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T20 + 20 - Designed by Texas Engineers, this 20 
watt amplifier gives Hi Fi performance at low cost. 
Many up -dated features and the ideal beginners kit. 
Complete kit £29.50 plus VAT 
(30 watt version - Complete kit £34.50 plus VAT) 

LINSLEY HOOD 75 DE LUXE - 75watt amplifier 
with superb performance (less than .01% 
distortion). Easy construction with virtually no 
wiring. Complete kit £75.00 plus VAT. 

PSIYSYNIN 

--, - --Ï 
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TRANSCENDENT SOUNDS byPOWfRTRAN 
For over 2000 years man has entertained himself and his friends 
with music played upon instruments he has fashioned with his 
own hands. From the earliest pipes of hollow reed in the cradles of 
civilisation, the brazen trumpets of ancient Rome, to the subtle 
strings of renaissance Europe. Pleasure in the making-Pleasure 
in the playing and Pleasure in the listening. 

Now - in the 1980's its the turn of the electronics age, the age of 
Powertran. 

In our twelve years of research and development we have 
introduced probably the most comprehensive and sophisticated 
range of synthesisers and supporting equipment ever offered to 
the music making, home -constructor, 

Each kit is a perfect example of how craftsman -made components, 
ingenious design technology, originality of concept-and rigid 
quality and price control-combine together in kits that are both 
fascinating and satisfying to construct. Our clear step by step 
instruction manuals ensure that the kits are well within the 
capability of the first time builder as well as the dedicated 
enthusiast. 

Once you've made your Transcendent Synthesiser you will be 
able to make the music of all the ages - from the earliest sounds of 
the simple pipe, through the most complex harmonies, to the 
most a r`= ;=:n tonalities of Stockhausen .... or Steel Eye Span! 

MUMMA 
WORLD LEADERS IN ELECTRONIC KITS 

I li 
f 

PORTWAY INDUSTRIAL ESTATE 
ANDOVER. HANTS. SP10.3NM 

TELEPHONE 
(0264) 64455 

TRANSCENDENT POLYSYNTH -A four octave polyphonic synthesiser with 
outstanding design characteristics and versatility and performance to match. 

Complete kit £275.00 plus VAT (single voice) 
Extra voice (up to three more) £42.00 plus VAT 

EXPANDER -A new matching 4 voice expander to team up with your 
polysynth for even a greater range and capability Complete kit£249.00 plus VAT 

TRANSCENDENT DPX - Offers a five octave keyboard with power to match. 
Two audio outputs (can be used simultaneously) to give harpsichord and 
piano/honkytonk or reed with strings/brass and both are fully polyphonic.Other 
features include switchable touch sensitivity and a chorus ensemble unit with 
strong/mild effect switching. An advanced design made simple with our clearly 
laid out instruction manual. Complete kit £295.00 plus VAT 

TRANSCENDENT 2000 - Although only a 3 octave keyboard the '2000' 
features the same design ingenuity, careful engineering and quality components 
of its larger brethren. The kit is well within the scope of the first time builder - 
buy it, build it - play it! You will know you have made the right choice. 

Complete kit £165.00 plus VAT 

1024 COMPOSER - Come right up to the minute with this new design. It will 
control your synthesiser with a sequence of up to 1024 notes - or an equal 
selection of shorter sequences. The Composer is mains powered wito 
automatically charged battery to preserve your programme after switch -off. 

Complete kit £85.00 plus VAT 

DEMONSTRATION TAPE - Demonstration tape now available of all three 
kits (30 minutes) £2.00 

PRICE STABILITY: Order with confidence irrespective of any 
price changes we will honour all prices in this advertisement until 
the end of the month following the month of publication of this 
issue (Errors and VAT rate changes excluded) 
EXPORT ORDERS: No VAT. Postage charged at actual cost 
plus £1 handling and documentation. 
U.K. ORDERS: Subject to 15% surcharge for VAT, or 
at current rate if changed. No charge is made for 
carriage. Cheques, Access, Barclaycard accepted. 
SECURICOR DELIVERY: For this optional 
service (U.K. mainland only) add £2.50 (VAT 
inclusive) per kit FREE ON ORDERS OVER 
£100 

SALES COUNTER: If you prefer to 
collect kit from the factory, call at 
Sales Counter. Open 9a.m. - 
12 noon, 1 -4.30p.m. 
Monday - Friday. 
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of this publication including all articles, designs, plans, 
drawings and programs and all copyright and other in- 
tellectual property rights therein belong to Argus 
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Specialist Publications Ltd All reasonable care is 
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the publishers cannot be held legally responsible for 

' errors. Where mistakes do occur, a correction will nor- 
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Telex 8811896. 
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DIGEST 11 
In News at 11 this month we have items 
to amaze you and amuse you, items to 
thrill you and chill you - oh, enough 
of the hype, just get wise and read it (or 
vice versa). 
TRON 16 
This will probably be the smash hit of 
the Christmas movie glut, and deserved- 
ly so, too. A film by computers and 
about computers, we look at what was 
done, how it was done, and the ideas 
and thoughts of the man who did it. 

DESIGNING MICRO SYSTEMS 31 
Now we get to the man -machine inter- 
face, which sounds very deep but just 
means VDUs, printers and joysticks. 

CONQUERING THE UNIVERSE. . .52 
Kerpow! Pee000mm! Vr000sh! Your 
intrepid star warrior cum hack has been 
boldly splitting infinitives which no man 
has split before in an attempt to review 
the state of the videogame market. 

TECH TIPS 69. 
This month our regular readers' design 
page includes a RAM -to -ROM converter 
for micros and an improved version of 
our loudspeaker protector. 

CONFIGURATIONS 77 
In which we take a look at the grand- 
daddy of the IC family, the op -amp, and 
discuss some of the fundamentals about 
its operation. 

PROJECTS 

STAGE LIGHTING UNIT 22 
Presenting Part the First of a project 
that will provide you with digital con- 
trol of your theatrical lighting set-ups, 
with programmable scene changes and 
fades and brightness and stuff. 
CORTEX PART 3 42 
The final part of the constructional 
information provides you with the PSU 
and keyboard details. 
FUEL GAUGE 46 
You mean a hip, up-to-the-minute guy 
like you still has a meter on his dash- 
board? Look, build this electronic one 
before anyone notices and it'll just be 
our little secret. 
ZXADC 61 
Here's a project of unparalleled excel- 
lence: an eight -channel, eight -bit ana- 
logue -to-digital converter that plugs into 
your 81 or Spectrum and lets you do 
all kinds of wonderful things. 

WAVEFORM MULTIPLIER 71 
Does your synth sound weak and thin? 
Fret no more, this ETI wonder cure will 
give you a much richer sound without 
making you poorer. 

METERAMPS 

IMMIE 

a. °rOTtellt1 

En PROGRAMMABLE OWER 
SUPPLY 

PROGRAMMABLE PSU 83 
Power supplies are very popular with 
our readers. So are computers. That 
should ensure the success of this project 
since it's a precision supply that can 
have its voltage and current limit con- 
trolled manually or by a micro. 
FOIL PATTERNS 93 

INFORMATION 

NEXT MONTH'S ETI 7 SUBSCRIPTIONS 7 
LONDON HOME HAM RADIO TODAY 41 
COMPUTER SHOW 39 PCB SERVICE 91 
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WATFORD ELECTRONICS 
33/34 CARDIFF ROAD, WATFORD, HERTS, ENGLAND 

MAIL ORDER, CALLERS WELCOME 
Tel. Watford (0923) 40588. Telex: 8956095 

ALL DEVICES BRAND NEW, FULL SPEC. AND FULLY GUARANTEED. ORDERS 
DESPATCHED BY RETURN OF POST. TERMS OF BUSINESS: CASH/CHEQUE/P.Os 
OR BANKERS DRAFT WITH ORDER OR ACCESS; GOVERNMENT AND 
EDUCATIONAL INSTITUTIONS' OFFICIAL ORDERS ACCEPTED. TRADE AND 
EXPORT ENQUIRY WELCOME. PEtP ADD 50p TO ALL CASH ORDERS. OVERSEAS 
ORDERS POSTAGE AT COST. AIR/SURFACE. ACCESS ORDERS WELCOME. 

VATT Export orders no VAT. Applicable to U.K. Customers only. Unless stated otherwise, /+, all prices are exclusive of VAT. Please add 15% tot he total cost including P&P. 
We stock thousands more items. It pays to visit us. We are situated behind Watford Football Ground. 
Nearest Underground/BR Station: Watford High Street. 
Open Monday to Saturday: 9.00am to 6.00pm. Ample Free Car Parking space available. 

ELECTROLYTIC CAPACITORS: (Values in uF) 500v:.10uF 52p; 4778p; 63V:0.47, 1.0, 1.5, 2.2, 3.3, 4.7 8p; 
1010p; 15, 2212p; 3315p; 4712p; 68 20p; 100 19p; 220 26p; 100070p; 2200 99p; 50V: 68 20p; 10017p;.220 
24p; 40V: 6.8 15p; 22 9p; 33 12p; 330, 470 32p; 1000 48p; 2200 90p; 25V: 1.5, 4.7, 10, 22, 47 8p; 100 11p; 
150 12p; 220 15p; 330 22p; 470 25p; 680, 1000 34p; 1500 42p; 2200 50p; 2200 50p; 3300 76p; 4700 92p; 
16V: 
47, 68, 100 9p; 125 12p; 330 16p; 470 20p; 680 34p; 1000 27p; 1500 31p; 2200 36p; 4700 79p. 

TAG -END CAPACITORS: 64V: 2200 139p; 3300 198p; 4700 245p; 50V: 2200 110p; 3300 154p; 40V: 4700 
160p; 25V:2200 90p; 3300 96p; 4000,4700 98p; 10,000 320p; 15,000 345p; 16V: 22,000 350p 

POLYESTER CAPACITORS: Axial Lead Type 
400V: 1nF, 1n5, 2n2, 3n3, 4n7, 6n8 11p; 10n, 15n, 18n, 22n 12p; 33n, 47n, 68n 
18p; 150n 20p; 220n 30p; 330n 42p; 470n 52p; 680n 1 uF 68p; 2u2 62p. 
160V: lOnF, 12n, 39n, 100n 11p; 150n, 220n 17p; 330n, 470n 30p; 680n 38p; l uF 
42p; 1u5 45p; 2u2 48p; 4u7 58p. 
1000V: 1nF 17p; 10nF 30p; 15n 40p; 22n 36p; 33n 42p; 47n, 100n 42p. 

POLYESTER RADIAL LEAD CAPACITORS: 250V FEED -THROUGH 
10n, 15n, 22n, 27n Sp; 33n, 47n, 68n, 100n 7p; 150n, 220n CAPACITORS 
10p; 330n, 470n 13p; 680n 19p; lu 23p: 1u5 40p; 2u2 46p. 1000pF/450V 8p 

TANTALUM BEAD CAPACITORS 
35V: 0.1uF, 0-22, 0-33 15p; 0-47, 0-68, 
1-0, 1.5 16p; 2.2, 3-3 18p: 4.7, 6.8 22p; 
10 28p; 16V: 2.2, 3.3 16p; 4.7, 6.8, 10 
18p; 15, 36p; 22 30p; 33, 47 40p; 100 
75p; 10V: 15, 22, 26p; 33, 47 35p; 100 
55p; 6V: 100 42p. 

POTENTIOMETERS: Rotary, Carbon, 
Track 0.25W Log & Lin values. 
5000, 1K2 & 2102 (Linear only) Single 
Gang. 30p 
5K11 -2M0 Single Gang Log & Lin 30p 
5K0-2MO Single Gang D/P Switch 78p 
5K0 -2M11 Double Gang 89p 

MYLAR FILM CAPACITORS 
100V: 1nF, 2, 4, 4nF, 10 6p; 150F, 22n, 
30n, 40n, 47n 7p; 56n, 100n, 200n 9p; 
50V: 470nF 12p. 

CERAMIC CAPACITORS 50V: 
Range: 0-5pF to lOnF 4p. 15nF; 22nF; 
33nF; 47nF 5p. 100nF/30V 70. 
200nF/6V8p. 

SLIDER POTENTIOMETERS 
0-25W log and linear values 60mm 
5KO-500K0 single gang 70p 
10K2 -500K2 dual gang 110p 
Self Stick Graduated Bezel 40p 

SIEMENS pcb 
Type Miniature 
poly Capacitors 
250V 
1nF, 1n5, 2n2, 
3n3, 4n7, 6n8, 
10n,15n 7p 
18n, 22n, 27n, 
33n, 39n, 47n 8p 
39n, 56n 12p 
82n, 100n 11p 
100V 
100n, 120n 10p 
150n, 180n 12p 
220n, 270n 15p 
330n,390n 2Op 
470n, 560n 26p 
680n 30p 
loF34p 2u2 50p 

POLYSTYRENE CAPACITORS: 
10pF to 1nF8p; 1.5nF to12nF10p 

SILVER MICA (Values in pF) 
2, 3-3, 4.7, 6.8, 8.2, 10, 12, 15, 18, 
22, 27, 33, 39, 47, 50, 56, 68, 75, 82, 
85, 100, 120, 150, 180pF 15p each 
200, 220, 250, 270, 300, 330, 360, 
390,470,800,800,820 21p each 
1000, 1200, 1800, 2200 30p each 
3300, 4700pF 60p each 

PRESET POTENTIOMETERS 
0.1W 500 5M11 Miniature 
Vertical & Horizontal 
0-25W 1000 3-3M0 horiz. larger 
0-25W 2000 4-7M11 vert 

7p 
10p 
10p 

ACCESS 
Orders 

Just phone your 
orders through. 
We do the rest. 

0923 50234 

TRANSISTORS 
AC125 35 C212 10 
AC126/7 35 C212L 10 
AC128 30 C213 10 
AC141/2 30 C213L 10 
AC176 28 C214 10 
AC187 32 C214L 10 
AC188 32 C237/8 14 
ACY17/18 70 C3076 14 
ACY19/20 75 C308 18 
ACY21/22 75 C327/8 15 
ACY28 75 C337/8 15 
ACY39/41 86 C441/61 34 
AD142 120 C477 40 
AD142 120 0516/7 40 
AD149 79 C547/8 12 
AD161 42 C549C 14 
AD162 42 C556/7 15 
AF115/6 60 C558/9 15 
AF117/8 90 CY30 68 
AF124/26 70 CY34 85 
AF139 40 CV35 50 
AF178 75 CY39/40 85 
AF186 70 CY41/42 14 
AF239 55 CY45 50 
ASZ21 125 CY58/59 35 
8C107 10 CY70/71 16 
BC10713 12 CY72 20 
BC108 10 CY78 24 
BC1088 12 D112 125 
8C109 10 D121 95 
BC1098 12 D124 115 
BC109C 12 D131/32 48 
BC114/5 22 D133 70 
BC117/8 20 D135 45 
BC119 38 D136/37 40 
BC137/9 40 D138/39 40 
BC140 30 D140 40 
BC142/3 30 D144/45 198 
BC147 9 D158 55 
13C1478 10 0205/6 110 
BC148 9 D222 85 
BC1488 10 D245 45 
BC149 9 D378 70 
BC149C 10 D434 55 
BC153/4 27 D517 75 
8C157/8 10 D695A 125 
BC159 11 D696A 125 
BC160 45 DY56 180 
BC167A 10 MO 160 
BC168C 10 F115 35 
BC169C 10 F154/8 25 
BC170 15 F167 29 
BC171/2 11 F173 V 
BC173 11 F177 25 
BC177/8 16 F178 30 
BC179 20 F179 35 
BC181 20 F180/2 38 
BC182/3 10 F184/5 38 
BC184 10 F194/5 12 
BC182L 10 F196/7 12 
BC183L 10 F198/9 18 
BC184L 10 F200 80 
BC186/7 26 F224A 25 

F224B 29 
F245 30 
F256A 35 
F2566 45 
F257/8 32 
F259 35 
F274 42 
F336/7 40 
F451 35 
F594/5 30 
FR39/40 23 
FR41/79 23 
FR80/81 25 
FR98 105 
FX29 28 
FX81 45 
FX84 28 
FX85/6 29 
FY18 50 
FY50/51 23 
FY52 23 
FY53 32 
FY55/6 32 
FY64 35 
FY81 120 
FY90 80 
RY39 40 
8X20 20 
SX26/29 34 
SX78 45 
SY26 30 
SV95A 25 
U105 170 
U205 190 
0206 200 
U208 200 
UY69C 225 
421 250 

MD8001 250 
MJ490 ' 90 
MJ491 175 
MJ2955 70 
MJE170 150 
MJE180 150 
MJE340 54 
MJE370 100 
MJE371 100 
MJE520 95 
MJE521 95 
MJE2955 99 
MJE3055 70 
MPF102 40 
MPF103 30 
MPF104 30 
MPF105 30 
MPF106 40 
MPSA05 25 
MPSA08 25 
MPSA12 32 
MPSA55 30 
MPSA56 30 
MPSU02 58 
MPSU05 53 
MPSUO6 55 

MPSU52 65 
MPSU56 60 
MPSU56 60 
MPU131 52 
0C26 170 
0C28/35 220 
OC36/41 75 
0C42/44 75 
0045/70 40 
0071/72 40 
0074/75 50 
0076/77 50 
0081/82 50 
0083/84 40 
0C170/71 60 
0C200 50 

TIP29C 
TIP30A 
TIP30C 
TIP31A 
TIP318 
TIP31C 
TIP32A 
TIP32C 
TIP33A 

38 
35 
37 
38 
39 
39 
38 
42 
e5 

TIP33C 78 
TIP34A 74 
TIP34C 88 
TIP35A 110 
TIP35C 128 
TiP36A 130 
TIP36C 140 
TIP41A 50 
TIP41B 52 
TIP42A 65 
TIP42B 58 
TIP120 70 
TIP121/2 73 
TIP141/2 105 
TIP147 120 
TIP2955 60 
TIP3055 60 
TIS43 32 
TIS44/5 45 
TIS46 46 
TIS48 50 
TIS59/74 50 
TIS88A 50 
TIS90/91 30 
UC734 65 
VK101 80 
VN1OKM 55 
VN46AF 78 
VN66AF 80 
VN88AF 94 
VN89AF 96 
ZTX107/8 11 

ZTX109 12 
ZTX212 26 
ZTX300 13 
ZTX30 16 
ZTX302 16 
ZTX303 25 

ZTX304 
ZTX314 
ZTX326 
ZTX341 
17X451 
ZTX500 
ZTX501/2 
ZTX503 
ZTX504 
ZTX531 
ZTX550 
2N697 
2N698 
2N699 
2N706A 
2N708 
2N918 
2N1131/2 
2N1302 
2141303 
2N1304/5 
2N1306/7 
2N1308 

17 
75 
30 
30 
23 
14 
15 
18 
25 
% 
25 
23 
40 
48 
19 
19 
35 
24 
45 
65 
60 
66 
68 

2N1613 30 
2N1670 150 
2N1671B 160 
2N2160 295 

2N2218A 25 
2N2219A 28 
2N2220A 28 
2N2221A 26 
2N2222A 25 
2142297 25 
2142303 46 
2142368 25 
2N2369A 18 
2142476 50 
2142483/4 V 
2142646 46 
214846 80 
2142904/5 26 
2142906/7 26 
2N2907Á 26 
2N2926G 10 
2N3011 28 
2143053 26 
2N30ß4 56 
2613055 48 
2N3108 45 
2143252 46 
2N3302 30 
2N3441/2 140 
2N3614/5 199 
2N3663 15 
2N3702/3 10 
2143704/5 10 
2N3706/7 10 
2143708/9 10 
2N3710/11 10 
2N3713 140 
2N3771 179 
2N3772 195 
2N3773 210 

2N3819 22 
2N3820 38 
2N3822/3 46 
2N3824 65 
2N3866 90 
2N3870 150 
2N3903/4 15 
2N3905/6 15 
2143906 17 
2N4037 46 
2N4041 40 
2N4058 10 
2N406112 10 
2144064 116 
2N4069 46 
2144220 78 
2N4234/6 48 
2N4264 24 
2N4286 15 
2N4289 18 
2N4314 78 
2144400 18 
2N4427 80 
2N4859 78 
2144871 65 
2N4898 135 
2N4901 175 
2N4921 55 
2144922 70 
2145135/6 20 
2N5138 18 
2145172 18 
2N5179 
2N5180 
2N5190/1 
2N5194 
2N5305/8 
2N5457/8 
2145459 
2N5485 
2N5777 
2N5879 
2N6027 
2SA671 
25A715 
2SC495 
2SC496 
2SC1061 
2SC1096 
2SC1162 
2SC1173 
2SC1306 
2SC1307 
2SC1449 
2SC1678 
2SC1679 
2SC1923 
2SC1945 
2SC1963 
2SC1957 
2SC1969 
2SC2028 
2SC2029 
2SC2078 

45 
45 
75 
% 
30 
30 
30 
36 
45 

190 

250 
60 
70 
70 

250 
a6 
30 

125 
100 
150 
85 

140 
190 
50 

225 
90 
90 

140 
86 

210 
170 

2SC2091 
2SC2314 
2SC2166 
2SC2335 
2SC2547 
2SC2612 
250234 
2SK45 
2SK288 
2SJ83 
2SJ85 
3N128 
3N140 
40097 
40250 
40311 
40313 
40315 
40316 
40317/20 
40323 
40324 
40326/7 
40347 
40348 
40360 
40361/2 
40407/8 
40411 
40412 
40467A 
40468 
40594 
40603 
40673 
40871/2 

% 
% 

185 
225 
30 

225 
74 
90 

225 
225 
225 
112 
112 
120 
95 
eo 

130 
90 
95 
60 
60 

100 
70 
90 

120 
60 
70 
75 

285 
90 

130 
85 

105 
110 
75 
90 

RF 
CHOKES 
Miniature 
PCB type 
1uH, 2u2, 
4u7, 10u, 22u, 
33u, 47u, 
100u, 220u, 
330u, 470u 

30p 
1mH, 1mß, 
2m2, 4m7, 
lOwS 35p 
22m, 33m, 
43m 60p 
100m 75p 

MINIATURE TRIMMERS Capacitors. 
2-6pF, 2-10pF 22p; 2-25pF, 5-60pF 30p; 
10-88pF 36p. 

RAM 
FOR 
BBC 

MICRO 
4816AP 

10Ons 

225p 

RESISTORS Carbon Film Hi -Stab. 5%, 
miniature 

RANGE Val 1-S9 100+ 
}W 202-4M7 E24 2p 1p 
}W 2O2 -4M7 012 2p 1p 
1W 202-4M7 612 5p 4p 
2% Metal Film E24 6p 4p 
1% Metal Film E24 Sp 6p 
100+ price applies to Resistors of each 
type not mixed. 
RESISTORS Network S.I.L. 
7 Commoned: (8 pins) 1002, 6800, 1K 2k2, 4K7, 
10K, 47K 100K 25p 
B Communed: (9 pins) 1500, 1800, 2700, 3300, 1K, 
2k2, 4K7, 10K, 22K, 47K & 100K 26p. 

DIODES 
AA119 15 
AA129 20 
AAY30 15 
BA100 15 
BAX13 20 
BY100 24 
BV126 12 
BY127 12 
CR033 250 
049 40 
0447 12 
0A70 12 
0479 15 
0A81 20 
0A85 1 

0A90 
0491 
OA95 
04200 
0A202 
1N914 
1N916 
1144001/2 
1144003 
1N4004/5 
1144006/7 
1N4148 
1N5401 1 

1N5404 1 

1N5406 1 

1615408 1 

1S44 
15921 
6A/100V 40 
6A/400V 50 
6A/800V 65 

BRIDGE 
RECTI- 
FIERS 
1A/50V 18 
1A/100V 20 
1A/400V 25 
1A/600V 34 
2A/50V 30 
2A/200V 40 
2A/400V 46 
2A/600V 65 
6A/100V 83 
6A/400V 95 
6A/600V 125 
10A/200V 215 
10A/600V 298 
25A/200V 240 
25A/600V 395 
8Y164 56 
VM18 OIL W 

ZENERS 
Range: 2V7 to 
39V 400mal 

8p each 
Range: 3V3 to 
33V. 1.3W 

15p each 

NOISE 
Diode 

Z5J 195p 

VARI CAPS 
BA102 50 
881058 40 
86106 40 
B61098 45 

141 

VAM2 165 

TR IACS 
3A200V 54 
3A400V 56 
8A 100V 60 
8A400V 69 
8A800V 115 

12A 100V 78 
12A400V 82 
12A800V 135 
16A 100V 103 
16A400V 105 
16A800V 220 
25V 500V 220 
25A800V 295 
T2800D 120, 

COMPUTER 
ICs 

1702 350 
1802CP 650 
2114L -300n 90 
2114L -200n SS 
2147 426 
2532-450n 350 
2564 £12 
2708 225 
2716-5V 215 
2732-450n 350 
2764 999 
3242 590 
4816-100nS 225 
4027 190 
4116-150n 85 
4116-200n 80 
4118-250 325 
4164-200n 500 
4334-3 = CMOS 
2114-3 325 
4816-100nS 225 
4864-364K 500 
5101-450 220 
6116-150nS 390 
6116L120 550 
6117-100n 490 
6502CPU 325 
6503 600 
6504 250 550 

'6505 600 
6520PIA 100 
6521 100 
6522V1A 300 
6530 £11 

75 635255101 570 

75107/8 95 
6545RTC 899 

75110 6551ACIA 660 

75114/5 6592PC £20 

75121/2 16800 225 

75150 6802 250 

75154 6803 860 

75182/3 '6804 160 

75188/9 6805 670 

75322 6808 520 

75324 6809 630 

75361/3 6810 115 

75365 6820 100 

75450 6821 100 

75451/2 68521 220 

75454 6840 375 

75491/2 6843 £12 
6845 685 
6847 850 

SCR 
6850 110 
6852 250 

THYRISTORS 6854 599 
5A/40V 32 6875 500 

£78 
420 
250 
350 
£18 
225 
125 
350 
350 
80 
SO 

80 
85 

£25 
225 
110 
425 
300 
100 

Nat 
SERIES 

90 
150 
130 
125 
150 

99, 
55 

140 
360 
150 
150 

86 
52 
a5 
as 

5A 600V 48 
8A300V 60 
8A600V 90 
12A100V 78 
12A400V 95. 
12A800V 188 
BT106 150 
BT116 180 
C106D 38 
TIC44 24 
TIC45 29 
TIC47 35 
2N5062 32 
2N5064 38 
2N4444 130 

DIAC 
ST2 25 

74C922 
8080A 

8085A 
8088 
8118-10 
8123 
8155 
8156 
81LS95 
81LS96 
81LS97 
81LS98 
8202 
8205 
8212 
8214 
8215 
8216 
8224 
8225 

110 

£11 

8226 
8228 
8243 
8250 
8251A 
8253 
8255 
8256AC 
8257-5 
8259 
8271 
8279 
8284 
8288 
8P8304BN 
BT26A 
8T27 
8T28A 
8T31 
8795 
8T97N 

250 
220 
270 
850 
250 
400 
225 
£35 
400 
395 
f36 
365 
350 
£10 
250 
99 

150 
120 
350 
90 
90 

9364AP 560 
9602 220 
AM26LS31C 

125 
AM26LS32A 125 
AY -3-1015 300 
AY -5-1350 388 
AY -5-2376 600 
AY -5-2376 600 
COM8017 275 
COM8116 700 
DM8131 275 
DS3691N 320 
DS88LS120N 275 
FD1771 f15 
FD1791 £Yl 
FD1793 £23 
FD1795 £28 
FD1799 £28 
FD1797 £29 
HD26501 75 
1M6402 380 
INS8060N 1050 
INS8154N £9 
MC1488 55 
MC1489 55 
MC14411 690 
MC14412 790 
MC3446 250 
MC3447P 315 
MK3886-2M £7 
MM1702A 300 
MM5280D 695 
MM5303 635 
MM5307 1275 
MM5387A 475 
MM58174 770 
MM74C922 420 
R0 -3-2513L 650 
RO -3-251311650 
SFF9634E 800 
TMS2716-3V 

725 
TMS6011 365 
TM59928 £30 
ULN2003 90 
UPD7002 440 
Z80CPU 2.5 299 
Z80ACPU 4M 

300 
Z80 CTC 250 
Z80A CTC 260 
Z808 £11 
Z80 DART 495 
Z80A DART 550 
Z80 DMA 675 
080 DART 698 
Z80 PIO 260 
280A PIO 275 

280 SIO -1 850 
280A DIO 980 

LINEAR ICS 
555CMOS 80 
702 75 
709C8pin 36 
710 48 
741 8 pin 14 
747C 14 pin 65 
748C8pin 36 
753 8 pin 185 
810 159 
9400CJ 350 
AY -1-1320 225 
AY -1-5050 99 
AY -1-5051 160 
AY -1-6720 210 
AY -3-1270 730 
AV -3-1350 350 
AY -3-8910 438 
Booklet for 
AV -3-8910 150 
AY -3-8912 625 
AV -5-1230 450 
AY -5-1317A 630 
AY -5-1350 
CA3011 
CA3012 
CA3014 
CA3018 
CA3019 
CA3020 
CA3023 
CA3028A 
CA3035 
CA3036 
CA3043 
CA3045 
CA3046 
CA3048 
CA3059 
CA3075 
CA3080E 
CA3081 
CA3086 
CA3089E 
CA3090AQ 
CA3123E 
CA3130 
CA3140 
CA3160 
CA3161 
CA3162E 
CA3189 
HA1336W 
HAI 388 
CL7106 
CL7107 
C17611 
CL7660 
CL8038CC 
CL8211A 
CM7205A 
CM7207 
CM7215 
CM7216AJ 
CM72166 
CM7216C 
CM7217A 
CM7224 
CM7240 
CM7555 
CM7556 

LA3350 
LA4031P 
LA4032 
IA4400 
LC7130 
LC7120 
LC7137 

388 
130 
175 
275 

86 
60 

210 
210 

95 
255 
VO 
275 
365 

70 
220 
285 
213 
70 

190 
48 

215 
375 
165 

90 
40 
95 

160 
450 
200 
240 
2.55 
750 
975 
99 

190 
300 
150 

1150 
475 

1050 
1960 
1950 
1950 
790 
785 
300 
% 

150 
250 
340 
295 
440 
340 
300 
395 

LF347 
LF351 
LF353 
LF355 
LF356 
LF357 
LF398 
LM10 
LM301A0 
LM307 
LM308T 
LM311 
LM318N 
LM319 
LM324A 
LM334Z 
LM335Z 
LM339 
LM348 
LM349 
LM358 
LM377 
LM379 
LM380 
LM381N 
LM382 
LM384 
LM386 
LM387 
LM389 
LM393 
LM558 
LM725CN 
LM733 
LM1458 
LM1871 
LM2917 
LM301 
LM307 
LM3302 
LM3900 
LM3909N 
LM3911 
LM3914 
LM3915 
LM3916 
LM13600 
LS7220 - 

M252AA 
M253AA 
M51513L 
M51515L 
M51516L 
MB3712 
MB3756 
MC1204 
MC1301 
MC1303 
MC1304P 
MC1310P 
MC1445 
MC145106 
MC1458 
MC1469 
MC1494 
MC1495 
MC1496L 
MC1596 
MC1648 
MC1709G 
MC3302 
MC3340P 
MC3360P 
MC3401 
MC3403 
MC3405 
MC3423 
MC4016 
MFC6040 
MK50398 
ML924 

150 
48 
95 
85 
95 

110 
475 
325 

24 
46 
95 
70 

150 
215 
30 
90 

128 
47 
64 

115 
60 

175 
480 
75 

145 
115 
140 

90 
120 

95 
100 

75 
325 

70 
45 

325 
195 
24 
45 
75 
50 
85 

125 
250 
250 
250 
110 
280 
825 

1150 
230 
320 
475 
220 
440 
250 

79 
es 

280 
150 
250 
695 

35 
300 
694 
350 
70 

225 
290 
90 
g0 

120 
120 

65 
75 

150 
180 

00 
75 

635 
275 

MSM5526 820. 
NE515 275 
NE529 225 
NE531 140 
NE534 150 
NE543K 225 
NE544 210 
NE555 16 
NE556 45 
NE560 325 
NE561 398 
14056213 410 
NE564 420 
NE565A 120 
NE566 155 
NE567V 140 
NE570 410 
NE571 400 
NE5534A 150 
0M335 750 
RC4136D 69 
RC4558 45 
S566B 225 
SA83209 425 
SAB3210 325 
SAB3271 465 
SAB4209 595 
SG3402 295 
SL490 350 
SN76003N 350 
SN76013 350 
SN76018 148 
SN76023N 350 
SN76023ND 240 
SN76033N. 350 
SN76115N 215 
SN76131 125 
SN76227N 95 
SN76477 420 
SN76488 480 
SN76660 120 
SP8629 299 
TA7210 150 
TA7204 205 
TA7205 90 
TA7205A 225 
TA7222 150 
TA7310 160 
TAA621AX1 295 
TAA661A 190 
TAA700 275 
TAA900 395 
TAD100 159 
TBA120S 70 
TBA5400 275 
TBA550Q 330 
TBA641BX 
or BX11 290 
T8A651 190 
TBA800 80 
TBA810 95 
TBA820 80 
TBA9200 200 
TBA950 300 
TBA990Q 350 
TBA540 275 
TCA220 350 
TCA270Q 350 
TCA280A 220 
TCA940 175 
TCA965 120 
TDA1004 290 
TDA1008 310 
TDA1010 198 
TDA1022 499 
TDA1024 115 
TDA1034 350 
TDA1490 325 
TDA2002 325 
TDA2004 495 
TDA2020 320 

'fDA2030 295 
TDB0701 420 
TL170 50 
TL061CP 40 
TL062CP 60 
TL064CN 98 
TLO71CP 24 
TL072CP 45 
TL074CN 100 
TL081CP 24 
TL082CP 45' 
TL083CP 75 
TL084CN 90 
TL091CP 55 
UA2240 120 
0A78540 230 
UAA170 170 
UAA180 170 
UAA1003-3 935 
ULN2003 85 
ULN2004 90 
ULN2283 100 
UPC575 350 
UPC1025H 375 

UPC1156H 
UPC1366 
XR2206 
XR2207 
XR2211 
XR2216 
XR2266 
ZN414 
ZN419E 
ZN423E 
ZN424E 
ZN425E 
ZN426E 
ZN427E 
ZN428E 
ZN429E 
ZN459 
ZN1034E 
ZN1040E 
ZNA234E 

290 
195 
300 
375 
575 
675 
360 

80 
190 
135 
130 
346 
300 
600 
410 
210 
570 
200 
675 
850 

TTL74 
7400 11 
7401 11 
7402 11 
7403 12 
7404 13 
7405 15 
7406 20 
7407 20 
7408 14 
7409 14 
7410 14 
7411 16 
7412 18 
7413 18 
7414 24 
7416 20 
7417 20 
7420 15 
7421 20 
7422 20 
7423 20 
7425 18 
7426 18 
7427 15 
7428 26 
7430 14 
7432 22 
7433 22 
7437 25 
7438 22 
7440 15 
7441 55 
7442 32 
7443 90 

7444 
7445 
7446 
7447 
7448 
7450 
7451 
7453 
7454 
7460 
7470 
7472 
7473 
7474 
7475 
7476 
7480 
7481 
7462 
7483 
7484 
7485 
7486 
7489 
7490 
7491 
7492 
7493 
7494 
7495 

.7496 
7497 
74100 
74104 
74105 
74107 
74109 
74110 
74111 
74112 
74116 
74118 
74119 
74120 
74121 
74122 
74123 
74125 
74126 
74128 
74132 
74136 
74141 
74142 
74143 
74144 
74145 
74147 
74148 
74150 
74151 
74153 
74154 
74155 
74156 
74157 
74159 
74160 
74161 
74162 
74163 
74164 
74165 
74166 
74167 
74170 
74172 
74173 
74174 
74175 
74176 

90 
b -s 

60 
40 
45 
16 
16 
16 
16 
16 
35 
24 
26 
20 
25 
25 
46 

120 
65 
36 
70 
60 
20 

170 
20 
35 
25 
25 
35 
35 
35 
90 
80 
50 
% 
20 
25 
35 
56 

170 
50 
ryr 

60 
60 
25 
35 
35 
35 
35 
35 
30 
28 
55 

175 
210 
210 
50 
75 
60 
50 
40 
40 
55 
40 
40 
30 
80 
60 
48 
40 
40 
40 
48 
48 

150 
125 
250 

60 
54 
65 
40 

74177 
74178 
74179 
74180 
74181 
74182 
74184 
74185 
74186 
74188 
74190 
74191 
74192 
74193 
74194 
74195 
74196 
74197 
74198 
74199 
74221 
74246 
74247 
74248 
74249 
74251 
74259 
74265 
74273 
74276 
74278 
74279 
74283 
74284 
74285 
74290 
74293 
74297 
74298 
74351 
74365 
74366 
74367 
74368 
74390 
74393 
74430 

74C 

45, 5133 
80' 5138 
80 S157 
40 6158 

115 S188 
60 5189 
90 S194 
95 S195 

470 6201 
250 5225 

48 6241 
46 S251 
46 S257 
45 S262 
40 S287 
40 5288 
46 S289 
40 S301 
80 6412 
84 5470 
54 S471 

120 5472 
120 S475 
120 S571 
120 

55 74LS 
150 LS00 

55 LS01 
150 LSO2 
120 LSO3 
100 L504 

50 LSO5 
50 LS08 

105 LS09 
165 LS10 
105 LS11 
80 LS12 

236 LS13 
100 LS14 
195 LS15 
30 L520 
30 LS21 
30 LS22 
30 LS26 
75 LS27 
90 LS28 
96 LS3:: 

LS3, 

740244 195 
740245 195 
740373 240 
740374 24.5 
740922 420 

74L 
74L00 68 
74)04 85 
74L30 50 
74)47 380 
74L75 145 
74L85 349 
74L121 165 
74L123 325 

74S 
74500 
S02 
803 
SO4 
S05 
008 
S20 
532 
S74 
S86 
S112 
S114 
S132 

I )S33 
-537 
LS38 
LS42 
LS42 
LS47 
LS48 
LS49 
LS51 
LS54 
L555 
LS63 
LS73 
LS74 
LS75 
L576 
LS78 
LS83 
LS85 
LS86 
LS90 
LS91 
LS92 
LS93 
LS95 
LS96 
LS107 
LS109 
LS112 
LS113 
LS114 
LS122 
LS123 

60 LS124 90 
180 LS125 24 
250 LS126 25 
210 LS132 35 
210 LS133 30 
158 LS136 24 
320 LS138 25 
795 LS139 32 
320 LS145 70 
510 LS147 100 
390 LS148 70 
70 LS151 40 

260 LS153 40 

850 LS155^ 35 
300 LS156 36 
210 LS157 V 
195 LS158 30 
350 LS160 32 
380 LS161 35 
325 L5162 35 
6220 LS163 35 

1150 LS164 40 
825 LS165 50 
620 LS166 85 

LS168 84 

13 
13 
13 
13 
14 
13 
14 
13 
13 
15 
15 
15 
13 LS251 30 
28 LS253 35 
35 LS257 30 
45 LS258 35 
50 LS259 58 
14 LS260 22 
14 LS261 100 
14 LS266 20 

120 LS273 54 
18 LS275 125 
18 LS279 30 
20 LS280 90 
18 LS283 40 
18 LS290 50 
36 LS293 40 
42 LS295 75 
16 LS298 80 
28 LS299 150 
60 LS300 175 
32 L5302 175 
26 LS320 200 
40 LS323 195 
95 LS324 168 
40 LS325 2% 
28 LS326 240 
26 LS327 240 
22 LS347 % 
22 LS348 90 
36 LS352 62 
38 LS353 62 

LS170 75 il LS173 86 
11 LS174 50 
11 LS175 45 
12 LS181 90 
12 LS183 180 
13 LS190 45 
12 LS191 45 
12 LS192 45 
13 LS193 45 
13 LS194 35 
13 LS195 36 
20 LS196 46 
26 LS197 45 

LS200 275 
LS202 275 
LS221 55 
LS240 65 
LS241 65 
LS242 65 
LS243 65 
LS244 55 
LS245 70 
LS247 50 
LS248 55 
LS249 55 
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SWITCHES 
TOGGLE: 2A 250V. 
SPST 33p 
DPDT 44p 

SUB -MIN Tnrt-r F 
SPOT on. of! 54p 
S°DT c over 60p 
SPOT centre off 85p 
SPOT based both 

sas 105p 
DP OT 5 tags 75p 
DPGT sen e off 138p 
OPOT bases both 

5. 145p 
JPD- 3 acs:: ans 

or _ 185p 3 -oz e _ way 205p 

SLOE 250V: 
"A 14p }O"A c'off 15p 

1393 

PUSHBUTTON GA 
w m Button 
0°C" a:ch ing 99p 

aching 1459 
SOOT moment 99p 
DP"JT moment 145p 

V -- ',on Locking 
=_s^ to Make 15p, 
'_sit to Break 25p1 

OIL SWITCHES 
)SPST) 4 way 70p; 6 way 85p; 
8 way 90p; 10 way 145p. 
(SPOT) 4 way 190p. 
ROTARY SWITCHES: 
(Adjustable Stop type) 
1 pole/ 2 to 12 way; 2p/2 to 6 way; 
3 pole/2 to 4 way; 4p/2 to 3 way 45p 

ROTARY: Mains OP 250V 4Amp 
on/off 56p 

ROTARY: (Mak-a-switch) 
Make a multiway switch. Shafting as- 
sembly has adjustable stop. Accom- 
modates up to 6 wafers 
(max. 6 pole/12 way + DP switch). 
Mechanism only 90p 
WAFERS: (make' before break) to fit 
the above switch mechanism. 

1 pole/12 way; 2 pole/6 way; 3 pole/4 
way; 4 pole/3 way; 6-/2 way 85p 
Mains DP 4A Switch to fit 45p 
Spacers 4p. Screen 6p 

ROCKER: 5A/250V SPST 28p 
ROCKER: 10A/250V SPOT 38p 
ROCKER: 10A/250V DPDTc/off 95p 
ROCKER: 10A/250V DPST with neon 

859 
THUMBWHEEL Mini front mounting 
Decade Switch Module 220p 
B.C.D. Switch Module 275p 
Mounting Cheeks (per pair) 75p 

VEROBOARD 0.1ín 
clad plain 

21/2 a 31/4" 80p 
21R x 5" 91p - 
33/4 x 33/4" 91p - 
33/4 x 5" 106p 87p 
33/4 x 17" 360p 232p 
43/4 x 17" 470p - 
Pkt. of 100 pins 5013,ß 
Spot face cutter 135p 
Pin insertion tool 178p 

VO Board 180 
DIP Board 350 
Vero Strip 374 

PROTO- DECo 
Verob)ock 405p 
S -Dec B Eurobreadboard 52Op 

'Bimboard 1 575p 
Superstrip SS2 1350p 

I VERO WIRING 
PEN + sp000l 340p 
Spare spool 75p 
Combs Sp 

DALO ETCH 
RESIST PEN 
Plus spare tip 90p 

IDC CONNECTORS 
PC0 Plugs Female 
with latch Header 
Pine Pins Plug 
Stn Angle 

10 way 90p 99p 86p 
16 way 130p 150p 1109 
20 way 145p 166p 125p 
26 way 175p 200p 150p 
34 way 205p 236p 169p 
40 way 227p 250p 190p 
50 way 236p 270p 200p 
60 way - - 230p 

(FERRIC CHLORIDE 
1 lb bag Anhydrous 
195p + 50p P&P 

ULTRASONIC 
TRANSDUCER 
40KHz 325 pr 

COPPER CLAD BOARDS 
Fibre Single- Double- S.R.B.P. 
glass sided sided 9.5" x 8.5" 

90p 110p 95p 
6" x 12" 150p 195p 

ETI 
PROJECTS 
We stock 

most of 
the parts 

JUMPER LEADS (Ribbon Cable Assembly) 
Length 14 pin 16 pin 24 pin 40 pin 

Single ended DIP (Header Plug) Jumper 
24 inches 146p 165p 240p 310p 

Double ended DIP (Header Plug) Jumper 
6 inches 185p 205p 300p 

4p 12 inches 198p 21 31 
24 inches 210p 225p 
36 inches 230p 250p . 

IDC Header Socket Jumper 
20 pin 26 pin 

Single ended 160p 200p 
Double ended 290p 3709 

TRANSFORMERS: 
3-0-3V; 6-0-6V; 9-0-9V; t2 -0-12V; 15-0-15Vm 
@ 100A - 98p 
pcb mounting. Miniature, Split Bobbin 
3VA: 2x6V-0.25A; 2x9V-0.15A; 2x12V-0.12A; 
2x15V-0.1A 
6VA: 2x6V-0.5A; 2x9V-0.3A; 2x12V-0.25A; 
2x15V-0.2A 270p 
Standard Split Bobbin type: 
6VA: 2x6V-0.5A; 2x9V-0.4A; 2x12V-0.3A; 
2x15V-0.25A 
12VA: 2x4.5V-1.34; 2xSV-1A; 2x9V-0.6A; 
2x12V-0.5A; 2x15V-0.4A; 2x20V-0.3A 

295p (35p pap) 
24VA: 2x6V-1.5A; 2x9V-1.2A; 2x12V-1A; 
2x15V-0.BA; 2x20V-0.6A 330p (60p p&p) 
SOYA: 2x6V-4A; 2x9V-2.5A; 2x12V-2A; 2x15V- 
1.5A; 2x20V-1.2A; 2x25V-1A; 2x30V-0.8A 

465p (60p PStp) 
Specially wound for Multirail Computer PSUs 
50VA giving +5V/5A; +12V; +25V; -12V @ 
1A 575p (60p Pat)) 
100VA: 2x12V-4A; 2x15V-3A; x20V-2.5A; 
2x25V-2A; 2x30V-1.5A; 2x50V-1A 920p (75p 
p&p charge to be added over and above our nor- 
mal postal charge). 

CMOS 
4000 10 
4001 10 
4002 12 
4006 50 
4007 14 
4008 32 
4009 24 
4010 24 
4011 10 
4012 16 
4013 20 
4014 46 
4015 40 
4016 20 
4017 32 
4018 45 
4019 25 
4020 42 
4021 40 
4022 40 
4023 13 
4024 32 
4025 13 
4026 80 
4027 20 
4028 39 
4029 46 
4030 15 
4031 125 
4032 80 
4033 125 
4034 140 
4035 45 
4036 275 
4037 115 
4038 110 
4039 250 
4040 40 
4041 40 
4042 40 
4043 40 
4044 40 
4045 105 
4046 46 
4047 40 
4048 40 
4049 25 
4050 25 
4051 45 
4052 80 
4053 50 
4054 454055 

S5 
4056 85 
4057 1915 
4059 435 
4060 45 
4061 1195 
4062 995 
4063 86 
4066 24 
4067 245 
4068 14 
4069 16 
4070 13 
4071 13 

!4072 13 
4073 15 

4075 
4076 
4077 
4078 
4081 
4082 
4085 
4086 
4089 
4093 
4094 
4095 
4096 
4097 
4098 
4099 
4160 
4161 
4162 
4183 
4174 
4175 
4194 
4408 
4409 
4410 
4411 
4412 
4415 
4419 
4422 

4435 
4440 
4450 
4451 
4490 
4500 
4501 
4502 
4503 
4504 
4505 
4506 
4507 
4508 
4510 
4511 
4512 
4513 
4514 
4515 
4516 
4517 
4518 
4519 
4520 
4521 
4522 
4526 
4527 
4528 
4529 
4530 
4531 
4532 
4534 
4536 
4538 
4539 

13 
50 
13 
15 
13 
13 
50 
60 

125 
20 
70 
95 
70 

290 
75 

110 
95 
99 
99 
99 
99 

105 
105 
790 
790 
725 
675 
775 
480 
280 
770 

850 
999 
350 
350 
350 
675 
28 
80 
40 
75 

185 
36 
35 

130 
46 
45 
50 

199 
115 
115 

55 
275 
40 

30 
50 

110 
125 
70 
65 
70 

150 
90 

130 
70 

455 
275 

90 
110 

4541 
4543 
4544 
4548 
4549 
4553 
4554 
4555 
4556 
4557 
4558 
4559 
4560 
4561 
4562 
4566 
4668 
4569 
4572 
4580 
4581 
4582 
4583 
4584 
4585 
4597 
4599 
40085 
40097 
'40098 
40100 
40101 
40102 
40103 
40104 
40105 
40106 
40107 
40108 
40109 
40110 
40114 
40161 
40163 
40174 
40175 
40181 
40182 
40192 
40193 
40194 
40195 
40244 
40245 
40257 
40373 
40374 
45106 

OPTO 
LS400C 
OCP71 
ORP12 
ORP61 
2N5777 
BPX25 
BPW21 
ePX65 

140 
8o 

150 
40 

375 
245 
190 
35 

35 
320 
120 
395 
160 
104 
495 
185 
250 
175 
30 

480 
250 
99 
99 
48 
99 

330 
290 
90 
45 

193 
215 
130 
140 
175 
95 

110 
46 
60 

450 
100 
300 
240 
194 
Sra 

65 
75 

220 
90 
90 
68 
90 
72 

195 
195 
195 
240 
245 
595 

256 
120 
86 
85 
45 

196 
295 
270 

DIL SOCKETS 
Low Wire 
Prof Wrap 

Spin Sp 25p 
14pin 10p 35p 
16pin 10p 42p 
18pin 16p 52p 
20pin 20p bop 
22pin 22p Gyp 
24pin 25p 70p 
28pin 28p 80p 
40pin 30p 99p 

EDGE 
CONNECTORS 

.1 .156 
2x15 way - 140p 
2 x 18 way 180p 145p 
2x22 way 199p 200p 
2x23 way 190p - 
2 x25 way226p 220p 
2 x28 way210p 
2x30way245p - 
2 x 36 way295p - 
2x40 way 315p - 
2x43 way 395p - 
2x75wayMOp - 

EURO CONNECTORS 
Female Socket Male Plug 

Stn. Angle Strt. Angle 
Pins Pins Pins Pins 

01941617 
31way 170p 
09141612 
2x324+8 205p 
01541612 
2x324+C 3303301541612 

3 x32 
4+8+C 360p 

325P 

35oV 

385p 

- 175p 

220p 295p 

2449 330p 

260p 4np 

DIL PLUG (Header) 
Solder IDC 

14pin 40p 99p 
16pin 49p 105p 
24pin 88p 178p 
40pin 250p 255p 

3459 5409 ANTEX SOLDERING IRON; 
3750 6ß6p C -15W 450p CX17W 475p 

Leads 24" CCN -15W 495p CX25W 500p 
34 pin 40 Pin Spare tips, assorted sizes S5p 
2ßO9 3009 Spare Elements 2109 
4ß0P 1í25p Iron stand with sponge lGSp 

VOLTAGE REGULATORS 
1A TO220 Plastic Casing 

+ve -ve 
5V 7805 40p 7905 

12V 7812 40p 7908 
15V 7815 40p 7912 
18V 7818 40p 7915 
24V 7824 40p 7918 

7924 
100mA 1092 Plastic package 

5V 78L05 30p 79LO5 
6V 781.06 30p - 
8V 78L08 30p - 

12V 78L12 30p 79L12 
15V 78L15 30p 79L15 

LM300H 
LM304H 
LM305H 
LM309K 
LM317K 
LM317KP 
LM323K 
LM337 
LM723 Var 

170p 
170p 

135p 
320p 

4509 
1 

36p 

45p 

45p5p 

45p 
45p 

60p 

p 

TAA550 5013 
TDA1412 150p 
78H05 +5V/5A 550p 
78H12 +12V/5A 

580p 
78HG +5V to +25V 
5A 599p 
79HG +2.25V to 24V 
5A 6S5p 

SIL 
SOCKET 

0.1" pitch 
20 way 

65p 

PfNSSOLDERCON 

Ideal for making SIL 
or DIL Sockets 
100 pins 75p 
500 pins 360p 

ALUM BOXES 
3x2x1" 65p 
4x2}x2" 85p 
4x21'x29 103p 
4x4 x2" 1135p 

4x4x29" 120p 
5 x4 x19" 99p 
5 x4 x29' 120p 
5x29 x19" 90p 
5x29x29" 130p 
6 x4 x2" 120p 
6 x4 x3" 150p 
7x5x3" 180p 
8x6x3' 210p 
10x4x3" 240p 
10 x7 x3" 275p 
12x5x3" 260p 
12 x8 x3" 295p. 

ZIF DIL 
SOCKETS 
24 pin 675p 
28 pin 820 
40 pin 975p 

RIBBON CABLE 
price per foot 

Grey Color 
10 way 12p 22p 
16 way 18p 32p 
20 way 25p 40p 
24 way 35p 50p 
34 60 
40 way 55p 75p 
50 way S.5p 90p 
64 way 85p nap 

D CONNECTORS: Miniature 
9 wayl5way25way37way 

Plugs 
Solder lugs 80p 110p 160p 250p 
Angle Pins 160p 2109 250p 355p 
W/Wrap 
Pins 120p 130p 196p 295p 
Sockets 
Solder lugs 110p 1130p 210p 350p 
Angled Pins 165p 215p 290p 440p 
W/Wrap 
Pins 150p 180p 240p 420p 
Covers 95p 95p 95p 110p 
IDC 25 way plug 386p Skt 460p 

25 way 'D' CONNECTOR 
Jumper Lead Cable Assembly 
18" long, Single end, Male 495p 
18" long, Single end, Female 525p 
36" long, Double Ended, M/M 1025p 
36" long, Double Ended, F/F 1050p 
36" long, Double Ended, M/F 995p 

SPECIAL OFFER 
TEX EPROM ERASER 

Only 

£29.95 

-PANEL 
METERS 
FSD 
60 x46 x 35mm 
0-50µA 
0-100µA 
0-500µA 
0-1 mA 
0-5mA 
0-10mA 
0-50mA 
0-100mA 
0-500mA 
0 to 
0-2A 
0-25V 
0-50V AC 
0-300V AC 

496p each 
CRYSTALS 
32.768KHz 100 
100KHz 235 
200KHz 266 
455KH 370 
1MHz 275' 
1006M 275 
1.28MHz 392 
1.6MHz 395 
1.8NHz 395 
1.8432M 200 
2.0MHz 225 
24576M 200 
3.278M 150 
3.5794M 98 
3.6864M 300 
4.0MHz 150 
4.032MHz 290 
4.80MHz 200 
4.194304M 200 
4.433619M 100 
5.0MHz 160 
5.185MHz 300 
524288M 390 
6.0MHz 140 
6.144MHz 150 
6.5536MHz 225 
7.0MHz 150 
7.168MHz 250 
7.68MHz 200 
8.0MHz 150 
8.08333M 395 
8.86723M 175 
9.00MHz 150 
10.0MHz 175 
10.24MHz 200 
10.7 150 
12 ONHz 175 
12.528M 300 
14.31814M 170 
16.0MHz 200 
18.0MHz 180 
18.432M 150 
20.0MHz 200 
19.968MHz 150 
24.0MHz 170 
24.930MHz 325 
26.69M 150 
27.648M 170 
27.145M 190 
38.66667M 175 
48.0MHz 170 
100.0MHz 295, 
116.0MHz 250 

RELAYS 
Miniature, enclosed,_ PCB mount. 
Our RL6 series. 
S.P.0-O. 
RL6-91 17011 coil, 7V5 to 12V DC; 
380V/6A AC; 1300VA/50W 210p 
D.P.C,O. 
4312 coil, 4V2 -7V DC; 250V AC; 5A; 
1100VA/150W 218p 
RL6-111 17011 coil, 8V -14V; 250V AC 
5A. 220p 
RL6-114174011 coil, 17V5 -29V 250V 
5A AC. 222p 

- AMPHENOL PLUGS 
IEEE 24 Way 660 
Centronics Parallel 36 Way solder 530 
Centronic Parallel 36 way IOC 550 

BUZZERS, miniature, solid-state 
6V; 9V & 70p 

PIEZOI TRANSDUCERS 
55p P62720 

LOUDSPEAKERS 
Miniature, 0.3W: 80 
tin, 31in, 21in, Sin 
29ín 400, 640 or 800 80p 

ASTEC UHF MODULATORS 
Standard 6MHz 2809 
Wideband 8MHz 425p 

'WEMON' New Version 
WATFORD'S ' 

Ultimate Monitor IC 

A 4K Monitor chip specially designed 
to produce the best from your: 
Superboard Series I & II, Enhanced 
Superboard S UK101. As reviewed by 
Dr A. A. Berk in Practical Electronics, 
June 1981. 

Only £10 

BBC MICRO 
UPGRADE 

(Our BBC Micro Upgrade Kits will 
saveyoufsss...) 

16K Memory (8 x 4816AP) £18 
Printer User I/O Port Kit £8.20 
SK10 with 36" Cable f2 
Complete Printer Cable 36" £12 
SK9 with 36" Cable f3 
Disc Interface Kit £41 
Analogue I/O Kit £6.75 
Serial I/O Kit £7.50 
Expansion Bus Kit £6.50 
SK71 with Cable 36" f3 
SK12 with Cable 36" £3.75 
Complete Upgrade Kit from 
Model Ato Mod. B £45 
Complete range of Connectors rt 
Cables available. Send SAE for list 

OPTO ELEC- 
TRONICS 
LEDs with Clips 
TIL209 Red 10 
TIL211 Grn 14 
711.212 Yel. 14 
TIL220 .2" Red 12 
.2' Green, Yellow or 
Amber 14 
0.2" Bi colour 
Red/Green S5 
Green/Yellow 78 
0.2" Tri colour 
Red/Green/Yellow 85 
Hi -Brightness Red 59 
Flashing red 
0.2" red 55 
Square LEDs, Red, 
Green, Yellow 30 
Rectangle Stackable 
LEDs 
Red, Green or Yell 18 
Triangular LEDs 
Red 18 
Green or yellow 22 
LD271 Infra Red 46 
SFH205 Detector 118 
TIL32 Infra Red 58 
TIL78 Detector ,` 60 
TIL38 46 
TIL100 so 
BARGRAPH. Red 10 
segments 

ISOLATORS 
IL74 55 
ILD74 99 

-11,074 185 
TIL111/2/4 90 
TIL117 125 
4933 Photo 
Darlington 135 

7 Segment Displays 
TIL307 675 
TIL312 .3" CA 105 
TIL313 .3" CC 105 
TIL321.5"CA 115 
TIL322.5" CC 115 
DL704 .3" CC 99 
DL707 .3" CA 99 
FND357 Red 120 
FND500 115 
.3" Green CA 150 
.6" Green CA 215 
.3"±1 Red CA 160 
.3' ± 1 Green CA 150 
DVM176 1885 
LCD 39 Digits 495 
LCD 4 Digits 530 
LCD 6 Digits 625 

NEONS 
Rectangular, nut fixing 
Red, Amber, Green 30p 
REFLECTIVE Optical 
Switch type TIL139 170p 
SLOTTED Optical 
Switch similar to RS 
Comp's 1136p 

COMPUTER CORNER 
MX8OFT/3 EPSON PRINTER 10" 0 Friction feed, 9 x 9 matrix 
80 column, Speed 80CPS, Bidirectional, Centronics Interface 
standard, Baud -rate 110-9600 (RS232, Hi -Res, Bit Image 
gtaphics, Subscript ft Superscript, Italics £t Underlining facility 
plus 500 sheets of paper FREE. 
MX100 EPSON Printer. 136 Column, 15" carriage, plus all the 
features of MX8OFT/3. Plus FREE 500 sheets of Paper. 

Only £425 + carr. 
SOFTY II. An intelligent Eprom Programmer and Emulator. 
Accepts a 24 pin 5V Eprom. Has Memory Map TV Display. RS232 
and Centronics I/P 0 0/P. Copies, Emulates and programs. 
RS 232 and centronics routines standard. PSU included. £169 
TEX EPROM ERASER Erases up to 32 ICs in 15-30 minutes....£33 
TEX EPROM ERASER with a safety switch £35 
TEX EPROM ERASER plus our Solid State ELECTRONIC 
TIMER £44 
ELECTRONIC TIMER, Solid state, 15-30 min. Connects directly 
to above Erasers. Protects your expensive Chips from 
overcooking. Our timer pays for itself in no time £15 
SPARE 'UV' Lamb bulb £8 
5V/5A Power Supply Ready -built 8- tested £25 
POWER SUPPLY. Regulated with Overload protection. Variable 
Output, 5V to 15V at 4A. Professionally finished £38 
MULTIRAIL POWER SUPPLY KIT.Especially designed for 
Micros. Tested output: + 5V/5A; + 12V; + 25V; -12V of 1A £37 

. ABS CASE Attractive, Beige/ Brown for Superboard, UK101 
NASCOM, or HOme brew (please state) £26 
Stack -Pak Unique stackable twin drawer racking system for 
storing cassettes. 5 Drawers (10 sections) including labels and 
10 x C12 Computer grade cassettes 550p 
C12 COMPUTER GRADE CASSETTES in library cases 40p 
8.1" Fan Fold paper (1000 sheets) £7 
91" Fan Fold paper (1000 sheets) £7 

NEC PC8023BE-C PRINTER 
Europe's most popular Printer 

100CPS bi-directional, Logic seeking, 80 column, 
7x9 Dot matrix head, true descenders on lower 
case, Superscript ft Subscript Er Underlining facility. 
Proportional spacing, Forward Ef reverse line feed, 
Tractor or friction feed, Hi -res Er block graphics. Auto 
underling. Plus FREE 500 sheets of Paper. 

Price: Only £320 + £7 carr. 

DRAGON 
The Family Computer 

This 6809E Microprocessor based Computer has 32K 
memory expandable to 64K. The other features are: 

Nine Colours 
5 Resolution Graphics from 16 x 32 to 256 x 192 
Extended Microsoft Colour Basic 
Advanced Graphic Commands 
5 Octave Sound through TV Speakers 
Full Editing - Insert, Delete, Amend 
Conventional Full QWERTY Keyboard 
Simple Plug-in type connections for Joysticks 
Cartridges B Cassette 
Centronic Parallel Printer Port. ' 

160 page 'BASIC' Manual 
All you require is a colour TV or Monitor 8 mains 
supply and your DRAGON is Huffing Ef Puffing, Up Ft 
Running. 

Only £173 (£4 carr.) 

FLOPPY DISC DRIVES 
TEAC FD -50A Sincle Uncased 40 track single sided £125 
TEAC Single FD -50A Cased with PSU £180 
TEAC Twin FD -50A Cased with PSU £335 
TEAC Single FD -50E 80 track cased with PSU £238 
APPLE II Interface card for above £35 
SIEMENS FDD 100-5 Drive. Cased, head, motors, track zero 
micro switch f3 motor control PCB with read, write Ft control elec- 
tronics plus cable. For Apple Microcomputer £215 
5.25" Single Sided D/ D Verbatim Diskettes in Packs of 10 £18 
8" Single Sided D/D Verbatim Diskettes in Pack of 10 £27 

ULTIMUM 
WATFORD'S own most versatile 
MICRO EXPANSION SYSTEM. Ideal 
for interfacing with APPLE,. ATOM, 
DRAGON, PET, RESEARCH MACH- 
INE, SPECTRUM, SUPERBOARD, 
VIDEO GENIE, ZX81, etc. Low Cost, 
High Spec. As published in Practical 
Electronics starting from November 
1982. 

Send SAE for details. 
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'Rapid 
'Electronics 

CAPACITORS 

Polyester, radial leads. 250v. C280 
type: 0.01, 0.015, 0.022, 0.033 
6p; 0.047, 0.068, 0.1 - 7p; 0.15, 
0.22- 9p; 0.33,0.47 -13p;0.68 - 

20p; lu - 23p. 
Electrolytic, radial or axial leads: 
0.47/63V, 1/63V, 2.2/63V,4.7/63V, 
10/25V - 7p; 22/25V, 47/25V - Sp; 
100/25V - 9p; 220/25V - 14p; 
470/25V- 22p; 1000/25V- 30p; 
2200/25V - 50p. 
Tag end power supply electrolytics: 
2200/40V - 110p; 4700/40V -1600 
2200/63V - 140p; 4700/63V - 230p 
Polyester, miniature Siemens PCB: 
ln, 2n2, 3n3, 4n7, 6n8, 10n, 15n, 7p; 
22n, 33n, 47n, 68n, 8p; 100n, 9p; 
150e, 11p; 220n, 13p; 330n, 20p; 
470e 26p; 680n, 290; lu 33p; 2u2, 
50P. 
Tantalum bead: 
0.1, 0.22, 0.33, 0.47, 1.0 @ 35V - 

12p. 2.2, 4.7, 10 @ 25V - 200; 
15/16V - 30p; 22/16V - 27p; 33/ 
16V - 45p; 47/6V - 27p; 47/16V - 

70p; 68/6V - 40p; 100/10V - 9oy. 
Cer. disc. 22p-0.010 50V, 3p each. 
Mullard miniature ceramic plate: 
1.9pF to 100pF 6p each. 
Polystyrene, 5% tol : 100-1000p, 6p; 
1500ß700, 8p;6800 0.012u, 100. 
Trimmers. Mallard 808 series: 2-10 
pF, 220; 2-22pF, 30p; 5.565p F, 35p 

RESISTORS 

Y.W 5% Carbon film E12 series 4.7 
ohm - IM. . . . l p each. 
''W 5% Carbon film E12 series4.7 
ohm to 4M7 . 2p each. 
'/.W 1% metal film E24 series 10 
ohm -1M . . . 6p each. 

SOCKETS 
8 pin 
14 pin 
7ti p n 

18 pin 
20 pin 
22 pin 
24 

40 pm 
Solrlercon pin 

Lou 
profile 
6P 
88 
9p 
128 
13p 
168 
18p 

25p 
608' 100 

Wn 
wrap 
25p 
358 
42p 
52p 
60p 
70p 
lop 
80p 
98p 

POTENTIOMETERS 

Rotary. Carbon track Log or Lin 
1K - 2M2. Single 32p. Stereo 85p. 
Single switched 80p. Slide 60mm 
travel single Log or Lin 5K - 500K 
63p each. 
Preset submin. hor. 100 ohms -1M 
7p each: 
Cermet precision multiturn, 0.75W 
''4" 100 ohms to 100K - 88p each. 

REGULATORS 

78L05 30 79L05 
781.12. 30 79L12 
7SL15 30 79L15 
7805 35 7905 
7812 35 7912 
7815 35 7915 

65 
65 
65 
40 
40 
40 

LM309K 130 LM723 35 
LM317K 270 LM338K 475 
LM317T 120 78H05 5A 
LM323K 350 le 5V . 550 

SOLDERING IRONS 
Antex CS 17W Soldering iron 460 
2.3 and 4.7mm bits to suit . 65 
CS 17W iron: 450, element: 210 
Antex XS 25W . . 480 
3.3 and 4.7mm bits to suit . 65 
Solder pump desoldering tool. 480 
Spare nozzle for above . . 70 
10 metres 22swg solder 100 

PCB MATERIALS 
Alfas transfer sheets - please state 
type (e.g. DIL pads etc.) 45 
Dalo etch resist pen . 100 
Fibre glass board 3.75"x8" 80 
Ferric chloride 250m1 bottle. 100 

COMPONENT KITS 

400V 8A 
400V 16A 

400V4A 50 138100 

65 
95 
25 

An ideal opportunity for the beginner or the experienced constructor 
to obtain a wide range of components at greatly reduced prices. '/.W 5% 
Resistor kit. Contains 10 of each value from 4.7 ohms to 1M (total 
of 650 resistors) . . . 480 
Ceramic Cap. kit. 5 of each value - 22p to 0.01u (135 caps) . 370 
Polyester Cap. kit. 5 of each value from 0.01 to 10F (65 caps) 575 
Preset kit. Contains 5 of each value from 100 ohms to 1M (total' 
65 presets . . . . . . . . 425 
Nut and Bolt kit (total 300 items): 180p 
25 6BA '''h" bolts 50 68A washers 50 6BA nuts 
25 6BA )1" bolts 25 4BA '/." bolts 50 6ßA washers 
50 66A nuts 25 6BA R" bolts. 

MICRO 
2114L-2 75 Z80A. CPU 290 
2716 205 Z80A P10 260 
2532 340 ZBOA CTC 260 

BEST 2732 340 Z80A S10 900 

PRICES 4116 P20 70 Z80A BMA 1150 

ANYWHERE! 
6116-P3150nS 365 Z80A DART 500 
4164 440 81LS95 85 

TOOLS 

Small trimming tool . 22 
Small pocket screwdriver . 16 
Large pocket screwdriver . 13 
6 piece precision screwdriver set 
in plastic case . . 170. 
Low cost side cutters . 160 
High quality side cutters 650 
Low cost pliers . . . . 160 
High quality pliers . 650 
Wire strippers . . . 120 
Expo reliant drill 695 
Expo Titan drill . . -1025 
Drill stand . 1200 
Reduced shank drill bits` for 
above 0.8mm, 1mm, 1.4mm 60 

OPTO 

3mm red 7 5mm red 7 
3mm green 10 Ile 5mm green 10 
3mm yellowl0 5mm yellowl0 

Clips to suit - 3p each. 
Rectangular TI L32 40 
le red 12 TIL78 40 
green 17 TILIII 60 
yellow 17 ORP17 85 

TIL38 40 TIL100 90 
2N5777 45 Dual colour 60 
Seven segment displays: 
Com cathode Corn anode 
DL704 0.3" 95 DL707 0.3" 95 
FND500 FND507 
0.5" 100 0.5" 100 
TIL3130.3"115 TIL3120.3"115 
TI L3220.5"115 TI L3210.5"115 
LCD: 31/4 digit 580p. 4 digit 620p. 

TR TACS 

811.096 85 
81LS97 85 
1488 55 
1489 55 
Epson Printers and D 
Connectors now avail- 
able at low low prices. 

TIC206D 4.+ 
Tra 
TL084 
3mm ,eJ 
7805 
Of1er enefs 31 

CMOS 

4000 
4001 
4002 
4006 
4007 
4008 
4009 
4010 
4011 
4012 
4013 
4014 
4015 

10 
10 
12 
50 
14 
36 
24 
24 
10 
15 
20 
45 
40 

4016 
4017 
4018 
4019 
4020 
4021 
4022 
4023 
4024 
4025 
4026 
4027 
4028 
4029 
4030 
4031 

20 
30 
45 
25 
42 
40 
45 
16 
33 
12 
75 
20 
40 
45 
14 

125 

4034 
4036 
4039 
4040 
4041 
4042 
4043 
4044 
4046 
4047 
4048 
4049 
4050 
4051 
4052 
4053 

140 
249 
280 

40 
40 
38 
40' 
40 
40. 
35. 
38 
21 
21 
42 
48 
48 

4054 
4055 
4059 
4060 
4063 
4066 
4067 
4068 
4069 
4070 
4071 
4072 
4073 
4075 
4076 
4077 

78 
80 

430 
42 
80 
22 

225 
14 
13 
13 
13 
13 
13 
13 
45 
14 

4081 
4082 
4085 
4086 
4089 
4093 
4094 
4095 
4097 
4098 
4099 
40106 
40109 
40163 
40173 
40175 

12 
12 
48 
50 

125 
18 
65 
65 

290 
70 
70 
40 

110 
60 

100 
75 

40193 
4502 
4503' 
4507 
4506 
4510 
4511' 
4512 
4514 
4515 
4516 
4518 
4520 
4521 
4526 
4527 

65 4528 
60 4529 
32 4632 
35 4534';< 

110 4538 
45 4543 
40 4549 
40 4553 

115> 4555 
115 ..4556 

55 4559 
40 4560 
50 4584 

130 4585 
60 4724 
50 

60 
400 

60 
50 

360 
215 

35 
35 

390 
140 
35 
60 

140 

LS TTL 

LS00 
LS01 
LSO2 
LSO3 
LSO4 
LSO5 
LS08 
LSO9 
LS10 
LS11 
LS12 
LS13 
LS14 
LS15 

11 
11 
11 
12 
12 
12 
12 
12 
12 
12 

'12 
19 
30 
12 

LS20 
LS21 
LS22 
LS26 
LS27 
LS30 
LS32 
LS37 
LS38 
LS40 
LS42 
LS47 
LS48 
LS51 
LS55 
LS73 
LS74 

12 
12 
12 
14 
12 
12 
13 
14 
15 
13 
28 
35 
45 
14 
14 
18 
17 

LS75 20 
LS76 17 
LS78 17 
LS83 35 
LS85 48 
LS86 -16 
LS90 24 
LS92 25 
LS93 24 . 
LS95 38 
LS96 `:' 95 
LS107' 40 
LS10Q. 21 
LS1121` 21 
LS113_`:21. 
LS114 22 
LS122... 35 

LS123 
LS126 
LS126 
LS132 
LS136 
LS138 
LS138 
LS145 
LS147 
LS148 
L$161 
LS153 
LS154 
LS155 
LS166 
LS157 
LS168 

34. 
24 
25 
35 
26 
30 
30 
70 

150 
75 
38 
38 

33 
36 
26 
29 

LS160 
LS161 
LS162 J 
LS163 
LS184= 
LS165. 
LSm.> 
[8170 
1.5173 
LS174 
LS175 
LS190 
LS191 
LS192 
LS193 
LS195 
LS196 

35 
35 
35 
35 
40 
55 
60 
75 
60 
45 
45 
35 
35 
35 
36 
32 
45 

LS197 
LS221 
LS240 
LS241 
LS242 
LS243 
LS244 
LS245 
LS247 
LS251 
LS257 
LS258 
LS259 
LS266 
L5273 
LS279 
LS283 

45 
5o 
60 
55 
55 
55 
55 
70 
48 
28 
32 
32 
55 
20 
58 
30 
38 

LS353 
LS365 
LS366 
LS367 
L5368 
LS373 
LS374 
LS375 
LS377 
LS378 
LS390 
[5393 
LS399 
LS541 
LS670 

60 
28 
28 
28 
29 
58 
60 
43 
60 
57 
45 
40 

156 
78 

135 

7400 
7401 
7402 
7403 
7404 
7405 
7406 
7407 
7408 
7409 
7410 
7411 
7412 

11 
11 
11 
12 
12 
14 
19 
19 
13 
13 
13 
15 
17 

7413 
7414 
7416 
7417 
7420 
7421 
7422 
7427 
7428-'. 
7430 
7432 
7433 
7437 
7438 
7440 
7442 

17 
23 
19 
19 
14 
19 
19 
18 
25 
13 
20 
20 
23 
24 
14 
30 

7444! 
7446 
7447 
7448 
7450 
7454 
7453 
7454. 
7460 
7472 
7473 
7474 
7475 
7476 
7480 
7482 

85 
58 
36 
43 
14, 
14 
14 
14 
14 
22 
24 
19 
26 
25 
d5 
65 

7483 
7485 
7486 
7489 
7490 
7491 
7492 
7493 
7494 
7495 
7496 
7497 
74100 
74107 
74109 
74121 

30 
60 
19 

180 
19 
34 
24 
24 
33 
33 
38 
86 
78 
22 
24 
24 

74122 
74123 
74125 
74125 
74132 
74141 
74145 
74147 
74146 
74150 
74153 
74154 
74155 
74156 
74157 
74160 

38 
38 
33 
33 
30 
54 
48 
75 
60 
48 
38 
47 
36 
36 
28 
55 

74161 
74162 
74163 
74164 
74165 
74167 
74170 
74173 
74174 
74175 
74176 
74177 
74179 
74180 
74181 
74182 

46 
46 
46 
46 
46 

150 
115 

58 
53 
45 
35 
42 
75 
38 

100 
55 

74190 
74191 
74192 
74193 
74194 
74195 
74196 
74197 
74198 
74199 

40 
40 
40 
40 
40 
40 
40 
40 
80 
80 

The Rapid Guarantee 
* Same day despatch *Competitive prices 
* Top quality components * In-depth stocks 

MAIL ORDERS: 
Unit 1, Hill Farm Industrial Estate, 
Boxted, Colchester, Essex C04 5RD. 
TELEPHONE ORDERS: 
Colchester (0206) 36412. 

of 

ACCESS AND 
BARCLAYCARD 

WELCOME 

LINEAR 

555CMOS 80 
556CMOS 150 
709 25 
741 14 
748 35 
9400CJ 350 
AY -3.1270 720 
AY -3-8910 370 
AY -3-8912 540 
CA3046 60 
CA3080 65 
CA3089 190 
CA3090AO 375 
CA3130E 85 
CA3140E 36 
CA3161E 100 
CA3189 290 
CA3240E 110 

CL7106 
CL7611 
CL7621 
C L7622 
C L8038 
C L8211 A 
CM7224 
CM7555 
LF351 
LF353 
LF356 
LM10 
LM301A 
LM311 
LM318 
LM324 
LM334Z 
1,34335Z 

790 
95 

180 
180 
295 
200 
785 

80 
45 
85 
90 

360 
25 
70 

120 
40 

100 
125 

LM339 45 
LM348 60 
LM358 50 
LM377 170 

LM380 65 
LM381 
LM382 
LM384 
LM386 
LM387 
LM393 
LM709 
LM711 
LM725 
LM733 
LM741 
LM747 
LM1458 
LM2917 

120 
120 
130 
65 

120 
100 
25 
60 

350 
75 
14 
60 
40 

200 
LM3900 45 

LM3909 70 

LM3911 120 NE566 140 

LM3914 175 8-NE567 100 
LM3915 195 8-NE570 370 
LM13600 105 NE571 370 
MC1496 68 RC4136 55 
MC3340 135 8-RC4558 60 

MF10CN 350 SL480 170 
ML922 400 SL490 250 
ML924 195 SL76018. -:150 
ML925 210 8-51476477 380:.. 

ML926 140 SP8529 250' 
ML927 140 T8A120S 70 
ML928 140`. TBA800 ': 75 
ML929 140. TBAS10 96 
MM5387A 465 TBA820.' 70 
NE529 225 TBA950 220:.. 

NE531 `-450 71341008 320 
NE544 ' 205 8-TDA1023490 

NE555 ' 16 10411324., 125 
NE556 45-..TL061' '- 40 
NE565 110:" TL062 60 

TL064 
TL071 
TL072 
TL074 
TL081 
TL082 
TL084 
TL170 
UA2240 
ULN2003 
ULN2004 
X82206 
ZN414 
ZN423 
ZN424 
ZN425E 
ZN426E 
ZN427E 
2N428E 
ZN459 
ZN1034E 

96 
30 
50 
95 
25 
45 
95 
50 

120 
85 
90 

290 
100 
135 
135 
350 
330 
650 
480 
285 
200 

TRANSISTORS 

AC125 35 
AC126 25 
AC127 25 

AC128 20 
AC176 25 
AC187 22 
AC188 22 
AD142 120 
AD149 80 
AD161 40 
AD162 40 
AF124 60 
AF126 50 
AF139 40 
AF186 70 
AF239 75 
BC107 10 
BC107B 12 

BC1o8 9 
BC108B 12 
BC108C 12 8C2121_ 10-8F184 25 MJ2955 99 

BC109 9 BC213 10 8F18$ 25 MJE340 50 
BC109C 12:..::BC213L 10 BF194' 12 MJE520 65 
BC114 18_.BC214 10 BF195 12 MJE521 95 
BC115 ..22 8-0C214L 8 BF196 12 MJE3055 70 
BC117 18 00237 8 BF197 12 MPF102 40 
BC119' 35 80238 14:.8F198 10 MPF104 40 
8C137 40:..:::':80308 .12:..:. BF199 18 MPSA05 22 
BC139 40 80327 ..:14 BF200 30 MPSA06 25 
BC140 .. 28 80328 14 8-BF24413 22 MPSA12 30 
80141 39 80337 14 BF245 30 MPSA55 30 
8C142 26 pC338 14 BF256B 45 MPSA56 30 
8C143 25 .80477 30 BF 267 32 MPSU05 55 
BC147: 8 'B0478 30 BF258 25 MPSU06 55 

80148 8 t130479 30 BF259 35 MPSU55 60 

k1PSU56 60 
TIf29A 30 
TIP298 55 
TIP29C:.: ..37 
TIP30A 35 
TIP30B 50 
TIP30C 37 
11031 A 35 
T1P31C 37 
TIP32A 35 
TIP32C 37 
TIP33A 50 
TIP33C 75 
TIP34A 60 
TIP34C 85 
TIP35A 105 
TIP35C 125 
TIP36A 125 
TIP36C 135 
TIP41A 45 
TIP42A 45 
TIP120 90 
TIP121 90 
TIP122 90 
TIP141 98 
TIP142 98 
TIP147 110 
TIP2955 60 
TIP3055 55 
T1S43 40 
11644 45 
TIS90 30 
TIS91 30 
VN1OKM 45 
VN46AF 75 
VN66AF 85 
VN88AF 95 
ZTX107 8 

ZTX108 8 2N3055 50 
2TX709 12 2N3442 120 
ZTX300 14 le 2N3702 6 

ZTX301 16-2N3703 9 
ZTX302 15 1+2N3704 6 
ZTX304 17 2N3705 9 
ZTX341 30 2N3706 9 
ZTX500 15 2N3707 10 
ZTX501 15 2N3708 10 
ZTX502 15 2N3709 10 
ZTX503 18 2N3772 170 
ZTX504 25 8-2143773195 
2N697 20 le 2N3819 18 
2N698 40 2N3820 40 
2N706A 20 2N3823 65 
2N708 20 2N3866 90 
2N918 35 2N3903 10 
281132 22 2N3904 10 
2N1613 30 2N3905 6 
2N2218A 45 2N3906 10 
2N2219A 25 2N4037 45 
2N2221A 25 2144058 10 
2N2222A 20 2N4060 10 
2N2368 25 2N4061 -10 
2N2369 16 2N4062 10 
2142484 25 2N5457 36 
2512646 45 2N5458 36 
2N2904 20 2N5459 30 
2N2904A 20 2N5485 36 
2N2905 22 2N5777 45 
2N2905A 22 2N6027 30 
2N2906 25 40360 40 
2N2906A 25 40361 50 
2N2907 25 40362 50 
2N2907A 25 40408 70 
2N2926 9 
2143053 23 
2N3054 55 

SWITCHES 
Submin toggle: 
SPST 550. SPDT 600. DPDT 65p. 
Miniature toggle: 
SPOT 80p. SPDT centre off 90p. 
DPDT 90p. DPDT centre off 100p. 
Standard toggle: 
SPST 35p. DPDT48p 
Miniature DPDT slide 12p. 
Push to make 12p. 
Push to break 22p. 
Rotary type adjustable stop. 
1P12W, 2P6W, 3P4W all 55p each. 
DI L switches: 
4SPST 80p 6 SPST 80p. BSPST 
100P. 

VERO 

VEROBLOCI . 

Size 0.1 matrix: 
2.5 x 1 

BC149 
BC157 
BC158 
BC159 
BC160 
BC168C 
BC169C 
BC170 
BC171 
BC772 
BC177 18 
BC178 18 
BC179 18 
8C782 10 
BC182L-81 
BC183 10 
BC183L 10 
BC184 10 

BC184L 7 
BC212 10 

BC517 
80547 
BC548 

9 BC549 
8 BC558 
10 BCY70 
8 BCY71 

45 8CY72 
10 80115 
10. BD131 
8 BD132 

10 80133 50. 
8 BD135 40 

801$6 30 8FY53 '32 
80137 30 `BFY55 32 
130138.<...:30' BFY56 32 
l80139 35 BRY39 40 
1.130140 35 BSX20 20 
BD204 110,.@SX29 35 
802: 110 .,;:BSY95A 25 
80222 85 BU205 160 
80180 35 BU206 180 
BF182 35 BU208 170 

350 

22 
2.5 x 3.75 . . . 75 
2.5 x 5 85 
3.75 x 5 95 
VO board 160 
Veropins per 100: 
Single sided . . . . . 50 
Double sided . . . 60 
Spot face cutter . . . . 105 
Pin insertion tool . . 162 
Wiring pen and spool 310 
Spare spool 75p Combs . 6 

40 

10 
10 
10 
18 
18 
18 
55- 

35 

BF337 40 
BFR40 23 
SF880' 23 
BFR81 20 
80X29 25 
BF X134 25 
BFX85 25 
80%86:. 28 
BFX87 `.' 25 
BFX88 . ....:25. 
BFY86 23 
B0Y51 .'..20 
BF Y52'<;, `23 

TRANSFORMERS' Please add carriage charges 
to our normal post charges. 

Miniature mains: 
606V, 909V, 12012V all @ 100mA 100p each. 
PCB mounting. Miniature: 
3 V A 06, 06 @ 0.25A; 0.9, 0-9 @ 0.15A; 042,0-12 @ 0.12A 200p each. 
6VA 06, 06 @ 0.5A:0 9, 0-9 @ 0.3A; 0-12, 0.12 @ 0.25A 270p each. 
High quality. Split bobbin construction 
6VA 06, 0 6 @ 0.5A; 0-9, 0-9 @ 0.4A; 0-12, 0-12V @ 0.3A 220p each. 
12VA 06, 06 @ 1A; 0-9, 0-9 @ O.SA, 0-12, 0-12 @ 0.5A; 0-15, 0.15 
@ 0.4A 295p (plus 40p carriage!. 
25VA 06, 06 @ 1.5A; 0-9, 0-9 @ 1.2A; 0-12, 0-12 @ 1,4; 0 15, 0-15 @ 

0.8A 330p each (plus 600 carriage) 
50VA 0-12, 0-12 @ 2A, 0-15, 0-15 @ 1.5A. 4400 each (plus 750 carriage) 

HARDWARE 

PP3 battery clips . . 

