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Snappy 
Connections 
A

miniature, multi-way connec-
tor with an integral snap-lock 

to prevent accidental disconnection 
is available from H & T Components. 
The Series 1300 connector has been 
designed for use in equipment where 
vibration or internal movement 
takes place. Both the plug and 
socket halves are hooded and the 
plug incorporates twin barbed locks, 
one on each side of its moulded 
plastic case. Disconnection occurs 
only when a light pressure is applied 
to the two locking barbs. The 
characteristics of the Series 1300 in-
clude a current rating, per circuit, of 
5 A, operating voltage of 400 V AC 
(max), proof voltage of 1.2 kV and 
contact resistance of 5 mR (max). 
Further information from H & T 
Components, Crowdy's Hill Estate, 
Kembrey Street, Swindon, Wilts SN2 
6BN. 

Versatile LED bar indicators are 
available from Impectron Ltd, 
Foundry Lane, Horsham, 
W Sussex 

S:NEWS:NEWS:NEWS:NEWS:NEWS 

Components 
Foto Fixtures 
A

new range of low-cost, metal 
enclosed photo-electric swit-

ches is now available from IMO 
Precision Controls Ltd. The Omron 
E/B photocell range is fully sealed to 
I P66 by a rugged metal case accep-
ting direct conduit entry. All models 
operate directly from 110 or 240 V 
AC 50/60 Hz and include a single 
changeover output relay related at 
3 A/240 V AC. A comprehensive 
specification leaflet is available 
from IMO Precision Controls Ltd, 

349 Edgware Road, London 
W2 1BS 

e 

e e 
e 

A wide range 
of LEDs are now available 

from Digital Devices along with 
details and specifications of individual LEDs, 

from Val Long, Digital Devices Ltd, 134 London 
Road, Southborough, Tunbridge Wells, Kent. 

Alarming! 
H

ere we have yet another offering 
from the ubiquitous Clan Casio. 

The PQ-20 chronograph can either 
fit flat in your pocket or sit on your 
desk or bedside table using its in-
tegral stand. It has a three-way alarm 
which can give you a sunrise sym-
phony (Mozart's Symphonie Nr 40 G 
Moll), a bright buzz, or a combina-
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tion of both! There is a snooze func-
tion which sounds every four — 
minutes for 60 seconds after the 
preset alarm time. There is also an 
hourly alarm, or, if the mood takes 
you, you press a button and hear the 
symphony any time you like. You can 
obtain the PQ-20 from Tempus at the 
discount price of £12.95. The address 
is 'Talk of the Town', 19-21 Fitzroy 
Street, Cambridge CB1 1EH. 

CB2B 
At long last a specification has 

been published by the Home Of-
fice for the legalisation of Citizen's 
Band radio. Two frequencies will be 
allocated: 934.025 to 934.975 MHz 
and 27.60125 to 27.99125 MHz. For 
the 934 MHz (AM) frequencies the 
maximum power is 8 W (25 W ERP), 
20 channels at 50 kHz channel spac-
ing. Hand-held units are restricted to 
3 W PEP. On the 27 MHz (FM) fre-
quencies the maximum power is 4 W 
(2 W ERP), 40 channels at 10 kHz 
spacing. Frequency tolerance: 
*1.5 kHz. Maximum frequency 
deviation: ± 2.5 kHz. Adjacent 
channel power: — 60 dB to 2 uW, 
spurious emission less than 50 nW. 
This new frequency allocation has 
been chosen to reduce the possibility 
of harmonic interference to aircraft 
landing systems etc. Also included in 
the spec are certain regulations. 
Antennas higher than 10 m from the 
ground must be attenuated by 10 dB. 
The Home Office will also permit 
modifications to existing equipment 
providing it complies fully with the 
specification. For equipment which 
has not been approved by the Home 
Office or the Post Office the onus is 
on the manufacturer to comply with 
the specs. All equipment must have a 
small badge etched or permanently 
affixed to the front of the rig which 
should be not less than 6 mm in 
diameter and have the letters 
'CBI27181' not less than 1 mm high in 
the centre. And that about sums it 
up! 

