably well on high level 
a.f. signals but may burble 
away quietly to itself with low 
input signals or with no input 

Inverting 
unit 

Internal 
resistor 

(e) 

Output 
transistors 

signal. Whenever you get 
symptoms like that with an 
unknown audio i.c. the com- 
pensation components and 
their connections should be 
amongst the first things you 
should check." 

"There's another capacitor," 
said Dick, "which connects the 
output pin to pin 12 of the i.c. 
But this one's an electrolytic 
with a value of 150µF." 
(Fig.2(b).) 

"That one's bound to be a 

bootstrap coupling capacitor," 
said Smithy, "and you can rec- 
ognise it by the fact that it con- 
nects to the output and has the 
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sort of high value you'd expect 
in an a.f. coupling circuit feed- 
ing a fairly low impedance. 
Inside the i.c. the capacitor will 
couple to the collector load of 
the driver transistor which 
feeds the output transistors in 
a standard bootstrap arrange- 
ment." (Fig.2(c).) 

"What would happen if you 
had trouble there?" 

"Well," replied Smithy, "if 
the capacitor went open -circuit 
the i.c. wouldn't give as much 
amplification to one set of 
half -cycles as it does to the 
other and you'd get distortion 
when the signal went above a 
certain level." 

"That's what we've got with 
this radio," commented Dick. 

"True," confirmed Smithy, 
"so we'll check the bootstrap 
capacitor in a minute. It's more 
difficult to predict what would 
happen if the capacitor went 
short-circuit, but there would 
most probably be a high loss of 
output power with distortion at 
all levels. There would prob- 
ably be no output at all if the 
4752 resistor coupling pin 12 to 
the positive rail went open - 
circuit because there would 
then be no collector supply vol- 
tage for the internal driver 
transistor." 

Dick turned his attention to 
another part of the circuit. 

"There's an 8252 resistor and 
a 47µF capacitor going from 
pin 8 of the i.c. to the negative 
rail," he announced. "What are 
they for?" (Fig.2(d).) 

"The resistor," said Smithy, 
looking down at the service 
manual, "will be for gain con- 
trol and the capacitor for d.c. 
blocking. The service manual 
refers to them as 'negative 
feedback' and as 'negative 
feedback and d.c. blocking' 
respectively." 

"How do they work?" 
"There'll be an internal resis- 

tor inside the i.c. from the out- 
put to an inverting point at or 
near the input of the internal 
amplifier. This and the external 
resistor then complete a stan- 
dard negative feedback loop 
which allows the i.c. gain to be 
varied by the external resistor. 
If that external resistor goes 
low in value the amplifier gain 
will increase and if it goes high 
in value the amplifier gain will 
reduce." (Fig.2(e).) 

"What happens if the resis- 
tor or the capacitor go open - 

circuit?" 
"Theoretically, the amplifier 

gain drops to unity but in prac- 
tice the i.c. might go unstable 
because of the lack of a low 
impedance between the feed- 
back pin and the supply rail. 
The manufacturer of the i.c. 
will normally specify upper 
and lower limits for the resistor 
value and the set -maker using 
the i.c. will, obviously, employ 
a resistor whose value is within 
these limits." 

"So," said Dick slowly, "if I 

come across an unfamiliar 
audio amplifier i.c. and I see 
that one of its pins connects to 
one of the supply rails via a 
fairly large value electrolytic 
and a small value resistor, can I 

expect the resistor to be a 
component which controls the 
amplifier gain, with the elec- 
trolytic giving d.c. blocking?" 

"You can," stated Smithy. 
"Incidentally, the resistor value 
usually lies between some 50S/ 
and 200fZ." 

-9V 

C71 

Decoupling 

(o) 

-9V 

C68IH.F. 

O.33pF decoupling 

C64 
O22pF 

BYPASS CAPACITOR 

"Hey," said Dick cheerfully, 
"this a.f. amplifier i.c. is not so 
difficult after all. We don't 
know exactly just what is lurk- 
ing inside the i.c. but we do 
know what jobs the external 
components connecting to it 
are supposed to do!" 

"Which," chimed in Smithy, 
"makes fault-finding a lot 
easier when &snag develops in 
any of those external compo- 
nents. Well now, there's 
another electrolytic coupling 
an i.c. pin to the negative rail. 
That's the 47µF component 
connecting to pin 10." 
(Fig.3(a).) 

"And what's that for?" 
"It's a decoupling or bypass 

capacitor," stated Smithy, 
glancing for confirmation at 
the service manual. "Inside the 
i.c. there will be a decoupling 
supply resistor feeding a pre- 
amplifier stage and the decou- 
pling is completed by the 

RS5 I.C. bias 
return 

(b) 

(c) (d) 

Fig.3(a). In company with an internal supply resistor 
feeding an internal pre -amplifier, the 47µF external 

capacitor completes a decoupling circuit. 
(b). Audio i.c. input bias arrangements tend to 

vary between different i.c. types, but a resistor cou- 
pling to the negative rail is one of the more common 

circuits. 
(c). The 0.33µF capacitor between the i.c. output 

and the negative rail maintains a fairly low output 
load impedance at the higher audio frequencies. 

(d). A more common approach is to couple the i.c. 
output to one of the supply rails via a capacitor and 

very low value resistor in series. 

-9V 
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ELECTRONIC 

TUTOR KITS 
Learn electronics the effective way by 
expe ;ments. Each kit contains an 
illustrated handbook, which takes you 
step by step through the funda- 
mentals of electronics, 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, Herts, CM21 9E8. 

PEATS for PARTS 
ELECTRONIC COMPONENTS 

RADIO & TELEVISION 
For the convenience of Irish 

enthusiasts we supply: 

L 

Radio & Electronics 
onstructor Data Books 

Signs Transfers 
Also a postal service 

th e worldofelectronics 
25 Parnell Street, Dublin 1. Tel 749972 

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 (4-8n input and output 
for extn. speaker amplification, with circuit E2.75. 

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 St '57 values, 
5% carbon film, '0W or 'I.W Starter pack, 5 each, 

value (285) £3.10 

Mixed pack, 5 each '/0W plus '0W (570) £5.55 

Standard pack, 10 each (570) £5.55 

Giant pack, 25 each (1,425) £13.60 

BNC Cable mtg socket 5052 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 (016) £1.80; AA(U7) £1.30; 

C(U11) £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 02961 668684 

external 47µF capacitor." 
"Why do you need decoupl- 

ing there?" 
"Mainly to reduce hum if the 

i.c. is run from an a.c. mains 
power supply. If the i.c. is pow- 
ered by a battery you can often 
leave out that external decou- 
pling capacitor without run- 
ning into any difficulties. Now, 
let's look next at the 22kí resis- 
tor connecting to the input of 
the amplifier. The service 
manual refers to this as an 'i.c. 
bias return' resistor." 

Smithy pointed to the resis- 
tor in the circuit. (Fig.3(b).) 

"Now, most audio output 
amplifier i.c.'s," he continued, 
"require a resistor between the 
input pin and the negative rail 
to set up the input bias condi- 
tions, and you can expect trou- 
ble if the resistor shifts seri- 
ously in value. However, you 
may encounter input bias 
arrangements which are dif- 
ferent from this. The golden 
rule here is to assume that 
whatever resistor or resistors 
connect between the i.c. input 
and any voltage supply points 
will have a primary or secon- 
dary effect on input biasing, 
and that troubles could result if 
the resistance value or values 
is not correct. If there are no 
resistive paths between the i.c. 
input and either of the supply 
rails then the i.c. has its own 
internal biasing arrangements 
and the question of external 
bias resistance does not arise." 