Red or black crocodile clips 
Black pointer control knob 
Pr Ultrasonic transducers 
11+6V Electronic buzzer . 

1+12V Electronic buzzer 
PB2720 Piezo transducer . 

64mm 64 ohm speaker . 

1+64mm 8 ohm speaker . 

20mm panel fuseholder . 

6 
6 

15 
50 
60 
65 
75 
70 
70 
25 

DIODES 

BY127 12 
0A47 10 
OA90 8 
OA91 7 

OA200 8 
0A202 8 
1N914 4 
11.1 N4148 2 

l N4001 
184002 
1N4006 
184007 
1N5401 
1145404 
185406 
40omW zen 

3 
5 
7 

7 
12 
16 
17 

CABLES 

20 metre pack single core connect- 
ing cable ten different colours.65p 

Speaker cable . . . 10p/m 
Standard screened . . 16p/m 
Twin screened . . 24p/m 
2.5A 3 core mains 23p/m 
10 way rainbow ribbon 650/m 
20 way rainbow ribbon 1200/m 

BOXES 
Aluminium 

Plastic with 3x201" 70 
lid *screws 4x3x1h" 85 
3x201" 55 403x2" 100 
458x30155" 88 6x4x2" 120 
7x4x2 160 604x3" 150 

SCR 
C106D 30 

400V 8A 70 
400V 124 95 

BRIDGE 
RECTIFIERS 

1A 50V 
1A400V 

2A 200V 40 
2A400V 45 
6A 100V 80 
6A 400V 95 

20 VMI8 OIL 0.9A 
35 200V . . 50 

CONNECTORS 

DIN Plug Skt Jack Plug Skt 
2 pin 9p 9p 2.5mm 10p 100 
3 pin 12p 10p 3.5mm 9p 9p 
5 pin 13p I 1p Standerdlep 200 
Phono 10p 12p Stereo 24p 250 
1mm 12p 13p 4mm 18e 17p 
UHF (CB) Connectors: 
P L259 Plug 40p. Reducer 140. 
S0239 square chassis skt 38p. 
502395 round chassis skt 400. 
'EC 3 pin 250V/6A. 
Plug chassis mounting . . 38e 
Socket free hanging . 60 e 

Socket with 2w lead . 120p 

MULTIMETERS 

HT -120 4,000 Ope 
A smart looking 11 range pocket 
sized multimeter with en impressive 
spec. Complete with battery, etc. 
650p each. 
HT -320 20,000 ape. 
Highly sensitive 19 range multi - 
meter including transistor tester. 
Overload protection. DC volts - 
1000, AC volts - 1000; DC current 
0.25A. 4 resistanceraftges.Canplete 
with batteries, leads, etc. 1395p 

NEW CATALOGUE NEW CATALOGUEIIIIIIII 
Our latest catalogue has just been released containing 
over 2000 stock lines all at extremely competitive 
prices backed by Rapid's return of post service. 
Stocks include Denco coils, tools, Verocases, data 
sheets etc. etc. Send 45p for your copy now (sent 
free of charge with all orders over £101. 

ORDERING INFO. All components brand new and full specification. All prices exclude VAT. 
Please add to total order. Please add 50p carriage to all orders under £15 in value. Send cheque/ 
P.O. or Access/Visa number with order. Our detailed catalogue costs 45p (free with orders over 
£101. Callers most welcome. Telephone orders welcome with Access or Visa. Official orders 

Laccepted from colleges, Schools, etc... Callers most welcome, we are open Monday to Saturday. 
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THE ETI ORGAN 
Here's a major project for all you budding musicians - a two - 
manual and bass pedals organ. This design has a single main 
board that does all the usual organ stuff and also includes a 

very realistic -sounding multi -voice rhythm module. Sounds 
expensive, doesn't it? Wrong. The start-up kit to build one 
keyboard will cost less than £100, while a full kit (excluding 
cabinet) will be available for under £300. A fully -built version 
will also be available, still at well under the price of organs 
with an equivalent performance. 

ZX81 ENHANCEMENT 
Here's a very cheap little project for anyone who owns a ZX81 
and sometimes feels like breaking it by hitting it with the 
cassette recorder. Yes, we've got details on how you can solve 
all the legendary problems this computer has with SAVEing 
programs, and very cheap it is too! 

LOGIC PROBE 
Not another logic probe? Yes, here's one that's a little more 
complex than before, which will give you an indication of 
pulse presence and polarity besides the usual high and low 
indications. 

I 
Date 

te MIMiie®tiMtass_-- - - VIMM 

CRYOGENIC COMPUTERS 
Do you get cold feet when you think about electronics? IBM's 
design engineers took it a stage further, and next month we'll 
be telling you what they're up to. 

DESIGN COMPETITION 
There's one group of people who'll be camping outside the 
newsagents next month: the ones who entered our Design 
competition. The next issue will reveal the name of the 
person who won the £100 prize for the best design based on 
free PCB we gave away with the October issue. We've also 
decided to publish one or two runners-up. 

LOOK OUT FOR THE 

FEBRUARY ISSUE ON 

SALE 7th JANUARY 

Articles described here are in an advanced state of preparation. However, circumstances may dictate changes to the final contents. 

--as-rtaras1rta®Ifatit -- 
SUBSCRIPTION ORDER 

FORM 
Cut out and SEND TO : 

Electronics Today International, 

513, LONDON ROAD, 
THORNTON HEATH, 

SURREY, 
ENGLAND. 

Please commence my personal subscription to Electronics Today 
International with the . issue. 

SUBSCRIPTION 
RATES 

(tick as appropriate) 

£13.15 for 12 issues 
UK 
£16.95 for 12 issues 
overseas surface 
£36.95 for 12 issues 
Air Mail 

I am enclosing my (delete as necessary) 
ChequelPostal Orderlinternational Money 

Order for 

El 
(made payable to Ltd) 

OR 
Debit my AccesslBarclaycard* 

(*delete as necessary) 

VISA 

Please use BLOCK CAPITALS and include post codes. 

BUYER "S UID T. ;ONQ IMO 
THE UNIVERSE: .' 
VIDEO GAMES FROM 
BOTH SIDES OF 
THE SCREEN 

Rut ssfetY, 
first with 
otr 

aear 

t h 

Spectra 

jgt ttn9t 

y pe 

,. a silences , 

with ota 

sjie checkerures 

. 

PLUS- 
resoa, á ác 

SUBSCRIPTIONS 
The magazine you hold in your hand is the 

Name(MteMrslMtss) 
biggest seller in the UK electronics field. delete accordingly 

Address 
Why risk your newsagent running out? 
Take out a subscription using the form 

provided, and make sure of getting the next 
Signature 12 issues. Don't you deserve not to miss out 

on the best? 

07 
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 °'III. 
40 CRICKLEWOOD 

SUPERIOR QUALITY CARBON 
FILM RESISTORS, HI STAB 

ó %OE21 ZD 9W ion -1M 
14W Ion Awn 5% 

1 Sapp 1W 1051 1051S1 6%E12 
2W 1053.10Mß6%E12 lip 

Verobonrtl 0.1" 

2:0x375 
clatlOO 

2.5x5 90óP 
3.75x3.75 

BROADWAY, 

Grade Onto - 

Glass PCB 
Sided 

nom 178 x 

420 xe 7945mm%P 

LONDON 

9 
2627848 ó0P 
252875 2.20 

90 1.10 
219 8691 2. 8 
262892 3.00 

MN2 

2N3900 39Ó 
253901 

B 8 253902 
253903 15p 

2639Ó 15p 

3ET. 

265210 29p 
255219 25p 
265220 15p 
255221 25p 

265222 28p 

Tel: 01-452 

40825 1.60 
4062 3 20 
40636 1.90 

21 40632 

1.36 40635 

0161. 

C7 

159 
1301788 250 

1307978 
250 

1307790 27P 

TELEX: 

130415 - 
- 

3036,3117 

130418 

0C44Ó 33p,ß 
8C460 32,- 

METAL OXIDE /FILM 
RESISTORS 

Very high S 

90 
3.75x5 7030 
2.5x17 260, 
3,75x17 360 

100! 
420 x 245mm 

19óp 

2629044 27p' 

26ß905A 205 0 
1 

0 

253906 10 
263945 850 
2N3962 30p 

265224 3ßp 
265225 25p 
265226 up 

40643 1.80 
40673 B3P 
40822 1.80 

130782 10 
1307ß2A lZp 
1301828 13p 

BC461 8p 
00478 20S' 
130479 307 thermal electrical 

stability. Extremely low noise 
0.4W l0ß -7Mß 2% E24 Sp 
0.4W 1Oß-1Mí21%E24 8p 

4.79 x 17 465p 
VG Board 180 
TDipro Board 3750 
Track Cutter 

Ferri, .000de 
Pellets makes 
one lbre wkh 

water 

12N2906Á 
25p252905 

262907 
2300 

2N2907Á 26 P 

253964 1.42 
26408 B6P 
264031 65p 
264032 ß5p 

265227 25p 
265232 30 
2N5232A 3701 
.265245 3701 
'265246 

40871 494 
40872 80 
AC125 359 
AC126 250 

801ß2L 10 
BC182LA 13p 
5C18200 14p 
130783 

BC516 s0;. 
130517 40. 
BC547 13p1 
BC547A 14p 

LOW OHMIC VALUE RESISTORS 
1 W W OR W W I 

0.2211-8.221 E12 11p 

135p 
100 Pins 52p 
Verobloc 390 

Pe Vero 
Wiring 

i ing0 

per bag 7.80 
ETCH RESIST 
TRANSFERS 

1262920 3.17 

2629233 20 
262925 15p 

264036 50 264037 430 
264058 10 

17p 

101 
1265247 15p 
2195248 4óp. 

48p. 
5266 

ÁC127 25p- 
'I AC128 250 

AC132 390 
AC151 71 

10 
130183A 110 
ßÇ1638120 
BC183L 10 

1305470 140' 
e0548 120' 
0c548Á 13p; 

C 

BKB EOUND 
SISTOR86% 

2130 
4 7W 0.p Spare Spool 

P 

hin 
2. Thick Ii t.4., 

3. Thin bends 

252926 lop 

26816 25p 

264060 12p 
264061 10p 

3Ñ4Ó64 1. 

26264059 2.98, 
255293 

1 8! 1265294 
' 

AC152 
449 

Á0153K 64p 
6078315 1 

LA 

0 
BC54831, 15p 

BC5478 lop 

10-1IW 1.Oß -33K E72 3/11. 7000vdc Ceps 
1300VAC1 Axial 

5. DlLck pads r 
6. Transistor 

1263079 500 

!263053 
263053 

22ßp 

264069 1.00 
264074 75P 

1.37 
265296 1.28 
265298 1.37 

AC176 27p 
Á0178K 
AC187 up 

1301255295 184 10 
48 12p 

BC550C 30 
330, 

LOW NOISE 
ROTARY POTS 

E3 Serles 
4.7K-2ME30 Lin37p4.7K-2M 

Log 32p 
As above with 
DP switch 80 
As above but 

Mini Vert 14p 
Mini Horiz lip 
Standard Vert1'e 

Standard Horiz 
17p 

Thumbwheel or . 

5'Spindle for 

1nF, 2.2nF 23p 
4.7nF, 6.8nF up 
10.1E 2983 

470E 
Bnf 

100nF ,480 
220nF 74p 
470nF 1.10 

pads 
7. Dots + holes 
8.0.1^edge cons 

Anyuheet PI 
boyve 30p 

Set f 13 sheet,, 
£3.00. P'' 

- 

253055 00 

263Ó07H 1 
253109 48 
2193232 1.50 

,2193250 36p 
263251 36p 

264093 1. 
264092 

íi2020 

264122 45264121 p 
264123 21p, 
2N4124 35p 
254125 37p 
2N4126 Zio 
264220 750 

265302 3.20 
255303 3.80 

2553306 205 5p 
12195307 40p: 
2N5308 25p', 
255354 í9P 
2195355 10 
265358 730 

AC188 K 2130 

Á0177K j6 
ACY78 gpp 
ACY20 )Sp 
ACY21 750 
ACY22 750 

001841 1 

BC194L 10 

13078410 14p 
130786 Top 
130iß7 240 
130204 290 
130205 20 
130206 290 

8C58C57 
8C557Á 183 

130558 14p 
13055ßA 10., 
005566 1ßp' 
13055óC 1701. 
130559 

stereo (no 
switch) 90 Standard Pre- 

sets only 8p, 
1600VDC Cap. 
1300VACI Axial 

PHOTO 
SENSITIVE PCB 
lot Class Epoxy 

253300 6 
253301 680 264221 
2N3302 80 

960 
264222 91p 

¡265366 250 
2N5367 280 

ÁC0028 756. 
Á0044T 9 
ÁD736 7.90 

00207. TBP 
130206 29P 

lOp 
805590 ííp: 
1305590 í7p 
130560 32p 

MICRO -MINI 
100V CERAMIC 
PLATE CAPS 
5% or Maer 

512Series 
Ell 10.1F 7p DISCOUBC213L6 ON 
QUANTITY 
PLEASE PHONE 

; 

Coronet 20 Turn. 
Preci/ion Preach' 
5042,t00í2, 
.200R.500ß 

11K,2 OKK 10K, 
100 

1nF,2.2nF 30 
3.3.10, 4.7nF 32p 

2000000 Axial 
100nF 20% 780 

Dim 
Ceramic Ili Volt 

100/2KV 3K, 

000/1KV 
ÿp 

Glass. For better 
results than 
spoofing. 13pos 

Single sided 
100 x 160 1.55 
100 x 220 1.90 
203 x 114 1.90 
233 x 220 3.99 

263390 380 
253391 811 
2N3391Á 310 

253393 
263392 270 

2143395 20p 

214339796 143392633977 27P 

264223 970 
264224 90 
264234 I6p 
264236 45p 
264237 1,21 
25428 951 

264240 3,00 
2N4248 159 
2N4249 

265401 8p. 
'265415 7.10¡ 
265416 1.51 
265447 16p 
265448 790 

'265449 ZIP: 

',2654511 25n, 
255467 266 
2N5458 299 

ÁD745 7.65 
ÁD749 7gp 
ÁD750 731 
A0161 8p 
ÁD762 300 
AF106 75 

AF1114 65 
AF117 70 

130209 290 
130212 10'13068 
1302124 12p 
002129 130 
1302121 10 

QBgC212LA 

130 

íÓp 
BC213A 1; 
BC213B 120 

805ó0C 340 
0.50 

sc.-691 46p 
BCW32R 60- 
130030 1.15 
BCV30A 1.30 
BCY31 1.15: 
0CY31A 1.8 
BCY32 1.15 

SIEMENSIN 
MINI 

K 
8p each 

1 8 
Double sided 

16 

263402 35p 
17p 

2N4250 17p 265459 290 
AF118 
AF124 7ß2p 
AF126 720 

002131 13P 
802131 1 

13000324 1.8 
BCV33 BO 
3CY 33A 1.0D 

MONOLYTHC 

33nF 7 

47pF 100p 

Ittp 
.1000E 140 

5%r 
7 f,l F, 

2p F, 27pF, 

4784F p F, ó80F, 
1000F, 150pF, 

220í6K0 300 
V 27p 

4ner 70p/6 V 24 
in/6KV 32 
2n2/2KV 30p 

2n2/5KV 330 
3n3/2KV 31026429/ 

100x2100 
x 

20 2.117 
e23 )220 4.66 Og70p/2K 

aveloler for 
hove Ido not 

se 

Sodium 

Hydroxide) 2.50253441 

2N34Ó 50P 
P 

249 

263440 86 
1.25 

2N3441 1.25 

264266 45p 
254275 48p 
254284 
264285 35p16 

264287 4 
254288 220 

254290 
254289 

/50 

+26546611 620 Oi 
12145462 80p 

!265486 
4001 
79P 

265490 1.37, 
255492 1.56 

265494 1.37 
'1265496 1.59! 
265543 5.00'; 

ÁF726 72 
AF139 53p 
AF170 
ÁF772 ß8p 

AF200 6850 
AF201 
AF239 1.20 
ÁF240 1.00 

130213CA 1 99 
1302131.13 1» 

BC214L0 
14p 
10 

1302746 72 

BC214C 130 

130214113 13p0 
13021410 

9CY36 50p 

910, 
BCV B 

1CY 

34A 
91 

8C00ó69 
8p. 

1300070 li7 p 
1300071 16 p 

SIEMENS 
POLY.0 

6% 7.6mIT 250V 
CAPACITORS 

612 
InF-ó8.1F 10 
ß2.1F-150.10 íóp 

2700, 3300, 
390F, 470F, 
6ß0F. ß20F, 

1.5.10, 
2.2.10, 3.3.10, 
4.7nF, IOnF 

120 arch 

4n7/4KV 33p 

IOOV Polyester 
Cepecilare 

inF. 1.8.10, 
2.2.1E 7gp 
3.3.10,4.7.10. 

RESIST PEN 
1 sperenib 90 

ANTEX 
SOLDERING 
IRONS 
C240 (1535) 4.59 

1.79 

2Ñ3446ROA18 
2N3446 6.09 

ì 263447 5,72 
2N3448 6.58 
263468 1.00 
263512 1.08 
263553 2.30 

264294 
I254292 Sp 

264297 2.50 
254302 39p 
254303 40p 
2N4304 410 
264314 8 0 
2N4342 68 

)'266640 45P551 

1265654 350 
2N5713ó 80 

)265813 230 
265884 7.28 
266027 30 
256030 8.60' 

2N6082 

Á0279G 750 
AF279B 75p 

AL 1f¢ 3.48 
ÁU170 2,20 
ÁU773 30 
BC707 1 0 
13C707Á 120 
5C1078 7 

13 023]4 .-1.61117, 

BC2378 170 
BC237C 18 P 
BC 38 14p 
002384 15p 
1302388 16 9 1302380 17p 

BC./ 
3000 ]8 
BCV79 Yp 
130087 6.60 

BCY 88 4.90 
BLY 89 4.10 
BCZ1O 4.60 

5%3.5mm100V 
CAPACITORS 

612 
100.1E -180.1F 120 

3ß.1F, 270 111900 

470nF, 560tIF27p 
650F 32p 
1µF 3úp 

C280 or Egiv 
Polyester Cops 

Rediel Long 
Leads 

í0.1F, 75.10, 
22nF, 33nF, 
47pF, 66nF, - 

100.1E 

8.80F 190 
'b oO,15.10, 
22nF 20 
33.10, 47.10, 

ó8.1F 720 
100nF, 1ß.1026p 
220.1E 38p 
330.1E 55p 
470.1E ó8p 

025 (25W1 1.99 
lion stand 1.85 
C240 Element 

1.99 
X25 Element 2.06 
Bits C2M 
90215ma111 60p 
903(Med) ú5p 
Nob (Micro) ß5P 

263583 2OD 
263684 2óp 
263565 200 
253566 500 
263567 
263568 SOP 
,263569 500 
263570 2.51 
253571 2.19 

264347 7.26 
254351 1.78'268099 
264400 1 

254401 27p 
264402 30 
264403 30p268721 
264409 36 
264410 42e 
2N4427 791 
264440 

17.99' 
1.20 

266101 1.8 
256109 1.15 
.266111 1.00 

540. 
'266122 56 
266123 590. 
266124 

130108 120 
13070ßA 10 
1301088 16 
BC108C 14p 

ßC709 tOp 
1301090 129 
6C109C 190 
130173 OO 
130774 1 9p 

130239 150 
802394 16P 
BC2378 170 
BC237C 185 
BC250 220 
002504 230 
1302508 210 
1302500 250 
130251 250 
BC251A' 20 

5CZ11 4.60 
130115 58p 
130116 2.50 
60124 2.25 
00124 .50 
0Dí31 44p 
00132 440 
ßD135 

40p ßD136 
IlOmm) 

Complete range 
of other voltages 

Mock. Pléase 
phone 

01 
150nF, 2200F, 

lip 
ß8.1F, 

6700E 
1pF 235 

1,5µF, 2.2µF 04o 

Wire á Cable 
Prices per metre 

Solid took -op 

Any colour 5p 

nits X25 - 

No501Sma11) 850 

No521Lg d 
i 65 

660`, 
SOLDER 125gms- 
18 sw9 2.95 

263572 2.06 
253584 2.76 

263606 88 
253606 8p 
2N3807 28 

12.58 
Op rygg7p 

8°902.056P 
264871 
264888 920 
264898 1.29 
294901 1.89 

266125 590 
2Nú126 7íp 

266130 93p 
266137 9ßp 
266132 gap 

9C115 220 
60716 320 

001174 - 9p 
130778 190 
130719 811 

13025113 27 P 
up 

1302520 720 
1302528 230 
1302520 240 

1313137 
00138 up 30 
BD139 

8p 130140 
130142 2.ßp40 

00153 1.25 

SILVER MICAQuality 
CAPS1%ß0V 
Gmantewted 

E,B Electrolytic. 
By Mauuehita0 Siemens 

22 swg 3.10 263632 9.88 
263638 360 
2N368Á 370 

264902 3.52 
264903 3.24. 
254904 2.75 

266133 1.14 
766134 7,38 
266253 7.46 

BC721 82p 
ßC723 ß2p 
13C125 370 

BC253 22p 
1302530 230 

80155 1.20 
130757 5{p 

Exenmely snbb 
2.2pF. 3.3pF, 
tOpF 20p 
200-í000F 20 
1200E220pF 2óp 
250F -470F 30 
0ß0F'leF 33p 

(other000 
event of 

may besentonly 
l'^ 
lue+Fd1ALS V Beautiful 
,47 63 Bp' Mini Radial 
,47 100 9 
,47 100 3O3 

Low Voltage 
63 OP 

Matsushita only 
uFd 

Probabh 
TRANSISTORS 

Iar etyt 
UKtail 

elf you don't 
see whatnot 
went Please 

phone or write 

263649 350 
263642 25 
2N3643 160 
263644 28p 
263645 33p 
253646 28P 
263662 150 

264905 3.8 
264500 3.42 
264907 3,20 
264908 3.70 
264909 2.90 
264910 1.95 
264913 2.59 
264914 2.89 
264915 2.95 

2980l3Ó6 
1.55 

25250 4.45 
28282 1.29 
20249 3.90 
2010134 3.95 
25K135 4.45 
2SK226 6.29 
- 

130734 360 
130135 1 
130136 {8p 
BC137 390 
BC136 59p 
130740 290 
130741 370 
00142 

1302560 25 
0C256A 26p 
13025óB 270 
00257 260 
1302574 27P 
00258 24p 
8C258Á 26p 
1302588 260 
130259 2 

00160 3.80 
50181 1.75 
BD782 2.50 
130183 2.70 
130187 7.09 
130201 1.8 
80202 1.39 
130204 i.M 
130220 1.00 

TANTALUM 
BEADS 

.223350 170. 

.33/35V f7p 

.47/35V lipÌ 
1313/350 170 
1.0/35V 170 
2.2/í6V 770 
2.2/350 22pì 
3.3/35V ! 4.7/16V 
9.7/350 2 
ó.8/25V 24p 
6.8/350 

6P' 
250 

1 100 0. 10 16 Bp 
1 500 40 22 tO 6pP 
$2 25 Bp 22 ifi 7p 

.2 63 911 10 ip 
2..2 

100 
2 350 

110 47 16 BD 

0p 
100 10 911 

.3 25 1 100 16 10 
3:3 40 110 220 10 lip 
3.3 63 120 720 16_ 120 
4.7 16 Bp 470 10 lip 
47 25 Op 470 16 1ßp 
1.7 40 lip 1000 10 20 
4.7 63 120 1000 16 212óP D 

IppI''7 

100 14p 2200 10 340 

l'0 25 N - 2200 16 MP 
10 40 120' 

as íf0))ills 
t 

t 

226404 6910 121 
26976 350 
26977 g p iP 
26978 330 
26929 3ßP 
25929Á 46p 

2N5930 930Á 300 

261132 8p 
261302 450 
261303 ó5D 
251304 80 

263697 13 6 
26893 2 
263692 

0 
'263894 360 
-263702 1 

263702 10P 
263704 10 
263705 100 0 
263707 
253706 00 

00 

2N37Ó5 lop 0 
253710 7 

263711 100 
263712 2.00 

264976 1ßP 
264977 47p 
254918 950 
264919 1.28 
264920 1.34 
264921 65p 
264922 68p 
2N4923 ß9p 
264924 92p 
264926 950 
264927 950 
264928 1.59 
266964 27p1302ó2C 
264965 250 
2144966 250 2ryg9671302ó3C 250 

36728 1.12 
36138 3.50 
36139 3.33 
36740 2.37 
36143 2.85 
36152 3.00 
36753 2.47 
36154 2.56 
3N200 6.93 
36201 2.98 

40280 2.00 
40290 2.00 
40311 1.00 
40377 970 
40372 1.64 
40313 

130743 3344pp 

,80147 1 

6C147A 10 
BC7478 10 
1301470 20p 
5C148 10 
1301484 120 
801680 130 
BC148C 130 
BC149 70 
5C1495 120 
1301490 13p261131 

80152 
BC153 
130754 pp 

OC2595 26p 
ß0259C 27 
0C260 30p 
B02ó08 32p 
BC260C 33p 
0C261 8p 
8C261A 34p, 
BC2610 350. 
1302ó7C 8pß 
.130262 310' 
1302ó2A 320. 
1302628 330'. 

39 . P 
130283 300 
1302ó3B 310 

320; 

80221 95p 
130223 1.00 
00224 95p 
50232 1.11 
80233 70p 
80234 72p 
80237 98p 
13D23ß 9BP 
1302394 570 
1302390 610 
802404 690 
1302400 73p 
1302414 61 p 
802410 ó7p 
1302424 ó5p 
802420 70p í0/16V 2óP, 

10/35V 340 
15/V 220 
15/9óV 30. 
15/25V 320 
22/5.3V 2ßp- 
22/16V 320 
33/í0V 3ßp 
47!ó.3V 430 
100/3V 370 

10 63 140. 

10 100 10 
10 25 17 

22 40 1 
0 

71 63 18 
22 100 21p 
47 25 11 
47 40 170 
q7 63 

p 

47 100 

Mains/Speaker 
Cable )per metre) 
Twin 1 am 7 40' 
Twin 2W ampióp 
3Core 2W amp 

1ßp 3Core6amp 31p 
3Co.e 13 amp 

`560. 

261306 ß6p 
26788 

514¡0 sap 
267420 ß9p 
261483 2.9b 
251507 32p 
251507 120 
261524 58p 
261702 3.20 
251711 35p 

253713 1.8 
253714 2.98 
263715 3.31 

263716 3.60 
363725 750 

'2193730 80 
26378 {.g5 
253732 2.88 
2163736 7,30 
263725 2.15 

264968 250 
2N4ß9 310 
265010 8.50 
265017 9.37 
26508 440 
265033 189 
265035 1.50 22%15023339: 

65036 1.96. 
265039 3.90 

1.89 
.40315 1. 
40316 
60324 1.86 
40325 2.46 
40326 1.98 
40346 1.30 
40347 ß9P 
40348 7.95 
40360 80 

130757 170 
001574 120 
1307578 130 
13C15ß 10 
BC158A 120 
13C1585 13p 
OC159 110 
BC159A 12p 
BC159B 130 
1307590 I6p 

130264 401 
802648 120 
130266 30'' 
1302ó6A 3óp 
0C200ó 37p. 
130300 45pí 
BC302 44p 
BC302 43p1 
eC303 470, 

1302434 720 
002430 ß5p 
1302444 ß2p 
1302440 1.00 
1302454 1.íq 0650:222544455c 

7.8 
8D246A 1.20 
BD245C 1.60 
1302494 2.00 

Fwdehrouph 
.dlhresr 

7 7p 00005000 

1W - 16 lOp 
700 25 100 
100 60 
100 63 

P 
250 

Solid Multitors 
OCore 330 
8Core 390 
12 Core I6p 

267889 90 
267ß9C - 6pp 
261893 30 
2N1974 1,50 

- 

253738 2.00 
2N3740 2.38 
263741 2.76 
253766 2.90 

265086 8p 
265087 30 
265088 37p 
265089 370 
265126 4gp 

40361 B7p 
40362 673 
40363 2.22 
40364 2.90 
40372 1.00 

130160 090 
00161 4gp 
BCI67 10 
130167A 10 
130í67B 130 

130304 10pó 
00307 10+ 
13C307Á 1{p. 
803078 1502 
50308_ 120 

1302ó9C 2.31 
1302504 2.11 
BC/250C 2.46 
130433 79e 
ßD434 550 

MINI FILM 
100 100 
720 10 

50 Core 1.37 
262060 7.11 
262102 .390 

263767 3.19 
263777 1.75 265127 3ßp 60373 2.60 130168 10 13030óA 13pí 130435 81p . 

1Ú114R0 
TRIMMERS 

1.4-S.SpF 

1ß0018z1 330 
2 001 

P 

2'22pF14005'9 z1 2 
5.5-85pF 8p470 
1200MHz1 3ßP 

lß0 
220 16 170 

25 220 
220 40 20 
78 63 3OP 
220 1W OOP 
330 16 1ß2p3 

330 '25 
330 16 2 

25 290 

Screened Cebla 
Single lOp 
Stereo Zip 
Mini Single 120 
Mìni Stereo 1 

O Core 4Scree 

O Core t Scrx 

8Core 61P 

262217 390 
262218 .330 
2N2218Á 250 
252219 27p 
2N2219Á 
252220 220 
262227 811 

2N2222Á 
23p- 
210 

í2N 
12663827 

263772 1.83 
263773 2.06 
263779 1.70 

263789 3.21 
263790 2.73 
253791 2.47 
2N3792 2.68 

ì22N379419 260 

620 Ì13p 
1.81 

265128 30 
265129 30 
265730 37p 
265131 ZZp 
265133 220 
265135 38p 
265136 

ß03o 2265137 2P 

265139 1ßp 
265140 ? 

40374 2.81 
40389 1.24 
40390 2.72 
40392 1.20 
á,Q394 1.10 
4084 1.70 
40406 
4 t'8 
40410 
40417 2.65 

1301ó8B 10 
80í68C 10 
130769 100 
1301698 10 
13C1ó90 10 
130170 1 

1301704 170 
14 

130í70C 10 

1303088 190¡ 
130309 140 
1303094 150 
13030913 I6p, 
1303090 í7P 
13C318 0317 750' 

130320 150` 

1303271 150 
130328 71400'. 

130436 81p 
130437 ß8P 
130438 BBp 
00439 90 
00440 910 
130447 910 

00529 '- 1113020 

ßD535 
1.8 

130536 775050 

830VDC250VAC 
4470 70 40 
470 63 

331/ 12 Core 
2N2223Á ZW 
2622234 4.15 

ß.2N3823 
1 5p 

265143 25p 
40412 
40422 Z% 

1307771 4 120 
130í71B 150 BC88 150 BD58 

CAPSR 
10.1E 1 

15nF 120 0 
22.1E lOp ,íO00 

100.1E 8p' 
811' 

37P, 

470 100 
1000 I6 
1000 25 
1000 60 4óP 

63 069 
2200 16 100 
2200 25 83p 

5Oí2 RG58A 
mum 

13ßp 
75íl UHF 3ßp 
7512 VHF 2ßp 
300$1 Flat 110 

262388 !252303 

369 

262369 190 '219 
2662346 AA 1 

262405 
262410 1.15 I063855 
262411 g,gp 
252412 80p 

'263856 

263824 í,7U 

827 7263826 78840 

26854 440 30944 

0 
2N3855A /Op 

3 

265172 150 
255175 58o 
265179 399 
265180 Kip 
265183 1.00 .40594 
2N5184 1,10 

404ß7A 1.79 

40537 1960 
49543 1.80 

99P 
90595 oop 
40600 2.55 

BC172BB I6p 

0C172C 16o 
130173 lip 
001736 tip 
BC173C í6p 

22jp 

ßC347 2p 

00282 np 
803021 30 
80383 30' 
1303ß3L 30 
0C304 

8058 

805400 
1..1100 

805400 1.20 
EID675 720 
50670 TIP 
50677 

220.1E 
10150nF 

2200 63 92200 

Po 
70 3y Rainbow 262477 IN850 P 

N3858A 370 
265189 1,00 
265190 

40601 2.8 
40602 1.Bí 

13C174Á (303ß4L 3Óp 
130407 30 

130678 ß3p 
130711 7. 

Fully enclosed 
Fiber Prow. 

E 3Serip 
100Sì-101 

4700 16 750 
4700 25 90 

Ribbon Gble 
10 Way 05P 

. 24 Way 1500 
40 Wop 210 

252483 25p 
262484 26p 
2N2491 8.00 
262846 150 
262647 

310 112:094 
370 

263866 SOP 
2N877Á 365. 

485 
265197 70' 
265193 ß0p 
265194 790 
295209 

40803 1.09 
00004 7.86 
ío0808 2.19 
40022 1. _ 

9C1740 
130775 5p 
80777 I6p 
BC17'/A 2óA 
1307778 

9C40ß 24p 
30409 30 
30413 25p 
30414 25p 

80712 1. 
80X76 1. 
130X10 1. ' 
130%32 32 

914977 CRIKEL G 

- BSX27 78pi 
0010 2.00' 05028 66p' PSU01 849 
DYIt 2.50 85X29 34p PSU04 1.32 
DY17 2.09 BSX39 BOp MPSUOS 55p 

DY25 
DY23 

-3.75 
3.40 

B85X608X61 8 
7540 

MPS 
MPSU07U06 581' 

0038 1.74 80X76 50 MPSU51 DY54 1.70 0S077 Sop MPSU55 58p 
YDY56055 

1.85 
1,75 898002485025 771.00P MPSU66 

7 DY57 5.15 85026 351, 
MPSU57 
MRF421 DOSS 6.15 8S029 70p MFR450A .PP Ir 1-80 BSY39 47P. MRF453 pw DY61 2.80 05Y54 40P IM po 4P44 2.31 1300165 512p MRF475 7.56 DY92 3-75 00095A 20 
MRF477 P9e F115 36p BU104 1.71 
MRF479 Pu F719 1.00 BU705 1.70 
MRF604 F121 75p BÚ109 3.29 pOe 

F723 70p BU126 1.47 NKT124 63p 
F127 

g9Opp 

BÚ2054 2,25 NKT725 19p, 

F154 25p 8Ú2Ó6 - 

1,75 
NKT126 47p 

89 
NKT726 12p 

F157 60 BU208 1.8 NKT129 /Op 
F758 25p 8113265 2,35 NKT735 40 
F159 68P BU406 1.46 

NKT137 42p 
F160 55p BU407 1.45 NKT210 42p- 
F161 o0p ®U408 1.81 11KT215 40 
F763 50 ßU500 1.05 ¡jKT218 850 
FT66 67y 0UV20 11.00 IIKT219 F767 ' d80 BUV21 10.90 40 
F170 79p 0UV23 13.60 11KT224 40' 
F773 aP BUV24 12.10 LIKT225 40p 
F174 77p 8UV25 15.00 11KT229 /0p 
F177 25p BU 20 17.00 NKT238 /4p` 
F178 89 j 

BUX48 6.76 NKT239 449' 
F179 35p BUY18S 3.95 IJKT240 420 
F180 35p BÚ047 2.07 I4KT241 40 
F187 8p '. 

EA30 5.00 NKT242 40p 

F183 28p 
J300 40 19KT243 18p 

F1B4 8p 
14335°10 

Á8001 45p NKT244 48p0p- 
F185 37p MA8002 62D 

NKT261 405 
/Op 

F195 120 MD7000 2.ßp60 
/Op NKT262 

F197 12pP ME040023 2 NKT272 op 
f199 151 0 

ME0404 25P NKT281 47p 
F200 1. 

ME0411 8p 6K1404 2.68 
F276J 32p 

ME0472 
33 Ó NKT405 2.8a MEOdi3 

F225J 30 MEO4t4 /8P `NKT406 2.6D 
F240 389 ME0461 45p NKT453 2.40 
F241 8p ME0462 NKT603F 55p 
F244A 80 ME700/ 45p1p NKT613F 56p 
F2648 30 ME1002 15p NKT674F 550 
F245A 30 ME7075 45p 6KT6)7F Sop 
F245B 67p ME1100 450 NKT713 I70 
0246 52p ME7120 /8P NKT717 520 
F246A 3Bp ME3002 25p NKT734 55p 
F2468 63p ME4001 15p NKT736 54F247A 

ME4002 45p N101773 48e 
F2478 56p ME4003 459 NKT781 490 
F254 39P ME4101 25p NK112329 605 
F255 IZO ME4101 25p N0112429 57p 
F256A 35p ME4103 25p 6K113329 60 
F2566 45p ME4104 25p NKT13429 54p 
F256C 621, ME6001 25p 6KT16229 59p 
F257 30p ME6002 25p NKT20329 38p 
F256 32p ME6003 25p OC20 2.8 
F259 35p ME6101 29p C22 2.00 
F262 8p ME6102 28p 0023 2.00 
F263 90 ME8001 47p OC25 2.50 
F270 65p ME6002 62p OC28 1.70 
F271 68p ME8003 50 OC29 2.8 
F273 40 ME9001 56p OC35 2.8 
F274 40p ME9002 b6p OC41 BOP 
F324 8P MFE3004 2.8 OC63 70 
F336 80 MJ600 2.8' 0044 82p 
F337 8p MJ42O 2.26 0070 50p 
F338 40p MJ48 2.8 OC71 SO 

5 
355 60 MJ440 1.00 0072 Sop 

f362 85p MJ4g1 1.1 OC82 60 
F363 85p MJ497 1.72 OC82D 70 

BF457 46p MJ802 3.99 OC83 76p 
BF458 660 MJ900 2.90 P3464 08P 
BFI59 670 M2901 3.10 820080 2.14 
BF469 'Rip MJt90D 2.50 R20109 1.88 
BF 1]0 gro MJ1001 3.00 SCt07 27p 
00039 25p MJIBOC 3.60 SC108 27p 
BFR60 25p M-12500 219 00109 27o 
BFR41 25p MJ2501 2.25 TIP29A 32p 
8FR79 15p 51.12955 1.00 TIP29C 30 
eFR80 25p 51J3000 219 TIPBA 35p 
0R91 25p 5113001 225 TIP30C 30 
BFR90 2.11 MJ3701 2.1á TIF31A 36p 
BF528 - 2.95 51J4502 3.99 TIP31C 39p 
BF561 1. µ1E34D 539 T1032A 30 
BFS98 1,10 51JE370 ß7p TiP32C /2p 
BFT19 1. E371 99p TIP33A 60 
BFT198 1. MJESY' 92p TIP33G 
8FT66 2. M-1552' 919 TIP34A lop 
eFWtO 1.48 MJE7030 3.65 TIP34C 88p 
BFW10 ' 1,48 MJE1100 3.55 11035A 1.08 
BFW71 1,40 MJE2901 3.8o TIP35C 1,28 
BFW43 2,47 hUE2955 99P TIP36A 1.29 
BFW59 1.08 hL'E30ß 69p TIP36C 1.8 
BFWB7 1.53 MJE_T78 4.58 TIP41A 490 
BFW90 1.53 MPS'.1! 1.00 TIP41C $p 
BFX12 1.00 MPE112 1,39 TiF42A 
BFX13 91p MP812' 1.3.9 TIP42C 66 
BFX19 Sep M981 1.40 TIP49 1.20 
BFX2O 80 5199123 1.10 TIP50 1.10 
HFX29 753 MPS^.a12 1.59 1I1,53 1.57 
BFX30 Zip 5110102 8p T1P54 1.50 
8FX34 1.00 MPF103 290 7111110 740 
BFX37 70 MPF124 

235.75P399, 

9p TIP112 S0 
BFX43 76p MPFOS 230 TIP175 81p 
HFX68 100 MPF12 59p TIP717 8p BFX04 27, M?F121. 1.69 TIP120 

FX85 78p ' MP5368 

355 

21P TIP722 
BFX86 28p 51P'53640 40 TIP125 ' 

730 

9FX887 269 MP56517 hp TIPl30 1.27 9FX89 1.75 MP56518 17P TIP132 1.60 

3FY19 1,8p10 MP56560 TIP135 1.8:` 

3FY37 1.20 MP56562 02p TIP737 1.8' 
11P140 1.Ot 

3FV49 1.15 MMPSA06 
TIP142 1.14 

23p MPSAIO TIP745 1.19 

7Y5Ó 23p MPSA12 TIP147 1,19- 

3FV52 23p MPSA13 40 TIP102 4.ei 
3FY53 31p MPSA14 46p TIP2956 77p 
3FY56 315 MPSA76 30 1TIP3055 70p 
3FY56A 60 - MPSA1B 65p 111043 40p 
3F075 75p MPSA20 48p TIS45 869 

3FY77 
005%. 

M5 
8 

432 480 'TIS47 41Bpp.1 

3FY78 80 MPSA55 2ßp TIS48 66p 
3FY90 75P MPSA5fi 30 TISd9 B6p 
3SV81 1.87 MPSA65 40p TIS50 60 
35W41 95p MPSA66 47p TIS51 655 
i5W67 1.00 MPSA7O 46p TIS52 70 
35W70 1.00 MPSA92 30 TIS53 97p. 
3SX79 24p MPSA93 39p TIS54 680 
3SX20 740 MPSLOi 42P ,TI555 1p. I5)(27 pp MPSL51 /8P TIS58 820- 
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11CRICKLEWOOD - STOCKING PARTS OTHER STORES CANNOT REACH! 
Items not fully covered on this list include: OPTO 7 seg LEDs, LCDs bezelled LEDs, Lamps, 
Lampholders, FUSES: 20mm 1 inch, slow or quick blow. Fuseholders. CONNECTORS: DIL. DIN. 
Phono, lmm, 2mm, 4mm. Bulgin USA. I.E.C. KNOBS: Plastic, Aluminium, Anodised, Collet, Pointer. 
SWITCHES: Toggle, Biased, Rocker, Rotary, Slide, Oil, Push. METERS: LCD, Analogue. Test and 
Panel. TOOLS: Pliers, Cutters, Strippers, Trimmers, Cable Cutters. And much, much more. 
AS in stuuc items )that's 95%) posted same day. OFFICIAL ORDERS FROM SCHOOLS. GOVT 
DEPTS ETC WELCOME. OVERSEAS ORDERS WELCOME ICWO + ADEQUATE POSTAGE). 
QUANTITY DISCOUNTS BY NEGOTIATION. 
CRICKLEWOOD ELECTRONICS LTD., 40 CRICKLEWOOD BROADWAY, LONDON NW2 3ET. 
TEL 01-4520151, Telex 914977 

* THE LAZY WAY Phone your order through on Access, Barclaycard, Visa or American Express 
for immediate service; no extra charge, no minimum order. * THE TRADITIONAL WAY Send cheque, PO or credit card number. Cash not encouraged but 
accepted (no coins please). All in stock items shipped same day. * THE IDEAL WAY Call in and collect. We are on the main Edgware Rd (A5) just 11 miles from 
Staples Corner and approx 3 miles from Marble Arch. 
VAT Please add VAT at the current rate to all orders except books. VAT not chargeable abroad. 
POST; PACKING & INSURANCE Standard small order charge is 70p (more for heavier goods). 
Export orders minimum E1.50. 

7158 4433 
TI564 87v 
TtS8' '91194A T7 9A 
T':58 p TI 309 

Tt$9: 54p 

VH4F?c MO 
ys48E.n_ e5a 

Z77c' 10p 
27X ? 1033 

ZTx30C t3p 

4 
x_x. 

t 

ZTx3]t 153 
21x3"' 353 
2-4x3-3 323 

Z1x3"2 35p 
36v 

1Ct 
24p 

27x33C 35p 
ZTX34' 293 
2':XSJC J/p 
z7xs' 1b 
ZTX.S lfp22p4 
ZTxS? 17p 
ZTxSCz 24p 
Z77(=; 34P tl. 
2T750 6P 

tN1192 1.75 
'N1194 i. 

1.0 
1611965 2.41 
1N116A 2.86 
141201A 97R' 
1N7204A t.OQ':PWOI601 
191206 1.20 
143063 38 damp 
1H3065 /8p 

tft3W32 2.20 
163493R 2.20 
143502 3g,,, 
753604 4-6p 
163766 3.00 
163768 4.50 
1N3768R 4.50 
194001 43'. 
1N4002 4}p 
164003 6 p 
164004 
164005 

56p 

1N4006 6}F 
1N4007 7 P 
111406 200 
164148 6p, 
144150 18 
164448 33. 

164517 229 
1N5172 3 OP 

;1954165176 

91p 

1454Ó1 13p 
795402 7b 
165403 159 

6amPtYpe 
Squerewithhole 

POWERFET 
AMP MODULES 

FROM 
PANTECHNIC 
now lable 

l om LONDON. 
See Pentechnic 
ad in this wag 

f°1' P 
PFA/00 16.00 
PFA200 ,% 
10,000 mF 80V 

1.10 

4.M10CH 4.25TDA7010A 
1M71 CH I.O 
LM114 8.75 
LM137K 11.52 
LM301AH 1.00 
LM301AN 25pp 
LM05AH 2.90 
LM305H 88p 
LM307H 1.% 
LM307N 55p 

LM308AN 2.14 
LM308H 95p 
LM3086 88p 
LM309K 2.0 
LM3100 1.95 
LM310N 1.69 
LM311H 1.04 
LM3114 700 
LM317K 2.0 
LM317MP 1.01 
LM317T 1.50 
LM318H 2.40 
LM318N 1.49 
LM319H 2.48 
1M3196 2.10 
LM320-See 
79XX Series Voh. 
ReguWtors 
LM324N. 
LM337K /.75 
LM337MP 1.66TL430 
134337T 1.99 

LM33911N 170 P 
LM340 - Sea 
78X10 Serles Voh 

I Regulators 
i 

' 
LM345K 8.60ZN414 
LM349N 62P 
1543495 LM349N 1.16 

1M359N 1.44 
LM350K 4.93 

LM360N 3.88 
LM376N 86p 
LM377N 1.69 
LM378N 3.40 
1M3790 4.79 
LM380N14 75p 
LM380N8 1.O 
LM381AN 2.28 
LM381N 1.40 
LM3824 1.12 
LM383T 3.40 
LM384N 1.40 
LM386N7 674565 p 
LM386N4 1.20 
LM388N 2.43 
LM391N60 1.70 
LM391N80 1.93 
LM392N 76p 
LM393N %p 
LM394H 3.0 
LM396K 13.52 
LM709N8 04p 
LM70CH 1.0 
LM7100H 89p 
LM710CN 52p 

LM711CN 1.38 7gp 
LM723CH 1.21 
LM723C4 40p 
LM725CH 3.10 
LM725CN 3.19 
1M733 69 
LM7410H %p 
LM741CN 15p 
LM741CN14 809 
LM747C5 6p 
1M748CH 1.00 
LM748CN 35p 
LM7303N 1.20 
LM1304N 2.50 
LM7305N 3.10 
LM7307N 2.75 
LM1310N 1./5 
)M1330N 2.26 
LM1458 449 
LM1496 1.88 
LM1800 324 
1191801 1.99 
1M1812 8.0 
LM7ö78 2.99 
LM1820 2.15 
LM1828 4.79 
LM7830 2.44 
' M1845 4.12 
1M1848 2.89 
LM1850 2.75 
1M1871 4.39 
1M7872 4.39 
LM1886 7.44 
LM169 3.77 
LM2907N .2.J5 
LM2907N8 2.660'T8A5700 
LM2917N 1.89 
LM2917N 1.6 
1M3524 6.77 
1M3301 1.60 
1M3302 74p 
LM3401 % P 
LM3403 75P 
LM3405 1.46TBA7 
LM3900 18P 
LM305 1.25 
LM3909 79 P 
1M3911 1.20 
LM3914 1.79 
1M3915 1.6 
LM3916 2.19 
LM4250CH 2.63 
1M42506 2.39 
LM73fi00 9.09 
Ma3712 7.6 
MB3756 3.0 
MB8719 7.95 
M53200 8.51 
MC1303 = 
1M7303N 

= 
LM73044 
MC7305 = 
LM105N 
MC1307 = 
LM1307N 
5401310= 
LM1310N 
MC1330 = 

MC1352N 1.76. 
MC1458 1.80 
MC1458 = 
LM1458 
MC166 L Ol7 
MC1495L 3.75 
MC1496 = 

MC3340 1.45 
MC3401 = 

03403 = 
LM3403 
MC3405 = LM3405 
NE531N 1.36. 
NE543N 26074LS324 

'NE544N 1.0 
N8 

4466pp 

NE558 7.88 
NE560 3.25 
5E562 /.09 
NE565 1.18 
5E5661.49 

NE567 1.37 
6E570 3.75 
NE571 3.75 
NE5534A 1.25 
-PLL02A 4.% 

ÍRCq7336 
7275 

I 6p S66B 2.6 
SAD 10246 poe 
SAS50 2.6 
SAS570 2.50 
SAS580 2.6 
SAS590 2.59 
SFF96364 7.6 
SL570C 4.00 
SL611C 4.00 
SL612C 4.00 
SL620C 6.0 
SL621C 6.0 
SL623C 10.0 
SL630C 6.0 
51640C 6.00 
Sl641C 6.0 

SN76085576001N 3.0 
SN76018 

3.90 

S676036 2.95 

2.25 
TDA1022 1.%''1 
1061024 1.19', 
TDA7034 3.20' 
TDA2020 2.6 
TDA2030 2.% 
TDA2522 4.201 
TDA2530 3.30 
TD62540 4.10 
TDA2541 4.70' 

TDA2TDA2571 4.40 
4.10 

TDA2581 3.75 
10A2590 6.20 
T062591 4.73 
TDA260 6.15 
TDA2610 3.90 
TDA2611A 2.50 
7042640 3.64 
TDA300 2.76 
1L061 09 
TL062 605 
TL064 
11071 36p 
TL072 50p 
TL074 1.30 
71081 SOP 
1L082 759 
TL083 850 
TL084 
TL170 49P 

699 
UAA170 1.69 
UAA180 
ULN2003 

1.69 

UPC575C2 2.% 
UPC1156 2.76 
XR2206 2.92 

79p 
ZN419 2.25 
ZN1034 1.%'741.504 

6.69 
Z 
ZNK220 

89p 
ZTK33 89p 

'74160 40P 
74161 IOP I 

74162 40 
74163 4gp1, 

74164 45P 
74165 g0p', 
74166 gg1, 
74170 1.17 
74172 2.50 
74173 18P" 

174175 4,74174 qp 
74176 39p Í74177 

Í74178 ggp 
174180 IOP 
74181 7,75' 
74182 SSp 
74184 A3,-"'" 

74185 gp 
p! 74186 4.6 

74188 2.O' 

74191 446 
p 74192 46p 

74193 
74194 41Ó1, 

74195 g01, 74/9674L5396 
74197 3,,,,-." 

74198 77 '74L5399 
p 74199 77P 

74221 6p-7410540 

'7410280 %P 
74LS263 45P' 
74LS289 4.70 
74LS290 45PÌ 
74LS293 40P' 
74L5295 75P1 
74L0298 79p 
74LS299 7.55; 
74LS323 1.55 

1.45I74C795 
74LS325 2.961 
7410376 2.30 
74LS327 2.0' 
74LS347 %P'. 
74LS348 69. 
7410352 59P 
7gL5353 59p 
74LS362 7.25 
7410365 74L5365 27P 

74LS368 27p 
7415367 27p 
74LS368 27P 
7410373 p 7415378 
7416386 1.14 
7415390 46P 
7410393 423 
74L5395 879 

7.0 
.74LS398 2.70 1.603933 
74LS445 7.30 
74L5490 1.95 

74L5541 
7415640 9.qp 
7415841 99p 
74LS643 6p 

6P 
7410668 1.19 
74LS669 6 
7410670 
7410673. 5.50 

i 7415674 g,99 

74C164 1.15 
74C765 2.0 
74C173 98p 
740774 B5p 
74C175 75p 
74C792 89p 
740193 68P 
74C794 6p 

786 
74C2O 10.0 

74001 
1:9740221 1 

74CO2 71p 
74C903 2.30 
740904 1.84 
74C905 10.6 
74007 191 
740908 1.87 
74C911 9.59 
740912 8.0 
74C914 2.88 
740915 1.88 
74C918 2.60 
74C92gD 8.50 
760922 1.0 

74C925740923 

5.00 
6.00 

74C926 6.58 
'740928 6.0 
740929 5.20 
740930J 7.0 
.740932 3.12 

4553 225. 
4555 a6p 
0558 37p 

486 i'Ñ 
4569 1.59 
4584 39p 
4585 .?6e. 

20APIO 2.80 
ZN425E8 3.38 

ZÑ427E8 5.88 
2642858 .06 

10.06MHz 1.75 
18.OMHz 1.% 

27.848MHz 2.60 
48.OMHz 1.76 
tO.OMHz 5.O' 

&S MHz 
Ceramic filter90p 

'PW0111O) SOpSpp 

PW021201 789 
,PW041401 869 

BOP VOLTAGE 
REGULATORS 

ISeealso 
LinearlCsl - Poeitive - 

tOmA 
78L05A 30p 
78W2A 30p 
78175.6 309 
781.246 30p 

t00mA765 
78LOSCH BOp 
78L72CH Be 
78L15CH SOp 
78L24CH 80p 

50mA70202 

7812M 17.00 

7805M 
p1 

7815M 47p 
7824M 47p 

1 
Amp Y0220 

78051 
7812T 38p 
7815T 
78241 

1.5AmpT03 
7805K 1.39 
7812K 1.39 
7815K 7.39 
7824K 1.39 

-Negetive- 
t00mAT092 

79105 59p 
79112 

79115 yppmAT0202 
79g5M 65p 
7912M 55p 
791534 559 
7924M 55 p 

1 Amp T0220 
7905T 449 
79127 44p 

Í 

7915T Mp 
79247 up 

1.5 AmP 103 
,705K 1.% 
7912K 1.99 
7915K 7,99 
7924K 1.6 

-Variable- 
1,20126 Posl 

2 50 
1M737K 12.0 
LM309K 1.35 
LM317K 3.42 
LM317MP 96p 
1M317T 1.75 
LM337K 4.60 
LM337MP 1.73 
LM3377 135 
LM345K 3.60 
LM350K 4.50 
LM396K 13.52 

25am type 
Metalcladwith 
hole 
K011101 2.20 
K021201 2.30 
K041401 2.80 
K01601 3.10 

COMPUTER IC. 
. CPUs I` 

1802 7.0 ¡ 

26OA 11.%j 
6502 3.211 
6O 2.74. 
602 2.88i 
8909 g.60 
035 3.0 00 70.0 
8080A 2.79. 
80856 3.49 
600 57.75 

ip1 17.G6 
Z80A 3.15 
MEMORIES II 

2101 4.60 
2102612 1,3y 
2111-1 3.0Í 

' 2114(200ns18.5p. 
2532 3.01 

22708 
2.25 

96 2708 il.% 
271615V1 2.11 
2764 9.75' 

, 4044 4.50 
400 g y0 

4116120ons1 750 
4118-3 3.25 
4164 
5204 

"1,.61'. 

6116 4.40 
6514 3.30 
6870 1.16 
7489 1.20' 
74789 1.0 

;74L5289 3.25 
74LS188 2.25,' 
741S287 3.%' 

I _7410288 1.0, 

VALVES 
DY86/87/02 

1.32 
ECC82 1.22 
ECC83 1.22 
ECC84 1.22 
EF86 ].80 
EL34 2.89 
EL84 2.O 
KT66 10.75. 
K188 12.0 
PC900 1.76 
PCC84 3.00 
PCC85 3.40 
PCC89 1.89 
PCF86 2.30 
PCF201 3.00 
PCF801 2.57 
PCF902 2.11 
PCL82 1.80 
P0185 2.20 
PCL86 2.10 
PCL05 2.20 
PD510 4.95 
PFL200 2.%. 
PL504 2.11 
PL508 2.36 
91519 7.75 
PL802 4.17 
P688 1.62 

PY500A 2.63 
616 2.6 

ICE 

j 
MULTI- 

I METERS 
Mlcrotest0 

f1600 
SB 

R 

i 

Proprietary 
Brirlyyes 
B40C150 1.20 
5800370 1.0 
BV764 56p 
BV179 92p 

ZENER DIODES 
400-500mW 

1 

624 Series 
2.4-47V 8p 

NEW OPTO 
DEVICES 

I9ewLEDº 
,Nowinstock 
,g=rea G=,,rean 
y_ -yN1mv 
,Larga diffused 

R5D 1933 50733 
GSD 153 123 
15o Wm 12D 
Smalldifiesed 
4R2o 8v ap 
G2D t 1 Op 

1120 12v 103 

Rlo 
0.1", Micro 

223 
GI 273 25P 
Y1D 273 253 
Large cleer 
650 12p 103 
G5C 17p 133 
Y5c np 133 
Super bright 
Large ng0 
times brighter/ g 
R5U 393 293 
.G5U 42p 34p 
y511 42p 34p 
Tri -colour 
oat 
RGYB 83p 7Hp 

1.3 Watt 
E24 Series 
3.382V 15p 

;624 Series 
7.5-75V 7.70 

40CMOS 0 10p 
tOp 

4007 119 
4006 479 
4001. 1 5p 
4008 32p 

4010 24p 
4011 tOp 
4012 159 
4013 20P 
4014 46p 
4015- 39p 
4016 20p 
4017 32p 
4018 44 

p 4019 25p 

4021 
44p 

4022 
39p 
39p 

4023 12p 
4024 32 

p 4025 12p 
4026 77 p 
4077 '20p 
4028 37 
4029 43p 

40301 115 
4004032 25p 

4034 1.29 

4036 ,g5 

483á p 
400 Op 4041 9533 
gpg2 39p 
4043 46 

P 

,4045 4tp 
4046 
4047 p 399 

400 39p 

4050 
4049 

740288 p 

4062 g9p 

4054 

3.."P 

p 
4055 8333 

4059 435 
4060 421, 

4063 79p 
4066 22P 
40fi7 2.22 

4069 
4070 13p. 
4071 13p 
4072 13p 
4073 1 3D. 
4075 73p 

4077 13p 
.4076 73P 
4081 12p 
4082 12 
4085 49p 

p 4086 6P 
4089 1.20 
4093 20p 
4094 6P 
4095 75p 

4097 ,g5 

; 4099 
74p90 

numbers umbersin40 
1 

Series, 
substitute 
74Cfor40 

I prenx. eg 
40107=74C107. 

7115TTL 
I 

74100 it4001 
741SOt 

i1P 

74LS02 11P P;74LS644 
;74L5g3 12p 

129 
' 
74505 12p 
70L08 12p 
74L510 i2p 
7dL511 123 
74LS12 i 
741513 19p 
74LS74 22P 
741015 12 
7gLS20 p 
741021 12P 
7gL522 12 
741$27 12p 
741028 14p 
74LS30 12p 
74L532 13p 
74LS33 14 P 
74LS37 le 
74LS38 t 
74LS40 12p 
74LS42 28 
74LS42 36p 
74L551 14p 
74LS54 14p74L5133 
74LS55 1 

741S73 18p 
741574 lop 
74LS75 19P 

74is7g 18p 
74L580 1.20 
74LS83 33p 
74LS85 6p 
741086 16p 
74LS90 
74LS92 25p 
74LS93 24p 
741593 24P 
74L595 36p 
741596 Op 
74LS107 20P 
7415109 
7410112 20pp 

7410113 22p 
7410114 223 
74L5122 25p740471 

7410124 
34p 

7410125 24P 
7410126 2Fp 
7410132 233 
7415136 2flp 
74L5138 2 
7410139 27P 
74LS145 70p 
7410147 99P 
7410148 69p 

30P 
74LS753 39 P 
7410154 
7410155 29p 
74L5156 36P 
7410157 27p 
7415158 28p 
7410160 30p'74H53 
7410161 
74L5162 36p 
74LS163 359 
74LS764 40P 
7410165 509 
74L5168 
7415189 % 
74L5170 706852 
74LS173 55p 
7410174 399 
74LS175 30P 
7410181 88P 
7415783 1.20 
7410190 36p 
'.74LS191 %P 
I74LS192 36p 
,74L5193 37P 
,7415194 ?233 

i74L5195 32P 
7415196 4511 

7415197 4Hp 
7416221 50p 
7410240 %D 
7410241 568254 P 
7410242 %p 
7415243 %9 
7410244 %P 
7410245 70P 
7418247 OP 
7416248 %9 
7410249 659 

'. 
7415251 303 
74LS253 323 
7410257 293 
7415258 53p 
7415259 65p9009 
74LS261 6P 
7415266 no 
74LS273 6pIncredible 179C181 74LS275 1.25 

I 7410279 OP 

5W wire ended 
following 
olta only voltages233 

3V3.3V6.4V3, 

8V2,8V7,9V5, 
10V, 12V, 20V, 
33V,51V,62V, 
68V 1.25 

DtACS 
MOO 40P 
572 25P 

165404 16p 
165405 17p 
1145406 18 p 
145407 19p 

714 yp,r87/709 
Sen.WtM1eGate 
Small Sioaal 

2144444 1.80' 
61101-506 1.401 
BT706 219 
2135063 37p 
295064 '15p 

BRtOt 75p 
60139 
BRY5S10 509 

66156 
B0155-300 p 
TIC44 36P 
T1047 60p 

155408 
145024 52p 
165625 609 
165626 62p 
165627 68p 
1544 1 0P7400 
15131 46p 
10134 56p 

115421 1.00 
15421R 1.00 
15940 1M 
10941 
13 61 

1212P 

AA118 28p 
AA129 57 D 

PLUGS & 
SOCKETS 

UHF PL259 types . 

Low loss, 
superuality 
Line plug 45p 
Reducer 16 P 
Round skt 40p 
Sgr Al 40p 

BNC5012 
Plug 1.10 
Socket 1.00 
Line skt 1.16 

5N7O13N 2.% 
SN7023N= 
5N76033N 
5476033N 2.95 
0576110 2.25 
5N76115 2.6512p 
5476116 2.75 

26 3.45 
5676228 2.0 
S576477 4.49 
5576530 1.90 

SN76550 son 

SN76fi66 2.OI 
S041P 1.601 
5042P 1.0: 

1, 

TA7270 149745113P 
TA7204 1.98 
T57205 6P 
Ta7222 1.46 

ITA731D 1.49 
1.0 

TAA300 3.95 
TAA320 2.05 

TAA521 1.50 
TAA522 2.47 
TAA550 73p 
TAA560 2.35 
744570 2.35 
TAA621AX12.7 
TAA661A 1.50 
1446618 1.70 
TAA700 2.80 
TAA930 2.0 
1AA930B 2.63 
TAA970 2.45 

TADTAA10 2.0 
TBA120AS 76 

TeA331 1.50 
TBA341 2.05 
TBA395 1.65 
TBA36 1.50 
TBA450 1.95 
TBA460 1.53 
1 

6000 311' 
00 2.97 

TBA 
' TBA510 2.95, 

:TBA52010466 

3.05 
Q 2.57 

'..TBA520Q 2.75 
'TBA530 2.55' 
T8A530Q 2.761 
TBA540 2.72, 
'TB45400 2.74 
TBA560 3.25 
:7BASOQ 3.T7 
'TBA50C 2.87 
TBA570 2.3' 

2. 
10A581 3.11 
IBA641 3.0 
TBA851 1.0 
TBA673 4.15. 
TBA7O 2.38 
TBA70Q 2.47 

TBA7504Q 22 
1.4 

T6A7 0A 2.11 

T3Á800 78p 
TBA810 95p1 
784820 7531 
TBA820M 76p 
186920 1.%993 
TBA9200 1.97 
TBA950 2.25 
TBA90 2.8 
TBA990Q 2.7 
105105 3. 
TCAtOC 2.6 
TCA220 3. 
TCA270 2. 
104440 2. 

TCA4O 2.8 
TCA640 4.1 
TCA650 4.1 
TCA608 1.1 
TCA730 4. 
TCA740 4.80 
105750 4.88,¡74145 
TCA760 2.75', 

0 3.00' TC1.00, 
TCA805 1.01 
TCA910 2.19'74153 
TCA940 1.6' 
TDA1002 3.38, 
TDA7O3 3.94' 
TDA1004 2.87 

3_91, 

7TL 
7 0}P 

7401 9191 
7402 l7p 
7403 12p 
7404 12p 
]4g5 1fg 
7406 18p 
7407 163 
7408 14P 
7409 14p.. 
7410 15p1 
7411 16p 
7412 74 
7413 16p 
7414 17p 
7416 17p 
7417 17p 
7420 7 

7421 
.7422 20p 
7423 20p 

'7426 78p 'INS1771 7427 18p 
'7428 16 
'7430 14p 
.7432 17p 
7433 21p 

'7337 19 
'7438 19p 
7440 16p 
7441 %P 
7442 Dp 
7443 % 
7444 65p 
7445 K 
7446 50p 
7447 . 36p '7448 40p 

'7450 i 
5p 

7453 15p 
7454 14p 
7460 15p 
7470 0p 
7472 25P'. 
7473 7374SAA5041 
7475 22189 

I7476 24p 
7480 40p 
7481 1.1917410151 
7492 53P 

17484 66p 
7485 6Dp 
7486 18p, 
7489 1.701 
7490 20P1, 
7491 35P%P 
7492 25p 
7493 34p 
7494 24p 
7496 34p 
7498 

85p 2497 
74100 0 
74104 50p' 
74105 : %9 
74107 20p 
74107 203', 
74109 25 

p' 74110 2933 
74718 50p 
74118 53p 
74119 74119 S79 
74120 599 
74121 75P 
74122 30p 
74123 34p 
74125 309 74126 29p 
74128 35 p 74132 29p 
74136 27p I8259 74147 55p 

1,, 

74142 1.76 
74143 1.% 
74144 1.% 

38p 
74147 69p 

174148 55p 
i 74150 48p 
" 74157 359 

36p 
74154 49p 
74155 409' 
74156 4 
74157 30p 
79159 75P 

, 
748TTL j 

.7400 30 p 
74502 323 
74504 32p 
74508 75p 
74020 BOp 
74S30 60p 
74032 70P 
74540 1.46 
74564 1.02 

1.02 
74574 75P 
74585 2.99 
74586 1.75 
745712 90p 

90p 
745724 2.95 
74S132 1.09 

60p 
745738 1.25 
748139 1.49 
'74S140 2.50 
I745153 7.% 

4Zq$1g3 3.00¡ 
7 2.75 

745174 2.O 
745175 3.20 
745188 3.0 

'74S16 3.50 
745194 3.O 
740200 4.0 
745201 4.0 
74S225 5.25 
745261 3.0 
74S262 8.O 
743287 2.% 

1.99 
745289 1.574051 
745301 -3.20 
745470 3.25 

6.25 
740473 /2.O 
745174 3.%:' 
740475 8.25., 
745571 9.0 
745573 9.0. 

10W Pos. Stud 
Following 
voltages only 
7V5,13,78,20, 
24, 27, 30, 33, 
68ge2, 91, /0,25 

-- I 
ZERO 

INSERTION 
DILSOCKETS 

24 4.97" pi" 
4o9fn 5.30; 

20W Pos. Stud 
IBZY93series) 
E24values 
7V5 -75V 2.00 

Amp. 0.H612Am 
Tezas10220 

Suifi:- A = 100V e- 200V 
C = 300V 

M = 60V 
1101D6/3 44p 
71C71168 47P 
11C1060 48p 

4A 71G106D 69p 
7I0106MBBp 

71C116A Bsp 
TIC1165 68p 

8A TIC116C 71p 
7)01160 73p 
TIC116M0p 

TIC126A 729 

l2A 71C126B 72p 
TIC725C 73p 
TID1260 77p 
TIC126M 95p 

5A744 2 Sp 
AAV30 
AAV33 46p 
AAZ17 27p 
BA10 22p 
BA702 25P 

B4133 

BA1d2 30p 209TAA263 
BA144 1yp 
BA155 75p 
BAI 

409 
BA201 18p 
BA202 26p 
BA318 25p 
04312 26p 
BA318 09 
BAN10 18p 
13AV79 163 
BAV20 15p 
BAV49 15p 
BAX13 10p 
SAMS 
BAV38 pp 

p 

LOGIC ICs 
including g 

COMPUTER 
SUPPORT 

ADC080 22.50 
ADC08t6 14.90 
ADC0812 10.06 
AV5-2378 5.0 
ICM7555 80p 
1501671 20.0 

2500 
I501791 30.0 
MC14661 6.0 
MC1488 %p 
MC1489 
MC4024 3.ô 
MC4044 3.25 
MK5020 10.0 
MK0398 6.% 
MM5303 8.25 
MM5307 12.75 
MM5357 22.0 
MM57105 14.0 

4AM571O 
12.00 

0p¡ 

MM57161 9.00'., 
MM58174 11.8p' 

R02513LC 6.6 
R02513UC 7.O 
SAA5000 3.0 
SA65010 7.10 
SAA5012 710 

20 550 
SAA5O030 9.0 
SAA5040 t5.0 

15.0. 
SAA00 8.O 
SAA052 8.60 
TMS011 3.% 

- 
U1420036 863 
8726 13.36 

8728 115in 
8795 1.35 
8197 1.36 
811595 g01, 
81LS6 120 
81LS97 
81LS98 Op 1.20 
6522 3.19 
6532 6.% 
6821 1.12 
6845 10,0 
ggg7 10.0 
68O 1.36 

2.49nou 

8975 4.% 
8131 3.75. 
8154 9.42 
8155 3.O 
82/2 1.10 
8216 7.09 

8223 7.0 
8224 1.1 
8226 2.50 
8228 258 
8238 5.75 
8243 4.68 
8250 8.65 
8251 3.1 
8253 7. 

10. 

'8255 2. 
8257 4.0 

/.0 
8279. 4.40 
8304 4.O 
8544 1.50 
801 1.20 
8678CA5N 19.0 
8832 2.60 
8833 2.36 
9097 3.00 

3,00 
9601 5.O 
9602 2.50 
ZOACTC 2.% 
Z80ADART 8.0 
ZOADMA 10.0 

'KEYNECTOR' 
Bare Wire Mains 

Safety Block 
f7'% 

RELAY 1MIN11 
4 pole 2way 
7552 6-12V 

3 amp contacts 
, 12.0 

LINES -R ICs 
Ay3-0215 7.% 
.AY1-5050 95p 
AY1-1270 7.26 
4Y3-8910 5.39 
AY3-8972 5.6 

.AY5-2376 5.89 
CA3000 4.80 
CA301 4.95 

CA3005 3.15 
CA307 4.92 
CA3010 1.30 
CA3012 1.75 
CA3013 4.12 
CA3014 2.35 
CA3015 2.62 
CA3018 75p 
0630186 2.0 
CA3020 2.00 
CA3020A 3.90 

CA3021 3.20 
CA3022 3.12 
CA3026 1.52 
CA3028A 1.21 
CA028B 2.53 
CA3029 1.44 

2.97 
CA3033/4 5.44 
C43034 5.18 
CA303fi 2.75 

CA3049 3.47 
CA3042 3.47 
CA3043 3.92 
CA304fi 59p 
CA3097 fl.60 
043048 2.99' 
043049 3.211 
CA300 4.11 
CA3051 3.0 
CA3052 2.92 
CA3053 1.0 
CA3054 1.66 
CA3059 2.80 
CA3060 4.09 

13.94 
CA3o65E 2.% 
CA3068 4.23 
CA3070 3.20 
C43071 3.30 
CA3075 2.25 
CA3076 3.42 
QA30781 2.25 
CA300 1.89 
CA300A 3.96 
CA300E 70p 
CA3081 1.0 
CA3085 l.% 
CA3086 569' 
CA3088E 2.36 
063089E 1.% 
CA300AQ 3.70 
ÇCA3130E 

.S.ggJPO0 

GÁ31400É 139p 

HA13661rJ 2.40 
HA7388 2.54 
IC L7106 7.40 
ICL7107 9.O 
ICL8038 2.99. 
ICM7555 

Op LC7120 3.25 
107130 3.20 
107137 400P 
1F351 41, 
LF353 92P 
LF355 83P 
LF358 97p 
LF357 1.OB 
1313201 2:% 
LF13331 3.0 

11F347 1.50 
LF73741H 

I 

6p 
LF73741N 6p 

OPTO 
ELECTRONICS 

2N5777 78 
2N5778 88p 
2N5779 1.09 
4NT5 1.10 
BP10 1.40 
8P104 1.00 
BPX25 2.47 

BPX48 6.76 
BPX60 4.75 
BPX61 3.48 
gpX63 2.93 
BPX79 4.60 
BpX86 4.15 
CQX13 40p 
CQX23 53P 0QX33 483 
LD30A 16p 
LD36A 123 
1D37A 12p 
LD52A 12p 
1D56A 75p 
LD57A 7 

LD52C 38p 
,LD56C 30 p 

',,10804 18p 
1086A 22p 
LD87A 22p 
LD242 76p 
10271 40p 
10461 2 

1.45 
LD468 1.65 
10471 2JP 
10476 1.20 
10478 1.45 
LD479 1S5 

LD486 1.25 
LD468 1.70 
10489 1.89 

ORP12 1.20 
RPY60 2.65 
RPY63 2.65 
11132 71p 
TIL63 1.95 
71184 1.95 

2.25 
T1166 2.O 

T1178 60p 
711131 1.60 

1.35 
711116 1.10 
111138 2.40 
111139 2.40 
TIL209 15p 
711211 19p 
711212 19p 
TIL224 320 
T)L228 42p 
TIL372 1.65 {CA31401 
TIL313 1.65. 
711401 3.O 
111403 3.80 4.10MC1304 

NEW OPT 
DEVICES 

inc. SuPerbri9ht 
next column 

CANNON TYPE 
AUDIO PLUGS 

(3 PIN XLRI 
Male - 1.70 
Female 1.65 
Sockets (Chassis) 
Male 1.0 
Female 2.35 

DESOLDERING 
PUMP 

HighOualitY 
High Suction 
Aluminium 

Anodised with 
Screw in Teflon 

Nose 44.45 
Spare Now 85p 
1,000s SOLD 

GREAT VALUE! 

JACK PLUGS 
Huge Dìecount 

for quantity 
Please phone 

'/."Mono 2 
Z." Stereo 
/"Metal 
Mono 30p,. 
2'hmmMonol2p 
25 
MonomMetal2 
3hmmMonol2p 
3'hmm Stereo 

353 
3KmmMetal 
Mono 20p 

SIEMENS 
THYRISTORS 

1.2 amp plastic 
est80106110VI 

SOP 
Bet 601131200V/ 

est B0146170V1 
1.12 

4.7 amp plastic 
Bst0020(10V) 

13st80213120V1 
110 

Bst B0246170V1 
2.00 

TVThynstors 
264444 1.80 
6T701 -SOR 1.10 
0T106 1.O 
BT116t7se 
110116M 
8T119 1.70 

190 
8 1121 1.30 
BT739-fiO 2.0 

TRIALS 
Texas 400V 

10220Case 
7102080146) BBp 
T10225016A1 71p. 
710225018A) 88p 
T1C236D112A1 

1.18 
TIC2460116A) 

1.22 

TIC253D120A1 
190 

T1C263D125A1 
2.11 

BAY44 1 

BAY93 1 
08103G 70p 

BB704B BOp 
,BB104G 80p 

80105A 
8B1056 
'13B16G 65p 
15Y126 20 

p 

.'51127 13Y134 52p 
'131182 126 
BYt88A BSp 

'13120 369 
'81207 389 
'01223 1.55 
61297 45p 
BV299 %0 
3YW11-80 1.40 
13YW11-1000 

2.0 
BYW72-100 1.30CA3062 
BYW12-20 1.10 

400 2360 
BYX70 

p 
' BYX50-20R 2.0 

01X55-350 6 2DT1165 
BYX71-350 1.10 
BYX71-600 1.527497 
1TT44 

111133 6 p 177921 10p 
177923 15p 71L99 
1TT202 27p 
MZ2361 1.80 
0A10 703, 
0A42 20 

p OA90 tOP 
OA91 70p 

I0A95 20p 

GRAPHIC 
PROCESSORS 

EEF9365 
62.00 

F9366 82.0 

HEATSINKS 
CLIP -ON 

T01(AC128118p'1 

T0TO581BC50)18p 

T02201TIP291 
38P 

Manyethersinks 
stock 

" power -sinks. 
Pleasephone 

74H0 1 1 

1.45 
.45 

74H04 1.55 
74H05 1.56 
74H10 1.45 
74H11 1.46 
74H20H2 

1.45 
74H30 1./b 
74H40 1.55 
"74H51 1.75 

1.65 
74H54 1.45 
74H55 1.40 
74H60 1.701 
74H62 1.76 

JACK SOCKETS 
Chassis 

14" Mono 20p 
4"Stereo 253 
2`hmmMonot 
3AmmMonolSp 

line 
/.' Mono 20p 
v^Metal 30p 
/"Stereo 30p 
/"Stereo 
Motel 40p 
3hmmMonolSp 
3KmmMono 
line 2 OP 

- Reohergeeble 
Betteriaa: 

Guaranteed 
minimum 500 

charges 
HP2(1.2AH12.10 

HP214AH) 4.75 
i HP71}AHI 9.9p 

HP71 (7.2.691 
2.6 

Chorgers 
TYPE H, 
AOiustebleto6 

Above 
of 

£t5 
HP 

68 
TYPE P: 

05.50 
TYPE A: 
HP71l1ptob 
atatimelEfr_%_ 

74L024LTTL1.0' 

'74147 3.27 
74L74 1.20 
741_85 /.20 
74106 1.O' 

174193 2.01Í. 
.76L98 2.99; 

BOOKS loo VAT) 
(Postinc 

' pr"cesl 
Towers 
Transistor 
Manual (Bible) 

0.50 
TTL Data 13.95 
Oataconverson 

O.O 
VOIt.Re . Data 9 

3.95 
Interface Data 

3.95 
Memory applic. 

4.95 
Audio/Radio 
Hbk. 9.O 
Special function 
handbook 3.95 

COAX ITV/ 
' AHMere/ 

'PWg 2.5p 
;Socket 26p 
UneSkt 403 

174cCMOS/TTL ¡, 
.74C0 27p- 
'74C04 299 
'74C10 28p.,4502 
174C14 89p'4503 
74020 28p 
74C30 %P 
74042 %p' 
74048 1.40 

174073 54P 
174076 57p 
;74C83 1.74 
;74085 1.34 
:74C0 1.10 
'74C89 5.95 
,7400 .7.06 
74093 1.44 
74095 1.1 

740107 60p 
740151 2.%' 
740154 1.% 
740157 2.20' 
74070 1.6/ 

1.161 
740162 1.16 

.740763 -659 

I6CMOS 
OP 
25p 

4507 33p 
4506 1.79 
4510 46p 
4511 48p 
4512 383 
4514 1.10 
4515 7.70 
4516 OP 
4518 39p 
4519 29 
4520 48p 
4521 O 
4526 sap 
4527 59p 
4528 463 
4532 69p1KVIDCI 
4534 4.29 

4536 2.59 
4538 %p 
4539 99p 
4543 %P 1 

QUARtZ' 
CRYSTALS 

Pleaseenquire 
about types 

t lìsted 
32.768KHz 993 
10KHz 2.48 
20KHz 2.78 
1.OMHZ ' 2.6 
1.008MHz 2.74 
2.0MHz 2.29 
2.097152MHz 

3.50 

3.2768MHz 1.0 
4.0MHz 3.0 

3.0 
4.433619MHz 

1.70 

5.OMHz 1.75 
6.OMHz 1.50 
8.9375MHz 3.50 
8.0MHz 1.75 

Other Trim. 
265756 11051 IRASOBAF 

1.441 
2148155 (10127) : 

3.39 

0/420 209 
06202 203 

75p 
SPD900 759 
0609002 95p 
' '711405 

404321Quedracl 
2.23 

4548611E051 1.65 
40512 2.70 
405761T0661 

3.33 
40842 1.92 

BRIDGE 
RECTIFIERS 
/PIV shown ìn 

I bracketsl 
1 amp type see i 

!W01(1001 206 
W02120Í 289 ' 

W04 14O 289 
D 

CONNECTORS 
25 WAY 

Solder type4.194394MHz 
1.0 
2.% 

Angled, PCB 
Mole 2.45 
Finale 2.90 
Covers 990,TOA1005 

3'h DIGIT 

I 

LCD 
MULTIMETER 

12 amps AC -DC 

Ì 750V (AC/ 
: 

at 
E3450 

''ISAE bringsIi 
specs) 

DIODES 
W08 1B00) 46p . 

1N346 30p 
1N811 70p 
15823 92p1 
14914 OBp 
15916 i' Op 

1.471 

2emPtype 'Male 
Square with hole IFinale 
001 (101 37p 
502(201 10D 
SO4140) 103 
561801 55p 

ETI JANUARY 1983 
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POWERTRAN 
COMPUTING TODAY 

ELECTRONICS TODAY INTERNATIONAL 
COMBINE THEIR TALENTS TO BRING YOU 

CORTEX 

CORTEX WITH OPTIONAL DISC DRIVES FITTED 

16 BIT COLOUR COMPUTER 
ALL THESE FEATURES PROVIDED AS STANDARD! 

High speed 24K byte extended basic interpreter 
Powerful TMS9995 16 bit microprocessor 
48 bit floating point gives 11 digit accuracy 
High resolution (256 x 192) colour graphics 
Memory -mapped video controller for 3D simulation 
Independent 16K video RAM 
16 colours available on the screen together in 
Graphic mode 
Fast line drawing and point plotting basic commands 
High speed colour shape manipulation from basic 
Full textural error messages 
String and Array size limited only by memory size 
Real time clock included in basic 
Interval timing with 10mS resolution via TIC function 
Named load and save of basic or machine code programs 
Auto -run available for any program 
Powerful machine code monitor 

SELF - 
ASSEMBLY 

KIT 

£295 
+ VAT 

CARRIAGE FREE 

READY 
BUILT 

£395 
+ VAT 

CARRIAGE FREE 

OPTIONAL EXTRAS 
RS232C interface kit £9.20 
Floppy disc interface £86.50 
Pair of 54-" disc drives Er hardware kit ..E355.00 

READY BUILT 
CORTEX B - Basic machine + RS232C 

£410.00 
CORTEX C - As above + disc drives 

£895.00 
All items carriage free - prices exclusive of VAT 

Assembler 8- Disassembler 
Auto line numbering facility 
Full renumber command 
Simple but powerful line editor 
Buffered i/o allows you to continue executing the 
program while still printing 
Flexible CALL statement allows linkage to machine 
code 
routines with upto 12 parameters 
Basic programs may contain spaces between keywords 
to make programs readable without using more memory 
64K RAM using latest technology 64K DRAMS 
Over 34K bytes available for basic programs even when 
extended basic includes IF -THEN -ELSE 
Supports up to 16 output devices 
Screen and cassette included as standard 
Supports bit manipulation of variables from basic 
Error trapping to a basic routine included 
Basic supports Hexadecimal numbers 

ULTRA POWERFUL 24K BASIC 
COMMANDS LOG KEY ? RANDOM SGET 

I ------------------I 
To: Powertran Cybernetics, Portway Industrial Estate, 

RUN SQR ENTER MAC. I Andover, Hants. SP10 3NM. 02M 64455 
SIZE SYS STATEMENTS UNIT LIST TOF 
CONT TIC IF BAUD PURGE TON I Please send me. 
MON SON ELSE CALL NUMBER DIM 

BIT ON DATA RENUM DEF I I enclose a cheque for 
FUNCTIONS CRB GOTO READ BOOT NEW 
ABS CRF GOSUB RESTOR GRAPH END Please charge to my Access/ Barclay Card no 
ADR MEM POP RETURN TEXT BIT 

ASC MWD REM STOP PLOT CRB Name 
ATN LEN FOR TIME UNPLOT CRF 
SIN MCH NEXT WAIT COLOUR MEM Address 
COS POS ERROR SAVE CHAR MWD 
EXP COL INPUT LOAD SPRITE BASE 
FRA MOD PRINT ESCAPE SHAPE 
INT RND NOESC SPOT 

ai 
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Nearly 400 pages of all the most useful 
components and a whole big new section 
devoted to home computers and personal 
software. As always the catalogue keeps you 
up-to-date with the latest technology - even 
our ordinary miniature resistors are now 
superb quality 1% tolerance metal film, yet 
they're still only 2p each. As well as our usual 
quality products at low prices, now we're 
offering quantity discounts too. So pick up a 

copy of our catalogue now it's the biggest 
and the best! 

rPost this coupon now for your copy of our 1983 
catalogue, price £1 .25 + 25p p&p. If you live outside the 
UK send £1.90 or 10 International Reply Coupons. 
I enclose £1.50. 

Name 

Address 

ETI 1/83 J 

TRE NEW 
MAPLIN 

CATALOGUE 
FOR 1883 

BRINGS YOU 
BIGHT UP- 
TO-DATE IN 
ELECTßONICS 
& COMPOTIN(i 

I ON SALE IN y BRANCHES 
wHsMr I 

i FROM 18th N TH 
i de OVEMBER 1982 1 L. PRICE f 1.25 I ---. -- - 

_i -- -, ----. 
Send now for an 
application form - then buy 
it with MAPCARD. 
MAPCARD gives you real 
spending power - up to 
24 times your monthly 
payments, instantly. 