Talking Time 
-r he Trafalgar Watch Company is 

trying to ensure that you'll never 
be late again! They have just an-
nounced three new watches — one 
talks, one sings and the other makes 
ordinary alarm-type noises. The Tel-
Time actually speaks the time and 
can be programmed to do it in either 
English, German or French. The ex-
pected price is £59. The singing 
watch has nine different tunes rang-
ing from ' Happy Birthday' and 
'Jingle Bells' to ' Scotland the Brave' 
— all yours for about £29. The third 
watch is a quartz analogue model 
combining electronic precision with 
a traditional watch face and an 
alarm. This one sells for about £39. 
Further information can be obtained 
from the Trafalgar Watch Company 
Ltd, Trafalgar House, Grenville 
Place, Hale Lane, London NW7. 



DISCO LIGHTING 
KITS!!! 

First class constructional projects. c/w glass fibre P.C.B.'s & full instructions. No extra 

components needed to make a top rate working unit. 

LK1 

f9.90 

1.1(3 

£8.90 

3 channel sound-to- light. 

300 w/channel Iv - 100w input 

2kW slider dimmer 

suitable for clubs/pubs. 

A professional unit c/w 

FACE MATE 

circuit, comprehensive 

instructions & full 

parts guarantee 

LK2 

f17.90 

LK4 

f16.50 

Carriage on above 70p 

3 channel 3kW 

zero voltage firing 

200mV - 100 watts input. 

4 channel 4kW 

audio - forward/reverse 

auto - two speed ranges. 

Suitable case for 

LK 1/2/4 f3.30 

100w spots ES or BC 

£0.50. 

Coloured pigmy lamps 

65p. 

8m rope lights 

I £ 9.50 

/( 

• 

UNREPEATABLE HI-FI BARGAIN 
3 WAY LOUDSPEAKER 
KIT VW BAFFLE (pre-cut) 
Comprises: 

* 64" linen surround bass unit 

mid-range unit 

* 3" tweeter 

* 3 way crossover, fixing screws & baffle 

* 20 watts handling capability. 

Full instructions provided 

Must be heard to be believed!! 

£10.50 or 2 kits for £2111 Carr. £1 per kit 

SAXON ENTERTAINMENTS (Eli) 
327-333 Whitehorse Rd., Croydon, Surrey CRO 2HS. 

(01) 684 8007 
Order by phone - Access/Barclaycard/C.O.D. 

Open Mon. - Sal. 9am - 5pm. 

SAFGAN DT-400 SERIES 
DUAL TRACE OSCILLOSCOPES 
NEW BRITISH PRODUCTS 
FROM E169 + VAT 

ALL MODELS 

• DUAL TRACE 
• 5mv/div 
• 4" CRT DT-400 SERIES 

MODELS 
OT-410 10MHz £169+VAT 
DT-412 12MHz £175+VAT 
DT-415 15MHz £188+VAT 

SPECIFICATION FOR ALL MODELS 
* CH1, CH2; 5mv div - 20V/div in 12 cal steps. 
* Bandwidth: 10MHz (DT-410), 12MHz (DT-412), 15MHz (DT-4151. 
* Time Base; 0.5µs div - 200ms/div in 18 cal steps. 

X 5 expansion to 10Ons/div. 
X 5 multiplier to 1s/div. 

* XV facility: matched x = CHI, Y=CH2. 
* Trigger: Level Control, ± slope selection. 
* Bright Line Auto, Normal, PI Triggering. 
* CH1, CH2 0.5div; 100my External Source. 
* Z modulation. 
* CAL o/p for probe compensation. 
* Graticule blue ruled 8x1Odiv (6.4x6 cm2). 
* Size: H 215mm, W 165mm, D 280mm, Weight 4.514). 

PROBE (X1 - REF - X10) f11.50+WCT 

ORDERS TO SAFGAN ELECTRONICS LTD. 
56 BISHOPS WOOD, ST. JOHN'S, WOKING 

SURREY GU21 3GB. Tel: Woking 
69560 or Woking 66836 

GOODS + p&p £3.50 or parcel service £6.50 + 15% 
LONDON STOCKIST: AUDIO ELECTRONICS. TEL: 01-724 3564 

DT400s are designed and manufactured by SAFGAN in England 

TRapid 
1:Electronics 

Hillcroft House 
Station Road 
Elmsford Kent 

COMPONENT KITS 
1/4W Resistor Kit contains 10 of each value from 4.711 to 
resistors). 4110p each. 