"There's another electroly- 
tic," said Dick. "There's a 

0.33µF electrolytic between the 
output pin and the negative 
rail." 

Smithy frowned. 
"That's a little unusual," he 

remarked. "Let's see what the 
service manual says about it. 
Ah, here we are. It's a tantalum 
electrolytic and it's described 
as giving 'high frequency 
decoupling'." 

"What's it for?" 
"It's to maintain a low impe- 

dance at the output as audio 
frequency increases," 
pronounced Smithy, 
"whereupon it counteracts the 
effect of rising impedance in 
the speaker and aids stability. 
Just a minute." 

Smithy took a pen out of his 
pocket, pulled his note -pad 
towards him and carried out a 

quick calculation. 
"That 0.33µF capacitor," he 

stated, "will have a reactance 
of about 10052 at 5kHz, and so it 
doesn't hold the impedance all 
that low at high audio frequen- 
cies. But it will hold it low 
enough to ensure that there 
isn't any risk of high frequency 
instability." 

"You said just now," Dick 
reminded him, "that the 0.33µF 
capacitor was slightly unusual. 
Why's that?" 

"It's because you usually 
have a capacitor and resistor in 
series at the output to reduce 
high frequency impedance, 
instead of having a capacitor - 
on its own. The capacitor and 
resistor form what is called a 

Zobel network and typical val- 
ues are around 0.1µF to 0.3µF 
for the capacitor, with the resis- 
tor having quite a low value of 
around 19. Incidentally, if the 
i.c. doesn't have a Zobel net- 
work or a single capacitor cou- 
pling its output to one of the 
supply rails then you can safely 
assume that the i.c. is capable 
of working quite happily with- 
out it." (Fig.3(d).) 

Smithy looked down at his 
watch. 

"Ye gods," he gasped. 
"That's twenty minutes gone 
already, and we haven't even 
started looking for the fault in 
this radio!" 

"Not to worry, Smithy," Dick 
consoled him. "At least you've 
told me how to work my way 
round an audio amplifier i.c. 
even when I've got hardly a 

clue as to what exactly is inside 
it. And if we do find the fault in 
this radio before knocking -off 
time I'll stay on afterwards if 
necessary to do the actual 
repair." 

FAULT FINDING 

"Very well," said Smithy 
briskly. "We'll start off with 
obvious fault-finding checks 
first. Can you get at the printed 
board?" 

"I can." 
"Right then, testmeter 

ready! Switch on with the vol- 
ume turned low and check the 
voltage between chassis and 
the output pin of the i.c." 

Dick selected a voltage 
range on his testmeter, turned 
on the radio and checked the 
voltage between the circuit 
points referred to by Smithy. 
(Fig.4(a).) 
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(o) (b) 

Fig.4(a). Dick first measured the voltage at the out- 
put of the audio i.c. 

(b). He next checked the bootstrap capacitor by 
temporarily bridging it with another capacitor of 

similar value. 

"I'm getting a reading of 
about 4.4 volts." 

"Good," stated Smithy. 
"That's near enough to central 
voltage for us to assume, for 
the time being at any rate, that 
the input bias circuit for the i.c. 
is all right. Bootstrap circuit 
next! You may remember I said 
that an open -circuit bootstrap 
capacitor could possibly cause 
the distortion. So that's the 
next thing for you to check." 

"How do I do that?" 
"Turn up the receiver vol- 

ume to give a distorted output 
and then bridge the capacitor 
with another 150µF capacitor." 

Dick looked through a box of 
spare components on Smithy's 
bench. 

"I can't find a 150µF," he 
stated after a few moments. 
"Will 100µF do?" 

"Yes, of course," said 
Smithy impatiently. "Come 
on!" 

Dick turned up the volume of 
the receiver and applied the 
100µF capacitor across the 
150µF capacitor on the printed 
board. There was a click in the 
speaker as he connected the 
100µF capacitor into the boots- 
trap circuit but there was no 
alteration in the distortion 
level. (Fig.4(b).) 

"Okay," said Smithy. "Well, 
that seems to eliminate the 
bootstrap circuit. Turn the vol- 
ume down and let me think for 
a moment." 

"Perhaps the i.c. is duffy," 
suggested Dick, as he reduced 
the volume level of the radio. 

"Perhaps it is," agreed 
Smithy, "but it will still be the 
last thing we suspect." 

"Why's that?" 
"First, because i.c.'s are 

usually nearly as reliable as 

discrete silicon transistors, and 
secondly because changing it 
is too big a job to contemplate 
at this stage. There's a third 
reason, too." 

"What's that?" 
"We don't have a replace- 

ment in stock! Now let's recap. 
The distortion is appearing 
after the volume control and, 
for the moment, we'll say that 
there's no fault which is blan- 
tantly obvious around the i.c. 
So we'll do some quick checks 
around the transistor which 
precedes it. Testmeter ready 
again! Check the voltage bet- 
ween the transistor base and 
chassis." 

Dick applied the testmeter 
prods to the printed board 
once more. (Fig.5(a).) 

"There's about 1.2 volts 
here," he announced. 

"That seems reasonable," 
said Smithy slowly. "Try the 
voltage between the collector 
and chassis next." 

"Okeydoke." 
Dick once more put the 

meter prods onto the board. 
(Fig.5(b).) 

"I'm getting about 8.9 volts 
here," he said. 

A beatific smile spread 
across Smithy's lips and he 
rubbed his hands together. 

"Heh, heh," he cackled, tak- 
ing on the eldrich tones of a 
witch. "Blood! I smell blood!" 

And there was blood, 
indeed, to smell. The next 
checks showed that there was 
only 0.2 volt across the collec- 
tor load resistor and that this 
resistor had its true and proper 
value of 5.6kí. Whereupon 
anyone armed with a pocket 
calculator and having a glim- 
mering of Ohm's Law will at 
once tell you that the transistor 
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Fig.5(a). A further test consisted of measuring the 
voltage at the transistor base. 

(b). This was followed by a check of the transistor 
collector voltage. 

collector current 
0.2 volt divided 
0.035714mA to 

was equal to 
by 5.6kfi or 
5 significant 

figures or, if you want even 
greater accuracy, 35.7143µA to 
6 significant figures. The only 
remaining resistor to check 
was the 1.5kí2 transistor emitter 
resistor, and the value of this 
had risen to some 10 times its 
nominal value. At the reduced 

collector current available to 
the transistor, it simply had not 
been able to handle signals 
above a low level without 
introducing distortion. 

Dick did not even have to 
remove the board to fit a new 
1.5kì resistor. He merely had 
to snip the leads of the faulty 
resistor close to its body and 
then quickly solder the new 

resistor to these leads. It could 
be argued that Smithy had 
devoted all his time to explain- 
ing the component functions 
around the audio amplifier i.c., 
whereas the fault in this par- 
ticular radio was in a transistor 
stage that had nothing to do 
with the integrated circuit. But 
then who ever said that, in 
servicing, the fault has to lie in 
the stage you're devoting all 
your attention to? 

LAST WORDS 
"That's great," grinned 

Smithy happily as Dick 
switched off the radio, which 
now had a completely accept- 
able performance so far as dis- 
tortion was concerned. He 
consulted his watch. "Blimey, 
there's still a couple of minutes 
to go before packing -up time." 

"Good," said Dick quickly. 
"Then you can tell me what's 
white on the top, white on the 
bottom and blue in the mid- 
dle." 

"Trust you to spoil every- 
thing," sighed Smithy. "All 
right, what is white on the top, 
white on the bottom and blue 
in the middle." 

"It's a frog sandwich," 
replied Dick triumphantly. "It's 
a frog sandwich which has 
been left too long in the 
freezer!" 