MA PUN privileged account holder 
56790073 

M SMITH 

exav Dare NOV 79 

Ñtpinn 
ELECTRONIC LTD 
P.O. Box 3, Rayleigh, Essex SS6 8LR. 
Telephone: Southend (0702) 552911/554155 
Shops at: 
159-161 King Street, Hammersmith, London W6 Tel: (01) 748 0926 
Lynton Square, Perry Barr, Birmingham. Telephone: (021) 356 7292 
284 London Road, Westcliff-on-Sea, Essex. Tel: (0702) 554000 
All shops closed Mondays 
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DIGE 
New Logic 
Probes and 
Pulsers 

wo new products are now 
available from the OK 

Machine & Tool (UK) Ltd. The 
PRB-1 Digital Logic Probe detects 
pulses as short as 10 nS, has a fre- 
quency response of better than 
50 MHz and an automatic pulse 
stretching to 50 nS but is competi- 
tively priced at £33.24. It is com- 
patible with RTL, DTL, HTL, TTL, 
MOS, CMOS and microprocessor 
logic families and also features 
120 k impedance, power lead 
reversal protection and over - 

voltage protection to 200V 
(+V -V). Supply voltage range is 
4-15V but a PA -1 adaptor can be 
supplied for use with voltages 
from 15-25V. 

The PLS-1 for £43.13 is a 
pocket -sized, multi -mode, high - 
current pulse generator that will 
superimpose a dynamic pulse 
train (20pps) or a single pulse on- 
to the circuit node under test, 
without having to unsolder pins 
or cut printed circuit traces, even 
when these nodes are being 
clamped by digital outputs. It can 
source or sink sufficient current 
to force saturated output tran- 
sistors in digital circuits into the 
opposite logic state. OK Machine 
& Tool (UK) Ltd, Dutton Lane, 
Eastleigh, Hants SO5 4AA. Tel: 
0703 610944. 

High -Rise 
RAM 

High speed erasing, writing, 
modifying and reading of 

non-volatile data is made possible 
for software engineers by the 
MEMIC model T by Camel Pro- 
ducts. Two kilobytes of fast ac- 
cess, low power static CMOS 
RAM is built into a 'Tower block' 
unit needing no more real estate 
than the 24 pin IC socket it plugs 
into. Even when plugged into a 
ROM socket, the flylead provided 
allows write operations. Hi -K 
Lo -K or 2K operation is switch 
selectable. A power down switch 
permits months of non -volatility 
off NiCd batteries. At £29.95 
(incl.) the ready to use unit comes 
with clear and easy user notes. 
Cambridge Microelectronics Ltd, 
1 Milton Road, Cambridge CB4 
1UY. Tel: 0223 314814. 

Inside -Out TV 
Philips' new CTX small -screen 
colour TV, the 14" CT2006, 

turns on itself to show what 
makes this advanced receiver 
tick: a single board with a third 
less parts than previous sets. 

The VDU 
Approaching 
Platform 
6.... 
Iasmin Electronics have won im- 
portant contracts to supply 

ritish Rail (London Midlands 
Region) with their new Informa- 
tion Display System, which 
utilises a new Character 
Generator to give the unique 
choice of presenting the same in- 
formation in up to seven different 
formats on television screens - 
but only having to generate it 
once. 

St. Pancras Station (London) 
and Preston Station are the first to 

3+ Digit 
Panel Meter 

Anew 31 digit DPM recently 
announced by Lascar Elec- 

tronics can be operated by 5 V 
DC, 110-120 V AC or 220-240 V 
AC. The meter fits into a standard 
DIN cut-out and will replace 
many existing types, but offers 
improved performance with very 
low cost. Standard features in- 
clude 0.43" (11 mm) high efficien- 
cy LED's, Auto -zero, Auto - 
polarity, bandgap reference, 
polarised filter and program- 
mable decimal points. The meter 
is capable of single ended, ratio - 
metric or differential measure- 
ments. Although offered in a 

order this new model which will 
become operational in the new 
year. Similar systems are in use 
for many applications in the UK 
and overseas, particularly at air- 
ports. More stations are expected 
to adopt this information system 
as a key part of London Midland 
Regions' improvements in 
passenger information facilities. 

The versatility of the design 
means that the same basic system 
can be very easily adapted to dif- 
fering requirements of other sta- 
tions while still gaining the 
benefits of standardisation. For 
each station, an important 
feature is the capacity to modify 
or extend the system without ma- 
jor re -design. jasmin Electronics 
Limited, St. Matthews Way, 
Leicester LE1 2AA. Tel: (0533) 
58128. 

10,15 HOLYHEAD 10 
'I Q:45 Bh'ROY 

Idd.43 M NO/ESTER 
11,10 PERTH 

11. 26 SHRfWSBURY, 
t1:35 LY.V RPOÓL 
11.50 HOL HEAD 
12.Q5 GLAS,OW 

14 

standard FSD of 200 mV, the 
meter can be easily programmed 
by the user to read many other 
engineering units, such as cur- 
rent, resistance, temperature, 
etc. Lascar Electronics Limited, 
Oakland House, Reeves Way, 
South Woodham Ferrers, 
Chelmsford, Essex CM3 5XQ. Tel: 
Chelmsford (0245) 329797. 
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MULLARD SPEAKER KITS 
Purposefully designed 49 watt R.M.S. and 30 

watt R.M.S. 8 ohm speaker systems recently 
developed by MULLARD'S specialist teem in 
Belgium. Kits comprise Millard woofer (8" or 
51 with foam surround and aluminium voice coil. 

Millard 3' high power domed tweeter. B.K.E. 
built and tested crossover based on Millard 
circuit, combining low loss components, glass 

fibre board and recessed loudspeaker terminals. 
SUPERB SOUNDS AT LOW COST. Kits supplied 
in polystyrene packs complete with instructions. 
8" 40W system - recommended cabinet size 240 
x 216 x 445mm 
Price £14.90 each + 12.00 P 8 P. 

5" 30W system - recommended cabinet size 

160 x 175 x 295mm 
Price £13.90 each + £1.50 P 8 P. 

Designer approved gat pack cabinet kits, 
including grill fabric. Can be finished with iron on 
veneer or self adhesive vinyl etc. 
8' system cabinet kit 18.00 each + £2.50 P 8 P. 

5" system cabinet kit £7.00 each + £2.00 P 8 P. 

STEREO CASSETTE TAPE DECK MODULE. 
Comprising of a top panel and tape mechanism coupled to 
a record/play back printed board assembly. Supplied as 
one complete unit for horizontal installation into cabinet or 
console of own choice. These units are brand new, ready 
built and tested. 
Features: Three digit tape counter. Autostop. Six piano 
type keys, record, rewind, test forward, play, stop and 
eject. Automatic record level control. Main inputs plus 
secondary inputs for stereo microphones, Input 
Sensitivity: 100mV to 2V. Input Impedance: 88K. 
Output level: 400reV to both left and right hand 
channels. Output Impedance: 10K. Signal to noise 
ratio: 45d8. Wow and flutter: 0.1%. Power Supply 
requirements: 18v DC at 300mA. Connections: The 
left and right hand stereo inputs and outputs are via 
individual screened leads, all terminated with phono plugs 
(phono sockets provided(. Dimensions: Top panel 5}in 
x Min. Clearance required under top panel 24in. 
Supplied complete with circuit diagram and connecting 
diagram. Attractive black and silver finish. 
Price £26.70 + £2.60 postage and packing. 
Supplementary pans for 18V D.C. power supply 
(transformer, bridge rectifier and smoothing capacitor) 
£3.60. 

6 piano type keys 

NEW RANGE QUALITY POWER LOUD. 
SPEAKERS (15", 12" and 8"). These 
loudspeakers are ideal for both hi-fi and 
disco applications. Both the 12" and 15" 
units have heavy duty die-cast chassis 
and aluminium centre domes. All three 
units have white speaker cones and are 
fitted with attractive cast aluminium 
(ground finish) fixing escutcheons. 
Specification and Price: -- 

15" 100 watt R.M.S. Impedance 8ohm 
59 oz. magnet, 2" aluminium voice coil. 
Resonant Frequency 20Hz. Frequency 
Response to 2.5KHz. Sensitivity 97dB. 
Price £32 each £3.00 Packing and Car- 
riage each, 

12" 100 watt R.M.S. Impedance 8 ohm, 50 oz. magnet. 2'. aluminium voice coil. 
Resonant Frequency 25Hz. Frequency Response to 4KHz. Sensitivity 95dB. Price 

}23.70 each. £3.00 Packing and Carriage each. 

8" 50 watt R.M.S. Impedance 8 ohms, 20 oz. 1 h" aluminium voice coil, Resonant 
Frequency 40Hz, Frequency Response to 6KHz, Sensitivity 92dB. Also available with 
black cone fitted with black metal protective grill. Price: White cone £8.90 each. Black 
conelgriil £9.50 each. P & P £1.25 each. 

PIE2O ELECTRIC TWEETERS - MOTOROLA 
Join the Piezo revolution. The low dynamic mass (no voice coil) of a 

Piezo tweeter produces an improved transient -response with a lower 
distortion level than ordinary dynamic tweeters. As a crossover is not 
required these units can be added to existing speaker systems of up 
to 100 watts (more if 2 put in series). FREE EXPLANATORY LEAFLETS 
SUPPLIED WITH EACH TWEETER. 

TYPE TYPE'B 
A' 

TYPE 'C' 

TYPE `E' 

TYPE 'D' 

TYPE 'A' (KSN2036A) 3" round with protective 
wire mesh, ideal for bookshelf and medium 
sized Hi-fi speakers. Price £3.45 each. 

TYPE 'B' (KSN1005A) 3 super horn. For 
general purpose speakers, disco and P.A. 
systems etc. Price £4.35 each. 

TYPE 'C' (KSN6016A) 2" 5" wide dispersion 
horn. For quality Hi-fi systems and quality 
discos etc. Price £5.45 each. 

TYPE 'D' (KSN1025A)2" = 6" wide dispersion 
horn. Upper frequency response retained 
extending down to mid range 12KHz1. Suitable 
for high quality Hi-fi systems and quality 
discos. Price £6.90 each. 

TYPE 'E' (KSN1038A)3N" horn tweeter with 
attractive silver finish trim. Suitable for Hi-fi 
monitor systems etc. Price £4.35 each. 

TYPE 'F' (KSN1057A) Cased version of type 
'E. 'Free standing satellite tweeter. Perfect 
add on tweeter for conventional loudspeaker 
systems. Price £10.75 each. 
P8P 20p ea. (or SAE for Piezo leaflets). 

1000 MONO DISCO MIXER 

A superb fully built and tested mixer/pre-amp with integral power supply. 4 

Inputs 2 turntables (ceramic cartridge(. Aux. for tape deck etc., plus Mic. with 
override switch, all with individual level controls. Two sets of active tone controls 
(bass and treble) for Mic. and main inputs. Master volume control. Monitor output 
with select switch and volume control. 

Outputs Main 750 mV Monitor 500 mW into 8 ohms. Supply 220/240V AC50/60Hz. 
Size 223" x 44" x 24" price 1219.99 + 12.50 P8P 

1K.WATT SLIDE DIMMER 
Controls loads up to 1 KW 
Compact size 

2414" . x "x 
16 

z 
Easy snap in fixing through 
panel/cabinet cut out 
Insulated plastic case 
Fuli wave control using 8amp 
Iliac ' 

Conforms to BS800 
Suitable for both resistance 
and inductive loads 

Innumerable applications in 
industry, the home, and discos/ 
theatres etc. 

Price: £11.70 each+50p P&P 
(Any quantity) 

BSR P256 TURNTABLE . 

P256 turntable chassis S shaped tone arm 
Belt driven Aluminium platter 

Precision calibrated counter balance Anti- 
skate (bias device) Damped cueing lever 

240 volt AC operation (Hz) Cut-out 
template supplied Completely manual arm. 
This deck has a completely manual arm and is 
designed primarily for disco and studio use 
where all the advantages of a manual arm are 

required. 
Price: £28.50 + £2.50 P&P 

POWER AMPLIFIER MODULES 

BK ELECTRONICS 
Prompt Deliveries 

VAT inclusive 

prices 

Audio Equipment 

Test Equipment 

by 

Thandar 

and 

Leader 

KEYBOARDS 

Ilir111iMì#1MI61k o > ; 
16.1611111111R.0111M16 r 

1111111N#N11iFf[i11 

MEMBRANE KEYBOARDS 
manufactured from a tough poly - 
carbonate film mounted on 1mm 
glass fibre printed dread board 
assembly incorporating silver plated 
contacts. 
IS way numeric keyboard 
Standard keyboard providing 0-9 
and A -F functions. 
Size: 100mm x 160mm x 2mm. Price: £67983.1. 35p psp 
Alpha Numeric Keyboard Full size 55 
key non encoded keyboard with the 
commonly required functions in a 

Owerty array. Matrix output via a 16 pin 
OIL socket. 

Size: 350mm x 100mm x 2mm. Price: £13.90 + 60p p&p 

100 WATT R.M.S. AND 300 WATT R.M.S. 
MODULES 
Power Amplifier Modules with integral toroidal 
transformer power supply, and heat sink. Supplied 
as one complete built and tested unit. Can be freed 
In minutes. An LED Vu meter is available as an 

optional extra. 

SPECIFICATION: 
Max Output Power: 110 watts R.M.S. (OMP 100) 

310 watts R.M.S. (OMP 300) 
Loada: Open and short circuit proof. 4-16 ohms. 
Frequency Response: 2011z - 25KHz í3d8. 
Sensitivity for Max. Output: 
500mV at 10K IOMP 1001 1V at 10K IOMP 3001 
T.H.D.: Less than 0.1% 
Supply: 240V 50Hz 
Sizes: OMP 100 380 x 115 x 72mm 

OMP 300 460 x 153 x 66mm 
Prices: OMP 100 £31.60 each + £2.00 P&P 

OMP 300 £89.00 each + £3.00 P&P 
Vu Meter £8.50 each + 50p P8P 

Matching 3 -way loudspeakers 
'and crossover 
Build a quality 60watt RMS system 8ohms 

Build a quality 60 watt R.M.S. system. 

*10" Woofer 35Hz-4.5KHz 

* 3" Tweeter 2.5KHz-19KHz 
* 5" Mid Range 600Hz-8KHz 

* 3 -way crossover 6dB/oct 1.3 and 6KHz 
Recommended Cab -size 26" x 13" x 13" 

Fitted with attractive cast aluminium fixing es 
cutcheons aril mesh protective grills which are 
removable enabling a unique choice of cabinet 
styling. Can be mounted directly on to baffle 
with or without conventional speaker fabrics. 
All three units have aluminium centre domes 
and rolled foam surround. Crossover com- 
bines spring -loaded loudspeaker terminals and 
recessed mounting panel 
Price £22.00 per kit + £2.50 postage and pack - 
mg. Ava:able separately, prices on. request. 

12" 80 watt R.M.S. loudspeaker. 
A superb general purpose twin cone loud- 
speaker. 50 oz. magnet. 2.. aluminium 
voice coil. Rolled surround. Resonant fre- 
quency 25Hz. Frequency response to 
13KHz. Sensitivity 95dB. Impedance 8ohm. 
Attractive blue cone with aluminium 
centre dome. 
Price £17.99 each + £3.00 P&P. 

TYPE 'F" B.K. ELECTRONICS .,- 
37 Whitehouse Meadows, Eastwood, Leigh -on -Sea, Essex SS9 5TY 1-4111 y in 

* SAE for current lists. * Official orders welcome. * All prices include VAT. * Mail order only. * All items packed (where 
applicable) in special energy absorbing PU foam. Callers welcome by prior appointment, please phone 0702-527572. 
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Compact 
Speakers with 
Sealed Mylar 
Diaphragm 

New from G. English Elec- 
tronics is a series of dynamic 

mylar audio speakers designed 
for use in all types of portable in- 
dustrial and domestic receiving or 
reproduction equipment. In- 
troduced as the DSH Series, these 
highly compact dynamic mylar 
speakers are claimed to provide 

Shorts 
CUB miniature . counters are 
now available with a new range 
of converter modules that allow 
count inputs to be taken from 
solenoids, contactors, logic 
sources, and sensors with triac 
outputs. The modules are pro- 
tected against dirt, oil, water and 
most chemicals by PVC encap- 
sulation. Eurovector Ltd, Wessex 
House, Silchester Road, Bas- 
ingstoke RG26 6PX. Tel: 07356 
3693. 

Motorola have announced 
several new products including: a 
plastic -packaged (T0220) 40 A 
(RMS) thyristor with 400 A surge 
capability; 'medium' current (up 
to 100 A!) power darlington tran- 
sistors capable of switching 
25k VA, the MJ10040 series; and, 
in the next few months, a series of 
gate arrays in ECL, ALS and 
CMOS. Motorola Ltd, York 
House, Empire Way, Middlesex 
HA9 OPR. 

Ross Electronics have launched 
a range of micro speakers and 
booster amplifiers for personal 
stereos. Ross Electronics, 49/53 
Pancras Road, London NW1 
2QB. 
Texas Instruments claim to be 
producing the first single -chip 
dual peripheral drivers with 
single -saturating transistors 
capable of outputting up to 
500 mA. Designated the SN75407 
(NAND inputs) and the SN75408 
(NOR inputs), the 100 -off price 
will be around 55p. Texas In- 
struments Ltd, Manton Lane, 
Bedford MK41 7PA. 

Also available from Texas is a 

new handbook covering informa- 
tion and instruction on micro- 
processor systems, called 
(original title!) 'Software 
Development'. The book is aimed 
at both software learners and 

sound reproduction of excep- 
tional quality, combining good 
bass response with low distortion 
and smooth upper frequencies. 
They are designed for use with 
amplifiers of 8 -ohm to 200 -ohm 
output impedance, and have an 
impedance tolerance of ± 20%. 
Their sensitivity at 1.5mm is 
108dß/mW at 1 kHz, and claim- 
ed frequency response is 20 Hz to 
20 kHz. The rated and maximum 
inputs of the DSH Series are 
30 mW and 100 mW, 
respectively. 

An important feature of these 
miniature speakers is that they 
may be supplied with special 
terminations to meet individual 
application requirements. This 
means that they can be incor- 
porated, without modification, 
into an extremely wide range of 
equipment, typically portable 
transceivers, headphones, 
domestic and office audio 
reproduction systems, etc. Their 
dimensions vary according to 
their rated output, from 27.1mm 
dia. x 14.3mm up to 45.0mm 
dia. x 8.2mm. G. English Elec- 
tronics Ltd, 34 Bowater Road, 
Woolwich, London SE18 5TS. Tel: 
01 855 0991. 

experienced engineers, and Texas 
say that it covers the basic steps in 
the software development pro- 
cess. It costs £12.90 (plus £1.50 
p&p) and is available from Texas 
Instrument Ltd, PO Box 50, 
Market Harborough, Leicester- 
shire. 

Zilog are at it again, this time 
with a new data book describing 
their full range of microprocessor 
products. Available from Zilog 
distributors, it costs £3, which 
looks like a bargain for 643 pages 
of information. Zilog (UK) Ltd, 
Zilog House, Moorbridge Road, 
Maidenhead, Berks SL6'8PL. 

A little more expensive than the 
Zilog book is a new publication 
front Granada Publishing Ltd, PO 
Box 9, St Albans AL2 2NF, called 
the Microprocessor Data Book, 
by S A Money. It doesn't sound 
that thick at 288 pages, but 
believe us, when it landed on our 
desk it nearly carried on going - 
it's in a large format, so it is 
heavily laden with facts. If we 
ever manage to plough through it 
all, we will give you a more con- 
sidered opinion on all 1.4kg of it! 

Bradford & Ilkley Community 
College, Great Horton Road, 
Bradford, West Yorkshire will be 
running a course to prepare for 
the morse examination in the 
Radio Amateurs 'A' Licence. The 
one year course will commence 
on 12th January, with classes on 
Wednesday evenings from 1900 
to 2100 hrs. (Note: if other col- 
leges are running similar courses, 
we and our colleagues on 'Ham 
Radio Today' would be most in- 
terested to hear about them with 
a view to publishing details.) 

New products from Raytheon 
Semiconductor, Howard Chase, 
Pipps Industrial Area, Basildon, 
Essex SS14 3DD: a 10 -bit 85 nano- 
second D to A (that's fast enough 

Design 
Teaching Aid 

Ilhe Research Machine 380Z 
can now be interfaced to the E 

& L Instruments AID -1, Analogue 
Interface Designer. Developed by 
Imperial College of Science and 
Technology with supporting 
educational text written by Ed- 
ward James, the system provides 
an introduction to AID and D/A 
conversion, and enables the stu- 

for a video signal!) called the 
DAC-10; and 16 and 32K PROMs 
and SPROMs in 24 -pin 0.3" 
packages. 

Ground Control (they really are 
called that, we have the letter- 
head to prove it), of Alfreda Ave, 
Hullbridge, Essex SS5 6LT, are 
producing a RAM pack for the 
ZX81 that, they claim, eliminates 
the disconnection problems that 
can occur with other RAM packs. 
They claim that you can pick up 
your ZX81 and shake it without a 
crash occurring. The basic unit 
costs £19.95, or £24.95 with an 
added keyboard sounder (prices 
include VAT and p&p). 
*Looking for a 2A or 6A high - 
efficiency diode with a recovery 
time of 25 (or 30) nS? Then con- 
tact Power Technology Ltd, 
Boulton Road,' Reading, Berks 
RG2 'OLT, because they've just 
started selling some devices made 
by Varo Semiconductor that may 
fill the bill. 

We don't know what has gone 
wrong this month, as we have 
heard of only one new multi - 
meter being launched - must be 
the time of year. This one is from 
Keighley Instruments Ltd, 1 

Boulton Road, Reading, Berks 
RG2 ONL (must be next door to 
Power Technology), and it's call- 
ed the 132. It's unusual in that it's 
a hand-held instrument with true 
RMS AC ranges and a tempera- 
ture range (somebody at Keithley 
must have been reading Tim Orr's 
series on measurement tech- 
niques A four -wheeled motor -driven 
chassis that might form the basis 
of a small robot (the chassis 
measures approx 10" x 6" x 3") is 
available for less than £40 from 
DR) Electronics, PO Box 394, 
London SE6 1TR (catalogue 60p). 
Ambisonics is not dead, but are 

dent to have an understanding of 
the relationship between the 
computer and control applica- 
tions. The AID -1 is complete with 
electric motor, sensors for 
temperature, position, light 
meter digital inputs/outputs with 
LED indications.. Other interfaces 
are also available for TRS-80 and 
AIM 65. E & L Instruments Ltd, 
Whitegate Industrial Estate, 
Whitegate Road, Wrexham, 
Clwyd LL13 BUG. Tel: 0978 
263030. 

keeping a low profile of late after 
all the 'hype' several years ago. 
Minim Audio, of Lent Rise, 
Burham, Slough SL1 7NY, are 
hoping to their bit to bring it back 
to the public eye with their AD2 
surround sound decoder module. 
The module costs £49.95, and 
will, when mounted in a 'host° 
amplifier, decode UHJ-encoded 
recordings as well as enhancing 
normal stereo recordings. 

The BBC has published its plans 
for direct broadcasting by 
satellite in a booklet called (wait 
for it) 'Direct Broadcasting by 
Satellite - the BBC's Plans'. A 
limited supply of these will be 
available on a first -come first - 
served basis from the Engineering 
Information Department BBC, 
Broadcasting House, London 
W1A 1AA (large A4 size stamped 
addressed envelope required). 

Connectors' Corner - we seem 
to have more new connectors this 
month than anything else. Semi- 
conductor Specialists (UK), of 
Carroll House, 159 High Street, 
Yiewsley, West Drayton, Middle- 
sex UB7 7BX have introduced the 
'400' range of dual -beam 
(thought they were 'scopes) DIP 
sockets; BF{ Electronics Ltd, 516 
Walton road, West Molesley, Sur- 
rey KT8 OQF have a new snap -in 
connector range called the Series 
600 that's already in use in the 
French telephone industry; BICC- 
Vero Connectors, Parr St, St 
Helens, Merseyside have in- 
troduced the M50 series fixed- 
pitch (1.27mm) flat -cable con- 
necting system with a wide range 
of different connectors; and final- 
ly, Davico Industrial Ltd, Charles 
Street, West Bromwich, West 
Midlands have issued what they 
claim is the definitive catalogue 
of electrical terminals, connectors ET' and cable ties. 
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CASIO MAGIC FOR 198i 
ELECTRONIC DICTIONARIES - OLE! 

TR -6000 
TRANSLATOR 
CALCULATOR 
6,000 words 
and phrases 
£29.95 

This English-Spanish/Spanish-English translator is 

a must for next year's holiday and, naturally, the 
alpha -numeric keyboard doubles as a calculator to 
help you work out your pesetas. 

BEST SELLING WATCHES 
with alarm, hourly chimes and stopwatch 

TS -1000 
£24.95 

AX -250 
PRICEBEATING 

£21.50 

TS -1000 World's first thermometer watch with high 
and low temperature thermo alarms, daily alarm, 
stopwatch and world time mode. 100 metre water 
resistant resin case. 
TS -2000 Non W/R metal version 129.95 
AX -250 10 alternative displays. Over 60 functions. 

100 metre water resistant 
with countdown alarm timer for dinghy racing etc. 

W-300 
Resin 
£17.95 

W-450 
All S/S 
02.95 

Two of our most popular watches and rightly so. 

One lithium battery lasts 5-7 years. 

Latest Models 

CS -821 
Calculator 

£24.95 

GG -9 
Golf Watch 

£17.95 

CS -821 A really beautiful ultra -slim (6.6mm) 
calculator watch. One battery lasts 15 months. 
GG -9 Golf stroke counter. 9 hole golf game. 

We stock over 30 Casio watches, 
including game, joggers, divers and 

ladies models 
See our catalogue in last month's ETI, or 

send for further copies 

TE -2500 
DICTIONARY 
£39.95 

Dictionary mode 
1,711 words in both 
English and Spanish. 

5 -language 
translation mode 
36 basic sentences for 
daily conversation in 
English, Japanese, Spanish, 
French and German. 

Backward/forward search buttons with rapid 
search. 

World time mode Displays all 24 time zones. 
Daily alarm, hourly chimes, calendar, stopwatch. 
Surely this amazing piece of science fact must 

be the most versatile watch ever created 

We believe we are the ONLY authorised Casio dealer 
currently advertising in ET!. Our prices are the lowest we are 
allowed to charge. Although grey imports are NOT 
guaranteed by Casio, we will nevertheless BEAT any lower 
price AND give you a VALID Casio guarantee. Our 
PRICEBEATERS from last month's ETI are as follows: 
Watches 
CS -821 £24.95. CA -851 £24.95. AX -250 £21.50 
WS -70 £18.95. A-656 £8.50. F-85 £7.25 
Calculators 
FX-702P Computer £69.95. FX-602P Program £62.50 
FP -10 Printer £39. FA -Z Interface £18.50 
FX-100 College £13.50. FX-7 £9.95 
MG -777 £13.50. MG -880 £10.25. MG -888 £10.25 

IF YOU SEE A BETTER OFFER 
WE WILL BEAT IT! 

i 

PORTABLE COMPUTERS 

FX-801 P 

ONLY £349 
THE FUTURE 
IS HERE TODAY 

High speed computer with 
integral micro -cassette data 
control and hard copy printer 
monitoring. 

Everything you need, in an area smaller than this page. This 
truly portable SYSTEM needs no peripherals on lengths of 
wire. Batteries last 250 hours (only display) or 5,000 lines 
(display and printing). Typewriter style QWERTY keyboard, 
plus all the advanced functions of the FX-702P. 

FX-700P 
£79.95 
Truly pocket 
size 

BASIC programming. QWERTY keyboard. Up to 1,568 
program steps, up to 222 memories, up to 10 program 
areas, all protected. 

Upper/lower case dot matrix display. Powerful editing 
functions. 25 scientific functions. Subroutines. 8 levels. 
FOR/NEXT loops, 4 levels. 9.8 x 165 x 71mm. Weight 
118g. 300 hour battery life approx. 
FA -3 cassette interface £22.95. FP -12 printer £49.95. 

PB -100. LEARN AS YOU GO FOR £69.95 
Everyone can join the new world of computers 
with this easy -to -understand teaching system. 
LEARN with the beginners manual "An easy -to - 
follow introduction to the Personal Computer". 
FOLLOW the step by step examples and USE the programs 
supplied, or develop your own for business or home, 
including exciting games. QWERTY keyboard. Upper/lower 
case dot matrix display. Up to 544 program steps/94 
memories, expandable to 1,568 steps/222 memories, all 
protected. A truly pocketable 9.8 x 165 x 71mm. Weight 
116g. 360 hours battery life. 
OR -1 1K RAM expansion module. £11.95. FA -3 cassette 
interface £22.95. 

SOUNDS SENSATIONAL 
Free vouchers, supplied on request with your order, 

may be exchanged for accessories or goods. 

DIGITAL SYNTHESISER 
CT -1000P 

£325 
PLUS £45 VOUCHER 

10 preset voices and 1,000 switchable sounds, with a 
protected memory for your 10 favourites. 5 -octave split 
keyboard; programmable arpeggio/real time sequencer; 
transposition. 4f x 36 x 14f inches. 22.5lbs. 

BAR-CODE PROGRAMMABLE 
TEACHING KEYBOARDS 

5 octave, split keyboard. 20 preset sounds with variable 
vibrato and sustain. Fingered or auto chords wits bam and 
arpeggio. 16 rhythm accompaniments with fill -io. Two 
sound effects. 5 x 37f x 12f inches. Weight 27.6lbs. 

PORTABLE MINI KEYBOARDS 
Battery or mains. Mains adaptor optional extra. 

£199 
PLUS £30 VOUCHER 

A portable mini keyboard version of the CT -701. 4 octave 
(not split) keyboard. 10 rhythm accompaniments. Without 
the two sound effects, it is otherwise ve'y similar to the CT - 
701. Battery or mains powered, v.ith optional mains 
adaptor. 2-,' x 25 x 7f inches. Weight fibs. 
MT -60. 25 voices, 8 rhythms, Easy -Play auto chords, bass 
and arpeggio. With M0 voucher ... £149 

CHRISTMAS DELIVERY: Orders received by the 18th December will normally be delivered in time for Christmas, subject to availability. 

Price includes VAT and P&P 
Send cheques, P.O. or phone your Cambridge CB1 iDG 
ACCESS/VISA card number to: Telephone: 0223 312866 

et, , Dept. ETI, 34 Burleigh Stre 
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I.Cs - COMPUTER ft ANALOGUE 
COMPUTER 

74LS 
74.500 11 
74.502 11 
741604 12 
74L505 12 
74.808 12 
741510 12 
741511 12 
741514 30 
741620 12 
741530 12 
741532 14 
74.837 14 
74.838 15 
74.842 28 
74LS47 56 
74.851 14 
74LS73 18 
74LS74 18 
74.875 22 
74.876 19 
741585 48 
741586 20 
74.890 27 
74LS92 32 
74.893 TA 
7415107 40 
74.8112 22 
74.8123 38 
7415125 29 
7415126 27 
74L5132 40 
74.5136 25 
7415137 110 
74.8138 30 
74.6139 35 
74.8145 70 
7415148 89 
74.5151 40 
7415153 40 
7415153 40 
7415155 38 
7415156 36 
7413157 30 

7415161 37 
74.8163 36 
74.8164 43 
74.8165 80 
7415166 90 
741.5173 55 
7415174 45 
7415175 40 
74.5191 50 
74.5193 40 
74.8195 39 
74.5196 48 
74.5197 60 
74L5221 51 
7415240 55 
74.8241 55 
74.5242 75 
74.5243 75 
74.8244 60 
7415245 85 
7415251 56 
74.5253 43 
74.5257 35 
74.8259 84 
7415266 28 
74LS273 60 
74.8279 40 
74LS299 250 
74.5367 34 
74.8368 24 
74.5373 84 
74LS374 68 
7415378 60 
7415393 60 

74007400 

11 
7401 11 
7402 12 
7403 12 
7404 13 
7405 15 
'7406 20 
7407 20 
7408 14 
7409 14 
7410 14 

7413 
7414 
7420 
7430 
7440 
7442 
7443 
7444 
7447 
7448 
7460 
7451 
7453 
7454 
7460 
7470 
7472 
7473 
7474 
7475 
7476 
7480 
7482 
7482 
7483 
7485 
7486 
7489 
7490 
7491 
7492 
7493 
7494 
7495 
7496 
74100 
74104 
74107 
74121 
74123 
74125 
74126 
74141 
74151 
74154 
74155 
74156 

18 
20 
15 
14 
14 
32 
80 
6o 
36 
40 
14 
14 
14 
14 
14 
24 
28 
26 
23 
32 
30 
35 
65 

65 
38 
50 
20 

159 
28 
35 
25 
25 

35 
35 
40 
80 
40 
22 
2a 
40 
34 
33 
51 
40 
60 
39 
40 

74157 30 
74190 48 
74192 48 
74193 48 
74393 95 

CMOS 
4000 10 
4001 10 
4002 12 
4006 50 
4007 14 
4008 40 
4009 24 
4010 24 
4011 12 
4012 15 
4013 20 
4014 46 
4015 40 
4016 20 
4017 36 
4018 45 
4019 25 
4020 42 
4021 40 
4022 36 
4023 14 
4024 32 
4025 14 
4026 80 
4027 20 
4026 39 
4029 a5 
4030 16 
4041 44 
4042 40 
4043 40 
4044 40 
4046 46 
4049 23 
4050 23 
4060 a5 
4069 14 
4070 14 
4071 14 
4072 14 

4081 
4082 
4093 
4510 
4511 
4511 
4516 
4518 
4520 
4543 
4583 

14 
14 
20 
48 
46 

120 
53 
40 
60 

120 
130 

All above prices 
are NET and 
shown in pence 

7ANALOGUE 
as 

709C14 44 
723C14 36 
74105 67 
741C8 18 
741C14 47 
747C14 65 
748C8 36 
1458C5 62 
1458C14 40 
7106 4509 
7107 50015 
555 23 
7555 86 
556 46 
CA3046 78 
CA3080E 86 
CA3130E 99 
CA31406 55 
LM301AN 26 
LM308N 60 
LM317K 321 
LM324N 45 
LM348N 65 
LM380N 75 
LM380N8 104 
LM3B1N 145 

24 HOUR NORMAL DESPATCH TIME 
ESTABLISHED 1965 

ALL GOODS GUARANTEED BRAND NEW AND 
TO SPECIFICATION 
APPOINTED SIEMENS DISTRIBUTORS 

1M382N 115 
LM3900N 50 
LM3914N 200 
LM3915N 200 
NE555V 23 
NE556A 45 
985679 104 
RC4151NB 80 
S0416 290 
S041P 121 
S042E 364 
S042P 138 
S89 11.23 
S1786 31.00 
S187 13.28 
S5668 214 
5576A 235 
S576B 236 
S576C 235 
S576D 225 
S1469 468 
SABO600 302 
SAB3209 497 
SAB3210 311 
SAB3211 168 
SAB3271 329 
SA84209 497 
SAB8256C 

35.40 
SAD1024 15.50 
SAJ131 238 
SAJ141 224 
SAJ205 810 
SAS231W 280 
SA5251 142 
SAS580 196 
SAS590 196 
SDA5680A 

15.55 
TAA761 104 
TAA761A 49 
TAA765A 62 
TAA861 103 
TAA865A 59 
TAA2761A 72 
TAA4761A 113 
TAA4765A 120 

TA81041W 187 
TBA120AS 62 
TBA120U 72 
TBA400 1009 
TBA800 75' 
TBAtOS 75 
TBA820 75 
7881458 62 
TBB1458B 40 
TCA105 120 
TCA1058 108 
TCA105G 140 
TCA250A 185 
TCA205K 200 
TCA335A 
TCA345A 
TCA345W 
TCA671 
TCA780 
TCA871 
TCA955 
TCA965 
TCA965K 
TCA971 
TCA991 
TCA991K 
TDA2002 
TDA2003 
TDA2030 
TDA40506 144 
TDA4290 169 
TDA4600 184 
TDA4700A 548 
TDA4718A 435 
TFA1001W 252 
TL071CP 45 
TL072CP 75 
TL074CN 120 
TL081CP 46 
UAA170 165 
UAA170L 152 
UAA180 156 
UAA190 141 
XR2206 520 
2N414 85 
ZN424P 99 
ZN425E 350 

109 
177 
131 
211 
114 
228 
136 
170 
92 
80 

100 
120 
126 
150 

BOXES 

High quality Black ABS plastic or die- 
cast plain or stave grey. 

L W D ABS Plain Stove Gr 
50 50 25 - 5001P 90p 5001 123p 

100 60 25 2002 96p 5002P 117p 5002 154p 
113 63 31 2003 109p 5003P 143p 5003 184p 
121 66 40 2004 115p 5004P 162p 5004 210p 
152 82 50 2005 134p 5005P 216p 5005 268p 
192 113 61 2006 235p 5006P 314p 5006 401p 

VERO RANGE plastic boxes 
L W D 
72 47 25 21024 

120 50 35 21390 
180 110 55 21391 

G RANGE professional Instrument 

51p Cases 
134 90 44 21089 47.289 83p 
224 140 64 21090 £11.0215 15p 
302 170 84 21091 £14.969 

VEROBOX CASES 
to give a completely professional finish to a much valued 
project. 
ABS, light grey top; dark grey bottom + 2 anodised panels 

L D 
205 140 
205 140 
205 140 
180 120 
180 120 
180 120 
155 85 
155 85 
155 85 
125 65 
125 65 
125 65 

H TYPE 
40 21034 
75 21035 

110 21038 
39 21037 
65 21038 
90 21039 
39 21040 
60 21041 
80 21042 
30 21047 
39 21048 
50 21049 

PRICE 
14.52 
£5.02 
fó:54 
£4.11 
£4.40 
£4.89 
13.31 
13.31 
£4.30 
12.35 
f2.99 
£3,37 

METERSLarge range of types in stock; also probes, 
leads, accessories, etc. 
PANEL MOUNTING in 50, 100, 5000A; 1, 5, 10, 50, 100, 
500mA; 1A either model. 

T Range 
60 x 45mm 

f5.96 

MULTIMETERS 

NH56A 

20KD/V 
AC/DC/- 
RES/dB 

in 23 
ranges: 

130 x 88 x 
37mm 

£11.209 

YN360TR 
20K0!V: 

AC/DC/R/ 
dB/Transis- 

tor Test: 
in 21 

ranges: 
145 x 96 x 

45mm 
£16.458 

CRYSTALS 
lin MHz) 4.433 128 
0.032768 102 4.915 157 
0.100000 453 5.000 157 
1.000 453 5.026 128 
1.8432 320 6.000 157 
2.000 268 6.144 167 
2.4576 268 6.5536 128 
3.2768 188 8.000 1.88 
3.579 128 8.867 128 
4.000 102 10.000 157 
4.194 129 18.432 188 

THERMISTORS 
K164 
Disk type, 5mm 
dia Resistance 
at 20.C; 6R8, 
10, 22, 47, 100, 
220, 470, 1K, 
2K2, 4K7, 10K, 
22k, 47K, 100k 
each 18p 

LOUDSPEAKERS 

1¡" dia 89 70 
20" dia 8D 70 
21" dia 640 70 

INx AUDIO 
Pina Mug skt Cable P0892809 65 

2 EP Op Clapisgecko 43804 M 

< 
142 8p CM1aweMug 434102 45 

51180'1 11Y It 
512409 206. axo lup to 500MNa1500 

5 
8p nugUGMU 00 

LinesM,UG290U 75 
7 190 30P Round skI.UG1094U 
JACNPLUos,SInB UHF 506 
MONO E" 
tivm 91 KM 34p 42p RmuPmdsacketS02395H 35 

UNF/UNFCpuMes'. K. M 
Sockets 
IC SOCKETS 

a 

Mono 
PB ch 259o, 

22 1.60 N 
3.5men Ire up la 3A0 N 
Steeo 230 420 16 i60 2.80N 0 -SERIES B 1. RaIN 

20 2.00 0 
9 792 1060 926 22 2182 2 4.21 N 
15 f06p OOP e0p 29 210 4.aI1Y 

25 1412 asp 1106 28 rlp 4.40111 
37 1e9p 296p 1e 
IOC Connector 

SPTEflFO " /40 alP 

chrome P3 Be sp 
p4an4 P4 am 1.5p 10p 

IBwY ií80i°p 

pw ay lAp 

PARAu.6nPE 
036, 

Plug SM 

/0 Mi 215I 
2x13way 279 E8 
Z x 17 waY 333 299 
% x20 KO 315 

ksesnorin y¢Mers. 
Sockets 

MNNeTYPE 
I E C aMp, 6A 250V 
Cede meet UR. M 

40 KM4.80 
POsO,, sue,, 150 sever0,0. 
oars 
S144mm maim to .44 mm Om 10 

Wanda. Mum a mews 
red/uxkw.ea u 
PC' MAim 
bMionka80wcärm 

lnsssksY 

2 way 17p, 4 way 310, 6 way et. way 466. 10 way Op, 
11 war Sep 
COAX iw1 
Plug 

31 line mäet Mode 
QUICK TEST 
M bwd' 

Sal 

CAPACITORS -- Polystyrene, Siemens 
5% Tolerance 160V 
5, 7, 10, 12, 15, 18, 22, 27, 33, 39pF 15p; 
47, 56, 88, 82, 100, 120, 150, 180, 220, 
270, 330, 390, 470, 560, 680, 820pF, In, 
1n2, 1n5, 1n8, 2n2, 2n7, 3n3, 3e9, 4n7, 
10p; 5n6, 6n0, 8n2, 10n, 13p 
Ceramic Very small 1.8, 2.2, 2.7 etc, up to 
1n 5p each. 1n5, 202, 3n3, 4n7, 6n8, 5p; 
10n, 22n, 6p; 33n, 47, 7p; 100n, 8p 
Polyester, Siemens Layer Type 7.5mm 
lead spacing 1001/ 
In, 1n5, 2n2, 3n3m 6p; 4n7, 6n8, 8n2, 10n 
12n, 15n, 18n, 22n, 33n, 47n, 7p 56n, 68n, 
7p; 82n, 100n, 9p 120n, 150n, 15p; 180n, 
220n, 12p; 270n, 330n, 330n, 390n, 470n, 
15p; 560e, 680n, 24p; 10mm spacing 10F 
25p; 15mm spacing 2u2 35p; 22.5mm, 
spacing 1 uF 400V Sop; 3.33uF 100V 69p; In 
depth stocks. 

ELECTROLYTICS 
1/63 10 1000/10 
2.2/25 
2.2/63 
4.7/63 
4.7/100 
6.8/40 
10/6 
10/25 
10/40 
10/63 
10/100 
22/10 10 
22/25 11 
22/40 14 
22/63 15 
22/100 16 
47/3 03 
47/10 11 
47/25 12 
47/40 15 
47/63 17 
47/100 18 
100/3 03 
100/10 13 
100/16 14 
100/25 15 
100/40 15 
100/63 20 
100/100 27 
220/10 16 
220/16 16 
220/25 18 
220/40 20 
220/28 28 
220/100 42 
470/10 19 
470/16 19 
470/25 19 
470/40 27 
470/63 45 
470/100 73 

13 1000/16 

10 1000/25 
11 1005/40 

14 1000/63 

10 2200/6 
13 2200/16 

10 2200/25 
11 2200/40 
14 4700/16 
15 4700/25 

TANTALUM 
BEARS 
0.1/35 
0.22/35 
0.47/35 
1.0/35 
2.2/16 
2.2/35 
4.7/16 
4.7/35 
6.8/16 
6.8/25 
10/6.3 16 
10/16 18 
10/26 18 
22/6.3 18 
22/16 30 
22/25 30 
33/6.3 24 
33/10 30 
47/6.3 30 
100/10 80 
For full ranges 
of very many 
other types 
please see Cat 
82 and/or cur- 
rent price list. 

13 
13 
13 
13 
13 
16 
16 
18 
16 
24 

MU Range 
5D 

;246,53m1POTENTIOMETERS 

SEMICO 
iN914 03. 
1991413 10 
1N916 O5 
194007 06 
1N4148 03 
1N5402 14 
195407 18 
29697 23 
29706 18 
29930 20 
291132 23 
2N1302 110 
291303 58 
291304 62 
2N1305 62 
2N1306 90 
291307 67 
291308 147 
291309 99 
2N1599 100 
291613 25 
291711 25 
291893 32 
2N2218A 31 
2N2219A 25 
2N2222A 25 
2N2369A 21 
292484 25 
292646 46 
292904 26 
2N2904A 25 
2N2905A 25 
2N3053 23 
293054 55 
293055 48 
2N3405 64 
2N3663 15 

3702-11 09 
293771 180 
2N3794 21 

NDUCTORS 
2N3819 22 AA118 14 
293820 40 AA119 13 
3823 6015 AC126 25 
293904 15 AC127 25 
293906 15 AC128 25 
294036 46 AC151R 55 
294058-62 59 AC153K 20 
294124 25 AC176 25 
294126 25 ACY17 155 
2N4284 30 ACY18 120 
2N4286 18 ACY19 99 
2N4289 23 ACY20 90 
294291 24 ACY21 85 
2N4292 21 ACY39 170 
294991 62 ACY41 10 
295062 32 AD136 530 
295192 110 AD142 90 
295195 106 AD149 88 
2N5457 32 AD161 35 
2N5458 32 AD162 35 
295459 36 AF114 37 
296050 300 AF115 37 
296057 375 AF116 57 
6F40 152 AF117 110 
16F40 165 AF124AF12537 
40HF40 225 AF126 37 
40361DIS AF127 37 
40362 66 AF200 10 
40406 71 AF239 114 
40408 95 AF279 30 
40412 108 AFY12 204N 
40430 100 AFY16 327N 
40594 123 AFY180 3109 
40595 123, AFY18E6159 
40636 147 AFY42 4619 
40673 145 AU106 240 
A9903 16 AU111 (use 
AA113 13 AU1161 
AA116 13 AUY22 10.96 
AA117 13 

_ 
B0140 25N 

80146 309 
80226 46N 
B1906 38 
BA379 25 
BAS40-03 36 
BAS70-03 41 
BAT14-036 

11.75 
86409 33 
BC107A,B 16 
BC108A,B,C 16 
8C1098,C 18 
8C121 W 309 
BC722Y 100 
BC125 20 
BC125 20 
BC140 30 
BC141 30 
BC147A 10 
8C149 10 
BC154 25 
BC160 30 
BC761 30 
BC167A 09 
BC1678 09 
BCi68A 09 
BC168B 09 
BC169B 09 
BC169C 09 
BC1778 16 
BC1788 16 
BC179B 18 
8C182 09 
BC182L 09 
BC183 09 
BC183L 09 
BC184 89 
BC184L 09 
BC202Y '120 
BC212 09 
BC212L 09 
BC213 09 
BC213L 09 

BC214 
BC214L 
BC238C 
BC239C 
BC258B 
BC2678 
BC300 
BC301 
BC303 
BC327 
BC328 
BC337 
8C338 
BC413 
BC414 
BC477 
BC546 
8C547 
BC548 
BC549 
8C550 
8C556 
BC557 
BC558 
BC559 
BC560 
BC879 
BC880 
BCY31A 
BCY58 
BCY70 
BCY7I 
BCY72 
8D130 
BD131 
BD132 
BD135 
80136 
130139 
BD140 
8D644 
130679 
130680 

F115 
F167 
F173 
F177 
F178 
F2448 
F254 
F255 
F420 
F421 
F457 
F458 
F459 
F597 
FR34A 

09 

09 
09 
09 
09 
16 
26 
24 
30 
16 
11 
14 
11 
09 
09 
29 

10 
09 
09 
09 
10 

69 
09 

09 
10 
38 
43 

157 
18 
18 
18 
18 

46N 
48 
48 
27 
27 
30 
32 

42N 
62 
64 

35 
25 
25 
25 
25 
40 
14 
14 
31 
34 

35 
35 

35 
12N 
84 

FR39-41 23 
FR79-81 23 

FT66 192 
FX29 24 
FX84 24 
FX85 24 
FX87 28 
FX88 26 
FY50 24 
FY51 24 
FY52 24 
FY90 143 
634 70 
R64 110 
RY39 45 
SX20 22 
SX26 22 
SX63 769N 
T106 147 
1108 138 
U105 170 
U124 85 
U208 180 
UX26 3508 
UX28 545 
UX8I 744 
UX85 249 
UZ10A 478 
UZ15 12.27 
U220 523 
U223 787 
0224 12.50 
UZ32 625 
0233 844 
UZ41A 637 
UZ44A 9.67 
UZ45 12.76 
UZ48 18.94 
UZ50A 763 
UZ54A 21.43 
U280 739 
UZ83 11.29. 
UZ83A . 11.95 
UZ84A 12.75 
Y164 48 

10601 46 
0326 46094 
0340 490N4 

C407 17 
C0546 12691 
C762 40 
C1406 77 
D4 clip for 
C1406 and 
82506 10 
D1046 88 
61110 76 

51210 76. 
52506 154 
56383 20 
MJ2955 90 
MJE340 65 
MJE2955 95 
MJE3055 70 
MPF102 40 
MPS6531 40 
MPS6534 42 
MPSA12 36 
MPSA63 38 
NAS206S5 81 
0A47 12 
0A90 10 
0A91 10 
0A95 DIS 
0A202 14 
0C28 75 
0C29 75 
0C35 75 
0C36 90 
0084 25 
PM7A2 373 
PN70 10 
PN72 O6 
Q4006LT 104 
Q4010LT 115 
Q4025H 450 
T2700D 189 
T2800D 104 
TAG3-400 100 
TAG209-400 85 
TAG209-600 

130 
TIC706D 48 
TIC106M 55 
TIC126D 64 
TIC206D 54 
TIC226D 61 
TIC236D 86 
TIC246D 106 
TIP31A 36 
TIP32A 36 
11P41A 45 
TIP41C 60 
TIP42A 45 
TIP42C 60 
TIP150 75 
TIP2955 55 
TIP3055 55 
71543 - 50 
U763 50 
VN1OKM 55' 
VN46AF 93 
VN66AF 105 
VN88AF 123 
W02 25 

Carbon Rotary (P20) 100ohms - 4M7 lin. 
220ohms - 2M2 log. 32p each w.switch 
87p. Dual gang (JP20) 4K7 - 1M2 lin, or 
log 96p w.switch £1.50 

SLIDERS 
58mm, low cost 10K 1M log only 29p. Std 
58mm mono 4K7 - IM lin. or log 74p 
stereo matched £1.25. Graduated bezels 34p 
each. 
PRESET 
Min. 10mm dia. Brix. or Vert. 100ohms - 
1M 13p 
Preset Cermet rectilinear type 89P 10Oohm - 1m £1.08 each 
Preset Cermet 10mm dia. Horiz. or Vert. 
100ohm - 29p 
Plesseyu MPW T moulded carbon 47ohms - 2M2 S9p each. 

RF Chokes 
1, 1.1, 4.7, 10, 47µH ea 
42p, 100, 22µH 53p, 
47.411, 1 mH 73p. 

PANEL LAMPS 
LED chrome, 
red 54 
LED yellow or 
green 70 
(high efficiency) 
Filament in red, 
amber, green or 
clear. 
6V60mA 48 
14V40mA 54 
LED's 
5mm red 10 
yellow 19 
green 16 
Mountings, 865 

3 
DISPLAYS 
7 -segment 
Common 
anode 
MAN72A red 75 
MAN82A yellow 

110 
MAN52A green 

110 
Common 
cathode 
MAN74A red 655 

MAN84A yellow 
110 

MAN54A green 
110 

5V filament 
3015F 8 mA 255 
3015F 15 mA 

255 
KNOBS black 
plastic 
KI skirted with 
spot 16 
K2 as K1, 35mm 

21 
K3 pointer 15 
K7 19 mm knurl- 
ed 23 
K8 es K7 + skirt 

75 

RECHARGEZ 
8LE CELLS 
AA 99p C 227p 
D 14Á1-11 376p 
PP3 cell (7-2V 

410 
PP3 charger 

49áN_ 
CHARGER 
FOR ABOVE 
for any two pairs 
AA, Cor D No 
NC1230 8209 
BUZZERS 
6-15V solid 
state 70 

SOLDERING IRONS 

Also large stocks of bits, desoldering 
devices, accessories, etc. 
ANTEX C -240V £4.608; X.25 -240V 
£5.309; CSBP £5.459; XSBP £5.56N; ST4 
Stand £1.709 
ORYX 50 watt temp. controlled £13.759 
SOLDER 500gm/18SWG £7.608; Desolder 
braid 1.5m 64p 

SWITCHES 
Type CK-1P/12 way, 20/6 way, 3P/4 
way, 4P/3 way 48p; Min Toggles - S7101 
SPOT 57p; S7201 DPDT 80p; 57301 3PDT 
£1.84; S7203 DPDT 94; Push Button min. 
8531 make/8533 break 62p; 8225 DPDT 
£1.34. 
DUAL IN LINE ERG colour coded 0.3" x 
0.1" format. On/Off single throw 2P SDS2 
54p; 4P SDS4 96; 6P SDS6 £1.38; 8P SDSB 
£1.87; 100 SDSO £2.10. Low cost 13-1-L 4P 
DNSO4 86p; DNS08 £1.00 

LATEST PRICE UST 
includes many new additions to hems in our 
catalogue. 
CATALOGUE incl 70p refundable voucher, 
70p post free with price list. 
Large S.A.E. brings price list only FREE 

RESISTORS 

1/4, 1/3, 1/2, 3/4 watt - ail 2p each, 10 of one value 15p 
2% Mollard metal film 5.1 ohms - 300K Op each, 10 of one value 40p 
5% wire wound 3W or 7W, most E12 values 
1.2ohms to 8K2 9p each 10 for 70pN 

CREDIT CARD ORDERS can 
be accepted via Mag Oraler or 
Teephone. Giro A/c no. 
36/671/4002 

VAT additional at 15% on ell UK orders 
FREE POSTAGE and packing on UK 
C.W.O. orders value £5.75 (inc. VAT) and 
upwards. Under £5.75 add 40p (inc. VAT) 

iDISCOUNTS on orders over £23.00 - 5% 
ff57.50 - 10% 

Not applicable to 'Net' items (shown by 
'Net' after the price) or to orders paid for by 
credit cards. 

PLEASE MENTION THIS JOUR- 
NAL WHEN ORDERING OR 

" WRITING IN TO US 

ELECTROVALUE LTD 
Head Office, Mail Order Dept and Shop 

28F St. Judea Road, Englefield Green, Egham, Surrey TW20 OHB Telephone Egham 
(STD 0784: London 871 33603: Telex 264475 

Also in Manchester for personal shoppers at: - 
680 Burnage Lane, Burnage, Manchester M19 1NA 

Telephone 061-432 4946 
Computing Shop North: - 

700 Burnage Lane, Manchester Telephone 061-431 4866 
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TRON 
One of the most imaginative and innovative 
films for some time has just been released, 
and it uses computers in a way never 
seen before. Peter Green has seen the film; 
now read the article. 

Far above the infinite Sea of Simulation which 
resembles shifting, multicoloured graph paper, a 

jewelled ship flies on butterfly wings down a channel 
of pure light. Its path takes it over gridded fields populated 
by strange spiderlike creatures and through vast canyons 
with faceted, metallic cliffs that pulse with an eerie, 
sombre light. 

A group of crouching warriors are surrounded by 
skeletal 'blueprints' which solidify into futuristic 
lightcycles and speed forwards toward each other, trailing 
impenetrable coloured walls in, their wake. The cycles 
snap into right-angled turns, courting collision and slowly 
covering the playing area with a complex maze of walls. 
Suddenly a warrior miscalculates a turn: he is destroyed in 
an explosion of light and his wall disappears with him. 

A huge battleship thunders across the landscape, the 
ultimate weapon of the tyranny that has taken over this 
world. Slowly, along a plane that sweeps over the craft 
from front to rear, it fades into a transparent, skeletal 
outline that continues on its journey towards a distant 
citadel as if nothing had happened. 

This is the world of Tron. It is like no film you have 
seen before. And it was made ás no film has been before - or will be again. 

Game For A Death 
Most of the standard subject matter for science fiction 

has been done to death - albeit in a pretty spectacular 
manner, given the skills of the modern special effects 
team. Tron is fresh and different because its director has 
combined two modern phenomena that have become big 
business: the use of high -res computer graphics for leisure, 
in the guise of video games, and the use of high -res 
computer graphics as a tool for industry. One forms the 
backdrop to the plot for the film, the other the means of its 
making. Most of the film takes place in an imaginary world 
inside the computer, and all the major actors have two 
roles, one on either side of the video screen. 

Tron starts in the real world, where Flynn (Jeff Bridges, 
playing the sort of laconic rogue I first warmed to in 
Thunderbolt and Lightfoot) is running a seedy videogame 
arcade, and beating everyone else's maximum score to 

. ,ïs r r ....-. c`=,earze 

it. 

The computer -generated face of the computer. 

All photographs 1982 Walt Disney Productions 

boot. Flynn used to be the top programmer at ENCOM, a 
communications conglomerate, until he wrote five crack 
videogames. An unscrupulous colleague, Dillinger (David 
Warner), steals the games from the company computer, 
presents them as his own, and on the strength of their 
success gets promoted to Managing Director; Flynn gets 
the elbow. 

A trifle miffed at this, Flynn spends his evenings on a 

home computer terminal upstairs from the arcade, trying 
to break into the ENCOM computer and gather evidence 
of Dillinger's dirty work. Unfortunately for Flynn the 
whole system is now being run by the artificial intelligence 
of Dillinger's Master Control Program (MCP), which 
monitors the intrusion and shuts down all access by group 
seven users (Flynn's security rating). This has the added 
bonus to the MCP of preventing Alan Bradley (Bruce 
Boxleitner) from completing work on TRON, an 
independent security program that would monitor the 
ENCOM computer and reveal the embarrassing fact that, 
no longer under Dillinger's control, it is tapping into the 
computers of other companies, not to mention the 
Pentagon andthe Kremlin (most readers will have spotted 
that TRON is the BASIC command for TRace ON). Other 
ENCOM employees to have their work halted are Gibbs 
and his assistant Lora (Cindy Morgan), who've been 
working on a project to disassemble objects with a laser, 
store the information in a computer, then reassemble it 
("Beam me up, Scotty"). 

Alan and Lora guess that Flynn's been meddling, pay 
him a visit, get the whole story and decide to help him. 
That night they break into ENCOM; Flynn will forge a new 
security access so that Alan can complete his work on 
TRON. But Flynn is using Lora's terminal, right next to the 
experimental laser; the MCP fights back by disassembling 
Flynn and sucking him inside the computer. Flynn wakes 
up in an alternative universe where the inhabitants are 
'Programs', electronic alter -egos of the 'Users' who wrote 
them. The cruel tyrant ruling this world is the MCP, aided 
by his henchman Sark (Warner again), who flies around in 
his giant carrier putting down rebellion. Any program 
that's useful is absorbed by the MCP; the rest are trained as 
gladiators and fight on the Game Grid, +;here videogames 
become a life -and -death reality. Flynn is sentenced to fight 
until he dies, and finds he needs all his skills to stay alive 
against the complex games that he himself has written. 

Here Flynn meets Tron (Boxleitner), mightiest of the 
warrior programs and still fighting for the Users against the 
MCP. Tron is adept in the use of his 'identity disc', which 
doubles as an information store, and a personal weapon à 
la Frisbee. Tron and Flynn manage to escape from the 
Game Grid on their lightcycles and being a long journey to 
sabotage the MCP. Separated from Flynn by Sark's tanks, 
Tron meets Yori (Morgan again), a simulations program, 
who helps him steal her Solar Sailer project. Meanwhile 
Flynn has stolen a Recognizer, a vehicle used by Sark's 
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FEATURE 

guards. Tron manages to contact Alan Bradley via an 
input output tower and his identity disc is coded with the 
information required to destroy the MCP. Eventually the 
trio meet up again on the home ground of the MCP and 
prepare for the final battle that will decide all their fates. 

The Pong Plot 
As you can see, the plot is innovative to say the least. 

So are the techniques used to film it. And the whole thing 
is the result of the drive and vision of the director, Steven 
Lisberger. I spoke to him during his recent visit to London 
to promote the film and though we started talking about 
Tron, he ended up leaping from subject to subject like a 

gazelle. For example, if you're planning to play Zaxxon, 
the new arcade game that's been appearing in pubs over 
here, be gentle with it - apparently the joystick is badly 
designed and machines are breaking down regularly in the 
USA. 

Lisberger first conceived Tron in 1977 while he was 
directing a couple of animated TV specials called 
Animalympics: the inspiration was the lowly Pong, father 
of arcade games as we know them today. Originally the 
film was to have been animated entirely by computer, and 
as Lisberger began checking into the techniques he met 
many people in the industry who gave him ideas for the 
plot. The theme of the parent company ripping off the 
inventions of its employees was one, inspired by stories 
from people it had actually happened to. 

By 1980 Lisberger and his producer, Don Kushner, 
had honed the script into its final form and were hawking 
it around the major studies. The screenplay now 
contained extensive scenes using live actors and 
conventional animation, all of which had to be carefully 
combined with the computer -generated footage. Within a 

week of being offered the project, Walt Disney 
Productions had, in keeping with their tradition of 
gambling on the success of some pioneering technique, 
expressed an interest and put up $50,000 for test footage. 

Lisberger And Chips 
The computer -generated sequences in Tron occupy 

about 20 minutes of the -75 spent in the fantasy world - 
primarily they are scenes involving the lightcycles, the 
tanks and Recognizers, the Solar Sailer, Sark's carrier and 
the face of the MCP. Three main companies were involved 
in the work: Digital Effects Inc, who did the opening shot 
of a man forming out of energy and Flynn's 'pet', Bit; the 
Mathematical Applications Group Inc, or MAGI; and 
Information International Inc, known as Triple -I or III for 
short. MAGI and Ill use completely different approaches 
to computer image generation and worked on separate 
areas of the film. 

The MAGI Synthavision system (you -may have seen it 
used in the film Demon Seed on TV recently) is unique in 
that it uses subroutine programs; a selection of aboút 50 
solid geometric shapes are stored in the computer as 
building blocks. To generate the required images, the 
basic shapes may be added or subtracted from one 
another until the correct result is obtained. For example, 
to make the lightcycle you might start with a pair of 

The spacious control room of Sark's battlecruiser: 

Tron approaches the platform of the I/O tower. 

spheres and remove cylindrical cores to give the tyre 
shapes, then add a smaller central sphere for the hubcap. 
MAGI were responsible for the lightcycles, tanks, 
Recognizers and so on. The company uses a Perkin Elmer 
System 3240 computer for the graphics calculations, using 
two megabytes of MOS memory and two 80 megabyte 
disc drives. The pictures are actually generated on a 

monitor by a second computer, a Celco DFR 4000. As 
MAGI are located in New York, all their work for the film 
was sent down the telephone lines via modem to the 
Disney Studios in California, where the animators studied 
the results on their monitors and called back with any 
corrections needed. 

III uses a completely different system, in which the 
blueprints for the required object are digitized on a 40" by 
60" Taylos graphics tablet and fed into a custom-built one- 
off computer they call the Foonley F-1. The computer uses 
the digital information to define the points of the surface, 
which is then coloured and shaded. This method is better 
for complex, irregular shapes because it doesn't rely on 
regular -shaped, geometric building blocks. Hence III are 
responsible for the 'human' face of the MCP as it 
communicates with Sark, and also the delicate Solar 
Sailer. 

Eventually, when the scenes have been 
choreographed to the satisfaction of the animators (and 
using computers means that changes to the action can be 
made in only20-30 mintues), the images are transferred to 
movie film by photographing them frame by frame from 
the screen of a high resolution cathode ray tube. The 
resulting quality is superb: each frame can contain up to 
two million pixels and the resolution of some of the images 
is 2000 lines, higher than that of the film stock being used. 
So don't try looking for the little squares, because you 
won't see them. 

Seeing Things In Black And White 
Equal care and quality went into the filming of the live 

action scenes, and equally innovative techniques were 
used. All the denizens of the computer world wear 
costumes with constantly flickering bands (:)flight - none 
of which existed in reality. The actors' costumes were 
white with black patterns and were filmed on black -and - 
white film against black backdrops. The film was 70mm - 
rare in itself these days - and provided big negatives for 
the post -production work. In fact both MAGI and Ill had to 
change their equipment to VistaVision. Once the actors 
had been filmed, the special effects team made a series of 
'mattes' and 'reveals' for each frame of film. These are 
masks and countermasks that allow various sections of 
each negative to be lit separately from below by coloured 
lights and rephotographed on colour stock to give the 
finished film frame. Most frames had to be rephoto- 
graphed at least 12 to 15 times (and some as many as 45 
times) to produce the required effects using eye reveals, 
face reveals, costume reveals and so on. The live action 
was then combined with backgrounds which had been 
either computer -generated or drawn by conventional 
animators. Of the 1100 special effects shots in Tron, over 
700 involve composite shots with actors. 
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L -driver Flynn crashes his Recognizer into a bridge - a 
remarkable piece of special effects work. 

This may seem like a stupendous amount of effort but 
the quality of the result is worth it. Normally a film shot 
using the conventional 'blue screen' matting techniques 
gives spaceships and actors with a noticeable line round 
them. This is the system where the actors or spacecraft are 
filmed against a bright blue background, which can then 
be photographically 'removed' and replaced with a 
different background, such as a star field or planet. Even 
Star Wars, which used a greatly improved version of this 
technique, had scenes in which it was possible to 'see the 
join'. Since Tron doesn't have any mattes in the 
conventional sense, there are no matte lines. 
Conventional matting will also give errors in perspective, 
since it's almost impossible to merge film of models shot at 
different locations and different times and get things dead 
right. Tron uses no models: everything exists only in the 
computer's memory and the perspective is always perfect. 

One particular scene demonstrates this well. 
Recognizers are composed of various elemental blocks 
and Flynn has stolen a wrecked one by using his User 
powers to hold it together. But his steering's not too good 
and the machine hits a bridge, sending the component 
blocks twisting and tumbling in all directions. Flynn exerts 
his will and draws them together from their random 
trajectories, spinning and rotating back into place with 
perfect precision. This scene alone would have taken a 

team of conventional animators years to perfect. 

The Digital Editor 
Even the level of technology used in Tron is only the 

beginning. The next step is to scan the live action footage 
and digitize it so that it, too, may be completely 
manipulated within the computer. The live action can be 
coloured, distorted, combined with other objects, again 
without matte lines. In effect the computer will become a 
digital film printer and the optical printer will become 
obsolete. According to Lisberger, this sort of equipment 
will arrive in a couple of years - just in time for Tron If, 
perhaps? 

Looking even further ahead, I asked how soon he 
thought it would be before computer graphics could 
simulate real scenes, such as the Star Trek episode "Court 
Martial" in which a disgruntled crewman fakes the 
computer log tape to incriminate Kirk. "I've seen sample 
reels where objects are indistinguishable from photos, but 
to simulate people will take a long time - 10-15 years," 
he estimates. 

After Tron, our discussion turned to the videogames 
that the film is based on. Lisberger is a videogame buff and 
feels that they are a Good Thing for society. "This 

technology is here to stay, and the kids who are playing 
these games, now will grow up into adults who are familiar 
with it. This has got to be helpful to their development". 
But he's less happy about the way the big money -spinning 
games like Space Invaders and Pacman are licenced by 
the Japanese, who rake in the millions of dollars of profit 
each year. "It doesn't say much for American enterprise" 
he comments sadly. His opinion of Atari suing left, right 
and centre over Pacman copyright infringement is that it's 
a load of b*II***t, and he feels they're really just testing 
out laws which are too vague. "l think the tendency in 
future will be towards more lenient copyright laws, but big 
companies like Atari will probably still try to bring lawsuits 
against smaller companies just to be a nuisance. it's scary 
that the threat is more powerful than the law itself." 

Raiders Of The Lost Arcade 
I wish I'd said that; but it's what Tron was dubbed in 

the USA when it was released. Oddly enough, when I first 
saw the film the only two actors I'd heard of were Bridges 
and Warner: since then Bruce Boxleitner and Cindy 
Morgan have appeared on the ITV network in a series 
called Bring 'Em Back Alive, which is a thinly -disguised 
rip-off of Raiders, even down to the theme tune - and 
what's more, one of the characters is called Flynn! The 
incestuous plagiarism of the US film and TV industry never 
ceases to amaze me .. . 

I also spotted a few cinematic references in Tron, 
although Lisberger is as much a film buff as he is a videq 
buff and these are obviously a homage to some great 
classics. The most blatent one is Alan Bradley's poster 
reading "GORT KLAATU BARADA NIKTO", the famous 
line from The Day The Earth Stood Still. Flynn's journey 
across the electronic landscape when he is atomized by 
the MCP echoes Bowman's journey over the weird planet 
at the end of 2001, and surely the scene when the Solar 
Sailer escapes from its hanger, pursued by Sark's giant 
warship and watched by the helpless guards on the 
ground is straight out of Star Wars? Perhaps I'm wrong, but 
in any case Tron has sufficient action and witty dialogue of 
its own. For example, when Dillinger reminds the MCP 
that he programmed it, it replies "I've gotten 2,415 times 
smarter since then": though I did cringe a bit when Sark 
orders the destruction of an electronic barrier with the 
words "Bring up the logic probe!" 

Tron is already showing in London and will be on 
general release by Christmas. It cost $22 million to make 
and has already grossed $30 million in the USA, salvaging 
the reputation of Disney which suffered badly from the 
appalling Black Hole: a film which Lisberger admits might 
make people wary of Tron. Other problems he was 
worried about were Britain's poor cinema audiences - 
"Your TV is too good" - and the imminent release of ET. 

However, there are queues outside the cinema down the 
road from us and Tron is already the top film after being 
out for a fortnight, so Lisberger's fears are probably 
unfounded. 

Strangely enough, ET is the sort of film that Disney 
themselves might once have made, although Lisberger 
isn't too impressed with it. "Tron bias a moral, that we 
have to watch out for big business and guard against its 
excesses. I don't know what sort of message you could 
take home from ET, except maybe be kind to your pet". 
I'll buy that; and I'll also buy a ticket to see Tron, despite 
sitting through two press showings already. It's brilliant, 
and I thoroughly recommend it. It establishes computers 
as a powerful new tool for the cinema industry, and 
Lisberger as a major young talent to join the ranks of 
Spielberg, Lucas et al. 

END OF LINE. Eli 
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30 Solderless 
Breadboard 
Project - Book 1 
Recommended 
B - B1CC VERO PA PENFOLD 

BRAND NEW 
VEROBLOC KIT!!! 
Just published by 8abani, Mr. R.A. Penfolds new book, 
"30 SOLDERLESS BREADBOARD PROJECTS" - 
this book features 30 different projects for assembly on 
a Verobloc, and the kit contains all parts necessary to 
make: 
Audio Amplifiers 
Light & Dark Activated Switches & Alarms 
Timers 
Metronome 
Oscillators & Tone Generators 
Warbling Door Buzzer 
Two -Tone Train Horn 
Touch Switch 
Reaction Game 
Sound Activated Switch 
Radio Receivers 
Fuzz Unit 

lots more!! 
The introduction shows all the different components 
and explains how to use the breadboard. The Verobloc 
layout 's shown for every project together with the 
circuit diagram and an explanation of how it works. 
Ideal for beginners in electronics, but also suitable for 
more advanced students. 
The complete kit is contained in an attractive plastic 
case, which can be divided up into 15 compartments in 
which your components may be stored. 
Complete Kit, including book, Verobloc & all parts 
£24.95; Book only £2.25; Kit without Verobloc f20.45. 

NEW GOODIES JUST ARRIVED!!! 
C12 BDX88A Darlington Power T03 PNP 

60V t2A 117W Hfe 750 @ 6A 75p 
C13 Nixie - Siemens ZM1336K, 14mm digit 

height, overall 25mm. Wire ended 50p 
C14 BY212-750 power switching rect, 800V 

4A. 4 for £1.50 
C15 GRO5R 50V switching rect. 4 for 50p 
C1621PT5 50V 20Arect 75p 
C17 KBL04 4A 400V bridge Sop 

N 

C18 BSI 1A 100V bridge 5 for f1 

LAST MONTHS NEW ITEMS 
N1 8085A CPU £3.50 
N2 MC14175 50p 
N3 LM380 55p 
N4 1000uF 16V Ax. 15p 
N5 6850 100p 
N6 MM5290 50p 
N7 MM2114-2 60p 
Cl 7912CK 1T03 Case) 75p 
C2 3.579545MHz Xtal HC6U case 50p 
C3 40 DIL LP skts 10/£2100/£16 
C4 25 way screened cable 710.250p/metre 
C5 Reed switches, 20mm body SP make 20'£1 
C6 12V reed relay, SP break 40p 
C8 68A00 CPU £1.50 
C9 UDN6116A display driver 50p 
Ct0 Speedblock ribbon cable: 

10 way 30p/m; 20 way 60p/m; 40 way £1.20/m 

10 W AMP PANEL 
Neat board 115 x 62mm with Class B output. 
Uses 2 x 2N5293, 2 x BFY50, BFX29. Supply 
can be either 36V or 18-0-18V Input sensitivity 
1V for 10W output. Small H/S on board: £2.95. 
Suitable transformer, bridge rest, smoothing and 
o/p capacitor: f5.50. 
Supplied with circuiti connexion data. 

'COMPUTER BATTLESHIPS' 
Probably one of the most popular electronic 
games on the market. Unfortunately the design 
makes it impractical to test the PCB as a working 
model, although it may well function perfectly. 
Instead we have tested the sound chip, and sell 
the board for its component value only (PCB 
may be chipped or cracked): SN76477 sound 
IC; TMS1000 u -processor; batt clips, R's, C's 
etc. Size 160 x 140mm. Only £1.50. 
Instruction book and circuit 30p extra.' 

TIL302 7-SEG DISPLAY 
Cl 1 0.27in red common anode. Only 85p 

1N4007 1000V 1A RECTS 
Motorola bandoliered - lowest ever pricell 100 f2.95: 

300 £8.50; 1k f27; 3k f72; 10k £220 

5mm RED LED SCOOP 
Another company gone bust - to your advantage!! 
We've bought all their 5mm red LEO's - GI type 
MV5754, and offer them as follows: 

25 £1.96; 100 £6.50; 250 £13.50; 
1k (39.50; 5k f1e5. Add 30% for 2 -part clip if required. 

LIE DETECTOR 

Not a toy, this precision instrument was orginally 
part of an "Open University" course, used to 
measure a change in emotional balance, or as a lie 
detector. Full details of how to use it are given, 
and a circuit diagram. Supplied complete with 
probes, leads and conductive jelly. Needs 2 41V 
bates. Overall size 155 x 100 x 100mm. Only £7.95 - worth that for the case and meter alone!! 

1982/3 CATALOGUE 
Bigger! Better!! Buy one!!! 

Only 75p inc. post - Look what you get!! 
# Vouchers worth 60p 

# 1st class replay paid envelope 
# Wholesale list for bulk buyers 
a Bargain List with hundreds of surplus lines 
# Huge range of components 
# Low, low prices 
Sent free to schools, colleges etc. 

1000 resistors £2.50 
We've just purchased another 5 million preformed 
resistors, and can make a similar offer to that 
made two years ago, at the same price!11K523 - 
1000 mixed 1 and 1W 5% carbon film resistors, 
preformed for PCB mntg. Enormous range of 
preferred values. 1000 for £2.50; 500 f10; 20k f36 

ELECTRO -DIAL 

REDUCED 
TO 

C1.95 
Electrical combination lock - for maximum 
security - pick proof. 1 million combinations!! 
Dial is turned to the right to one number, left to a 
second number, then right again to a third 
number. Only when this has been completed in 
the correct sequence will the electrical contacts 
close. These can be used to operate a relay or 
solenoid. Overall dia. 65mm x 60mm deep. Only 
£3.95 

PACKS PACKS PACKS 
K517 Transistor Pack. 50 assorted foil spec 
marked plastic devices PNP NPN RF AF. Type 
numbers include ßC114, 117, 172, 182, 183, 
198, 239, 251, 214, 255, 320, 8F198, 255, 394, 
2N3904 etc etc. Retail cost £7+. Special low 
price 275p 
K520 Switch Pack. 20 different assorted 
switches - rocker, slide, push, rotary, toggle, 
micro etc. Amazing value at only 200p 
K522 Copper clad board. All pieces too small 
for our etching kits. Mostly double sided fibre- 
glass. 250g lapprox 110 sq ins) for 100p 
K541 lt's back!! Our most popular pack ever - Vero offcuts. This has been restricted for 
some time, but we have now built up a 
reasonable stock and can once again offer 
100 sq ins of vero copper clad offcuts, average 
size 4 x 3". Offered at around h the price of a 

new board 320p 

SOLENOID AND RELAYS 
W521 Solenoid rated 48V 33 25% duty cycle, but work 
well on 24V 17009m pull, 10mm tratell push or pull 
27 x18 x 15mm55p 
W922 Mains 240V ac solenoid, 10% duty cycle, push 
or pull, 16mm travel. 50 x 20 x 16mm. Only £1.50 
W895 9V DC relay 5005 SPCO 28 x 24 x 19. 50p 
W733 11 pin plug in relay, 240V ac, 3PCO 5A contacts 
£2.50. Base 36p 
W838 7005 24V 4PCO "continental" relay 
35 x 30 x 18mm, only 84p. 10/9.00 
W847 37R 5-10V relay, SP 3A contact, PCB mntg 
11 x 33 x 20.95p 10/£7.50 
W893 Omron LY4 mains relay, 4PCO 5A contacts. 
£2.50 
W925 5V OIL reed relay. SP make 75p 
W924 6V reed relay, 5009 coil, DP break contacts, 60p 
W926 24V Omron relay type G2L 113P, PCB vert 
metg. 28 x 25 x l Cmm 75p 

ALL PRICES INCLUDE VAT; JUST ADD 50p POST 

GREENWELD 
443A Milibrook Road Southampton SO1 OHX 

POWERFET AMPLIFIERS 

NEW DESIGNS 
With the introduction of four new boards PANTECHNIC have pushed forward the 
performance and reliability of their powertet amplifiers. Four key improvements 
have been incorporated in these second generation modules - 
1.1 The use of H-PAK powerfets, resulting in improved thermal efficiency and 

consequently enhanced power output capabilities. 
2.) Low COB drivers now in power transistor packages, maintaining the superb HF 

performance and improving driver reliability. 
3.) Separate driver and input supply rails allowing a 10% increase in available output 

power by increasing output stage efficiency. 
4.1 Bridge mode input pin allowing instant bridging between any two amplifiers 

without the need for extra circuitry. 

PFA100 Specification 
Bandwidth 10Hz-100KHz ± 1d8 
Output Power into 85 100W IVs = ± 55V) 
THD (20Hz-20KHz) <0.008% 
THD 11101: at 100W) 0.004% typ. 
SNR 120dß 

Slew rate >30 V/uS 
Gain x23 
Rin 30K 
Vs max ± 70V 

Price 
£17.35 (Built Er Tested) 

£15.17 (Kit) 

PFA200 180W into 8(1 

300W into 452 

PFA100 120W into 852 

PFA200 Specification 
Bandwidth 10Hz-100KHz ± 1d13 

Output power into 85 150W (Vs + 60V) 

THD (20Hz-20KHzi <0.005% 
THD (1KHz al 150W) 0.002% typ 
SNR 120dß 

Slew rate >30 VIuS 
Gain x23 
Rin 30K 

Vs max ± 70V 

Price 
£23.87 (Built fr Tested) 

£21.70 (Kit) 

R nd for those with a taste of power 
PFA500 Delivers 475W into 4 ohms and 600W into 2ohms. These highly current 
capable units can deliver 25amps continuous into a load, whilst maintaining the ex- 
emplory performances figures of the smaller units £42.00 (built Er tested) 
PFA/H V A very special module aimed at digital audio and wide dynamic range pro- 
gramme material. Delivery 300W into 4ohms and 8ohms on a continuous basis, it 

will peak for musically significant periods of time at up to SdBs above this. The 
PFA/HV is the widect dynamic range power amplifier currently available £34.30 
(built Et tested) 
The Heat Exchanger Other people sell heatsinks. Pantechnic design. manufac- 
ture, and sell heatexchangers. Re-examination at the heat transfer process has 
resulted in a radically new design possessing greatly improved efficiency. The unit 
7" x 4" x 2" handles PFAs up to 300W or 1.2KW when blown £7.50 

POWER SUPPLY COMPONENTS 
Toroidal Mains Transformers 

Voltage : 160VA 225 VA ' 300 VA 500 VA 1 625 VA 

40-0-40 9.50 11.20 12.00 - - 
45-0-45 - 11.20 12.00 15.50 - 
50-9-50 - - - 15.50 18.15 

Special low flux windings. Carriage + VAT included 

25A 400 PIV Bridge rectifier 
10,000uF 80V Electrolytics 
30,000uF 75V Electrolytics 

£2.00 
£4.00 

£10.00 

For the PFA/HV 625VA 70/0/70 
£18.15 

10,000uF 100V electrolithic £5.50 

Phone or write for advice on selecting the right components for your 
particular application. 

All prices excl. VAT. Carriage 75p. Trade lists available 

Ask about our preamps, protection boards 
and active crossovers 

THE POWERFET SPECIALISTS 

pantechnic 
(incorporating J.W. Rimrner) 

Mail order only to: 
Dept ETI 1 148 Quarry Street, Liverpool L25 6HQ 

Telephone: 051-428:8485 
Technical enquiries: 

367 Green Lanes, London N4 1DY. Tel: 01-800 6667 
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sET 
POWER 

Modular 
Amplifiers 

the third generation 
Due to continous improvements in components and design I LP 
now launch the largest and most advanced generation of 
modules ever. 

WE'RE INSTRUMENTAL 
IN MAKING A LOT 

OF POWER 
In keeping with I LP's tradition of entirely self-contained modules 
featuring, integral heatsinks, no external components and only 5 
connections required, the range has been optimized for efficiency, 
flexibility, reliability, easy usage, outstanding performance, value 
for money. 
With over 10 years experience in audio amplifier technology ILP 
are recognised as world leaders. 

BIPOLAR MODULES 

Module 
Nu mbar 

Output 
Power 
Watt, 
rms 

Load 
'Impedance 

n_ 

DISTORTION 
T.H.D. I.M.D. 
Typ at 60He/ 
1KHz 7KHz4:1 

Supply 
Voltage 

Typ 

Size 
mm 

WT 
gms 

Price 
inc. 

VAT 

HY30 15 4-8 0.015% <0.006% X 18 76 x 68 x 40 240 £8.40 
HY60 30 4-8 0.015% <0.006% t 25 76 x 68 x 40 240 £9.55 
HY6060 30 + 30 4-8 0.015% <0.006% X 25 120 x 78 x 40 420 £18.69 
HY124 60 4 0.01% <0.008'x X 26 120 x 78 x 40 410 £20.75 
HY128 60 8 0.01% <0.006% ' ± 35 120 x 78 x 40 410 £20.75 
00244 120 4 0.01% <0.006% X 35 120 x 78 x 50 520 £25.47 
HY248 120 8 0.01% <0.006% t 50 120 x 78 x 50 520 £25.47 
HY364 180 4 0.01% <0.006% X 45 120 x 78 x 100 1030 £38.41 
HY368 180 8 0.01% <0.006% X 60 120 x 78 x 100 1030 £38.41 

Protection: Full load line. Slew Rate: 15v/ps. Risetime: 5ps. S/N ratio: 100db. 
Frequency response -3dB) 15H - 50KHz. Input sensitivity: 500mV rms. 
Input Impedance: 100f<n . Damping factor: 100Hz >400. 

PRE -AMP SYSTEMS 

Module 
Number 

Module Functions Current 
Required 

Price inc. 
VAT 

HY6 Mono pre amp Mic/Mag. Cartridge/Tuner/Tape/ 10mA £7.60 
Aux + Vol/Bass/Treble 

5066 Stereo pre amp Mic/Mag. Cartridge/Tuner/Tape/ 20mÁ £14.32 
Aux x Vol/Bass/Treble/Balance 

5073 Guitar pre amp Two Guitar (Bass Lead) and Mic + 

separate Volume Bass Treble +Mix 
20rnA £15.36 

14078 Stereo pm amp As HY66 less tone controls 20mA £14.20 

Most pre -amp modules can be driven by the PSU driving the main power amp. 
A separate PSU 30 is available purely for pre amp modules if required for 
E5.47 (inc. VAT). Pre -amp and mixing modules in 18 different variations. 
Please send for details. 
Mounting Boards 
For ease of construction we recommend the 86 for modules HY6-H013 £1.05 
(inc. VAT) and the B66 for modules 1-4066-5078 £1.29 (inc. VAT). 

POWER SUPPLY UNITS (Incorporating our own toroidal transformers) 

Nodal 
Number 

For Use With Price inc. 
VAT 

PSU 21X 1 or 2HY30 £11.93 
POU 410 1 or 2 HY60, 1 x HY6060, 1 x HY124 £13.83 
PSU 42X 1 x 00128 £15.90 
PSU 43X 1 x MOS128 £16.70 
PSU 51X 2 x HY128, 1 x HY244 £17.07 

MOSFET MODULES 

Module 
Number 

Output 
Power 
Watts 
rms 

Load 
Impedance 

,_ 
DISTORTION 

T.H.D. I.M.D. 
Typ at 60Hz/ 
1KHz 7KHz4:1 

Supply 
Voltage 
Typ 

Size 
mm 

WT 
gms 

Price 

VAT 

MOS 128 
MOO 248 
MOO 364 

60 
120 
180 

4-8 
4-8 
4 

<0.005% <0.006% 
<0.005% <0.0060 
<0.005% <0.006% 

t 45 
X 55 
X 55 

120x 78 x 40 
120 x 78 x 80 
120 x 78 x 100 

- 
-- 

" __5 

_-- 

-- -= 

Protection: Able to cope with complex loads without the need for very special 
protec ion circuitry (fuses will suffice). 