Ceramic capacitor kit Contains 5 of each value from 22pF to 
caps). 370p each. 

Polyester Capacitor Kit Contains 5 of each value from 001 
capacitors). 5750 each. 

Nut and ace Kit Total of X0 items. 14119 each. 
25 6BA ./4" boils 
25 6BA 1/4 " bolts 
50 6BA nuts 
50 6BA welters 

IM Dotal of 650 

0.01uF (total 135 

to Id (total 65 

25 IBA 1/4" bolts 
25 IBA 1/4 " bolts 
50 IBA nuts 

CABLES-
20 metre pack of connecting cable Stranded 
.2m each of 10 different colours. 75p each. 

Per 
Metre 

Speaker cable 10p 
Lightweight screened 12p 
4 core screened 45P 
Standard screened lip 
Stereo screened 241 
Mtn. mains 3 core t1111 

LINEAR CIRCUITS-
LM30IA 

741 111 IM318 
003060 71 LM324 
CA3130 90 104339 
CA3140 45 LM380 
ICM7555 90 LM381 
1F351 45 LM382 
LF353 OS 151387 

18 1511458 

OPTO 

3mm red 
3mm green 
3mm yellow 
5mm red 
5mm green 
5mm yellow 
10 3mm or 5mm clip 
END500 

14p 
14p 
99 
14p 
14p 
300 
800 

RESISTORS 
Carbon film li4W 5%4.711 to 10M. Sold in packs of 10 per value. 10p per pack 

Potentiometers 
Preset miniature horizontal 100(1 to 1M 7p 
Rotary pot 5K-1M Log or Lin. 34 
Slide pots. 5K-500K log or Lin .60rnm travel 63p 

. Mixer type control knobs to suit above pots. Available in red, black, green, 
irey, yellow and blue. For rotary pats. 1. SlIdepots121.  

dotomcrrins 
DIN Plug Socket Jack 
2 prn 9p 9p 2 5mrn 
3 pin lip 10p 3 5mm 
5 pen 1817. I3p lip Standard 
Flippo 1014  12n 

DIODES 
154001 49 
164002 5,1 
164006 7p 
11441483p 

VEROSOARD 
Size 11 matrix 
2.5 x I" 24 
2.5 x 3.75" 750 
2.5 x 5" SP 
3.75 0 5" 115p 
VO board 110p 
Veropins per 100 
Single sided 90P 
Double sided Sp 
Spot face 
cutter 

Zeners 
Ilp ea. 

4001 
4032 
4007 
4008 
40111 
41313 
4015 

06 4
1 

041
7 

0204
 

0234
 

0244
 

025 
4 

402
7 

35 
70 
es 
25 
60 
25 

74 
85 
45 
58 
N 

12, 
u 

4028 
4040 
4046 
4047 
4049 
4050 
4060 

LM3900 
LM3909 
1M3911 
LM3914 
1043915 
11413600 
NE555 
6E556 

36 

15 
180 
180 
$5 
40 

JOS_ 

4086 
4068 
4069 
4070 
4071 
4872 
4001 

BI 
79 

E 

SN 76477 
TBA800 
TBA810 
11081 
11082 
11.084 

1Z00N2421046 

00100101111t8 

170
 

80
 

95
 

0 4
 

70
 

110
 

300
 

100
 

4082 25 
4093 55 
1510 45 
4518 90 
1520 160 
4528 100 
4532 IZO - FREE with orders over £5 

Please add 5pP&P on orders under £20. Please add VAT et 15% to total va 

5 PP3 battery connectors 
5 Red or black croc clips 
22mm solid alum knob 
28mm solid alum. knob 
Red or black probe clip 
Magnetic earphone + plug 
Crystal earphone + plug 
• Ultrasonic transducers 
Red or amber neon 
20 way ribbon cable 
TOS or 1018 heatsink 
10220 heatsink 
4mrn plug ivy. colours) 
Omm skt ( var. colours) 
ZOrnm panel fuseholder 
BOB 1COmA transformer 
. Dalo pen 
' 10 metres 22swg solder 
84rnm 64 ohrn speaker 
04mm 8 ohm speaker 