BOOK REVIEW 
ELECTRONIC MUSIC PROJECTS. By R. A. Penfold. 110 pages, 180 x 105mm. (7 x 
4in.) Published by Bernard Babani (Publishing) Ltd. Price £1.75. 

Electronic music effects and sound generators are very popular and it is possible, 
in many cases, to produce impressive results with the aid of quite simple circuitry. 
In this book, R. A. Penfold gives details of some 24 music projects which can be 
readily assembled by the home constructor. 

The first chapter covers guitar effects units, and describes two types of tone 
booster, a fuzz box, a waa-waa unit, an automatic waa-waa unit, and a sustain unit 
incorporating an opto -isolator. General effects are described in the second chapter, 
which deals with a tremolo generator, a reverberation unit, an automatic phasor, an 
audio modulator and an envelope shaper. 

The third chapter is devoted to sound generator projects, and includes white and 
pink noise generators, a glissando tone generator with switched output filters, a 

vibrato oscillator and a stylus organ. In the fourth and last chapter we find details of 
an electronic guitar tuning fork, a guitar practice amplifier, a metronome with 
visible flash, automatic and voice operated faders, a simple sound mixer and a 

sound -to -light unit with which the apparent speed of a moving light display 
increases with the volume of the music being played. 

This listing shows the wide range of projects dealt with. Each is presented in 
circuit form with a components list and accompanying text describing circuit opera- 
tion and giving advice on constructional points. This is another good book from a 

well-known and prolific author. 
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BASIC MEDIUM 
RADIO By T. F. Weatherley 

Simple single band 
loudspeaker radio. 

This little radio was originally devised as a practical 
project in an electronics course to introduce modern 
components and constructional techniques. The two 
integrated circuits used have been available for some 
time but they do serve to illustrate the premise that 
quite sophisticated equipment can be built with very 
few discrete components. 

heart is the popular ZN414. 
This integrated circuit contains, to quote the specifi- 
cation, "a ten transistor tuned radio frequency circuit 
using C.D.I. technology to provide a complete r.f. 
amplifier, detector and a.g.c. circuit on one chip". 
The chip is housed in the standard TO18 package and 
could be mistaken for a BC108. The a.f. amplification 
in the receiver is provided by an LM380. 

CIRCUIT OPERATION 
As can be seen from Fig. 1 the circuit is quite 

straightforward. It can be thought of as comprising 
three sections: r.f. amplification and detection, a.f. 
amplification and a power supply. The last is a 9 volt 
battery. 

The ferrite aerial coil, Ll, and VC1 form the inout 
tuned circuit, with Cl providing an earth return. R1 
and R2 are the ZN414 bias and load resistors respec- 
tively. C2 is an r.f. filter capacitor. The ZN414 pro- 
duces an a.f. output of some 30mV r.m.s. and this is 

coupled through C3 and R3 to the input of the 
LM380. A 10MI2 resistor, R5, controls the LM380 
gain, and the output is coupled to the speaker through 
C4. 

A side view of the printed 
board assembly. 

Cl 

L1 ICI 
Z N414 

C2 

ZN414 
Lead -outs 

3 

A 

C 

' LED1 

3,4,5, 
7,10, 
11,12 

LS1 

Fig. 1. The circuit of the medium wave 
radio. The use of two integrated cir- 
cuits results in a low discrete compo- 

nent count. 

The ZN414 requires only 1.5 volts and this is pro- 
vided by R4 and LED1. The voltage dropped across 
the l.e.d. is held at a stable value of about 1.5 volts, 
and the l.e.d. also indicates that the receiver is turned 
on. The full 9 volts is applied to the LM380. 
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WAVE 
The completed receiver. The prototype employed a 
very small speaker, but any size speaker may be 

used. 

inexpensive design requiring 
few components. 

CONSTRUCTION 
The radio is built on a printed circuit board measur- 

ing 90 by 32mm., or approximately 34 by lain. This 
board is shown full size in Fig. 2. After the board has 
been prepared, the components are fitted and sol- 
dered into place as shown. The resistors, and 
capacitor C4, can be mounted horizontally or verti- 
cally as space permits. IC2 can either be soldered to 
the board directly or mounted in an i.c. holder. In the 
original, Veropins were used for the connections to 
the battery, the speaker and to L1 and VC1. The 
author was lucky enough to obtain a lin. 80 louds- 
peaker locally and this was positioned on the board as 
shown in the photographs. A larger 80 loudspeaker 
can, of course, be used and this will need to be 
mounted away from the board. 

Fig. 2. Component and 
copper sides of ties 
printed board. This is 

reproduced full size. 

L1 

and 

FERRITE AERIAL 
The ferrite aerial rod has a diameter of 3/8 in. and is 

only about 1 in. long. This was found by experiment 
to be the shortest length which still enabled the pro- 
ject to be worth -while. The 1in. length was obtained 
from a longer rod by the usual method for breaking 
ferrite rod. First, a groove is filed all around the rod at 
the point where it is to be broken with a V -edge file, 
and the body of the rod is then gently tapped against 
the edge of a wooden bench or table. 

The winding consists of 50 turns of 32 s.w.g. 
enamelled wire close -wound to form a coil about tin. 
long at the centre of the rod. The wire gauge is not 
very critical and slightly thicker or thinner winding 
wire would also be suitable. It is helpful to fix some 
Sellotape, sticky side out, on the rod first, since this 

LED' 

3IC12 
C3 

VC er;za) 
`L=2. 

R2 

+ 

R5 
LS1 

- ----- i 

9V+ 

a:Sf;tir ,°If .0 ffli 
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mm 
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COM PON ENTS 

Resistors 
(All watt 5% unless otherwise stated) 
RI 100kf2 
R2 1k1/ 
R3 1 MS/ 
R4 56052 
R5 10MS2 10% 
Capacitors 
Cl 0.01µF polyester, type C280 
C2 0.1µF polyester, type C280 
C3 0.1µF polyester, type C280 
C4 100µF electrolytic, 10 V. Wkg. 
VC1 60-200pF trimmer (see text) 

Inductor 
LI see text 

Semiconductors 
IC1 ZN414 
IC2 LM380 
LEDI red 1.e.d. 

Speaker 
LS1 8S2 speaker (see text) 
Miscellaneous 
9 volt battery 
Printed board materials 
I.C. holder, 14 way d.i.l. (if required) 
Control knob adaptor (see text) 

holds the turns in place. The whole winding is finally 
covered with more tape, and the enamel is scraped 
away from the two coil ends so that these may be 
soldered to the tags of VC1. 

With the prototype VC1 is a mica compression 
trimmer having a value of about 60pF minimum and 
about 200pF maximum. It can be adjusted for station 
selection by means of a screwdriver. However, this 

Looking at the trimmer which func- 
tions as the tuning control. A home- 
made adaptor allows this to be 

adjusted by a control knob. 

does not appear to have universal appeal and so a 
mechanical adaptor which allows a tuning knob to be 
employed was fabricated. The adjusting screw for the 
trimmer was 6BA, and this was removed. A length of 
rod having a diameter of kin. and a central hole cap- 
able of taking 6BA studding was located in the spares 
box. The head was cut from a 4in. 6BA bolt, and one 
end of the threaded section affixed inside the rod. The 
rod assembly was then screwed into the trimmer in 
place of theoriginal adjusting screw and an ordinary 
control knob fitted at the other end of the +in. rod. 
Similar means of making up an adaptor which allows 
the trimmer to be adjusted by means of a control 
knob should suggest themselves to the constructor. 