Slew rate: 20v/Ps, Rise time: 3ps. S/N ratio: 100db 
Frequency response I-3dBI: 15Hz - 100KHz. Input sensitivity: 500mV rms 
Input impedance: 100611 Damping factor: 1005e >400. 

'NEW to ILP' In Car Entertainments 

C15 
Mono Power Booster Amplifier to increase the output of your existing car rad';o 
or cassette player to a nominal 15 watts rms. 

Very easy to use. 

Robust construction. 

Mounts anywhere in car. 

Automatic switch on. 

Output power maximum 22w peak into 411 
Frequency response (-3dB) 155e to 30KHz, T.H.D. 0.1% at l Ow 1K Hz 
S/N ratio (DIN AUDIO) 80dB, Load Impedance 311 
Input Sensitivity and impedance (selectable) 700mV rms into 15KIS 3V rms 511 
Size 95 x 48 x 50mm. Weight 256 gms. 

£9.14 (inc. VAT) 

C1515 
Stereo version of C15. 

Size 95 x 40 x 80. Weight 410 gms. 

£17.19 (inc. VAT) 

Model 
Number 

For Use With Price inc. 
VAT 

PSU 52X 2 x HY124 - £17.07 
PSU 53X 2 x MOS128 £17.86 
PSU 54X 1 x 50248 £17.56 
PSU 55X 1 x MOS248 £19.52 
PSU71X 2x HY244 £21.75 

Please note X in part no: indicates primary voltage Please insert "O"i in place of 
X for 110V, "1" in place of X for 220V, and "2" in place of X for 240V. 

Model 
Number 

For Use With Price inc. 
VAT 

PSU 72X 2 x HY240 £22.54 
PSU 73X 1 x HY364 S22.54 
PSU 74X 1 x 50363 £24.20 
PSU 75X z x M05248.1 x '.' *z68 £24.20 
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WITH A LOT OF 
HELP FROM 

PROFESSIONAL HIFI THAT EVERY ENTHUSIAST 

CAN HANDLE... 
Unicase 
Over the years I LP has been aware of the need for a complete 
packaging system for it's products, it has now developed a 

unique system which meets all the requirements for ease of 
assembly, adaptability, ruggedness, modern styling and above 
all price. 

Each Unicase kit contains all the hardware required down to 
the last nut and bolt to build a complete unit without the 
need for any special tools. 

Because of I LP's modular approach, "open plan" construction 
is used and final assembly of the unit parts forms a compact 
aesthetic unit. By this method construction can be achieved in 
under two hours with little experience of electronic wiring 
and mechanical assembly. 

Hi Fi Separates 
UC1 PRE AMP UNIT: Incorporates the HY78 to provide a 

"no frills", low distortion, (<0.01%), stereo control unit, 
providing inputs for magnetic cartridge, tuner, and tape/ 
monitor facilities. This unit provides the heart of the hi fi 
system and can be used in conjunction with any of the UP 
Unicase series of power amps. For ultimate hum rejection the 
UC1 draws its power from the power amp unit. 
POWER AMPS: The UP series feature a clean line front panel 
incorporating on/off switch and concealed indicator. They are 
designed to compliment the style of the UC1 pre -amp. 
Performance for each unit which includes the appropriate 
power supply, is as specified on the facing page. 

Power Slaves 
Our power slaves, which have numerous uses i.e. 
instrument, discotheque, sound reinforcement, feature in 
addition to the hi fi series, front panel input jack, level 
control, and a carrying handle. Providing the smallest, 
lowest cost, slave on the market in this format. 

UNICASES 

HI Fl Separates 
Price inc. 
VAT 

UC1 Preamp £29.95 
UP1X 30 + 30W/4-851 Bipolar Stereo HiFi £54.95 
UP2X 60W/4í1 Bipolar Mono HiFi £54.95 
UP3X 60W/8í1 - Bipolar Mono HiFi £54.95 
UP4X 12oW/451 Bipolar Mono HiFi £74.95 
UP5X 120W/851 Bipolar Mono HiFi £74.95 
UP6X 60W/4-851 MOS Mono HiFi £64.95 
UP7X 120W14-851 MOS Mono HiFi £84.95 

Power Slaves 
US1X 60W/4í1 Bipolar Power Slave £59.95 
US2X 120W/4í1 Bipolar Power Slave £79.95 
US3X 60W/4-811 MOS Power Slave £69.96 
US4X 120W/4 -8f1 MOS Power Slave £89.95 

Please note X in part number denotes mains voltage. Please insert 'O' in place of 
X for 110V, '1' in place of X for 220V (Europe), end '2' in place of X for 240V 
(U.K.) All units except UC1 incorporate our own toroidal transformers. 

\ . I 
iu//QI[IUIU( ° l0lll' Ale i1110 

ÏI¡ï?l. 

TO ORDER USING OUR FREEPOST FACILITY 
Fill in the coupon as shown, or write details on a separate sheet of paper, 
quoting the name and date of this journal. By sending your order to our 
address as shown at the bottom of the page opposite, with FREEPOST 
clearly shown on the envelope, you need not stamp it. We pay postage for 
you. Cheques and money orders must be crossed and made payable to I.L.P. 
Electronics Ltd. if sending cash, it must be by registered post. To pay C.O.D. 
please add £1 to TOTAL value of order. 

PAYMENT MAY BE MADE BY ACCESS OR BARCLAYCARD IF 
REQUIRED 

M. IF 
ELECTRONICS LTD 

Post to: ILP Electronics Ltd., Freepost 4, 
Graham Bell House, Roper Close, 
Canterbury C12 7EP, Kent, England. 
Telephone: 102271 54778. 
Technical: (02271 64723. 
Telex: 965780. 

Please send me the following 

Total purchase price 

I enclose Cheque' Póstal Orders Int. Money Orders 
Please debit my Access/Barclaycard No. 

Name 

Address 

Signature 

1 

I 
I 
I 
I 
I 

I 

I 
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PROGRAMMABLE 
STAGE LIGHTING 
Tis the season to be jolly, and put on pantos. And make yourself 
a nervous wreck trying to control the stage lighting. This 
programmable lighting control unit should solve your problems. 
Design by David Colven and Ian Cleverley. 

Is your lighting of Christmas pro - 
ductions a pain? Is your director 
always shouting at you in the 

lighting gantry about a missing spot, 
wrong light level or jerky fades? Do 
you need three hands with six fingers 
each during complex scene changes? 
Worry no more, here is a circuit that 
does it all for you. 

Over many years of school 
productions the authors have come 
to the conclusion that a system 
capable of remembering scene 
changes and fading stage lights at 
pre-set rates would be a great boon. 
The 'computer' we developed even 
(eventually) met the exacting 
standards of our stage director. 

HOW IT WORKS - 
KEYPAD AND BUFFER 

The various output lines are normally 
held low by resistors R1-4. When any 
numbered key is pressed the strobe line 
(KS) is taken high by one of the diodes 
D1-8, which triggers monostable IC1a 
via Q1. The monostable is necessary to 
debounce the keyboard. At the same 
time the other diodes in the keypad, 
D9-20, encode the numbered key into 
parallel binary on lines KDO-2. This 
parallel data is presented to the inputs of 
the dual two-bit latches IC6-9. Each 
successive key-press/monostable pulse 
clocks on IC2, a 4017 decade counter 
whose outputs go high in turn and 
provide the latching pulse to the 
required latches. The latching pulses are 
fed to 106-9 via AND gates IC3a-d, 4a, 
whose other inputs are taken from the 
output of IC1a via R5,C3. These 
components delay the latching pulse 
until IC2's outputs have had a chance to 
settle, avoiding any problems due to 
double latching. One point to note is 
that the first digit of the light number is 
temporarily stored in IC8 by the first 
key -press before being transferred into 
IC6 by the second key -press. 

The data must be input in a fixed 
order and the contents of the buffer are 
decoded and displayed on seven - 
segment common anode displays by 
IC10-13. 

The unit will control up to 16 
light channels of up to 2 kilowatts 
maximum each. It can pre-set each 
channel to one of 16 different light 

TRI -STATE 
BUFFER 

MEMORY 

levels and fade each channel up 
and down at 32 different speeds. 
Up to 99 different scene changes 
can be programmed into the unit as 

MULTIPLEX 
SWITCH 

KEYBOARD 
BUFFER 

DISPLAY 

SCENE 
NUMBER 
SWITCH 

KEYBOARD 

AUTOFADE 
UNIT 

1111111111111+ AUTOFADE AUTOFADE 
UNIT UNIT 

MANUAL MANUAL 
CONTROL 

MANUAL 
- CONTROL -0 --30 CONTROL 

PULSE 
GENERATOR 

PULSE 
GENERATOR BLACKOUT -10 BLACKOUT O 

SPEED UP 

BLACKOUT . 

SPEED UP --1 SPEED UP 1 

TRIAC UNIT TRIAC UNIT 

REIM 

PULSE 
GENERATOR 

TRIAL UNIT 

Fig. 1 Block diagram of the stage lighting unit. Up to 16 auto-fade/pulse 
generator/triac units may be controlled. 
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PB5I14 P66I5 P67I6 PB8I7 PB9IiE 

r., 
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5 

;r2.7D8 
D9 Ilk" MIL" MEL 12 D15 D16 
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R4 
470R 

NOTE: 
D1-20 ARE 1N4148 

D20 

+5V 

OE 

KS 

KDO 

KD1 

KD2 

0V 

E13 D4 

22 

Fig. 2 Circuit diagram of the keypad unit. 
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PROJECT 

described, but this can easily be 
extended by using extra memories 
and addressing circuitry to meet any 
requirements without theoretical 
limit. Eight different light levels have 
been found to be quite sufficient for 
stage use, and fade times of up to 
about one minute are possible. 
Longer fade times can be accom- 
p;shed by programming in multiple 
scene changes. Individual blackout, 
master blackout, manual operation 
and fade speed-up controls are 
ati ai lable. 

The Light Fantastic 
The light control circuits 

themselves are designed in such a 
way as to be easily driven from a 
microcomputer with two eight -bit 
user output ports. We felt, however, 

KDO 

KD1 

KD2 

+5V 0 

KS 

E> 

R6 
390R 

that the expense of a micro- 
computer dedicated for some weeks 
to this single purpose could not be 
justified; in any case, we had 
enough hardware problems without 
adding software ones as well. 

All the lighting changes are 
stored in RAM (a 6116 2K x 8 low 
power memory) and are stored in 
octal. This cuts down on the 
complexity and expense of the 
circuit and makes the most efficient 
use of the store. It is worth it even if 
it means spending some time 
teaching your director or lighting 
man about number bases! 

One final virtue of this unit is 
that by using external control 
voltages, one can produce many 
special effects and you could easily 
have a 32 kW, 16 -channel sound -to - 
light unit! 

+5V 

6 

7 

R1 

R3 
10k 

NOTE: 
ICHS 74LS123 
IC2 IS 4017 
IC3,4 ARE 74LS08 
ICE IS 74LSO4 
IC6-9 ARE 74LS75 
IC10-13 ARE 74LS47 
01 IS BC108 
DISPLAYS ARE 
COMMON ANODE 
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E0-1 
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Module Mode 
A modular design has been 

used for ease of construction and 
these modules are housed in two 
units. The main control console 
contains the memory section, 
separate auto -fade units for each 
light channel, the phase switching 
pulse generators and the power 
supply. The front panel controls 
include a calculator -sized keypad 
for programming the information 
and a pair of rotary switches for 

.selecting the scene number: the 
manual override controls, blackout 
and speed-up switches are also 
located on this unit. 

If a touch of luxury is desired, 
there's no reason why the keypad 
and scene select switches shouldn't 
be mounted separately in a small 
hand-held unit so that the lights can 
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Fig. 3 Circuit diagram of the keyboard buffer and data display circuitry. 

ETI JANUARY 1983 23 

www.americanradiohistory.com



HOW IT WORKS - MAIN MEMORY 
Once the data has been latched into the 
buffers it is transferred into the main 
memory by pressing the ENTER (E) key 
on the keypad. This provides the E and E 

signals (the latter being generated by 
IC5a). Several things now happen at 
once. IC2 is reset to '0' and the output of 
1C14 is set to the contents of the first 
buffer, IC6, which contains the light 
number. This forms the four least signifi- 
cant bits of the address for IC22, the 
memory IC. The seven most significant 
address bits are set by the scene address 
switches. The monostable 1C1 b provides 
a write pulse to the memory and the 
eight data bits from the buffer are 
transferred into 1C22 via the tri -state 
bidirectional buffers IC23,24. 

When the enter key is released, the 
tri -state buffers are set to output data 
from the memory to the data bus for the 
auto -fade units, and the memory is set 
to read. Nothing else is affected. 

The multiplexing of the data to the 
individual auto -fade units during the 
'replaying' of the scene information 

after programming is carried out by ICs 
14-19. A standard clock oscillator form- 
ed by IC5b,c and their associated com- 
ponents has its output squared up by 
IC5d. The signal clocks a J -K flip-flop, 
IC20a, and the Q and Q outputs of the 
flip-flop are NANDed with the signal to 
give alternate clock pulses at PC and DC, 
provided SW1 (the scene change switch) 
is switched to the clock. If SW1 is earth- 
ed then DC remains high. The signal PC 
clocks the counter IC14 and causes the 
lower four address lines (AO -A3) to rip- 
ple through a 16 -byte block. These ad- 
dress lines are also decoded by IC19 (a 
4 -to -16 line decoder) to give a low 
voltage on the appropriate output. If 
SW1 is in the depressed position then 
the DC signal is clocking and the output 
of the NOR gate selected by IC19 will go 
high, ie one of the latch enables LEO -15 
will go high. This causes the data on the 
data bus to be latched into the cor- 
responding auto -fade unit. 

Data is thus alternately fetched from 
the memory and sent to the appropriate 

fader unit as long as SW1 is not earthed. 
Therefore it is necessary to hold this 
switch depressed for at least 16 clock 
cycles to effect a transfer of all the data 
for one scene change. 

The higher address lines for the 
memory, A4-10, are selected by two 
rotary switches, SW2 and SW3. One 
switch represents the units and the other 
the tens - the scene number may be set 
from 0 to 99. The number set is encoded 
to binary by the diode matrix and the ap- 
propriate bit pairs are summed by ad- 
ders IC25,26. 

The circuitry around Q2 is an auto 
battery back-up. When the console PSU 
is supplying power, Q2 is held on by 
R40,41,ZD1, and the chip select pin of 
the memory is held low, enabling the 
memory. When the console is switched 
off, Q2 turns off, the CS pin goes high 
and the memory goes to standby mode. 
B1 supplies the very small quiescent cur- 
rent required by the RAM (via D21), thus 
allowing the RAM to retain the data. 
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Fig. 4 Circuit diagram of the main memory section. This has an auto de -select and 

battery back-up system so that data is retained without mains power. 
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Fig. 5 Circuit diagram of the scene number selector. 
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be programmed from the 
auditorium with the stage in full 
view. The advantage of this arrange- 
ment is that setting -up can be done 
from any part of the theatre without 
having to lug round the main 
console and all its power cables, 
but the hand unit will require a 
sizeable length of multiway cable 
and with the prices these days we 
doubt whether anyone's budget will 
stretch that far. 

The second unit contains the 
triac power circuits and can be 
permanently wall mounted with a 
suitable single-phase mains supply 
(up to 140 A may be drawn!). The 
pulses from the console are fed to 
opto -isolators in this unit and 
control the various lights. 

The Keypad And Memory 
Buffer 
This has eight numbered keys 

(0-7) plus a data entry key. A three - 
bit parallel code is produced along 
with a strobe signal. The data from 
the keyboard is held in a temporary 
buffer store whose contents are 

displayed on seven segment 
displays. The channel number to be 
programmed takes the first two 
keystrokes (any initial zeroes 
required must be entered) and 
requires four bits (00 to 17 octal). 
The next keystroke enters the light 
level (0 to 7) and the next two the 
fade rate (00 to 37 octal). The light 
number will be used as part of a 
memory address and the other eight 
bits are the data to be stored. 

The Main Memory 
When the enter key is pressed 

the data held in the buffer is placed 
in the main RAM and the buffer is 
reset. The eight data bits are stored 
in a memory location which 
depends on the light number and 
the scene number: the latter is set 
using a pair of rotary switches. The 
memory is structured in 16 byte 
blocks, each block representing one 
stage lighting change. The data for 
each light channel is stored in 
numerical order and is recalle.d in 
order before being latched into the 
autofade units. This transfer of data 

is activated by a single switch, 
which is held depressed for 16 
cycles of the master clock. 

The two 10 -pole rotary switches 
which comprise the scene number 
switch are encoded to binary by 
diodes; the units and tens are then 
summed to give a seven -bit parallel 
address, the most significant bits of 
the address. 

We've used a 6116 CMOS 
memory IC so that the lighting 
information may be retained even 
when the console is powered down. 
When this occurs the 6116 is forced 
into its quiescent mode and is 
supplied by its own private battery. 
The chip is automatically enabled as 
soon as the console is turned on 
again. 

Auto -fade Circuits 
Any number of auto -fade 

circuits up to a maximum of 16 may 
be connected to the memory 
module. The data for each channel 
for the current scene is held in an 
eight -bit latch/buffer. Three of the 
data bits are converted to a voltage 
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Fig. 6 Circuit diagram for one of the auto -fade units. 

HOW IT WORKS - AUTO-FADE UNIT 

/7777 
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NOTE: 
IC27,28 ARE 40166 
IC29,30 ARE 741 
IC31,32 ARE. 74 LS75 
064.71 ARE 1N4148 

The data buffer/latch in each of the 
possible 16 auto -fade units consists of 
two four -bit D -type bistables, and their 
contents control the light channel 
behaviour. Three of the bits from IC31 
(those output on pins 16,15 and 10) are 
used as inputs to a digital -to -analogue 
converter, which gives a voltage level 
that controls the final brightness of the 
channel. With phase -switching control 
this voltage has to increase rapidly at 
low lighting levels, then more slowly and 
finally rapidly again. The currents from 
PR1-4 are fed into a low value resistor 
R62. To accomplish the high brightness 
boost, two analogue switches, IC27a,b, 
are used to deliver extra current into this 
part of the circuit when the data reads 
110 or 111 (ie light levels 6 and 7). Table 

1 summarises the conversion in order of 
increasing brightness. 

The analogue voltage generated is 

fed to a voltage comparator, IC29. The 
output of this comparator is integrated 
by 1C30 and the resulting ramp voltage is 

compared with the analogue voltage at 
the DAC. The output of the integrator 
will ramp up or down until it reaches a 

set multiple of the input voltage and 
then it will hunt imperceptibly until the 
input voltage is changed again. 

Five more analogue switches 
(lC27c,d, IC28a,b,c) are used to control 
the ramp rate of the integrator depen- 
ding on the data stored in the other five 
bits of the buffer/latch. The slowest rate 
is produced when all the resistors 
R64-69 are in series: this corresponds to 

a data input of 00000 octal. As the stored 
number increases in magnitude, various 
resistors will be shorted by the ap- 
propriate analogue switches and the 
ramp rate will increase, until for 11111 
octal all the switches are closed, all the 
resistors are shorted and the maximum 
ramp rate is achieved. 

PR5 gives a reference voltage for the 
integrator so that it will ramp up and 
down at the same rate. This voltage will 
be approximately 3V7 as the output 
from the voltage comparator will be 
either about 5 V or about 2V3. 

If a high voltage is applied to the 
diodes D67-71, the data in the buffer 
will be overridden, all the analogue swit- 
ches in the chain will close, and the 
ramp rate will increase to maximum. 

which is integrated by a second 
circuit. The integrator ramps up or 
down until it reaches a level set by 
the input voltage, at a rate 
controlled by the other five bits 
stored in the buffer. 

The actual work of regulating 
the power of the lights is done by 
the switching pulse generator: this 
works by sending mains - 
synchronised pulses to the triac 
power unit. The phase control is 

accomplished by a standard 'ramp 
and pedestal' U)T circuit. The ramp 
rate is set by the voltage from the 
auto -fade circuit and the sooner it 
reaches the pedestal trigger voltage 
the earlier in the mains half cycle 
the triac is triggered and the 
brighter the lamp will be. 

Instead of using the auto -fade 
output voltage, the control for the 
pulse generator can come from a 
manually operated potentiometer, a 

blackout control or from an external 
sound -to -light or flasher circuit. 
Each pulse generator has its own 
pedestal zener diode to eliminate 
interaction between channels, and 
the pulse generators are connected 
to the power -controlling triacs by 
opto -isolators. 

Triac Control Circuit 
As mentioned above, opto - 

isolators are used for safety (the 
prototype has suffered a few 
disasters which would have melted 
down the whole of the control unit 
if these hadn't been fitted). They 
also allow the control unit to be 
earthed while the triac trigger pulse 
is referenced to the neutral line. 

The opto -isolator transistor 
drives a transistor switch and 
amplifier that pulses the gate of the 
triac negative via a resistor. 

Power Supplies 
These may seem to be a bit 

over -designed but this is necessary. 
The first of them supplies the +5 V 
for the main logic and memory 
boards and the autofaders: two 
independent 5 V rails are generated 
in order to prevent stray pulses on 
the auto -fade supply doing horrible 
things to the memory. 

The second PSU provides the 
supply rail for the pulse generator 
circuits, together with a totally 
unsmoothed output of about 
33-36 V which is fed to the zeners 
in each pulse generator to produce 
the pedestal voltage (which drops to 
0 V twice each mains cycle). The 
input buffer amplifier transistor can 
suffer from thermal drift despite the 
resistor values around it being 
chosen to minimise the problem: 
this results in all the light levels 
increasing gradually after switch -on. 
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Fig. 7 Each auto -fade unit requires one of these pulse generator and triac circuits. 

TABLE 1 

LEVEL CODE CURRENT SOURCES TYPICAL VOLTAGE 
0 000 PR1 1V75 
1 001 PR1,PR2 2V5 
2 010 PR1,PR3 2V75 
3 011 PR1,PR2,PR3 2V85 
4 100 PR1,PR4 3 V 
5 101 PR1,PR2,PR4 3V15 
6 110 PR1,PR3,PR4,R61 4 V 
7 111 PR1,PR2,PR3,PR4,R61 4V25 

FS5 
tA 

1C13 +4 C15 
4700u 00u t00n 

FS6 
250mA 

VE 

+VE (NEUTRAL) 

Fig. 9 Circuit diagram for the power supplies required by this project. 
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To correct this tendency, should it 
be present, the output voltage of 
the second PSU is made variable so 
that compensation may be made for 
any residual drift. 

The third PSU is located in the 
triac power control unit and does 
not require regulation. It is capable 
of driving all the triac channels and 
has its positive rail connected to the 
neutral line as a reference for the 
triac gate. 
Next month we give the 
constructional details of the Stage 
Light Dimmer. 

HOW IT WORKS - 
PULSE GENERATOR 

The input voltage to the pulse generator, 
either from the auto -fade unit or the 
manual control pot, is amplified and 
buffered by Q3. Q4 ads as a constant 
current source which charges up 
capacitor C9 at a rate that depends on 
the input voltage: PR9 and R79 set the 
minimum charge rate. The voltage on 
the emitter of the unijunction transistor 
Q5 will rise as Cl charges until it reaches 
the trigger voltage. The UJT then con- 
ducts, discharging C9 through R81 and 
the LED in IC33, the opto -isolator. This 
sends a trigger pulse to the triac. As C9 is 
discharged at the end of each half -cycle 
(when the bl/b2 voltage falls), this pulse 
is synchronised with the mains zero - 
crossing point. The delay is set by the 
rate at which C9 charges and hence the 
power level supplied to the lamp is 
varied. 

The manual control RV1, working 
through D73, will override the auto -fade 
unit if the pot voltage is increased above 
the auto -fade voltage, allowing special 
effects. SW5 switches between auto and 
manual modes and SW6 can black out 
the channel by pulling the base of Q3 to 
earth. All the channels can be blacked 
out if the master blackout line is taken 
low. 

When the opto -isolator is fired Q6 is 
switched off because its base is pulled 
negative. This allows Q7 to turn on, giv- 
ing a negative voltage pulse via R85 to 
the triac gate which turns on the triac (if 
it isn't already on). The delta capacitor 
network C10-12 together with L1 help to 
minimise mains -borne interference 
caused by switching transients. A 10 A 
fuse affords some protection for the 
triac in the event of a fault occurring. 
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Micro Computer 
Please phone for availability 

BBC Model A£299 
BBC Model B £399 
(incl VAT) Carr £8/unit 

MEMORY UPGRADE 
8 x 4816 AP -3 100ns £21.60 

F.D. INTERFACE KIT 
IC 77 78 £70 00 

Model A to Model B 

upgrade kit £50 
Fitting charge £15 

ANALOGUE PORT KIT 
IC 73, SK6 £7.30 

RS423 & VDU Port Kit 
£ 10.80 

PRINTER & USER PORT KIT 
IC 69, 70, 71 PL9, 10 £9.50 

Bus & Tube Port Kit £6.50 

All mating Connectors with Cables in 
stock. Full range of ACORNSOFT, 
PROGRAM POWER & BUGBYTE 

SOFTWARE AVAILABLE 

Phone or send for our BBC leaflet 

BBC FLOPPY DISC DRIVES 
Single drive 5'/4" 100K £235 + £6 carr. 

Dual drive 5'/4" 800K £799 + f8 carr. 

BBC COMPATIBLE DRIVES 
These are drives with TEAC F050 mechanism 

and are complete with power supply 

SINGLE: 100K £190; 200K £260; 400K £340 

DUAL: 200K £360; 400K £490; 800K £610 

OFFICIAL 000 DEALER 

CASSETTE RECORDER 
Ferguson Cassette Recorder 

£240 + £1.50 carr. 
Cassete leads £3.50 

Computer Cassette £0.50 ea. £4.50 for 10 
+ £1 carr. 

MONITORS 
BMC BM 1401 14" Colour Monitor 

RGB Input 18MHz Bandwidth 

£240 + £8 carriage 
Hi Res Green Monitor 

Antiglare screen £99 + £6 carr. 

MICROVITEC 1431 M/S 14" 

Colour Monitor RGB input 

£269 + £8 carr. 

RGB lead for BMC £8 

Composite Videolead £3.50 

I ACORN ATOM 9 
Basic Built £135 Expanded £175 

(carr £3 per unit) 
Atom Disc Pack £299 + £6 carr 

3A 5V Regulated PSU £26 + £1 carr. 

Phone or send for our BBC Atom 

list. 

NEC PC 8023 BE -C 
1 00CPS, 80 cols 
Logic Seeking, 
Bidirectional, Forward and 
Reverse Line Feed, 
Proportional Spacing, Auto 
Underline, Hi -Res and Block 
Graphics, Greek Char. Set. 

Only £320 
+ £8 carr. 

PRINTERS 
SEIKOSHA GP 100A 
80 Cols 30 CPS 
Full ASCII e GRAPHICS 
10" Wide paper 

Now only £175 + £6 carr. 
Ask for details on GP 250A 

Parallel Printer lead for BBC/Atom to most printers £13.50 
Variety of interfaces, ribbons in stock 

2,000 fan fold sheets 9/" x 11" £13.50 + p Et p 

EPSON MX 80 and 100F/T3 
MX 80 80CPS 80 cols 

MX 100 1 00CPS 136 cols 
Logic Seeking, Bi- 

directional, Bit Image 
Printing, 9 x 9 Matrix 

Auto Underline 
MX 80 F/T3 £325 

MX 100 F/T3 £430 
1£8 Carr/Printer) 

RUGBY ATOMIC CLOCK 
This Z80 micro controlled clock/calender 
receives coded time data from NPL Rugby. 
The clock never needs to be reset. The 
facilities include 8 independent alarms and for 
each alarm there is a choice of melody or 
alternatively these can be used for electrical 
switching. A separate timer allows recording 
of up to 240 lap times without interrupting 
the count. Expansion facilities provided. 
See July/August ETI for details. Complete Kit 
£120 + £2.00 p&p 

I.D. CONNECTORS 
ISpeedtled, Typal 

No of Reeder Rem- Edge 

ways Pug tads' Conn. 

10 90p 90p 200p 

20 145p 125p 240p 

26 175p 150p 300p 

34 20Dp 16ap 38Dp 

49 220p 190p 550p 

50 235p 200p 600p 

CONNECTOR SYSTEMS 
JUMPER 

LEADS 
24" R4hbon Cable with headers 

14 pin 16 pin 24 pin 40 pin 
I end 145p 165p 240p 380p 
2 ends 21ap 230p 345p 540p 

24" Ribbon Cable with sockets 
20 pin 26 pin 34 pin 40 pin 

1 end 160p 210p 270p 300p 
2 ends 290p 385p 490p 540p 

24" Ribbon Cable with D. Conn. 
25 way Mak 500p Female 550p 

AMPHENOL CONNECTORS 
36 way Solder Type Plug 

(centronix type) 550p 
36 way Solder Socket 

(centronix type) 550p 
36 way IDC Plug 

Icentronixtypel 500p 
24 way Solder Plug 

(IEEE type) 500p 
24 way Solder Socket 500p 
24 way IDC Plug 485p 

RIBBON 
CABLE (Grey) 

ill way 60p 
14 way BOp 

16 way 90p 

20 way 105p 

26 way 140p 
34 way 220p 
40 way 265p 
50 way 330p 
64 way 370p 

MICROTIMER 
6502 Based Programmeable clock timer with 
* 224 switching times/week cycle 
* 24 hour 7 day timer 
+ 4 independent switch outputs directly interfacing to 

thyristor/triacs 
* 6 digit 7 seg. displays to indicate real time, ON/OFF and Reset 

times 
* Output to drive day of week switch and status LEDS. 
Full details on request. Price for kit £57.00 

Sokkr 
Angled 

Solder 

Angled 

Hood 

D -CONNECTORS 
9 way 15 way 25 way 37 way 

MALE 

90p 130p 16ap 250p 
160p 230p . 265p 425p 

FEMALE 

110p 160p 210p 350p 
175p 240p 310p 500p 
95p 95p 95p 125p 

14 pin 

16 pin 

24 per 

40 pin 

RS232 CONNS 125 way D) 
24" Single end Male £5.50 
24" Single end Female £6.00 
24" Female -Female £11.00 
24" Male -Male £10.00 
24" Male -Female £11.50 

DIL HEADERS 
Sodden 1DC 

i á 1á0v 
50p 110p 

100p 150p 
200p 225p 

EURO 

CONNECTORS 
(Indirect Edge Conn) 

DIN STD Pug Skt 
4161721 way 170p 1713p 

41617 31 way 180p 180p 
41612 2 x 32 way 250p 320p 
Angkd2 x32 way 325p 375p 
41612 3 x 32 way 275p 380p 
Angled 3 x 32. way - 400p 
2 x32 way IOC a'c - 525p 
dot 2 x 32 way spec", 

EDGE 

CONNECTORS 
0.1" 0.155" 

2 x16 way 140p 
2 x 22 way 200p 170p 
2 x 23 way 21ap 
2 x 25 way 225p 220p 
1 x 43 way 260p - 
2 x 43 way 395p - 
2 x 50 way - - 
1x71 way 700p 
5100 Conn. - 600p 

MICRODOCTOR 
This is not a logic analyser or 
an oscilliscope. It tests a 

microsystem and gives a 

printed reprint on RAM, 
ROM and 1 /0 - it will print 
memory map, search for 
code, check dateline shorts 
and operates peripherals 
Microdoctor 
complete with PSU, 
Printer, probe cable 
and two configuration 
boards. £295. 

SOFTY II INTELLIGENT PROGRAMMER 
The complete micro processor development system for Engineers and Hobbyists. You can 

develop programs, debug, verify and commit to EPROMS or use in host computer by using 

softy as a romulator. Powerful editing facilities permd bytes, blocks of bytes changed, deleted 

or inserted and memory contents can be observed on ordinary TV. Accepts most + 5v Eproms. 

Softy II complete with PSU, TV Lead and Romulator lead £169 

SPECIAL 
OFFER 

2114L 80p 
2716 (+5v) 250p 
2532 350p 
4116-2 80p 
4164-2 450p 
6116P-3 350p 

PLEASE SEND SAE FOR PRICE LIST 

UV ERASERS 
UVIB up to 6 Eproms £47.50 

UVIT with Timer £60.00 

UV140 up to 14 Eproms £61.50 

UV141 with Timer £78.00 

(Carr £2/eraser) 

All erasers are fitted with 
mains switches and safety 
interlocks 

TRAINER KITS 
6502 Junior Computer £85.00 

6802NancompI £80.00 

Nancomp II £80.00 

1802 Micro Trainer £64 

E80 Manta £115 

Z80 Menta £115 

(fully built and documented) 

Full details on request 

Y;IG 

BOOKS (No VAT p&p £1) 
CMOS Cook Book £7.75 

CRT Controller H/Book £5.95 

Programming the Z80 £11.50 

Z80 Microcomp. handbook £6.95 

Programming the 6502 £10.25 

6502 Assy. Lang. £12.10 

6502 Applications £10.20 

6502 Software Design £9.05 

6502 Games £10.52 

Large selection of databooks, inter- 
facing books, books on BBC, etc in 

stock. As for our list. 
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74 SERIES 

748 

7475 
7475 
'48G 
7481 
7482 
7483A 
7484 
74844 
7485 
7486 
7489 
74904 
7491 
7492A 
7493A 
7494 
74944 
7496 
7497 
74100 
74107 
74109 
74110 
74111 
74112 
74116 
74118 
74119 
74120 
74121. 
74122 
74123 
74125 
74126 
74128 
74132 
74136 
74141 
74142 
74143 
74144 
74145 
74147 
74148 
74150 
74151A 
74153 
74154 
74155 
74156 
74157 
74159 
74160 
74161 
74162 
74163 
74164 
74165 
74166 
74167 
74170 
74172 
74173 
74174 
74175 
74176 
74177 
74178 
74179 

74181 115p 
74182A 
741ß4A 90p 
74185 
74186 470p 
74188 250p 
74190 45p 
74191 45p 
74192 45p 
74193 45p 
74194 40p 
74195 40p 

174196 
74197 
74798 

11p i 74'99 
11p 7422- 
11p i 7425' 
12p : 74259 
14 

i 
;4`65 

169 ' .. :3 
18p 1 74276 

74279 
149 
14p +` 14p 
169 
149 

16p 
18p 
189 

209 

181p 

18p 
'4p 

22p 74L51 
0 

,....22p 

'4L502 22p 
741503 
7415 15p 
74 S0045 

3Op 741506 
70p 744007 
70p 741508 
SOp 741509 

741510 
36p 1744511 
46p 744012 
15p 741013 
15p 744514 
15p 744015 
15p 741520 
15p 744S21 
30p 741022- 
25p 741526 
25p 74LS27 
18P 741S28 
22p 741530 
25p 741 592 
48P 744533 

1209 74LS37 
65P 74156 
38P 741S40 
65P 741042 
60p 74LS47 

8p 74LS61 
110P 741054 
20p 74LS55 
35P 744063 
ZSp 744573 
24p 74LS74 
35p 74LS75 
35p 74L576 
40p 744083 
00P 74LS85 
".,P 741086 

74LS50 
ZSp 

74LS92741091 
30p 

SSP 74LS93 
7>OP 74LS95 
50p 74LS96 
SSP 7445107 6p 

7440109 60p 
7415112 
7440113 

36p 7440114 
00p 7415122 
30p 7415123 

36p 7415124 
30p 7415125 
28p 7415126 
55p 7415132 

175, 7415133 
200p 7440136 
20gp 7440138 

7440139 
p 7440145 

68p 7410147 
50p 74L0148 
36p 7440151 
36p 7440163 
50p 7440154 
3e 7415155 
40p 74L5156 
30p 7440157 
75p 7440158 
40p 7440160 
40p 74LS161 
40p 7419162 
40p 7445163 
45p 7440164 
45p 7440165 
48p 7440166 

150p 7415168 
120p 7440169 
250p 7440170 
50P 7440173 
55P 7445174 
SOP 7415175 
40P 7415181 

70p 741_6190 
P 7415183 

70p 741.0191 
74LS192 
7440193 
74LS194 
744S195 
7410196 
7440197 
74LS221 
74LS240 
7440241 
74LS242 
7445243 
7440244 
74LS245 

40p 
40p 
80p 
80Óp 

7448247 
7448248 
74LS249 
7445251 
7440253 
7445257 
741_0258 100 
74LS259 

120p 
74448261 

1000 
7448273 

SHOP 
744.9275 

760 74LS279 

topp 7445280 
750 7445283 

1Óp 
1509 

30p 
30p 

30p30p 

75p 

SEP 

74LS SERIES 

11P11p 

11p 
1212p 

12p 
12 
12p 

12p 
1312p 

15p 

'I2p 
1212p 

12p 

13p 

12p 

14p 

15p 
12p 

36p 
45p 

14p 

120 
14p 

18p 

18p 
1 

36p 

1ßP 

68p 
32p 

40p 

20p 
27p 

20p 
22p 
289 

9Op 

30p 
25p 
27p 

70p 
120p 

40p 

86p 
30p 

30p 

36p 

38P 

50p 

85p 
85p 
70p 
55P 

40p 

1220p 
36p 
se 
38p 

95p 

45p2 

ó5pp 
65p 
55p 
55p 
55p 
70p 

7448290 
7448293 
7410295 
74LS297 
74LS298 
7445299 
7415323 
7415324 
741.8348 
7415352 
7448353 
741_0356 
7415363 
7445364 
7445365 
7415366 
7448367 
7440368 
7445374 
7415375 
7415377 
7415378 
7445390 
7448393 
7440395 
7440399 
74LS445 
7440467 
741S490 
7440540 
741S541 
7415610 
7415624 
7445629 
7448640 
7415641 
7415643 
7415644 
74L8645 
74L8668 
7415669 
7448670 
7415878 
7415682 
7415684 
7445687 
74458.5 
7445147 

74S02 
74504 
74S05 
74508 
74510 
74511 
74520 
74522 
74S30 
74532 
74S37 
74574 
74585 
74S86 
745112 
745113 
745114 
745124 
745132 
745133 
745138 
745139 
745157 
74S158 
745163 
745174 
745175 
745194 
745195 
745225 
74S241 
745244 
745251 
745257 
745258 
74S260 
745261 
745262 
74S373 
745374 
745387 
745471 
745474 
748571 
745573 

SOp 40244 
56p 40245 

96p 

Sop 

20p 
198p 

20p 
ß0p 

í00p 
40p 
45p 
40p 
90p 

9000 
90p 

180p 

150p 
90p 
60p 

250p 
140p 
140p 
27p 
27p 
27p 
27p 
55p 
45p 

600pp 

45p 
45p 
90p 

1600 
100p 
90p 

200p 
90p 
809 
£19 
90p 
909 

1000 
100p 
100p 
100p 
100p 
120p 
120p 
140p 
550p 

Ó0p 
400p 
40p 

100p 

309 
30p 
60p 

40p0p 

ae 
50p 
40p 
70p 
60p 
75p 

450p 
909 

900 
90p 

300p 
160p 

60p 
120p 
120p 
250p 
195p 
300p 

320p 

50000 
510p 
300p 
3009 
250p 
250p 
250p 

70p 
300p 
850p 
400p 
400p 
250p 

ÓÓp 

900p 

4000 CMOS 
4000 
4001 
4002 
4006 
4007 
4008 
4009 
4010 
4011 
4012 
4013 
4014 
4015 
4016 
4017 

114 

12p 

749 
369 
24p 
240 
11p 

20p 
48p 
40p 

389 

4018 
4019 
4020 
4021 
4022 
4023 
4024 
4025 
4026 
4027 
4028 
4029 
4030 
4031 
4032 
4033 
4035 
4036 
4037 
4038 
4039 
4040 
4041 
4042 
4043 
4044 
4045 
4046 
4047 
4048 
4049 
4050 
4051 
4052 
4053 
4054 
4055 
4056 
4059 
4060 
4063 
4066 
4067 
4068 
4069 
4070 
4071 
4072 
4073 
4075 
4076 
4077 
4078 
4081 
4082 
4086 
4089 
4093 
4094 
4095 
4096 
4097 
4098 
4099 
4500 
4501 
4502 
4503 
4504 
4505 
4506 
4507 
4508 
4510 
4511 
4512 
4514 
4515 
4516 
4518 
4520 
4521 
4522 
4526 
4527 
4528 
4532 
4534 
4536 
4538 
4539 
4543 
4553 
4555 
4556 
4557 
4560 
4566 
4568 
4569 
4572 
4583 
4584 
4585 
40014 
40085 
40097 
40102 
40103 
40105 
40106 
40109 
40110 
40163 
40174 
40175 
40193 
40257 
40373 
40374 
14495 
14500 
14568 
14569 
14599 

160p 
180p 
45p 
25p 
48p 
40p 
45p15 

p 
32p 
13p 

2017 

40p 

45p 15p 

125p 800 
1 

45p 
275p 
110p 
110p 
290p 

40p 
40p 

40p 
46p 

105p 
50p 
45p 
50p 

24p 
45p 
ß0p 
90p 
90p 
90p 

50p 4p 
55p 
9Op 
27p 

225p 

144pp 

140 

í4p 
48p 
1ßp 

14p 
Sop 
55p 

12p 

75p 
290p 

90p 
100p 
575p 

28p 
60p 
45p 
75p 

40030pp 

35p 
1300 

45p 

12200 
110p 

40p 
50p 

120p 
60p 
60p 

lop 
4002p 

709 
5p 

2745p 
35p 
35p 

300p 

160p 

1100 
sop 
SOp 
.40p 

90p 

45p 
140p 
170p 
1109 

1020p 
275p 

75p 
750 

1800 
180p 
300p 

200 
250p 
290p 

COUNTERS 
74C925 £4 
74C928 £6 

72168 £16 
ZN1040 674 

ADC0808 990p 
AN103 200p 
AY -1-0212 700p 
AY1-1313 668p 
AY1-1320 2229 
AY1-5050 99p 
AY3-1270 825p 
AY3-1350 400p 
AY38910 440p 
AY38912 625p 
AY5-3600 600p 
AY -4007D 

CAA3028A600P 
121p 

CA3019 80p 
CA3046 70p 
CA3048 220p 
CA3059 285p 
CA3060 350p 
CA3080E 72p 
CA3086 48p 
CA3089E 200p 
CA3090A0 

CA3130E 375p 90p 
CA3130T 110p 
CA3140T 90p 
CA3140E 50p 
CA3160E 100p 
CA3161E 150p 
CA3162E 450p 
CA3189E 300p 
CA3240E 110p 
CA3280G 200p 
07002 480p 
DAC14068 

200p 
HA1366 195p 
HA1388 270p 
ICL7106 700p 
ICL7811 95p 
ICL7660 200p 
ICL8038 . 300p 
ICM721568 f16 
ICM7217 750p 
1CM7555 80p 
ICL7611 90p 
LC7120 300p 
LC7130 325p 
LF347 150p 
LF351 48p 
LF353 95p 
LF356P 95p 
LF357 110p 
4E13331 150p 
LM10C 325p 
LM301A 25p 
1M310 120p 
LM311 70p 
LM318 150p 
LM319 215p 
324Z 30p 

LM335Z 140p 
LM339 50p 
LM348 65p 

LINEAR ICs 

LM358P 
1M377 
LM380 
LM381AN 
LM382 
LM386 
LM387 
LM389 
LM391 
LM392N 
4114393 
LM394CH 
LM709 
LM710 
LM711 
LM725 
LM733 
LM741 
LM747 
1M748 
LM1014 
LM1801 
LM 1830 
1M1871 
LM1872 
LM1886 
1M1889 
LM2917 
LM3302 
LM3900 
LM3909 
LM3911 
LM3914 
LM3915 
LM3916 
LM13600 
M51513L 
M51516L 
MB3712 
MB3730 
MC1310P 
MC1413 
MC1445 
MC1458 
MC1493 
MC14954 
MC1496 
MC3340P 
MC3401 
MC3403 
MFIO 250p 
MK50380 635p 
ML920 800p 
MN57160 620p 
MN6221A 1304 
NE531 140p 
NE544. 150p 
NE555 16p 
NE556 45p 
NE564 420p 
NE565 124 
NE566 154 
NE567 140p 
NE570 410p 
NE571 400p 
48592 609 
NE5534P 1109 
NE5534417 124 

' VOLTAGE REGULATORS 
FIXED PLASTIC 

1A +ve -ve 
5V 7806 40p 7905 45p 
6V 7806 40p 7906 45p 
8V 7808 40p 7908 45p 

12V 7812 40p 7912 45p 
15V 7815 40p 7915 45p 
18V 7818 40p 7918 45p 
24V 7824 40p 7924 45p 

5V 100mA 78405 34 79L05 60p 
6V 100mA 78106 30p 
8V100mA78408 30p 

12V100mA781_12 30p 79412 60p 
15V 100mA 78415 30p 79115 60p 

OTHER REGULATORS 

LM309K 1A 5V 140p 78HGKC 600p 
LM317KTO3 325p78H05KC5514 
LM317T 200p 78GUIC 200p 
1M3377 225p 79GUIC 225p 
4M323K 3A 5V 450p 79HGKC 700p 
4M723150mAAdj ICL7660 2009 

30p LM305AH254 
300p 78H12 600p 
225p SG3524 300p 
900p 

11.494 
78540 
78P05 

OPTO ELECTRONICS 

2N5777 
OCP71 
ORP12 
ORP60 
ORP61 

40p TIL78 
180p 1-IL31A 
120p 11132 
120p TIL81 
120p TIL100 

55p 
155p 

90p 
75p 

OPTO ISOLATORS 

1L074 1300 
MCT26 100p 
MCS2400 190p 
íL074 2409 
MOC3020 150p 

LEDS 
0.125" 
TIL209 Red 10p 
TIL211 Gr 12p 
TIL212 Yel 15p 

DISPLAYS 

DL704 140p 
DL707 Red 140p 
FND357 120p 
F50500 90p 
FND507 94 
MAN3640 200p 
MAN4640 200p 
NSB5681 570p 

111111 
TIL112 
TIL113 
111116 

7Ó 

70p 
70p 

TIL220 Red 10p 
714222 Gr 120 
7142287e 15p 
Rectangular 
LEDs IR,G,Y) 30p 

714311 
T14312/3 
TIL321 /3 
711330 
7750/60 
Bargraph 

t00100pp 

130p 
140p 
200p 
225p 

DRIVERS 
9368 
9370 

TECHNOMATIC LTD. 

250p 
300p 

SFF9634 8g00Op 

54490 350p 
SN76131 125p 
5476477 450p 
SN76488 450p 
SN87489 400p 
SN76495 400p 
SN76660 120p 
SP8515 754 
TA7120 150p 
TA7130 150p 
TA7204 200p 
TA7205 90p 
TA7222 150p 
TA7370 1500 
TeA641AX1 

300p 
TBA641 BX1 

4000 
TBA80G 80p 
TBA810 100p 
TBA820 80p 
TBA920 200p 

7TC9109 950 p ODp 
TCA210 350p 

7Óp RC41 6 1 

75p RC4151 200p 
180p S566B 225p 
120p SAA1900 £18 

1b SAD1024A 

15 
100p 

50p 

300p 

78p 
70p 

135Úp 
300p 
250p 
450p 
450p 

350p 
200p 

5Ópp 

85p 

200p 
200p TCA220 350; 
n5P TCA270 350p 
1109 TCA940 175p 
230p TCA965 120p 
500P TDA1004A f3 
200P TDA1008 320p 
400p TDA1010 200p 15°P TDA1022 5009 

TDA1024 124 
36p TDA1170 304 
t00p TDA2003 325p 
350p £3 
709 T042006TDA2002V 350p 

120p TDA2020 320p 
50p 11064 1014 
75p TL071/81 25p 

TL072/82 45p 
74074 104 

1 T 75p 
TL084 90p 
TL094 200p 
TL170 50p 
TL430C 70p 
UA1003-3 

935 
UA2240 750p 
UAA170 1709 
ULN2003A 75p 
ULN2004 75p 
U442068 290p 
UW2802 204 
ULN2804 150p 

UPC592H 20Op 
UPC1156H f3 
XR2206 3009 
X02207 375p 
XR2211 575p 
XR2216 675p 
XR2240 120p 
24414 BOp 
ZN419C 180p 
214423E 1369 
ZN424E 130p 
ZN425E 350p 
ZN426E 300p 
2141.27E 590p 
ZN428E 470p 
2410346 
2410406 670p 
ZNA134 230p 
ZNA234 850p 

TRANSISTORS 

A0161/2 
BC107/8 
BC109C 
BC117 
BC147/8 
BC149 
BC157/8 
BC159 
BC169C 
BC172 
BC177/8 
BC179 
BC162/3 
BC184 
8C187 
BC212/3 
BC214 
SC237 
BC327 
BC337 
BC338 
BC461 
BC477/8 
BC516/7 
BC547B 
00548C 
BC549C 
BC557B 
BC559C 
BCY70 
BCY71 
BD131 
BD132 
130135/6 
00139 
BD140 
BD189 
130232 
80233 

MAIL ORDERS TO: 17 BURNLEY ROAD, LONDON NW 101;,ED 
SHOPS AT: 17 BURNLEY ROAD, LONDON NW 10 

(Tel: 01-4521500, 01-450 6597. Telex: 922800) - - - 

305 EDGWARE ROAD, LONDON W2 

45p 
13p 
14p 
200 

100pp 

1 

11p 
12p 
12p 
17p 
189 
109 
11p 
309 
11p 
12p 
15p 

16p 

25p 
30p 
40p 

16p 

1ß6p 

22p 
75p 
SOP 

40pp 

ß20p 

75p 

CPUs 

1802CE . 650p 
26504 £12 

6502A 500p 
6800 225p 
6802 2500 

6688 Ó9 6f1p 
6809E £12 

8039 
350p 

80804 2800 
80854 3506 
1058060 £11 
TMS9980 £20 
TMS9995 £12 
28 £24 
Z80 
Z80Á 320p 
2808 £12 
8088 £18 

SUPPORT 
DEVICES 

3242 800p 
6545 450p 
20 280p 

6522 3109 
6522A 550p 
6532 550p 
6551 6504 
6821 100p 
68821 220p 
6829 £12.50 
6840 3 
681340 6075p0p 

6850 110p 
680 220p 
6852 250p 
6854 

7888A 
6875 570p 
8154 950p 
5155 " 3509 
8156 350p 
8205 224 
8212 11Op 
8216 100p 
8224 190p 
8226 250p 
8228 220p 
8243 280p 
8250 850p 
8251 254 
8253 390p 
8255 250p 
8256 £36 
8257 4009 
8259 400p 
8271 £36 
8279 440p 
8284 350p 
8288 011 

COMPUTER COMPONENTS 

6755 £18 
9902 £3 
TMS4500 f14 
TMS9928 f30 
080910 250p 
Z80AP10 280p 
Z80CTC 250p 
Z8OACTC 280p 
Z80ADART 700p 
Z80ADMA £10 
280510/1/2 £9 

HAM-, 

2101-4A 400p 
2102.31 1200 
21070 500p 
2111A 300p 
2112-A 300p 
2114-2L 100p 
2147 
4027-3 300p 
4044-45 450p 
411615 
4116-20 ß0p 

450p 
4164-2 400p 
4616AP2-3 270p 
5101 300p 
5516 9509 
6116-3 420p 
6116LP-3 750P 
6514-45 200p 
6810 120p 
7489 210p 

74S189 225p 
745201 350p 
74S289 175p 
93415 600p 
93425 6009 

ROMs!PROMs 

745188 
745287 
745288 
743387 
745471 
745473 
745474 
745570 
745571 
745573 

325p 
350p 
225p 

65ßp 

6ß0p 

6550p 

9509 

EPROMs 

25161+5v1250p 
2532 370p 
2564 012 
2705 250p 
27161+5v1250p 
27321360os1 E8 
27161350ns) 

500p 
.2764 E11 

27321350ns1 
750p 

TMS2716 750p 

CRT 
CONTROLLER 

CRT6545 900p 
CR75027 £18 
CRT5037 £78 
EF9365/6 f45 
MC6845 650p 
MC6847 660p 
SFF96364 f8 
TMS9918 £60 
TMS9927 E18 
TMS9928 £20 
TMS9929 f20 

UNIME133 
AD558CJ 775p 
405614 £14 
AM25S10 350p 
AM25LS2521 P2 
AM261.S31 125p 
AM26LS32 125p 
COM8116 800p 
07002 480p 
DAC80D £28 

M8131 P8304 3 D 460p 
0S3691 400p 
DS8830 144 
DS8931 140p 
DS8832 250p 
DS8833 225p 
DS8836 150p 
DS8638 225p 
1913201 450p 
MC1488 55p 
MC1489 55p 
MC3418 950p 
MC3446 300p 
MC3480 
MC3486 Óp 
MC3487 300p 
MC4024 325p 
MC4044 325p 
MC14411 675p 
MC14412 750p 
75107 
75110/12 1600 
75114/15 180p 
75121/22 140p 
75150P 120p 
75154 1400 
75182 90p 
75324 375p 
75361 150p 
75363 150p 
75365 150p 
75451/2 85p 
75453/4 72p 

LOW PROFILE SOCKETS BY TI 

Spin 9p 8pin 169 24pì0 24p 
14 pin 10p 20 pin 18p 28 pin 26p 
16pin 11p 22pin 22p 40pin 30p 

75491/2 70p 
8726 120p 
8T28 120p 
8795/96 90p 
8T97/98 90p 
811595/96 90p 
81LS97/98 90p 
9602 220p 
9637AP 160p 
ZN425E-8 350p 
ZN426E-8 350p 
ZN427E-8 600p 
Z4428E-8 500p 

DISC CONTROL 
ICs 

F01771 
901791 
F01793 
FD1795 
FD1797 
8271 
WD1691 
WD2143 

£20 
s22 m 
828 
£36 
£15 

550P 

CHAR 511Eß 
GENERATORS 

R032513UC 750p 
RO-3-2513LC 700p 
SN74S262AN £10 
MC66760 750p 
DM86564 £12 

KEYBOARD 
ENCODER 

AV5-2376 700p 
74C922 420p 

74C923N 500p 
BAUD RATE 

GENERATORS 

MC14411 675p 
COM8116 700p 
47020 750p 

U ARTs 

AY -3-1015P 

AV -5-1013P304 
304 

COM8017 3Óp 
1M6402 450p 
TR1602 300p 

ZIF SKTs 

(TEXTTOOL) 
24 pin 600p 
28 
40 pinpin ß£1Ó 

MODULATORS 

6MHz UHF 375p 
8MHz UHF 460p 

11031=111 
32.76 KHz 100p 
1001-1K1 260p 
200HKz 280p 
Freq in MHz 
1. p 
1.ÓO8 275p 
1.5 450p 
1.8432 210p 
2.00 225p 
2.45760 2100 
2.5 250p 
2.662 250p 
3.276 150p 
3.5795 . 100p 
3.686 300p 

200p 
110p 
250p 

150p 
150p 

175p 
175p 
175p 
250p 

150p 

250p 
200p 
200p 
200p 

150p 
2009 . 

1500 
17p 

175p 
400p 
300p 
250P 

£2- 
£2. 

4,194 
4.43 
4.608 
4.915 
5.0 
6.0 
6.144 
7.0 
7.168 
8.00 
8.86 
10-00 
10.5 
10.7 
12.00 
14.318 
14.756 
15.00 
16.00 
18.00 
18.432 
19.968 
20.00 
26.690 
27.145 
38.6667 
48.0 
55.5 
116 
145.80 
15.068 
124.00 
DIL SWITCHES 

4 way 
6 way 
8 way 
10 way 

709 
85P 
90p 

145p 

REAL TIME CLOCK 

MM58174 700p 
MSM5832 700p 
MK3805 £IBA 

WIRE WRAP SOCKETS BY TI 

8 pin 25p 18pin 500 24pin 80p 
14 pin 35p 20 pin 60p 28 pin 80p 
16pin 40p 22pin 65p 40pin 100p 

BD235 85p 
BD241 60p 
BD242 60p 
80379 60p 
B0380 60p 
BD677 40p 
BF244B 35p 
BF256B 50p 
B9257/8 32p 
6E337 30p 
13E1339 25p 
BFR40/1 25p 
BFR79 25p 
BFR80/1 25p 
BFR96 180p 
BFX29 40p 
BFX30 27p 
BFX84/5 40p 
BFX86/7 27p 
BFX88 27p 
BFX89 108p 
BFY51/2 24p 
BFY56 33p 
BFY90 80p 
BRY39 45p 
BSX19/20 24p 
BU104 226p 
BU105 1909 
BU108 250p 
BU109 225p 
BU126 150p 
BU180A 120p 
BU205 2009 
BU208 200p 
BU406 145p 
BUX80 600p 
8UY69C 350p 
E310 50p 
MJ802 400p 
MJ2501 225p 
MJ2955 90p 
MJ3001 225p 
MJ4502 400p 
MJE340 60p 
MJE2955 100p 
MJE3305 70p 
MPF102 40p 
MPF103/4 30p 

MPSA06 
MPSA12 
MPSA13 
MPSA20 
MPSA42 
MPSA43 
MPSA56 
MPSA70 

Sup 
30p 

50p 

p 
32p 
50p 

MPSA93 40p 
MPSUO6 63p 
MPSU07 60p 
MPSU45 90p 
NESU65 7ßp 
TIP29A 35p 
TìP29C 40p 
TIP30A 35p 
TIP30C 40p 
T1P31A 40p 
TIP31C 45p 
TIP32A 40p 
TIP32C 40p 
TIP33A 70p 
TIP33C 80p 
TIP34A 94 
TIP34C 120p 
TIP35A 120p 
11P35C 140p 
TIP364 140p 
1I936C 150p 
TIP41A 50p 
TIP41C 55p 
TIP42A 64 
TIP42C 65p 
711754 160p 
TIP120 75p 
TIP121 75p 
TIP122 80p 
1I9142 120p 
TIP147 120p 
1192955 78p 
1194055 70p 
TIS93 30p 
ZTX108 12p 
ZTX300 13p 
ZTX452 45p 
ZTX500 15p 
ZTX502 16p 
21X504 18p 
ZTX552 55p 
ZTX652 60p 
ZTX752 70p 
VN66AF 72p 
VN10KM 60p 
wee 80p. 
2N697 25p 
24698 45p 
2N706A 30p 
26708 309 
2N918 45p 
24930 18p 
241131/2 36p 
241613 25p 
241711 25p 
242102 74 
2N2160 350p 

2N2219A 26p 
2N2222A 25p 
2N2369A 17p 
242484 25p 
2N2646 409 
2N2904/5 25p 
2N2906A 25p 
2N2907A 25p 
242926 9p 
2N3053 25p 
2N3054 55p 
2N3055 35p 
2N3442 140p 
243553 240p 
243584 250p 
2N3643/4 48p 
2N3702/3 10p 
2143704/5 10p 
243706/7 10p 
2143708/9 10p 
2N3773 200p 
243819 20p 
263820 40p 
2N3823 30p 
263866 90p 
243902 700p 
2N3904 15p 
263906 18p 
264037 66p 
2N4123/4 27P 
264125/6 270 
2N4401/3 25p 
2N4427 90p 
244871 50p 
2145087 27p 
245089 27p 
245172 27p 
2N5191 90p 
265245 40p 
245401 60p 
245459 30p 
265460 60p 
2N5485 36p 
245875 250p 
246027 30p 
246052 300p 
246059 325p 
21,16107 65p 
246247 190p 
246254 130p 
246290 65p 
25C1306 100p 
25C1307 1509 
2SC1957 90p 
2SC1969 150p 
2012028 80p 
25C2029 200p 
2SC2078 160p 

2SC2335 
2SC2512 
34128 
3N140 
34141 
34201 
3N204 
40290 
40361/2 
40408 
40409 
40410 
40594 
40595 
40673 
40871/2 

200p 
204 

120p 
1100 
110p 
200p 
255050 

p 

100p 

1200 
120p 
75p 

100p 

DIODES 

87127 
BYX36300 
0447 
0A90/91 
0A95 
04200 
04202 
114941 
14916 
144148 
144001/2 
144003/4 
144005 
144006/7 
145404/5 
1N5404/7 
15920 

12p 
20p 

9p 
9p 

10p 

7p 

5p 
6p 
6p 
7p 

140 
19p 
9P 

BRIDGE 
RECTIFIERS 

1A 50V 
IA 100V 
1A 400V 
1A 600V 
2A 50V 
2A 100V 
2A 400V 
3A 200V 
3A 600V 
4A 100V 
4A 400V 
6A 50V 
6A 100V 
6A 400V 

19p 

25pp 
30p 

355pp 

80p 
72p 

1ß2b+ 

100p 
120p 

04400V 200p 
25Á400V 400p 

LONERS . 

2.7V -33V 
400mW 9p 
1W 15p 

TRIACS 
PLASTIC 

3A 400V 
6A 400V 
6A 500V 
8A 400V 
8A 500V 
12A 400V 
12A500V 
16A400V 
16A 500V 
T2800D 

70p 
88p 
75p 

85p 
1 

110p 
130p 
130p 

THYRISTORS 

A 400V 100p 
8A 600V 140p 
12A400V 160p 
16A100V 180p 
16A400V 180p 
C1060 45p 
MCR10136 38p 
71144 27p 
2N3525 130p 
264444 180p 
265060 30p 
1145064 35111 

PCB MOUNTING 
RELAYS 

6 or 12VDC 
Coil SPDT 2A 
24V DC 1600 
6 or 12VDC 
Coil DPDT 5A 
24V DC 
240V AC 200p 
6or 12V DC 
Coil SPDT 10A 
24V DC 
240V AC 22gp 

PLEASE ADD 40p p&p & 15% VAT 
(Export; no VAT, p&p at Cost) 

Orders from Government Depts. & Colleges etc. welcome. 

Detailed Price Ijst on request. 

Stock items are normally by return of post. 
VISA I 
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MIDWICH COMPUTER COMPANY LIMITED 
_ FAST EX -STOCK DELIVERY OF MICROCOMPUTER COMPONENTS AT UNBEATABLE PRICES, 

MIDWICH NOW APPOINTED OFFICIAL ACORN 
MEMORIES 41(6150ns 0.90 

4116 0Ons 0.70 
.40 DATASHEETS & 

OOKS 
BBC MICRO DEALER 

ACORN ATOM UPGRADES 

SPECIAL 220ons°w 
Power on 

2708 450ns 279 

OFFERS 2716 450ns 

4118 s 3.38 
4164 200es T.I. 3.99 
4164 200ns NEC 3,99 

MERRY CHRISTMASDES 
AND A HAPPY NEW 

MEMORIES DATA 

2114 0.50 

Description . 
Price 2.10 4516/4816 100ns YEAR TO ALL OUR 2716 1.10 

*Atom disc pack (AAH061 29900" 27163 
280ACPU 3.45. 3á0n5 69 2.38 2716 3 rail 1.00 

'Atom colour card (AAH07) 3925 6522 - 3.19 
(+SV 3.59 5516 2á0n5 9.38 CUSTOMERS 2732 1.40 

'48 Atan DOS (d-0841) 6012** 2716 450ns 
ÚP07002. 4.35 

6116 R3 1150n 3.85 
6116 LP3 1áOn5 

6116 0.90 ' 

'4K FP ROM (AAS22) 20.00 
'BBC ROM Set (XXXXX) 40.05** 

3 Rail 5.95 

4183 3 
2732 350ns 4.40 575 Device Price Device Price 

2532 0.90 - 

4116 1.10 

BBC Microcomputer Upgrades 
2732 450ns 299 

2732 450ns 209 32 0.12 OIL sockets low 4118 0.90 

'Memory Upgrade (BBCt) 21.50 
2532 450s 299 

2532 45Jns 299 2564 450ns 9.99 
*SPECIAL LOW 

- PRICES FOR 
33 0.144164 
37 0.12 

P 

Pins Tin 4164 NEC 1.00 
'Printer & User. I/O kit (BBC?) 7.50 2764 450ns 9.99 OUANTIT1ES* 38 0.12 22 25 4816 0.90 
F.Disc interlace inc DOS (BBC3) 70.00 

14 9 29 35 5516 1.10 
Device Price 

' Z80 FAMILY 

Device Price 
AY5-1013 2.99 

Device Price 
4023 0.15 

40 0.12 
42 
47 0.34 

*Analogue input kit (BBC4) 6.70 
'Serial I/O & RGB kit (88C5) 10.25 6 9 31 35 

1 8 13 33 52 290 FAMILY DATA 
'Expansion bus 8 tube kit í88C6) 5.95 

Z80CPU 2.95 AY5-3600 7.95 4024 0.31 48 0.45 PO 14 35 60 Z80 CPU 0.80 
Printer cable inc Ampha!ol plug 

Z80ACPU 3,45 0P8304 4.50 4025 0.16 49 0.60 22 17 40 70 Z8OCTC 0.90 
(not assembled) 1ß8C21) 13.00 

User port connector & cable (BBC22) 2.00 ZBOCTC 2.6451 
280ACTC 2.95 

MC1488 0.55 
MC1489 0.55 

4026 1.29Z 
4027 023 

0.14 
54 0.14 

24 19 42 70 
28 25 54 80 

80ADART 1.10 
280ADMA 1.10 

Analogue input plus & cover (BBC44) 225 
ZBOADART G70 MC3446 2.95 4028 0.49. 55 0.15 40 29 81 99 Z8OPIO 0.90 5 pin DIN plug is sedalint IBBCtt 1) 0.60 
Z80ADMA 11.95 MC3448A 425 4031 1.69 73 0.18 ZBOASIO 2.00 

'6 pin DIN plug fa RGB int (BBC109) 0.60 
Z8OPIO 275 MC3480 7.95 4033 1.84 74 0.10 OIL JUMPERS MK3886 6.75 

7 pin DIN plug for cassett (BBCI41) 0.60 

Connecter for bus & cable í88C661 3.50 
ZBOAPIO 2.95 
Z8OAS10-0 11.99 

MC3487 2.95 
MC14411 6.94 

4034 1.90 
4035 0.94 

75 0.19 
76 0.17 

Single ended 24" 
14 PIN 1.40 6500 FAMILY DATA 

-Single disc drive (LOOK) (88C31) 225.00' 
Z8OASI0-1 11.99 MC14412 7.99 4040 0.49 78 024 16 PIN 1.60 6502 1.80 

'Dual disc doves IBBC321 375.00 
Z8OASI0-2 11.99 R03 -2513L 6.99 4041 0.77 .83 0.34 24 PIN 2.35 6520 0.65 

Teletext Receiver í2001(1 (88C711 144.34** 
Prestel receiver IBBC721 90.00** 

Games Paddles (per pair) IBBC45) 11.30 

MK3886 11.00 
MK3886-4 14.47 
Z8OBCPO 7.15 

R03-25130 6.99 
6402 4.45 
4702 7.45 

4042 0.44 
4043 0.69 
4044 0.64 

85 0.47 
86 0.15 
90 0.28 

40 PIN 325 
Double Ended 6" 

6522 2.60 
6532 1.10 

Prices on these items are likely to change please contact sales office Z8OCTC 7.15 7660 2.58 4045 1.69 91 0.80 14 PIN 1.90 808 FAMILY DATA 
before ordering Z8OPIO 7.15 LF398N 5.56 4046 0.64 92 0.312.00 16 PIN 2.05 8085A 
As some items are on extended delivery from Acorn please check Z808I0-0 23.82 VOLTAGE' 4047 0.49 93 0.25 24 PIN 3.10 8251 2.40 
availability before ordering items marked-. 280SI0-1 23.82' REFERENCES 4048 9.54 

4049 
95 0.40 40 PIN 4.85 8255 1.00 

ACORHSOFT FOR THE BBC MICROCOMPUTER 6800 Z80 -SID -2 23.82 
FAMILY 

ZN404 245V 0.49 
ZN423 126V 1.00 

024 
4050 024 

109 027 
112 020 

Double Ended 12" 
14 PIN 2.00 DATA CONVERTERS 

Graphs & charts on the BBC Micro IAC122) 7.50 6800 2.99 ZN4588 2.450 1.08 4051 0.44 113 020 16 PIN 2.15 ZN425 0.75 
Graphs & Charts Cassette (AC123) 7.50 6802 3.49 ZN Ref 025 2.49V 1.60 4052 0.59 114 022 24 PIN 325 ZN427 0.75 
Algebraic manipulation pk (AC1241 805 6803C 12.10 ZNRef 040 4.10V 100 4053 0.77 122 0.35 40 PIN 5.10 ZN428 0.75 
Forth on BBC Micro (AC125) 7.50 6809 8.45 ZNRef 062 6.17V 1.60 4054 0.84 123 0.35 Double Ended 18" ZN432 0.75 
Forth pack (AC126) 14.65 6810 1.12 ZN Ref 100 1.96V 2.56 4055 0.84 125 024 14 PIN 2.05 ZN433 0,75 
Lisp on BBC Micro (AC1271 7.50 6821 120 OYM CHIPS 

4060 0.59 126 025 16 PIN 225 214447/0/9 0.75 
Lisp pack (AC128) 14854063 68411 3.95 ZN450E 7.61 0.98 132 0.39 24 PIN 3.46 UPD 7002 0.75 
Games -Philosophers quest (AC129) 8.65 " 

Games-Defender(AC1301 8'65 
6845 6.75 
0850 1.40 

20450 KIT 17.35 4066 0.29 
4068 0.21 

136 0.23 
138 0.27 

40 PIN 525 MISGSUFPORTCHIPS 

Games -Monster (AC131) 6.65 0 1.07 
MEARS 
LM301AN 025 

4069 0.15 139 029 ZERO INSERTION 
AY -3-1015 1.20 

Games -Snapper 1ÁC1321 8.65 6887 0.80 LM3086 0.89 
4070 0.14 145 0.70 

FO SOCKETS 
AY -3-1270 0.50 

EPROM PROGRAMMER FOR BBC MICROCOMPUTER 
68878 9.110 

6875 5.62 
LM31 i N 0.69 
LM3196 2.14 

4071 0.14 
4072 0.19 
4073 0.14 

148 0.69 
151 0.39 
153 028 

PINCE 

24 PIN 7.40 
28 PIN 7.40 

AY -3-8910 130 
AY -5-1013 1.30 
AY -5-3600 325 * Programs 2516. 2716. 2532. 2732 Industry Standard 6843 13.99 LM324N 0.30 4075 0.14 155 0.34 

40 PIN 8.80 
AY -5-2376 325 

EPROMS 68800 6.30 
19.11 

LM3486 0.59 4076 0.45 156 0.34 0P8304 0.65 * No external power supply required 
68802 LM555N 0.16 4077 0.25 157 025 25 WAY D' 
68821 229 LM556CN 0.45 4078 0.25 158 029 CONNECTORS 6800 FAMILY * Plugs straight into expansion socket 

* Easy to use * Includes all Software required 

68610 2.00 
6860 4.70 

LM741 (8 PIN) 0.14 
LM474CN 0.64MALE-MALE 4081 0.15 

4082 0.20 
190 0.35 
162 0.35 

10.15 
(AL CABLE) 

6800 4.50 
6802 2.60 

EPROM Programmer (Kit) 49.95 
EPROM PROGRAMMER (Assembled) 57.95 

68850 2.86 

500 FAMILY 
LM748 (B PIN) 0.34 
L6172566 320 

4085 0.64 
4086 0.51 

163 0.34 
164 0.39 

MALE -FEMALE 10.13 
(36" CABLE) 

6803C 1.00 
6809 3.50 

502 305 REGULATORS 4093 025 165 0.54 MALE S ENDED 5.83 6810 0.65 

ACORN & BBC c D 3691 N 4.50 
520 239 
522 3.19 

7805 0.39 4502 0.89 166 0.63 (18 CABLE) 
FEMALE 

6821 1.50 

COMPONENTSMICRO DS88LS1206 4.50 
- 

532 5.95 
7812 0.39 
7815 0.39 

4507 0.38 
4508 129 

173 0.64 
174 0.40 

S 625 
Ended (18"8845 B840 2.00 

2.80 
2114 Low Power 20 way Right Angle 6080 FAMILY 78L05 0.29 4510 0.45 - 175 0.44 CABLE) 6850 1.10 

200ns 0.80 IOC Header 2.46 085A 4.40 78Lí2 029 4511 0.44 181 0.90 68488 1.50 
4516/4816 100ná 2.69 26 way Right Angle 212 1.55 78L15 029 4512 0.49 190 0.36 AC 6522 3.19 IOC Header 3.24 215 0.60 7905 0.55 4514 1.14 191 0.44 CONNECTORS UHF MODULATORS 
74 LS244 0.59 34 way Right Angle 251A 3.19 7912 0.55 4515 1.14 192 0.44 SHROUDED HEADERS UM1111 0.40 
74LS245 0.89 IOC Header 3.80 255A 2.95 7915 0.55 4516 0.54 193 0.44 (WITH EJECTORS) UM1233 0.40 
81LS97 0.90 15 way Right Angle UFFERS LM309K 0.99 4518 0.39 194 0.34 (Right Angle PCB MTG) 
DP8304 4.50 D. SKT 3.50 

1 LS95 0.90 LM317K 320 4519 028 195 0.34 10 PIN 0.86 FLOPPY DISC 
1LS97 0.90 LM323K 4.95 4520 0.49 196 0.45 14 PIN 122 CONTROLLERS 

eGAMES PADDLES FOR BBC MICRO, DRAGON 32, 1L598 0.90 LM338K 5.75 4521 1.09 197 0.45 16 PIN 1.34 F01771 2.60 
'ZK81*, AND SPECTRUM* EKSTOCK -. T26A 120 UHF MODULATORS 4522 1.24 221 0.54 20 PIN 1,46 F01790 3.00 

`Requires controller (see below) T28A 120 6MHZ(UM1111) 3.70 4526 0.69 240 0.55 26 PIN 1.76 W02143 1.00 
T95 1.35 8M8Z(0M1233) 4.40 4527 0.64 241 0.65 34 PIN 2.06 WD1691 1.10 
T97A 1.35 

CRYSTALS 
4528 0.69 242 0.64 40 PIN 2.32 WO Kits 5.10 

T98 1.45 1MHZ 290 4532 0.69 243 0.84 50 PIN 2.70 
ATA CONVERTERS t.008MHZ 2.80 4541 0.99 244 0.59 60 PIN 320 MISC. SUPPORT 
6425 3.45 1.6432MHZ 2.20 4543 0.79 245 0.69 CHIPS 

6426 3.00 2.4576MHZ 2.45 4553 2.44 247 0.40 IOC Sockets inc 36" Á1C1488 0.90 
6427 5.99 3.6864MHZ 2.95 4555 9.50 248 0.40 Ribbon Cable MC1489 0.90 
5428 4.75 4MHZ 1.45 4556 0.50 249 008 

10 PIN 1.40 
MC3446 0.60 

N429 2.10 6MHZ 1.45 4585 0.78 251 029 14 PIN 1.82 
M64448A 0.90 

N432 13.00 170 ' N& Other devices ces 253 0.30 
PIN 

MC3480 220 
6433 2590 9.680 9 4MH2 1.95 available 257 0.34 

20 2.10 
20 PIN 328 MC3487 0.65 

64 4.40 74LS SERIES 258 0.35 26 PIN 324 MC14417 0.85 
PC7002 4.35 CMOS4000'IT 00 - 0.10 259 0.57 

34 PIN 3.80 
RO -3-2513X 0.80 

5447 72.9 
N448 5.46 

SERIFS 

4001 0.10 
01 0.11 
O2 0.11 

261 1.95 
266 0.19 

50 PIN 5.48 
60 PIN 5.38 

NM CHIPS 0.75 

BBC Micro 5449 2.55 4002 0.12 03 0.11 273 0.59 
PIN 6.38 8,95/EPar 

2X81, Spectrum*, Dragon 32 8.95/Eat N440 56.6360 4006 0.65 04 0.11 279 029 TI DATA BOOKS 

Games Paddle Controller for 7X81 and Spectrum 
FLOPPY DISC 
CONTROLLERS 

4007 0.15 
4008 0.60 

05 0.11 
08 0.11 

283 029 
290 0.57 

.A 
1 ® Linear Control 

Ciro. 4.00 

* Very High Speed Operation Possible 8271 
4009 0.34 09 0.11 293 0.40 YIOEO MONITORS 

NEC GREEN SCREEN 
Voltage Regulators 

* Plugs into 2X81/Spectrum Expansion Bus4011 F0177127137.507,50 4010 0.39 
0.11 

10 0.11 
11 0.13 

365 029 
366 029 Tel Sales 

4.50 
MOS/Memory 3.95 

FD1791 21.75 4012 0.15 12 0.11 367 029 9" Office for Interface Circuits * Connector provided for Ram Pack Printer FD1793 2275 4013 024 13 0.15 368 0.39 12" price and } 7 
Paddle Controller Kit 1435 F01795 27,76 4014 0.74 14 029 373 0.59 d deal. TEL 5th Edition 

Ass 1905 F01797 27.75 4015 0.49 (5 - 0,12 374 0.84 8.50 
WD1691 10.87 4016 0.19 20 0.12 377 0.69 Bipolar Microcomp 

Please specify 7X81 a Spectrum when ordering WD2143 5.77 4017 037 21 0.12 378 0.45 CP INDUSTRIAL 4.50 
MISC SUPPORT 4018 0.67 22 0.13 379 0.65 EPROM Programmers 
CHIPS 4019 0.41 26 0.12 386 0.34 & Erasers TI POCKET GUIDES 

NEW CATALOGUE NOW AVAILABLE AY3-1015 2.99 4020 0.49 27 0.12 390 0.49 EP4000 54530 TTList Ed ion 3.50 
AY3-1270 7.95 4021 0.89 28 0.12 393 0.41 P4000 545.00 Linear & Interface 

Please send 0.25 + SAE ÁY38910 5.99 4022 065 30 0.12 629 121 UV141 78.50 2.50 

service for credit card holders. All prices exclude VAT and carriage (0.75 on orders 
) 

24 Hour Telephone order 
v, i under £10 nett). Official orders from educa ional and governmental establishments, and public companies accepted. 

iiffliall Credit accounts available 
will follow 

to others (subject to status). All orders despatched on day of receipt. Out of Stock items 
on automatically at our discretion or a refund will be given if requested. 

NO SURCHARGE FOR CREDIT CARD ORDERS 

M I DWICH-COIVrPUTER COMPANY LIMITED 
DEPT ETI; RICKINGHALL HOUSE, RiCKINGHALL, SUFFOLK IP22 1 HH 

TELEPHONE (0379) DISS 898751 
30 Eli JANUARY 1983 
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FEATURE 

DESIGNING MICRO 
SYSTEMS PART 6 
The previous article explained how the computer handles input 
and output of data but how many of us read and write in 
binary? This month Owen Bishop explains the operation of more 
user-friendly interfaces. 

Quite a number of electronic circuits produce their 
output in analogue form, and it is beyond the 
ability of a computer to read such data unless it is 
first converted to digital form. Examples of devices 

with analogue outputs are electronic thermometers, 
pressure transducers, audio amplifiers (for speech 
recognition etc) and indeed any device which produces 
an output voltage varying over a predefined range. Even a 
simple carbon pot can be included in this list. The Games 
Controller of the Apple II, for example, uses a 150k 
potentiometer (there is also a push-button connected to a 
memory -mapped latch, but this is a digital input). The 
position, or setting, of the potentiometer is the analogue 
quantity to be measured. The computer has a quadruple 
timer IC and, when the Games Controller is plugged in to 
the computer board, the pot becomes part of the RC 
circuit of the timer. When the MPU is to read the setting of 
the Controller, it first triggers the timer (the trigger input is 
memory -mapped) then measures the length of pulse 
produced. It does this by reading the memory -mapped 
output over and over again, counting how many times it 
reads 'high' until it eventually reads a 'low'. The number 
of 'high' reads is approximately proportional to the 
angular setting of the control knob. The analogue -to- 
digital conversion is crude and far from linear, but 
certainly good enough for its intended application. 

TO MPU 

TRIGGER 
ADDRESS 
DECODER 

OUTPUT 
ADDRESS 
DECODER 

THRESHOLD/ 
DISCHARGE 

INPUT +5V 

TIMER 

TRIGGER 

OUTPUT 

q / BUFFER 

( DATA BUS I 

Fig, 1 Analogue -to-digital conversion for a games controller. 

CT 

ov 

I 

GAMES 
CONTROL 

A -to -D Conversion 
Many computers have on -board A -to -D !Cs such as 

the National Semiconductor ADC0801 (Fig. 2). This 
converts any input voltage in the range 0 V to 5 V to digital 
output in the range 0 to 255 (00 to FF in hex). The heart of 
the IC is a chain of resistors in series, with 5 V across the 
ends of the chain. 

VREF O 

VIN 

VC 

RESISTOR 
CHAIN AND 

DECODER 

COMPARATOR 
AMPLIFIER 

CONTROL 
LOGIC 

OUTPUT 
ENABLE 

O DO 

0 D 
O D2 

O 03 

D4 

O D5 

O D6 

O D7 

TRI -STATE 
OUTPUT 
BUFFERS 

CLOCK 

TO 
DATA 
BUS 

Fig. 2 Simplifed block diagram of an A -to -D converter such as 
the ADC0801 VREF is an on -chip or external reference voltage. 
Vc is the output voltage from the resistor chain, which is 
compared with VIN, the analogue voltage which is to be 
converted. 

Internal logic controls CMOS analogue switches 
which switch resistors into or out of the chain, so 
producing a voltage (Ve) which can range from 0 V to 5 V 
in 256 steps. At each stage a comparator matches the 
output of the chain against the analogue voltage (VIN). The 
largest resistor is switched in and out first, to determine if 
the input is less than or greater than 2V5. Then the next 
largest resistor is switched in and out to narrow the 
possible range to within 1V25. At each stage the chain 
output and analogue input are matched more and more 
closely. After eight attempts the closest match will have 
been found. The logic signals which have produced the 
hatch are then used to set the eight output buffers to one 
of the 256 possible combinations which can be read as a 
byte (0 to 255) by the computer. This IC converts the 
voltage with true linearity, with an accuracy of half a step 
in 256 steps and takes only a few hundred microseconds 
to do so. If we want greater accuracy, there are similar A- 
to -D ICs with a 12 -bit output. Note that it is the converter 
which does the'work: the MPU only has to read the result. 
We do not need to write software to instruct the MPU to 
measure pulse lengths as with the Games Controller. This 
saves time and simplifies programming. 

Most A -to -D ICs have ways of altering the span of the 
input range, so that voltages from, say, 0 V to 2 V produce 
the full-scale output range, 0 to 255. In addition you can 
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COMPARATOR 

VREF 

Fig. 3 Simplified block diagram of a simple A -to -D converter, 
the 507C. VREF is an on -chip or external reference voltage. VIN 

is the analogue voltage to the converted; VOUT is the square 
wave output. 

VOUT 

adjust the offset so that, for example, you obtain a reading 
of 0 when the input is 10 V and reading of 255 when the 
output is 12 V. 

As might be expected, a A -to -D IC is a sophisticated 
circuit and is correspondingly expensive. If an application 
requires several analogue inputs and high conversion time 
is not of paramount importance, the inexpensive 507C IC 

provides linear conversion in 1 mS with seven -bit 
resolution. This has a resistor ladder (Fig. 3), and the 
counter supplies current to each resistor in binary 
sequence. The op -amp adds the currents and the result is 

that the output ramps down a voltage from 0.75 x supply 
voltage to 0.25 x supply. If the enable input is high, the 
comparator gives a high output whenever the ramp 
voltage exceeds the analogue input voltage: thus the 
length of time the output is low is a measure of the 
analogue voltage (Fig. 4). The MPU can find this time by 
using a program like that described for the Games 
Controller. 

0V f-. 
Fig. 4 The input and output voltages of the 507C A -to -D 
converter. The computer measures t, which is proportional to 
VIN. 

... And The Converse Conversion 
If a peripheral needs an analogue signal to control it 

(eg controlling the speed of a motor), we need circuits 
which can convert the digital output of the computer into 
its analogue equivalent. 

The ZN425 D -to -A converter makes use of an R -2R 

ladder (Fig. 5). The switches are under the logical control 
of the eight -bit input. As the count increases, the output 
voltage increases in proportion (see panel). To drive a low 
impedance device the output must be buffered by an 

operational amplifier. 
This IC may also be used for A -to -D conversion, using 

its binary counter. The counter is clocked by an external 
pulse generator, and as it counts the pulses, switches 
controlling the R -2R ladder are closed and opened in a 

binary sequence. The output is a staircase ramp of 256 

steps. An external amplifier compares the output from the 
ladder with the analogue voltage which is to be converted. 
When the ramp output equals the analogue voltage, the 
output from the amplifier inhibits the clock. At this point 
the logic output which controls the switches can be read 
as an eight -bit equivalent of the analogue input. 

R -2R 
LADDER 

R 

2R 2R 2R 2R 2R 2R 2R 2 

> DO 

2 D10 

'1 -L -m D20 
áro nozF 

D40 

QÓ D50 
h D60 
2 D70 

EXTERNAL 
AMPLIFIER 

SWO SW1 SW2 SW3 _SW4 SW5 ,SW6 ,SW7 

SELECT 
COUNTER 

0 - 
(ACTIVE 

HIGH) 

COUNTER SELECT 
CONTROL 

CLOCK 
8 BIT BINARY 

COUNTER 

VOUT 
O (ANALOG 

OUTPUT) 

O VREF 

0 OV 

RESET 

Fig. 5 Block diagram of the ZN425E D -to -A converter. VREF is 

an on -chip or external reference voltage. The amplifier is not 
on the chip but is an external op -amp (eg 741). 