Plug 
10p 
10p 
I6p 
74 

Socket 
fop 
OP 
007 

30p 
30p 
36p 
48p 
35p 
18p 
44p 

350p 
45p 

120p ru 
15p 
21p 
18p 
I Ip 
25p 
100p 
100p 
1DOp 
100p 
100p 

CAPACITORS 
Polyester. Radial leads. 250V. C280 type. 
001, 0.015, 0.022. 0.033 8p; 0.047. o.ose..o.i 7p; a15. a22 9p; 0.33. 0.47 13p; 0.88 
20p; 1.0uF 29p. 

Electrolytic. Radial leads. 
0.47/83v, 1/63v, 2.2/63V, 4.7/63V, 1.7/73V, 10/25V 7p; 22/25V. 47/25V Sp; 100/25V 
9p; 220/25V 14p; 470/25V 72p; 1000/25V 30p. 

Tantalum bead 
0.1/35V, 0.22/35V. 0.33/35V. 0.47/35V. I/35V 12p; 2.2/25V, 4.7125V. mr2sv 20p; 
22/16V, 4776V 27p. 

-Ceramic diac type. Sold in packs of 5.per value. 199 per pack. npF le &Olaf 

lk LS Tn. 
IMO 18 
1001 IS 
LSO2 II 
LSO4 18 
LSO8 25 
LSIO 28 
1S13 50 

1514 
LS20 
LS30 
LS32 
LS42 
LS73 
LS74 

ISCtie118 IUI 

LS7
5 

LS6 
7 

LS8 
7 

LS8
3 

6LS
8 

LS9
0 

LS9
3 

euseese ss 

LS12
3 

LS
 

12
5 

LS32
 1 

LS36
 1 

LS13
8 

1013
9 

7 LS
I5 

ssatu lep 

LS61
 1

105
 

L6S1
4 

110
 

1S17
4 

110
 

SL24
4 

170
 

LS36
5 

70
 

LS26
6 

70
 

1.S3
87 

20
 

ew 28 Page Catalogue 
- vastly extended range 

Please send 28p in stam a s 

SOCKETS 
Texas 

18,1 
14 pin 
16 pm 
100 Solderc on pins 
TOS or 7018 skt 

TRANstsTOng 
AC128 e • BC182L 10 BF244B - 31 274108 
AC176 5 BC1841. 10 BFX29 75 ZTX300 
00161 48 BC212L 10 EIFT50 a 262389 
ADI62 48 FIC2141 1114 BFY51 23 242848 
BC107 10 BC478 38 MJ2955 9% 263053 
BC100 18 BC547 18 TIP31A 45 243055 
BC108C 12 BC548 111 TIP324 45 263702 
BC109 111 FIC549 18 TIP41A 114 263704 
8C109C 12 00131 a 11P424 IS 263819 
BC148 IS BD132 38 T1P2955 80 263904 

ouT NOW 9lC178 70 18 17 18 00140 0139 34 71P3055 S 243905 
a 277007 a  ,2654511, 

REGuLAToRs 
18105 

OP 781.12 
10p 78L15 
12p /805 
841 7812 
159 4. 7615  

20 
00 
36 
so 
so 
so 

7905 
7912 
7915 
LM723 
LM3177 
1M323K 

65 
65 
65 
40 

110 
9111 

ue. Official orders we come from schools, colleges, etc. 

12 
14 
17 
45 
23 
50 
9 
9 

20 
10 
10 

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

HOME SECURITY SYSTEM 

Frightened of losing your baubles? Are you worried that your 
precious ETI projects will go missing during the night? Build 
the ETI Watchdog Home Security System and save yourself 
some anxiety. Our cunning little unit features burglar, fire 
and ' panic button' operation, with automatic switch-on and 
entry delays and an alarm that automatically turns off after a 
fixed period to conserve the battery. Because of the latter 
feature we've thrown in an alarm recorder LED, in case 
you're troubled by the sort of person who leaves no trace 
that he's been rifling through your whatsits (industrial 
espionage?) This Ni-Cd-powered project also has a built-in 
battery charger so the unit is always ready to cope with 
nocturnal visitors during power cuts. 