The completed receiver has quite an impressive 
performance, despite its simplicity. The prototype 
can pull in a dozen or more stations at the author's 
home in East Anglia and the a.g.c. provided by the 
ZN414 makes listening a pleasure. 

Current consumption from the 9 volt supply at 
normal volume levels is around 30mA, and so a fairly 
large battery is preferable if long listening periods are 
envisaged. 

TRADE NOTE 
NEW COILS 

Codar Telecom Limited have 
introduced a further range of 
air spaced inductors to meet 
higher power requirements for 
r.f. transmission, communica- 
tion and medical equipment. 

The new coils are wound 
with copper ribbon or tube and 
are also available in "Roller 
Coaster" types of variable 
inductor. Coils can be supplied 
with variable pitch spaced 

turns, separate or continuous 
windings, indented turns, taps, 
and as basic units for complete 
mounted assemblies ready for 
fitting. 

This new series of inductors 
augments Codar's widely used 
standard range of wire induc- 
tors and provides an excep- 
tional range of air spaced 
inductors from â to 15in. 
diameter, and having 22 s.w.g. 
to l in. copper tube conductors. 
Applications include r.f. oscil- 

lators, interstage coupling, 
pi -net and conventional L -C 
output. 

In view of the very wide 
range of applications and dif- 
fering requirements, coils are 
made to specification. The ser- 
vice features close co- 
operation with designers in the 
early development of new 
equipment. Further details can 
be obtained from Codar Tele- 
com Limited, P.O. Box 3, Rot- 
tingdean, Brighton, BN2 8AZ. 
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8 tips to start you soldering successfully. 

Quite a few newcomers to the home -constructor 
hobby run into difficulties when they attempt to make 
their first soldered joints. The ability to solder is 
essential if the hobby is to be truly rewarding and, if 

you have never soldered before, you do need a little 
practice to get the "feel" of things. About half an 
hour's experience in soldering together odd wires and 
tags should be more than adequate, and after this you 
should be able to tell with some reasonable certainty 
whether or not you have completed a good joint as 
soon as the solder has set solid. 

SOLDERING FACTS 
Fig. 1(a) shows a tinned copper wire which is to be 

soldered to a tag. Although both the wire and the tag 
may look clean, they will in fact almost certainly be 
covered with a thin oxide coating. The molten solder 
has to get past that oxide coating if it is to make a 
proper joint with the pure metal underneath, and for 
this reason we apply not only solder to the joint but 
also flux. The flux is a chemical which, when heated, 
breaks down the oxides. We use cored solders for 
electronic work, and these consist of solder wires 
with, typically, five cores containing a suitable flux. 
So, when we apply the solder we automatically apply 
the flux as well. 

In Fig. 1(b) we apply the soldering iron tip to the 
work (i.e. the items to be soldered together) so that, 
preferably, the tip is in contact with both pieces. At 
the same time we apply the solder to the iron tip and 
the work. What happens first is that the solder melts 
at the iron tip and the heated flux at once gets to work 
on the oxides in the immediate vicinity, allowing the 
molten solder to "wet" the work pieces. Heat from 
the iron tip travels quickly through the molten solder 
to the work pieces, with which the solder is now in 

intimate contact. The rate of heat flow is faster than 
would be given by just placing the iron tip on its own 
on the work. We apply a little more solder, which now 
flows over the work pieces and then we remove the 
solder and the soldering iron. If the solder flows over 
the work pieces we have made a good joint. The 
completed joint should be smoothly covered with just 
enough solder to do the job. There will almost cer- 
tainly have been a little more flux than was needed, 
and what is left sets hard on the outside of the solder. 

Wire 

Tag 

(a) 

Cored solder 

(b) 

Soldering iron 

Fig. 1(a). The wire shown here is to be 
soldered to the tag (b). The tip of the 
hot soldering iron and the solder are 
both applied at the same time to the 
work pieces. The molten solder first 
speeds the transfer of heat from the 
iron to the work pieces, and then flows 
over the pieces to produce the joint. 
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SOLDERING SNAGS 
Now, here are the things which can go wrong and 

produce an unreliable solder joint. 

1. The soldering iron is applied for too short a 
time. The solder may run over the work and even 
cover it but, because the work pieces were not raised 
to a sufficiently high temperature, has not made a 
proper joint with them. The result is a rough solder 
outline, and the joint looks as though you've been 
trying to solder with sealing wax. 

2. The soldering iron has been applied for too 
long. This may not result in a poor joint but it can 
cause overheating of components whose lead -out 
wires form part of the joint. One of the main reasons 
for initial soldering practice is to find how to arrive at 
a happy medium between this snag and snag No. 1. 

3. There is too little solder in the joint. This will be 
visually obvious. There should be enough solder to 
give a sound mechanical joint. 

4. Too much solder in the joint. Another conflict- 
ing snag, and again visually obvious. A joint with too 
much solder may in fact be sound, but big blobs of 
solder look unsightly. What's more, they take too 
long to cool down after the iron has been removed, 
with possible overheating of components in consequ- 
ence. Also, there is a greater risk of snag No. 5 occur- 
ring. 

5. The work pieces are moved just before or at the 
instant when the solder sets. Solder does not go direct 
from the liquid to the solid state as it cools, but passes 
through a "pasty" condition. If the work pieces are 
moved when the solder is pasty a poor joint results. 

6. The work pieces are too oxidised or dirty. All 
semiconductor device leads, and those of nearly all 
modern resistors and capacitors should solder 
straightaway when using cored solder. But the flux 
may not be able to break down high levels of oxide. 
Before attempting a joint with wire which looks dirty 
or highly oxidised, scrape off the dirt or oxide with a 
sharp knife and then tin the lead with cored solder. 
After this it will solder directly. 

0- 

300- 
Liquid 

300- Liquid 

t 234 

188 
200 200- Pasty 

183 

Pasty 

s°C 

183 

51°C 

oC 

100 - Solid 100 - Solid 

o 

60:40 Tin -Lead 

(a) 

40:60 Tin -Lead 

(b) 

Fig. 2(a). A solder alloy consisting of 
60% tin and 40% lead exhibits a very 
low temperature range in which it is in 
the pasty state. (b). A 40:60 tin -lead 
alloy goes from solid to pasty at the 
same temperature as does 60:40 sol- 
der, but the pasty range extends to a 
very much higher temperature before 

the solder becomes liquid. 

7. Dirty soldering iron bit. Always keep the iron 
tip nice and shiny with molten solder. This allows heat 
to travel quickly to the work pieces. 

8. Wrong solder. Avoid "electrical grade" or 
40:60 solder like a plague. Always use a 60-40 tin - 
lead alloy or Multicore "Savbit" (which has a little 
copper added). Fig. 2(a) shows the temperatures at 
which 60:40 alloy is solid, pasty and liquid, whilst Fig. 
2(b) shows the temperatures for the same states in 
40:60 alloy. The 60:40 solder is pasty from 183deg. C 
to 188deg. C, a range of 5deg. C only which in prac 
tice is just right. The 40:60 alloy is pasty from 183deg. 
C to 234deg. C, a range of no less than 51 deg. C. The 
40:60 solder is hopeless for the small closely spaced 
solder joints which are encountered in modern elec- 
tronics. 