Screens And Printers 
The way most owners receive information from their 

micros is through the screen. This may be a domestic TV 
set or a monitor unit specially designed for the purpose. 
Those whose main interest lies in arcade games, 
adventures, and the like usually need no more than the 
screen, but anyone with an interest in programming soon 
finds that the screen alone is not enough. There is the 
tedium of copying long listings of favourite programs from 
the screen, and the frustration of being able to see only a 

few lines of program at any one time. Sooner or later, the 
serious programmer adds a printer to the system. This 
month we shall deal with both these ways of receiving 
information from the micro. 

The fact that the technology of high-speed (for the 
time) printing was already available in the form of teletype 
machines, lead to the early mainframe computers having a 

printer but usually no screen. We are reminded of this 
early use of teletypes by some of the curious control codes 
which abound in the ASCII character set (see last month's 
article). The screen of the early mainframe computers, if 
any, was often a CRT in which the X and Y deflection 
plates were under the direct control of the computer. It 

was a kind of high-grade oscilloscope, with the computer 
using the electron beam to 'draw' an image on the screen. 
This was suitable for displaying charts and graphs, but not 
much use for text. 

With a modern computer, the electron beam scans a 

rectangular area on the end of the CRT, in the same way as 

a TV set. The field (or raster) consists of a large number of 
horizontal lines (the number varies according to the 
system) placed close together (Fig. 6). Each line is scanned 
in turn, from the top to the bottom of the screen. Most TV 
systems have an interlaced raster in which the beam first 
scans alternate lines down the screen and then returns to 
scan the ones between the first set. As the beam scans, its 
intensity (and hence the brightness of the glow produced 
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HOW THE R -2R LADDER WORKS 

Assume all switches are set to 0 V. The three left-hand resistors 
are equal to 2R and 2R in parallel, and so can be replaced by a 

single R resistor. Thus the four resistors shown are equivalent to 
2R switched to 0 V. We can carry this reasoning all along the lad- 
der, until we reach a switch that is not set to O V. 

OV 0V 

EQUIVALENT R 

> 
EQUIVALENT 

TO TO 

OV 

2R 
OV O-/VVV 

If all except SW7 are set to 0 V, and SW7 is set to V (the 
reference voltage), we can consider all resistors to the left as 

equivalent to a single 2R resistor, switched to 0 V. We have a 

potential -divider, and Vo = V/2. This corresponds to the ex- 
pected output, since 128/256 = 1/2. 

=2R 

OV 

2R HIGH 
IMPEDANCE 

INPUT 

SW7 

CODE= 1000 0000 = 128 

VO=V/2 

If all except SW6 are set to 0 V and SW6 is set to V, we can 
consider all resistors to the left to be replaced by a single 2R 

resistor, switched to 0 V. 

I,, = V/3R; 11 = (V - Vi)/2R; 12 = V1/2R 

By Kirchoff's Law (sum of currents entering a point must equal 
sum of currents leaving a point): 

10=11- 12, so 

V1/3R = (V - V1)/2R - V1/2R, giving 

2V1 = 3V - 3V1 - 3V1 

V1 = 3V/8 

Now we can calculate Vo: 

Vo = 2V1/3 = V/4 

This corresponds to what is expected since 64/256 = 1/4. 

2R 

OV 

V1 

V 

VO 

OV 

CODE = 0100 0000 = 64 

VO = V/4 

Here both 5W6 and SW7 are switched to V. 

to = (V - V1)/3R but 11 and 12 are as above. 

12 = 10 + 11, so 

Vi/2R = (V - V1)/2R + (V - V1)/3R, 

which simplifies to V1 = 5V/8. 
Now Vo = V1 + (V - V1)/3 = 5V/8 + V/8 = 3V/4. 
This is what we expect, since 192/256 = 3/4. 

V1 

OV 

vo 

CODE = 1100 0000 = 192 

VO=?4V 

This kind of reasoning can be repeated all along the chain. get- 
ting more and more complicated, but with the same kind of result. 
If all the switches are set to V, the maximum Vo is obtained, ie 
255/256V. 

on the screen) is modulated. If the beam is strongly 
modulated, so that it produces either bright light or none, 
we can use it to produce a textual display of good contrast. 
Fig. 7 shows how a line of text can be built up from dots of 
light in seven successive scans. These are followed by a 

number of lines in which the beam is blanked (off) to 
provide spacing between rows of text. This process is 

repeated all the way down the screen. 

7 LINES DEEP 7i 

A SINGLE 
MODULATED LINE 

FACE OF CRT 

Fig. 6 How text is displayed on a TV screen. 

ETI JANUARY 1983 

As Fig. 7 shows, it is possible to build up well-defined 
alphabetic characters from a 7x5 matrix of dots. Numeric 
characters, punctuation marks and various other symbols 
can also built up in this way. We will now look in more 
detail at what the computer has to do in order to produce 
such a display. Visual displays are a field in which 
microcomputer designers have felt themselves free to use 
their inventiveness. Consequently, there are almost as 

many ways of producing the display as there are makes of 
microcomputer. Our discussion will therefore deal only 
with the main principles which are common to most 
micros. 

SUCCESSIVE 
SCANS 

1 

2 

3 

4 

5 

6 

7 

1 DOT SPACE 

l 
5 DOTS WIDE 5 DOTS WIDE 15 DOTS WIDE 

DIRECTION OF SCAN 

DOT OF LIGHT 

Fig. 7 Enlarged view of the first few letters shown in Fig. 6. 
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The Writing's On The Screen .. . 

Figure 8 shows the signai which is fed to the grid of the 
CRT to modulate the beam to produce scan 5 of Fig. 7. 

The length of a single dot -producing pulse, is of the order 
of 15 uS. This waveform is produced by a circuit like that 
shown as a block diagram in Fig. 9. Most micros have what 
is termed a memory -mapped display. A certain block of 
memory addresses is set aside for holding the text. 
Normally it requires one byte of data for each character. 
For example, if the screen has 16 lines, with 64 characters 
per line, the memory area must consist of 1024 bytes, or 1 

kilobyte. Whenever text is to be displayed, the CPU stores 
the ASCII codes corresponding to each character in the 
appropriate memory cell. 

TIME 
LINE T 

SYNCHRONISING 
PULSE 

Fig. 8 The signal required to produce the fifth scan of Fig. 7. 

___WHITE 
LEVEL 

BLA 
LEVELCK 

The video RAM, as this section of memory is usually 
called, is read in sequence by the video circuitry. 
Although video RAM can be addressed by the MPU like 
any other part of RAM, in some micros it has its own 
control signals and its own data bus to connect it with the 
video circuit. For most of the time it operates 
independently of the microprocessor. The ASCII code for 
each character in turn is transferred to the data latch. It is 

held there while the next code is being fetched. The 
output from the latch goes to a character generator IC. 

This is a special kind of ROM (see Designing Micro 
Systems, ETI October 1982) which converts an ASCII code 
into the corresponding pattern of dots. It has inputs from 
the latch to tell it which character is to be generated, and 
from the synchronising circuit to tell it which one of the 
seven lines of dots is to be generated. It has five outputs 
that indicate which dots are to be displayed as white and 
which will be black. 

VIDEO 
MIXER BUFFER 

TO 
MONITOR 
CIRCUITS 

Fig. 9 Block diagram of thle circuit for displaying text. 

The output from the, character generator is converted 
from parallel to serial form by the shift register. This 
produces a train of pulses, some high, some low, like 
those shown in Fig. 8. These are fed to a video mixer 
circuit where line synchronising pulses and frame 
synchronising pulses are added. The combined video 
signal is then passed through a buffer circuit to the 
monitor. 

Such a signal is not suitable for sending to a domestic 
TV set. The TV is expecting a UHF carrier signal from an. 
aerial, modulated by the video signal. So, if a TV is being 
used, the signal from the video mixer must first go to a 

modulator. This produces a UHF carrier signal (usually on 

34 

Channel 36) with the video signal imposed on to it. When 
the TV receives this signal it demodulates it, recovering the 
original video signal that it then uses to produce the 
display. The additional processes of modulation and 
demodulation inevitably lead to distortion; consequently, 
the resolution obtainable on a TV is inferior to that 
obtained on a proper monitor screen. A TV is acceptable 
when there are 40 or fewer characters per line, but when 
there are 60 characters or more the use of a monitor is 

much to be preferred. 

Graphics Galore 
The variety in methods of producing textual displays is 

exceeded by the variety of techniques used for producing 
graphics. A few - micros (eg ZX81 and PET) use the 
character generator to produce geometrical shapes and 
other designs and symbols. These can be combined on the 
screen to produce designs of almost infinite complexity. 
This technique exploits one of the useful features of 
character generators: they can be programmed to produce 
any or all of the possible patterns on a 5 x 7 (or larger) 
matrix. For example, we can have them programmed for 
different styles of letter or for special letters for different 
languages. There 235 permutations of dots, far more than 
can be accommodated within a single IC, so the snag of 
this method is that the user is limited to the range of 
symbols selected by the manufacturer. If you are writing 
programs for playing Bridge or Blackjack, the hearts and 
clubs symbols will be useful but, if your interests lie in cash 
account programs, they are a waste of space on the chip. 

(a) 

1 2 

4 8 
16 32 

BINARY 
VALUES OF 
EACH PIXEL 

(b) 

CODE= CODE= 
1+32+128 = 161 2+8+16+128 

= 154 

2:: 

3:: 

4. 
5) 

;:' 

9: 
9: 

BETWEEN 
LETTER 
SPACE 

Mt* I,* .. .. . ..:. ..:>::,:... 
BM.:. MifflitZefflei<:.; effle...03£' ::' ..:; lfflel. efflg-:. fflee.; 
gege.... ;... :.:. :.. .^ 
.:.. ... iten 

BETWEEN LINE SPACE 

Fig. 10 Graphics blocks, as used in the TRS-80 Model I. (a) 

Each pixel has the binary value shown. (b) and (c) The sum 
of, values of 'on' blocks plus 128 gives the code. (d) How a 

block is displayed by scanning (letter A for comparison of 
sizes). The blocks are displayed on a 6 x 12 matrix, leaving 
no space between adjacent blocks. 

Many computers use graphics blocks (Fig. 10) as a 

means of constructing displays. A block may consist of six 
sub -blocks (or pixels, which is the name used for picture 
elements). Designing displays by this method involves 
interpreting your picture six blocks at a time and 
programming the computer with the corresponding code. 
The codes are stored in video RAM, as with text. Separate 
circuits are used in place of the character generator to 
convert the code to the corresponding set of video signals 
and feed them to the shift register. If the designs required 
are regular (such as decorative borders), programming is 

simple but it becomes very time-consuming if you want to 
draw complicated pictures. 

A third approach to graphics is to deal with each pixel 
separately, and allocate one bit in video RAM to each 
pixel. If the value of the bit is '0', the corresponding pixel is 

'off' (black screen). If it is '1', the pixel is 'on' (white 
screen). A medium -resolution graphics display, for 
example MODE 5 on the BBC Microcomputer, has 256 
lines, each with 160 pixels. This gives a total of 40960 
pixels. Allotting one bit per pixel, the video RAM must 
provide 5 kilobytes. If the display is to be in colour, an 
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additional 5K bytes are required to indicate colour 
information for four colours, or an additional 15K for 16 
colours. With the high -resolution display on the BBC 
Microcomputer (MODE 0) there are 640 pixels per line, 
requiring 20K, but allowing for only two colours. It can be 
seen that high resolution graphics, and particularly high - 
resolution colour graphics, require a very extensive video 
RAM. The cost of RAM has fallen in recent years, making it 
feasible to provide micros with good high -resolution 
colour graphics at relatively low cost. But, unless special 
'paging' address circuitry is introduced, a micro with a 
16 -bit address bus is limited to 64K of memory, into which 
ROM, program RAM and the video RAM must be fitted. 
Consequently, an increase in the size of the video RAM 
means a decrease in the address space left for program 
RAM. If video RAM is physically a section of RAM itself, 
instead of being a separate entity as in some micros (see 
above), this section of RAM can be used for video when a 
program is to have plenty of graphics in colour, but can be 
turned over to program or data storage when graphics are 
not required. This is the system generally adopted in 
micros with high resolution graphics. 

A Colourful PAL 
In the PAL system of colour television, used in most 

European countries, colour transformation is transmitted 
by modulating the luminance (brightness signal) with a 
very high frequency chrominance (colour) signal. The way 
in which the chrominance signal is derived and 
subsequently decoded in the TV set is too complex to go 
into here. The final result is that three separate signals are 
derived to control the red, green and blue guns of the 
colour tube. 

The output from a computer to an RGB colour 
monitor consists of four signals, on separate lines. The 
'sync' signal provides the pulses needed for synchronising 
scanning with the reading of video RAM. The other three 
signals (R, G and B) control the three electron guns of the 
colour tube. Whenever there is a pulse on R, a red dot is 
produced on the screen. Whenever there is a pulse on G, 
we obtain a green dot. In either case only one kind of 
phosphor (red or green) is made to glow. If there are 
pulses on R and G at the same time, both electron guns are 
activated. A red dot and a green dot are produced in the 
same region of the screen. From the normal viewing 
distance it appears that there is a yellow dot on the screen. 
All colours are produced by mixing red, green and blue in 
various combinations and proportions. 

The availability of separate signals for the red, green 
and blue guns means that excellent colour rendering with 
full saturation may be readily obtained on an RBG 
m nitor. For those who wish to use a domestic colour TV, 
micros with colour graphics usually have a TV output. In 
the video mixer circuit the RGB signals are combined with 
the luminance signal before modulation and the 
composite signal is sent to the TV set. As with 
monochrome TVs, losses of signal quality occurring during 
demodulation and decoding mean that resolution and 
colour rendering is not as good as with a monitor. 

High resolution colour graphics can give an intricate 
picture but, with so many pixels to be individually dealt 
with, one might think that programming would be too 
laborious for the average user. In fact, high resolution 
graphics may be easier to handle than the graphics blocks 
or generated characters described earlier. Since there is 
only one shape (a dot) instead of dozens or hundreds, we 
avoid the need to specify which shape is to be displayed. 
Since each pixel can be specified solely by its X and Y 
coordinates of the screen, the basis of pixel graphics is 
mathematical and it lends itself readily to mathematical 

treatment. It is easy to write routines for drawing lines, 
circles, or triangles, and for filling in areas with solid 
colour. The high-level language may include commands 
such as DRAW, PLOT, and CIRCLE, which perform these 
functions automatically, leaving the user to supply only 
the parameters. Graphs, bar charts, clock faces and all 
kinds of designs which are composed of reasonably simple 
geometrical shapes can be programmed in a few lines. 

Getting Into Print 
Controlling a printer is very different from controlling 

a monitor or TV. When controlling a monitor, the 
computer is responsible for all the timing and signal 
generation. The monitor merely transfers this signal to the 
screen as a raster of lines, varying in brightness along their 
length. Once the data has been transmitted, there are no 
further problems for the computer, for the monitor is able 
to work fast. The signals it receives are almost immediately 
translated into a pattern on the screen. 

A printer takes a much larger share of the work on 
itself. The computer simply tells the printer which letter is 
to be printed next. Then the printer works out how and 
where to print the letter, or when to feed the paper on to 
print the next line. It can even organise itself to save time 
by printing alternate lines from right to left! In order to do 
this the printer needs an elaborate logic circuit. This may 
often include a microprocessor specially devoted to 
managing its activities. If the printer is of the dot-matrix 
type, it also needs a character generator to tell it which 
combinations of printing, needles to fire at the ribbon (Fig. 
11). 

(a) Ibl 

Fig. 11 Dot-matrix printers use a matrix of printing needles. 
If a needle is fired it hits the ribbon and makes a dot on the 
paper. In (a) a capital G is produced on a 5 x 7 matrix. In (b) 
a lower-case g is produced with a tail beneath it using a 5 x 9 
matrix. In general, printers with few rows are not able to 
offer descenders like this. 

The main disadvantage of a printer compared with a 
screen is that it deals with data much more slowly. There is 
a physical limit on how rapidly we can accelerate and then 
decelerate the appreciable mass of the print head (be it a 
matrix of needles or a daisywheel) and the rollers or 
sprockets which feed the paper to it. By contrast, the beam 
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Fig. 12 Parallel data transfer between computer and printer. 
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of electrons in a CRT is virtually massless and can be 
directed and modulated almost instantly. 

There are two main ways in which a computer and 
printer may be connected. The parallel transfer of data is 
illustrated in Fig. 12. An example of this 'system is the 
Centronics interface, originally devised by manufacturers 
of Centronics printers but now adopted by many other 
manufacturers. The first point to note is that there is two- 
way communication, in contrast with the one-way 
communication between computer and monitor. This is a 
consequence of the relatively slow speed of a printer. A 
computer can instruct a printer far faster than the printer 
can print. Rather than have the computer waste its 
valuable time waiting for the printer to operate letter by 
letter, we let the computer send a long string of commands 
to the printer in rapid succession. Since there are eight 
data lines, the computer can send a byte at a time. This is 
normally the ASCII code for the letter required. The printer 
can also interpret ASCII control characters for operations 
such as line feed (LF) and carriage return (CR). Whenever 
the computer is outputting data it makes the 
DATA STROBE line low. this has the same function as the 
WR control line used internally, and is derived almost 
directly from it. Similarly, the data lines are separated from 
the data bus of the computer only by latches, which hold 
the data long enough for the printer to be able to receive 
it. In some micros a general-purpose I/O device is used for 
this purpose (see Designing Micro Systems, ETI December 
1982). 

The I/O device or the buffers leading to the printer 
data lines need only one decoding circuit to enable them. 
Thus a printer needs to have only one address in RAM 
allocated to it. In comparison with the video screen, the 
printer makes minimal demands! 

Printer Buffer 
When data is received by the printer it is stored in a 

small RAM, called the holder buffer. This holds the codes 
for about 80 characters (maybe more), which is enough to 
print one line of text. It stores codes as they come in, then 
reads out codes previously stored and prints the 
characters they represent. When the computer sends a 
long string of codes the buffer is likely to become full. Also 
the printer has occasionally to stop printing to move on 
the paper to the next line. Again, codes will accumulate in 
the buffer. At this stage the printer puts a signal on the 
BUSY line. The effect of this is to interrupt the computer 
and make it stop sending any more data. When the printer 
has printed all that it has stored and its buffer is empty, the 
BUSY signal is taken off the line and the computer is free 
to send the next batch of data. On some interfaces there is 
also an acknowledge line (ACK), a handshaking line by 
which the printer informs the computer that it has done 
whatever it was told to do and is awaiting fresh 
instructions. There may be an OUT OF PAPER line for 

STOP START 
BIT BIT 

ASCII CODE ly 

CPU 

DATA 

BUSY 

PRINTER READY 

DATA SET READY 

PRINTER 

Fig. 13 Serial transfer of data between computer and printer. 

signalling this fact to the computer. The level on, this line is 
usually controlled by a micro -switch connected to a lever 
which is in contact with the paper. An OUT OF PAPER 
signal causes the computer to send no more data until the 
normal level is restored. 

Are You Being Serialed? 
The alternative way of sending data to a printer is to 

transmit a series of pulses along a single line. This has 
obvious advantages in that only a single data line is 
required instead of eight. The most frequently used system 
of serial data transfer is known as the RS232C standard. 
The standard specifies voltage levels and rates of data 
transfer and the system to be used for coding the data. The 
standard also covers the types of connector to be used so 
that any pair of devices employing RS232C may be 
coupled together and expected to communicate reliably. 

In Fig. 12 the pulses drawn above the parallel data 
lines indicate that the computer is sending 0100 0001 (or 
65 decimal, the ASCII code for 'A'). In Fig. 13 the same 
ASCII code is being sent serially along one data line. 
Sending eight bits one after another is obviously slower 
than sending them in parallel, a byte at a time, as in Fig. 
12, but since printers are relatively slow this is not a great 
disadvantage. 

There are various ICs available for converting parallel 
data to serial data. A simple parallel -in -serial -out (PISO) 
shift register such as the 74LS166 will do the job, but ICs 
specially designed for computers do it better. A universal 
asynchronous receiver transmitter (UART) is an example 
of such an IC. This provides two-way communication, 
being able to receive parallel data from the CPU and 
transmit it as serial data, and to receive serial data from a 
peripheral and pass it to the CPU as parallel data. The 
latter function is not required for use with a printer, but 
would be used, for example, when two computers are 
required to communicate with each other. Not only does 
the UART convert from parallel to serial (or the other way 
about) but it takes the parallel data, makes it into a train of 
eight pulses, and adds a 'start' pulse and a 'stop' pulse to 
the beginning and end of the train. 

Correcting The Errors 
Since it requires only one data line, serial data 

transmission is suited for long distance. Parallel data 
transmission is rarely used under such circumstances. The 
longer the line, the greater the chance of stray 
electromagnetic interference finding its way on to the line 
and into the data receiving circuit. This is why the train of 
pulses often includes an extra pulse known as the parity 
bit. The idea of this is to allow the receiving device to 
check that no spurious pulse has been added as a result of 
interference during transmission. The parity bit is 
calculated by the UART before the data is transmitted, and 
is added to the end of the train of data pulses, then 
followed by the stop bit or bits. The value to be given to 
the parity bit is found by counting how many 1s are 
present in the data. If the number is even, the parity bit is 
made 1, so the total number of is becomes odd. If the 
number of 1s in the data is already odd, the parity bit is 
made 0, so retaining the odd number of 1s. At the 
receiving end the UART simply has to count the number of 
1s in the train. If it is odd, all is well and it then sends on 
the train (minus the parity bit) to be decoded. If the 
number of 1s is even, a transmission error has occurred 
and the device or its operator can be alerted. This system 
is not absolutely error -proof for two errors could occur 
which would be self -cancelling. However, if the average 
rate of error is, say 1 in 100,000 bits on any occasion, the 
chance of two errors occurring on that occasion is 1 in 
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10,000,000,000 bits, which can be fairly safely 
disregarded. 

The system described above is known as odd parity. It 
is also possible to work with even parity, in which the 
parity bit makes up the 1 s to an even number. Most UARTs 
can be programmed to deal with either type of parity. 

It's Your Timing That's Crucial 
Fiuure 10 shows the train of pulses required to 

transmit the ASCII code for 'A serially. It includes an even 
parity bit. The soïtage level specified for signalling 0 is 
-3 V or more, while the level for 1. is any voltage lower 
than -3V. The interval between successive groups of 
pulses can be as long as necessary. The receiver waits until 
a start bit arrives and then decodes the nine or so bits 

bleb fo tow. There is no interval between successive 
pulses. The sequence of five Os, for example, is received as 
one high pulse. It follows that the transmitter and 
receiver must both have a method of timing the duration 
of puises. Both circuits have oscillators or clocks built in to 
them to fix the rate at which they work. When two devices 
are coupled both clocks must operate at the same 
frequency. To assist standardisation, a number of 
frequencies have been selected for use with RS232C 
interfaces. 

The rate of transmission of data is expressed in baud. 
This unit, named after a French engineer, J. M. E. Baudot, 
is equal to the number of bits transmitted per second. 
Standard rates are 110, 150, 300, 600, 1200, 2400, 4800, 
9600 and 19200 baud, though the higher ones are not 
included in the. RS232C standard. To simplify circuit 
design there are baud rate generator ICs. These are driven 
by a high frequency crystal oscillator circuit; the high 

DATA 
(ASCII CODE) 

'HOLDING' t 0r 1 l O l 0 i 1 l O t 0i Oi o i oi 1 i O r 

START 
BIT 

MSB LSB 

STOP 

'EVEN' 
PARITY 

'HOLDING' 

Fig. 14 The waveform of a serial signal (see text). There may 
be one or two 'stop' bits. The holding period between suc- 
cessive signals may be any length, which is why the system is 
called asynchronous. 

frequency is divided by internal counter circuits to 
produce a range of output frequencies at standard baud 
rates. A UART may be connected to one or other of these 
outputs, depending on which baud rate is to be used. An 
interface usually has the facility for switching the UART to 
any one of the generator outputs, so that the rates on 
transmitter and receiver may be matched. 

Since this is an asynchronous system, matching of 
timing does not have to be of high precision. Timing at the 
receiver begins when a start bit is received. The clock at 
the receiver has to remain in phase with the transmitting 
clock only for the. duration of 10 to 11 pulses. The 
receiving clock probably runs slightly slower or faster than 
the transmitting clock, but this does not matter. It can get 
only a fraction of a pulse out of phase in such a short time, 
and this is not enough to cause errors in decoding. When 
the next train of pulses arrives, timing begins all over again 
from the arrival of the start pulse. Any discrepancies of 
timing which might have accumulated between trains are 
eliminated. ETI 

MODULES FOR SECURITY Et MEASUREMENT 
INTRUDER ALARM CONTROL UNIT 

CA 1250 

Built-in electronic siren drives 2 loud speakers 
Provides exit and entrance delays together 
with fixed alarm time 
Battery back-up with trickle charging facility 
Operates with magnetic switches, u/sonic or 
LR. units 
Anti -tamper and panic facility 

This exciting new module offers all the possible 
features likely to be required when building an 
intruder alarm system. Whether used with only t or 
2 magnetic switches or in conjunction with several 
ultrasonic alarm modules or infra -red units, a really 
effective system can be constructed at a fraction of 
the cost of comparable ready-made units. Supplied 
with a fully explanatory Data Sheet that makes 
installation straight forward, the module is fully 
testad and guaranteed. 
*aváilable in kit form £16.95 + VAT 

Stabilised ouput voltage for external units 
2 operating modes - full alarm/anti-tamper and 
panic facility 
Screw connections for ease of installation i Separate relay contacts for switching external 
loads 

Ott Test loop facility 

DIGITAL VOLTMETER MODULE DVM 314 
Fully built & tested 

Positive & negative voltage with an FSD of 
999mV which is easily extended 
Requires only single supply 7-12V 

O High overall accuracy - 0.1% + 1 digit 
Large bright 0.43" LED displays 
Supplied with full applications data 

With this fully built and calibrated module a wide range of accurate equipment such as multimeters, 
thermometers, battery indicators etc. can be constructed at a fraction of the cost of ready-made units. Full 
details are supplied for extending the voltage range, measuring current, resistance and temperature. 
Fully guaranteed, the unit has been supplied to electricity authorities, Government departments, etc. 

Temperature Measurement Kit DT.10 £2.25 +VAT 
Using the I.C. probe supplied, this kit provides a linear output of 1 OmV'C over the temperature range 
from 10°C to + 100°C. The unit is ideal for use in conjunction with the DVM modúle providing an 
accurate digital thermometer. 

Power Supply PS.209 £4.95 +VAT 
This fully built mains power supply provides two stabilised isolated outputs of 9V, 250mA each. The unit 
is ideally suited for operating the DVM at Temperature Measurement module. 

ULTRASONIC 
ALARM 
MODULE 
US 4012 
Fully built 
Ft tested 

Adjustable range 
from 5ft. to 25ft. 

A really 
effective fully built 

module containing both 
ultrasonic transmitter and 

receiver and circuitry for providing 
false alarm suppression. This module, 

together with'a suitable 12V power supply 
and relay unit as shown, forms an effective 

though inexpensive intruder alarm. Supplied with 
comprehensive Data Sheet, it is easily mounted in a 

wide range of enclosures. A ready -drilled case and necessary 
hardware is available below. 

Power Supply ft Relay 
Units PS 4012 £4.25 +VAT 

Provides a stabilised 12V output and relay with 3A 
contacts. The unit is designed to operate one or two 
of the above ultrasonic units. Fully built and tested. 

Siren Module 
SL 157 £2.95 +VAT 

Produces a loud and penetrating sliding tone operat- 
ing from 9-15V. Capable of driving 2 off 8 ohm 
speakers to SPL of 110db at 2M. 
Contains an inhibit facility for use with shop 
lifting loops etc. or other break to activate 
circuits 

Add VAT ft 50p post and packing 
to all orders. 
Shop hours 9.00-5.30 p.m. 
(Wed. 9.00-1.00 p.m.) 
Units on demonstration - callers 
welcome. S.A. E. with all enquiries = 

Hardware Kit 
HW 4012 £4.25 + VAT 
A suitable ready -drilled case with the various mount- 
ing pillars, mains switch socket and nuts and bolts. 
Designed to house the ultrasonic alarm module 
together with its power supply. 
Size: 1 53mw x 120mm x 45mm. 

* ACCESSORIES 
3 -position Key Switch for use with 
CA 1250 supplied with 2 keys f3.43 
Magnetic switch (with magnet) £1.17 
5" Horn speaker for use with CA1250 
and SL157 £4.95 

RiSCOMP CiMITED 
Dept: ETI/13 
21 Duke Street, 
-Princes Risborough, Bucks. 
Princes Risborough (08444) 6326 
Telephone Orders Welcome 
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The Jupiter Ace uses FORTH 
The Jupiter Ace personal computer runs in FORTH, an easily 
understood language, typically four times as compact and ten 

times as fast as BASIC. Before the Ace all personal computers 
used BASIC and FORTH was only available to a privileged few. 

The Jupiter Ace also features a full-size moving -key keyboard, 
high -resolution graphics, sound, floating point arithmetic, a fast 

and reliable cassette interface and 3K of RAM. 

Available soon 
Plug -on parallel printer interface. 

For around £20.00 this will connect your Jupiter Ace to 
anything from high-speed dot matrix to letter -quality daisy 

wheel printers. 
Plug -on 16K Memory Expansion 
For around £30.00 you will increase the memory of your Jupiter 

Ace to 19K giving you instant access to enormous amounts of 
information. 

Software 
A catalogue will be sent with every machines, and includes, initially, 

programs for education and entertainment. 

inclusive 
price 
For £89.95 you receive 

your Jupiter Ace, a mains 
adaptor, all the leads 

needed to connect to most 
cassette recorders and T.V.s 
(colour or black and white), a 

software catalogue and a 

manual. 
The manual is a complete 
introduction to the world of 

personal computing and a 

course in FORTH programming 
on the Ace. 

Even if you are a complete 
newcomer to computers, the 

manual will guide you step by step 
from first principles to confident 

programming. 
The price includes postage, packing 

and V.A.T. 
The Jupiter Ace is backed by a full 12 

month warranty. 

The Jupiter Ace is available only by mail order. 
Please allow up to 28 days for delivery. 

Send cheque or postal order with the form to:- 
JUPITER CANTAB, 20 FOXHOLLOW 

BAR HILL, CAMBRIDGE CB3 8EP 

ammilmommommar 
ORDERNOW./ Please send me:- 

Technical Information 
Hardware 

Z80A running at 3.25 MHz. 
8K bytes ROM 
3K bytes RAM 

Keyboard 40 Moving -key keyboard with auto repeat on every key and 

Caps Lock. 
Screen Memory mapped 32 i olumn x 24 line flicker -free display with 
upper and lower case ascii character set. 

Graphics Chunky graphics (64 x 46 pixels) may be plotted, unplotted 
or over -plotted (XOR operation). Also, the entire character set (128 

characters and their video inverses) may be redefined allowing intricate 

shapes to be drawn with a resolution equivalent to 256 x 192 pixels. 

Sound Internal loudspeaker may be programmed to operate over the 

entire audio spectrum. 
Cassette Programs and data in the compact dictionary format may be 

saved, verified, loaded and merged. Blocks of memory can be saved, 

verified, loaded and relocated. All tape files are named. Running at 1500 

baud, the Ace will connect to most portable tape recorders. 

Expansion Port Contains D.C. power rails and full Z80 Address, data 

and control signals. May be used to connect extra memory and other 
peripherals. IN and OUT words allow port -based peripherals to be 

addressed. 
Data Structures Integer, Floating point and String data may be held 

as constants, variables or arrays with multiple dimensions and mixed 

data types. There are no restrictions on names. 

Control Structures IF-ELSE-THEN, DO-LOOP DO-+LOOP, 
BEGIN-WHILE-REPEAT, BEGIN-UNTIL, all may be mixed and nested 

to any depth. 

The Jupiter Ace closely follows the FORTH 79 standard with extensions 
for floating point sound and cassette. It has a unique and remarkaole 

editor that allows you to list and alter words that have been previc..sly 

compiled into the dictionary. This avoids the need to store screens o` 

source, allowing the dictionary itself to be saved on cassette. 

Comprehensive error checking removes the worry of accidertaiy 
crashing your programs. 

JUPITER ACE MICROCOMPUTER(S) @ £89.95. 

7 
Name. Mr/Mrs/Miss I 1 1 1 1 I 1 I I 1 I I I 1 1 1 1 I II 

Address III I I I 1 I I I I I 1 1 I 1 1 I I I 1 1 I 1 1 1 

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ETI 1 

Designed by 
Jupiter Cantab 

Computer Designers 
Steven Vickers and Richard 
Altwasser played a major 
role in creating the 
ZX Spectrum and then 
formed Jupiter Cantab to 
develop advanced ideas in 

personal computing. The 
Ace is the result, another 
all -British computer to lead 
the world. 
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Go on a computer date 
(and take along the wife and kids) 

Have you ever fancied spending the day playing with an Atari, or 
a Sinclair, or an Apple computer? 

Well, these plus a complete cross-section of the hard and software 
available to the home user, will be on display at the London Computer 
Show. 

The emphasis is on the lower end of the price bracket, with 
computers from £50-£300. 

You will be able to chat to the manufacturers and play with the 
computer before you buy. 

So bring along the wife and kids (who'll probably be more of an 
expert on what you're buying than you). 

And if you're a party of 20 or more, there's a 25% discount. 

Friday 7th January '83 
(1O.00am-6.00pm) 

Saturday 8th January '83 
(10.00am-6.00pm) 

Sunday 9th January '83 
(10.00am-4.00pm) 

THE LONDON HOME 
COMPUTER SHOW. 

Royal Horticultural Society's Old Hall, Vincent Street, 
London SW 1. 

SAVE 50p 
Present this token duly completed when buying your ticket for a 
50p reduction. Only 1 token allowed per person. 

Name Mr/Mrs/Miss 

*For advanced bookings for parties of 20 or more, please send Address 
cheques payable to Argus Specialist Publications Ltd. (Dept. 
LHCS), 145 Charing Cross Road, London WC2H OEE. 
Telephone 01-4371002. LSignature BTI 
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HOME LIGHTING KITS 
These kits contain all neceusa, y components and full 
instructions & are designed to replace a standard wall 
switch and control up to 300w. of lighting. 

TDR300K Remote Control £14,30 
Dimmer 4.20 MK6 Transmitter for above 

TD300K Touchdimmer £ 7.00 
TDE/K Extension kit for 2 -way 

switching forTD300K £ 2.00 
LD300K Rotary Controlled £3.50 Dimmer 

I! 

HOME CONTROL CENTRE 
This New Remote Control Kit enables you to 
cont of up to 16 different appliances any- 
whe e in the house from the comfort of your 
arm :hair. The transmitter injects coded 
pulr.es into the mains wiring which are 
rec-eived by receiver modules connected to 
the same mains supply and used to switch on 
the appliance addressed. Receivers are 
addressed by means of a 16 -way keyboard, 
followed by an on or off command. Since 
pushing buttons can become rather boring, 
the transmitter also includes a computer 
interface so you can programme your favour- 
ite micro to switch lights, heating, electric 
blanket, make your coffee in the morning, 
etc., without rewiring your house. JUST 
THINK OF THE POSSIBILITIES. The KIT 
includes all PCBs and components for one 
transmitter and two receivers, plus a drilled 
box for the transmitter. 
Order as XK112. £42.04 

Additional Recievers XK111 £10.00 
Meaurnamear 

ELECTRONIC LOCK KIT XK101 
This KIT contains a purpose designed lock.' T. 

10 -way keyboard, PCBs and all componem,, 
to construct a Digital Lock, requiring a 4 -key 
sequence to open and providing over 5000 
different combinations. The open sequence 
may be easily changed by means of a pre - 
wired plug. Size: 7 x 6 x 3 cros. Supply: 5V to 
15 V d.c. at 40uA. Ouput: 750mA max. 
Hundreds of uses for doors and garages, car 
anti -theft device, electronic equipment, etc. 
Will drive most relays direct. Full instructions 
supplied. 

ONLY £10.50 
Electric lock mechanism for use with latch 
locks and above kit , 

£13.50 

CHRISTMAS 
PRESENTS GALORE 

LIGHT DIMMER KIT 

Contains all co 
front 

nents, including 
p 

a 
anel and knob, to 

make dimmer for, 

lights up to 300W 
£3.50 

SNEP' 
£5OO - 

MW RADIO KIT 

Based on ZN414 IC, kit in- 

cludes PCB, wound aerial 

and crystal earpiece and 

all components to make a 

sensitive miniature radio. 

Size: 5. 5 x 2. 7 x 2 cros. 

Requires PP3 9V battery. 

DEAL FOR BEGINNERS. 
f5.00 

LCD 31/2 DIGIT MULTIMETER 16 ranges including DC voltage (200 my -1000 v) and AC voltage, DC current (200 mA -10 Al and resistance 10-2 M) + NPN & PNP transistor gain and diode check. Input impedance 10M. Size 155x88x31 mm. Requires PEO 9v battery. Test leads included ONLY 629.00 

STOCKING FILLERS 
PACK (1) 

PACK (2) 

PACK (3) 

PACK (4) 

PACK (5) 

650 Resistors 47 ohm to 10 Mohm - 10 per value £4.00 
40 x 16V Electrolytic Capacitors 10uF to 1000uF - 5 per value £3.25 
60 Polyester Capacitors 0.01 to 1 uF/250V - 5 per value £5.55 
45 Sub -miniature Presets 100 ohm to 1 Mohm - 5 per value £2.90 
30 Low Profile IC Sockets 8, 14 and 16 - pin - 10 off each £2.40 

PACK (6) 25 Red LEDs (5mm dia.) £1.25 
PACK (7) 20 BC182 NPN General Purpose Transistors £1.20 
PACK (8) 20 BC212 PNP General Purpose Transistors £1.20 

All full spec. branded devices 
BUY ANY 5 PACKS AND WE WILL SEND YOU 10 RED LEDs 

ALL PRICES 
EXCLUDE VAT 

THE MULTI -PURPOSE TIMER HAS ARRIVED 
Now you can run your central heating, lighting, hi-fi system and lots 
more with just one programmable timer. At your selection it is 

designed to control four mains outputs independently, switching on 
and off at pre-set times over a 7 day cycle, e.g. to control your rentrai 
heating (including different switching times for weekends), just 
connect it to your system programme and set it and forget it -the 
clock will do the rest. 

FEATURES INCLUDE: - 
a 0.5" LED 12 hour display. 

Day of week, em/pm and output status indicators. 
4 zero voltage switched mains outputs. Y 
50/60Hz mains operation. 
Battery backup saves stored programmes and continues Q- 
time keeping during power failures. (Battery not supplied). 
Display blanking during power failure to conserve battery power. 
18 programme time sets. 
Powerful "Everyday" function enabling output O ' 

to switch every day but use only one time set Q QV 
Useful "sleep" function -turns on output for one hour. PEP` 
Direct switch control enabling output to be turned on 
immediately or after a specified time interval. - 

20 function keypad for programme entry. 
Programme verification et the touch of a button. 

(Kit includes all components, PCB, assembly 
and programming instructions). ORDER AS CT5000 

FREE 

DVM/ULTRA SENSITIVE 
THERMOMETER KIT 

This new design is based on 
the ICL7126 (a lower power 
version of the ICL7106 chip) 
and a 31/2 digit liquid crystal 
display. This kit will form the, 
basis of a digital multimeter 
(only a few additional resistors and switches 
are required -details supplied), or a sensitive 
digital thermometer (-50°C to +150"C) 
reading to 0.1°C. The basic kit has a 
sensitivity of 200mV for a full scale reading, 
automatic polarity indication and an ultra 
low power requirement -giving a 2 year 
typical battery life from a standard 9V PP3 
when used 8 hours a day, 7 days a week. 

Price £15.50 

UZ 

DISCO LIGHTING KITS 
DI. 1000K 
Thisvalue-for-money kit tea= 
features a bi-directional - 

sequence, speed of sequence V and frequency of direction 
change, being variable by 
means of potentiometers and incorporates a 
master dimming control. £14.60 
DLZ100K 
A lower cost version of the above, featuring 
undirectional channel sequence with speed 
variable by means of a pre-set pot. Outputs 
switched only at mains zero crossing points 
to reduce radio interference to a minimum. 
Optional opto input DLA1 Only £8.00 
Allowing audio ("beat") -light response. 

DL3000K 60p 
This 3 channel sound to light kit features zero 
voltage switching, automatic level control & 
built in mic. No connections to speaker or amp 
required. No knobs to adjust - simply connect 
to mains supply & lamps. Only £11.95 

(1Kw/Channel) 

r. 

"OPEN -SESAME" 
The XK103 is a general purpose infra -red trans- 
mitter/receiver with one momentary (normally 
open) relay contact and two latched transistor 
output. Designed primarily for controlling 
motorised garage doors and two auxiliary out- 
puts for drive/garage lights at a range of up to 
40 ft. The unit also has numerous applications 
in the home for switching lights, TV, closing 
curtains, etc. Ideal for aged or disabled 
persons. 
The Kit comprises a mains powered receiver, a 
four button transmitter, complete with pre - 
drilled box, requiring a 9V battery and one 
opto -isolated solid state switch kit for inter- 
facing the receiver to mains appliances. As 
with all our kits, full instructions are supplied. 

ONLY £23.75 

REMOTE CONTROL KITS 
MK6 SIMPLE INFRA RED TRANSMITTER 
Pulsed infra red source complete with hand-held plastic box. Requires a 9V battery f4.20 
MK7 INFRA RED RECEIVER 
Single channel, range approx. 2011. Mains powered with a triac output to switch loads up to 500W 
at 240V ac. £9.00 IRC500K -Special Price for MK6 and MK7 together £12.50 
MK8 CODED INFRA RED TRANSMITTER 
Based on the SL490, the kit includes all components to make a coded transmitter and only 
requires a 9V (PP3) battery and keyboard. e x 2 x 1.3cros £5.90 
MK10 16 -WAY KEYBOARD 
For use with MK8 and MK18 to generate t6 different codes for decoding by the ML928 or ML926 
receiver (MK12) kit. £5.40 
MK11 10 -Channel + 3 Analogue o/p IR Receiver 
Based on ML922 decoder IC. Functions include on/standby output, toggle, control of volume, 
tone and lamp brightness. Includes its own mains supply. £12.00 
MK12 16 -CHANNEL IR RECEIVER 
For use with MK8 kit with 16 on/off outputs, which with further interface circuitry, such as relays 
or triacs, will switch up to 16 items of equipment on or off remotely. Latched or momentary out- 
puts - please specify when ordering. Includes its own mains supply. £11.95 
MK13 11 -WAY KEYBOARD For use with MK8, MK18 and MK11 kits. £4.35 
MK16 Mains Powered IR Transmitter 
Mains powered for continuous operation - single channel, for applications such as burglar 
alarms, automatic door openers, etc. Range approx. 6 ft. £2.50 
MK17 12V d.c. IR RECEIVER 
For use with MK6 or MK16. Relay output with DP 3 Amp change -over contacts, may be used as 
latched, momentary or "break beam" receiver. Operates from 6-13V d.c. í9.5O 
MK18 HIGH POWER IR TRANSMITTER 

ß Similar to MK8 but with range of approx. eft. £6.20 
Ancillary Kits : MK2 Solid Stata Relay 
Opto -isolated with zero voltage switching. No. triac supplied. £2.60 
MK15 DUAL LATCHED SOUD STATE RELAY 
Comprises 2 x solid state relays and latch for use with momentary , 
version 

of the MK12. 2 output triacs required (not supplied). £4.50 4 

SHORT FORM CATALOGUE - send SAE 
few-- (6" x 9"). We also stock Vero, Books, 

Resistors, Capacitors, Semi -Conductors etc. 

i,, 
I I,` 

24 HOUR CLOCK/APPLIANCE TIMER KIT 
Switches any appliance up to 1kW 
on and off at present times once per CT1000K Basic Kit £14.90 
day. Kit contains: AY -5-1230 IC, CT1000K with white box (56/131 x 71mm) £17.40 
0.5" LED display, mains supply, (Ready Built) £22.50 
display drivers, switches, LEDs, 
triacs, PCBs and full instructions. 

FAST SERVICE TOP QUALITY LOW LOW PRICES 
No circuit is complete without a call to - 

Add 55p postage & packing +15% VAT to total. 
Overseas Customers; 

Add £2.50 (Europe), £6.00 (elsewhere) for p&p. 
Send S.A.E. for further STOCK DETAILS. 
Goods by return subject to availability. 

OPEN9am to 5pm (Mon to Fri) 
10am to 4pm (Sat) 

ELECTRONICS 
11 Boston Road 
London W7 3SJ 

ACCESS 
and 

BACLA1 CARD 
welcome 

CLOCK TOWER ® 
UXBRIDGE ROAD 

CAR 
PARK 

N 1 
0 
73 

al lNGe NORTH 
CIRCULAR RD-' 

TEL: 01-567 8910 ORDERS 
01-579 9794 ENQUIRIES 
01-579 2842 TECHNICAL AFTER 3PM 

HANW ELL 
GARAGE 
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Am atetir i`s1iÌfT 

will con 
inacll clea 
after 3rd Dec. 

The radio market has 
become more complex. Things 
have become more confused. 

Wires get crossed as new 
equipment floods onto the 
market. 

At the end of the day, 
even the most avid enthusiast 
spends more time trying to find 
out about new equipment than 
on the airwaves using it. 

As for the novice? 
They stand little chance of 

picking anything up at all. 
So we've decided to clear 

things up. 
On December 3rd our new 

magazine Ham Radio Today 
begins. 

Not a magazine you need 
a degree in electronics to 
decipher. 

Or one that still calls your 
gear a wireless. 

Rather a magazine that 
simply clarifies the vast range of 
electronic gadgetry available. 

Lists new equipment, 
analyses its performance. 

Thorough reviews, special 
features, news items and 
constructional projects. 

In a clear and concise way 
that will give everyone a perfect 
5+9. 

Ham Radio Today. 
Tomorrow ... tune in and 

find out, 73. 

Published by 
Argus Specialist Publications Ltd. 
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CORTEX PA RT 3 
TO DISC DRIVES 

0V. 12V.. +5V 

9V AC 

9V AC 

13V5 AC 

13V5 AC 

OV 

Fig. 1 Component overlay for the power supply. 

SNITCH FITTED 
TO BRACKET 
CLIPPED ON TO 
Q. W SWITCHES 

SOLDER TAG UNDER 
MOUNTING PILLAR 

SOLDER TAG 
BETWEEN 

TRANSISTOR 
AND BUSH 

..,,. Yf , .. R8 29 . 3I/ 31 3z ?{ 9/ 36 » 0 0 0 0 0 0 
56 

SNIP OE 
OF BEFORE BEFORE 
FITTING BAR 

67 

SPACE BAR 

SNIP OFF FLANGE 
OF SWITCH BEFORE 

FITTING BAR 

Fig. 2 The keyboard overlay, in two halves so it doesn't get stapled into illegibility. 
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PROJECT 

PARTS LIST 

POWER SUPPLY 
Resistors (all /4W, 5%) 
R1,2 10R 

Capacitors 
C1,7,11,15 100n polyester 
C2-4 4700u 16 V axial 

electrolytic 
C5,6,9,10, 
13,14,18,19 
C8,12 

C16,17 

1u0 35 V tantalum 
2200u 25 V axial 
electrolytic 
4700u 25 V axial 
electrolytic 

D1-4,9,10 
D5-8 
ZD1 

1N5402 
1N4002 
BCW70 5V6 

Miscellaneous 
PCB (see Buylines); one off three way 
connector; two off five way connectors; 
transformer (13.5-0-13.5 Vat 3 A, 9 V 
at 4 A; fuseholder clips; four off TV5 
heatsinks. 

KEYBOARD 
Resistors (all ''/4W, 5%) 

Semiconductors R1,2,6,8 4k7 
IC1 7805 R3 18k 
IC2,4 7812 R4 12k 
IC3 7912 R5 680k 
Q1,2 TIP2955 R7 100k 

Capacitors 
C1,2,5 
C3,4 
C6 
C7 

220n 35 V tantalum 
4u7 16 V tantalum 
4n7 ceramic 
33p ceramic 

Semiconductors 
IC1 74LS123 
IC2 
IC3 
IC4 
Q1 

74LS08 
74LS157 
2376 
BC182L 

Miscellaneous 
PCB (see Buylines); 67 off momentary 
push -to -make switches; one off latching 
push -to -make switch; set of 67 double 
shot moulded key tops; IC sockets; 
switch mounting bracket; mounting 
pillars etc. 

The CAPS LOCK switch is 
physically different from 
the rest and is wired in 

with wire links. Press this switch 
into its bracket together with the Q 
and W switches before fitting to the 
board. It is most important that the 
switches fit squarely on the board. 
The best way to be sure of this is to 
solder only one pin of each switch 
and then holding the board, press in 
turn each of the switches while 
reheating the soldered joint. If any 
are misaligned this will correctly 
position them. The key tops can 
now be pressed on and the 
remaining pins soldered. 

The power supply is on a single - 
sided PCB with six wire links and it 
is best to fit these before any 
components. Connections to and 
from this board are made via 
connectors and to ensure that their 

pins are soldered in squarely, fit the 
sockets on to them during soldering. 
The power supply is all on the back 
panel and the power transistors use 
this as a heatsink, being fitted to it 
with mica insulating washers. 

As well as holding the input and 
output sockets, the rear panel has 
provision for a cooling fan and one 
should be fitted when disc drives 
are used. 

The disc drives pass through the 
front panel and are screwed onto a 
mounting plate. Plates on the sides 
of the drives press against the panel, 
thereby making a rigid sub -assembly 
which fits into the cover of the 
computer. The standard kit has a 
panel with no cut-outs for disc 
drives and a new panel is provided 
with the drives when purchased. 

There are two positions in 
which the main board can be fitted. 

$1 .: 52 53 54 

0. I{j 118 OttT ' 

55 

-173-1- 
Cl.") 

[..,Àí.w.s% StlCKETrOR' 
lb -WAY 
DH.P4Uß: 

V q v q. 

The board has provision for a 
Eurocard connector for expansion 
purposes and there is a cut-out in 
the side of the computer through 
which the connector passes; for 
external expansion the board fits at 
the far right hand side. However, if 
the add-on units are to be fitted 
internally then the position to the 
left is used. 

BUYLINES 
Powertran are supplying complete kits 
of parts and component packs for the 
Cortex. A complete 64K Cortex kit will 
cost £295 plus VAT, carriage free. A 
ready -built 64K Cortex will cost £395 
plus VAT, carriage free. Prices for add- 
ons (eg floppy discs, RS232C interface, 
memory expansion etc) and for compo- 
nent packs (eg PCB, semiconductors etc) 
can be found in Powertran's brochure. 
Powertran Cybernetics, Portway In- 
dustrial Estate, Andover, Hants SP10 
2NM. Telephone 0264 64455. 
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SPECIALIST 

325 Edgware Road, 

1983 
Probably 

ELECTRONIC 

London W2 1BN 

CATALOGUE 
the largest stock 

TRY 

Telephone: 

COMPONENT DISTRIBUTORS 

01-723 4242 

NOW AVAILABLE 
of ICs and Transistors 

US FIRST! 

Telex: 295441 BUSY B 

in the South - 
SEND LARGE SAE Et 75p TO ADDRESS BELOW 

Crimson Elektrik 
PROFESSIONAL AMPLIFIER MODULES 

CPS 80 Power Supply 22.82 
CPS 80D Dual Power Supply 27.63 
CPS 150 Power Supply 25.86 
CPS 150D Dual Power Supply 31.65 
CPS 250 ` Power Supply 32.03 

3.42 
4.14 
3.:: 
4.75 
4.80 

26.24 
31.77 
29.74 
36.40 
36.83 

2.101 
2.25 
2.501 
2.60 
3.50 

CODE DESCRIPTION Less 
VAT 

VAT INC WT 
VAT (Kg) 

CPS 250D Dual Power Supply 39.43 
TS 70 Thermal Switch 70°C 1.92 

5.91 
0.29 

45.34 
2.21 

3.65 
0.02 

£ £ £ HS 50 50mm Heatsink 1.60 0.24 1.84 0.151 

CE 608 Power Amplifier Module 18.26 2.74 21.00 0.16 HS 100 100mm Heatsink 2.60 0.39 2.99 
' 

0.30 

CE 1004 Power Amplifier Module 21.30 3.20 24.50 0.20 HS 150 150mm Heatsink 3.65 0.55 4.20 0.45i 

CE 1008 Power Amplifier Module 23.90 3.60 27.50 0.21 FM 1 Fan Mounted on 2 x HS 100 32.13 4.82 36.95 1.20 

CE 1704 Power Amplifier Module 30.43 4.57 35.00 0.22 FM 2 Fan Mounted on 2 s HS 150 36.10 5.42 41.52 1.50 

CE 1708 Power Amplifier Module 30.43 4.57 35.00 0.22 CPR 1X Pre -Amplifier Module 31.30 4.70 36.00 0.15 

CE 3004 Power Amplifier Module 42.60 6.40 49.00 0.40 MC 2 Moving Coil Pre -Pre -Amplifier Module 20.00 3.00 23.00 0.07 

BD 1 Bridge Driver Module 7.13 1.07 8.20 0.06 REG 1 Regulated Power Supply 8.09 1.21 9.30 0.07. 

TR 80 Toroidal Transformer BOVA 18.00 2.70 20.70 2.00 TR 6 6VA Mains Transformer 2.87 0.43 3.30 0.21, 

TR 150 Toroidal Transformer 150VA 20.07 3.01 23.08 2.35 XO 2 2 Way Crossover Module 17.39 2.61 20.00 0.07 

TR 250 Toroidal TRansformer 250VA 25.43 3.81 29.24 3.35 XO 3 3 Way Crossover Module 26.09 3.91 30.00 0.071 

TR 250Q Toroidal Tansformer (low noise) 33.20 4.96 38.18 2.80] MU 1 Muting Circuit for XO 2 or XO 3 8.35 1.25 9.60 0.04' 

B 6 Bridge Rectifier (6 amp) 0.99 0.15 1.14 0.021 CK 1010 Complete Pre -Amplifier Kit 78.26 11.74 90.00 2.50 

B12 Bridge Rectifier (12 amp) 1.80 0.27 2.07 0.031 CK 1040 Complete 40 Watt Power Amplifier Kit 103.48 15.52 119.00 7.301 

C4700/40 
C4700/63 

Reservoir Capacitor and Clip 1.91 0.29 2.20 0.09', 

Reservoir Capacitor and Clip 2.40 0.36 2.76 0.11 
CK 1100 Complete 100 Watt Power Amplifier Kit 129.56 
MC 2K Add On Moving Coil Kit 21.74 

19.44 
3.26 

149.00 
25.00 

7.301 
0.12 

C4300/63 Reservoir Capacitor and Clip 2.60 0.39 2.99 0.111 PSK Pre -Amplifier Power Supply Kit 17.39 2.61 20.00 0.75 

SOLE DISTRIBUTION BRADLEY MARSHALL LTD. 
325 EDGWARE ROAD, LONDON W21 BN. TEL: 01-723 4242 

E.T.I. KITS 
Full kits include printed circuit boards, 
components, hardware, I.C. sockets, 
cases etc. unless stated (not batteries). If 
you do not have the issue of E.T.I. which 

ALL KITS 
INCLUDE PCBs 

includes the project - you will need to 
order the instruction reprint at an extra 
45p each. PCBs included. Reprints 
available separately 45p each+p&p 45p. 

SPECTRACOLUMN DEC 82 
PLAYMATE Augu/Sept 82, lees optional foot 
pedal +mains unit £39.98 
Case extra £28.42 
DUAL LOGIC PROBE Sept82 £14.99 
AUTO VOLUME CONTROL Sept 82E4.28 less case 
INSULATION TESTER May 82 £17.57 
AUTORANGING CAPACITANCE METER 
Mar/April 82 £71.99 
HIGH QUALITY PHONO AMPLIFIERS Feb 82. 
Less case 
MOVING COIL STAGE £19.76 
MOVING MAGNET STAGE £19.69 
PEST CONTROL Feb 82 £7.45 
GUITAR TUNER Jan 82 £31.87 
COMPONENT TESTER Dec 81 £8.78 
CAR ALARM Nov 81 £19.77 
ENLARGER TIMER £29.25 
SOUND BENDER Oct 81 £22.84 
WATCHDOG SECURITY ALARM Aug 81 147.68 

, Less case and lights £34.85p 
RECHARGEABLE BATTERY extra £19.96 
HANDCLAP SYNTHESISER Aug 81 £32.96 
WAH PHASE June 81. Less pedal £14.78 
LED JEWELLERY June 81. Cross £2.98 
Star £9.91 Spiral £7.98 
GUITAR NOTE EXPANDER April81 £17.98 
DRUM MACHINE April 81 £65.97 
ENGINEERS STETHOSCOPE Mar 81 £20.98 
SOUND PRESSURE LEVEL METER Feb 81 

££43.98 
INFRA RED ALARM Feb 81 £59.98 
4 INPUT MIXER Dec 80 £21.74 
MUSICAL DOORBELL Dec 80 £12.77 
METRONOME Nov80 £6.58 
ULTRASONIC BURGLAR ALARM Aug 80 (29.50 
CAPACITANCE METER Aug 80 £22.28 
CMOS LOGIC TESTER Aug 80 £11.98 
CLICK ELIMINATOR April 79 £67.70 Or less case 
£49.98 

ADVENTURES WITH DIGITAL ELECTRONICS 
New book by Tom Duncan in the popular 'Adventures' series. 

This book of entertaining and instructive projects is designed for hobbyists, and 

students. It provides a stepping stone to the microprocessor. 
The first part deals with the properties of some basic ICs used in digital electronics. 

The second part gives details of how to build eight devices - shooting gallery, 2 way 

traffic lights, electronic adder, computer space invaders game, etc. 

For each project there is an explanation of 'how it works' and also suggestions for 

'things to try'. 
No soldering - all circuits built on 2 Birnboard 1 breadboards. 

Adventures with Digital Electronics book £3.25. Component pack £42.50 ref. ETDC. 

All the components needed including 2 breadboards and hexadecimal keyboard. 
Available less breadboards £29.98 ref. ETDF. Both less battery. 

MAGENTA ELECTRONICS LTD 
EW23, 135 HUNTER ST., BURTON -ON -TRENT, STAFFS 

DE14 2ST 0283 65435. MON-FRI 9-5. MAIL ORDER ONLY 

ADD 45p PEEP 

TO ALL ORDERS 
ACCESS and BARCLAYCARD (VISA) 
ORDERS ACCEPTED BY PHONE OR 
POST. 
SAE ALL ENQUIRIES. 

Prices inc. VAT 
OFFICIAL ORDERS WELCOME 
OVERSEAS Payment must be in sterling. 
IRISH REPUBLIC and BFPO - UK 
PRICES EUROPE - UK PRICES +10% 
ELSEWHERE - Write for Quote. i 

Desk -top Ten Way Manual Ex- 
change+£180P&&Punit) LOW-COST, RUGGED 

TEMPERATURE CONTROL 

HIGH QUALITY . TEMP. GAUGE o3 -120°C 
Remote sensor on 38" ` capillary, panel mounting " dial 55mm. dia. 

.. - ONLY £2.50 

Recent Style P.O. Telephones 
£4.75 + £1.80 P&P 
2 for £9+£2.50.5 for £20+£5 

r 

Older style black telephones, 
£3. p&p as above. Our leaflet 
explains how to use G.P.O. 
phones in home intercom 
systems. 

Operator's Headset with Míc. e 4 Pole 

Jack 
£2.75 I 

5 Digit Counters 48V coil. Non 
resetable 75p 

16A 240V RANCO THERMOSTAT 
Wide control range (low room temp. to over boiling point) 
Sensor on 22" capilliary. £2.30, including control knob 

RANCO THERMAL CUT-OUT100°C 

UNISELECTORS. 50v, 4 Bank 
+. Homing Bank, 25 way £3.50 

15A 240V. Sensing coil on 41in. capilliary panel- 
mounting with reset button £1.20 

. BUY ONE EACH OF ABOVE FOR £5.50 

D CONNECTOR SOCKETS 
with cover, 50 way £2 

I LIGHT DEPENDENT RESISTORS in plastic housing 
with window, heavy-duty lead. Similar to ORP 61. 

i You normally pay well over double for resistor alone. 

50V 8A TRANSFORMER. 
Ideal for big power supply unit 
or amplifier £12 inc. p&p. 
BEAT.THAT! 

' Only 30p or £2.35 for 10. 

. 
GEARED Synchronous motor, 8 r.p.m., 240V A.C. 3 

Watt U. 
: SOLENOID GAS VALVE. 240V A.C. 5 P.S.I. surable 
for non -corrosive fluids. £2.20 

Various stabilised power 
supplies available - Excellent 
prices send for details. 

BULGIN 3 pin free plug & panel socket. 2A 240V 
50p 

AUTOMATIC DIAL UNIT. (mains powered). These 

FREE on request - Leaflet 
FREE . Telephone Systems and 
Automatic Exchange Design' 

units connect into a telephone and dial a number when 

1 

a punch -card is inserted. Card & instructions supplied. 

I 
Cards readily available. Many uses. Only E8+21 p&p 

22 Emscote 
ightL.E.M. 

Warwick, 
W a rW i CkS 

ALL ITEMS - MONEY BACK 

SERVICES ADD 50p P1tP 
Road, ORDERS OVER 

£7.50 POST FREE 
hi re unless stated otherwise 

IF NOT DELIGHTED. 
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The WERSI 
Concept ... 

Now you can indulge your ambition to spend more 
time playing music. At the same time you can build a 
superb organ at home, yourself, and it will cost you 
less than half the ready assembled price. You need no 
previous experience in electronics or carpentry - 
WERSI makes it easy. 
Do you have to be a virtuoso or a music 
benefit from building a WERSI organ? No 
would mean failure to recognize the 
sense of the hobby. Even after your 
project is completed you will be able 
to discover new excitement from the 
world of music. Whether you play 
haunting blues stomping disco, 
liturgical hymns or classic renditions 
the new generation of WERSI organs 
will make your life more enjoyable. 
Want to know more? Just fill in the 
coupon below, and we'll send you all 
the information. 

z 
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w 
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z 

z 
á 
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ORGANS & PIANOS I 

WERSI ORGANS & PIANOS LTD I 

14-15 Royal Oak Centre, Brighton Road, 
Purley, Surrey. Tel: 01-668 9733. I G 

lover to 
...this 

W 
ca 

Q z < 

There are now TEN retail outlets for WERSI ORGANS and 
kits and there's a friendly welcome awaiting you at all the 
showrooms listed below. We offer free demonstrations and 
a technical support service second to none. Pop in and 
discover The World of WERSI for YOURSELF. 

1 AURA SOUNDS LTD 
14-15 Royal Oak Centre, Brighton Road, Purley, Surrey 01.668 9733 

2 AURA SOUNDS LTD 
17 Upper Charter Arcade, Barnsley, S. Yorks. 0226 5248 

3 AURA SOUNDS LTD 
1729 Coventry Road, South Yardley, Birmingham 021-707 8244 

4 ELECTRO VOICE SALES LTD 
Maple Cross Industrial Estate, Denham Way, Rickmansworth, 
Herts. Tel. Rickmanswotth 75381 

5 ELECTRO VOICE SALES LTD 
389 Aspley Lane, Nottingham 0602 296311 

6 ELECTRO VOICE SALES LTD 
488 Felixstowe Road, Ipswich, Suffolk 0473 710051 

7 ELECTRO VOICE SALES LTD 
626 Lanark Road, Juniper Green, Edinburgh 14 031-441 4248 

8 MICRO DIY CENTRE LTD 
Albany Road, Newquay, Cornwall 063 73 5953 

9 TWS LTD 
185 Walton Summit Centre, Bamber Bridge, Preston, Lancs. 
0772 37249 

10 WAVEBAND LTD 
29 Oxford Street, Whitstable, Kent 0227 262006 

Want to know more about WERSI? Look for the other 
advertisement in this issue and send the coupon to the 
Head Office address below-we'll send you free details. 

WERSI 
ORGANS at PIANOS 
WERSI ORGANS & PIANOS LTD 
14-15 Royal Oak Centre, Brighton Road, 
Purley, Surrey. Tel: 01-668 9733 
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FUEL GAUGE 
Moving coil meters? How passé. If Ford is 
prepared to spend millions of pounds on 
computer -aided design and robot 
assembly, the least you can do is fit your 
car with an electronic fuel gauge. Design 
by A. M. Smithers. 

The standard petrol gauge, as 
fitted to most cars, is of a 
primitive 'hot-wire' design, the 

gauge responding to the heating 
effect of the current through it, 
which in turn varies with the 
resistance of the fuel gauge sender 
unit located in the fuel tank. The 
chief disadvantage of such a gauge 
is the inaccuracy of reading. 
Running out of petrol is 

advantageous only in certain 
circumstances and even then it 
would be nice to know exactly 
when it was going to occur! 

A far more elegant, and indeed, 
much prettier solution would be a 

bargraph type display which could 
be accurately calibrated. With the 
help of the LM3914 bargraph 
display driver this can easily be 
effected. The standard sender unit 
in the tank is retained, but the 
petrol gauge is disconnected at the 
instrument panel and the sender 
unit is, instead, connected to the 
input. R2 provides the current 
source for the sender unit 
previously obtained from the gauge 
itself. Please note that considerable 
adjustment is provided on the 
circuit resulting in the value of R2 
and, indeed, the resistance of the 
sender unit being not at all critical. 

The voltage developed across 
the sender unit of the car in which 
the prototype was fitted varied from 
around 10V when empty to around 
2V when full. A 741 operational 
amplifier is used to invert this signal 
by comparing it with a 5V reference 
provided by R4 and R5. The output 
of the op -amp varies from about 
OV5 when the tank is empty to 
about 8V when it is full. This output 
is now of the correct sense to be 
fed to a standard LM3914 expanded 
scale voltmeter. The potential 
divider formed by R7 and PR1 
provides a full scale adjustment 
which may be calibrated against a 

brimming full petrol tank. Similarly 
PR2 provides a zero adjustment for 
calibration against an empty tank. 

Construction 
The circuit is relatively simple 

and may be constructed on 
Veroboard or the PCB design as 
illustrated. IC sockets are 
recommended, particularly to 
novice constructors, as LM3914s do 
not come cheap and removing an 
18 -pin IC is no easy task in any 
case. The LEDs may be soldered 
directly to the board as shown or 
may be mounted remotely, for 
instance on the car dashboard with 
flying lead connections to the PCB. 
If mounting the LEDs on the board 
specified, please note that 0.125" 
LEDs must be used as 0.2" types 
will not fit! 

R2, the 1008 2W resistor is not 
of a critical value and to save costs, 
on the prototype this component 
was made up of 4x470R 4W 
resistors in parallel. Any similar 
combination resulting in a power 
handling of 1W5 or more may be 
used. 

Provision is made on the PCB 
for converting the circuit to dot - 
mode display. Although this 
modification would not be 
advantageous for a fuel gauge, the 
project can of course be used for 

R1 
1k0 

INPUT 
FROM 
FUEL O 

SENDER 
UNIT 1 

HOW IT WORKS ffl11.111111.1111111111, 

A current source for the fuel gauge 
sender unit is provided by R2. A voltage 
proportional to the resistance of the 
sender is therefore developed between 
the input and ground. In a typical 
vehicle this voltage will vary from 2 V 
when full to around 9V when empty. 
This variable input is inverted around a 
reference voltage derived from R4 and 
R5 by a unity gain inverter consisting of 
IC1, R3 and R6. Cl is deliberately larger 
than is normal for frequency 
compensation to slow down the 
response of the circuit, thus providing a 
far more static display, free from 
annoying flicker. A variable potential 
divider formed by R7 and PR1 sets the 
FSD of the LM3914 bargraph display 
driver. 

PR2 serves two purposes: the setting 
of this pot adjusts the zero level of the 
voltmeter, while the value sets the LED 
current. A value of 2k2 was chosen to 
given an LED current of around 7 mA ac- 
cording to the formula: 

1.2 (10 + R) 
'LED - 

where R is the value of PR2 in kilohms. A 
current of 6 mA per LED with all LEDS il- 
luminated corresponds to a maximum 
dissipation in IC2 of around 600mW 
which is inside the rated maximum of 
660 mW. 

The components ZD1, R1 and Q1 
form a simple stabilised power supply of 
around 10 V. This value allows for a 
weak battery while still maintaining 
accuracy. 

01 

+12V 
O FROM 

IGNITION 

R2 
100R 

2W 
(SEETEXT) 

R4 
10k 

R3 
10k 

IC2 

R5 
10k 

NOTE: 
IC1 IS 741 
IC2 IS LM3914 
O1 IS BFY51 
ZD1 IS 10V 400mW ZENER 
LEDI -10 ARE 0.125" 
RED LEDS 

IC 

4 

22u 

R6 _L., 

6 T 
10k 100n 

R7 
10k 

PR1 
10k 
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PROJECT 

any purpose requiring a monitor 
with a response that is inversely 
proportional to a linear input. 

Testing And Calibration 
After assembly of all 

components, connect the unit to a 
12 V supply and short the input 
terminal temporarily to 0 V. It 
should be now possible by 
adjustment of PRl to obtain a full 
10 LED display with adjustment to 
at least half FSD. With the input 
shorted to +10V PR2 should adjust 
for no LEDs illuminated, again with 
considerable adjustment both ways. 
If the unit fails to function check for 
solder shorts, misfitted components, 
broken PCB tracks and faulty 
components - in that order. 

To calibrate the unit it is 
obviously necessary to have access 
to the car with fuel tank full and 
empty; we recommend that the 
following procedure is adopted. Run 
the car until the tank is nearing 
empty. Drain the tank into a 
suitable container by disconnecting 
the fuel line at the pump and refill 
the tank with about 2-3 pints of, fuel 
to allow a certain safety margin 
even when the gauge registers 
empty. Connect the unit temporarily 
to the car and after allowing the 
tank contents to settle, accurately 
measure the voltage at the input 
and record this value. Replace the 
tank contents, drive to a garage and 
fill the tank completely with fuel. 
Again accurately measure the 
voltage at the input. 

Remove the unit to the test 
bench, apply power and connect a 
low value potentiometer between 
the input and ground. Now using 
the recorded values, the unit may 
be calibrated on the bench by 
applying the correct voltages by 
adjustment of the potentiometer. 
This method of calibration is 
necessary because the two 
adjustments are highly interactive 
and calibration would otherwise 
entail filling and draining the fuel 
tank several times, which would be 
time-consuming and possibly 
expensive. When calibration is 
complete, seal the presets with wax 
or nail varnish and finally install the 
unit in the car. Take care not to 
allow the track around the edge of 
the PCB touch the chassis when 
mounting the unit - this is the 
+10V rail and blown fuses will 
result. 

The display brightness is set by 
the value of PR2. This value is 
chosen to give a current of about 
6 mA per LED which corresponds to 
a dissipation of around 600 mW in 
the LM3914 when all LEDs are 

INPUT FROM 
+12V FROM FUEL 

IGNITION SENDER 
SWITCH SWITCH 

OV (CHASSIS) 
Fig. 2 (Above) Component overlay. 
This is slightly altered from the 
prototype shown. 
Fig. 3 (Below) Connection details for 
the unit. 

BREAK 
CONNECTION 

TO FUEL 
SENDER UNIT 

+12v FROM 
IGNITION 

CONNECT 
TO CHASSIS 

illuminated. As the maximum 
allowable dissipation of the device 
is 660 mW, on no account should 
the value of PR2 be reduced. 

A design point is that the 
display is of 10 LEDs and most 
modern cars have tank capacities of 
around 10 gallons. Thus an 
approximate direct readout of 
'gallons remaining' is obtained and 
a fair estimation of fuel 
consumption may be made. 

PARTS LIST 
Resistors (all ¡W, 5% except where 
stated) 
R1 1ko 
R2 100R 2 W (see text) 
R3-7 10k 

Potentiometers 
PR1 10k miniature horizontal 

preset 
PR2 2k2 miniature horizontal 

preset 

Capacitors 
Cl 

C2 

100n polyester or 
polycarbonate 
22u 16 V tantalum 

Semiconductors 
IC1 
IC2 
Q1 
ZD1 
LEDI -10 

741 
LM3914 
BFY51 or similar 
10 V 400 mW zener 
0.125" red LEDs 

Miscellaneous 
PCB (see Buylines); hardware 
mounting 

for 

BUYLINES 
No problems with any of the com- 
ponents here; everything should be sold 
by everybody, and most of it could be 
found in your junk box. The PCB can be 
obtained using the PCB Service order 
form on page 91. 
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Sinclair ZX Spectr 
16K or 43K RAMM. 
full-size moving - 
key keyboard... 
colour and sound... 
high -resolution 
graphics... 

From only 
f125! 

First, there was the world-beating 
Sinclair ZX80. The first personal computer 
for under £100. 

Then, the ZX81. With up to 16K RAM 
available, and the ZX Printer. Giving more 
power and more flexibility. Together, 
they've sold over 500,000 so far, to. make 
Sinclair world leaders in personal 
computing. And the ZX81 remains the 
ideal low-cost introduction to computing. 

Now there's the ZX Spectrum! With 
up to 48K of RAM. A full-size moving -key 
keyboard. Vivid colour and sound. High - 
resolution graphics. And a low price that's 
unrivalled. 

Professional power - 
personal computer price! 

The ZX Spectrum incorporates all 
the proven features of the ZX81. But its 
new 16K BASIC ROM dramatically 
increases your computing power. 

You have access to a range of 8 
colours for foreground, background and 
border, together with a sound generator 
and high -resolution graphics. 

You have the facility to support 
separate data files. 

You have a choice of storage capa- 
cities (governed by the amount of RAM). 
16K of RAM (which you can uprate later 
to 48K of RAM) or a massive 48K of RAM. 

Yet the price of the Spectrum 16K 
is an amazing £125! Even the popular 
48K version costs only £175! 

You may decide to begin with the 
16K version. If so, you can still return it later 
for an upgrade. The cost? Around £60. 

X Spectrum 

BLUE 
EDIT 

...u::u \\\ . 

RED 
CAPS LOCK 

DEF FN - 
FN 

SIN ,. Ws. 
ASN 

READ 

COS 

.\.. 

MAGENTA 
TRUE VIDEO 

LINE 

ACS 

RESTORE 

Le- 

\\\ . , .`\\\ 

Ready to use today, 
easy to expand tomorrow 

Your ZX Spectrum comes with a mains 
adaptor and all the necessary leads to 
connect to most cassette recorders 
and TVs (colour or black and white). 

Employing Sinclair BASIC (now used 
in over 500,000 computers worldwide) 
the ZX Spectrum comes complete with 
two manuals which together represent a 
detailed course in BASIC programming. 
Whether you're a beginner or a competent 
programmer, you'll find them both of im- 
mense help. Depending on your computer 
experience, you'll quickly be moving 
into the colourful world of ZX Spectrum 
professional -level computing. 

There's no need to stop there. The 
ZX Printer -available now- is fully 
compatible with the ZX Spectrum. And 
later this year there will be Microdrives for 
massive amounts of extra on-line storage, 
plus an RS232 /network interface board. 
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Key features of the 
Sinclair ZX Spectrum 

Full colour -8 colours each for 
foreground, background and border, 
plus flashing and brightness -intensity 
control. 

Sound - BEEP command with variable 
pitch and duration. 

Massive RAM -16K or 48K. 

Full-size moving -key keyboard- all 
keys at normal typewriter pitch, with 
repeat facility on each key. 

High -resolution -256 dots 
horizontally x 192 vertically, each 
individually addressable for true high - 
resolution graphics. 

ASCII character set -with upper -and 
lower-case characters. 

Teletext -compatible -user software 
can generate 40 characters per line 
or other settings. 

High speed LOAD & SAVE -16K in 100 
seconds via cassette, with VERIFY & 
MERGE for programs and separate 
data files. 

Sinclair 16Kextended BASIC - 
incorporating unique 'one -touch' 
keyword entry, syntax check, and 
report codes. 

e 
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ZX Spectrum software on 
cassettes -available now 

The first 21 software cassettes are 
now available directly from Sinclair. 
Produced by ICL and Psion, subjects 
include games, education, and business/ 
household management. Galactic 
Invasion ...Flight Simulation...Chess ... 
History...1 nventions ... VU-CALC... VU -3D 
...47 programs in all. There's something 
for everyone, and they all make full use 
of the Spectrum's colour, sound and 
graphics capabilities. You'll receive a 
detailed catalogue with your Spectrum. 

RS232 /network 
interface board 

This interface, available later this 
year, will enable you to connect your 
ZX Spectrum to a whole host of printers, 
terminals and other computers. 

The potential is enormous. And the 
astonishingly low price of only £20 is 
possible only because the operating 
systems are already designed into the 
ROM. 

Sinclair 
Sinclair Research Ltd, Stanhope Road, 
Camberley, Surrey GU15 3PS. 
Tel: Camberley (0276) 685311. 

The ZX Printer - 
available now 

Designed exclusively for use with the 
SinclairZX range of computers, the 
printer offers ZX Spectrum owners the full 
ASCII character set -including lower-case 
characters and high -resolution graphics. 

A special feature is COPYwhich 
prints out exactly what is on the whole TV 
screen without the need for further 
instructions. Printing speed is 50 charac- 
ters per second, with 32 characters 
per line and 9 lines per vertical inch. 

The ZX Printer connects to the rear of 
your ZX Spectrum. A roll of paper (65ft 
long and 4in wide) is supplied, along with 
full instructions. Further supplies of paper 
are available in packs of five rolls. 

The ZX Microdrive- 
coming soon 

The new Microdrives, designed 
especially for the ZX Spectrum, are set to 
change the face of personal computing. 

Each Microdrive is capable of holding 
up to 100K bytes using a single inter- 
changeable microfloppy. 

The transfer rate is 16K bytes per 
second, with average access time of 3.5 
seconds. And you'll be able to connect up 
to 8 ZX Microdrives to your ZX Spectrum. 

All the BASIC commands required for 
the Microdrives are included on the 
Spectrum. 

A remarkable breakthrough at a 
remarkable price. The Microdrives are 
available later this year, for around £50. 

How to order your ZX Spectrum 
BY PHONE -Access, Barclaycard or 

Trustcard holders can call 01-200 0200 for 
personal attention 24 hours a day, every 
day. BY FREEPOST -use the no -stamp 
needed coupon below. You can pay by 
cheque, postal order, Access, 

Barclaycard or Trustcard. 
EITHER WAY -please allow up to 28 

days for delivery. And there's a 14 -day 
money -back option, of course. We want 
you to be satisfied beyond doubt -and we 
have no doubt that you will be. 

To: Sinclair Research, FREEPOST, Camberley, Surrey, GUI5 3BR. 
Qty Item Code 

Order 1 

Item Price Total 
£ £ 

SinclairZX Spectrum -16K RAM version 100 125.00 
Sinclair ZX Spectrum -48K RAM version 101 175.00 
Sinclair ZX Printer 27 59.95 
Printer paper (pack of 5 rolls) 16 11.95 
Postage and packing: orders under £100 28 2.95 

orders over £100 29 4.95 
Total £ 

Please tick if you require a VAT receipt 
*I enclose a cheque/postal order payable to Sinclair Research Ltd for £ 
*Please charge to my Access/Barclaycard/Trustcard account no. 
*Please delete/complete 
as applicable 

¡Signature 
PLEASE PRINT 
¡Name: Mr/Mrs/Miss 

1 1 11111111111111 

1 1 1 1 1 1 1 1 1 1 

¡Address 
I I I I! I I i 1 I 1 1 1 1 111111111111111111 

1-11111111111111111 
FREEPOST -no stamp needed. Prices apply to UK only. 

11 
11 
11 
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Export prices on application. 
I 
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MEMOPAK 16K For those just setting out on the road to 
real computing, this pack transforms the ZX81 from a toy to a 

powerful computer. Data storage, extended programming and 
complex displays become feasible. 
For even greater capacity, memory packs can be added 
together (16 + 16 + 16K or 16 + 32K). The MEMOPAK 32K and 
the MEMOPAK 64K offer large memories at economical prices. 

MEMOPAK HRG This pack breaks down the constraints 
imposed by operating at the ZX81 character level and allows 
high definition displays to be generated. All 248 x 192 
individual pixels can be controlled using simple commands, 
and the built in software enables the user to work interactively 
at the dot, line, character, block and page levels. Scrolling, 
flashing and animation are all here. 

MEMOPAK Centronics I/F The BASIC commands 
LPRINT, LLIST and COPY are used to print on any 
CENTRONICS type printer. All ASCII characters are generated 
and translation takes place automatically within the pack. 
Reverse capitals give lower case. Additional facilities allow high 
resolution printing. The full capabilities of your printer are now 
under the control of the ZX81. 

MEMOCALCThe screen display behaves as a 'window' 
on a large sheet of paper on which a table of numbers is laid 
out. The maximum size of the table is determined by the 
memory capacity, and with a MEMOPAK 64K a table of up to 
7000 numbers with up to 250 rows or 99 columns can be 
specified. Each location in the table can be either a number 
which is keyed in or a formula which generates a number. 
Every time the command to 'calculate' is given, all the 

formulae in the table are re-evaluated. 
Spreadsheet analysis started as an 
aid to cash-flow analysis, but this 
powerful tool has now been 
generalised and MEMOCALC with 
its special ability to perform 
iterative calculations is invaluable 
in the performance of numerical 
tasks. 

16K £26.00 + £3.90 VAT £29.90 
32K £43.43 + £6.52 VAT £49.95 
64K £68.70 + £10.30 VAT £79.00 
HRG £34.70 + £5.20 VAT £39.90 
CI/F £34.70 + £5.20 VAT £39.90 
MEMOCALC £26.00 + £3.90 VAT £29.90 
KEYBOARD WITH INTERFACE 

£43.43 + £6.52 VAT £49.95 

Memotech products are available at larger branches of WHSMITH 
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realises the ZX81 potential 
The Memotech approach to microcomputing is to take the well -proven and popular ZX81 as the heart 
of a modular system. This small computer houses the powerful Z80A processing unit and acts as the 
central processor module through which the MEMOPAKS operate. 
Memotech has a reputation for professional quality, producing units which are designed to fit 
perfectly, to look well-balanced, and to work efficiently and reliably. 
The modular approach gives ZX81 owners the freedom to design the system they really need. 
Furthermore, the intercompatibility of the modules ensures that later additions will click straight in, 
to give you a system that grows with your ambitions and abilities. 
To ensure that your expectations are realised, care is taken at every stage to design features into the 
system to anticipate your frustrations and to forestall them. For example: 
A) Memories are cumulative e.g. 16K and 32K can be added to the MEMOPAK 16K or even to the 
Sinclair 16K RAM pack. 
B) The HRG firmware allows commonly used constructions (such as scrolling, shading and labelling 
graphs), which might otherwise be beyond the user's programming capabilities, to be evoked by a 
few simple commands. 
C) The Centronics I/F converts ZX81 character codes into ASCII and extends the print line to the width 
of the printer, still using the LLIST, LPRINT and COPY commands. 
As one example, a system with 16K of memory and MEMOCALC is all that is required to perform 
sophisticated numerical calculations giving the same results as a computer at 10 times the price. The 
problem may be as complicated as a cash flow or production schedule, or as simple as household 
accounts or pocket money budgeting. If the bank manager wants to see the cash flow, then a single 
print instruction to the Centronics I/F will give a printout which is more than acceptable to any bank. 
The example system which is shown below, on the other hand, would satisfy the needs of someone 
who wanted to enter data via a light -touch keyboard, construct and label graphs, and then copy the 
screen to an 80 -column printer. Only 16K of memory is used here but with additional memory, more 
than one video page can be stored. Up to 7 successive pages can be displayed cyclicly to give 
animated displays. 
Looking forward, Memotech will continue to back the ZX81 through 1983 with fast storage devices, 
pressure sensitive electronic drawing boards and more software packs including a wordprocessor, an 
RS232 interface and a Z80 assembler. 

MEMOPAKS may be ordered by post (cheque, Access/Barclaycard quoting number) or by telephone. 
Please make cheques payable to Memotech Ltd. and please include £2.00 per unit for packaging and 
postage inland (overseas £3.00). 

We want to be sure you are satisfied with 
your Memopak - so we offer a 14 -day money 
back guarantee on all our products. 

MEMOTECH LIMITED 
3 COLLINS STREET 
OXFORD OX4 1XL ENGLAND 

TEL. 0865 722102 
TELEX 837220 ORCHID G 
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BUYER'S GUIDE TO 

CONQUERING 
THE UNIVERSE 
Only a few shopping days to Christmas, and we're full of 
goodwill to all men and xenophobia towards aliens. Peter Green 
has been killing as many as possible (aliens, that is), and this is 
how he got on. 

No doubt you all think it's a pretty cushy job, playing 
video games day after day and getting paid for it 
too. That's because you're not sitting here trying to 

type this article with the twin ailments of Intellivision 
Thumb and Atari Cramp. The former is caused by 
excessive pressure on the direction disc through sheer 
panic when you're trapped by a falling boulder in 
Astrosmash. The second is the result of trying to keep a 
firm grip on the joystick while throwing the USS Enterprise 
all over the known universe. 