GRAPHIC EQUALISERS 

The latest circuit design feature from Tim Orr, our man of a 
thousand circuits. Next month he's making uplifting 
comments and cutting remarks on the subject of frequency 
spectrum modification. As usual there'll be lots of circuit 
suggestions and design equations, together with a special 
section on winding your inductors. 

FROM VOCALS TO VINYL 

What is the secret of the black LP? What mysteries lurk 
hidden within its grooves? Next month we examine the 
record-making process that results in all 
that beautiful music coming out 
of your hi-fi. Follow the audio 
signal from the 
singer's mouth to 
your favourite LP. 

ON 
'' TUNING 

SENSITNITY BALANCE EVE L NOISE CA AP 

NORSE 

PULSE 

• • • 
ETI 'um CLAP SYNTHESIZER 

CLAP 

SPACE 

LOOK OUT FOR 
THE AUGUST ISSUE 
ON SALE JULY 3rd 
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HAND CLAP SYNTHESISER 

Musicians who need to play their instruments and clap along 
to the beat, but by some quirk of nature have been blessed 
with only two hands, will find a solution to the problem in 
next month's ETI. This unit has a manual input socket for 
connection to a footswitch, and a microphone input so it can 
be triggered from a snare drum, for example — each input 
pulse triggers a synthesised clapping sound, the parameters 
of which can be adjusted with the front panel controls. 

FLASH SEQUENCER 

This unit is for those people who want to flash repetitively 
after a suitable stimulus. The Flash Sequencer has thyristor 
outputs which trigger up to 10 flashguns, one after another at 
a preset rate, commencing a preset time after the initial start 
pulse. The sequencer can be either light- sound- or shutter-
activated and a row of LEDs display the output pulses for 
setting-up purposes. Now's your chance to take all those 
unusual photographs you normally see only in magazines. 

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

itizeneBand 
Citizens' Band magazine, currently the country's 

leading CB publication, is looking for another person 
to join the editorial team of this new and exciting 

monthly magazine. 

Prospective applicants should ideally have some 
journalistic training and a good working knowledge of 

radio and electronic theory is essential. 

The job involves a fair amount of practical testing and 
assessment of equipment plus the day-to-day editorial 
work necessary on a monthly magazine. The ability to 

work unsupervised and upon initiative would 
therefore be an advantage. 

Prospective applicants should send a full CV to:-

Citizens Band (Dept L1) 
Modmags Limited, 

145 Charing Cross Road, 
London WC2H BEE. 
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NEW QUAD 
SPEAKER 

It's finally here — the long-awaited 
successor to the Quad Electrostatic. 

M. Burroughs examines the 
revolutionary concept behind this 

new arrival on the hi-fi scene. 

I
t's widely accepted that one of the best speakers on the 
market for the last 25 years has been the Quad Electrostatic. 
Yet Quad have remained in the unusual position of having a 

'range' of one, disdaining the usual practice of hi-fi manufac-
turers who sell speakers with varying power and quality. The ad-
vent of a successor is therefore something special, and Quad 
have been security-conscious and secretive prior to the launch 
(although your ever-vigilant ETI spy managed to scoop the 
world with a sneak photo last month). 

What is it that's so special about electrostatic speakers? 
Although research on them took place long before Rice and 
Kellogg invented the moving coil loudspeaker, the latter design 
has dominated the industry, and the market, since the earliest 
days of hi-fi. Despite the problems inherent in moving coil 
designs — cabinet resonance, cone stiffness and stored energy, 
for example — electrostatic speakers are few and far between. 
Why is this? 

Charge Of The Light Membrane 
The basic design of an electrostatic loudspeaker involves 

placing a thin, light, electrically-charged membrane between 
two electrodes. The electrodes are 'acoustically transparent' 
(they've got holes in them), and when a signal is fed to the elec-
trodes the changing electric field set up between them causes 
the membrane to vibrate in sympathy, generating the sound 
waves. There are many advantages in this arrangement. The 
membrane is being driven at every point on its surface, so it has 
no need of stiffness and can be made extremely light. This in 
turn reduces the stored energy and improves the high frequency 
characteristics. No cabinet is necessary, so resonance problems 
disappear. Nevertheless, the design and manufacture of elec-
trostatic speakers is still quite tricky. 