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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6p 
9p 
5p 

19p 
£1.01 

24p 
81p 
11p 

£1.78 
£2.28 

98p 
45p 

£2.25 
49p 

40673 
AC128 
AC176 
A0136 
AD149 
AD161 
AD162 
AF127 
AL102 
BA379 
86103 
BB104 

MPSA12 
MPSA63 
0A47 
0A90 
0A91 
0A202 
OC29 

B8105 37p 0C36 
C106D1 52p T2800D 

99p MU481 £1.70 
36p MJ491 £1.88 
67p MJ2955 97p 

£4.25 MJE2955 £1.13 
£1.01 MJE3055 £1.00 

40p 
52p 
43p 

£1.84 
29p 
43p 
70p 

ELECTR011ALÚE 
SUPPLIERS OF COMPONENTS THAT COUNT 

SIEMENS 
SEMI CONDUCTOR 

CAPACITORS 
FERRITES 

NASCOM 
MICRO COMPUTERS 

AND 
ANCILLARIES 

VERO 
BOARDS 
CASES & 

KITS 

ISKRA 
RESISTORS 

RADIOHM 
POTENTIOMETERS 

BREADBOARDS 

SOLDER TOOLS 

OPTO ELECTRONICS SWITCHES CATALOGUE IO 

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 £6.61 net 

EXAMPLE TWO - PRINTED CIRCUIT MATERIALS 
PCB's 300 x 150 mm Etch Resist Pen £1.14 

SRBP S/S £1.38 D/S £1.73 Breadboards 
F/Glass S/S £1.96 D/S £2.13 Bimboard £9.23 

Positive resist 75cc £1.67 Eurobreadboarcl £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 DPDT 92p Wavechange, Lorlin, 1P12W, 

2P6W, 3P4W, 4P3W 46p each 

EXAMPLE FOUR - CAPACITORS BY SIEMENS 
Polyester 7.5mm PCM 
1, 1.5, 2.2, 3.3, 4.7p F, 10, 15, 22, 33, 42» F 8p each, .1y 12p, .15» 15p, .22» 18p, 

33p 21p, .47p 27p, .68» 34p, 10mm PCM 1» 37p. 
Electrolytic, axial, (P 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 10p 

Twin slider lin or log 136p 

EXAMPLE SIX - RESISTORS 
h, '/.W2.3p1W6p 
Wirewound from 21p 

AND AS FOR SEMI CONDUCTORS ... 
1N914 
1N4007 
1N4148 
1N5402 
2N1599 
2N2369A 
2N3055 
2N3702-11 
2N4443 
2N4444 
2N4991 
2N5457-9 
40HF40 

T1P41A 
T1P41C 
T1P42A 
T1P42C 
T1 P2955 
T1P3055 
T1S43 
W 02 
2Tx107,9 
27 x 300 
627 x 500 

69p 
74p 
69p 
74p 
69p 
69p 
40p 
35p 
14p 
14p 
16p 

This list is 

40361 
but a fraction 

40362 49p E1110 92p T1P31A 
of what we 

40636 £1.69 E1210 97p T1P32A 52p 
carry. 

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 f5.57 value (U.K.) please add 40p for p/p. If over, 

orders sent post free in U.K. Overseas orders sent at cost (Min. 40p). 

DISCOUNTS - 5% allowed on non -net items if order value exceeds £11.50, 

10% if order value exceeds f29. Quantity discount prices on most 

components. 
ELECTROVALUE LTD. Dept. 28(A), St. Judes Road, Englefield Green, 

Egham, Surrey TW20 OHB. Phone Egham 33603 Telex 264475. 
Northern Branch (Personal Shoppers only) 680 Burnage Lane, Burnage, 

Manchester M19 INA. Phone (061) 432 4945. 

42p 
44p 
14p 
8p 
8p 

16p 
£1.23 
£1.18 
£1.20 

52p 

Self -Binder 
for "Radio & Electronics 

Constructor" 

The "CORDER" 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 
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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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 advertisements 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. 

MODULES. Mullard LP1164 AM/FM i.f. Unused 
and guaranteed £1.50. P.P. C.W.O. BA screws, 
hardware, components, Manufacturers' clear- 
ance. S.A.E. lists. Tennex Ltd., Stock Road, 
Southend-on-Sea, Essex. 

25 MIXED I.C.'S £1.50. 100 mixed transistors 
£3.50. Valves. Early radios. Electronic bargains. 
Interesting lists 15p. Sole Electronics, REC, 37 
Stanley Street, Ormskirk, Lancs, L39 2DH. 

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. 

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. Elec- 
tronics Unravelled by Kyle, £1. How to Use your 
VOM VTVM Oscilloscope, by Clifford, £1. 
Modern Radio Repair Techniques, by Art Mar- 
golis, £1. Box No. 394. 

USE OPTICAL FIBRES TO CARRY LIGHT. 
Tough, wire -like strands that are excellent for 
communications, lighting, electrical isolation, 
etc. Introductory pack totals sixteen feet of four 
assorted types, plus twenty page illustrated 
guide. Send £3.55 inclusive to Quantum Jump 
Ltd., 53 Marlborough Road, Tuebrook, Liver- 
pool L13 SEA. 

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. 

IAddress 

ELECTRONICS 
A NEW AND EXCITING HOBBY!! 

BIG ,WELL ILLUSTRATED BOOK 
Ideal for beginners - gives 
lots of general information 
- explains how to build 
lots 
Intercom, Rain Alarm, 

çG Radios, Organ,Parking 
Light etc. All parts 
supplied and can be 
re-used on special 
deck provided, so 
NO SOLDERING is 

required. Just needs 
41V battery. 

£17.50 inc. VAT & Post 

Also 
ADVENTURES WITH MICROELECTRONICS 
- Explore the world of silicon chips - 

All components & Deck, £27.95inc VAT & Post. 

Component Catalogue & Bargain List 75p 

GREENWELD 
443G Millbrook Road, Southampton SO1 OHX 

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. 

mu IBM IMZI MIR 
Brochure without obligation to :- 
British National Radio 
& Electronic School 
4 Cleveland Road, Jersey, Channel Islands. I 

Name I 
I 

(Continued on page 189) 
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SWITCHVANCE LTD. 
49 Wadesorl Street, London E2 9DP. 
Tel: 01-980 1028/1029 
All items brand new and fully guaranteed. Prices inclusive of VAT. Minimum 
order value £5. Terms: Cash/Cheque/P.O. with order. Please add 40p P&P to all 
orders except where otherwise marked. 

ELECTROLYTIC CAPACITORS - Wire ended. 
Mfd/Voit Mfd/ Volt Mfd/Volt 

0.47/50 4p 10/350 10p 47/50 7p 
4.7/50 5p 15/40 6p 68/40 7p 
6.8/63 Sp 22/16 5p 100/16 7p 
10/16 5p 22/63 6p 100/25 7p 
10/25 5p 47/16 5p 100/50 9p 
10/50 6p 47/25 6p 220/25 Sp 

Mfd/Volt 
470/16 
470/25 
1000/10 
1000/16 
1000/40 
2200/40 
4700/25 
6800/16 

CANS: 
1500/63 - 35p. 3300/40 - 52p. 4700140 - 60p. 6800/40 - 80p. 

POLYESTER CAPACITORS - Radial leads. 
63V..15, .22, .33, .47, .688p. 1.0 12p. 1.5 18p. 250V:.01, .022, .033, .047, .0685p. 
.1, .22, .47 7p. 1.0 18p. 1.5 23p. 

POTENTIOMETERS. Rotary. Carbon track. 0.25W log. 0.5W lin. 
Spindle ,/, x 1./. in. 
Single gang: 1K log, 5K log, 250K log, 1M log. 25p. Single gang D/P switch: 2K5 
lin, 5K 1in, 5K log, 10K log, 25K log, 50K lin, 50K log, 100K 1 in, 100K log, 250K 
lin, 500K lin, 500k lo .46p Dual gang: 1K tin, 5K 1in, 5K log, 10K 1in, 10K log, 
25K lin, 25K log, 50K log, 100K tin, 100K log, 250K lin, 250K log, 500K lin, 1M 
log. 60p. 
Wirewound 1W (lin). Spindle size 1 x 2in. 10R, 30R, 220R, 500R, 1K, 3K3, 5K. 
50p. Wirewound 3W (lin). Spindle f x 1 or 1}in. 10K, 50K. 95p. Presets. 0.1W 
and 0.15W Vertical or horizontal mtg. 100R- 1M. 6p. 