Which brings me to my first complaint. Oh great video 
game companies, when are you going to produce a 
decent hand controller? The offerings of the two giants 
leave a lot to be desired. The Atari controller needs a lot of 
force on the joystick if you're to be certain you've closed 
the switches, and as a result the left hand which is gripping 
the controller base starts to go numb quite quickly: 
especially when you have to tighten your hold because 
you're starting to sweat and lose your grip. On the 
Intellivision the flat direction disc is, I think, a lot easier to 
use (although there are many in the office who'd dispute 
that), but I still find that in the excitement of a game I'm 
pressing too hard, which quickly makes the end of the 
thumb sore. I suppose the real answer is to cultivate a 
calm attitude during play, but this is almost impossible 
(maybe we should produce a book on Zen and the Art of 
Videogames!). 

By far the worst problem with the Intellivision is the 
fire buttons on the sides of the Controller. These need a 
ridiculous amount of pressure to push them in, which isn't 
so bad when they have to be momentarily pressed; but in 
one game which required continuous pressure for rapid 
firing, I ended up dead because my hand simply couldn't 
grip the controller any longer. So loosen your springs, 
gentlemen! 

The next problem was actually getting hold of 
anything to review! At this time of year it seems everyone 
has the same idea, and time after time I was told by the PR 
companies that they had nothing for me because 
everything was out on loan and none of the journalists 
would return it. This explains the lack of reviews for the 
Atari VCS in particular, and as for the Philips G7000 - I 

never managed to lay my hands on one. 
Maybe I should propose a new video game in which a 

screenful of journalists acquire video games and when 
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they've had them for a certain length of time you can blast 
them with a 30 kW X-ray laser .. . 

Eventually I managed to get a reasonable selection 
together, though, and play -testing began. It became 
apparent that there are three broad categories of game: 
ones where you have to kill an infinite series of strange 
things and get the highest number of points, those where 
you have to kill a finite number of strange things in the 
fastest possible time, and those that simulate some real 
human activity. The success or failure of any of these types 
depends mostly on how well the designer has struck the 
balance between challenge and skill level. If a game is so 
easy you can master it after playing it once, it's a bad 
game; so, too, is one that kills you off within 30 seconds no 
matter how much you practise. The ideal game is fairly 
easy at the lower levels but increases in difficulty at just the 
right pace to keep step with your increasing familiarity 
with it. It should be possible to play it again and again and 
always find that extra challenge that brings you back for 
more: unfortunately few games can achieve this. 

One of the best guides to the success of the game, I 

found, was the number of people that started looking over 
my shoulder while I was playing, and how many of them 
fought to take my place when I went to the loo! There are 
a lot of dedicated garners in our office and the highest 
scores that we give are not necessarily mine (in fact they're 
rarely mine!). 

Star Raiders (Atari 400) 
This is one of the best Star Trek simulations you can 

buy. The TV shows the view through the viewscreen of the 
Enterprise, with stars drifting past very realistically, and an 
array of readouts at the bottom giving co-ordinates, energy 
left, number of kills and so on. The joystick is used to steer 
the ship and aim and fire the photon torpedoes, while the 
keyboard gives functions such as forward and aft view, 
shields on/off, long range scan, galactic chart, attack 
computer on and hyperspace controls. Basically the idea 
is to protect your starbases by locating your enemy (and 
there's a lot of them) on the galactic chart, travelling to 
their location by hyperspace (a spectacular effect as you 
storm through the starfield) and kill all the aliens you find 
there. Simple, huh? Until you discover that the controls 
work as they would in real life so that when the joystick is 
pushed forward the ship's bow drops and the view 
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through the screen rolls up. Ditto left and right 
movements. This topsy-turvy system takes a bit of getting 
used to, and the only course is to stick at it until your brain 
finally clicks. Once you get the knack of steering you still 
have to cope with the fact that your photon torpedoes 
move with true perspective and dwindle in size, so aiming 
is an acquired art too. Mastering all this is quite satisfying, 
but once you've beaten the basic game and try to move up 
you find that the difficulty leaps enormously: your shields 
are no longer impervious, you quickly take a lot of damage 
and die fairly rapidly. This assumes you actually found any 
aliens in the first piace, because on the higher levels you 
have to steer through hyperspace and this is damned 
difficult. No-one in the office has beaten this game on 
anything other than novice level, and our highest rating so 
far is Lieutenant Class 4. 

Missile Command (Atari 400) 
Another cracker for the 400, this is the one where a 

central missile base is trying to defend the cities on either 
side by shooting down the aircraft, satellites and nuclear 
warheads which are doing their best to decimate the 
landscape. The catch is that you have to position your 
target cursor just the right distance in front of the enemy 
because they only detonate if they fly into the explosion of 
your missile and it takes a finite time for your missile to 
reach its target. And don't miss - most of the warheads 
are Multiple Independent Re-entry Vehicles, so if you 
don't knock them out fast you suddenly find they split into 
half -a -dozen or so. Bonus points are awarded each time 
you clear the screen for cities saved and missiles not used, 
and the amount you score increases as the game 
progresses, but after a certain point the nasty smart bombs 
appear. These don't fly blindly into your fireballs, but will 
always dodge them if possible. This means you either have 
to lay a pattern of charges around them, or get good 
enough to hit them spot on. Tricky. Our maximum is 
74,420, and we can recommend this as a good game. 

Space invaders (Various) 
Here I have to admit that I've never been able to 

understand the runaway success of this game - it bores 
me rigid. Anyway, what can I say? Everyone's seen this 
and knows that there's a screenful of aliens who fly in 
gradually descending rows while you try to stop them 
doing same by shooting upwards with your laser. 
Whoopee. Since I can't get up the enthusiasm to practise 
this one my score is derisory, but my brother-in-law's sister 
is so good she can get the score on a VCS up to all nines 
and then clock it round to zeroes. It's safe to say that if you 
can manage that you're not doing too badly. 

Defender (BBC Model B) 
Possibly the best simulation of an arcade game on a 

micro that we've seen yet. Full colour, excellent high - 
resolution graphics, all the sound effects you could ask for 
and a fast, challenging game. Acornsoft have definitely 
come up with the goods on this one. The game follows the 
standard Defender format: your spaceship is flying over 
the surface of a planet populated by little men who are 
prone to being kidnapped by alien landers. Yòur task is to 
prevent this antisocial behaviour by lasering the alien ships 
before, during but not after - because if they complete 
their task by reaching the top of the screen, they turn into 
very fast mutants which plough straight into you. Extra 
points are awarded if you can rescue a human in mid-air, 
and even more if you land him safely. Once you've 
cleared the first wave things turn progressively nastier, 
with bombers, pods, swarmers and other whatsits all after 
your blood: This is when you really need your smart 
bombs, which instantly detonate everything on screen: 
very useful in a tight corner. There are seven control keys 
for various functions so just getting yourself co-ordinated 
takes a while, but it's worth persevering. I started out by 
getting maximum scores of 450 (by ramming three 
landers!) but after a couple of hours I was soon getting 
respectable totals. Current office maximum resides with a 
colleague on Personal Computing Today, who racked up 
54,350. 
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The Empire Strikes Back (Atari VCS) 
This is one of the new releases for Christmas from 

Parker and quite good it is too. The game recreates the 
battle from the film of the same name, 'in which Luke 
Skywalker and his pals take on the Imperial Walkers in 
their snowspeeders on the ice planet Hoth. You are the 
pilot of a snowspeeder trying to prevent a line of walkers 
from reaching the right-hand side of your TV. The action 
actually takes place over an area eight screens wide, and a 
small radar view at the bottom of the screen tells you 
exactly where you are in the larger scheme of things. 
Walkers are tough critters - you have to hit them 48 times 
in the body to destroy them, whereas they can take you 
out with five shots or fewer. This would make the game 
almost impossible but for two things. The first is that for 
every two minutes you can keep the snowspeeder alive, 
you get 20 seconds of the Force being with you, which 
makes you invincible; as soon as this happens you can just 
sit there blasting away and ignoring enemy missiles. The 
second thing is the occasional appearance of very small 
'bomb hatches' on the body of the walker; if you can get a 
laser bolt into one it destroys the walker immediately. The 
bad news is that if you play the harder games, these bomb 
hatches will often launch homing smart bombs which 
chase you for a considerable time (of course there's bonus 
points in it if you can shoot them down). There's an 
infinite sequence of walkers, and they get faster and more 
accurate as time goes on, so this game ends when your last 
snowspeeder has been destroyed, the object being to 
score as highly as possible. On game 13, the hardest (smart 
bombs and solid walkers that destroy you if you fly into 
them), the current maximum is 5,562. 

Yar's Revenge (Atari VCS) 
Now most of the time you can play a video game and 

when .someone asks what you're doing, you can give a 
coherent answer. But when you reply that you're a Yar 
who's trying to kill the deadly Qotile with your Zorlon 
cannon, you tend to get forehead -tapping and pitying 
looks. Well, ignore the infantile plot and concentrate on 
the game: which isn't one of the most gripping we've 
played. You're a sort of intelligent space -going housefly 
(stop laughing at the back there) and your enemy, the 
Qotile, is hiding behind a shield. Your job is to break 
through the shield, either by shooting out cells from a 
distance or getting in close and eating them. Eating a cell 
or touching the Qotile loads your Zorlon cannon, which is 

the only thing which will destroy the Qotile (tough things, 
Qotiles). Shoot through the gap in the shield and pow! Exit 
one Qotile and enter another. To give some added spice 
the Qotile periodically turns into a spinner and fires itself 
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across the TV at you. Possibly a good game for the kids but 
it won't keep you engrossed for long. Our maximum score 
on the normal game with maximum difficult setting was 
116,923. If you're interested, Yar's Revenge is the second 
game from the right on the top row at the end of Atari's TV 
ad. 

Starstrike (Intellivision) 
Now you've all seen this one - it's in the Mattel TV 

adverts. It doesn't take too much intelligence to figure out 
that this is meant to be as close to the Death Star canyon 
sequence from Star Wars as Mattel can get without 
breaching the copyright laws. Your ship is flying above a 
trench (actually your ship stays stationery and the trench 
rotates beneath you). You can manoeuvre about but you 
have to be careful not to hit any part of the enemy space 
station or the game's over. You can judge your position 
and height by the shadow under your caraft. The score 
starts at 8000: it decreases steadily as time goes on and 
increases every time you shoot down the enemy ships 
which fly down the trench at you. The object of the game 
is to successfully bomb the five red targets that appear 
over the horizon and pass beneath your ship (if you 
haven't got out of position by chasing aliens). Get killed or 
fail to hit all five targets before your score reaches zero and 
it's bye-bye Earth - the red thingies take off and decimate 
the of home planet. The idea isn't bad, but the balance of 
the game could do with a bit of work: it's too easy to beat 
on the lowest level and too fast to beat at the higher ones. 
Our maximum - 6462 on level 1. There's a good video 
game lurking in the Death Star sequence, but this isn't it. 

Astrosmash (Intellivision) 
Superficially this seems almost identical to Space 

Invaders, and yet I found it a lot more to my liking. You 
have a laser base at the bottom of the screen which you 
can move right and left, and which fires upwards at all 
sorts of space debris which is dropping out of the skies 
towards you. Every time you hit an object, it explodes (and 
if you're lucky it detonates another piece which was flying 
too close): every time an object hits the ground, you lose 
points. Now and again large or small white 'spinners' start 
falling - you must hit these or you lose a base when they 
land. As your score goes up you can score points faster, 
but the action speeds up and you then get guided missiles 
which home in on your laser and attack UFOs which fly 
across the screen lobbing huge bombs at you. The main 
trick with this game is to get a good rapid -firing technique 
established, but as pointed out earlier, the stiffness of the 
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Mattel push -buttons gets you cramped very quickly. At 
least Mattel have had the decency to provide a pause 
facility on this game, so you can loosen up your fingers 
before carrying on. As is usual in games of this type, the 
various scoring levels are indicated by the background 
changing colour and some of them make the targets a bit 
harder to see; I'm not sure if this is deliberate obstruction 
or not! Not a bad game at all, and worth trying to beat our 
maximum of 23,190. 

Skiing (Intellivision) 
Not a bad little simulation, this, though if I were 

programming it I think I'd alter the rates of acceleration 
and deceleration which seemed a bit exaggerated to me. 
There's a choice of two courses, downhill or slalom, 15 
degrees of mountain slope, and up to six different skiers so 
you can make it a team event with your friends. The 
difference between the two courses is that the downhill 
course is designed for speed, with a fair distance between 
gates (and mounds of snow to jump over), while the 
slalom requires some precision skiing with tight turns 
(which were a bit beyond my abilities!). The game is 

improved immensely by the excellent detail of the skiers 
(Mattel have always been best at this aspect of graphics) 
and by the sound effects, which include realistic thumps 
as you collide with the trees and a cheering crowd as you 
pass the finish line. Unfortunately I didn't seem to be able 
to complete the course in less than a minute (best time was 
64.6 seconds, making me a hot-dogger), but I'll keep 
trying. Now where's that wax ...? 

SNAFU (Intellivision) 
Peculiar name for a game (especially if you know what 

it stands for - and we can't print it here), but quite good 
fun to play. There are four snakes on the screen, two 
controlled by the computer and two which can be steered 
using the hand controllers. There are various types of 
game based on two basic ideas: trap games and bite 
games. In the former the trail grows continuously so that a 
complex maze develops on the screen, and the object is to 
force your opponents to trap themselves and crash into a 

wall. The other type involves snakes of a finite length, the 
trick being to run your head over your opponent's tail and 
gradually eat him away. Some permutations allow the 
possibility of diagonal movement, some have obstacles 
which must be avoided. Once the number of snakes on 
the screen has been reduced to two, the computer takes it 
upon itself to play one of two rather catchy little tunes, just 
to make things a bit more entertaining. There's no score of 
ours to beat, since all the games involve you against an 
opponent. A good game when you're fed up with killing 
aliens. 

Utopia (Intellivision) 
Now here's an unusual one: this is a sort of graphics - 

based version of Kingdoms, where you rule an island 
community and score points by maximising the well-being 
of your people. Tyrants need not apply. You can play 
against an opponent, who takes the other island, or simply 
try to beat your previous best score. As head of the 
Treasury you can decide whether to buy fishing boats or 
PT vessels, crops, houses, schools, factories, forts, or 
hospitals: you decide whether to co-operate with your 
neighbour or wage war on him. Natural hazards include 
storms and hurricanes: unnatural hazards include pirate 
ships who sink your fishing vessels. The game consists of a 

number of rounds from 30 seconds to 2 minutes, after 
which you are told how many points you scored, how 
much your population has increased (or decreased), and 
the amount of gold in the treasury. I liked it. 
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Dungeons And Dragons (Intellivision) 
This is great! I've always been a fantasy lover and this 

is a really different type of computer game. Set off across 
the mountainous terrain towards Cloud Mountain, with 
the ominous snoring of the fearsome Winged Dragons in 
the background as they wait for their next meal - you. 
Plan your route carefully, as some mountains are 
impassable while the rest have caves containing arrows, 
tools, and fierce monsters to guard them. The caves and 
tunnels only light up as you pass along them so you have 
to become adept at tracking your prey. Some monsters. 
leave visual clues to their presence (though what I thought 
were dragon droppings turned out to be something else) 
and some can be heard as you approach. it's up to you to 
learn the various signs and strengths of the foe, because 
the manual won't help you: in fact it was a long time 
before I realised what made the spiders dangerous. If you 
can keep at least one of your three men alive to the end, 
you get to find the two halves of the Crown of Kings, 
although when you do the finale is something of an 
anticlimax. There are four skill levels, sightseer, weekend 
adventurer, seasoned adventurer and hero, and I finally 
managed to reach hero, despite the incredible speed of 
the baddies and the paucity of arrows on this level. Who is 

this Conan chap anyway? One of Mattel's better games. 

Tron - Deadly Discs (Intellivision) 
Mattel have managed to tie up the licence for the 

home video game market from Disney (there are also Tron 
arcade games on the way), and this first cartridge is based 
on the Frisbee fights from the film (see the review on page 
16). You take the part of Tron, facing three opponents on 
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the Game Grid in a duel using identity discs. You can 
move about, throw your disc in any of eight directions 
(judging the lead on Your moving target if you don't want 
to miss), or block your opponents' disc when they aim at 
you. The bad guys enter the arena through doors which 
you can jam open - get two opposite each other and you 
can teleport through from side to side, giving strategical 
superiority as well as allowing you to recover one hit 
(three hits and you're dead). Should you clear the screen, 
however, one of Sark's Recognizers appears to repair the 
jammed doors. Knock out its robot eye, a devilishly tricky 
manoeuvre, and you get 10 times warrior value bonus 
points. Watch out after 10,000 points, though: your 
scoring rate has increased considerably but your 
opponents are faster and more accurate at aiming. 
Sometimes you'll get dark blue Leaders, who can carry 
homing discs or discs that count as two blows; the purple 
Bulldog warriors are slower but need two hits to kill them. 
After you reach a million points (and by now I've played 
enough to believe it's possible), the computer switches 
tactics and sends on orange guards with paralyzer sticks, 
which need four blows to kill them and can end the game 
simply by touching you. My new ambition is to get up to 
this stage of play: I've already racked up 242,500, and a 

curse on the homing disc that got me just short of reaching 
the quarter million! The only way to score highly, by the 
way, is to learn to use the hand controller by feel alone. If 
you keep looking down to see which button to push, you 
aren't going to last very long. This gets my vote as favourite 
game of the article. 

Preppie (Atari 400) 
And this gets my vote as the best -written piece of 'non - 

alien' games software yet published. The game is based on 
the arcade game of Frogger, and the playing area is a golf 
course. Preppie is the American for caddie, and the poor 
soul has to retrieve a series of lost golf balls in a fixed time 
limit. The problem is that he has to traverse a fairway being 
criss-crossed with lawnmowers, golf carts, and on the 
harder levels, bulldozers (don't ask me what they're doing 
on a golf course), then leap from log to log, barge and 
alligator to cross a river. All the time you're playing, the 
computer is seranading you with a selection of catchy 
tunes in three-part harmony, and the graphics are quite 
superb. We particularly liked the bit where the caddie gets 

flattened out after hitting a lawnmower - sadists that we 
are. There are 10 difficulty levels, and no-one here has yet 
succeeded in surviving level 6 (it's the killer frog on the 
towpath that causes the problems). Our high score is 

14,730. Very highly recommended, despite its rather 
frightening price tag of £23 (this is a tape, not a cartridge). 

: 
r 

B-17 Bomber (Intellivoice) 
The first of the games for the Intellivision that requires 

the use of the add-on Intellivoice module. You are flying a 

bombing mission over Europe during the Second World 
War, and throughout the flight you're getting a series of 
comments and warnings in a (pretty appalling!) Texan 
drawl. "Bandits at six o'clock", it announces, and you 
switch to the view from that gunnery position to shoot 
down der Luftwaffe. Sometimes this doesn't work, 
because there's a line of bullet holes across the canopy 
and your gunner is dead! Once you've reached your 
target, you can sight through the bomb doors and release 
your thousand -pounders ("Bawmbs awaay ...") and 
hopefuly hit something ("That was awn tarrgit ..."). The 
cockpit displays leave a lot to be desired, considering the 
sort of quality you can get out of an Intellivision: just a 

green horizon wobbling about as you try to dodge the flak. 
Not a bad game, but I think I'd want to see some better 
software than this before I went out and bought an 

Intellivoice. 

Cloudburst (VIC 20 cartridge) 
We've included this one for people who aren't Dery 

good at Space Invaders etc. Basically it's just s'rreer 

carnage, with enemy practically throwing themselves onto 
your laser bolts. At some unspecified future time, the 

Earth's atmosphere has become so polluted that mutant 
creatures have spawned in the acid clouds and are 

dropping down amidst acid rain to ravage the planet. Your 

laser gun can fire up, or to the left and right to slaughter 
any creatures making their way across the surface after 

landing. The screen colours are restful tints of pink, red 

and blue, to counterpoint the machine-gun speed of your 
laser fire and the ferocity with which the mutants hurl 

themselves at you. In between games the VIC plays you a 

snatch of rather incongruous 12 -bar boogie. The easiest 
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FEATURE: Video Games 

level is damn fast, and anyone who claims he can survive 
longer than 10 seconds on level 9 is a liar. 

Jumbo Pilot/Sub Commander (Atari 400) 
Here are two especially for those of you with very 

poor reflexes. You require the reaction time of a corpse to 
play these because they are 'real-time simulations' ie 
pretty slow. in Jumbo you have to take off, fly across 
country and land. It takes 11 minutes or so just to taxi into 
position and lift off, and you can then spend anything up 
to two hours watching the dials in the cockpit do very 
little, until you attempt to land and plough into the tarmac. 
Then all you can do is start again. Frustrating, huh? The 
least the author could have done was to include an option 

THORN EMI VIDEO PROGRAMMES 

to practise landing without going through the rest of the 
game. Our highest score is zero, since no -one's been able 
to land yet; but one of us did manage to do a barrel roll 
successfully! 

Sub Commander is a simulation of World War Two 
submarine combat against shipping convoys in the 
Mediterranean. You have all mod cons like sonar, 
periscope, hydrophones and torpedoes, plus a satellite 
reconnaissance of the Med (in WW II? Oh well ...). You 
stalk the ships, aim through the periscope and hopefully 
torpedo them before they blow you out of the water with 
depth charges. Rather more action in this game, but still a 
bit slower than my tastes run to. Highest score so far is 
10,420. 

ow, really reasön 
with IC's 

With the new LM2A logic monitor from GSC, you can see 
just what's going on in an integrated circuit for only £87* 

The LM2A's sixteen LED indicators show the static and 
dynamic logic states of all the pins on 14 or 16 -pin IC 

packages, and GSC's unique Proto -Clip provides rapid, 
reliable contact with the circuit. 

You can use the LM2A with different logic families, too. A 
front -panel switch lets you select TTL or C-MOS, and a variable 

threshold control covers any voltage from +1V to +9V for other 
logic levels. It's small and light enough to hold in the hand, and 

operation is simplicity itself. 
Take the logical course of action -fill in the coupon now. 

GLOBAL SPECIALTIES CORPORATION rG.S.C. (UK) Ltd., Dept 9L, Unit 1, Shire Hill Industrial Estate, Saffron Walden, Essex CB11 3AQ. ' i Model LM2A 

IName 
Address 

G.S.C. (UK) Limited, Dept9L, 
Unit 1, Shire Hill Industrial Estate, 
Saffron Walden, Essex CB11 3AQ. 
Telephone: Saffron Walden (0799) 21682. 
Telex: 817477. 

LOGIC MONITOR Unit price inc. P&P 15% VAT£102.35 QRentygd. 

. 

* Price excluding P&P and 15% VAT. 

7 
1 

I enclose cheque/P.O. for £ or debit by Barclaycard/Access/' 
American Express card no. -xp date 

1 
FOR IMMEDIATE ACTION -The G.S.C. 24 hour, 5 day a week service. For FREE Telephone (0799) 21682 and give us your Barclaycard, Access, American catalogue Express number and your order will be in the post immediately. tick box W. MOM MOB -- 

ETI 
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CALCULATORS 
CASIO SUPER DEALS 

ï:JJL7i%itJCà1GCJ6sel Qi 
cl..)Z,.)4.1Ç.1C7L'7 On LIMO 

WE,DEJL,360468:8 Walla 
l. -C7tL7D471éä0i9 

CASIO FX702P 

dot matrix display basic language. 
Up to 1680 stemps/226 memories 

Now only 
£71.00 

GJ CO C-.3 .`3. QEJlpllpCUM° 

CASIO FX601P/602P 
10+2 digit dot matrix, full alpha numeric 
lower case. 50 functions. Up to 
memories. (601 P up to 128 steps/11 

upper and 
512 steps/88 

memories.) 
'.-r1'r1LL141`"w .oI4444 

FX602P£63.00 FX601P £37.00 4T as®om4p 
4gafá 

FA2CASSETfE INTERFACE £19.00 l®1®OCYC 
13l®1®OÇ 

FP10 PRINTER FOR 602/702£40.00 ®OO6tm 

AX250 
Multi function, dual 
display, dual time 
zones, 12/24 hour 
display. Versatile 
alarm/chronograph 
£23.00 

SHARP 

FX3600P 

£21.00 

FX550 

£15.00 

31* 2.6_ 

EL5100 

EL5100 61 functions, 24 digits, 10 memories, 80 steps £49.95 
EL5103 63 functions, dot matrix, 6 memories, 80 steps £29.95 

"F L 
HEWLETT 
PACKARD 

ULTRA HIGH QUALITY CALCULATORS 

g9,í18$0': 
': 691. 

HP11C SUPER DEAL PRICE 
203 program lines, 21 addressable memories 

NOW ONLY £89.95 

HP10C New Model POA 

HP12C financial/stats £119.95 
HP15C New Model £109.95. 

HP16C New Model ................£119.95 
HP41C £182.95 
HP41 C V 5 times 41 C memory 

£237.95 

IIP41C/41CV Software Modules, All Subjects £25.95 

NEW TI 57 LCD 50 functions/8 memories. 10 digit LCD I:21.95 
NEW TI 55 -II LCD 122 functions, linear regression, up to 56 
steps/8 memories, 10 digit LCD £32.95 
NEW TI Programmer Essential tool for programmer £44.95 
TI 58C 172 functions, up to 480 steps/60 memories £64.95 
TI 59 With magnetic card reader up to 960 steps/100 
memories .1119.95 
PC 100C Printer for TI58 /58C/59 £179.95 
TI 58/58C/59 Software modules. All subjects £35.95 
FP 10 Scientific/Statistical Print + Display £69.95 

Full range of Canon, Casio, Hewlett Packard, Sharp, and Texas 
Calculators and accessories supplied 
Large SAE with all enquiries please 

Export less 10% - All payments in £ sterling 
All prices include post, packing, VAT, 12 months guarantee 

Payment with order, Cash, P.O., Cheque or Access 

CALCULATOR SALES Et SERVICE 
Freepost inostamp required UK), 

PO? Box 13, Redditch, Worcs B98 OBR 
Telephone Redditch (0527) 43169 

Access 

Ate 

Post & Packing, 50p for 
KS kits, 75p for U kits, 

Send 

(,,,Init 7, Hughenden Road, 
O Hastings, Sussex, £1.00 for cabinets. 

S.A.E. for catalogue of 
our extensive range ofirjr 

& cabinets. Trade, 
TN34 TN34 3TG 

Telephone: Hastings 
Educational & Export LTD 10424143ÓÍI04 enquiries welcome. 

ELECTRONIC KITS 

KS 100 
Mini VHF Super -regenerative 

receiver 
8 MH D.C. 

E9. V.A.T. 

KS 130 
2 Channel audio mixer, 

20V D.C. Max 
£4.21 Inc. V.A.T. 

KS160 
Oerk room timer, 

liming range 1-99 secs. 
£11.58 inc. V.A.T. 

L. -À1'.ß 
Mini F.M. transmitter 
88-108 MHZ 8V D.C. 

(Not licenceeble in U.K.1 
£7.37 inc. V.A.T. 

KS 238 a 
3 channel microphone 

operated sound to light, 
300W per channel, 240V A.C. 

£11.58 inc. V.A.T. 

l 
% 

KS240 
3 channel sound to light, 
output 3 x 1KW 240 V. 

£12.63 inc. V.A.T. 

KS250 
12V -0.5A stabilized power 

supply 
£7.37 me V.A.T. 

KS 490 
Nicad battery charger, 

- 10-20-45-150 mA, 15V D.C. 
max 240V A.C. 

£8.42 inc. V.A.T. 

UK 380 
Digital tuning indicator 

£37.88 inc. V.A.T. 

2 k t? Rel0 

KS 390 
Stereo pro -amp. 

treb-bass-midd loudness rt 
volume control 18-25V D.C. 

£15.79 inc. V.A.T. 

UK 713 
5 channel microphone mixer, 

A.C. 240V operated. 
£20.00 inc. V.A.T. 

:7a 
. ,}Vt 

p 
KS 410 

Car mounted digital clock, 
12V D.C. 

£18.84 inc. V.A.T. r 
l' 

Yn 

KS 440 
Universal anti -theft alarm 

£10.52 Inc. V.A.T. 

,tr 

KS 450 
Anti -theft alarm for 

motorcycles, 6-15V D.C. 
£9.48 inc. V.A.T. 

1 
t 

elk, 

jai 
KS 500 - 

Go -No -Go transistor tester, 
5V or 4.5V battery 
£5.27 Inc. V.A.T. 

LIfr. 

ter" 

L 

KS 420 
Digital D.C. voltmeter, 
999MV-999V. 0.5V D.C. 

£17.89 inc. V.A.T. 

UK 108 
Miniature 

Not licenceable 
£9.48 

F.M. transmitter. 
in U.K. 

inc. V.A.T. 

le i 
UK 113/U - - 

10W integrated circuit 
amplifier 

E6.31 inc. V.A.T. 

UK 232 
Antenna amplifier for 

AM/FM 
£5.27 inc. V.A.T. 

d,, 

`7 0.. 

KS 260 
3 channel chase light, 1KW 

per channel, 240V A.C. 
£10.52 inc. V.A.T. 

;: 

KS 300 
Westminster chimes, 

(Big Ben) 
£9.48 inc. V.A.T. 

Iii, 9 
IItea 

UK 562 
Transistor and diode tester 

£14.73 Inc. V.A.T. 

UK 716 
Three-way stereo mixer 

£24.21 inc. V,A.T. 

. 4 

f 

UK 882 Centralized anti -theft 
alarm 

£33.67 inc. V.A.T 

PLASTIC CABINETS 
OUTSIDE DIMENSIONS PRICE 

J MODEL WIDTH HEIGHT DEPT INC 

INCH mm INCH mm INCH mm VAT 

00/3001.00 7,54 191,4 1, 81, 46 6,89 175 £4.21 

00/3001.02 7,54 191,4 2,36 60 175 £4.21 

00/3001.04 7,54 191,1 74 6,89 175 £5.27 
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AMDEK Kits 
Distortion f32 
Compressor £36 
Phaser £40 
Tuning Amp £36 
Metronome £36 
Flanger £63 
Chorus £54 
St. Mixer £90 
Graphic £72 
Delay £130 
Percussion £54 
Rhythm £90 

by ROLAND 

,COMPLETE KIT £363 

CLEF ELECTRONIC MUSIC 
ELECTRONIC 

PIANOS 
SPECIALISTS SINCE 1972 
Clef Pianos adopt the most advanced 
form of Touch Sensitive action which 
simulates piano Key inertia using a 
patented electronic technique. 

71 OCTAVE 
DOMESTIC MODEL 
COMPONENT KIT £266 

COMPLETE KIT £442 
MANUFACTURED £695 

Two Domestic Models are available 
including the 88 note full size version. 
Four intermixable Voice Controls may be 
used to obtain a wide variation of Piano 
tone, including Harpsichord. 
Both Soft and Sustain pedals are in- 
corporated in the Design and internal 
Effects are -provided in the form of 
Tremolo, Honky Chorus, and Phase 
Flanger. 
A power amplifier integrates into the 
Piano top which may be removed from 
the Base for easy transportation. 

SIX OCTAVE 
DOMESTIC MODEL 

COMPONENT KIT (234 
COMPLETE KIT £398 MAN £620 

Component Kits include Keyboard. Key 
switch hardware, and all electronic 
components and may be purchased in 
four stages at no extra cost. 
Complete Kits further contain Cabinets, 
wiring harness. Pedals and in the case of 
Domestic Models both Power Amplifier 
and Speaker. 
The Six Octave Stage Piano has the same 
range of Voices and Effects and is 

designed for use with an External 
Amplifier and Speaker. 

SIX OCTAVE 
STAGE MODEL 

COMPONENT KIT £234 
MANUFACTURED £580 

MICROSYNTH 
THE COMPACT MUSIC SYNTHESIZER 

COMPLETE 

KIT SWITCH ROUTING 

£129.00 I THUMBWHEEL 

2 OCTAVES 

2 OSCILLATORS 

2 SUB -OCTAVES 

STRING 

ENSEMBLE 
A very popular Keyboard 
Synthesizer Kit for Group or 
Home use. Four Octave 
polyphonic instrument with split 
Keyboard facility. Cabinet 
requires control panel (not 
supplied) to be fitted to side of 
keyboard. 

COMPONENT KIT £197,50 

CABINET í41A0 

ROTOR -CHORUS 
Comprehensive two speed organ 
rotor simulator plus a three phase 
chorus generator. 

nnMPONENT KIT teem° 

KEYBOARDS 
Our Square Front Keyboards 

88 NOTE (A -C) £62.67 
73 NOTE IF -FI £51.78 
FIVE OCTAVE £41.97 

FOUR OCTAVE £31.62 

Since 1972 Clef Products have consistently produced leading designs in 
the field of Electronic Musical Ins rumens, many of which have been 
published in technical magazines. With musical quality of paramount 
importance, new techniques have been evolved and the latest musically 
valid technology has been incorporated into projects which have been 
successfully completed by constructors over a wide range of technical 
capability. Back up TELEPHONE advice is available to all our 
customers. All instruments are on show. 

PRICES INCLUDE VAT, UK CARRIAGE & INSURANCE 
(CARRIAGE EXTRA ON MFD PIANOS). Please send S.A.E. for our 
complete lists, or use oar telephone VISA/ACCESS Service. 
Competitive quotations can be given for EXPORT orders - in Australia 
please contact JAYCAR in Sydney. Visit our showroom. 

CLEF PRODUCTS (ELECTRONICS) 
LIMITED 

Í Dept. ETU, 44A Bromhall Lane South, Bromhall,. 
'Stockport, Cheshire SK7 1AH 061-439 3297 

"THE COMPUTER BAND -BOX" 
COMPLETE 

KITKI 

£235 

£320 
MANFD. 

(MASTER RHYTHM ALSO REQUIRED) 

A revolution in the field of Computer Music Generation! 

A musicians instrument for vocal Et instrumental soloists 
practice - live performance - recording 

The BAND BOX provides an Electronic Backing Trio consisting of 
Drums, Bass, and a Chord Instrument (one of 16 Waveform/Envelope 
combinations), with the capacity to store over 3,000 User Programmable 
Chord Changes on more than 120 different Chords. Using advanced 

Microprocessor technology, Playback of 50-100 Scores can be executed 

in any Key and at chosen Tempo. Complete Music Pad is electronically 
Indexed and stored on secondary battery back-up. Facility exists for 
composition of Intro, Repeat Chorus, and Coda sections including 
Multiple Score Sequences. Sockets are provided for Votum Pedal and 

Footswitch plus separate and mixed instrument Outputs. Total size 

19" x 11" 41" incorporating Master Rhythm. 

THE Programmable DRUM MACHINE 
EIGHT TRACK 
PROGRAMMING/ 
TWENlY.FOUR 
PATTERNS/ 
TWELVE 
INSTRUMENTS/ 
SEQUENCE 
OPERATION. 
COMPLETE KIT £79 

MANED. - £119 

The Clef Master Rhythm is capable of storing 24 setectablbe rhythmic 
drum patterns, invented, modified, and entered by the Operator on to 

Eight Instrumentation tracks. A three position Instrumentation control 
expands the number of instruments available to twelve, grouped into 
sounds typical of playing with Drumsticks, Brushes, or Latin American 
Bongos and Cloves. 
Sequence operation allows two rhythm sections to he coupled with the 
second (B) section appearing at four, eight or sixteen Bar repetition. All 
drums can be adjusted for level and resonance on internal controls to suit 
individual taste, thus producing good musical sounds on a battery driven 
unit 81" x 5" x 21". 

HOME COMPUTERS 
DO NOT WORK! 

You've already got a "home' computer - am I right? You 
mat be anyone - a Hospital Electronics Workshop, a 

University Computer Dept., an Electronics Research 
Establishment, or you may be just plain Joe Soap. 

Either way round - you're fed up with the boss, or your - 

wife (may be the same thing), always asking you - "Very 
nice, but what does it do?" I know you can make it do 
things, so you must be pretty clever, but what a mess. 
What's that heap of junk plugged n the back - talk about 
spaghetti! 

They look lovely, home computers, don't they - until you 
bolt on all the things round the back that the designer 
couldn't (or wouldn't) include. - 

I think we both know what is needed: A "rack and card" 
build it yourself system (Interak 1!). Something like Acorn's 
and Tangerine's original plug in systems, before they went 
on to more profitable things, but you don't want it 6502 - 
based - Interak 1 uses the Z80A, (doesn't everybody who 
has any sense?). 

If you use Interak 1, the Z80A CPU is on one card, the VDU 
Interface is on another, Dynamic RAM on another, and so 
on. Very tidy, and very modular because "any card fits in 

any slot". And that ugly expansion adaptor, and the special 
box of bits you've got sticking out of the back, can be neatly 
re -packaged and slid into the spare slots in Interak 1. 

I've got no space to say more (this advert's cost a few 
hundred pounds already!), so send me a stamp (201p) 
and/or SAE, or neither, or 'phone if you prefer, and I'll send 
you the 38 -page low-down. 
David Parkins 

P.S. Although this advert may sound a bit corny (we have to 
get your attention somehow) Interak 1 really is a serious, 
sensible system with thousands of cards sold, and in daily 
use. Cards, Manuals, all available separately inc. circuit 
diagrams. 

GREENBANK 
Greenbank Electronics (Dept. TI2E), 92 New Chester Road, 

New Ferry, Wirral, Merseyside L62 5AG 
Telephone: 051-645 3391 

SC110A FULLY PORTABLE OSCILLOSCOPE 

The new THANDAR SC110A represents a break through in Oscilloscope 
development. The SC110A is only 2" thick and weighs under 2 lbs yet it retains the 

standard features of a bench oscilloscope. 

FULLSIZED PERFORMANCE 
10MHz band width 
10mV per div. sensitivity 
Full trigger facilities are provided includ- 
ing bright line and auto, with T.V. line 

and frame filtering 
RUNS ON ORDINARY HP11 (four) 
batteries or rechargeables 
Basic price - £170 UK Post free 

Optional extras 
AC Adaptor £5.69; Rechargeable batten., 
£8.63; X1 Probe £8.05; X10 Probe C0.20; 

X1/X10 Switched Probe £10.90; Carry Case 

£8.86. 

PFM200A FREQUENCY 
METER 

Pocket size 8 -Digit LED display e 
Frequency range 20Hz-200MHz a Resolution 
0.1Hz Sensitivity typically 10rnV rms 

Timebase accuracy 2ppm S.rtfery life 
10 hours Frequency: 2 ranges, 4 gate times 

Price £57.50 UK Post free 
Optional extras - AC Adaptor £5.09 

--__ S.A.E. Brings details of: Oscilloscope, Frequency Meters, SignI 
Generators, Function Generators, Pulse Generators, Analogue and Digita: 

Multimetersl Digital Thermometer, C.R.T. Tester, Logic Analyser etc. 

All prices include VAT. Official orders welcome. Mail order only, or cnllsrs by prior 

appointment. Barclaycard/Access welcome. Cash/cheque, etc., with order. 
Government and Educational Establishments official orders wt.!con!e. 

B.K. ELECTRONICS ereweine 
37 Whitehouse Meadows, Eastwood, Leigh -on See, Exaxx ,^art,'.? *T,w tt/SA 

Tek Southend 527572 
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PRINTED 
CIRCUIT 

PRODUCTS 
EXCLUSIVE MAIL ORDER 

FOR PRICE CONSCIOUS ENTHUSIASTS 

Kelan Engineering, establised for over 12 
years as manufacturers of high Quality 
Printed Circuit boards and the original 
innovators of the Positive Photo Resist 
System NOW INTRODUCE. 

O bee ?l .O 

the complete Printed Circuit Workshop 

* Copper Clad Boards * Veroboards * Breadboards * Artwork materials * Hobbyboard Photo Resist System the 
simplest, cleanest method ensuring 
high quality PCB's EVERYTIME. * Plastic & Die Cast Boxes & Cases * Connectors * Sockets * Terminals * Screws, Nuts, Spacers 
etc. * Workshop Tools * Drills & Machines. * ZX81 & SPECTRUM INTERFACING 
SYSTEMS AND ACCESSORIES 

SPECI1 FFER 

Complete - low cost introductory 

Hobbyboard Phot Resit Kit 
full instructons for 

cludes 

UV exposure lamp 
DIY UV unit - all artwork, 

, 

boar 
and ® action 

chemical requirements 
to Circuit Making 

Please send me details of:- 
Hobbyboard mail order catalogue 
Hobbyboard Photo Resist System 
Hobbyboard ZX81/SPECTRUM SYSTEM 
Hobbyboard special offer 
NAME 
ADDRESS 

trrlatt 

Ell 

I 

I have completed electronic projects during the 

past 12 months 

eKELAN (Hobbyboards) LTD 
North Works, Hookstone Park, I 
Harrogate, North Yorkshire. 
e 0423-883672 ETI/183 

(EXCLUSIVE OFFERS! bonus for all orders 
received by 28/2/83. 

MULTIMETERS 

7206 20K/Volt, 19 7081 50K/Vá11. range 2050 50K/Volt plus 
ranges. doubler 81e Tester f with SG402 FRO with CS1566A below i 820 

r¡G1rsY below. 
FRO 

below below $ee above 
firta 

TRIO 20 MHZ DUAL TRACE SCOPES 
140mm Tube: OC to 20 MHZ: 5mV sensitivity: £112 Invert 
CS1820 Delayed sweep:0.2iusec lo 0.5 
sec Sweep: Modes CHI, CH2, OVAL and 

ADD. List Price £539.00 Inc.. VAT. 7 SAVE £11r9-, 

Our Price :£420,inc.VAT [UK c/p £41 `" 
CS1566A NOR. AUTO. VIDEO: 0.5bsec 
Sweep: Modes CH1. CH2 ALT. CHOP and t 

A00. List price £368.60 inc. VAT. 

Our Price £299 inc. VAT (UK c/p £41 

SPEAKERS "& TWEETERS 

HIF2OESM 8 ohm 

30/50 watt Bass/ 

Midrange 8" £5.95 
(UK c/p £120) 

HIF2OESM 4ohm 

Version 8" £4.95 
(UK c/p £1.20) 

w5 2 wee ohm 
3 way 8 ohm 15 watt 5,430040 watt HT315F 5" x 3;;' 8 ohm 

15 watt tweeter 

£1.95 crossover £1.25 version £1.75 30 watt tweeter 

(UK c/p Tweeters & Cru sovers 65p per 1-3 items) £3.95 

Ministereophones 
with every 

7208/7081/2050 
(State 3 {qmm or 14'' 

jack plug) J 

(Optional prcbe X 10 £9.451 

ióMini 
stereophones as above 

for purchases of£10.00 or 
more from this advertisement. 

HIF87BSM 4" 80hm 
30/50 watt midrange 

£4.95 (UK c/p 6510 

PH303"8 ohm 15 

watt tweeter £220 

STEREOPHONES MEGAPHONES P.A. HORNS 
331S 10 watt mega- 
phone with siren 

sties £32.95 
(UK c/p £1.051 

331 without siren 

£28.95 
(UK c/p £1.05) 

iF'- -ií®Di 

CRB520 10 ta -20 IUK c/p £1.05) 

watts 5" Tapped 4 and CR680 20ez ß ohm 

ohm 201m £15 C71..... 

£7.95 pair £7.50 
(UK c/p £1.05) (UK c/p £1.051 

Car Speakers 
SP25/4 10ºz 4 ohm 

£6.50°` 

CH666"10watt8 
ohm PA Horns . 48,95 
£6.95 (UK c/P 65p( 

Ml 12 Stereophones 
padded earpieces: 
mono/stereo switch: 
vol. controls .£6 45 

£3.95 (UK c/p 65p) 

SG402 1 00KHZ to 30 MHZ 
6 hand Trio 8F Generata int/ext. mºd.variable 
º/p to 100mV. AM int 400 HZ mod. 

List price £71.00 inc. VAT 

Our Price£59.95 Inc. VAT (UK c/p £2 

700 Mains TV boosters 
back of set VAS - 
1£5.95 [UK c/p 6p) 
TMB Masthead 12 TV's) 

£12.95 (UK 05 

ORDER BY POST OR PHONE OR CALL IN AND SEE FOR YOURSELF 
WELL WORTH A VISIT! ALL OFFERS LIMITED QUANTITIES E & OE 

TEL: 01-724 3564 
301 EDGWARE ROAD. LONDON W2 IBN. 
ALSO AT HENRYS RADIO. 

404/406 EDGWARE ROAD. LONDON W2 

A 
ºi .°n. CHEQUES CCSsáo,;..e,.u,o...AlloW 

to,0 days lo..e -Olun. 

60 ETI JANUARY 1983 

www.americanradiohistory.com



PROJECT 

ZX ANALOGUE - 
TO -DIGITAL 
CONVERTER 

Expand the consciousness of, your computer and let it 
sample the delights of the real world with this low-cost ADC. 

Design by Rory Holmes. 
How about a fast, eight - 

channel, eight -bit analogue - 
to -digital converter, all in one 

small box that plugs neatly onto the 
back of your Sinclair computer and 
costs about £15? A rhetorical 
question, really, because that's what 
we're presenting in this article. The 
applications for this project are 
numerous since A -to -D converters 
allow your computer access to the 
'real world': and the real world, as 
the data acquisition experts call it, is 
anything which varies smoothly and 
continuously, such as temperature, 
sound level, voltage, position, speed 
and so on. Eight channels of 
analogue input data, each with a 
resolution of one part in 256, will 
open up a whole new field of 
applications for your computer and 
programs. For example, some of the 
things you might consider include 
real-time graphs for multi -variable 
displays, eight -channel spectrum 
analysers (or even Spectrum 

analysers!), VU meters for recording 
work, process control programs, 
central heating control, 
potentiometer -type joystick inputs 
(up to four sets of two axes), 
weather station computers, 
waveform analysis by computer, 
aircraft simulations and so on. You 
might even be able to make good 
Uncle Clive's boast that the ZX81 
could control a power station! 

The ADC IC 
Our analogue -to-digital 

converter is based around the new 
7581 IC, a complete data 
acquisition system on a chip with 
some very handy features. The best 
of these features concerns the way 
in which data is made available to 
the host computer: by using a 'dual 
port RAM' and internal scanning 
logic the conversion process is 
made completely transparent to the 
user. Basically this means that the 
microprocessor need do nothing: 

the latest analogue data is always 
available and may be read from a 
small memory -mapped region of the 
computer's address space (eight 
consecutive bytes). 

The chip will convert each 
channel in 50 microseconds and 
performs a complete conversion 
update of all eight channels in 400 
microseconds. The analogue input 
voltage range is 0-10 V and these 
limits will correspond to 00 and FF 
Hex respectively. 

The unit plugs into your 
computer via a double -sided edge 
connector, and, if you want, you 
can include a switch to enable the 
unit to switch between the ZX81 
and the Spectrum port 
configurations. The eight analogue 
inputs enter the unit via a 15 -way 
'D' type connector. The system 
derives its low -current 5 V supply 
directly from the expansion bus, so 
it will start functioning as soon as 
the computer is switched on, 

The ADC plugs on like a commercial unit. 

Eli JANUARY 1983 

Here you see the protruding edge socket. 
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Fig. 1 Circuit diagram. 
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Figure 1 shows the complete circuit of 
the eight -channel analogue -to-digital 
converter. There are four separate parts 
to this circuit: the main converter device 
IC3, the master clock oscillator (a single 
CMOS gate), a negative voltage 
reference generator, and the address 
decoder. The 7581(IC3) is a complete 
eight -bit, eight -channel data acquisition 
system, designed for direct interface to 
microprocessor buses. The 7581 ac- 
cepts eight analogue inputs and sequen- 
tially converts each input into an eight - 
bit binary word using the successive ap- 
proximation technique. Results from the 
conversions are stored in an internal 
eight -bit eight -word 'dual port RAM'. 
The dual port RAM allows a 

microprocessor to access the analogue 
data independently of the internal up- 
dates; all the data acquisition is 

therefore transparent to the program- 
mer. The analogue data appears to be 
permanently available in eight suc- 
cessive 'read only' RAM locations - you 
cannot write to these addresses. 

The converter requires a master clock 
for its scanning logic and this is provided 
in our circuit by lC4a, a Schmitt inverter 
gate wired as a 1.6 MHz oscillator. Con- 
version of a single channel takes 80 
clock periods, with a complete scan 
through all eight channels taking 640 
clock periods. At 1.6 MHz this cor- 
responds to 50 uS and 400 uS 
respectively. 

The converter is wired in our circuit 
for simple unipolar conversion using a 
-10 V reference supply In this case the 
eight -bit word covers an1analogue range 
of 0-10 V as illustrated in the transfer 
characteristic diagram of Fig. 2. The ac- 
tual analogue input circuitry is shown in 
Fig. 4. An R -2R resistor ladder forms a 
multiplying DAC to perform the A -to -D 

conversion. Each input, including the 
reference input, has an impedance of 
about 20k. A status output is also 
available which allows an external 
device to identify which channel is being 
updated at a given moment: it provides á 
signal, synchronised to the master clock, 
which follows the scanning logic and 
pulses low for channel 0. The status 
signals as related to the master clock are 
shown in Fig. 5. 

The reference voltage generator that 
provides -10 V for IC3 is based on the 
voltage multiplier principle and allows a 
single 5 V supply to power the entire 
unit. The voltage tripler is constructed 
using CMOS Schmitt trigger inverters, 
and a capacitor -diode multiplier chain 
formed by C2-4 and D2-5. The inverters 
are connected as a self -oscillating ring 
running at several kilohertz to provide 
the AC square wave to the voltage 
multiplier. The tripler should give 15 V 
at the negative side of the smoothing 
capacitor C5 but due to diode and im- 
pedance losses this is reduced to about 
12 V. The zener diode ZD1 is then used 
to clamp this voltage to the 10 V 
reference level. 

The address decoding is performed 
using the same system we designed for 
the Message Panel Interface (why re- 
invent the wheel?). IC1 and IC2 perform 
the address decoding and the slide 
switch SW1 selects either memory - 
mapped decoding for the ZX81, via 
IC1b, or 1/0 -mapped decoding for the 
ZX Spectrum via IC1 a. When the 
decoder is switched for the Spectrum the 
states of the bus lines IORQ (I/O re- 
quest), A5 (address bit 5), and RD (the 
read signal) are continuously monitored 
for logic lows. If they all go low together, 
then the Spectrum is performing an IN 
addr, X command, and the output of 

NOR gate 1Cla will go high. This output 
is inverted by IC2a, which in turn takes 
the chip select pin of the converter (pin 
13) to logic low. As the chip select goes 
low the data from IC3's internal memory 
(addressed by the three lower address 
bits AO, Al and A2) is made available to 
the data bus for the read operation. 
Thus any of the eight -bit data words may 
be read at any time. 

The rest of the gates in the decoder 
section are effectively ignored, and as 

far as the Spectrum is concerned the 
A13, A14 and A15 inputs are connected 
to the wrong bus pins anyway. 

When plugged into a ZX81, however, 
with the selector switch in its other posi- 
tion, these other gates become usefully 
active. With IC2c wired as an inverter, 
address bits A14 and A15 must be high 
and A13 low in order to take the output 
of 1C1c to logic high: this means the se- 
cond 8K address block is being selected. 
The output of ICtc is inverted by IC2d 
and fed to one input of 1C1b, a NOR 
gate. The other two inputs of this to 
monitor logic low states on the 
(memory request) and RD bus lines. 

Thus the output of IC1b will only go high 
when the ZX81 is performing a memory 
read operation at a location between 
8192 and 16383. The output of IC1b is 
fed to the chip select pin of 1C3 via the 
selecter switch and inverter as before. 
IC2b inverts and buffers the enable 
signal to drive the ROMCS line (linked 
via SW1b): consequently this line will go 
high through diode D1 whenever the in- 
terface is addressed and switch off the 
8K ROM in the ZX81. 

The 15 mA or so supply current for 
the TTL and CMOS is taken directly from 
the 5 V supply rail on the ZX bus. 
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PROJECT: ADC 
OUTPUT CODE 
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11111101- 
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TRANSITION y 

"==7*. 
0 0.4 0.8 1.2 9,92 9.96 10 

INPUT VOLTAGE VOLTS 
(REFERRED TO ANALOGUE GROUND) 

NOTE APPROXIMATE BIT WEIGHTS 
ARE SHOWN FOR ILLUSTRATION 

BIT WEIGHT FOR -10V REFERENCE IS 39.1mV 

Fig. 2 Transfer characteristic diagram. 

VDD 

ANALOGUE 
INPUTS 

DATA BUS 
OUTPUTS 

4 

3 

DB7-DBO (20-27) 

THREE 
STATE 

DRIVERS 

8x8 
DATA 

MEMORY 

updating the analogue data at the 
chosen memory locations ready for 
PEEKing or machine code access. 

There's no reason why this 
device couldn't be used with any 
other computer. All you have to do 
is find a handy unused hole in your 
system's address space and design 
suitable circuitry to decode the 
chosen range of addresses. This 
circuitry will replace the section of 
our circuit involving IC1 and 2. 

Construction 
The entire eight channel 

converter is built into a plastic 
Verocase to form a very neat and 
solid unit which plugs directly into 
the Sinclair expansion connector, 

VREF BOFS 

o 

SUCCESSIVE 
APPROXIMATION 

REGISTER 

A 

CS DIGITAL 
GROUND 

Fig. 3 Internal block diagram of the 7581. 

VREF 

MSB 
DB7 I DB6 DBB 

SUCCESSIVE 
APPROXIMATION 

REGISTER 

LSB 
IDBO 

INTERFACE AND 
CONTROL LOGIC 

CLK 

ANALOGUE 
GROUND 

Fig. 4 The analogue input circuitry of the 7581. 
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STATUS 

ANALOGUE 
INPUTS 

0 7 

CONTROL 
LOGIC 

ADDRESS LATCHES 

ALE AO 

BOFS 

SUMMING 
POINT 

Al A2 

either on the ZX81 or the Spectrum. 
A standard 15 -way 'D' type socket 
allows access to the eight analogue 
inputs and a few other internal 
connections. This is a right-angled 
PCB -mounting type which is 
soldered directly to the track side of 
the PCB to reduce interwiring. Since 
the wire -wrap edge connector 
socket is also soldered to the PCB, 
the only part external to the PCB is 
the selector switch, which is 
optional. If you anticipate using 
only one computer then wire links 
can be used to replace the switch 
contacts at the appropriate overlay 
points. 

The PCB should be assembled 
first, following the overlay diagram 
of Fig. 6. Don't forget the six wire 
links and take care over the 
orientation of all the diodes and ICs. 
The 23 -way edge connector must be 
mounted the right way round and 
with the polarizing key at position 
three. The edge socket must have 
long wire -wrapping pins so that 
when mounted it will protrude 
through the front of the box as 
illustrated by our prototype (see the 
photograph). The socket is mounted 
from the component side, and the 
pins should protrude about 2 mm 

ANALOGUE through the track side for 
GROUND subsequent mounting of an optional 

11 edge connector plug (to allow other 
ZX add-ons to be plugged in). 
Ensure that the socket is square and 
parallel to the PCB before soldering 
the pins. A 43 -way edge connector 
could also be used, provided it is 
sawn off at either end to leave the 
polarizing key at position three. 

The 'D' type socket should be 
left until last, when its right-angled 
pins can be inserted from the track 
side of the board and pushed home 
as far as possible. The soldering of 
this component is difficult but not 

COMPARATOR 

(a) FOR CHANNELS 1 TO 7 

STATUS 

80 CLOCK PERIODS 

I- 8 CLOCK 
PERIODS L START NEXT 
CONVERSION 
WITH MSB TRIAL 

PREVIOUS CHANNEL 
DATA UPDATE COMPLETE 
MULTIPLEXER ADDRESS 
DECREMENTED 

( b) FOR CHANNEL 0 

STATUS 

8 CLOCK{ -_. 

PERIODS t 

CURRENT 
UPDATENNEL 

COMPLETE 

1 - 64 CLOCK PERIODS 
S CLOCKPERIODS 

START CHANNEL 
0 TRIAL 

CHANNE 1 UPDATE CHANNEL 0 UPDATE 
COMPLETE 
MULTIPLEXER 
ADDRESS RESET TO 
CHANNEL 7 

Fig. 5 Status signals. 
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Fig. 6 Component overlay. 

PARTS LIST 

NOTE: 
a=ANODE 

k k = CATHODE 

Resistors (all ;W 5%) 
R1 470R 
R2 680R 
R3 22k 

Capacitors 
Cl 
C2-4 
C5 

68p ceramic 
33n ceramic 
10u 16 V tantalum 

Semiconductors 
IC1 74LS27 
IC2 74LS00 
IC3 7581 
IC4 401066 or 74C14 
D1-5 1N4148 
ZD1 10 V 400 mW zener 

Miscellaneous 
SW1 DPDT miniature slide 

switch 
Ski 23 -way double -sided edge 

connector 
SK2 15 -way right-angled PCB - 

mounting 'D' type 
cannon socket 

PCB (see Buylines); case, Vero order 
code 65-2514F. 

impossible, providing a small 
soldering bit is used. 

The PCB should be filed to the 
shape shown in the overlay 
diagram, since it has to fit into the 
lid section of the case: the two 
corner pillars which take the main 
case bolts will also need to be filed 

The socket is raised off the PCB like this. 

Rubber feet help secure the PCB. 

away slightly. At this stage, a slot 
should be cut in the appropriate 
position to take the connector 
socket so the assembled PCB can be 
fitted into the lid. It should sink 
down until the tops of the ICs touch 
the inside of the lid. The edge 
connector should now be almost 
clear of the slot and the diodes and 
capacitors should just clear the 
filed -down case pillar. 

By mating up the two case 
halves, you can find the position for 
an appropriate slot to be cut in the 
base of the case to clear the 'D' 
type socket. If a switch is to be 
fitted this should be glued, using 
cyanoacrylate or epoxy glue, to the 
side of the base section as shown in 
our internal photographs: the switch 
contacts will just clear the PCB. On 
our prototype we fixed three large 
stick -on rubber feet into the base of 
the Verobox; these support the PCB 

at the correct height, and when the 
case halves are screwed together, 
they will hold the PCB firmly in 
place. 

The diagram of Fig. 7 shows the 
pinout connection for the 'D' type 
socket; it's a good idea to draw this 
along with the corresponding 
address locations onto an adhesive 

BUYLINES 
The 7581 analogue -to-digital converter 
chip can be obtained from Technomatic 
Ltd for about £8. Technomatic also stock 
the other semiconductors and the 'D' 
type connector: check their advert for 
prices and ordering details. The special 
wire -wrap 23 -way edge connector for'. 

use with ZX computers can be obtained 
from Timedata, 57 Swallowdale, 
Basildon, Essex: alternatively you could 
get hold of a 40 -way version and cut it to 
size as described in the main text. The 
PCB Service advert is on page 91 for 
those unable to etch their own boards. 
The joystick units mentioned in the text 
are available from Remcon Ltd, 1 

Church Road, Bexley Heath, Kent 
(telephone no. 01-304 2055). 

AINE 

AIN 7 

AIN E 

AIN 3 

Aug 1 

0V 

STATUS 

-10V REF 

01 
90 ev 

02 
100 Alti 6 

03 
110 A{N4 

04 
120 A, N 2 

05 
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06 
140 N: 

07 
150 NC 

08 

Fig. 7 Pinout for the 'D' type 
connector we used. 
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PROJECT: ADC 

TABLE 1 

CHANNEL 
8 
7 
6 
5 
4 
3 
2 
1 

ADDRESS LOCATIONS 
ZX81 
8199 
8198 
8197 
8196 
8195 
8194 
8193 
8192 

SPECTRUM 
65503 
65502 
65501 
65500 
65499 
65498 
65497 
65496 

label, which can then be stuck onto 
the back of the box. There are two 
unconnected pins on the socket 
which could be connected (using 
insulated wire links) to any other 
two signals, say +5 V and the 
master clock. 

Having completed the assembly, 
the A -to -D converter may be 
plugged into a Sinclair computer 
and tested. One of the analogue 
inputs may be wired up to the 
simple pot circuit shown in Fig. 8 
and the corresponding address 
location can be looked at via the 
computer. Table 1 shows the 
address locations for each input; the 
command PEEK addr is used for the 
ZX81 and the command IN addr for 
the Spectrum. For a 0 V input the 
memory byte will contain 0 while 

9V PP3 
-BATTERY 

4k7 TO ANY Ì t-OANALOGUE j!--) 
INPUT j 

oV 

Fig. 8 How to connect pots for testing 
and when using the unit as a joystick 
port. 

for the full 10 V input it will contain 
255 or FF in Hex. The number (in 
eight -bit binary) will vary 
proportionately for all the voltages 
in between. A small program to 
continuously print out the value of 
all eight memory locations would 
help in the testing procedure. 

After you are satisfied that the unit 
is working the programming options 
are practically limitless; eight real 
time voltage inputs continously 
available to either BASIC or 
machine code programs! Dedicated 
games players who want to use the 
unit to interface joysticks to the 
computer will find a suitable source 
of two -axis joysticks fitted with 4k7 
pots listed in Buylines. Figure 8 
shows how they should be wired 
up. 

LB ELECTRONICS 

DISC DRIVE BONANZA 
PERTEC FD6508" DSDD. £199 + VAT 
PERTEC FD250 52" DSDD. . £145 + VAT 
PERTEC FD20051/4" SSDD. £100 + VAT 

BRAND NEW AND BOXED 
PLUS DATA P Et P AT COST 

INTERSCAN ACCOUSTIC COUPLER 
10" x 4" x 5" WITH ELECTRONICS, SOUND 

TIGHT UNIT, FOR STANDARD GPO HAND SET. 
NO DATA - £10.00 (INC VAT) P tt P £1.75 

LB ELECTRONICS 
11 HERCIES ROAD, 

HILLINGDON, 
MIDDLESEX UB10 9LS, 

ENGLAND 
TEL: UXBRIDGE 55399 

Using the case specified will tax your 
construction skills but it is possible to 
get everything in! 

ETI 

A LIGHTING REVOLUTION! 
DIRECT FROM THE 

MANUFACTURERS COMES 
A BREAKTHROUGH IN 
LIGHTING TECHNOLOGY 
AND PRICE! 

F,,nn^wwt 
SYSTEMS FROM 

JUST £214 

THE MINI -12 
Compact 2 -preset 
blue/black desks. 

6 channel hand held controller £70 
12 channel 2 preset desks £180 
18 channel 2 preset desks £260 
6 channel 13A power packs £120 
10 metre multi -core cables £12 

(prices do not include VAT and delivery) 

THE MICRODIM PACK 
An ideal method of providing 6 
channels that plug easily and quickly 
to your lamps, the mains and the 
desk. Can be free-standing or wall 
mounting. Complete with 10M 
mains lead. 

After extensive research MJL have arrived at a means to provide the complete 
lighting versatility you require, at a price you can afford. ITS CALLED DIGI-DIM 
TECHNOLOGY. Out goes the expensive voltage control method and in comes the 
micro -chip. If your requirement is for amateur or professional theatre, mobile or 
fixed lighting rigs, rock bands, or simply general purpose, then waste no more time 
and phone or write for FREE information to: 

MJL SYSTEMS LTD.(Dept Al 
45 Wortley Road, W. Croydon, Surrey CRO 3EB, U.K. 

Tel: 01-689 4138 
Our sales desk is open Mons to Frids 9.30-5.30 
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11ìf1 Now is the time 

to buy me - 

I'm the ideal 

Christmas gift 
and I'm only £14.95! 

PRICE HELD ONLY UNTIL DEC 24th 
It's true! Specially for Christmas, an incredibly low new 
price for 'Speechtime' - the first ever easy -to -build 
speaking clock kit. 'Speechtime's' combination of 
electronics and quartz technology plus clear instruction 
manual make it fun to build and fun to own - equally 
suitable for beginner or expert. 
Speechtime also makes a great gift to build for someone 
else. Look at these 'plus' features: 

Accurate to a minute a year Adjustable voice pitch 
Pocket size - approx. Sin. x 21/2in. x lin. 
Grained stainless -steel case 

Useful in the home or office 

Silicon Speech Systems 
(A Powertran Subsidiary) 

PORTWAY INDUSTRIAL ESTATE, ANDOVER, HANTS., SP10 3NM 

EASY ORDERING BY TELEPHONE - RING ANDOVER (0264)64455 1r 
AND GIVE YOUR ACCESS OR 

BARCLAYCARD NUMBER 
1 

SPECIAL 
CHRISTMAS 

OFFER 

£14.95 

incl of VAT 
and P/P 

METERTECH MODEL 3T 

31 DIGIT LCD 

MULTIMETER 

* 12.5mm DISPLAY 
* 10M0 INPUT IMPEDANCE 
* AUTOMATIC ZERO ADJUSTMENT 
* AUTOMATIC POLARITY SWITCHING 
* OVER RANGE INDICATION 
* FUSE CIRCUIT PROTECTION 
* BATTERY LOW INDICATION 

* hFE MEASUREMENT FACILITY 
* DIODE CONTINUITY CHECK 

* ACCESSORIES INCLUDED 
TEST LEADS, BATTERIES & 

INSTRUCTION MANUAL 
* SIZE 180 x 90 x 35mm 
* WEIGHT 300g 
* SAMPLING TIME 0.25 sec 

ALSO AVAILABLE 
METERTECH DIGITAL 
CAPACITANCE METER 

0.1pF to 20000F £69.00 

DC VOLTAGE (5 ranges) 0.8% accuracy 100 µV to 1000V 
AC VOLTAGE (2 ranges) 1.2% accuracy 100mV to 1000V 
DC CURRENT (5 ranges) 1.2% accuracy 100nA to 10A 

RESISTANCE (4 ranges) 1% accuracy 19 to 2M9 

Price £49.95 includes VAT, postage Er packing. 
Optional accessories. 

Deluxe protective case £6.90 including VAT p&p 
10AC current shunt £6.90 including VAT p&p 

62 CURTIS ROAD, WHITTON, 
HOUNSLOW, MIDDLESEX TW4 5PT 

TEL (01) 894 2723 

EUROPA ELECTRONICS 
Mail Order to: 160 High Road, Willesden, London NW10 2PB 

TEL: 01-459 2480 

SEND FOR A FREE LIST OF 
OUR LARGE RANGE OF ITEMS 

ALL DEVICES ARE NEW, 
FULL SPEC AND GUARANTEED 
Post Et Packing: Add 30p to all orders under £5. 

VAT: All UK orders add 15% to total cost 
including p. Et p. 

74LS SERIES 

74LS00 11p 
74LS01 11p 
74LS02 11p 
74LS03 12p 
74LS05 12p. 

74LS06 12p 
74LS07 12p 
74LS08 12p 
74LS09 12p 
74LS10 12p 
74LS11 13p 
74LS12 12p 
74L313 15p 
74LS14 25p 
74LS15 12p 
74LS20 12p 
74LS21 12p 
74LS22 12p 
74LS26 12p 
74LS27 13p 
74LS28 14p 
74LS30 12p 
74LS32 13p 
74LS33 14p 
74LS37 14p 
74LS38 15p 
74LS40 12p 
74LS42 30p 
74LS47 36p 
74LS48 45p 
74LS51 14p 
74LS54 14p 
74LS55 14p 
74LS63 120p 
74LS73 18p 
74LS74 16p 
74LS75 18p 
74LS76 17p 
74LS83 36p 
74LS85 48p 
74LS86 16p 
74LS90 22p 
74L591 66p 
74LS92 32p 
74LS95 40p 
74LS96 50p 
74LS107 20p 
74LS109 27p 
74L5112 20p 
74LS113 20p 
74LS114 22p 
74LS122 28p 
74LS123 34p 
74LS124 90p 
74LS125 24p 
74LS126 25p 
74LS132 34p 
74LS133 30p 
74LS136 25p 
74LS138 27p 
74LS139 27p 
74LS145 70p 
74LS147 120p 

74LS148 75p 
74LS151 40p 
74LS153 40p 
74LS154 80p 
741S155: 309 
74LS156 36p 
74LS157 25p 
74LS158 30p 
74LS160 36p 
74LS161 36p 
74LS162 36p 
74LS163 36p 
74LS164 40p 
74LS165 50p 
74LS166 60p 
74LS168 85p 
74LS169 85p 
74LS170 70p 
74LS173 55p 
74LS174 40p 
74LS175 40p 
74LS181 90p 
74LS183 120p 
74LS190 36p 
74LS191 36p 
74LS192 36p 
74LS193 36p 
74LS194 35p 
74LS195 35p 
74LS196 45p 
74LS197 45p 
74LS221 50p 
74LS240 55p 
74LS241 55p 
74LS242 55p 
74LS243 55p 
74LS244 55p 
74LS245 70p 
74L5247 50p 
74LS248 55p 
74LS249 55p 
74LS251 35p 
74LS253 35p 
74LS257 30p 
74LS258 35p 
74LS259 55p 
74LS260 20p 
74LS261 138p 
74LS266 209 
74LS273 60p 
74LS275 225p 
74LS279 Sop 
74LS280 100p 
74LS263 40p 
74LS363 140p 
74LS364 140p 
74LS365 27p 
74L5366 27p 
74LS367 27p 
74LS368 27p 
74LS374 55p 
74LS375 45p 
74LS377 60p 
74LS378 60p 
74LS390 45p 
74LS393 45p 

TL 
4 SERIES 

7400 
7401 
7402 
7403 
7404 
7408 
7409 
7410 
7411 
77413412 

7414 
7420 
7427 
7428 
7430 
7447 
7448 
7450 
7474 
7475 
7476 
7485 
7490 
7491 
7492 
7493 
7494 
7495 
7496 
74107 
74121 
74122 
74123 
74160 
74161 
74162 
74163 
74164 
74165 
74166 
74190 
74191 
74192 
74193 
74119594 

74 
74196 
74197 
74365 
74366 
74367 
74368 
74390 
74393 
74490 

lip 
lip 
lip 
12p 
12p 
14p 
15p 
14p 
20p 
20p 
20p 
20p 
16p 
22p 
25p 
15p 
35p 
409 
16p 
20p 
25p 
30p 
60p 
25p 
35p 
25p 
25p 
35p 
35p 
40p 
22p 
27p 
40p 
40p 
50p 
98p 
48p 
48p 
48p 
48p 
48p 
50p 
50p 
50p 
50p 
45p 
46p 
46p 
46pp 

40p 
40p 
50p 
99p 
99p 

120p 

4000 
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 
4037 
4038 
4040 
4041 
4042 
4043 
4044 
4045 

4000 CMOS 
top 
10p 
12p 

14p 
36p 
24p 
24p 
lip 
16p 
20p 
48p 
40p 
20p 
32p 

2p 
48p 

445p 
13p 
32p 
13p 
80p 
20p 

45p 
15p 

110p 
110p 

40p 
409 
40p 
40p 
40p 

105p 

4046 
4047 
4048 
4049 
4040 
4051 
4052 
4068 
4069 
4070 
4071 
4072 
4073 
4075 
4076 
4077 
4078 
4081 
4082 
4086 
4089 
4093 
4094 
4095 
4096 
4501 
4502 
4503 
4504 
4506 
4507 
4510 
4511 
4512 
4518 
4520 

50p 
45p 
50p 
24p 
24p 
45p 
50p 
14p 
14p 
14p 
14p 
14p 
14p 
14p 

15p 
14p 
15p 

125p 
24p 
90p 
75p 

2p 
50p 
45p 

3p 
ä5p 
45p 
45p 
88p 
Op 
50p 

LINEAR IC's 

741 14p 
748 36p 
CA3019 80p 
CA3046 70p 
CA3048 220p 
CA3059 285p 
CA3060 250p 
CA3080E 72p 
CA3086 48p 
CA31305 90p 
CA3130T110p 
CA3140T 90p 
CA3140E 50p 
CA3160E 100p 
CA3161E 150p 
CA3162E 450p 
CA3189E 300p 
CA3240E 110p 
CA3280G 200p 
LM301A 25p 
LM310 1209 
LM311 70p 
LM318 150p 

LM319 -215p 
LM324 30p 
LM334Z 90p 
LM335Z 140p 
LM339 50p 
LM348 65p 
NE531 140p 
NE544 150p 
NE555 18p 
NE556 46p 
NE564 420p 
NE565 120p 
NE566 155p 
NE567 140p 
NE570 410p 
NE571 400p 
NE592 60p 
NE5534P 110p 
NE5534AP 

120p 
TBA810 95p 
TBA820 80p 
ZN423 135p 
ZN425E 350p 

TRANSISTORS 

AD161 
AD162 
8C107 
BC1088 
BC109 
BC109C 
BC177 
8C178 
BC179 
BC182L 
BC83L 
BC184L 
8C212L 
BC213L 
BC214L 
BC547 
BC548 
BC549C 
BC556 
BC557 
BC558 
BC559 
BFY50 
BFY51 
BFY52 
TIP29A 
TIP30A 
TIP31A 
TIP32A 
TIP33A 
TIP34A 
TIP41A 
TIP42A 
TIS43 
202646 
202904 
202905 
202906 
202907 
203053 
2N3055 
2N3702 
2N3703 
203704 
203705 
2N3706 
2N3707 
2N3708 
2N3709 
2N3819 
2N3903 
2N3904 
2N3905 
2N3906 
2N5457 
205458 
205459 

42p 
42p 

12p 

12p 
16p 
16p 

201, 

10p 
10p 

10p 
129 
12p 
14p 
15p 
15p 
15p 

15p 

239 

73P 
32p 
35p 

38p 

74p 

55p 

45p 
29p 
26p 
28p 
25p 

45p 

10ep 

>0p 

10p 

109 
2$ 
159 
15P 
15P 
15p 

30P 
30p 

VOLTAGE REGULATORS 
(PLASTIC) 10220 

5V 1A 7805 40p 7905 
12V to 7812 40p 7912 
15V 1A 7815 414 7915 
18V 1A 7818 40p 7918 
24V 1A 7824 40p 7924 

45p 
45p 
45p 
45p 
45p 

OPTO ELECTRONICS 
2N577 45p ORP60 
OCP71 180p ORP61 
ORP12 120p TIL76 
7 Segment Displays 
DL704 115p TIL321 
DL707 115p TIL322 

120p 
120p 

55p 

99p 
99p 

LEDS inoled. clip 
3mm 

" m 
1lp 129 
14p 14p 
14p 14p 

Red 
Green 
Yellow 

ELECTROLYTIC CAPACITORS 
(Axial & Radial) Values in uf. 
63V: 1, 2.2, 3.3, 4.7, 6.8, 10 6p; 15, 22, 33 8p. 
25V; 47, 100 Bp; 220, 330 12p. 
16V: 470 14p; 1000 20p. 
10V: 1000 15p; 2200 26p. 

POLYESTER CAPACITORS (Radial Lead) 250V. 
10n, 15n, 22n, 33n, 47n 6p; 68n, 100n 8p; 150n, 220n, 
330n 
10p; 470n 150p; 680n 20p; 1000n 25p. 

MYLAR FILM CAPACITORS (Radial Lead) 100V 
1n, 1n5, 2n2, 3n3, 4n7, 6n8, 10n 6p; 15n, 22n, 33n, 47n 8p. 

CERAMIC CAPACITORS 50V. (Radial Lead). 
22pí -47,000pí E12 Values 4p each. 

DIODES 
0A47 
0A90 
0A91 
0A200 
0A202 
1 N914 
10916 
104148 
1N4001 
1N4004 
1 N4007 

8p 
9p 
9p 
9p 
9p 

7p 
4P 
5p 
6P 
7p 

BRIDGE 
RECIFIERS 
1A 50V 19p 
1A 100V 23p 
1A400V 25p 
2A 100V 309 
2A 40C V 4E9 

ZENER 
DIODES 
2 7-331. 
4770^Y. 9p 

POTENTIOMETERS: 
Carbon track, 0.25W log & linear 
5K -2M single gang 30p 
5K -2M single gang DIP switch 74 
5K -2M dual gang stereo 88p 

PRESET POTENTIOMETERS 
Horizontal & Vertical 
0.1W 100R-1 Meg 7p 
0.25W 100R-1 Meg lop 

RESISTORS 5% Carbon Film 
E12 values. 
0.25W 1R-5MI 1p 
0.5W 1R-5MI 1.5p 

SWITCHES 
Slide 1A 
DPDT 14p 
DPDT c/ off 159 

Sub -min Toggle 
SPST on/off 54p 
SP c/over 60p 
DPDT 75p 
DPDT c/off Bop 

Push Button 
Push to Make 15p 
Push to Break 25p 

DIL SOCKETS 
Low Profile 

8 pin 4 - 
14 pin. 109 
16 pin 10p 1. _h 

22p 
25p 
30p 

VEROBOARDS 
cad plaie 

2j x 31" 730 52p 
21 x 5' Sip - 
3 x 3)" 13p - 
30 x 5' 95p 79p 
3¡ x 17" 325p 211p 
44 x 18' 425p - 
Pkt of 100 pins 50p 
Spot face cutter 118p 
Pin insertion tool 162p 

Retail Shop: North Parade Electronics Molflson Way, 
Edgware Middlesex. 
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TOSHIBA DOUBLE SIDED/DOUBLE 
DENSITY 51/4" DISK DRIVES 

These are high quality, very reliable 
industry standard disk drives. These 
can be used as single sided/single den- 
sity or double sided/double density 
depending on the host computer disk 
interface. Compatible with most micro- 
computers e.g. VIDEO GENIE, ATOM, 
TRS 80, BBC COMPUTER, SUPER 
BRAIN, NASCOM etc. If used as double 
sided/double density then the storage 
capacity is 3.5 MAGABITS/DRIVE (un- 
forrgatted), track density is 48 TPI and 
can daisy chain up to 4 drives. 90 day 
warranty. 
One Disc Drive only £169 + VAT = £194.35 
Two Disk Drives £329 + VAT = £378.35 
Single boxed with power supply 

£199 + VAT = £228.85 
Dual Boxed with Power Supply 

£369 + VAT = £424.35 
2 Drive Cable £15 + VAT = £17.25 

BBC AND ATOM COMPATIBLE 
DISK SUB -SYSTEM WITH 
BUILT IN DISK CONTROLLER 

CARD 
These sub -systems consist of one of 
two TOSHIBA disk drives, a power 
supply and a BBC and ATOM compat- 
able disk controller card housed in a 
strong case. The disk controller card 
can read and write to single or double 
sided diskettes in single or double 
density (FM or MFM) format. 
Single Drive System (400 KByte storage capacity) 

. £289 + VAT = £332.35 
Dual Drive System (800 KByte storage capacity) 

£459 + VAT = £527.85 

...EPSON TYPE 3 PRINTERS 

MX80 T-3 
-80 column, 80 CPS, super and sub- 
scripts, auto underlining, tractor feed, 32 
print fonts, Bi-directional printing, logic 
seeking, 9 x 9 matrix, high res. graphics, 
centronic parallel interface. 
Price Only £299 + VAT = £343.85 
MX80 F/T-3 
As above but with tractor or friction 
paper feed. 
Price £325 + VAT = £373.75 
MX100-3 
136 columns, 100 CPS, all other 
festures of MX80 plus true descenders, 
adjustable paper width up to 15 inches, 
friction or tractor feed, centronic parallel 
interface. 
Price £429 + VAT = £493.35 

OKI MICROLINE PRINTERS 
MICROLINE 80: Features 80 columns, 80 
CPS, friction and pin teed. Unidirectional block 
graphics, Centronics parallel interface. 
Price £219 + VAT = £251.85 

MICROLINE 82A: Features 80 columns, 80 
CPS, friction and pin teed, bidirectional print - 
mg, parallel and serial (1200 bauds) interface. 
Price £319 + VAT = £366.85 

.NEC, 8023 PRINTER 

DRAOON 32 

JP GOGO 
S 

NEW BRITISH COMPUTER 
32K Bytes of RAM (expandable to 
64K). 16K Byte MICROSOFT 
COLOUR BASIC. High res. colour 
graphic and very good sound 
features. It has full size professional 
keyboard and comes complete with 
power supply and a. built-in 
centronic parallel printer interface. 
It has a cassette interface and a slot 
for games cartridges. A floppy disk 
interface and DOS will be available 
shortly. 
Dragon 32 £165 + VAT = £189.75 
Joysticks (per pr).. £16 + VAT = £18.40 
30 CPS Printer £179 + VAT = £205.85 
Printer Cable £12 + VAT = £13.80 
Cassette Lead £2.60 + VAT = £2.99 
Cassette Recorder 

£17.90 + VAT = £20.59 
Colour Monitor 

£199 + VAT = £228.85 

DRAGON SOFTWARE 
The following software is available 

on cassette: 
Personal Finance Dragon 

Special 1 Dragon Special 2 
Quest Madness of the Minotaur 
Computavoice Graphic Animator 

Flipper Space Trader Alcatraz 
Escape Mansion Adventure 

ALL CASSETTES 
£6 + VAT = £6.90 each 

CASIO CALCULATORS 

C ILI L.0 6111111114119.19 as 
Mtn MOP 
9i2 QOM ts3 ï59dtaasaaxio 

02 i`a<r Z 651 OR I» III in a IPI 
Ctii iti t39 í311fai 1S a1a a1i m a! 

FX-702P the casio pocket computer/calcu- 
lator, basic programmer, 55 scientific func- 
tions, up to 1,680 program steps. 
Special Price £65 + VAT = £74.75 

FX-602P programmable calculator, 50 
scientific function and 512 programme steps. 
Price £56 + VAT = £84.40 

FA -2 cassette interface for FX-702 and FX 
602 Price £16 + VAT = £18.40 

FP -10 Mini printer for FZ -702 and FX-602 
Price £37 + VAT = £42.55 

FX-100 College Scientific Calculator 
Price £12 + VAT = £13.80 

EX -7 School Scientific Calculator 
Price £8 + VAT = £9.20 

MG -880 Musical Calculator with game. 
Price £9 + VAT = £10.35 

MG -888 Calculator with 3 games. 
Price £9 + VAT = £10.35 

MG -777 Calculator with clock and 3 games 
Price £12 + VAT = £13.80 

CASIO CALC / CLOCK / GAME 
Basic Calcula- 
tor with alarm 
clock and a 
realistic boxing 
game on a 
large display. 

Price £13.86 + VAT = £15.95 

SHARP VIDEO RECORDERS 
AT BARGAIN PRICES 

VC9300 Microprocessor Controlled VHS 
video recorder with video search and still 
frame features. 
Price £339 + VAT = £389.85 

VC9700 Microprocessor Controlled VHS 
video recorder with full remote control, 5 
event/14 day timer, video search and still 
frame features. 
Price £459 + VAT = £527.85 

GUARANTEED LOWEST PRICES 
We guarantee that our prices are the lowest on the market. If 
you can find any item advertised and in stock at less than our 

price we will match that price. 

SEIKOSHA OP SERIES 
GuPHIC PRINTERS 

GP -100 30 CPS, 80 column, Hi -Res 
graphic line repeat function, adjustable up 
to 10" paper width, tractor feed, 5 x 7 dot 
matrix. 
GP -100A centronic parallel interface 

£179 + VAT = £205.85 
GP-100VC Vic 20 interface 

£199 + VAT = £288.85 
GP -250X New 50 CPS, 80 column, trac- 
tor feed, true descenders, 64 user defined 
characters, double height and/or double 
width characters, 5 x 8 dot metric, parallel 
and serial (RS232) interface. 
GP -250X £219 + VAT = £251.85 

PROFESSIONAL MONITORS 
GREEN MONITORS 12" green moni- 

tors with composite and sync input. Suit- 
able for most computers. 
BM12A 15MHZ monitor£69 + VAT = £79.35 
SM 12H 18MHZ monitor £89 + VAT = £102.35 

COLOUR MONITORS 14" colour 
monitors, RGB or composite and sync 
input. 
SCM14N Normal -res. 400 dots £228.85 
SCM14M Medium -res. 600 dots 4389.85 
SCMI4H High -res. 800 dots £573.85 

RECHARGEABLE 
BATTERIES 

100 CPS, 80 columns, bi-directional friction 
and tractor feed, high res.. and block graphics, 
proportional spacing and Centronic parallel 
interface. NEC 8023. £289 + VAT = £332.35 

Code Type Capacity Price 
5401 AAA 200 mAH £1.15 + VAT - f1.32 
5101 AA 500 mAH f0.75 + VAT = f0.86 
C1200 C 1200 mAH £1.90 + VAT = £2.19 
D1200 D 1200 mAH f2.09 + VAT = f2.40 
RX22 PP3 110 nAH £3.60 + VAT = £.4.14 
BC2204 Universal charger for 

AA, C. D and PP3 £9.50 + VAT = £10.93 

CASIO AG -21 

This is a four digit boys watch 
with FISHING GAME and 
hourly time signal. It comes in 
a chrome colour case and 
simulated leather strap. Nor- 
mal display is hours, minutes 
and game demonstration dis- 
play. The melody is "SUR LE 
PONT D' AVINGNON". 
Price.. £8.65 + VAT = £9.95 

CASIO LB -315 

This is an attractive 5 function 
ladies watch with 7 year non 
stop lithium battery. it comes 
in chrome colour with adjust-. 
able stainless steel bracelet. 
Price.. £7.20 + VAT = £8.28 

CASIO LF-120 

This is a very slim 5 functions 
ladies watch. Approximately 5 
mm thick. Comes in chrome 
colour and with a stainless steel 
adjustable bracelet. 
Price £8.65 + VAT = £9.95 

AKHTER INSTRUMENTS LTD.. 

10 x 50 
Magnification 
high quality 
binoculars 
at a very 

reasonable 
price 

£19.95 
INCL. VAT 

1ICORDLESS PHONES 
' Not licensible in UK 

LONG RANGE TELEPHONE 
This is a long range (2-5 miles) cordless exten- 
sion phone with intercom facility between port- 
able hand set and the base station. You can 
receive all incoming call and dial out to anywhere 
in the world from the hand set from any location 
within 5 mile radius of your home or office. The 
maximum range is achieved by using roof top 
optional antenna (not included) 
LONG RANGE EXTENSION PHONE 

£249 + VAT = £286.35 
OPTIONAL ROOFTOP ANTENNA 

£45 + VAT = £51.75 
MEDIUM RANGE TELEPHONE 
Similar specifications to the above model but with 
operational range of 1/2 to 21/2 miles (with roof top 
antenna). 
MEDIUM RANGE EXTENSION PHONE 

£179 + VAT = £205.85 
OPTIONAL ROOFTOP ANTENNA 

£45 + VAT = £51.75 
SHORT RANGE TELEPHONE 
A short rangé cordless telephone for use within 
the house or from the garden. Receive and make 
calls from the hand set. Range approx. 600 feet. 
Short Range Telephone... £69 + VAT = £79.35 
40 MILE RANGE CAR TELEPHONE 
This mobile telephone fits into your car and en- 
ables you to receive and make calls to anywhere 
in the world from within 40 mile radius of your 
home or office (use rooftop antenna). 
Car Telephone £1195 + VAT = £1374.25 

CASIO AK -250 
Dual time, 12 or 24 hour op- 
tion, count down timer with 
memory function, chrono- 
graph with lap time, optional 
hourly time signal, daily alarm, 
3 optional melodies or ordi- 
nary bleeper. Calendar dis- 
play, lithium battery. Stainless 
steel bracelet. 
Price... £19 + VAT = £21.85 

CASIO W-35 
Alarm/chronograph and count- 
down timer, two line display, 
normal display is hours, minutes, 
seconds, month, date and day of 
the week. Water resistant to 
depth of 50 metres. Chrome 
colour case and stainless steel 
adjustable bracelet. 
Price £15 + VAT = £17.25 

I CASIO 0W-1000 
This is a waterproof divers watch, 
up to 200 metres depth. It has 
alarm, chronograph and count- 
down timer. A two line liquid crys- 
tal display shows hours, minutes, 
seconds, month, date. day of the 
week and 12/24 hour option. 
Comes in Chrome colour and 
with a stainless steel bracelet. 

Price... £29 + VAT = £33.35 

FM -WIRELESS INTERCOM 
Touch sensitive TALK. 
CALL and LOCK controls. 
Just plug into mains, no in- 
stallation needed. 3 speech 
channels (150, 200 and 250 
KHz) on each unit. Phase 
locked loop FM circuitry 
give noise free operation, 
built in automatic squelch. 
Use as many stations as 
you like. Price per station: 

£15 + VAT = £17.25 
Price for set of two stations. 

£28 + VAT = £32.20 

SILENT ALARM/POCKET PAGER 

This is an individually coded 4 WATTS Radio trans- 
mitter and pocket pager receiver. The alarm system 
has connectors for door contacts and vibration 
sensors. 2 vibration sensors are included. It has a 
range of 2 miles. Ideal for protection of vehicle or pro- 
perty. Power requirements for transmitter is 12V dc. 
Not licensible in UK. 

PRICE £78 + VAT = £89.70 

ORDERING INFORMATION All orders which accompany a 

cheque or cash are CARRIAGE FREE (UK only). On all other orders a 

carriage charge of 3% of invoice total is applicable. 
DEPT PCT, UNIT 19, ARLINGHYDE ESTATE, SOUTH ROAD, HARLOW, ESSEX, UK CM202BZ 

TEL: HARLOW (0279) 412639 TELEX: 995801 - A18 
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HIFI STEREO AMPLIFIER KITS 
From one of Britain's leading esoteric amplifier manufacturers comes an exciting new package of stereo amplifier kits, designed to offer all the advantages of true high fidelity but without the 
usual price penalty. 
These new kits offer the choice of moving magnet or moving coil inputs, 40 to 100 watts per channel, in fact, everything that made the previous models so popular is included but with added style, easier construction and a full two year warranty. 
The new range consists of The CK 1010 Stereo Pre Amplifier, The Cl( 1040 WPC Power Amplifier, The CK 1100 WPC Power Amplifier. 
CK 1010 
This kit contains all the necessary parts to build a complete pre -amp. The main PCB is ready assembled and tested therefore construction is simply a matter of point to point wiring and mechanical assembly of the connections and controls to the pre punched chassis. 
The CK 1010 takes its DC supply from the CK 1040, 1100 or, if using a different power amplifier a PSK power supply kit. Inputs for disc, tuner and tape are provided and an optional add-on moving coil input can be fitted to extend its versatility. (MC2K) 
CK 1040 
This is a nominal 40 watt per channel power amplifier kit which features our dual power supply and the DC output for the CK 1010. All components such as heatsinks, wire and connectors are included and protection is provided from short circuit outputs. 
CK 1100 
Similar to the CK 1040 this model provides a nominal 100 watts per channel with extra heatsinking and thermal cutouts are provided as standard. 
When correctly assembled these kits are guaranteed for two years. 
lt would seem then that Crimson have maintained their position at the top of the commercial kit -build field. There is no oriental amplifier f know of that can better the sound of this combination 

overall at any price and only a few - such as the KA -1000 (£500+) - are of comparable standard.... l can say no more than that for £250 it (CK 1010/MC2K/ 1100) is a bargain and one that 
becomes the reference point for kit amplifiers from now on." 

PRICES CK 1010 - RRP £82.00; CK 1040.- RRP £121.00; CK 1100 - RAP £151.00; MC2K - RRP £25.00; PSK - RRP £20:00 
Barclaycard or Access accepted, otherwise send C.W.O. C.O.D. £1.00 extra. All prices include PUP to anywhere in the U.K. Export: Write for pro -forma 

SEND FOR FULL DETAILS ON OUR HIFI KIT PRODUCTS BY WRITING TO FREEPOST ADDRESS BELOW 
FREEPOST, 9 CLAYMILL ROAD 

LEICESTER LE4 5ZD. ENGLAND 
TEL 0533 761920, TLX 34694 

MICRO -PROFESSOR 
YOUR GUiDE TO THE WORLD 

OF M ICROPROCESSORS 

(by phone or post) 

Complete the coupon 
today! 

Please allow 28 days for delivery. 

Please send me: Price Oty p&p 
Micro -Professor £79.95 £2.95 
SSB-MPF board £69.95 £2.95 
EPB-MPF board £84.95 £2.95 
PRT-MPF board £74.75 £2.95 

Total 
1 enclose cheque/P.O. for £ 

Name 
Address 

A low cost tool for learning, teaching & prototyping. 
Micro -Professor is a low-cost Z80 based microcomputer which provides you with an 
interesting and inexpensive way to understand the world of microprocessors and utilise 
their unlimited potential. 
Micro -Professor is a complete hardware and software system whose extensive 
manual gives you detailed schematics and examples of programme code. A superb 
learning development tool for students, hobbyists and microprocessor engineers, as 
well as an excellent teaching aid for instructors of electrical engineering and computer 
science courses. 
Technical specification 
Z80 CPU, 2K RAM, 2K monitor, 24 1/0 lines, LED display, cassette interface, CTC/PIO 
facility, 2.25" speaker, three manuals, 36 keyboard. Options include; EPROM board, 
speech board and printer board. 
Please send or telephone for full details. 

£79.95-w 
FLIGHT ELECTRONICS LTD. Flight House, Ouayslde Rd, Southampton, 
Hants SO2 4AD. Tel: (0703) 34003/27721. Telex: 477793. 
Mail order only! Trade enquiries welcome Bulk order discounts Prices include VAT 
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FEATU RE 

TECH TIPS 
RAM To ROM 
Converter 
A. Whitaker, Grimsby 

How many times have you ex- 
perimented with machine -code on 
an MZ-80 computer or similar system 
where the monitor is loaded off tape 
into RAM, and crashed it by acciden- 
tally re -writing the monitor? Faced 
with the same problem on a 
Z80 -based system I am planning to 
build, I devised a method of turning 
RAM into ROM under software con- 
trol. The idea is really very simple - 
after the monitor or desired language 
has been loaded from tape into the 
computer, an OUT instruction is used 
to program the inputs of a bank of OR 
gates. Whether the OR gates are in- 
side a chip or made from two diodes 
and a resistor, by considering one in- 
put as an enable, we see that if the 
enable goes high (logic 1) the output 
must also go high, irrespective of the 
data on the other input. This can be 
used to disable the WRITE line going 
to a RAM board. When the enable in- 
put is low (logic 0) the OR gate acts as 
a buffer and lets the data on the other 
input through, so the WRITE line is 
unaffected. By disabling the WRITE 
pin on a RAM chip, the RAM is turn- 
ed into a Read Only Memory - ob- 
viously this will not stop your RAM 

from losing its contents as soon as the 
power is turned off, but can prevent 
loss of data due to the odd bug in a 

user's program. 
Although the basic idea was just 

to protect the language loaded off 
tape, special areas of memory can be 
protected by using address decoding 
or simply interrupting the WRITE line 
going to individual RAM chips. Using 
one of these methods, OUT 
statements could be used before 
running a program to disable most of 
the RAM, leaving only workspace 
and/or the screen (video) RAM to be 
corrupted by the user's program. 

ADDRESS DECODING 
FOR PORT 

ESS 

Z80 CPU 

:zc DÄT'ÄBÜS{::i:l 

WR 

I/O REQ 

PORT 
WR 

DO 

D 

D1 D2 D3 D4 D5 D6 D7 

WR 

WR TO RAM CHIP(S) 

BUFFER 

FROM 
AMPLIFIER 

TO LOUD- 
SPEAKER 

O 

O- 

O 

NOTE: 
IC1 IS 40496 
IC2 1S 78L05 R6 
01 IS BD139 EM6 
02 IS BC337 OR SIMILAR 
D1-4,8 ARE 1N4002 OR SIMILAR 4 5 

D5-7 ARE 154148 OR SIMILAR C4 

LA1 

D2 

D4 

R3 
220k 

10u 

R4 
1M0 -`- 

IC1a 

D5 

IC1b' C3 
220n 

/7777 

470r 

IC1c 

IC1 

OUT 

Modified 
Loudspeaker 
Protection Module 
A. Caulderhead, 62 Hayfield 
Terrace, Denny, Stirlingshire 

Having built the Audiophile 4000 
system and installed the speaker pro- 
tector as published in ETI July 1980, 
my main misgiving with this arrange- 
ment was that I had to open up the 
power amp case to check or change 
the battery; it also meant that the 
amplifier was connected to the 
speakers via two relays. 

I have since built the System A 
amplifier and installed this modified 
version of the protection circuit. This 
uses the two spare inverters in the 
4049B and gives a 2-4 second switch - 
on delay. The output of IC1f is at 
logic 1 until C4 charges up, holding 
ICie's output low. Q1 is therefore 
turned off for this period and the 
loudspeakers are not connected. Q2 
is biased on and LED1 lights up to 
indicate that the speakers are 
disconnected. Note that in this case, 
the speakers, must be wired through 
the normally -open contacts on the 
relay rather than the normally -closed 
contacts as in the original design: this 
gives the added advantage that the 
circuit fails safe. 

The whole lot is powered from the 
System A preamp supply, which is 

regulated to 5 V to power IC1. 
PS. If any readers from my neck 

of the woods want to hear the System 
A they can drop a line to the above 
address. 

IC2 

COM 

IN 

/7777 C5 

D7 

IC1d IC1e 

5 
4 D6 

3 
220n 

RLA 24V 
PCB 

MOUNTING 

01 

08 

R7 
10k 

Q2 

0 +21V 

0 OV 

Tech -Tips is an ideas forum and is not aimed at the beginner. We regret we cannot answer queries on these 
items. ITI is prepared to consider circuits or ideas submitted by readers for this page. All items used will be paid 

for at a competitive rate. 
Drawings should be as dear as possible and the text should be typed. Text and drawings must be on separate 
sheets. Circuits must not be subject to copyright. Items for consideration should be sent to ETI TECH -TIPS, 

Electronics Today International, 
145 Charing Cross Road, London WC2H OEE. ETI 
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Bl-PA K AUDIO THE 
PROFESSIONAL 

APPROACH 

HIGH QUALITY MODULES FOR STEREO 

MONO AND OTHER AUDIO EQUIPMENT 

NM Audio Modules are famous for their variety, quality of design and ruggedness. For over 10 years BI -PAN have 

ban suppliers to monotonous of figh peaty audio equipment dveagho t the world - to date, well over 110,000 

mopes lave been sold - this is why dscelirg amateur enthusiasts and professionals dike ins art an using BiPAK 

modules at their *anent. 

They know that every item is designed and tested to do the job tor which it is intended before it leaves the factory. 

Whatever you we building there is a Nit or module ín the BI-PAK range to suit your every need. 

AUDIO AMPLIFIERS 
5-10 watts (MN 
41.20 5 watt Oede Amp Modele 22-30v suppy C157 
AMA 7-10 watt Audio Amp. Module 22-32v 

swot ,. 

f4.16. 

AUDIO AMPLIFIERS 
152535 watts IBMS) 

4360 1525 watt Audio Amp Module 30-50v 

mangy f5.15. 
AL60 35 watt Audio Amp Module f9.07 

SPM120 is a fixed voltage 
POWER 

a, 

stabiliser with an output voltage of 

SUPPLIES 1 eider 45e, 55r, or 65v. Designed for use in 

PS12 24v Supply Suit: 2 x 4110 2 a 41.20 2 x Aí30 & audio appicaüoru, the stabiliser which provides output 

PÁ12220453 £1.65. SPMBG 33e Stabilised apply Suit: 2 x 
currents up to 2.54 operates direct from a mains 

A160 PAM to 15 watts flit SPM12045 45r 
transformer requiring only the addition of two Electrolytic 

Sahibad supply Suit: 2 x 41.00 P410010 25 capacitors to complete the power supply. 

wefts £6.38 SPM720155 55v Stabilised supply Suit: 2 x Àt60 PÁ200 f638 
SPM12BB5 65v Stabilised supply Suit: 2 x AL120 PAM 1 x A1250 fó.31. am 

SG30 150-15 Sabiised power supply for 2 e GE100 MKII £3.16. 

MINIATURE FM 
TRANSMITTER MODULE 
freq: 95-106 MHz Range: 4x mile Sue: 45711m 

x 20mm Add 9v. batt. Not licensed in UK 

Ideal foc 007-M19-F81-CIA-KGB-etc.Price£5.50 

MAGNETIC CARTRIDGE 
PRE -AMPLIFIER 
Enjoy the quaky of a magnetic cartridge with your 

ceramic equipment using the MPA30 which is a quality 

creme. enabling magnetic cartridges to be used where 

1adities esut for ceramic cartridges only. With a 

DIN input socket Et full, easy to Meow instructions. 

MPA30 Stereo Mag Cartridge, Pre -amp. 

- input 3.5mv Output 100mv 1327. 

Transformers are net included with 

power supplies. SPM120 Range 

also require reservoir and output capacitors 

TRANSFORMERS 
2034 1.7 amp 35e suit SPM80 14"96 2035 2 amp. 

55v fó.85. 2030 750mA 17v Suit PS12 I2.85. 2040 1.5 

amp 0-45v-5 a Suit SPM120145 SPM12055v f6.45. 

2141 2 amp 05545v Suit SPM120155 

SPM120165v f146. 2039 1 amp 020v Suit Stereo 

30 U56 2043 150mA 15015v Suit 0)330 f196 

ACCESSORIES 
138 Teak Cabinet Suit Stereo 30 320 x 235 x 

81mm í7A0. 140 Teak Cabinet Suit STA15 425 x 290 

95nen £656 íP110 Front Panel for PÁ110 

PÁ200 £1.86 BP100 Back Panel for PÁ100 

P4203 £1.16 GE1IFP Fran Pend for one 

GE1WhML11 £1.75.7C80 Krk of Parts indurkng Teak 

Cabinet chars, sockets 6 knobs etc fto houe STA15 

7unpitierl 117.56 PS250 Consists - 1 capacitor Et 4 

dudes for constructing onstablised power supply for 

A1250 ta 125 watts U96 

MONO PRE -AMPLIFIERS 
MM 100 suitable for disco mixer. MM1p0G suitable foe 

guitar pre -amp Meer. 

The MM100 and MM1000 mono pre -amplifiers are 

Compatible with the AL6GAL80AL124 and 41250 power 
amplifiers and their associated power supplies. 

51541110 Supply voltage 40-69 inputs. Tape Mag P.U. 

Microphone Max output 500mv (12.43" MM110G Supply 

voltage 40-65v inputs: 2 Guitars, Microphones Max orrput 

5Knru 

f12.43. 

AUDIO AMPLIFIER 
Audio Amplifier, 50W R.M"S., with integral heat sink and 

shat circuit protection. 

Introduced to fuitil the demand for a fully protected 

power amp., capable fo driving high quality speaker 

systems at up to 50w with citation tends below .05%. 

Ideal for domestic use. Discos, P.A., systems, electronic 

organs, etc. The generously rated components ensure 

continuous operation al high 

output levels. ÁL120 50 wan 

Audio Amp Module 

50-70v sWtly 

(13.14. 

STEREO 
PRE -AMPLIFIERS 

PÁ12 Supply voltage 2232v input sensitivity 300mv Suit 

A1.100L201AL30 1655. PAIN Supply voltage 3555v 

inputs. Tape Tuner Meg P.U. Suit: Á350143130 £17.65. 

PAM] Supply voltage 35.7% inputs. Tape Tuner Mag 

P.U. Suit: AL501411201AL256 11624 

GE100 MKII 
10 Channel 

Monographic 

Equalise. 

Daly 155mm x 65mm x 50mm including the 10x 10K 45mm 
slider potentiometers and knobs which are mounted 

on a board above the circuitry. In the range of 31Hz to 

164Otr you can cut and boost +12d8 with the 10 sliders, 

each with frequency marked on the circuit board. The 

cá100 uses include mixers, PA. systems and discos. It 

sewn also improve the sound reproduction of your existing 

audio equipment Power supply for 0E100 od SOM. 

Together with Transformer no: 2043 

GE1(0 MKII 10 Channel mono -graphic 

Equaliser with sides ft Knobs f20.00. 

BI-PAK's COMPLETELY NEW CATALOGUE 
Completely rederogned Foil of 'le type of component_ send regime piu', sums 

very iterestmg ones you will soon be using and of source tre largest range of 

semiconductors for the Amain. ., and Profesuronal arc could hope to find 

There are no wasted page of useless mfr,: maton so often included in 

Catalogues published nowadays lust sold facts r e paoe dear pti n and 

mdrviduel features of what we have available But remember T, Pax, onncy 

hay always been tocei Quaid, components at c"n pe' true prices and THAT 

WE STILL DO" 

BI-PAKS COMPLL fill NEW CAFALOGUi a now available for ,, roce'lr be 

amazed how r h tor, , e nave when you shop for tier:true.. Cpreofinems err! 

e 131 Pal Carel,gue lleve one by you all the tittemil nay t ,,; r 8 ' Ar. 

To receive your copy send 75p plus 257 p&p 

BI -KITS' 
STA5 5 ways per channel Stereo Amplifier Kit consisting 

of 2 x AL20 amplifiers 1 x PÁ12 preamplifier 1 x PS12 

power supply 1 a 2036 transformer and necessary wiring 

diagram £1652. STAN 10 watts per channel Stereo 

Amplier Kit consisting of 2 x AIN amplifiers 1 e PAI2 

preamplfier 1 x PS12 power supply 1 x 2036 

transformer and necessary wiring diagrams £2663 

Bl-PA K 
STA15 15 watts per channel Stereo Amplifier Kit 

consisting of 2 x AL60 amplifies 1 a PAM preamplifier 

1 e SPM60 power supply 1 x 2034 transformer 2 r 

coupling cepacitors for 6 ohms 470 ofd 50v and 

necessary wiring diagrams £ñ"76. STA25 25 watts per 

channel Stereo Amplifier Kit consisting of 2 x ALSO 

enplders 1 a PAM preamplifier 1 x SPM12045 power 

AUDIO AMPLIFIER 
125 vans lems), Á12511L 

A power amplifier providing an output of up to 125w 

RMS, into a 4 ohm load. Four 115w transistors in the 

output stage makes it extremely rugged while damage 

from incorrect or short circuit loads s prevented by a 

four transistor protection circuit For use in many 

applications such as disco oats, sound reinforcement 

systems, background music players etc. 

A1250 125 watt dada) Amp f19.60. 
Module 5080v 

steely 

The PA2g0 is basically our poplar PÁ160, modifications 

being made to make it compatible with the higher 

output amplifiers i.e. AL120 8 ÁL250. The unit boasts sù 

push button selectors giving a choice of 3 inputs, 2 

fitters, for both high and low frequencies and a stereo a 
mono button, alt combining to give a top quality stereo 

preamplifier and tone control. 

PUSH 
BUTTON 
STEREO FM 
TUNER 
Feed with Phase locked loop decoder 

S453 Provides instant programme selection at the tope 

d a button ensuring accurate Ming of 4 preseiectec 

stations, any of which may be altered as often as you 

choose, simply by changing ere settings of the geese 

coneds. Features include FEI input 

stage, Varncap bo 

odd se 

Ming: 

f1100. 

REGULATED 
VARIABLE 

STABILISED POWER SUPPLY 
Variable holm 2-30 volts and 92 Amps kit includes - 

1 - VPS30 Module, 1 - 25 volt 2 amp transformer. 

I - 650v 2" Pane Meta, 1 - 02 amp 2" Pane Mere 

1 - 470 ohm wirewoand potentiometer, 1 - 4K7 oh+ 

wirewomd potentiometer Wiring Diagram 

included VPS30 KIT £20. 
SIREN ALARM MODULE 
American Police type screamer powered fro 

alt supply into 4 or 8 ohm speaker. Idea 'ar car argc- 
alarm, freezer break-down and more sect, 

purposes. BP124 5 wan 12v nee - 
Siren Alarm Modale £3.85. 

._ ;;:' supply 1 a 2640 transformer 2 x couóirg 

capacitors fa 8 shim 470 mid 45r ' x rearm -acre 

capacitor 2200 odd 100v and necessary vereug lager - 
f45.76. STA35 35 watts per channel Stereo Amplifier K; ccnsv.e _ 

2 x 

ÁL60 amplifiers 1 x SPM120/55 power supply 1 x PA233 area -pier ` a 

2035 transformer 2 x coupling capacitors 470 ofd at 5Dr for 8 Jiro ' e 

reservoir capacitor 2200 mfd 100v and necessary wiring Meyer fß.76 

Send your orders to Dept. -EDT BI-PAK PO BOX 6 WARE HERTS - 

SHUPAT 3 BALDOCK ST., WARE HERTS. 

TERMS, CASH WITH ORDER, SAME DAY DESPATCH, ACCESS 

BARCLAYCARD ALSO ACCEPTEO. TEL 1092013182. GIRO 388 7006 

ADD 15% VAT AND 75p PER ORDER POSTAGE AND PACKING. 

Use your credit card. Ring us on Ware 3182 NOW and 

get yaw order even lester. Goods normally sent 2nd 

Class Mail 
Remember you must add ilar at 15% M yore eider 

Total Postale add.SOp per Total cede, 
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PROJECT 

WAVEFORM 
MULTIPLIER 
A single VCO on a synth is, to be honest, pretty boring. 
Generate rich multiple oscillator sounds by hooking it up to one 
of our multiplier boards. Design by David Ward -Hunt. 

Many synthesisers, both mono 
and polyphonic, utilise two 
or more VCOs, slightly 

detuned, to generate a rich 
chorusing sound. Chorus or phasing 
treatment of a single VCO can go 
some way towards livening up the 
sound, but these tend to suffer from 
a rather repetitive sweep and on 
some units a considerable amount 
of background noise during periods 
of silence - not to mention aliasing 
when used with high frequency 
high harmonic content waveforms 
which any decent synthesiser is 
capable of producing. 

The beauty of using two or 
more slightly detuned oscillators is 
that in addition to producing a full 
chorusing sound, the problems of, 
background noise and bandwidth 
are eliminated. However, multiple 
VCOs don't come cheap! An 
alternative method of achieving a 
'multiple oscillator sound' is to 
generate additional waveforms from 
the existing VCO output. If each of 
these 'new' waveforms is out of 
phase with the original and with 
each other, then a fuller sound will 
be heard. However, the richness of 
the sound from multiple oscillators 
comes not from the fact that they 
are out of phase with each other, 
but from the fact that the phase 
difference is continually changing - 
the ear perceives phase change 
rather than phase difference. 
Therefore it is necessary not only to 
have additional out -of -phase 
waveforms, but their phase 
differences should be continually 
moving with respect to each other 
and the original. 

A Passing Phase 
The circuit described here does 

just that. It will accept sawtooth, 
triangle or sine wave inputs, though 
with the latter two the output will 
bear little resemblance to the 
original waveform due to the circuit 
action: however, they are still useful 

,,... .,. . . 

WAVEFORM MULTIPLIER 
fuil 

tifCC3 INPUTS 
off 
half 

MODULATION 

The picture shows how the prototype was mounted in a Teko Alba A23 case, but 
this is not essential and most people will build the boards into their synth. 

sounds to experiment with. The 
circuit has been used successfully to 
treat the VCO sawtooth outputs 
from a number of synthesisers 
including the Transcendent, 
Digisound '80 and PE Minisonic; it 
has also been used with a Korg 
Sigma and Roland SH02 (see the 
interfacing notes below). The one 
disadvantage of the circuit (there 
has to be one, doesn't there?) is that 
for setting -up purposes, constructors 
will need access to a scope or a 
second VCO with which to adjust 
the circuit to produce the correct 
waveforms. 

Using The Multiplier 
The multiplier board is fed with 

the output from your existing VCO. 
With a sawtooth waveform fed to 
the circuit, the output is a series of 
six sawtooth waveforms each 
individually phase modulated and 
mixed with the original sawtooth 
from the VCO. One multiplier PCB 
(generating six 'new' waveforms) is 
used with each VCO. If you do 
have two or more VCOs each 
feeding a separate multiplier board 
the effect is outstanding, especially 
when the VCOs are tuned to form a 

chord. The output from the 
multiplier(s) is then fed back to the 
synthesiser and treated by the VCF 
and VCA in the normal way. 

Construction 
The project consists of two 

PCBs. The first holds the modulation 
oscillators for phase modulating the 
multiplier; the second PCB holds 
the multipliers and associated 
circuitry. The reason for splitting the 
project into two PCBs is that one 
modulation PCB is sufficient to drive 
up to four multiplier PCBs. (In fact 
there is no reason why it wouldn't 
drive more; however, we believe 
that if you intend to use more than 
four multiplier boards, the small 
additional expense of another 
modulator is well worth it for 
adding an even richer sound.) 

All the components are 
mounted on the two PCBs with the 
exception of two diodes which are 
mounted on a switch (thereby 
saving two wires from the PCB to 
the switch). The only external 
connections required are the VCO 
input and the output from the unit 
plus the power supply connections 
(see below) which ideally should 
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INPUT 
FROM 
VCO 

SW1 
MODULATION 

DEPTH 
CONTROL 

SWITCH 

6 WAVEFORM 
MULTIPLIERS 

6 MODULATION 
OSCILLATORS 

Fig. 1 Block diagram of the ETI 
Waveform Multiplier. Should you 
require an even richer sound, there's 
no reason why more than six 
multipliers shouldn't be used. 

I I I 

I 

I 1 

INPUT TO 
COMPARATOR 

FROM SYNTH VCO 

RISING 
MODULATION 

VOLTAGE VIA R12 

COMPARATOR 
OUTPUT IC2a PIN 7 

IC2b OUTPUT WITH 
PR12 CORRECTLY 

ADJUSTED 

IC2b OUTPUT 
PRIOR TO 

ADJUSTMENT OF 
PR12 

(NOTE JUMPS MAY 
BE POSITIVE OR 

NEGATIVE -GOING 
DEPENDENT ON 

PR12 INITIAL 
SETTING) 

0/P 

I I 

I I 

I I I A* 
Vil 

I VARIABLE 
I AMPLITUDE 

Fig. 2 The waveforms associated with 
various sections of the circuit. This 
indicates the operation of the unit and 
will also guide those people who are 
setting up the unit with an 
oscilloscope. 

+VE O 

OV O 

-VEO 

u11 

100C3 
C5 

u n 10 

TO R52 TO R42 

come from the same power supply 
as the VCO being input to the unit. 

Interwiring between the PCBs 
should be clear from the diagram, 
as should the wiring up of the 
switch with its associated zener 
diodes. The switch is a DPDT with 
centre off and it is essential (for 
setting -up purposes if nothing else) 
to have this 'off' position (see 
Buylines). 

A note is in order here about 
the component numbering. In order 
to make the numbering clearer and 
logically the same for each of the 
six multipliers on the PCB, each 
resistor or preset is designated by a 
two -figure number. The first figure 
indicates which of the six multipliers 
it is associated with, and the second 
is the 'relative number' of the 
component. For example, R11 is 
'Rl' on the first multiplier, R21 is 
'R1' on the second multiplier, R35 is 
'R5' on the third multiplier and so 
on. 

With regard to the modulation 
PCB, though all the capacitors are 
of the same value, take care not to 
mix up the resistors associated with 
the two oscillators, as each 
oscillator should have all three of its 
resistors the same value. If not, the 
modulation output waveform will 
take on a pulse form at the output 
associated with the first op -amp in 
each oscillator. 

TO R62 

ON MULTIPLIER BOARD 

On 

2 C4 C6u 

100n 100n T 

ZD1 

L! ° 
O p 

ZD2 

64'SW 1 

C7 I 
C8 

100n 

0 V 
O OV 

O VE 

O+VE 

00 

O VE 

TO 
MULTIPLIER 
PCB 

SYNTHESISER 
VCO INPUT 

TO 
MODULATION 
PCB 

NOTE: 
IC1 IS LM324 
IC2 IS LM1458 

INPUT FROM 
IC1d OUTPUT 

(MODULATION) 

NOTE 
ZD1,2 ARE 6V2 ZENERS 
SW1 IS DPDT WITH CENTRE OFF 

Fig. 3 Complete circuit diagram of the Waveform Multiplier. 

TO R32 

PARTS LIST 
MODULATION BOARD 
Resistors (all '-,W, 5%) 
R1-3 1M8 
R4-6 2M2 
Capacitors 
CI -8 100n polyester 

Semiconductors 
IC1 LM324 
IC2 LM1458 
ZD1,2 6V2 400 mW zener 

Miscellaneous 
SW1 DPDT with centre off (see 

Buylines) 
PCB (see Buylines) 

MULTIPLIER BOARD 
Resistors (all '-,W, 5%) 
R1-3, 
11,12,13,14, 
15,16,21,22, 
etc to 66 100k (39 in total) 
R4 18k 

Potentiometers 
PR11-61 100k miniature horizontal 

preset (six in total) 
PR12-62 220k miniature horizontal 

preset (six in total) 

Capacitors 
C1,2 
C3-6 100n polyester 

47u 16 V PCB electrolytic 

Semiconductors 
IC1 LM1458 
IC2-4 LM324 
D1-6 1N4148 

Miscellaneous 
PCB (see Buylines); case to suit (Teko 
Alba A23); sockets to suit. 

TO R22 TO R12 

ON MULTIPLIER BOARD 

PR11 
-VE 100k +VE 

COMPONENTS WITHIN THESE -I 
DOTTED LINES ARE REPEATED 
FOR EACH OF THE SIX 
MULTIPLIERS 

R15 
3 

100k 

R4 
10k 

NOTE: 
IC1 IS L '45= 
IC2 IS Li'324 
D1-5 ARE 1 ti414E 
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PROJECT : Chorus 

Fig. 4 Component overlays for the modulator board (top) and the multiplier board 
(bottom), and the interwiring required. Several multiplier boards may be driven 
from one modulator board. 

HOW IT WORKS 
The modulation oscillators are based on 
a standard three phase oscillator; two of 
these are used. Each of the three 
integrators in the loop outputs a 
waveform that is one-third of a cycle 
behind the others. The speed of the two 
oscillators is set at about 0.6 Hz and 
0.4 Hz respectively. This modulation 
rate was found to give the best 
simulation of a number of oscillators 
running in free phase over a wide 
keyboard span. 

It should be noted that the output of 
these oscillators is, in fact, a trapezoid 
shape waveform and it might be thought 
that some filtering would be required to 
produce a waveform more akin to a sine 
wave. This was tried in the development 
stage, but in practice the trapezoid 
waveform gave a better randomness to 
the overall output, whereas with a sine 
wave modulation a more definite sweep 
could be detected on long sustained 
notes. 

Referring now to the multiplier cir- 
cuit, the output from the synthesiser 
VCO is taken to IC1a configured as an 
inverter/buffer; the VCO waveform also 
goes to one input of the comparator 
IC2a. The other input of the comparator 
is fed with a voltage set up on PR11 
together with the modulation voltage via 

R12. With a positive -going sawtooth, the 
point at which the comparator goes high 
is determined by the sum of the fixed 
voltage from PR11 and the modulating 
voltage via R12. As shown in the 
waveform diagram, with a rising 
modulation voltage the width of the 
pulse at the comparator's output in- 
creases. However, the comparator will, 
of course, always reset at the same mo- 
ment as the VCO sawtooth. Thus the 
comparator's reset is synchronised with 
the original sawtooth, whereas its 
positive -going excursion can be voltage - 
controlled to any point within one cycle 
of the input waveform. 

The output of the comparator is rec- 
tified by D1 and summed with the in- 
verted sawtooth from IC1a via R11. 
These voltages (actually currents) result 
in a new sawtooth whose reset point is 
determined by the positive -going edge of 
the comparator. Thus, as shown in the 
waveform diagram, this new sawtooth is 
phase -shifted from the original and the 
amount of phase shift is dependent on 
the comparator pulse width. The output 
of the summing amplifier IC2b is taken 
via R15 and mixed with the other 
multiplier outputs plus the original 
sawtooth (via R3), where IC1b acts.as 
the mixing amplifier. 

REAR VIEW OF 
SWITCH, SW1 

VCOIN VCO UT 

Setting Up 
As stated earlier in the article, 

setting up requires access to an 
oscilloscope; you should have two 
VCOs and some method of listening 
to their output, but hopefully these 
requirements will not be a problem 
for most constructors. 

Once all the components have 
been installed, ensure that the ICs, 
diodes and the two polarised 
capacitors are correctly orientated. 
All the ICs should be facing the 
same way and the diodes mounted 
on the PCB should have their band 
pointing towards pin 1/pin 14 of the 
ICs. Turn all the presets to their 
mid -position. 

The setting up procedure is 
reasonably straightforward, though 
repetitive, since each of the six 
multipliers has two presets which 
need to be adjusted; however, your 
efforts will be rewarded! 
Constructors with access to a scope 
will find it easier to use the scope to 
see the various waveforms 
mentioned in the text. Those of you 
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PROJECT : Chorus 

A view inside the prototype showing how it is configured to provide four 
independent channels driven by one modulator board. Miniature jack sockets are 

used for input and output (see also the lead photograph). 

without a scope will be using your 
ears rather than your eyes, so make 
sure you have some means of 
listening handy. Either an amplifier 
and speakers, or headphones of 
reasonable quality will do, but 
remember we are listening to a 

'raw' signal so don't stick it straight 
into your favourite hi-fi amp! 

The first step is to power up the 
circuit and apply a VCO sawtooth 
waveform running at about 500 Hz 
(for ease of listening - so with a 

scope it doesn't matter). Ensure that 
the modulation switch is in the off 
position. Attach a lead to the output 
of IC1 b (junction of pin 7 and R2). 
This should be outputting the VCO 
sawtooth (inverted). Next move the 
scope probe or audio lead to the 
junction of D1 and PR12 (marked A 
on the component overlay). This is 

the comparator output from which 
we want to get an approximate 
square wave output. At first you 
may hear no sound at all, but as 
PR11 is rotated you should hear a 
square wave break in with the pulse 
width varying as you turn the 
preset. Adjust PR11 for an 
approximate 50% duty cycle. (For 

BUYLINES 
A kit of parts for this project, comprising 
glass fibre PCB and all electronic com- 
ponents, is available from Digisound 
Ltd, 14-16 Queen Street, Blackpool, 
Lana FY1 1PQ. The prices, inclusive of 
VAT and postage, are £10 for the 
multiplier and £6.05 for the modulator. 
Housing the project is entirely up to you 
and most people will simply fit the 
boards inside their synth, but we put 
ours into a Teko Alba A23 case to match 
the rest of the Project BO modules. If you 
want to do likewise, the case is available 
from West Hyde, Unit 9, Park Street In- 
dustrial Estate, Aylesbury, Buck. 

those unfamiliar with this sound, 
adjust PR11 for the 'loudest' sound. 
When the duty cycle is less than 
about 30% or more than about 70% 
a 'thin' spiky sound predominates, 
so set PR11 midway between these 
two - an accurate 50% is not 
important.) Repeat this step on each 
of the five other multipliers. 

With the comparators now set 
up, we need to adjust the presets 
on the comparator outputs so as to 
give a smooth sawtooth waveform. 
PR12 is the preset associated with 
this adjustment. Attach your lead to 
the output of IC2b (junction of pin 1 

and R15 - point B on the overlay). 
Until PR12 is correctly adjusted the 
sawtooth will contain a jump in it as 

shown in the waveform diagram. 
Using a scope, all you need to do is 

turn PR12 until this jump is 

smoothed out. Without a scope you 
will need two VCOs in order to 
accomplish this adjustment. 

First, slow down the VCO 
which is connected to the circuit, to 
its lowest setting (somewhere 
around one cycle per second is 

fine). Now attach a lead from the 
aforementioned junction of pin 1 

and R15 (point B) and run it to the 
FM input of your second VCO. If 
you now listen to the output of this 
second VCO it will be frequency - 
modulated by the sawtooth wave 
that we need to smooth out. So all 
you need to do now is turn PR12 
until this second VCO gives a 

smooth upward frequency sweep 
followed by a sudden return to the 
starting frequency. This may sound 
difficult to perform but in fact it is 

surprising how easily the ear can 
detect any jumps in the modulating 

waveform. However, if you are 
unsure of what a VCO sounds like 
when it is being frequency - 
modulated by a slow running 
sawtooth, listen to this effect on its 
own before trying to set up PR12., 
Again this adjustment is carried out 
on each of the six multipliers. 

With all the multipliers now set 
up, speed up the VCO connected to 
the circuit, attach a lead to the 
output and you should see/hear a 

multiple sawtooth waveform. Now 
switch the modulators on (either 
setting of SW1) and you should hear 
a 'phasing' sound as the modulation 
builds up. Finally, check that the 
two 'on' positions of SW1 give 
different depths of modulation. 

If, when the modulation switch 
is set to 'full' you find you can hear 
a distinct pause or break in one of 
the new waveforms, this indicates 
an incorrect setting of the preset 
associated with the comparator. To 
determine which one needs a finer 
adjustment, check each of the six 
multipliers by attaching an audio 
lead or probe to point B and adjust 
PR11, 21, 31 etc as appropriate, so 
that even with full modulation 
depth the comparator (and thus the 
sawtooth) remain within the range 
of one full cycle of the original 
sawtooth. 

Interfacing Notes 
The original circuit was 

developed for a Digisound 80 
modular synthesiser; this has ±15 V 
supplies and a positive -going 0-10 V 
VCO output. However, the circuit is 

fairly tolerant of a wide range of 
conditions and can be adapted to 
almost any synth with possibly some 
small additional components. The 
most likely problem concerns the 
ratio of the VCO output amplitude 
when compared with the voltage 
supply rails. The minimum and 
maximum supply voltages to the 
circuit described are ±5V to 
±16 V. Bearing in mind these two 
limits, the waveform to be treated 
should be equal to or greater than 
one-third the sum of the voltage 
rails. 

If the input waveform does not 
meet these requirements the 
obvious course is to add an op -amp 
to the front end of the circuit to 
bring the waveform up to the 
required level. For instance, with 
the PE Minisonic, which is pretty 
much a worst case, the power 
supply is +9V, the VCO output is 

1V peak -to -peak. In this case a 

simple x6 amplifier would do, but 
so as to allow plenty of headroom a 
x8 amplifier was made up. ETI 
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COMPUTER WAREHOUSE 
ALLADINS CAM 0 

DISK DRIVTES 
Diablo/ORE Sodas 302.5 mb. fully refurbished DEC RK05 
media and software compatabla Front loadESSO. 
Top Seed £295. 
PSU for 2 drives£125. 
Diablo -Dra 44A -4000A or 4000810 mb 5+5 removable 
pack new and refurbished from £993. 
CDC 80 mb removable pack DEC RM03 media and software 
compatible brand new from£2,950. 
Honeywell 5+510 mb drivesE450 good s/h condition. 
For more information on controllers, expansions and readyto 

go sub systems contact sales office. 

COOLING PANS 
Keep your"Hot Parts" cool and reliable with our 
range of professional tans 
ETRI 99XUD1 Miniature equipment fan 240 
vac working DIM 92 x 25 mm BRAND NEW 
complete with finger guard. Makers price £16 
our prlce£9 95 
BUHLER 69.11.22 micro miniature 8-16 v DC 
reversible fan. Measures only 62 x 62 x 22 mm. 
Uses a brushless DC servoe 

e 
motor almost silent 

runninof 
1O,Ó00 hours 

ideal 
urs BRANDiNEW 

eqfe in uipment, 
manufactures 

price £32.00 our pnceSf2.95 
MUFFIN/CENTAUR cooling fans DIM 120 x 
120x38 mm tested ex equipment 240v E6,25 
115v£t9S+ p&p £1.90 
KOOLTRONICS Powerful snail type blower 
grrotoorrDIMasacube8"x8 

x61 airaperture26"x! 
2.5" with flange fixing. BRAND NEW 110v50Hz 
ac working ONLYE9 9s, +£1.90 p&p 

A 

DISTEL © 
The UKs FIRST free of charge, 24 hr. public 
access data base. Get information on 1000's 

of stock items and order via your computer 
and credit card. On line now, 300 baud. 

CCITT tones, full duplex, fully interactive. 

DON'T MISS THOSE BARGAINS 

CALL NOW, IT'S 

1` 

s 

COMPUTER 'CAB' 
All in one quality computer cabinet 
with integral switched mode PSU. 
Mainsfiltering and twinfancooling. 
Originally made for the famous 
DEC PDP8 computer system costing 1000's of pounds, 
and designed to run 24 hours per day. The PSU is fully 
screened and will deliver a massive +5v DC at 17 amps. 
+15v DC at 1 amp and -15v DC at 5 amps The unit is fully 
enclosed with removable top lid, twin fan cooling, mains 
filtering, trip switch, 'power on' and 'run' LED's, aluminium 
front panel and rear cable entrys. Give your system that 
professional finish for onlyE49.95 + £9.50 cary.® Dim.19" 
wide 16"deep 10.5" high. Usablearea 16" w.10.5" h.11.5" d. 
Unitsare in good but usedcondition 240 or 110vworking- 
complete with data Large stocks of PDP8spares-enquire. 

%s own 
Unbelievable value the DRE 7100 & 7200 8" 

disk drives utilise the finest technology to 
give you 100% bus compatability with most drives available today, the only difference 
being our PRICE and the superb manufacturing quality. The 7100 single sided 87200 
double sided drive accept hard or soft sectoring. IBM or ANS! standard giving a 
massive 0.8 MB (7100) 81.6 MB (7200) of storage. Absolutely SHUGART, BASF, 
SIEMENS etc compatabte Supplied BRAND NEW with user manual and 90 day 
warranty. 
7100 single sided £225.00 + 9.50 + vat 
7200 double sided £295.00 + 9.50 car + vat 
full technical manual/2900 atone £9 00 with drive, refund of difference on purchase 
of drive 
SHUGART s/h 800-2 8" Drive's 110v 50Hz motorá160 + £9.50 carr. 
Removed from working equipment but untested. SA120 Alignment disk's£9 95 

SUPER SCOOP 
CENTRONICS 739-2 
The "Do everything Printer" at a price that will NEVER be 
repeated Standard Centronics interface, full graphics,4 type 
fonts with high definition & proportional 
spacing for word processor applications, 80-132 
columns, single sheet, roll or sprocket paper handling plus 
much more Availableonlyfrom DISPLAY ELECTRONICSat a 

ridiculous price of on1y5299.00 
Options: carriage & insurance£10.00 
Interface Cable£t0.00 
RS232 ConverterE4500 

SOFT! N 
The amazing SOFTY2. The complete"toolkir 
for the open heart software surgeon. Copies, 
Displays, Emulates ROM, RAM and EPROMS 
of the 2516, 2532 variety. Manyotherfeatures 
include keyboard, UHF modulator. Cassette 
interface etc Functions exceed capabilitiesof 
units costing 7 times the price! Only 
/6900 pp £1.95 Data sheet on request 

RCA FULLY CASED 
ASCII CODED KYBOABDS 

IDEAL 
TANGERINE OHIO ETC 

Straight from the USA made by the world 
famous RCA Co., the VP600 Series of cased 
freestanding keyboards meet all requirements 
of the most exacting user, right down to the 
price! Utilising the latest in switch technology. 
Guaranteed in excess of 5 million operations 
The keyboard has a host of other features 
including full ASCII 128 character set, user 
definable keys, upper/lowercase, rollover 
protection, single 5V rail, keyboard impervious 
toliquidsand dust,TTL orCMOSoutputs, even 
an on -board tone generator for keypress 
feedback and a 1 year full RCA backed 
guarantee. 
VP601 7 bit fully coded output with delayed 
strobe, etc 543.95 
VP611 Same as VP601 with 
numeric pad95 
VP5O6 Serial, RS232, 20MA and TTL 

ES4 

outputwithóselectableBaudRates £6426 
VP616 Same as VP606, with 
numeric pad £14.34 
Plug and cable for VP601, VP611 £2.25 
Plug for VP606, VP616 £2.10 

Post, Packing and Insurance £1.95 
ORDER NOW OR SEND FOR DET ILS 

SAVE 

£250 
MAINS FILTERS 

Professional type mains filters as used by 
"Main Frame" manufacturers. Ideal for curing 
those unnerving hang ups and data glitches - 
fit one now and cure your problems 
Suppression Devices SA5A 
upto5 amp load £5.95 
Corcom Inc F1886 up to 20 amp load £9.50 
Corcom Inc F1900 upto30 amp load £12.25 

ASR33 T`-\ 
I/O TERAIIIMIS or. - 

FROM £193 +CAR. +VAT 
Fully fledged industry standard ASR33 data 
terminai. Many features including ASCII 
keyboard and printer for data I/O auto data 
detect circuitry. RS232 serial interface 110 
baud 8 bit paper tape punch and reader for- 
off line data preparation and ridiculously 
cheap and reliable data storage. Supplied in 
good condition and in working order 
Options: Floor standE 12.50 + VAT 
KSR33 with 20ma loop interfaceE/25.00+ 

Sound proof enclosure£2500 + VAT 

9" Monitors 
0110 Monitor 
a complete 
MOTOROLA 9" 
video monitor 
housed in 
an attractive metal 
case DIM approx. 
10" deep 16" wide and 11" 
high. The monitor has a 75 ohm composite 
video input with a bandwidth of 16 mhz. A 
seperate internal PSU delivers 5v dc for 
external use and 12 v DC forvideo monitor. The 
case has sufficient room inside for mounting 
other units such as 5" disk drives etc. Internal 
pots give full control over all monitorfunctions. 
Supplied in a tested, as new or little used 
condition.240v AC operationE55.00 Carriage 
and Insurance £10.50 
MOTOROLA 9" open chassis monitor. 
Standard 240 v AC with composite 75 ohm 
video input, bandwidth in excess of 18 mhz. 
Monitors are ex equipment and although 
unguaranteed they are all tested prior to 
despatch, and have no visible burns on the 
screens Dim approx. 9" x 9" x 9". Supplied 
complete with mains and input lead Ideal 
ZX81 etc or giving the tele back to the family!! 

Black and White phosphorÉ3500 + £9.00 Carr. 

RECHARGEABLE 
BATTERIES 

CYCLON type 0001 sealed lead acid 
maintenance free 2v 2.5 ah. will deliver 
over 300 amps on short circuit!! Brand new 
at onlyE2.99 
SAFT VR2C size 'C' 1.2v 2 ah. nickel 
cadmiumE1.50 each 10 forEt 1.50 

D.C. POWER SUPPLY SPECIALS 
Experimentors PSU Ex -GPO unit all silicon electronics. Outputs give+5v @ 2 amps. +12v @ 800 ma -12v @ 800 ma +24v @ 350 ma.5v@ 50 ma. floating. Dim 160 x 120x 350 mm. All outputs fully regulated and short circuit proof. Removed from working 
equipment, but untested. Complete with circuit. Transformer guaranteed. Only 
£14.50 +£2.50 pp. 
POWER ONE CPI43 super compact unit giving continuous output of 5v @ 5 amps. 
dim. 215 x 67 x 80 mm. BRAND NEW and guaranteed OnlyE2t.00 + £1.50 pp. 
CUSTOM POWER CO55 5v @ 3 amp. Very compact unit dim. approx 60 x90 x 190 mm. 
Semi open chassis, full crowbar overvoltage protection. Tested Ex Equipment. 
£11.95 + £1.25 
MINI SYSTEM PSU Ex equipment unit ideal for the small micro. Outputs give 5v @ 
3 amps. +12v @ 1 amp and -12v @ 300 ma Crowbar overvoltage protection and 
current limit Fully tested. Dim 70 x 165 x 320 mm. Complete with Circuit only£t2.95 + £2.00 pp. 
PERIPHERAL SYSTEM SUPPLY. Fully cased unit supplied in a Brand new or little 
used condition. -Outputs give 5v @ 11 amps, "+" 15-17v @ 8 amps "-" 15-17v @ 8 amps 
and "+" 24v @ 4 amps. All outputs are crowbar protected and the 5 volt output is fully 
regulated Fan cooled Supplied tested, with circuit£5500 + £8.50 carr. 
MAIN FRAME SUPPLY. A real beefy unit designed for MINI or MAINFRAME use 
outputs give 5 volts @ 50 amps. +12v @ 5 amps. -12v @ 10 amps. All output are fully 
regulated with crowbar overvoltage protection on the 5v output Supplied with circuit 

and tested Ex -Equip. 110v AC input Only£49.95 +cart. £10.50. 

66% DISCOUNT 
ELECTRONIC 
COMPONENTS 
& EQUIPMENT 

Due to our massive bulk purchasing programme which enables us to bring you the best possible bargains, we have thousands of I.C.'s, Transistors, Relays, Cap's, P.C.B: s, Sub -assemblies, Switches, etc etc surfeit's to our requirements Because we don't 
have sufficient stocks of any one item to include in our ads, we are packing all these 
items into the "BARGAIN PARCEL OF A LIFETIME" Thousands of components at 
giveaway prices! Guaranteed to be worth at least 3 times what you play plus we always 
include something from our ads for unbeatable value!! Sold by weight 

2.5k1s£425 + pp £1.25 5k1s£590 + pp £1.80 
1 OklsE/0.25 + pp £2.25 20k1s£17.50 + pp £4.75 

SEMICONDUCTOR 

Mixed Semis amABazirg va ue contents 
include transistors, digital, linear, I.C.'s 
triacs, diodes, bridge reca., etc. etc. All 
devices guaranteed brand new full spec 
with manufacturer's markings, fully 
guaranteed, 50+52.95100+55.15 
TTL 74 Series A gigantic purchase of an 
"across the board range of 74 TTL 
series IC's enables us to offer 100+ 
mixed"mostly TTL" grab bags at a price 
which two or three chips in the bag 
would normally cost to buy. Fully 
guaranteed all I.C.'s full spec 100+55.90 
200+512.30300+519.50 

300 BAUD 
DATA MODEMS 

Join the communications revolution with our 
standard EX GPO 2a/b data MODEMS, 
Modem operates on standard CCITT tones 
with full auto answer facilities. Will switch to 
ANSWER orORIGI NATE. Standard RS232 Vo 
connections Ideal networks DISTEL etc. 
Complete with data Untested but good 
condition>£SS 00 carr. £8.50. 

1200 BAUD 
DATA PUMP MODEMS 

Compact unit for use with private or"Dial up 
lines" Designed to work in pairs at any baud 
rate upto 1200 full duplex(4wire circuit) or half 
duplex (2 wire circuit). Features include 
remote test facilities RS232 i/o lines etc 
Supplied with data in working order, but less 
case cover 595.00 + £4.50 carr. 

OLIVETTI lab 
TE300 
REDUCED TO CLÇ 
Complete input output terminal with lntegra(8 
hole paper tape punch and reader. Unit 
operates at 150 baud in standard ASCII. Ides 
as a cheap printer fora MICRO etc 120 
columns, Serial data i/o. Supplied complete 
with data, untested, unguaranteedE9500 
+ £11.50 carr. 

All pricesquoted arefor U.K Mainland, paid cash with order in PoundsStirlingPLUSVAT. Minimumordervalue£2.00, Minimum Credit 
Card orderEl00. Minimum BONA FIDE account orders from Government depts, Schools, Universities and established companies 
£20.00 Where post and packing not indicated please AD,p'8Op + VAT Warehouse open Mon -Fri 9.30 - 5.30. Sat 10.15 - 5.30. We reserve the right to change prices and specifications without notice. Trade, Bulk and Export enquiries welcome. 

li_ I 1 I- i O 11\111-% 64-66 Melfort Road, Thornton Heath, Near Croydon, Surrey 
1 I\ I II II L-. J 01-689 7702 -01-689 6800 Telex 27924 
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/B1N.01S. 
ELECTRONICS 1 

Don't miss the Christmas rush. Don't 
waste your money on throw away Dry cell 
batteries. Buy Ever Ready RECHARG- 
ABLE Nicad Batteries. Run your toys, 
radios, cassettes or even kitchen 
equipment. Each charge lasts as long as a 

dry cell, but you can re -charge them up a 
1,000 times or more. So think of the 
money you can save at 1 p a charge. 

BUY NOW 
and have a set charged ready for Christmas. 

(Availab e in four standard sizes) 

NI -CAD 

DRY CELL 

EQUIVALENT CAPACITY 1-9 10-24 24.100 

'AA' HP7 O.5AH 0.90 0.85 0.82 

'C' HP11 2.2ÁH 2.40 2.30 2.20 

SUB 'D' HP2 1.5AH 2.30 2.15 2.00 

'D' HP2 4.0AH 3.40 3.20 3.05 

PP3 PP3 0.11AH 3.90 3.65 3.40 ' 

Ni -Cad Battery Chargers 
Type AC1 charges up to 4 x AA cells at a time £5.90 

Type MC2 charges up to 4 x AA, C, D cells Et also PP3's £8.50 

Postage FREE on Mainland UK orders 

SEND NOW your cheque/postal orders to 

B.N.O.S. ELECTRONICS Dept. ETI, 
GREENARBOUR, DUTTON HILL, 
GT DUNMOW, ESSEX CM6 3PT 

TEL: 0371 84767 
Also ACCESS and VISA cards welcome 

MARCO TRADING 

ADAPTORS 

Primary Secondary Current 1+ 10+ 100+ 
240V 4:5-0-4.5V 400m/a - SOp 45p 36p 
240V 6-0-6 100m/a 58p 52p 43p 
2401/ 6-0-6 500m/a 65p 80p 48p 

Manufacturers note: We can supply OFF THE SHELF 
1000+ quantities of the above transformers. 

These high quality British made European Adaptors are 
ideal for driving radio's, cassette recorders, TV games, 
calculators etc etc. 

These adaptors fit the UK shaver socket. 

1+ 10+ 100+ 
E08 4.5V DC 200m/a SOp 45p 32p 
EM3 6V DC 200m/a £1.00 Sop 55p 
E09 6V DC 400m/a £1.50 £1,225 85p 

UK POWER SUPPLY/CHARGER. Input 240V. Output 9V 
200m/A. Fully Regulated and Stabilised. Complete with 
Reversible 4 Way Plug. 
Price £2.95 + 75p p&p + VAT 

MULTIMETER SPECIAL 
Russian type U4324 20,000 O.P.V. 
DC Voltage: 06, 1.2, 3, 12, 30, 60, 120, 600, 
1200. 
AC Voltage: 3, 6, 15, 60, 150, 300, 600, 900. 
DC Intensity M/A: 0.06, 0.6, 6, 60, 600, 3000 
AC Intensity M/A: 0.3, 3, 30, 300, 3000. 
DC Resistance: 0.2, 5, 50, 500, 5000K. 
ge level dB: 10 to + 12. 

Special Price £15.00 inc p/p and VAT 

Send 25p Now for our latest Catalogue. Fantastic Value it includes capacitors, 

diodes, resistors, transistors, LEDs, boxes, cable, prepaid envelopes and much, 
much more, 

Please add 35p postage and packing and 15% VAT to all orders. 

Send orders to: 

MARCO TRADING (Dept ETI/1) 
The Maltings, High Street, 
Wem, Shropshire SY4 5EN 

Telephone: WEM 109391 32763 

Every order receives our latest special offer lists. Or send SAE. 

All orders despatched by return of mail. 

CENTRONICS 308 

Superb professional quality 
fast compact line -printer 80 
columns 120 char/sec. 
Parallel i/f. Beautiful quality 
at a silly price. Vertical for- 
mat unit. To include copy 
of operations manual. ON. 
LY £10.9.00 Carriage 
(England) E17.50. Tech 
manual (230 pages) 
E10.00. 

i 

DISC DRIVE 
Memorex 550 8" Floppy drive, mounted in case with 
power supply and fan. Room for second drive. 
Only £225 + £7.50 

SHUGART 801 8" Floppy - 2 only at £250 + £7.50 

DRE 4000A (258-99011 Hard disc - 1 only £300. 

BASF 6172 24 Mega byte Winchester with TSU 
- 1 only £700 

69 Key keyboard 5 volt CMOS - believed ASCII 
but no data hence f20 

Multi Rail PSU 5 volt at 4 amp. 12 volt at 2.5A, 12 volt 
at 350 mega Amps only £17.50 + £1.80 

5 V, 5 amp Regulator module £2.50 + 50p. 

Data dynamic R0390 printers 110 Baud ASCII RS232 - 
20 mega amps f75 

MAWSON ASSOCIATES 
124 Lennard Rd, Beckenham, Kent 8R3 10P 

01-778 3600 
Callers welcome by appointment and all 2nd hand goods 

sold as seen working but unguaranteed 

WE ALSO BUY 
SELECTED 
COMPUTERS 
AND COM- 
PUTER 
PERIPHERALS 

WHY USE STR1PBOARD? 
Make your own PCB. It's easy: 

"GET YOU STARTED" KIT 
12V Mini Drill (takes 1A). 
1mm Bit. 
25 sq. ins. Copper Clad. 
PCB Etchant for i 'tr. 
Tweezers and Dish, 
Fine Etch Resist Pen 
Instructions. Only £6.00 

"SUPER" KIT As above with: 
3 pens, Fine-Med.-Thick. 
75 sq. ins. Copper Clad. 
3 Sheet Transfers-Etch Resist. 
Only £8.50. 

SIMPLE PCB DRILL 
12V Motor with chuck attached 
with 3 collets 0.8 to 2.0mm. £4.50. 

PCB ETCHANT 
Double strength to make Itr. 
solution. 90p. 

ETCH RESIST PENS 
Set of 3, Fine-Med.-Thick. £1.80 

Callers Welcome 9am to 5.30pm 
Prices are inclusive but add 60p P 8- 

P to each order. 
Cheques Et P.O.'s payable to POPS 
Components. 

3$ Lower Addiscoinbe Rd, 

POPS COMPONENTS Croydon CR(16AA 
Tel No: 6882950 

LOW COST PROFESSIONAL TEST INSTRUMENTS 

lib.B43521 

FREQUENCY METERS 
100MHZ, 600MHZ, and 1GHZModels 

from £67 

(elemic 
Hand Held 

Analogue and 

Digital 

Multimeters 

16 Models 

from £18.75 

electro ^ S 
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* FREQUENCY METERS 
* ANALOGUE MULTIMETERS 
* DIGITAL MULTIMETERS 
* FUNCTION GENERATOR 
* OSCILLOSCOPES 
* POWER SUPPLIES 
* LOGIC PROBE 
*; SCOPE PROBES 

Write or phone for illustrated 
test instrument catalogue and price 
list 
Black Star Ltd. 
9A, Crown Street 
St. Ives, Huntingdon 
Cambs. PE17 4E8 
Tel: (0480) 62440 Telex 32339 J 

76 ETI JANUARY 1983 

www.americanradiohistory.com



FEATURE 

CONFIGURATIONS 
And so to op -amps, the most venerable members of the linear 
IC family. Ian Sinclair traces their ancestors, descendents and 
lifestyle. 

Before the reason for the name becomes shrouded in 
the mists of history, perhaps it's just as well to look at 
the origins. Operational amplifiers were designed for 

analogue computers, which are machines used for solving 
mathematical equations. They do so, not by using binary 
arithmetic as digital computers do, but by connecting up a 
network of components which represents either a 
mathematical relation or an equation. In the case of a 
mathematical relation (eg, y=x) the circuit will have an 
input, x, and an output, y, that will vary according to the 
relationset up and according to the value of x. Equations 
can be either ordinary (eg, x2+4x+3=0) or differential 
(eg, d2yfdx2+x=0); the circuit will be connected in a loop, 
and in the case of the ordinary equation it will give an 
output that represents the solution (or one of the solutions) 
to the equation. The solution to a differential equation is 
itself a mathematical relation (in the case of the example 
given above, y=Asinx+Bcosx), so the circuit will have an 
input and an output (the coefficients of the equation, A 
and B, will be determined by the initial values of the circuit 
voltages, but that takes us a bit beyond the present scope 
of this article). 

An essential part of representing a mathematical 
operation in electrical terms is an amplifier with very high 
gain whose frequency response can be modified by using 
negative feedback. Typical operations that can be 
simulated by amplifiers of this sort include the 
mathematically important ones of differentiation and 
integration (Fig. 1), and the amplifiers which were 
designed for these purposes very reasonably became 
known as operational amplifiers. 

+11 IN 

IN 
o 

DIFFERENTIATING 
CIRCUIT 

INTEGRATING 
CIRCUIT 

OUT 
o 

Fig. 1 The operations of differentiation and integration 
performed on a square wave. 

The Perfect Specimen 
The specification for a perfect operational amplifier 

was that it should have infinitely high gain, infinitely high 
input resistance, zero output resistance, and as much 
bandwidth as was needed - it was particularly important 
to have the gain maintained right down to DC. Analogue 
computers are still produced, though they don't have the 
ETI JANUARY 1983 

importance they once had, and the operational amplifiers 
which were once made using valves, and then transistors, 
are now made as ICs. The requirements are still pretty 
much the same, because our definition of an operational 
amplifier nowadays is as a high gain DC -coupled amplifier 
whose behaviour can easily be controlled by using 
negative feedback. Since the behaviour (gain, bandwidth, 
shape of gain -bandwidth curve) is so easily modified by 
the use of negative feedback, the operational amplifier is 
the nearest thing we have to an all-purpose amplifier, and 
that's why operational amplifiers were among the first 
linear ICs that were produced. 

OUT -OF -PHASE 
INPUT 

(INVERTING INPUT) 

IN -PHASE INPUT 
(NON -INVERTING) 

MAXIMUM RATINGS 

COMMON -MADE INPUT = ±15V 
LOAD CURRENT = 10mA 

OPERATING TEMP. = 70°C 
STORAGE TEMP. = 140°C 

DISSIPATION = 400mW 

+VE SUPPLY 

OUTPUT 

OS 
POSITIVE SUPPLY = +18V -VE SUPPLY 

NEGATIVE SUPPLY = -18V 0/S 
DIFFERENTIAL INPUT = ±30V 

TYPICAL CHARACTERISTICS 

INPUT RESISTANCE= IMO 
OUTPUT RESISTANCE = 150R 

OPEN LOOP GAIN = 10,000+ 

Fig. 2 Part of the specification for the 741 op -amp. 

To start with, consider the typical specification of one 
of the- best-known op -amps, the 741. This is illustrated in 
Fig. 2, to show how close we can get to the ideal 
specification. One point of importance is the bandwidth. If 
you use a 741 at its full gain, you must expect the 
bandwidth to be very severely limited - less than 100 Hz 
at maximum gain. Some care has to be taken if 741s are 
used in audio circuits, because in some feedback circuits 
that include filtering the chip may be working at a very 
high gain at the ends of the bandwidth, even though its 
midband gain is low. 

Offset Problems 
Getting down to configurations, the main point about 

op -amp circuits is how to bias them. Very few applications 
call for the 741 to be operated as a differential DC 
amplifier at full gain, but for these applications a balanced 
power supply is needed. Additionally, some form of input 
offset balancing will be needed. This is necessary because 
there are bound to be some very small mis -matches 
between the resistors and transistors that make up the two 
input circuits (see later). The gain of the op -amp is so high 
that any imbalance will be amplified up, so that with both 
inputs tied to zero, the output of the op -amp will not be 
zero by quite a margin. 

Manufacturers usually specify typical and maximum 
input offset voltage and input offset current. These are the 
differences between the input voltages and the input 
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currents (with both inputs very close to zero volts) needed 
to obtain an output voltage of zero. With the 741 and 
many other op -amps there are offset trim connections that 
allow you to trim out the voltage offset: A circuit for the 
741 is shown in Fig. 3. However, the input currents will 
still be slightly different, and there may be the odd circuit 

+12V 

-12v 

Fig. 3 Using the offset adjustment to balance out the internal 
currents. 

for which this will need to be taken into account. 
The offset adjustment will have to be repeated at 

intervals, because the settings drift. The effect of 
temperature and time conspire to make the output voltage 
change (drift) away from zero, so that an op -amp at full 
gain is a rather unstable device which needs frequent 
checking. Fortunately, we seldom need to make use of the 
full gain of the op -amp, and most of the circuit 
configurations make use of feedback bias circuits. 

Figure 4 shows one of the most common bias 
methods. The circuit uses a balanced power supply, and 
bias is obtained by connecting a resistor between the 
output and the out -of -phase or inverting input (marked as 

-). The in -phase or non -inverting input (+) is connected 
to earth, so that the output voltage will be almost zero, just 
enough to apply the correct offset voltage (which is usually 
less than a millivolt) to the inverting input. The gain of this 
circuit depends on the resistance of the signal source. If 
we represent this as a resistor in series with the input, R1, 
then the gain is simply -R2/R1 (the - sign indicates that 
the signal is inverted). 

R1 

IN 

R3 IS USED TO EQUALISE RESISTANCE 

AT THE INPUTS - ITS VALUE SHOULD 

EQUAL THAT OF R1 

+12V 

-12v 

Fig. 4 The feedback bias system in a circuit which uses the 
out -of -phase, or inverting input for signals. 

R2 

OUT 

This circuit is DC -coupled throughout, but if we do 
not need DC gain, then a single -ended supply version can 
be constructed, as indicated in Fig. 5. Capacitor coupling 
must then be used to avoid shorting out the bias voltage, 
choosing capacitors with low leakage, and the supply 
voltage must be adequate - the quoted minimum voltage 
across the chip is 3 V. 

When this configuration is used, the inverting input 
voltage remains practically constant when a signal` is 

applied. When a balanced power supply is used, in fact, 
the inverting input is virtually at earth voltage, and this 
'virtual earth' effect means that signals applied to the input 
terminal (one end of R1) are flowing through R1 to a point 

IN 

+24V 

OUT 

GAIN =- R2 

R1 

INPUT RESISTANCE = R1 

OV 

+VE 

2k2 

TO'PIN 3 

12V 

ALTERNATIVE BIAS 

Fig. 5 A single -ended power supply version of the Fig. 4 
circuit. 

which is as good as earthed as far as signals are concerned. 
This makes the input resistance of the circuit equal to the 
value of R1, and it limits the application of the circuit to 
some extent, because if the input resistance is to be 
reasonably high, then the feedback resistor R2 will have to 
be of an unreasonably high value to achieve a modest 
gain. If the feedback resistor has too high a value (in the 
megohm region), then the bias currents at the input of the 
chip, typically 200 nA, will cause voltage drops which we 
can't ignore without making our calculations go 
considerably astray. The input resistance of the op -amp 
itself is large, but the use of negative feedback to the same 
input as the signal makes the input resistance low because 
of the 'virtual -earth' effect. 

+12V 

IN 

R2 

GAIN R2'+R1 
R1 

INPUT. RESISTANCE = R3 

OUT 

DV 

-12V 

Fig. 6 Using signal input to the in -phase, or non -inverting 
input of the 741. 

Improved Impedances 
Another configuration of the op -amp is illustrated in 

Fig. 6. This time the input is taken to the non -inverting 
input, and the inverting input is used only for the 
feedback. In this balanced version of the circuit, the input 
resistance can be higher, because the resistance R3 does 
not control the gain of the amplifier, and the source 
resistance is of no interest unless it is unusually high. The 
gain is given by (R2+R1)/R1. 

It's quite straightforward to combine the biasing 
arrangements of Fig. 5 with the non -inverting circuit of Fig. 
6. However, a word of caution: all those resistors and ail 
those capacitors combine to form low-pass filters, and at 
frequencies around their cut-offs, these will all produce 
considerable phase -shifts; and this may lead to what 
you've designed as an arnpìifer actually turning out to be 
an oscillator! 

Stewing About 
The 741 type of operational amplifier has a lot a 

merits, but it is a design which is now showing its age. 
Much more recent designs have, in particular, wider 
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bandwidths, and are impressively better in one respect - 
slew rate. The slew rate of an operational amplifier is the 
maximum rate -of -change of output voltage expressed in 
volts per microsecond, and it affects large signals (which 
change by a greater voltage) more than small signals. The 
póint is that if the maximum rate of change of voltage is 

1 V/us, then a 10 V change would need 10 us, and a 10 V 
signal is limited to one tenth of the bandwidth of a 1 V 
signal. The effect in practical terms is that the useful 
bandwidth of the amplifier for sine waves depends on the 
amplitude of the waves, and the shape of output for a 

square wave input also depends on the amplitude of the 
wave. 

Slew rate limiting is caused by stray capacitances 
within the chip. When voltages change, these stray 
capacitances have to be charged or discharged, and the 
amount of current which flows in the input stages is very 
small, not enough to allow these capacitances to be 
charged or discharged quickly. All amplifiers suffer from 
this to some extent, but slew rate is much less of a problem 
for discrete component circuits whose circuits are not DC - 
coupled and which can therefore use large currents and 
small values of load resistors. The typical slew rate of the 
741 is 0.5 V/uS, and this is rather poor in comparison with 
more modern designs such as the Motorola MC17415, 
which has a slew rate of 15 V/uS. 

The other feature of the 741 which causes problems is 

that the peak amplitude of signal output must not be 
allowed to approach the supply voltage limits, because the. 
internal biasing is no longer effective if this is done. This 
restriction can be quite irksome if the op -amp is to be used 
with low voltage single -ended supplies, and an alternative 
for such applications is the current difference amplifier 
(CDA), of which the best known example is the National 
Semiconductor LM3900N. This chip is an operational 
current amplifier whose internal circuitry, though 
remarkably similar to that of the 741, allows operation at 
output voltage levels very close to either of -the supply 
voltages. 

IN 

0 

Cl R1 

R2 

Fig. 7 A typical LM3900 circuit. 

o +12v 

C2 

II -0 OUT 

0 ov 

The design principles for CDAs are very different from 
those used in the 741. The output voltage depends on the 
difference between the currents at the two inputs, and the 
circuits that use these chips are distinguished by large 
resistor values. In the circuit of Fig. 7, for example, if we 
aim for an output voltage which is half of the supply 
voltage, then, rememaering that the current through R3 

must.be the same as tie current through R2, the value of 
R3 must be half of the value of R2. Since the input currents 
are very low, these resistor values have to be high, and 
values of several megghms are common. The voltage gain 
in the circuit shown is R3/R1, as for the 741 type of 
amplifier, but the voltage swing at the output can reach 
very close to the supply voltage limits. Current difference 
amplifiers are used mainly in circuits which operate at the 
lower ranges of frequency because of the effects of stray 
capacitances on the very large value bias resistors. ETA 

The toroidal transformer is now accepted as 
the standard in industry, overtaking the 
obsolete laminated type. Industry has been 
quick to recognise the advantages toroidals 
offer ìn size, weight, lower radiated field and, 
thanks to I.L.P., PRICE. 
Our large standard range is complemented by our SPECIAL 
DESIGN section which can offer prototype service within 
7 DAYS together with a short lead time on quantity orders which 
can be programmed to your requirements with no price penalty. 

TYPE 
SERIES 

NO 

SECONDARY 

Volts 
RMS 

Current 
PRICE 

3004 1x011 9+9 266 
70.31 045K85.12 1x011 

1x013 
9+9 
12+12 

125 
105 

il. 
Re 81 1.014 15+18 7.80 e'oe'0a 

78°.14 1x014 18+18 083 .vat s3º2 
1.015 22+22 068 1066(709 
1,016 
1.017 

25+25 
30+30 

060 
050 

50vA 2.010 6+6 16 

80.35mm 2.011 9+9 77 

09Kg 2.012 12+12 08 
Regulation 

13°. 
2.013 
2.014 

15+15 
18+18 

66 
38 £5.70 

2,215 22+22 13 39,931 ao 

2.016 25+25 00 .vat u os 

2.017 30+30 83 taureg os 
2.028 
2.029 

110 

220 
45 
22 

2,030 240 20 

8096 3.010 6+6 6.64 
90.30mm 3.011 9+9 4 44 

1 Kg 
Regulation 

3x012 
3.013 

12.12 
15+15 

3.33 
2.66 £6.08 i/ O 

12% 3.014 
3.015 

18.18 
22+22 

222 
181 

, 

3.016 25+25 1.80 'vat ' '6 

3.017 30+30 1 33 6661 LB 4' 

3.028 110 0.72 
3.029 220 0.36 
3.030 240 0 33 

120 VA 4010 6+6 10.00 
90.40m1+ 4.011 9+9 6 66 

1 2 Kg 
Re 

11% 

4.012 
4.013 
4.014 

15+15 
18+18 
22+12 

4 00 
3.33 
3 73 

4.015 22+22 2.72 3.6631 67 

4.016 25+25 2 40 .va e, ,, 
4.017 30+30 200 1061 <906 
4.018 
4.028 

35+35 
110 

1 71 

1 09 
4.029 220 0 54 
4.030 240 0 50 

1605A 5.011 9+9 8i9 
110.40mm 5.012 12+12 6 66 

Regulation 5.014 18+18 444 91 `J 
8r° 5.015 

5.016 
22+22 
25+25 

363 
3 20 

..31.36 ó7 

5.017 30+30 2 66 1411'. a 

5.018 35+35 2.28 10141 CI, 0, 
5.026 40+40 2 00 
5.028 110 1 45 

5.029 220 0 72 

5.030 240 0 66 

* 294 TYPES TO CHOOSE FROM! 

* DAYS OF 
DESPATCHEDCIT 

FO SINGLE OR 
SMALL QUANTITY ORDERS 

* S YEAR NO QUIBBLE GUARANTEE 

TYPE 
SERIES 

No. 
SECONDARY 

Volts 
RMS 

Current 
PRICE 

225VA 6.012 12+12 9.38 
110 045m16 6.013 15+15 7.50 

2 2 Kg 

Regulation 
7 % 

6.014 
6x015 
6x016 

18+18 
22+22 
25+25 

6.25 
5.11 
4.50 £9.20 

6.017 30.30 3.75 .r,,,, no 
6.018 35+35 3.21 vat u 6e 
6x026 
6x025 

40+40 
45+45 

2.81 
2 50 

1.3161[ 763 

6,033 50+50 2.25 
6.028 110 2.04 
6.029 220 1 02 
6.030 240 0.93 

300VA 7.013 15+15 10.00 
110 x 50mm 7.014 18+18 8.33 

2 6 Kg 

Regulation 
7.015 
7x016 

22+22 
25+25 

6.62 
6.00 £1017 

641 7.017 30+30 5.00 ,o sz a0 
7.018 
7.026 

35.35 
40.40 

4.28 
3.75 +4419183 

7.025 45+45 3.33 101^1111 m 

7.033 50+50 3.00 
7x038 1i0 2.72 
7.029 220 1.36 
7.030 240 1.25 

500 VA 8.016 25+25 10.00 
140.6071111 

4 Kg 

8.017 
8.018 

30+30 
35+35 

8.33 
7.14 J £13.53 

Regulation 8x026 40+40 6.25 ,e,ez e9 
4% 8.025 

8,033 
45+45 
50+50 

5.55 
500 ''' o,3 

8.042 55+55 4.54 130164 318 26 

8x028 110 4.54 
8.029 220 2.27 
8.030 240 2.08 

625 VA 9,017 30+30 10.41 
140.75mm 

5Kg 
9.018 
9.026 

35+35 
40+40 

8.92 
781 £16.13 

Regulation 9.025 45+45 6.94 
er 

4% 9.033 
9,047 

50+50 
55+55 

6.25 
568 '"'r279 

9.028 110 568 1014107' 07 

9.029 220 2.84 
9.030 240 2 80 

IMPORTANT: Regulation -All volages quoted are FULL LOAD. Please add regula Ion figure to 

secondary voltage to obtain oll load voltage. 

The benefits of ILP toroidal transformers 
ILP toroidal transformers are only half the weight and height of their laminated 

equivalents, and are available with 110V, 220V or 240V primaries coded as follows: 

For 110V primary insert "0" in place of "X" in type number. 

For 220V primary -(Europe) insert "1" in place of "X" in type number. 

For 240V primary (UK) insert "2" in place of "X" in type number. 

How to order Freepost: 
Use this coupon, or a separate sheet of paper, to order these products, or any 

products from other ILP Electronics advertisements. No stamp is needed if you address to 

Freepost. Cheques and postal orders must be crossed and payable to ILP Electronics Ltd. 
Access and Barclaycard welcome. All UK orders sent within 7 days of receipt of order for 
single and small quantity orders. 
Also available at Electrovalue, Maplin and Technomatic. 

Please send 

Total purchase price 

I enclose Cheques Postal Orders Int. Money Order 

Debit my Access/Barclaycard No. 

Address 

Name I 

I 

r 

Signature 

Post to: ILP Electronics Ltd, Freepost 4 Graham Bell House, Roper Close, 

Canterbury CT2 7EP, Kent, England. 

Telephone Sales (0227) 54778: Technical 10227) 64723: Telex965780. 

(a division of 

ILP Electronics Ltd) 
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INTRODUCING TWO NEW HANDHELD DIGITAL MULTIMETERS 

200,uA - 10 AMP AC -DC 
L Ono 

1;27 

MODEL 703 

£35,95 
Plus vAT 

/- 

SPECIFICATION 6010 Et 7030 
BATTERY: Single av dry cell 
BATTERY LIFE: 200 hours 
DIMENSIONS: 170 x 89 x 38mm 
WEIGHT: 400g inc battery 
MODE SELECT: Push button 
AC DC CURRENT: 200µA to 10A - 
AC VOLTAGE: 200mV to 750V - 
DC VOLTAGE: 200mV to 1000V - 
RESISTANCE: 2009 to 20M12 - 
INPUT IMPEDANCE: 10M9 
DISPLAY: 31 Digit 13mm LCD 
0/LOAD PROTECTION: All ranges 
OTHER FEATURES: 

6 Ranges 
5 Ranges 
5 Ranges 
6 Ranges 

Auto polarity. Auto zero. Battery -low indicator. 
Strong ABS plastic case with tilt stand. 
Battery and test leads included. 
Optional carrying case. 

Please add 15% to your order for VAT. Postage 8- Packing is free of 
charge. Trade enquiries invited. 

ARMON ELECTRONICS LTD. 

Cottrell House.53-63 Wembley Hill Road, Wembley Middlesex HA9 8BH, England 

Telephone:01-9024321 (3 hoes) TELEX No 923985 

TURNTABLE KITS 
FROM 

INPUT DESIGN LTD 
THE LEADING MANUFACTURERS OF 

TURNTABLES IN KIT FORM 

KITDECK 2 NORMAL PRICE £115.00 

SPECIAL 
CHRISTMAS 

OFFER TO 
READERS 

OF ETI 
inc. VAT 
(P+ .P £3.00) 

HOME CONSTRUCTOR TURNTABLE KIT 
NOW £49.50 (P+ P £1.95) 

5 YEAR GUARANTEE 
MONEY BACK IF NOT SATISFIED 

Pay by Barclaycard, Access or CWO. Export: Write for Pro -forma 

Telephone: 
0767 316655 
Telex: 826671 

PALACE STREET, 
BIGGLESWADE, 
BEDS. SG18 8DP 

PRACTICAL DESIGN Or 
DIGITAL CIRCUITS en.. 

Practical Design of Digital Circuits will instruct the 
reader who is familiar with basic electronic principles 
but with no previous knowledge of digital electronics in 

the practical aspects of digital design. It should appeal 
particularly to engineers and enthusiasts wishing to 
expand their knowledge in practical rather than 
theoretical directions. 

The book is divided into three main parts covering: the 
principles of digital electronics and the wide range of 
devices available; how to use these devices in cost- 
effective designs, including two 
detailed examples; microprocessors, 
showing them to be particularly 
versatile and sophisticated devices. 

0 408 01183 1 324 pages 
£9.95 

ORDER NOW from your 
local Bookseller 
In case of difficulty this coupon can be 
returned to Shirley Godden at the 
address below. 
Please send me copy/ es of 

Practical Design of Digital Circuits 
Kampeh o 408 01183 10E9 95 

I enclose cheque/PO for E wi Iota 

FROM 

ADDRESS 

Fewnes Technical Books 
AN IMPRiNT OF BUTTERWORTHS BSEZ- 3E1E' 
SEVENOAKS. KENT TM 5 BEH 
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0 TARGET ELECTRONICS6 
Cherry LaneRO , BristolI 

Be,S 

3NG 
Telephone; 0272 421196 

Panel Meters 

Dims:- 110 x 82 x 35mm. Require 58mm dia. cut out 
FINE QUALITY - 

.\rrt,lf i,:Ìfrr%ri% 

V0,5 

043 
045 
0410 
0420 
0450 

0 - 30 UA 
0 50 UA 
0-100 UA 
0 - 200 UA 
0 - 500 UA 

£5.50 
400 pap+VAT 
'^'1' 1"'1' 

10 Plus 10% Discount 

Dims:- 
FINE QUALITY 

60 x 47 x 33mm. Require 38mm dia. cut out 
- 

Illuminating 

'-- -'- \ :... iciaii 

kit for meters E 60p+15%VAT) 1-' 

T2I 
i T22 

T23 

T25 
T2 
T27 
T28 

29 

T31 

T33 
T34 
T35 
T36 
T40 
T41 
T42 

0-50UÁ 
0-100 UA 
0-1MA 500 UA 

0-5MA 
0 10 MA 
0 -SOMA 
0 - 100 MA 
0-5 MA 

O-2 AMP 
MP 

ósó 
Volts 

0-300v AC 

50 0 50 UA 
loo 0.100 UA 

axe 

£4.80 
40p p&p +VAT 

10 plus 10% Discount 

T43 
500 0. 500 UA 

0 30v OC 

co Dims:- 52mm(H) x 58mm(W) x 43mm(D) 
44mm dia, cut out. 

ref. Icat. I F.S.D. 
I Ins, Resistance 

DC MICROMMETERS 
XME181MU45 0- 50 uA 3500 ohms 
XME19MU45 0-100 uA 3500 ohms 
XME20IMU45 0-500 uA 430 ohms 

OC GALVANOMETERS 
XME21 MU45 50-0- 50 uA 3500 ohms 
XME22 MU45 100 -0 - 100 uA 1450 ohms 

DC MILLIAMMETERS 
XME23 MU45 0- 1 ma 200 ohms 
XME24 MU45 0- 5 me 8 ohms 

n040 
XME25 MU45 0-10 ma 3 ohms `.p `W 
XME26 MU45 0-50 ma 1.5 ohms T VAT 
XME27 MU45 0 -100 ma 0.8 ohms I6 Plus XME28 MU45 D- 500 ma 0.2 ohms 

DC AMMETERS 10% Discount 
XME29 MU45 0- 1 MP 0.1 ohms 
XME30 MU45 0--2 amp 0.4 ohms 
XME31 MU45 0 -5 amp 0.02 ohms 

DC VOLTMETERS 
XME32 MU45 0 - 25 volts 1000 Ohms 
XME33 MU45 0 - 50 volts 1000 ohms 

VU METER 
XME34IMU45I 1.228 VAC (OVO) i- 

KD25C LCD DIGITAL MULTITESTER 
0.4" (10 mm) 31 digit (1999) LCD display. Automatic zero and polarity. 
Full overload protection. Complete with hand strap, battery, test 
probes, spare fuse and CARRYING CASE. 
Input Impedance: DC 10M ohms, AC 1K ohms 

measurement ranges y4 

0-2V 
DC VOLTS 0-20V 

0-200V 

AC VOLTS 0-200V 

0-2mÄ 

i 

DC CURRENT 0-20mA 
0-20mA 

RESISTANCE 
0-2K ohm 
0-20K ohm 
0-200K ohm 
0-2M ohm 

) L ì1 135 
pims: 138 x 86 X 36mm £1.50 P&P 

+ 15% VAT 

Official Orders Welcomed, GVT/Educational Dept etc 

SAULAIICARD 

We can offer you Barclaycard or 1111.1111111 n; Access facility, just telephone your card number toVISA - 
place an order. 
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Catalogue 
is 

OUT 
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P4GE8S 

ALL THE `USUAL' BITS 9(:)p 
(Rs, Cs, Tr's, ICs etc) at all good 
+ ALL THE newsagents 
TRICKY BITS or direct 

l 
* TOKO COILS, INDUCTORS, LC FILTERS 
* PCM FILTERS, VHF/UHF HELICAL FILTERS 
* UNELCO CAPACITORS .- 

* PCI INTELLIGENT LCD MODULES 
* TOKO SWITCHES : F SERIES/R7000 SERIES 
* ALPS POTENTIOMETERS AND 

KEYSWITCHES 
* TOYO-TSUSHO COAX RELAYS FOR TX/RX 
* CRYSTAL FILTERS, CERAMIC FILTERS 
* WELLER SOLDERING IRONS 
* COOPER TOOLS 
* TEST EQUIPMENT 
* BOOKS, MANUFACTURERS' HANDBOOKS 
* HARDWARE, CASES, PANELWARE, ETC. 
* MODULES, R&EW KITS 
* RF POWER DEVICES 

ORDERS SUBMITTED USING STOCKCODES- 
DESPATCHED WITHIN 8 WORKING HOURS 

* PHONE ORDER SERVICE - (NO MACHINES!) 
pi ;\SI.\011- OUR \I. \\ l'110\I SYSLI\I 51.1051 -\II( SI 11 S1.1( -IBS( \I IS 
IN ORDI. R OI ARRIVAL SO PLI 'SI SI VIl II AOI AASKI RI I) ISISI) 1)1.V)í I Y 

8 AM -7 PM MON - SAT 
0277 230909 

* COMPUTER ORDER SERVICE - ̀REWTEL' 
6 PM -9 AM 300 BAUD/RS232 

(IT MAY BE 24 HHS BY THE TIME YOU READ THIS) 

0277 230959 

200,NORTH SERVICE ROAD -= 
RVI 

BRENTWOOD, _ambit CM74 

INTERNATIONAL TTelex. 9951ÿá'AMBIT o G - 
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Y -t ambit's new 
p,11 ti ß5 autumn/winter 
,1/4)0- catalogue 

is ,r .'4 
º We, OUT 

NOW! 