SWITCHES: Rotary. 1 pole 12 way, 3 pole 4 way, 4 pole 3 way. 45p. Mains 
Rockerswitch with built-in neon. DPST. 10A contacts. 80p. 3 gang DP latching 
pushswitch with knobs. 40p. DIL switches: standard DIL package incorporating 
1- 10 single pole switches. 1 way35p. 3 way 46p. 5 way 65p. 6 way 70p. 7 way 
70p. 8 way82p. 9 way82p. 10 way 95p. Also 1 way DP35p. 2 way DP46p. 5 way 
DP80p. Standard toggleswitch 3A 250V Single pole. Plastic dolly. 32p. 
Microswitches: All SPDT. Standard V3 size button operated 28p. Subminiature 
button operated 32p. Subminiature lever operated 35p. 

129 p 
12p 
16p 

20p 
40p 
52p 
30p 

KNOBS: Black pointer type with metal inlay, screw fix. 25mm dia. 20p. Plain 
brushed aluminium type'on black base. Push on for D spindle. 30mm. 14p. 
Slider control knob. Black with metal inlay. 14p. Button knob for pushbutton 
switches. Black body metal cap. 14p. MINIATURE BULBS: M.E.S 6.5V. 0.3A round and 0.15A tubular. 10p. 
ANTISURGE FUSES: 20mm. 160mA 15p. 500mA, 4A, 10A. 12p. 32MM. 200mA, LES. 6.5V 1W. and 14V 0.75W 10p. 
500mA, 800mA, 1.5A, 2A, 2.5A. 14p. PANEL NEON INDICATOR. Amber lens, chromed body lomm dia. 250V.35p. 

ALL PRICES ARE INCLUSIVE OF VAT. WE ARE A MAILORDER COMPANY- CALLERS BY APPOINTMENT ONLY PLEASE 

HIGH CAPACITANCE ELECTROLYTICS. Ideal for P.S.U.'s, Smoothing etc. Vol- 
tages 10-25v.d.c. Values 1000-4700uf. Pack of 10 assorted for12.25. Pack of 25 for 
£4.25. Sorry no special selections. 

CABLES: Single stranded connecting wire. Various colours. 4p metre. Figure 8 
twin flex 0.5mm for speaker leads, etc. White only. 7p metre. 3 core mains flex 
0.5mm (3A) in white. 15p metre. 4 core flex 7/02mm (1.5A) for telephones, 
alarms, etc. White. 15p metre. 8 core flex 7/02mm (1.5A) overall dia. 1omm. 
Grey. 30p metre. 10 way ribbon cable. U.S. equiv 7/02mm. Colour coded. 30p 
metre. U.H.F. Low loss co -axial cable 75 ohm. White only. 20p metre. 

Liquid Crystal Displays. Field effect, low power requirement. 12.7mm high 
digits. 7 segment format plus decimal points and colon. 40 pin DIL package. 4- 
17V operating. Available 31 digit (inc. polarity and overange) or 4 digit. £7.50. 
Miniature enclosed relays. 24V 1250 ohm D.P. changeover solder tags. f1.70. 
24V (operating range 11-37V) 700 ohm 4 pole changeover. P.C. mounting £7.95. 
Standard car radio suppressors 1 uf. 150V. Fit on condenser. 30p. Cassette 
motors 12V. d.c. with variable speed control and pulley. f1.25. Speaker 
cabinets. Teak effect finish with black front. Dims. 15 x 91 x 61 in. Fitted with 8 x 
5 in. 8 ohm speaker. Complete with lead and plug. £16.95 pair. P&P £2.50 pair. 
Chassis loudspeakers 8in. 8 ohm 15W. Dual -cone Mag. weight 15oz approx. 
f6.75. 6 x 4 in. 4 or 15 ohm 6W. Mag weight 6oz. approx. 12.60. 

SEMICONDUCTORS: 
IN 4001 5p BC 108C 12p BF 594 26p 
BZY88 4.3 7p BC 148 7p BSX 20 20p 
BZY88 4.7 7p BC 177A 15p BSY 95A 17p 
BZY886.8 7p BC 178 14p BZX61C15 10p 
BZY8812 7p BC178A 14p BZY91C75 11p 
BA316 10V 5p BC 182 11p TIS 90 18p 
BAX 13 7p BC 183L 1 1 p 2N 2484 21p 
BC 107 10p BC 239C 1 l 2N 3707 10p 
BC 107A 10p BC 549 lip 2N 3704 10p 
BC 107B 12p BCY 70 14p 741 (8 pin) 18p 
BC 107C 12p BCY71 14p 741_54 17p 
BC 108 10p BF 180 30p SN 76023N 175p 
BC108A 10p BF195 flp MC3401P 46p 
BC 108B 12p BF 451 22p S01 (2A 100V) 40p 

CONNECTORS: 
Professional quality stereo jackplugs (in. Metal body and cablegrip. 42p. Stereo 
jack sockets. Open type 3 contact 20p. Headphone type 8 tag 35p. Chassis DIN 
sockets. 2 pin8p. 5 pin 13p. Cannon locking 3 pin DIN plug65p. Belling Lee 3 pole 
mains connector 10A 250V. Cable plug and chassis socket 65p pair. Television 
coax plugs all aluminium body. 17p. BNC free socket 50 ohm 60p. U.H.F. Elbow 
plugs 150p. U.H.F. 'T' adaptor (2 sockets to 1 plug) 175p. 12 way' polythene 
terminal blocks. 5A 380V. Easily subdivided. 24p. 

THE MODERN BOOK CO 

RADIO & TV SERVICING 1979-1980 Models by R. N. Wainwright £15.50 

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 

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. 

A SIMPLE GUIDE TO HOME 
COMPUTERS 
by S. Ditlea 

Price £3.95 

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 

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

19-21 PRAED STREET (Dept RC) LONDON W2 1NP 
Telephone: 01-402 9176 
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SMALL ADVERTISEMENTS 
(Continued from page 187) 

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. 

WANTED: Service Manual, circuit diagram of 
Telequipment Serviscope Type S51A. To buy or 
borrow copy. Expenses refunded plus small 
remuneration. 35 Stanhope Road, 
Swanscombe, Kent, DA10 OAN. 

THE BRITISH AMATEUR ELECTRONICS 
CLUB for all interested in electronics. Four 
Newsletters a year. Library of technical books 
and magazines. Help for members by experts. 
U.K. & Eire £4.50. Europe £6. Airmail £7.50:- 
Sterling per year. Details from Hon. Sec., J. G. 
Margetts, 3 Bishopstone Close, Golden Valley, 
Cheltenham, Glos. 

FOR SALE: Non -working CCTV cameras £25.00. 
each. J. Fulton, Derrynaseer, Dromore, Co. 
Tyrone, N. Ireland. 

HEATHKIT DIGITAL DISPLAY shelf clock with 
Westminster chimes. Used one month only. £80. 
(Cost £160). Telephone:- Southend (0702) 
711181. 

FOR SALE: A number of "D & S" three pin, 
fused, mains plugs and fuses. S.A.E. for details. 
Box No. G396. 

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. 

WANTED: FAX equipment, manuals, service 
sheets, etc. G2UK, 21 Romany Road, Oulton 
Broad, Lowestoft, Suffolk. NR32 3PJ. 