)28 
GES 

ALL THE `USUAL' BITS 901p 
(Rs, Cs, Tr's, ICs etc) at all good 
+ ALL THE newsagents 
TRICKY BITS or direct 

* TOKO COILS, INDUCTORS, LC FILTERS 
* PCM FILTERS, VHF/UHF HELICAL FILTERS 
* UNELCO CAPACITORS 
* PCI INTELLIGENT LCD MODULES 
* TOKO SWITCHES : F SERIES/R7000 SERIES 
* ALPS POTENTIOMETERS AND 

KEYSWITCHES 
* TOYO-TSUSHO COAX RELAYS FOR TX/RX 
* CRYSTAL FILTERS, CERAMIC FILTERS 
* WELLER SOLDERING IRONS 
* COOPER TOOLS 
* TEST EQUIPMENT 
* BOOKS, MANUFACTURERS' HANDBOOKS 
* HARDWARE, CASES, PANELWARE, ETC. 
* MODULES, R&EW KITS 
* RF POWER DEVICES 

ORDERS SUBMITTED USING STOCKCODES 
DESPATCHED WITHIN 8 WORKING HOURS 

* PHONE ORDER SERVICE - (NO MACHINES!) 
PLI \SI 1,01i OI'R \I lA IIROSI SYSEl AI Aí'1011A II( AI. IA SIAL FSI:SI_1.S 

IS OROI-I: (II ,ARRIA AL SO PH ASE. Al AI I II SOI AASVAI RI I) 1A1511 OIAl l -1" 

8AM-7PM MON - SAT 
0277 230909 

* COMPUTER ORDER SERVICE - ̀REWTEL' 
6 PM -- 9 AM 300 BAUD/RS232 

(IT MAY BE 24 HRS BY THE TIME YOU READ THIS) 

0277 230959 

200,N RTH SERVICE ROAD = 
BRENTWOOD, ESSEX 

1r 
CM144SG - 

INTERNATIONAL= TTelex°79(0277)n13,1-9 G9 = 

eaa`° 
: ,oef ICS have 

helped thousands 
of ambitious people 

to move up into higher paid 
more secure jobs in the field of 

electronics - now it can be your turn. 
Whether you are a newcomer to the field 

or already working in the industry. ICS can 
provide you with the specialised training so essential 

to success. 

Personal Tuition and Guaranteed Success 

The expert and personal guidance by fully qualified 
tutors, backed by the ICS guarantee of tuition until 
successful,. is the key to our outstanding record in the 
technical training field. You study at the time and pace 
that suits you best and in your own home. In the words 
of one of our many successful students: "Since starting 
my course, my salary has trebled and I am expecting a 

further increase when my course is completed." 

City and Guilds Certificates 

Excellent job prospects await those who hold one of 
these recognised certificates. ICS can coach you for: 

Basic Electronic Engineering ICErG(ICS) 
Radio Amateurs 

Certificate Courses 

TV Et Audio Servicing 
TV, Radio and Audio Engineering 
Radio Et Amplifier Construction 
Electronic Engineering* 
Computer Electronics* 
Industrial Electronics* 
Radio Frequency Electronics* 
Introduction to Microprocessing* 
Electrical Engineering* 
Electrical Contracting Et Installation 
*Qualify for IET Associate Membership 

Approved by CACC 

ICS 
D, Autunni Educanon 

COrwratIon 
Mernbe o' A9 

POST OR PHONE TODAY FOR FREE BOOKLET 

Please send your FREE School of 

Electronics Prospectus 

Subject 
of Interest 

Name 

Address 

`çs Dept. C265 
iCS School of Electronics 
160 Stewarts Road, 
LondonSW8 4UJ 

ote 01-622 99'' 
,... _ 

1 
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PROJECT 

PROGRAMMABLE 
POWER SUPPLY 
We hear a lot these days about computing power but here it is, 
literally. With this PSU plugged into a suitable port on your 
micro you can control your voltage and current bit by bit. 
There's manual control, too. Design by Phil Walker. 

Tihis versatile piece of equipment 
s basically a programmable 
power supply. It allows you to 

set the output voltage and/or 
current to very close limits by 
means of your computer keyboard 
without actually touching the unit 
itself. Even more useful, in some 
cases, is that a sequence of voltage 
and/or current levels can be 
programmed in advance. The unit 
has a range of 0-25V5 in 100 mV 
steps and 25 mA to 1A6 in 25 mA 
steps. 

The prime controlling element 
in the power supply section is an 
LM317 integrated voltage regulator 
device. In this project it is used as a 

high -gain self -protecting power 
transistor. In order to get the rated 
output from the device under all 
operating conditions, two power 
rails are used. The lower one, 17 V, 
is used while the required output is 

less than 12 V, the higher supply 
rail of 34 V is used when the 
required output is greater than 12 
V. The purpose of this configuration 
is to keep the dissipation in the 
LM317 as low as possible. This is 

necessary because the LM317 will 
not allow the full 1A6 output to 
flow if there is more than about 17 
V across it. 

The reduced power dissipation 
in this circuit arrangement allows us 

to have a constant current output 
characteristic over the whole range 
instead of a 'foldback' limiting 
circuit. 

Construction 
The project was constructed in 

the specified Newrad case, but it's a 

fairly tight fit and it may well be 
easier to use the next size up 
(52/38) to allow more elbow room. 
Construction of the PCB is 

straightforward so long as polarity of 
components is observed where 
relevant. We used PCB plugs and 
sockets for the digital input as this is 

lo 
ro® 

VOLTS ! 
AMPS oaten 

- -- RANGE 
£OMTROL-. r- LOCAL 

PROGRAMMABLE POWERSUpPtY 

The handsome face of the ETI Programmable power supp y. 

most convenient. 1C8, Q3, D4 and 
D5 are mounted on the heatsink 
and wired through a grommet in the 
rear panel. It makes things easier 
here if some PTFE insulators are 
used to hold the diodes and 
connecting wires. Use insulating 
mica washers with heatsink 
compound under IC8 and Q3 to 
conduct the heat away while 
preventing unwanted short circuits. 
Together with the heatsink, the 
mains switch, fuse, mains cable and 
control input socket are all mounted 
on the rear panel. 

It will help considerably if the 
front and rear panel components 

BUYLINES 
Not too much in the way of unusual 
components for this project: the ZN428 
and D -range connector may be hard to 
track down but Technomatic can supply 
both parts. The case we used is available 
from Newrad Instrument Cases Ltd, Tip- 
toe Road, Wootton, New Milton, Hants 
BH25 5S1, telephone New Milton 
615774; the PCB can be obtained, as 
usual, from our PCB Service as advertis- 
ed on page 91. The optional DM 
module, the DPM05, is stocked by 
Lascar Electronics, Oakland House, 
Reeves Way, South Woodham Ferrers, 
Chelmsford, Essex CM3 5XQ, telephone 
0245 329797. 

are fitted and wired as far as 
possible before the chassis is finally 
fitted. Make sure, however, that you 
leave enough room to insert the 
chassis afterwards. Note that R4, 25, 
27 to 31 are mounted on their 
associated front panel components, 
though we did find room on the 
PCB for R4 after the prototype was 
completed, and it is shown thus on 
the overlay. 

The transformer, main 
capacitors, bridge rectifier and PCB 
together with D6 and R26 are 
mounted on the chassis supplied 
with the case. Some solder tags and 
tagstrip will be useful for mounting 
the smaller components and 
connecting to the capacitors. The 
large capacitors used in the 
prototype were mounted 
horizontally using two clips each. 

Setting Up 
Having constructed the project 

and checked for wiring errors very 
carefully, put RV1 and RV2 to 
minimum, close SW3 and set SW2 
to local. Switch on and check that 
the voltages on Cl, C2 and C7 are 
+34, +17, and -34(± 5Vorso). 
If not, check the wiring again. Now 
make sure that the +5V and -5 V 
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PROJECT : PSU 

CURRENT 
CONTROL 
TO SW2a 

VOLTAGE 
CONTROL 
TO SW2b 

P%1 

0V .- 
VIL CONTROL FROM SW2a 

VOSCONTROL FROM SPI2b-aa-...-As 

TO OV OUTPUT, 526, 
ILON DVM, D6ANODE 

ICS COMMON 

DATA 

SELIECS 
2lw á .3 

SK2 

> > 
m > " f`iá 

TO RV1 
AND RV2 

TOOpM 

OV ..:- 417V. 

:;--i- 3sV% 

Fig. 4 Component overlay. Note some components are mounted off -board. 

A side view showing the construction of the PCB. 

at 
y,,;::-: é1N T1 

rails are correct on the PCB. If not, 
check component polarities and 
placement. Rotate SW4 through all 
its positions and check that it reads 
at or somewhere near zero in all 
positions. With SW4 in the 10 V 
range (or a 10 V meter connected at 
the output) adjust PR2 for 0 V 
output. Connect a voltmeter to RV2 
wiper and adjust RV2 until it reads 
2V55 with respect to the 0 V rail. 
Adjust PR3 until the output reaches 
25V5 (SW4 in 100 V position). 

Now connect the voltmeter to 
RV1 wiper and adjust RV1 until it 
reads 2V55. Turn RV2 to minimum 
and connect an ammeter to the 
output terminals. Advance RV2 a 
little and a current of between 1 

and 2 amps should flow. Adjust PR1 
until this current is 1A6. 

If all these steps have been 
accomplished without smoke, the 
supply should be operational. The 
only thing left to check is the digital 
control section. Connect all the data 
inputs on SK1 to 0 V and connect 
EN1 to 0 V using the link indicated 
beside IC4 in Fig. 4. Now, with AO 
at 0 V take EN2 low momentarily. 
Repeat this with AO high. Now 

check that the outputs from IC2 and 
3 are at 0 V (IC2 will be 30 mV or 
so positive). Set SW2 to `remote' 
and readjust PR2 if necessary. 

Set all the data inputs to +5 V 
and latch in this new information 
using AO and EN2 as in the previous 
paragraph. Readjust PR3 and (with 
care) PR1. The unit should now be 
ready for use. Note, when doing the 
above procedures it may be 
advisable to provide pull-up resistors 
on unconnected inputs. 

The AO line selects the voltage 
D -to -A converter when low and the 
current D -to -A converter when high. 
EN1 could be the select line while 
EN2 would be the R/W on 
6502 -type systems, or WR on the 
Z80 etc. For most applications it is 
advisable that there should be some 
means of isolation between the 
control processor and this unit to 
prevent earth loops and other 
undesirable effects; this may well be 
in the form of opto -isolators. Pads 
are provided to allow the EN1 link 
to be repositioned to use the other 
section of ClI and gain extra 
decoding capability, should this be 
necessary. 

PARTS LIST 
Resistors (all '-,W, 5% except where 
stated) 
R1 100R 1 W 
R2,9,21,25 1k0 
R3 390R 
R4 4k7 
R5,6 47R 
R7 180R 2W5 
R8,23 3k3 
R10,11,13, 
15,17,19 10k 
R12,14,16 100k 
R18 82k 
R20 330R 
R22 470R 
R24 120R 
R26 1R0 2W5 
R27* 10k 1% 
R28* 100k 
R29 82k 1% 
R30 820k 1% 
R31 8M2 5% or better 
*R27 and R28 may be replaced with a 
single 9k1 1% resistor 

Potentiometers 
RV1,2 10k linear 
PR1 22k miniature horizontal 

preset 
PR2 2k2 miniature horizontal 

preset 
PR3 47k miniature horizontal 

preset 

Capacitors 
C1,2 

C3 
C4 
C5-7 

C8 

10,000u 25 V can 
electrolytic 
luO 35 V tantalum 
100n ceramic 
220u 63 V axial 
electrolytic 
100p ceramic 

Semiconductors 
IC1 781.05 
1C2, 3 ZN428 
1C4 741S139 
IC5,6 TL081 
1C7 79L05 
1C8 LM317K 
Q1 BC212L 
Q2 BC182L 
Q3 TIP140 
D1-3 1N4148 
D4-6 1N5401 
ZD1 12 V 1W3 zener 
ZD2 30 V 1W3 zener 
ZD3 5V6 400 mW zener 
LEDI panel -mounting red LED 
BR1 200 V, 2 A potted bridge 

rectifier 
BR2 200 V, 1 A potted bridge 

rectifier 

Miscellaneous 
SW1 two -pole mains -rated on - 

off rocker switch 
SW2 two -pole miniature 

changeover toggle switch 
SW3 two -pole on -off toggle 

switch (5 A @ 30 V) 
SW4 three -pole four-way rotar 

switch 
FS1 20 mm 1 A fuse 
T1 0-12, 0-12 V, 50 VA mains 

transformer 
LP1 mains neon indicator 
PCB (see Buylines); DPM05 LCD DVM 
module (see Buylines); PCB plugs and 
sockets if required (one off 10 -war and 
two off three-way); 15 way D -range con- 
nector (see Buylines); three off screw 
terminals; three knobs; can capacitor 
clips; tag strip; transistor mounting kits 
and heatsink compound for LM317 and 
TIP140; heatsink (2.0° C/W); cable and 
hardware; case, Newrad type 52/37 (see 
Buylines). 
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POWER DIMMER MODULES 
A range of electronic modular dimmers 
suit your custom channel and facility 

Considerable saving over commercial equipment 
All the commercial facilities and more 
Compatable special effects 
Preset/remote/master 
Easily installed and wired 

designed to 
requirement 
'SUPER DISCOUNTS' 

Contact our Sales Desk and 
save a further 20% on cer- 

tain dimmer items 
N6w! 

SPC - Simple but effective 1000W cntroller £15.70 
SPU - Used in conjunction with RS units for ' £11.90 

Remote desks in 1000 and 2000W versions £23.90 (2K) 
MC - Master dimmer for SPC/ RS units £7.90 
RS - Remote controller for SPU/SPC Units £9.40 
SUP/REF - Supply/signals for up to 50 modules £20.00 
Discounts on above only (order £100 to £199 15% £200 to £299 20% £300+ 25% 

EFFECTS ACCESSORIES 
MXSL - Four channel sound to light £36.90 
MXLS - Four Channel Sequencer £23.70 
MXLC-S Four channel sound chaser £26.70 
MXECF - Dip/Dipless Electronic Crossfade £31.90 

3 CHANNEL SOUNDIUGHT 
CHASER £35.70 

' STEREO DISCO Main supply £7.70 

MIXER/PREAMP PFL supply £,.00 

LB31000SLC LBPA3 
M Magnetic 
C Ceramic 

£36.70 " Magnetic or ceramic deck 
versions - please state 

Ail the requirements of a stereo disco preamp 
A high performance sii 5-piiding bass, on one board, left and right deck mixers/tone 
mid and treble secaiution,employing active controlsimisc. mixer/tones/mic. auto fade 
filters. Automatic se,itcning tr. chase it the over decks/and P.F.L. The unit can be used with 
absence of a music signal 1000',', char, virtually any power amp --- 

3 CHANNEL SOUND/LIGHT AND MORE! 
LB31000SL * 4 CHAN SIL AUTO CHASER 

* 4 CHAN MULTI SOUND CHASER 

* 4 CHAN SEQUENCER 

* 4 CHAN SOUND -CHASER 

* FASCIA PANELS 

, £22.70 
All the advantages Active Crossovers £17.90 (supply £7.20) 

of the SLC without chase. '. (3 -way 300Hz/3kHz) 
Controls, bessimidrtreble/master sensitivity. 

Don't hesitate to write or phone for immediate information. All prices include VAT. Please include 75p 
post except power dimmer (E1.751. Cheques/PO/COD/Access all welcome 

Tel: 01-640 6053 (Mon to Fri 9 to 4.30) 
L Et B ELECTRONIC 34 Oakwood Ave, Mitcham, S 

... 
N. 

FREE CATALOGUE! 
OUR GREAT NEW ILLUSTRATED CATALOGUE IS 
PACKED WITH INFORMATION ON SUPERB 
QUALITY, PROFESSIONAL BURGLAR ALARM 

EQUIPMENT , © AT UNBEATABLE PRICES! 
SEND SAE. OR PHONE NOW 

FOR YOUR COPY 

THIEFCHECK BURGLAR 
ALARM D -1-Y SYSTEM 

AiA.D. ELECTRONICS 
DEPT. ETI1 

mamma 217 WARBRECK MOOR 

MAIN AINTREE LIVERPOOL 

DISTRIBUTOR 1.9 OHUI051 523 544 I 

PARNDON ELECTRONICS LTD, 
Dept. No. 23', 44 Paddock Mead, Harlow, Suez CM18 7Rß. Tel. 0279 32700 

RESISTORS: Watt Carbon Film E24 range i. 5`yi tolerance High quality resistors 
made under strictly controlled conditions by automatic machines. Bandoliered 
andcolour d. 

£1.00 per hundred mined. (Min 10 per value) 
£8.8.500thou per thousand mixed. (Min 50 per value) 

Special stock pack. 60 values. 10 off each £5.50 

DIODES: IN4148 3p each. Min order quantity - 15 items 
£1.60 per hundred 

DIL SWITCHES: Gold plated contact in fully sealed bane noise then* 
programming problems. 
4 Way 86p each. 6 Way Et .00 each 8 Way £I-20 each 

DIL SOCKETS: High quality. low profile sockets 
8 pin - IOp. 14 pin - llp. 16 pin - lip. 18 pin - 19p. 20 pin - 21p. 

22 Pin - 23p. 24 pin - 25p. 28 pin - 27p. 40 pin - 42p. 

ALL PRICES INCLUDE V.A.T. & POST & PACKING -NO EXTRAS 
MIN ORDER - U.K. £1 00 OVERSEAS £5 CASH WITH ORDER PLEASE 

HAPPY MEMORIES 
Part type 1 off 25-29 100 up 
4116 200ns 0.83 0.72 0.66 
4116 250ns 0.75 0.65 0.60 
4816 100ns For BBC comp 2.45 2.10 1.95 
4164 200ns 4.95 4.55 4.20 
2114 200ns Low power 1.15 1.00 0.90 
2114 450ns Low power 0.95 0.85 0.80 
4118 250ns 3.25 2.85 2.65 
6116 150ns CMOS 3.70 3.20 2.95 
2708 450ns 2.60 2.25 2.10 
2716 450ns 5 volt 2.60 2.25 2.10 
2716 450ns three rail 5.75 5.00 4.65 
2732 450ns Intel type 3.75 3.25 3.00 
2532 450ns Texas type 3.75 3.25 3.00 
Z80A-CPU £4.35 Z80A-PIO £3.25 Z80A-CTC £3.25 
6522 PIA £3. 7805 res 0.50 7812 res 0.50 
Low profile IC sockets: 
Pins 8 14 16 18 20 22 24 28 40 
Pence 9 10 11 14 15 18 19 25 33 
Soft -sectored floppy discs per 10 in plastic library 
case: 5 inch SSSD £17.00; 5 inch SSDD £19.25; 5 
inch DSDD £21.00; 8 inch SSSD £19.25; 8 inch 
SSDD £23.65; 8 inch DSDD £25.50 
74LS series TTL, large stocks at low prices with 
DIY discounts starting at a mix of just 25 pieces. 

Write or phone for list. 
Please add 30p post B packing to orders under 615 and VAT to total. Access 
8 Barclaycard welcome. 24 hour service on (054 422) 618. Government B Educa- 
tional orders welcome, £15 minimum. Trade accounts operated, phone or write 

for details. 

HAPPY MEMORIES (ETI) 
Gladestry, Kinston, Herefordshire HR53NY 

Telephone:1054 422 618 or 628 

MONITORS 

HIGH RESOLUTION » AND 
LOW COST ! 

Either cased or open frames to 
OEM's. The specification is right, 
the price is even better. 
Phone or write to our Sales 
Manager, Richard Cox, for 
immediate action. 

CROFTON ELECTRONICS LTD 
35, Grosvenor Road, Twickenham, Middx, TW1 4AD, 

Telephone: 01-891 1923/1513 Telex: 295093 CROFTN G 
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1 Constructor Series Speakers 

IT'S 
SO 

EASY 
Have fun, save 
money, building 
a Kef design 
with a 
Wilmslow Audio 
CS Total kit. 
No electronic or 
woodworking 
knowledge 
necessary and 
the end result is 
a proven top- 
quality design 
that you'll be proud of. 
Each kit contains all cabinet components, accurately machined for easy 
assembly, speaker drive units, crossovers, wadding, grille fabric, 
terminals, nuts, bolts, etc. 
The cabinets can be painted or stained or finished with iron -on veneer or 
self adhesive woodgrain vynil. 
Easy foolproof assembly instructions supplied. Set of constructor leaflets 
sent free on receipt of large S.A.E. 
Prices: CS1 (As 101) £110 pr. inc. VAT, plus carr./ins. £ 5.50 

CS1A (simplified LS3/5A) £103 pr. inc. VAT, plus carr./ins. £ 5.50 
CS3 (as 103.2) £129 pr. inc. VAT, plus carr./ins. £10.00 

CS5 (as Carlton II) £192 pr. inc. VAT, plus carr./ins. £15.00 
CS7 (as Cantata) £250 pr. iOc. VAT, plus carr./ins. £18.00 

l.nJJI " n :O 
L The firm for Speakers 

35/39 Church Street, Wilmslow, Cheshire SK9 1AS 

Catalogue - £1.50 post free 
Lightning service on telephoned credit card orders! 'J 

0625 529599 

\ 
r - 

Make the most of 
your pocket computer 
new software for SHARP PC1500 

I World Exclusive! NEW Business Programs 1 

from GEMINI Silicon Notebook £19.95-1 

I Executive SuiteQprograms) £29.95 I 

I new books for DRAGON 32 I 

1 101 program tips & tricks £6.95 
155 programs home/school/office £6.95 

I 

I color computer graphics £7.95 I 

I Add 50p per book post & packing (max. £1.50) . 

New Idea 
_ 

Ideal Gift 
I At last - no more tape -loading problems! 
\ SHARP C E152 cassette tape recorder i 

\ purpose built for computers only £39.93 

Send cash, cheque, Access or Visa Card No. Ask for our 
New FREE pocket brochure. Trade enquiries welcome anytime. 

ELKAN ELECTRONICS (Dept. ETI) 
FREEPOST, 28 Bury New Road, Prestwich, Manchester M25 6LZ or telephone 

061-798-7613 (24 hr. service). See full list on Prestel 258-2022. 
We specialise in pockets! 

T.V. SOUND 
TUNERBUILT AND TESTED 

In the cut-throat world of 
consumer electronics, one 
of the questions designers 
apparently ponder over 
is Will anyone notice if 
we save money by chopp- 
ing this out?" In the 
domestic TV set, one of the 
first casualties seems to be 
the sound quality. Small speakers - 
and no tone controls are common y:,.----- 
and all this is really quite sad, as the 

£22.95 + £2.00 p&p. 

TV companies do their best to transmit the highest quality sound. Given this background a 

compact and independent TV tuner that connects direct to your Hi-Fi is a must for quality 
reproduction. 
This TV SOUND TUNER offers full .UHF coverage with 5 pre -selected tuning controls. It can 

' also be used in conjunction with your video recorder. Dimensions: 115/4"x 8'4"x 3%" 

E.T.I. kit version of above without chassis, case and hardware. £12.95 plus £1.50 p&p. 

PRACTICAL ELECTRONICS 
STEREO CASSETTE 
RECORDER KIT COMPLETE 

WITH CASE 

ONLY £31.00 plus £2.75 p&p. 
NOISE REDUCTION SYSTEM. » AUTO 

STOP.. TAPE COUNTER. * SW ITCHABLE 
E.Q. * INDEPENDENT LEVEL CONTROLS. 
x TWIN V.U. METER.. WOW & FLUTTER 
0.1%. RECORD/PLAYBACK I.C. WITH 
ELECTRONIC SWITCHING. FULLY 
VARIABLE RECORDING BIAS FOR 
ACCURATE. MATCHING OF ALL TYPES. 

Kit includes tape transport mechanism, ready punched and back 
printed quality circuit board and all electronic parts. ie. semiconductors, 
resistors, capacitors, hardware, top cover, printed scale and mains transformer. 
You only supply solder & hook-up wire. Featured in April P.E. reprint 50p. Free with kit. 

P.E. STEREO TUNER KIT 
This easy to build 3 band stereo AM/FM tuner kit 
is designed in conjunction with Ptactical Electronics 
(July '811. For ease of construction and alignment 
it incorporates three Mullard modules and ah I.C. 
IF System. 
FEATURES: VHF, MW, LW Bands, interstation 
muting and AFC on VHF. Tuning meter. Two back 
printed PCB's. Ready made chassis and scale. Aerial: 
AM - ferrite rod, FM -75 or 300 ohms. Stabilised power 
supply with 'C' ehre mains transformer. All components 
supplied are to P.E. strict specification. Front scale size 10%="x 2%" approx. Complete t^:kn. 

diagram and instructions. Self assembly simulated wood cabinet sleeve 
to suit tuner only. Finish size: 11Y4"x 8'4"x 3'r. 
£3.50 Plus £1.50 p&p. £17.95 Plus £2.50 p&p. 

125W HIGH POWER 
AMP MODULES 
The power amp kit is a module for high 
power applications - disco units, guitar arnplif- 
iers, public address systems and even high 
power domestic systems. The unit is protected 
against short circuiting of the load and is safe 
in an open circuit condition. A large safety 
margin exists by use of generously rated com- 
ponents, result, a high powered rugged unit. 
The PC board is back printed, etched and 
ready to drill for ease of construction and the 
aluminium chassis is preformed and ready to 
use. Supplied with all parts, circuit diagrams 
and instructions. 

ACCESSORIES: Suitable mains power supply 
kit with transformer: £8.50 + £2.00 p&p. 
Suitable LS coupling electrolytic. £1 +25p p&p 

i 

SPECIFICATIONS: 
Max. output power (RMS): 125 W. Ccu-a- ng 

voltage (DC): 50 - 80 max. Loads: 4 z -m. 
Frequency response measured A 100 
25Hz - 20KHz. Sensitivity for 100.2.: 
@ 47K. Typical T.H.D. @ 50 watts. 4 c^ s. 

0.1%. Dimensions: 205x90 and 190x3--. 

KIT 
£10.50 

+£1.15 p&p 
£14.25 

+£1.15:x, 

BSR RECORD DECK 
Manual single play record 
deck with auto return 
and cueing lever. Fitted 
with stereo ceramic cart- 
ridge 2 speeds with 45rpm 
spindle adaptor ideally 
suited for home or disco. 

£12.95 + £1.75 p&p. 13"x 11" app. 

SPECIAL OFFER! Replacement Stereo cass- 

ette tape heeds - £1.80 each. Mono: £1.50 
each. Erase: £0.70 each. Add 50p p&p to order 

SPEAKER BARGAINS 
2 WAY 10 WATT 
SPEAKER KIT 
8" bass/mid range and 3'.:" 
tweeter. Complete with so -e rs. 
wire, crossover components 
and cabinet. Ali wood pre- 
cut - no cutting required. 
Finish - chipboard coeerec 
wood simulate. size 14'.:' x 

8%"x 4". PAIR for ONLY 

£12.50 plus £1.75 p&o. 

ALL CALLERS TO: 323 EDG'GARE ROAD, 
LONDON W2. Telephone: 01-723 8432. 
(5 minutes walk from Edgy, or 7,:5:c - 
Now open 6 days a week 9-E.? 

All mail to: 

21 E HIGH STREET, ACTON, W3 6NG. 
Note: Goods despatched to U.K. postal addresses only. 
Alf items subject to availability, Prices correct at 

30/10/62 and subject to change without notice. 
Please allow 7 working days from receipt of order 
for despatch. RTVC Limited reserve the right to up- 

date their products without notice. All enquiries send 

S.A.E. Telephone or mail orders by ACCESS welcome. 
R 
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Electronic Car Security System 
Arms doors, boot, bonnet and has security loop to protect 
fog/spot lamps, radio/tape, CB equipment 
Programmable personal code entry system 
Armed and disarmed from outside vehicle using a special 
magnetic key fob against a windscreen sensor pad adhered to 
the inside of the screen Fits all 12V neg earth vehicles 
Over 250 components to assemble 

1 

1 

1 

1 

8X1000 
Electronic Ignition 
Inductive Discharge 
Extended coil energy 
storage circuit 
Contact breaker driven 
Three position changeover switch 
Over 65 components to assemble 
Patented clip -to -coil fitting 
Fits all 12v neg. earth vehicles 

SX2000 
Electronic Ignition 
The brandleading system 
on the market today 
Unique Reactive Discharge 
Combined Inductive and 
Capacitive Discharge 
Contact breaker driven 
Three position changeover switch 
Over 130 components to assemble 
Patented clip -to -coil fitting 
Fits all 12v neg. earth vehicles 

SPECIAL OFFER 
"FREE" MAGIDICE KIT WITH 
ALL ORDERS OVER £45.00 

SPARKRITE 82 Bath Stree 

SELF 
ASSEMBLY KIT 

SX 1000 £12.95 
SX 2000 £19.95 
TX 1002 £22.95 
TX 2002 £32.95 
AT 80 £32.95 
VOYAGER £64.95 
MAGIDICE £9.95 

VOYAGER Car Drive Computer 
A most sophisticated accessory. a Utilises a single chip mask 

programmed microprocessor incorporating a unique programme 
designed by EDA Sparkrite Ltd. Affords 12 functions centred 
on Fuel, Speed, Distance and Time. e Visual and Audible alarms. 
warning of Excess Speed, Frost/Ice, Lights -left -on. Facility to 
operate LOG and TRIP functions independently or synchronously 

Large 10mm high 400ft-L fluorescent display with auto 
intensity. Unique speed and fuel transducers giving a 
programmed accuracy of + or -1%. Large LOG & TRIP 
memories. 2,000 miles. 180 gallons. 100 hours. Full Imperial 
and Metric calibrations. Over 300 components to assemble 
A real challenge for the electronics enthusiast! 

TX1002 
Electronic Ignition 

Contactless or contact triggered 
Extended coil energy storage circuit 

e Inductive Discharge Three position 
changeover switch Distributor 
triggerhead adaptors included Die cast 
weatherproof case Clip -to -coil or remote 
mounting facility Fits majority of 4 Et 6 cyl. 
12V. neg. earth vehicles a Over 145 
components to assemble. 

TX2002 
Electronic Ignition 

The ultimate system Switchable 
contactless. Three position switch with 

Auxiliary back-up inductive circuit. 
Reactive Discharge. Combined capacitive 

and inductive. Extended coil energy storage 
circuit. Magnetic contactless distributor trigger - 

head. e Distributor triggerhead adaptors included. 
Can also be triggered by existing contact breakers. 

Die cast waterproof case with clip -to -coil fitting Fits 
majority of 4 and 6 cylinder 12v neg. earth vehicles. 

e Over 150 components to assemble 

All SPARKRITE products and designs are fully covered by one or more World Patents. 

UM BIM 
Walsall, West Midlands, WS 1 3DE England. 

MAGIDICE 
Electronic Dice 
Not an auto item but great fun 
for the family 
Total random selection 
Triggered by waving of hand 
over dice 
Bleeps and flashes during a 4 second 
tumble sequence 
Throw displayed for 10 seconds 
Auto display of last throw 1 second in 5 
Muting and Off switch on base 
Hours of continuous use from PP7 battery 
Over100 components to assemble 

0 ))lilt ® tr BIB 1111Z 

Tel: (0922) 614791 Allow 28 days for delivery 

NAME 
ADDRESS 

I ENCLOSE CHEQUE(S)/POSTAL ORDERS FOR 

£ KIT REF 

CHEQUE NO 

PRICES INC VAT POSTAGE & PACKING 
PHONEYOIJRORDERWITHACCESS/BARCLAYCARD 
SEND ONLY SAE IF BROCHURE IS REQUIRED ® ® ® ® ® ® BM 11111111 r MN M INS MS CUT OUT THE COUPON NOW! 
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1ze ELECTRONIC IGNITION 
K1TS OR READY BUILT 

IS YOUR CAR 
AS GOOD AS 

IT COULD BE? 
* Is it EASY TO START in the cold and the damp? Total Energy 

Discharge will give the most powerful spark and maintain full 
output even with a near flat battery. 

* Is it ECONOMICAL or does it "go off" between services as 

the ignition performance deteriorates? Total Energy Discharge 
gives much more output and maintains it from service to 
service. * Has it PEAK PERFORMANCE or is it flat at high and low revs. 

where the ignition output is marginal? Total Energy Discharge 
gives a more powerful spark from idle to the engines max. 

(even with 8 cylinders). 

* Is the PERFORMANCE SMOOTH.The more powerful spark 

of Total Energy Discharge eliminates the 'near misfires'whilst 
an electronic filter smooths out the effects of contact bounce 
etc. * Do the PLUGS and POINTS always need changing to bring 
the engine back to its best. Total Energy Discharge eliminates 
contact arcing and erosion by removing the heavy electrical 
load. The timing stays "spot on" and the contact condition 
doesn't affect the performance either. Larger plug gaps can be 

used, even wet or badly fouled plugs can be fired with this 
system. 

Most NEW CARS already have ELECTRONIC IGNITION. 
Update YOUR CAR with the most powerful system on the 
market - 3'% times more spark power than inductive systems - 

3% times the spark power of ordinary capacitive systems, 3 

times the spark duration. 

Total Energy Discharge also features: 
EASY FITTING, STANDARD/ELECTRONIC CHANGEOVER 
SWITCH, LED STATIC TIMING LIGHT, LOW RADIO 
INTERFERENCE, CORRECT SPARK POLARITY and 
DESIGNED IN RELIABILITY. * IN KIT FORM it provides a top performance system at less than 

half the price of competing ready built units. The kit includes: 
pre -drilled fibreglass PCB, pre -wound and varnished ferrite 
transformer, high quality 21.1F discharge capacitor, case, easy 

to follow instructions, solder and everything needed to build 

and fit to your car. All you need is a soldering iron and a few 
basic tools. 

FITS ALL NEGATIVE EARTH VEHICLES 
6 or 12 volt, with or without ballast. 

OPERATES ALL VOLTAGE IMPULSE TACHOMETERS: 
(Older current impulse types need an adaptor). 

STANDARD CAR KIT £15.90 
Assembled and Tested £26-70 

TWIN OUTPUT KIT £24.55 
For Motor Cycles and Cars with twin ignition systems 

Assembled and Tested £36.45 

PLUS 
P. Er P. 

£1 (U.K.) 

Prices 
include 
VAT 

ELECTRONIIE DESIGN 
tams 

Buy Me kale 

Dept. D Magnus Rd Wilnecote 
Tamworth B77 5BY 

tel: 0827 281000 

The basic function of a spark ignition system is often lost 
among claims for longer "burn times" and other marketing 
fantasies. It is only necessary to consider that, even in a small 
engine, the burning fuel releases over 5000 times the energy of 
the spark, to realise that the spark is only a trigger for the 
combustion. Once the fuel is ignited the spark is insignificant 
and has no effect on the rate of combustion. The essential 
function of the spark is to start that combustion as quickly as 

possible and that requires a high power spark. 

The traditional capacitive discharge system has this high power 
spark but, due to it's very short spark duration and 
consequential low spark energy, is incompatible with the weak 
air/fuel mixtures used in modern cars. Because of this most 
manufacturers have abandoned capacitive discharge in 
favour of the cheaper inductive system with it's low power but 
very long duration spark which guarantees that sooner or later 
the fuel will ignite. However, a spark lasting 2000uS at 2000 
rev/min. spans 24 degrees and 'later' could mean the actual 
fuel ignition point is retarded by this amount. 

The solution is a very high power, medium duration, spark 
generated by the TOTAL ENERGY DISCHARGE system. This 
gives ignition of the weakest mixtures with the minimum of 
timing delay and variation for a smooth efficient engine. * SUPER POWER DISCHARGE CIRCUIT A brand new 
technique prevents energy being reflected back to the storage 
capacitor, giving 3'/z times the spark energy and 3 times the 
spark duration of ordinary C.D. systems, generating a spark 
powerful enough to cause rapid ignition of even the weakest 
fuel mixtures without the ignition delay associated with lower 
power 'long burn' inductive systems. * HIGH EFFICIENCY INVERTER A high power, regulated 
inverter provides a 370 volt energy source - powerful enough to 
store twice the energy of other designs and regulated to 
provide sufficient output even with a battery down to 4 volts. 

* PRECISION SPARK TIMING CIRCUIT This circuit removes 
all unwanted signals caused by contact volt drop, contact 
shuffle, contact bounce, and external transients which, in 

many designs, can cause timing errors or damaging un -timed 
sparks. Only at the correct and precise contact opening is a 

spark produced. Contact wear is almost eliminated by reducing 
the contact breaker current to a low level - just sufficient to 
keep the contacts clean. 

TYPICAL SPECIFICATION 

SPARK POWER (Peak) 

SPARK ENERGY 
STORED ENERGY 

SPARK DURATION 
OUTPUT VOLTAGE (Load 50pF, 

equivalent to clean plugs) 

OUTPUT VOLTAGE (Load 50pF 

+ 500k, equivalent to dirty plugs) 

VOLTAGE RISE TIME TO 20kV 

(Load 50pF) 

Total Ordinary 
Energy Capacitive 

Discharge Discharge 
140W 90W 
36mJ 10mJ 

135mJ 65mJ 
500u 160uS 

38kV 26kV 

26kV 17kV 

25uS 30uS 

TOTAL ENERGY DISCHARGE should not be confused with 
low power inductive systems or hybrid so called reactive 
systems. J 
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ETI PCB SER 
Up until now PCBs were always the hardest component to obtain for a project. Of course you 
could make your own, but why bother anymore? 
Now you can buy your boards straight from the designers - us! As of this issue all jriort- 
copyright) PCBs will be available automatically from the ETI PCB Service. Each board is 
produced from the same master used to build our prototypes, so you can be sure it's accurat 
and will be finished to the high standard you would expect from ETI. 
In addition to the PCBs for this month's projects, we are making available some of the more 
popular designs from our recent past. See the list below for details. Please note that NO OTHE 
BOARDS ARE AVAILABLE. if it's not listed, we don't have it! 

APRIL 79 
Guitar Effects Unit 
Click Eliminator 

JUNE 79 
D Accentuated Beat Metronome £3.60 

FEBRUARY 80 
E Tuning Fork 

MARCH 80 
E Signal Tracer 

AUGUST 80 
CMOS Logic Tester 
Capacitance Meter 
Ultrasonic Burglar Alarm 

OCTOBER 80 
E Cassette Interface 

Fuzz/Sustain Box 
NOVEMBER 80 
Touch Buzzer 

E Light Switch 
E Metronome 
E 2W Power Amp 
E RIAA Preamplifier 
E Audio Test Oscillator 

DECEMBER 80 
E Musical Doorbell 
E Bench Amplifier 
E Four Input Mixer 

JANUARY 81 
LED Tacho 
Multi -Option Siren 

E Universal Timer 
FEBRUARY 81 
Infra -red Alarm (four boards) 

E Pulse Generator 
MARCH 81 

E Engineer's Stethoscope 
APRIL 81. 

E Musical Box 
E Drum Machine (two boards) 
E Guitar Note Expander 

JUNE 81 
' Mini -drill Speed Controller 
E Antenna Extender 

£2.64 

£2.27 

LED Jewellery: Cross 
£2.64 Spiral (two boards) 
£6.64 E Star (two boards) 

Waa-phase 

JULY 80 
System A A-MM/A-MC 
System A A -PR 

E Smart Battery Charger 

AUGUST 81 
E System A Power Am p(A-PA) 

£2.64 E Flash Sequencer 
£2.93 E Hand -clap Synthesiser 
£2.87 Heartbeat Monitor 

Watchdog Home Security 
(two boards) 

£2.93 
£3.27 

£1.93 
£1.93 
£1.93 
£1.93 
£1.93 
£3.13 

£2.80 
£2.53 
£2.64 

£4.13 
£3.20 
£3.31 

£6.64 
£3.57 

£2.65 

£2.64 
£5.60 
£3.20 

SEPTEMBER 81 
E Mains Audio Link (three boards) 
E Laboratory PSU 

OCTOBER 81 
E Enlarger Timer 

Sound Bender 
E Thermal Alarm 
E Micropower Pendulum 

NOVEMBER 81 
Voice -Over Unit 

E Car Alarm 
E Phone Bell Shifter 

DECEMBER 81 
Alcohometer(two boards) 
Bodywork Checker 

E Component Tester 

JANUARY 82 
Parking Meter Timer 

E Infant Guard 
E Guitar Tuner(two boards) 

FEBRUARY 82 
Ripple Monitor 
Pest Monitor 

E I Ching Computer (two boards) 
£2.93 Moving -magnet stage 
£3.20 Moving -coil stage 

£1.47 MAY 82 
£2.64 DV Meg 
£2.65 D Analogue PWM 
£1.53 E SlotCarController 

E Wattmiser. 
E Sound Effects Boar,' 

£2.65 June 82 
£5.17 D Ion Generator (two boards) £6.22 
£1.97 D Ion `Blinker' £2.60 

MOSFET Amp Module £6.99 
D, Logic Lock £3.41 

£4.77 Digital PWM £3.84 
£3.44 Optical Sensor £1.98 
£3.97 Stylus Timer £2.98 
£1.83 Oscilloscope (four boards) £13.19 

£5.31 JULY82 
Mike Switching Unit £2.04 
TV Bargraph (main board) £4.85 

£735 D TV Bargraph (channel card)£2.44 
£4.53 Hotwire £2.99 

Bridging Adaptor £2.74 
AUGUST 82 

£3.40 E Playmate (three boards) £7.92 
£2.65 E Kitchen Scales x.70 
£2.63 Sound Track £4.38 £2.21 

SEPTEMBER 82 
Auto Volume Control £2.07 
Dual Logic Probe £2.31 

OCTOBER 82 
Message Panel (one card) £9.66 

£3.97 
£2.81 
£2.96 

£2.08 
£1.85 
£5.31, 
£3.80 JANUARY 83 
£3.80 Fuel Gauge 

ZX ADC 
Programmable PSU 

£5.32 
£1.97 NOVEMBER 82 
£1.49 Spectrum Analyst (3 boards) 

Pulse generator 
£2.37 Message panel interface 
£1.80 DECEMBER 82 
£5.97 ELCB 

Servo Interface (two boards) 
D Spectracolumn 

Signal Line Tester 

£2.92 
£3.37 
£4.96' 
£4.53 
£2.40 

£16.29 
£6.09 
£2.27 

£2.54 
£5.99 
£5.48 
£1.78 

£3.21 
£2.39) 
£3.21) 

How to order: indicate the boards required by 
ticking the boxes and send this page, together with 

your payment, to: ETI PCB Service, Argus 
Specialist Publications Ltd, 145 Charing Cross 
Road, London WC2H OEE. Make cheques payable 
to ETI PCB Service. Payment in sterling only please. 
Prices subject to change without notice. 
Total for boards £ 
Add45pp&p 0.45 
Total enclosed £ 

Signed 

Name 

Address 
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MASTER 
ELECTRONICS 

NOW! 
The PRACTICAL way! 

This new style course wilt enable 
anyone to have a real understanding 
of electronics by a modern, practical 
and visual method. No previous 
knowledge is required, no maths, and 
an absolute minimum of theory. 

You learn the practical way in eäsy 
steps mastering all the essentials of 
your hobby or to start or further a 

career in electronics or as a self- 
employed servicing engineer. 

All the training can be carried out in 
the comfort of your own home and at 
your own pace. A tutor is available to 
whom you can write personally at any 
time, for advice or help during your 
work. A Certificate is given at the end 
of every course. 
You will do the following: 
Build a modern oscilloscope; 
Recognise and handle current electronic 

components 
Read,drawandunderstand circuit diagrams 
Carry out 40 experiments on basic 

electronic circuits used in modern 
equipment 

Build and use digital electronic circuits 
and current solid state 'chips' 

Learn how to test and service every type 
of electronic device used in industry and 
commerce today. Servicing of radio, T.V. 
Hi-Fi and microprocessor/computer 
equipment. 

NewJob? New Career?NewHobby?Get into Electronics Now! 
MIMI - - s 

I - Please send your brochure without any obligation to 
Zang BIBB 

IÓLOUR BROC RE NAME 

I 

I È3_E.:i"fRt LOc BLOCK CAPS 

ReadingBerks.RG11BR 
1111111 111101111 NMI MZ NMI 11111111111 IMBI 

1111118111 Is ------ 
I am interested in: E1IhIa2° 

COURSE IN ELECTRONICS 
as described above 

RADIO AMATEUR LICENCE 

OTHER 

MICROPROCESSORS 

LOGIC COURSE 

SUBJECTS i 
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19" RACK MOUNTING CABINET. Lee 
Front Panel 480 x 150 mm Rear Case 4255 250 x 140 mm 

£19-350 
,r Free Standing ' 

Brushed 
w Ali Front 

with 
'CROME HANDLES. 

a --,Y ....- 

his is a professional rack mounting cabinet that will allow you to get your emWpment oR the benen. Rock mounting 

owdes securityfor your equipment end easy access for maintenance. The Precision rack mounting cabinet has all of 

he features you would expect from a professional unit. 

* Top, bottom end rear cover removable for assess * Plates have heavy dory grey paint finish * Front panel is 

soy gauge - 3mm aluminium * Strong, screwed, construction throughout - screws included * Heavy gauge 

hams mounting plate is pre -drilled and has four mounting positions to choose horn * Front panel is of brushed 

lurninium finish enhanced with heavily chromed handles * 

t 19 ENCLOSURES EURO SIZES I .oa, 
*+, AT Rear Case h=u sire -YÑwt 

LOW COST - 425w250d less10n1m rfirda 
1 u. a 44mm 

MaileFoecial SSú t 
REQUIREMEN 

2u - -17.50 

su r >-2g2.7g55 

6u _ +35;25 

3eß t. Oa cc ó- 
59 v,220 

ADD V.A.T AT STD RATE & ORDERS UNDER 15.00. P&P. 50P.ABOVE ITEM inTr 
'metal cabinets' - 

These ere beautifully manufactured cabinets with an aluminium beau 
and 18 gauge steel covers. They come fitted with Tubb. feetCo please 
the wrteil.louvred for ventilation end finished in en attractive two tone 
finish They make excellent cabinets for power supplies. remote 

u and.many more protects controlmrs 

a - 102fdrx 841(h) a 831./..,ä .. íI.70 
b_ 150(d)a61f11)e103(w)mm 

b.. £2.55 . 

c . teed) a Tslhl x 13g.),.., A... i3.04 
d - 1444d) a 71)(111_ 160(w)mm d £ 4.08 Ask for our FREE Cata 

_ 

1 

z2 
0k OF s 1 OW 

(net 
WO U 

ogue. 

SOLDER ING- IRONS O W 4r4 Peep 
RELAY -A- QUIP, Moat Lodge StoekChast, 

VISA 
8 

Maldon,Essex, 0621-57242 OÑ phone, A -SAT 

WILMSLOW 
DO 

The firm for Speakers 

Bigger and Better 
the colourful Wilmslow Audio brochure 
-the defiñitive loudspeaker catalogue! 

Everything for the speaker constructor - kits, drive units, 
components for HiFi and PA. 

50 DIY HiFi speaker designs including the exciting new 
dB Total Concept speaker kits, the Kef Constructor range, 
Wharfedale Speakercraft, etc. 

Flatpack cabinet kits for Kef, Wharfedale and many others. 

* Lowest prices - Largest stocks * 
* Expert staff - Sound advice * 

* Choose your DIY HiFi Speakers in the comfort of our * 
two listening lounges 

(Customer operated demonstration facilities) 
* Ample parking * 

Send £1.50 for catalogue 
(cheque, M.O. or stamps - or phone with your credit card number) 

* Access- Visa -American Express accepted * 
also HiFi Markets Budget Card. 

WILMSLOW 
USE 
The finn for Speakers 

DIU 0625 5295 99 

35/39 Church Street, Wilmslow, Cheshire SK9 1AS 

Lightning service on telephoned t:redit card orders! 

TIME WRONG? 
MSF CLOCK is ALWAYS CORRECT - never gains or loses, 

SELF SETTING at switch -on, 8 digits show Date, Hours, 
Minutes and Seconds, auto GMT/BST and leap year, also 
parallel BCD output (including Weekday), receives Rugby 
60KHz atomic time signals, built-in antenna, 1000Km 
range, GET the TIME RIGHT, £69.60. 

60KHZ RUGBY RECEIVER, as in MSF Clock, serial data 
output for computer etc, decoding details and ZX81 h;, -rings 

for LOCAL, GMT and SIDEREAL time, £22.20. 
LOSING DX? Antenna Fault? Check FAST with an Antenna 

Noise Bridge, MEASURE resonance 1-150MHz and 
radiation resistance 2-1000 ohms, £18.60. 

Each fun -to -build kit includes all parts, printed circuit, case, 
postage etc, money back assurance so GET yours NOW. 

CAMBRIDGE KITS 
45 (TN) Old School Lane, Milton, Cambridge. 

Universal NI -CAD, battery charger. All plastic case 
with lift up lid. Charge/Test switch. LED indicators 
at each of the five charging points. 

Charges:- PP3 19V), U12 (1.5V penlite), U11 
(1.5V "C"), U2 (1.5V "D"), Power:- 220-240V 
AC, Dims:- 210 x 100 x 50mm. Knock down 
price only while stocks 
last. 

Only £6.00 
Order No. MW 398 

Multitester & Transistor Tester 
DC volts 0.1v -5v -2.5v -10v -50v -250v -1000v ±3% 
AC volts 0 -10v -50v -250v -1000v ±3% 
DC current 0-50uA-2.5mÁ-25mA-0.25A 
Resistance: 
Minimum 0.2-2.200.200k ohms 
Midscale 20 -200 -20k -200k ohms 
Maximum 2k -20k -2m -20m ohms 
As a transistor tester 
Leakage current 0-150uA at Z1k range 

0-15mA at X10 range } ±5% 
0-150mA at Xt range J 

PLEASE ADD 15% VAT & £1 P&P 

ENFIELD 
208 BAKER sT., EroFlELD, 

ELECTRONICS MIDDX, Tel: 01-366 1873 

CNC 10 PCB HOLDER 
Ideal for small scale production, testing, research, service engineers, education and 
the home constructor. 
The CNC 10 has a board capacity of 8" x 8" and longer boards (maximum 8" wide) 
may be accommodated since they can project beyond the ends of the rails. 
Adjustment of the board rails is extremely simple and they are locked in the desired 
position by one central locking clamp. A further clamp enables the PCB, when in 
position, to be rotated through 360 degrees 
and locked in the required position. 
An optional foam pad is available which 
enables a number of components to be 
inserted prior to soldering. Pad size 8" x 
8". 

CNC 10: £16.10 INC. VAT 
FOAM PAD Et CLIP: 
£5.64 INC. VAT 
Please add £1.50 to cover postage. 
Available direct from the manufacturer: 

CARLTON NICHOL Et CO. LTD., 
GOLDKEY INDUSTRIAL ESTATE, 

KELVEDON, COLCHESTER, ESSEX 

SAVE £££'s ON HOME HEATING BILLS 
UNIQUE DIGITAL THERMOSTAT 

POSSIBLE FUEL 
SAVINGS OF 

UP TO 25% 
Normally manufactured exclusively for the trade. Features: 
Continuous readout of ambient temp via 3 digit 7 segment display 

LED indicates when pump is in operation 0.2°C Hysterises 
240v 3A control contacts Switched set temperature 

Freeze protection setting 
High specification - Simple to calibrate - 
Connect in place of existing thermostat - 
Requires 240v 2VA supply - Kit includes all 
necessary components, Enclosure, diagrams' 
and instructions. 

Kit price only £39.90. Assembled Price £49.90 
Prices include P&P and VAT 

Send cheque or PO to: DICON ELECTRONICS LIMITED Bond 
Street, Bury, Lancs BL9 7DU Tel 061-797 5666 Telex 665362 
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a 
MONTHLY IN 

ELECTRONICS TODAY - 
YOUR OWN 'WHERE TO 

BUY IT' GUIDE 

AVON 

ANNLEY ELECTRO 

190 Bedminster Down Road 
Bedminster Down, Bristol 

Tel: 0272 632622 
Open: Mon -Sat Sam -6.30 pm Wed 9am-2pm 

BEDFORDSHIRE 

BROADWAY ELECTRONICS 
1 The Broadway, Bedford, 

Tel: 0234 213639 
Open: 6 days 9-5.30. `14 day Thur. 

lunch 1.30-2.30. 
Specialists in electronic components and 

Acorn computers. 

DORSET 

D.J. ELECTRONICS 
64 Ensbury Park Road, 

Bournemouth. 
Tel: (0202) 515073. 

Open: Mon -Sat 9am-6pm. 

HERTFORDSHIRE 

GODDARDS COMPONENTS 
110 London Road, St. Albans. 

Tel: St. Albans 64162 
Open: Mon -Sat 9.30am-5.30pm 

(%2 day Thur) 

r 

ADDRESS: 

LOOKING FOR 
COMPONENTS! HARDWARE! 

CASES! TRY YOUR LOCAL 
LISTED STOCKIST 

LANCASHIRE 

ETESON ELECTRONICS 
15B Lower Green, 

Poulton-le-Fylde, Blackpool 
Tel: (0253) 885107 

Open: 9.30am-12.30. 1.30-5.30. Closed Wed & Sun. 
Electronic Component Specialists. 

MERSEYSIDE 

MYCA ELECTRONICS 
2 VICTORIA PLACE 

SEACOMBE FERRY SQUARE 
WALLASEY L44 6NR 

Tel: 051 638 8647 
Open: Mon -Sat 10am-5.30pm 

W. MIDLANDS/WARCS 

U L;IiJ 
103 Coventry St., Kidderrmnster 

Components, computers, car radios, 
C.B.'s, amateur radio 

and all electronic hobby equipment ifel Open: Mon -Sat 9-6, Sun 10-2 

TEL: 0562 2179 

--1ID n 
\,J 

STAFFORDSHIRE 

eELECTRONIC 105 High St., 
SUPPLIES Wolstanton, 

Newcastle 
Tel: 0782 636904 

Open: Mon -Wed 9-6, Thurs 9-12 it 5-7, 
Fri £t Sat 9-9, Sun 11-2 

FOR YOUR BUSINESS TO 
BE INCLUDED, CALL 
ELECTROMART ON 

01-437-1002. 

S. WALES 

CfiFOil3fill ELECTiiiO1liCS 
Chancery Lane, Cardigan, 
Tel: Cardigan (0239) 614483 

Open: Mon -Sat 10am-5pm. Closed Wed. 
Electronic components Et 
Acorn computer stockist. 

STEVE'S ELECTRONIC 
SUPPLY CO. LTD. 

45 Castle Arcade, Cardiff 
TEL: 0222 41905 

Open: Mon -Sat 9-5.30 
For components to computers 

WARWICKSHIRE 

IZON 

LECTROUM 

Charlotte St, Rugby. Tel: Rugby 78138 
Open 5 Days 10-6 (closed Wed) 

Wide range of components and R.S. stockists 
1983 Mail Order Catalogue 75p 

YORKSHIRE 

ACE MAILTRONIX LTD. 
3A Commercial Street, 

Batley. Tel: (0924) 441129 
Open: Mon -Fri 9am-5.30pm. (Sat 1pm) 

Retail and wholesale. 

Please include my business details in the next available issue of ELECTRONICS TODAY 
INTERNATIONAL: 

BUSINESS NAME: IOC ' 
0/1/4 11 

.. 

604f.. 
TEL. NO.: 

OPENING HOURS: 

RETAIL WHOLESALE MAIL ORDER (Please tick) 

CONTACT: (FOR OFFICE USE ONLY) aL,IMO MO MI la WS J 

1 
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CLOSING DOWN SALE 
V. BANSAL 

14 DAVIGDOR ROAD, HOVE, E. SUSSEX 
All components are new. Minimum order f20.00. 

Free postage, No V.A.T. 
C-Mos 
4012 10p 4017 30p 4019 25p 
4022 40p 4023 10p 4024 20p 
4025 10p 4049 20p 4071 12p 
4076 45p 4081 10p 4518 35p 
4520 45p 4528 40p 4557 222p 
NE567 8p 
TTL 
7400 Op 7404 13p 74161J 14p 
7495 45p 

PRINTED CIRCUITS. Make your own sim- 
ply, cheaply and quickly! Golden Fotolac 
light-sensitive lacquer now greatly im- 
proved and very much faster. Aerosol 
cans with full instructions, £2.25. De- 
veloper 35p. Ferric Chloride 55o. Cleat 
acetate sheet for master 14p. Copper -clad 
fibreglass board, approx. 1mm thick 
£1.75 sq. ft. Post/packing 75p. White 
House Electronics, Castle Drive, Praa 
Sands, Penzance, Cornwall. 

PARAPHYSICS JOURNAL (Russian trans- 
lations); Psychotronic Generators, Kirliano- 
graphy, gravity lasers, telekinesis. Details: 
SAE 4 x 9". Paralab, Downton, Wilts. 

BURGLAR Alarm Equipment. Please 
visit our 2,000 sq.ft showrooms or write 
or phone for your free catalogue. 
C.W.A.S. Ltd, 100 Rooley Avenue, Brad- 
ford BD6 1DB. Telephone 0274 308920. 

BIG BARGAIN BOX 
Our Big Bargain Box contains over a thousand components 
resistors, capacitors, pots, switches, diodes, transistors, panels, 
bits and pieces, odds and ends. Al useful stuff - would cost many 
times the price we are asking if bought separately. Approx. weight 
4Ibs. 
ONLY £5.00 inc. post - you're bound to come back for 

another!!! 
ESP 

147A FOUNDRY LANE, SOUTHAMPTON SO1 3LS 
Lots of surplus bargains on our latest list - send an SAE for your 

copy now. 

CIRCUIT DESIGN, Prototype construction, 
analogue or Digital, Siangle Circuits or 
Complete Instruments/Systems. Write A. J. 
ATTWOOD, C.Eng., MIERE, Heathercote, 
Heatherton Park, Taunton, Somerset, TA4 
1ET, or Phone Bradford -on -Tone (082-346) 
536. 

ADVERTISEMENT 
RATES Semi -Display (min 2 cros) 
1-3 insertions £10.00 per cm 
411 insertions £9.00 per cm 
12 + insertions £8.00 per cm - 
Lineage 35p per word (min 15 words) 
Box Nos. £2.50 
Closing date 1st Friday in the month 
preceding publication date. 
All advertisements in this section must be prepaid. 
Advertisements are accepted subject to the terms and 
conditions printed on the advertisement rate card (available 
on request) 
Send your requirements and cheque IP.O. to: 

E.T.I. CLASSIFIED ADVERTISING, 
145 CHARING CROSS RD, LONDON 
WC2H OEE 

AERIAL AMPLIFIERS Improve weak 
television reception. Price £6.70, S.A.E. 
for leaflets. Electronic Mailorder, 
Ramsbottom, Lancashire BLO 9AGH. 

SPECTRUM VENTURE. Exciting new 
game for the Spectrum (7 games in 1). In 
colour, with sound and fantastic screen 
effects, 16K and 48K version supplied on 
one cassette for £6. Bobker, 29 Chadder- 
ton Drive, Unsworth, Bury, Lancs. 

ATTENTION ELECTRONIC 
ORGAN KIT BUILDERS 
Shop soiled 60 note plastic keys £17.25 
30 note all timber pedal boards £86.25 

Few only! Mini consoles oak or mahogany 
£195 ex works including V.A.T. 

George Sixsmith organ builders, 
Hillside Organ Works, Carrhill Rd., 
Mossley, Nr. Ashton-u-Lyne, Lancs. 

Tel: Mossley 3009 

PACK OF TWO BNC 75R PLUGS £1.20, 
27vdc 4 Pole (Mains 'Continental' type) 
change over relay £1.20. Coax change over 
relay 9vdc £4. All prices include VAT Er 
postage. Send SAE for list AFR Electronics, 
School Lane, Moulton, Northampton. 

T. & J. ELECTRONICS COMPONENTS - 
Quality components, competitive prices. 
Illustrated catalogue 45p. 98 Burrow 
Road, Chig'well, Essex. 

STEREOPOWER' - 120 WATT - £10.85. 
Case + Stereo Controls + Sockets + Data!! 
Kia, 8 Cunliffe Road, Ilkley. MERRY 
CHRISTMAS. 

WILDERN ELECTRONICS LTD for all 
microprocessor -based system designs, 
GPIB interfaces/software, S100 systems 
using our own CPU (also sold separately). 
Instrumentation systems, peripheral inter- 
facing. Test/Control equipment, 
Established 1977, MAPCON consultants. 
Contact Mr Priestley, Portsmouth 
831041. 

MONITOR YOUR PHONE 
Our unique telephone monitor kit connects between the 
phone line and any cassette recorder and automatically 
records all incoming and outgoing phone calls - 
unattended - 24 hours a day. 
Use it to record important or interesting phone calls, to 
detect and trace unauthorised phone use, to analyze 
phone useage, etc. 
The kit comes complete with all components, leads, 
plugs, PCB, and attractive case. Send only £9.95 to: 

UNITECH (Midlands) Dept ETI 
FREEPOST 

Sutton Coldfield, West Midlands B74 2BR 
(No stamp required) 

(Not British Telecom Approved) 

LYNX AUDIO PROCESSORS. The Great 
New Name in Electro -music. Revers £29.95. 
Fuzz/Sustains £19.95. Programmable Drum 
Synthesizers (dual channel) £59.95. 
Autowahs, Phasers and Custom -Built Multi - 
music Processors. S.A.E. for Brochure to: 
Lynx Audio Processors; 26 Aldingbourne 
Close, Ifield, Sussex. 

A really compact high 
performance CCTV camera 
for only £130.00 plus VAT 
plus P/P, Total £152.95. 
Size 3"x 3'x 97240v operation. 
iv p -p output. Lens extra. 

CROFTON ELECTRONICS LIMITED 
35 GROSVENOR ROAD, -MICKENH.-i', 
MIDDLESEX TW1 4AD 
Telephone 01-891 1923/01 891 1513 
Telex 295093 CROFTN G 

DIGITAL WATCH REPLACEMENT parts 
batteries, displays, backlights etc. Also 
reports pubications, charts. S.a.e. for full list 
Profords Conersdrive, Holmergreen, Bucks, 
HP15 6SGD 
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PSU's 5V3 £19.99. 5V5A £26.99. 1-30V 1.5A 
£26.99. 5A £32.99. inc. p£tp. S.A.E. Lists. 
Edwards Electrics, Unit 3, Mill Lane, 
Bridgwater, Somerset. 

EPROMS. Small Surplus Quantity of 2532 
Eproms. Brand new, full spec. devices. £3.25 
each or £2.95 each for quantities of 10 or 
more. Please make cheques payable to 'Al 
Systems'. Apply Box No. ETI203. Asp Ltd., 
145 Charing Cross Road, London WC2. 

HAVEN HARDWARE. Spectrum Fruit 
Machine £4.95. UK101 /Superboard products 
still available. ZX kits: Repeat Key £3.95. 
Inverse Video £3.45. S.A.E. for built prices/ 
beeper/keyboard/software details. 4 Asby 
Road, Asby, Workington, Cumbria. 

CENTURION 
ALARMS 

We manufacture, you save £££'s 
Send s.a.e. or phone for our Free list of 
professional U.I.Y. Burglar Alarm Equip- 
ment and accessories. 
Discount up to 20% off list prices, 
e.g. Control Equipment from £15.98, 
Decoy Bell Boxes from £5.95 inc. 

TRADE ENQUIRIES WELCOME 
'0484-21000 

or 0484 35527 (24 hr.ans.) 
CENTURION ALARMS (HE) 

1265 Wakefield Road, Huddersfield 
HDS 96e, Yorkshire' 

Access & Visa lr nAJI 
Orders Welcomed 

STOCK CLEARANCE. Wirewound 
Resistors C7, C14, FA75, W24, AW1602, 
16ER. Cannon Plugs Sockets JP12, JS12. 
74S133, 8284A, 74193, 7483, 74120. Diode 
12F40. Static Ram 2102. Amphenol 
Connectors MS3102A-20-24S, MS3106A-20- 
24P, MS3106A-20-29p. For prices contact 
Pat Critchfield, Posidata Limited. Telephone 
0256 52741. 

COPPER CLAD Double Sided Fibreglass, 
12" x 8". 10 sheets £6. 5 sheets £4. Davron, 
Box No. E.T.l.202, Asp Ltd., 145 Charing 
Cross Road, London WC2. 

BRYSTEP ELECTRONICS 
10 Camphill Industrial Estate 

West Byfleet, Surrey KT14 6EW 
Tel: Byfleet (09323) 51676 

CMOS 
4001 00.10 
4007 £0.15 
4008 00.47 
4011 £0.11 
4012 £0.16 
4013 £0.22 
4015 £0.50 
4016 £0.19 
4017 £0.38 
401$ £0.45 
4021 £0.40 
4022 £0.48 
4023 £0.16 
4024 00.32 
4025 £0.16 
4028 £0.48 
4040 £0.48 
4042 £0.48 
4047 £0.58 
4049 £0.22 
4050 £0.22 
46666 10.29 
4069 £0.15 
4070 £0.15 
4078 £0.18 
4081 £0.14 
4093 £0.26 
4503 £0.36 
4608 £1.44 
4510 £0.48 
4611 £0.45 
4512 £0.50 
4514 £1.19 
4515 £1.20 
4616 £0.59 
4518 £0.35 
4520 £0.59 
4628 £0.64 
4529 £0.70 
4531 £0.65 
4534 £3.98 
4541 £0.98 
45&5 £0.90 

Many, many other items held 
in stock. S.A.E. for full stock 
and price list Also separate 
list of items which are 

e- Surplus/Liquidator stock, at 
bargain price. We fully 
guarantee your money back 
in FULL if any item Nils, 
whether old or new, 
provided it is returned within 
28 days of receipt. We have 
never had to return money 
yet. 

D Connectors (Cannon Type) 

9 Way £0.80 £0.95 E0.90 
15 Way £1.10 '1.50 £0.92 
25 Way £1.50 £2.00 £092 
37 Way f2.20 E3.25 01.28 

Rt Angle P.C.B. Mtg 
9 Way £1.17 £1.80 

15 Way £1.53 £2.32 
25 Way £2.20 £2.20 
37 Way £2.97 £4.20 

Volt Regulators 
7805 £0.39 
7815 £0.39 
LM309K £1.30 
LM323K £4.88 

Diodes 
IN4002 £0.04 
154148 £0.02 
IN5401 £0.15 
IN5406 £0.16 

FREE With every order: 1 pack of 

Sorry: MAIL ORDER ONLY 
Please add £0.30 p&p and V.A.T. 
@ 15% 

SPECIAL OFFER FOR THIS ISSUE 
LM323K £3.9511-24) £3.75 
(25+12716 (+5V 1 02.15(1-24) 
£2.00125+12732 £3.6011241 
03.45(25ci 

Save money on drawer sets'with 
the BITSABOX 

12 drawer 
white 
cardboard 
bench set 
for your 
bits and 
pieces 
Drawer size 
140 x 50 
x 37mm 

Cheques/PO toï 
DMW Boxes 
81 Somerset Road London E17 
Prop. A.E. Davidson 
PERSONAL CALLERS & TRADE ENQUIRIES WELCOME 

FOR SALE Taylor Instrument. AM Signal 
Generator Model 68A/17. Hardly used. 
Offers. Lymm 3127 evenings. 

CABINET FITTINGS 
Fretcloths, Coverings, Handles, Castors, 
Flight Case Locks & Parts, Jacks, XLRs, 
Bulgins, Reverb Trays, P & N mic Stands, 
ASS Glassfibre Horns, 
CELESTION POWER 
Speakers. 

Send 
30p cheque/ 

P.O. for illustrated 
catalogue: Adam Hall (ET Supplies), 

Unit B, Carlton Court, Grainger Road, 
Southend-on-Sea. 

DISCO CONSOLE. Build your own from our 
plan £2.40. Andrew Burnett, Dept. ETI, 12 
Cameron Avenue, Kinross KY13 7BG. 

WANTED: ELECTRONIC COMPONENTS 
and Test Equipment. Factories cleared. Good 
prices given. Q Services, 29 Lawford 
Crescent, Yateley, Camberley, Surrey. 0252 
871048. 

C.C.T.V. SYSTEMS Easily Installed from 
£225. S.A.E. for details. Roberts Electrical 
Services, Wigmore Lane, Halfway House, 
Shrewsbury. 

A LASER FOR £120. Complete in cabinet 
with power supply. Send 50p for details, plus 
information regarding other Lasers, 
Holograms, available new and ex -exhibit. 
DHS Developments, 18 Eldred Road, 
Workington, Cumbria. 

DON'T MISS THE 
FEBRUARY ISSUE OF 

E.T.I. 
ON SALE JANUARY 

THE 7th 
FOR YOUR CLASSIFIED 

ADVERTISEMENTS 
RING 

BRIDGETTE ON 

01-4371002 

£6.50 Post 65p MINI 

- 

.. 

-MULTI TESTER 
Deluxe pocket size precision moving coil 
instrument. Impedance + Capacity - 4000 
o.n.o. Battery included. 11 instant ranges 
measure) DC volts 5, 25, 250, 500. AC volts 
10, 50, 500, 1000. DC amps 0-250µa; 0- 
250ma. Continuity and resistance 0 to 600K 
ohms. 

De -Luxa Range Doubler Model, 50,000 
o.p.v. £18.50. 7 x 5 x 2in. Post £1. 

NEW PANEL METERS £4.50 
50µa, 1004, 500pa, 1ma, 5ma, 
50ma, 100ma, 25 volt, 

, 
y 

VU M2 1 amp, 2 amp. 
Facia 2}1 x 2 x }in. Post 65p.p. 

FAMOUS LOUDSPEAKERS 
Make Model Size Watts 
Seas Tweeter 4in 50 
Audax Tweeter 4ìq 30 
Audax Mid -Range 4ií0 50 
Seas Mid -Range 41in 100 
Seas Mid -Range 5in 80 
Goodmans Woofer Bin 25 
Audax Woofer Bin 40 
Audax Woofer 10in 50 
Goodman 8HB Sin 60 
Rigonda Full -Range 10in 15 
Baker Hi-Fi Deluxe 12in 15 
Baker Hi-Fi Major 12ín 30 
Baker Hi-Fi Superb 12in 30 
Baker P.A. Group 45 12ín 45 
Baker Hi-Fi Auditorium 12ín 45 
Baker Hi-Fi Auditorium 15ín 60 
Baker P.A. Group 75 12ín 75 
Goodman GR Group 12ín 90 
Baker P.A. Group 100 12in 100 
Baker P.A. Disco 100 12ìn 100 
Baker P.A. Group 100 15ín 100 
Baker P.A. Disco 100 15in 100 
Goodman HPD Disco 12ín 120 
EMI 450 13 x8in 10 

Gocdmans HP Bass 18in 230 8 

Post E2 each 

Ohms Price 
£9.50 
£6.50 
£7.50 

£12.50 
£12.00 

or8 £6.50 
£14.00 
£16.00 
£12.50 
£5.00 

014.00 
/8/16 £14.00 
/16 £24.00 
/8/16 £14.00 
/16 £22.00 
/16 £34.00 
/8/16 £18.00 
/16 £27.50 
/16 £24.00 
/16 £24.00 
/16 £32.00 
/16 £32.00 

£29.50 
/8 £8.00 

£80.00 

R.C.S. LOUDSPEAKER BARGAINS 
3 ohm, 5 x 3in, 7 x 4in. £2.50; 8 x Sin. 6 Y, in. £3; Bin. £4.50; 10in. £5. 
8 ohm, 2in. 2 hin.£2.00; 3in 5in. 5 x 3in.6 x 4in.7 x 4in. £2.50 
Shin. £3; Bin. £3; 10in. £5; 12in. £6. 
15 ohm, 3ìn. 5 x 3Y. in. 6 x 4in. 5in. £2.50.6h, 8 x 5in. £3. 
25 ohm, 3in. 5 e 3in. 7 x 4in. £2.50; 120 ohm, 3'/. in. dia. £1.50. 

BATTERY ELIMINATOR MAINS to 9 VOLT DC 
Stabilised output, 9 volt 400 m.a. UK made with 
terminals. Overload cut out. 5 x x 21in. Transformer 3; 
Rectifier Unit. Suitable Radios. Cassettes. £4.50. Post 50p. 

LOW VOLTAGE ELECTROLYTICS 
1, 2, 4, 5, 8, 16, 25, 30, 50, 100, 200mF í5V 10p. 
500mF 12V 15p; 25V 20p; 50V 30p; 
1000mF 12V 50p; 25V 35p; 50V 50p; 1200mF/76V 80p. 
2200mF 6V 25p; 25V 42p; 40V 60p; 2000mF/100V £1.20. 
2500mF 50V 70p; 3000mF 25V 50p; 50V 65p. 
I3300mF 63V £1.20; 4700mF 63V £1.20; 2700mF/76V £1. 
'4700mF 40V 85p; 1000mF 100V £1. 

HIGH VOLTAGE ELECTROLYTICS 
8/450V 45p 8 + 8/450V 75p 50 + 50/300V 50p 
16/350V 45p 8 + 16/450V 75p 32 + 32 + 32/325V 7Sp 
32/350V 75p 20 + 20/450V 75p 100 + 100/275V 65p 
50/350V 80p 32 + 32/350V 85p 150 + 200/275V 70p 
50/450V 95p 32 + 32/500V £1.80 220/450V 95p 

TRIMMERS 30pF, 50pF 10p. 100pF, 150pF 15p. 500pF 30p. 
CONDENSERS VARIOUS, 1pF to 0.01mF 350V Sp. 
400V-0.001 to 0.05 5p; 01 15p; 0.25 25p; 0.47 35p. 
1000V 0.1mF 25p; 0.22mF 30p; 0.47mF 60p; 1750V 0.22mF 50p. 
WAFER SWITCHES. 1 pole 12W, 2 pole 6W, 3 pole 4W, 4 pole 3W, 
2 pole 2W, 4 pole 2W 60p ea. 
TWIN GANGS 1200F £1; 500 + 200pF £1. . 

SINGLE SOLID DIELECTRIC 100pF, 500pF £1.50. 
GEARED TWIN GANGS 25pF 95p; 365 + 365 + 25 + 25pF £1. 
SLOW MOTION DRIVE 6:1 90p. REVERSE VERNIER 60p. 
VERNIER DIALS 36mm £2.25. 50mm £2.75. 
SPINDLE EXTENDERS 60p. COUPLERS 40p. 
NEON PANEL INDICATORS 250V. Red 11 x 1 46p. Round at40p. 
RESISTORS. 100 to 10M. 1W, 1W, 20% 2p, 2W 10p. 
HIGH STABILITY. 1W 2% 10 ohms to 1 meg. lop 
Ditto 5%. Preferred values 10 ohms to 10 ..neg. 3p. 
WIRE -WOUND 10 ohm to 10K 5 watt 20p. 
BLANK ALUMINIUM CHASSIS. 6 x 4- £1.45; 8 x 6- £1.80 
10 x 7- £2.30; 12 x 8- £2.60; 14 x 9- £3.00; 16 x 6- £2.90 
16 x 10 - £3.20. All 21ín. 18 swg. ANGLE ALI. 6 x } x ¿in. 25p. 

I ALUMINIUM PANELS - 18 swg. 6 x 4 - 45p; 8 x 6 - 75p; 
14 e 3 - 76p; 10 x 7 - 95p; 12 x 8 - £1.10; 12 x 5 - 75p; 
16 x 6 - £1.10; 14 x 9 - £1.45; 12 x 12 - £1.50; 16 x 10 - £1.75. 
PLASTIC box with aluminium facia 61 x 41 x 2in. £1.50. 
ALUMINIUM BOXES WITH LIDS 
3 x 2 x 1 £1. 4 x 21 x 2 £1. 4 x 4 x 21 £1.35. 
6 x 4 x 2 £1.60.7 x 5 x 3 f2.40. 8 x 6 x 3 £2.50. 
10 x 7 x 3 £3. 12 x5 x 3 £2.75. 12 x8 x 3 £3.60. 
BRIDGE RECTIFIER 200V PIV 1 amp 50p. 2 amp £1.00. 
4 amp £1.50. 8 amp £2.50. DIODES 1a, lop; 3a, 30p. 
TOGGLE SWITCHES SP 40p. DPST 50p. DPDT 60p. 
MINIATURE TOGGLES SP 40p; DPDT 60p. 

THE "INSTANT" BULK TAPE ERASER 
Suitable for cassettes and all sizes of tape reels. 
A.C. mains 200/240V. Post Ideal all Recorders, £9.50 Tapes, Discs, Cassettes, Computers. 
HEAD DEMAGNETISER PROBE £5.00. 

MAINS TRANSFORMERS 
Post Post 5-8-10-16V, 15 £2.50 80p 24V 21A Twice £8.00 £2 6V ;A £2.00 01 20V 1A .3.00 £1 6-0-6V, 11A £3.50 £1 20-0-20V 1A £3.50 £1 9V250ma £1.50 80P 20/40/60V1A £4.00 £2 9V 3A £3.50 £1 25-0-25V 2A £4.50 £2 9-0-9V Soma .1.50 80P 28V lA Twice £5.00 02 10-0-10V 2A 03.00 £i 30V11A £3.50 £1 10-30-40V £3.50 £i 30V 5A and 12V 100ma £2.00 80P 17-0-17V 2A £4.50 £2 12V 3A £3.50 £1 35V2A £4.00 £1 12-0-12V,2A £3.50 £1 34-29-0-29-34V6A £12.00 £2 15-0-15V2A £3.75 £1 0-12-27V2A £3.50 £1 

RADIO COMPONENT SPECIALISTS 
DEPT. 6, 337 WHITEHORSE ROAD, CROYDON, 

SURREY, U.K. TEL: 01-6841665 
Ir Post 50p Minimum. Callers Welcome. - 

4iß-,. Ij Closed Wed. Same day despatch. be/SA ® Access -Barclay -Visa. Lists 31p. , 

ETI JANUARY 1983 97 

www.americanradiohistory.com



USE ELECTRONICS.TODAY INTERNATIONAL'S CLASSIFIED 
(35p per word, minimum 15 words. Box Nos. £2.50 extra or £10.00 per single column 

centimetre (min. 2cms) - all prepaid 
Just write the details on the form below and send it with your cheque, made payable to 

A.S.P. Ltd, tó Electronics Today International Classified, 
145 Charing Cross Road, London WC2 OEE 

1. 2. 3. , 4. 5. 

6. 7. 8. 9. 10. 
11. 12. 13. 14. 15. 

Please place my ad in the next available issue of E:T.I.: 

Name 

Address 

Tel. No. 

I enclose my chequelP.O. for the value of £ 

Electronic kits for the thrifty! 
Build 50 Interesting Projects on a PC Chassis with surplus components from your' Spares Box'. 

EXPERIMENTERS'S PRINTED CIRCUIT KIT 
Contents: 4 assorted boards to suit the enclosed designs. Etching Powder, Resist Paint, Solvent, 
Degreaser and Etching Instructions; also 50 Circuit diagrams, Chassis Plans and Layouts for simple 
Crystal Sets, Transistor Radios, Transmitters, Amplifiers, Intercoms, Radio Control, Metal Detector, 
Photoelectric and Ultrasonic Alarms, 'Perpetual Motion, Light Beam Telephone Instruments, 
Testers, Gadgets, etc. You can build at negligible cost with 'Surplus' or reclaimed parts and tran- 
sistors you already have. 

Price: £2.50. Postage and Packing 50p 

PHOTOELECTRIC KIT 
A kit of basic parts to build a simple Infra -Red Sensitive Photoelectric Switch. Contents: Phototran- 
sistor, Transistors, Diode, Resistors, Connector, Latching Relay, Chassis Board, Case, Screws and 
instructions. 

Price: £4.50. Postage and Packing 50p 

OPTICAL KIT 
A kit of parts to build an IR folden-beam Projector and Receiver to suit the above kit. Contents. 2 
Lenses, 2 Mirrors, 2-45° blocks, Infra -Red Filter, Lamphdder, Building Plans. 

Price: £3.70. Postage and Packing 30p 
Both kits together make an excellent Invisible -Beam Burglar Alarm. 

EXPERIMENTAL ELECTRONICS 
335 Battersea Park Road, London SW11 4SL 

Tel: 01-720 2683 
Send SAE for full details of all kits and circuits 

Please mention 

E.T.I. 
when replying 

to all adverts 
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ETI VOCODER. 

PPMIBIMAM 

DJ90 Stereo Mixer - this is a really 
versatile new mixer that enables the 
constructor DJ to produce a professional 
performance every time. There are two 
stereo inputs for magnetic cartridges, a 
stereo auxiliary input and mike input. 
Other 'plus' features are auto -panning for 
fast or slow slider controls, multi -mixing, 

king, interrupt, input modulation, in 
rt everything ... the whole works 

ND - under £100 complete! 
n e have illustrated the DJ90 
Lamed in our own console 
ith the Chromatheque and 
SP2 200 and speakers. - 

onsole only available as 
Sales Counter purchase. 
Complete Kit - £97.50 + VAT 

PRIERIIIII 
WORLD LEADERS IN ELECTRONIC KITS 

"> PORTWAY INDUSTRIAL ESTATE 
, ANDOVER. HANTS. SP10 3NM 

TELEPHONE 
(0264) 64455 

MPA 200 is a low price, high powr 100W amplifier, its smart 
styling, professional appearance and performance make it 
one of our most popular designs. With adaptable inputs the 
mixer accepts a variety of sources yet straighforward 
construction makes it ideal for the first-time builder. 

Complete kit £49.90 + VAT 

CHROMATHEQUE 5000 - a 5 -channel lighting system 
powerful enough for professional discos yet controllable for 
home -effects. Sound to light, strobe to music level, random 
or sequential effects - each channel can handle up to 500W 
yet minimal wiring is needed with our unique single board 
design. Complete kit £49.50 + VAT 

ETI VOCODER - 14 channels, each with independent level 
control, for maximum versatility and intelligibility; Two input 
amplifiers - for speech/excitation - each with level control 
and tone control. The Vocoder is a powerful yet flexible 
machine that is interesting to build and thanks to our easy to 
follow construction manual, is within the capability of most 
enthusiasts. Complete kit£175.00 + VAT 

SP2 200 twice the power with two of the reliable, durable and 
economic amps from the MPA 200; fed by separate power 
supplies from a common toroidal transformer. Superb finish 
and quality components throughout - up to (even over!) the 
standard of high priced factory -built units. 
Compete kit £64.90 +VAT 

Our latest kit! With its ability to give delay times from 
1.6 mSecs to up to 1.6 secs. Many powerful effects 

including phasing, flanging, A.D.T., chorus, echo & vibrato 
are obtained. The basic kit is extended in 400 mS steps up 

to 1.6 secs. Simply by adding more parts to the PCB. 
Compare with units costing over £1,000! 
Complete kit (400 mS delay) £130 + VAT. 

Parts for extra 400 mS delay £9.50p. 

MONEY BACK GUARANTEE: - if you are not completely 
satisfied with your Powertran Kit return it in original condition 
within .10 days for full refund. 
FREE,SOLDERING PRACTICE KIT: - To assist the 
beginner we will supply, on request with your first kit order, a 
free soldering practice kit with useful tips and illustrations. 
COMPONENT PACKS: - Most kits are available as 
separate packs (e.g. PCB component sëts, hardware 
sets etc). Prices in our FREE catalogue. 
ORDERING: - Full ordering details, delivery 
service, and sales counter opening - inside 
front cover of this issue. 
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