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. Radio 
Control for Model Yachts by C. R. Jeffries, 
£1.00. All plus postage. Box No. G397. 

(Continued on page 190) 

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 ID 
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 

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 

m__ZIMIIN INZI1 MI1a 
II am interested in 

Name Age 

1 

Address 

Occupation 

Accredited les Member of 
ABCC 

To 
International Correspondence Schools _ 

Dept 278A, Intertext House, LONDON 
SW8 4W or phone 01-622 9911 (anytime) 

1 
1 

1 
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2 -UHF Televisions from one aerial. 
Price £1.70. 
10 -Moulded Co -ax Plugs 
Low loss Co -ax Cable white 
per metre. 

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 Tents. Electrolytics: Disc ceremics, etc.) 

400m/w ZENER DIODES TANT. BEAD CAPS 
Low Price 0.1/35v 12p 4.7/35v 12p 

3V6, 3V9, 4V3, 4V7, 5V1, 5V6. 6V2. 0.22/35v 12p 33/6.3v 25p 
6V8, 7V5, 8V2, 9V1. 10V, 11V, 12V, 1.0/35v 12p 47/10v 30p 
13V. 13V5, 15V, 16V. 16V. 20V, 

22V. 24V. 27V, 30V. 33V 
Price: 8p each 100 any mix £6.00 

RESISTORS 
1W at 40°C 5% tol,. 2.2 11 

to 2M2, E12 2p each. 
Resistor Pack - 2.211 -2M2, 10 
each value (730 resistors) £6.00 

SUB. MIN. TOGGLE SWITCHES 
SPST- 
SPDT- 
OPDT- 
DPDT- 
IC-OFFI 

70p 
78p 
82p 
90p 

1 watt ZENER DIODES 
3V3 to 200V Full range BRIDGE RECTIFIERS 
I.C. Sockets 2.5 Amp. 50V 32p 400V 50p 
Price 15p each 100 any mix £12.50 400V 43p 6.0 Amp 50V 70p 

8 DIL 10p 22 DIL 23p 
14 DIL 13p 24 DIL 24p 
16 DIL 15p 28 DIL 28p 

800V 
2.0 Amp 50V 

58p 
35p 

200V 
400V 

78p 
85p 

18 DIL 18p 40 DIL 40p 100V 42p 25 Amp 100V 
20 OIL 22p 25 Amp 50V 62.3d 62.41 

VEROBOARD (Copper Clad) 
Size Inch 0-1" 0.15 
2.5 x 1 20p N/A 
2.5 x 5 55p 56p 
2.5 x 3.75 46p 50p 
Speakers 8" x 5" 3 ohm £1.50 
each. 

CONNECTING CABLE 
Black. Blue. Green. Grey. Orange 
Pink. Red. White. Voilet. yellow. 
Brown. Singles 5p per metre 

710.2mm 5p per metre 
16/0.2mm 8p per metre 

SPECIAL OFFERS 
BRAND NEW METAL SLIDER POTENTIOMETERS 
60mm TRACK 1+ 100+ Mains Rocker BZV96 ZENERS 
500 ohm Lin. Mono 35p 28p switch with (21W) - 6v2 
50K Log. Stereo 40p 30p Neon 10A. 1 20p each 
100K Lin. Stereo 40p 30p D.P.S.T. 100- 12p each 
1 Meg Log. Stereo 40p 30p 65p each 

Other values available in 45mm track - send for list. 
Send your orders to: 

DEPT DP11, MARCO TRADING, THE OLD SCHOOL, 
EDSTASTON, Nr. WEM, SHROPSHIRE SV4 5RJ 

Tel: Whixall (0948721 464/465 
Please add 30p postage and packing to each order and add 154', VAT to your total 
order. Export add NO VAT but add postage. Air/Sea at cost 

0.1W SUB. MINIATURE 
PRE-SETS 

10011 to 1 Meg Vertical or Horizontal 
Price' 6p each. 100 any mix £4.50 

AC128 20p BC125 10p BC184 9p 
AD149 58p BC147 8p ZN3055 40p 
BC107 10p BC153 10p BY127 12p 
BC108 10p BC172 Bp IN4007 8p 
BC109 10p BC183 9p IN4148 2p 

BYF90 90p BC212 9p BC160 37p 
BR101 32p BC214 9p CMOS 
741 20p BC140 32p 4011 20p 

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 

AERIAL SPLITTERS AERIAL AMPLIFIERS 
Aerial amplifiers can produce remark- 
able improvement on the picture and 
sound in fringe or difficult areas. 
B45 - for mono or colour this is 
tunable over complete UHF television 
band. 
B11 - for stereo or standard VHF/FM 
radio. 
B11A - 2 metres Aircraft bands. 

All amplifiers are complete 
and ready to use. 

Battery type PP3 or 8v to 18v dc, next 
to the set type fitting. Prices £6.70 
each. 

SIGNAL INJECTORS with (pre-set) variable AF, which emits RF harmonics into 
the UHF band. Protected up to 300 volts dc. Complete with leads £5.70 each. 

All prices include VAT at 15% P&P per order 30p. S.A.E. for leaflets. Access cards. 

£1.20. 
15p 

100 MULLARD C280/C281 
CAPACITORS 

Values from .01 of to 1.5uf 250V/W, our 
choice, good mixed selection. Price 
per 100 £2.00 

ELECTRONIC MAILORDER LTD, 
62 Bridge Street, Ramsbottom, 

Via Bury, Lancs. BLO 9AGC. Tel. Ramsbottom 3036 

SMALL ADVERTISEMENTS 
(Continued from page 189) 

FOR SALE: KW2000 B Transceiver with trapped 
dipole antenna to match. £150. Prefer buyer 
collects. George Oxby, G3RRX, 36 Denmark 
Road, Beccles, Suffolk. Telephone: 
0502-715322. 

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. 

WANTED: Service manual - Ekco car -portable 
type CP 920. To buy or borrow. Box No. G398. 

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 2QQ. 

LEARN -KIT OSCILLOSCOPE, etc. £50. Tele- 
phone: Newcastle -Upon -Tyne 862813. 

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. 

PEN TYPE SIGNAL INJECTOR available tor 
£2.50 including air freight. Business Promotion 
Bureau, 376 Lajpat Rai Market, Delhi 110006, 
India. 

INTERESTED IN OSCAR? Then join 
AMSAT-UK. Newsletters, OSCAR NEWS 
Journal, prediction charts, etc. Details of mem- 
bership from: Ron Broadbent, G3AAJ, 94 
Herongate Road, Wanstead Park, London, E12 
5EQ. 

£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. 

(Continued on page 191) 
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SMALL ADVERTISEMENTS 
(Continued from page 190) 

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. 

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. 

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. 

NORTHAMPTON: Television and Electrical 
Goods and Repairs. Old established business in 
freehold premises retail shop - well known local 
name. For Sale as a going concern plus s.a.v. 
Price £22,000 includes Shop, small workroom, 
private car park. Very busy main road position 
between public house and car showrooms. 
Apply:- Jackson -Stops & Staff, 20 Bridge 
Street, Northampton. 

PRINTED CIRCUIT BOARDS FOR 
"RADIO & ELECTRONICS CONSTRUCTOR" 

PROJECTS. 

"Two 20dB amplifiers" Board for part 1 68p plus 25p P&P 
Board for part 2 62p plus 25p P&P 

All boards ready for use, roller tinned and drilled, 
glassfibre. 

Trade enquiries welcome. Highly competitive prices. Write now for quote To: 

BRB PRINTED CIRCUITS (REC) 
109, Potter Street, Worksop, 

Notts. S80 2HL. 

REVOR OPTICAL & TECHNICAL 
6 SICILIAN AVENUE 

LONDON W.C.1 
Tel. 01-836 4536 

PRICED 
FROM 

£148.75 

This microscope's working 
distance and field of view is 
relatively large; this feature 
ensures convenience to the 

operator who works with both 
hands while assembling 

precision mechanisms. 
IDEAL FOR 

PRINTED CIRCUITS 
AND OTHER 

DELICATE WORK. 

COMES 
COMPLETE WITH 

built-in x 10 Mag. 
Objectives x 20 
Objectives x 35 
At extra cost 

We stock one of the largest selections of second 
hand microscopes and optical magnifiers, on 

and off stands. Please phone for details. 

RADIO & ELECTRONICS 
Constructor Projects 

CONSTANT CURRENT CHARGER September 
9 VOLT 1 AMP POWER SUPPLY September 
REMOTE VOLUME ATTENUATOR August 
(Excludes 3 core cable) 
CAPACITANCE MEASURING ADAPTOR July 
(Excludes etched p.c.b.) 
80M AMATEUR BAND RECEIVER July 
(Earphone supplied) 
MODULATED ALARM GENERATOR June 
(Excludes p.c.b. & speaker) 
PASSIVE LOGIC PROBE June 
DUSK TO DAWN SWITCH June 
WIEN BRIDGE A.F. SIGNAL GENERATOR June 
DUAL POLARITY VOLTMETER May 
LABORATORY POWER SUPPLY May 
GENERAL PURPOSE 8W AMPLIFIER May 
(Excludes p.c.b.) 
STEREO MIXER UNIT March 
INFRA -RED INTRUDER ALARM March 
(Relay if required £3.20) 
TELEPHONE BELL REPEATER February 
(Mic cable 10p/metre) 
LOGIC TESTER January (Excludes probe) 
RING OF LEDS PRINT TIMER January 
All kits include parts as specified in the article except where 
indicated. Postage is 50p per kit. Please allow 10 days for 
delivery. Remember, we also stock a wide range of 
components and accessories. Send 30p in stamps for our full 

lists. 

£12.40 
£8.80 

£3.00 

£8.75 

£21.75 

£4.50 
£2.50 
£8.50 
£8.60 
£9.60 

£12.80 

£12.75 
£7.60 

£6.10 

£5.80 
£3.05 
£7.80 

T & J ELECTRONIC COMPONENTS 
98 Burrow Road, Chigwell, Essex. IG7 4HB 
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RADIO & ELECTRONICS CONSTRUCTOR 

Single Copies 
Price 60p each, p&p 18p 
Issue(s) required 

Annual Subscription 
Price £9.50 inland, £10.50 overseas (including Eire) 

post free, commence with issue 

Bound Volumes: 
Vol. 27. 
Vol. 28. 
Vol. 29. 
Vol. 30. 
Vol. 31. 
Vol. 32. 

August 1973 to July 1974 
August 1974 to July 1975 
August 1975 to July 1976 
August 1976 to July 1977 
August 1977 to August 1978 

September 1978 to August 1979 

Price £3.00, post & pkg £1.30 
Price £3.20, post & pkg £1.30 
Price £3.50, post & pkg £1.30 
Price £3.70, post & pkg £1.30 
Price £5.20, post & pkg £1.30 
Price £5.50, post & pkg £1.30 

CORDEX SELF -BINDERS 
With title, 'RADIO & ELECTRONICS CONSTRUCTOR' on spine, 

maroon only Price £2.25, post & pkg 50p 
With no title on spine, maroon Price £2.25, post & pkg 50p 
With no title on spine, green Price £2.25, post & pkg 50p 

Prices include V.A.T. 

DATA BOOK SERIES 
DB5 TV Fault Finding, 132 pages Price £1.20, P.&P. 27p 
DB6 Radio Amateur Operator's Handbook, 

New edition in course of preparation 
DB17 Understanding Television, 504 pages Price £3.95, P. & P. £1.00 
DB19 Simple Short Wave Receivers Price 80p, P. & P. 27p 

140 pages 

STRIP -FIX PLASTIC PANEL SIGNS 
Set 3: Wording - White 
Set 4: Wording - Black 
Set 5: Dials 

-6 sheets 
-6 sheets 
-6 sheets 

Prices include V.A.T. 

Price £1.50, P. & P. 11p 
Price £1.50, P. & P. 11p 
Price £1.50, P. & P. 11p 

I enclose Postal Order/Cheque for . . . . in payment for 

NAME 

ADDRESS 

(BLOCK LETTERS PLEASE) 

Postal Orders should be crossed and made payable to Data Publications Ltd. 

Overseas customers please pay by International Money Order. 
All publications are obtainable through your local bookseller 

Data Publications Ltd., 57 Maida Vale, London W9 1SN 

PLEASE MENTION THIS MAGAZINE WHEN WRITING TO ADVERTISERS 
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Excellent metered parking 

*Close to Hammersmith Underground 
Station for Piccadilly, District 
Er Metropolitan Lines 

*Bus no's 260.266.704.27.91 
267.290 stop outside 

Opens Tuesday 16th September,1980 
Opening Hours 9.45 am to 5.30 pm Tuesday to Saturday (Closed Monday) 

Maplin mail-order - 
Now better than ever! 

* Up to 8% discount for use with next order 

* All prices include VAT - 

* Same day service on in -stock lines 

* Over 95% of our stock lines in stock 

* Large range of all the most useful components 
* First class reply paid envelope with every order 

* Quality components - no rejects - no re -marks 

* Competitive prices 

* Your money is safe with a reputable Company 

On price, service, stock, quality and security, 
it makes sense now more than ever to make 
Maplin - your first choice for components 
every time! 

su 

Stereo Cassette Tape Deck 
Utilising the superb JVC deck 

made for Tandberg and a 

ready-made pre -aligned, 
tested and guaranteed 

module, this cassette deck 
has a superb sound and a 

high quality specification. 
We've got everything you 

need (except cabinet) 
including full instruction leaflet 

for only £39.95. 
Order as XY36P (Cassette 

Recorder Kit) 

Space Invaders 
Fight the space invaders, be a polaris captain or a spaceship 
commander. Full colour action on your own TV set and over 

450 games to play. 

Basic console with Combat cartridge (ACOOA) £99.50 + £2.50 carriage 
All cart ridges available including: 

Space Invaders lAC26D) £29.95 Adventure(AC22Y) £23.95 
Indy5001AC24Bl £34.50 Skydiver(AC13Pl £16.95 
Chess(Bievels)IAC28F( £34.50 Breakout(AC05F) £16.95 
Golf 19holesl(AC18U) £16.95 Slot Racers1AC19V) . £16.95 
Air Sea Battle (ACO1BI £16.95 Programming (AC27E) £34.50 
SpaceWar(ACO2C) £16.95 Olympics )ACO4E) £16.95 
Brain Games (AC16S) £16.95 Street RacerIAC14O) £16.95 
Outlaw IACO3D) £16.95 Keyboards per pair (AC29G) £11.95 

All prices include VAT and carriage except where shown. 

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 46 p&p). If 1 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 f 1.16. 

Name 

Address 

REC 11-80 

frumpu.art 
Maplin Electronic Supplies Ltd 
All mail to:- P.O. Box 3, Rayleigh, Essex SS6 8LR 
Telephone: Southend (07021 554155. 

Shop: 284 London Road, Westcliff-on-Sea, 
Essex. (Closed on Monday) 
Telephone: Southend (0702) 554000. 

,gigue now available in all branches of WHSMITH w Price £1.00 
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