Moreover, until now even electrostatic designs have had to 
achieve the desired dispersion characteristic over the whole fre-
quency range in the same way as moving coil speakers; by using 
several drive units of similar or varying sizes, with or without 
crossovers. It is in the solution of this problem that the Quad 
ESL-63 breaks totally new ground. 

The Plane Truth 
The concepts behind the ESL-63 were described by Peter 

Walker in his paper, 'New Developments In Electrostatic 
Loudspeakers', presented to the 63rd Convention of the Audio 
Engineering Society in Los Angeles in May 1979. The starting 

point for the theory is the fact that the ideal loudspeaker would 
be a small pulsating sphere; this is not practical as a design, 
especially at reasonable power levels, because impossibly high 
pressures are required. However, we can achieve the next best 
thing, as follows. The sounds emitted from the ideal source take 
the form of expanding spheres of pressure waves. If we take an 
imaginary plane some 30 cm from this source and perpen-
dicular to the line joining the source and the observer, it can be 
easily seen that sounds appear at the plane as a series of con-
centric waves radiating from the centre and getting weaker. The 
analogy can be made with a stone thrown into a pond, creating 
expanding ripples which die away with distance. 

The next step is to replace the imaginary plane with a real 
surface, and remove the ideal source. If the plane surface can 
be made to vibrate so that it reproduces this pressure pattern, an 
observer will hear the same sounds as he would if he was listen-
ing to the ideal source itself. 

Although the complete mathematical treatment would be 
out of place in an article such as this (besides which, I don't 
understand all of it myself!), the final equation has important 
implications for the designer. If the outer electrodes of an elec-
trostatic speaker are a distance 2d apart and E is the initial 
polarising voltage on the membrane when central, then a cur-
rent I into the speaker terminals will produce a pressure at a 
distance r from the speaker equal to 

E. . 1 
— — — d r 2'g c 

Instead of the usual complicated equations (which generally 
have to be evaluated by approximation, even for simple 
shapes), we have a simple expression for the sound pressure at 
any point which involves only two electrical quantities and two 
distances, and is independent of frequency, shape or area. Thus 
the performance of such a loudspeaker depends entirely on the 
currents in its electrical circuits, and these are not circuit 
analogies of mechanical and acoustics' -ystems but real (albeit 
complex) circuits, which can be tailored as required. 

Of course, the final loudspeaker must be of finite area 
(unless you live in a TARDIS), so the discontinuity at the edge 
will generate interference waves and a fall in response at low 
frequencies (due to the missing radiation beyond the boundary). 
But the equation shows that such acoustical problems can be 
corrected 'merely' by adjusting the electrical currents. Further-
more, the speaker is only called on to reproduce the sound 
waves as found some 30 cm from the ' ideal source', so the 
generation of high pressures is not necessary. 
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 FEATURE 

Fig. 1 The principle behind the Quad ESL-63. The air pressure pattern in a 
plane some 30 cm from an 'ideal' source (top) is reproduced by a membrane 
(bottom). To an observer the sound is the same in both cases. 

Practice Made Perfect 
In practice the Quad ESL-63 fulfils the theoretical design re-

quirements by using two sets of concentric annular electrodes. 
The signal from the amplifier is fed to these electrodes via a 
series of delay lines, thus producing the ' ripple' pressure pattern. 
The interference waves mentioned above appear as reflections 
in the delay lines; modifying the delay line to remove these 
reflections also eliminates the interference waves. The result is 
totally homogeneous sound source, phase true and without any 
of the faults associated with standard speaker designs. 

Since the ESL-63 is a dipole source (the wags at Quad have 
nicknamed it FRED — Full Range Electrostatic Doublet), it has a 
figure-of-eight sound dispersion pattern and radiates no energy 
in the plane of its diaphragm. By placing the speakers at an 
angle to the walls of the room, excitation of both horizontal 
axial modes is 3 dB less than with an omnidirectional source; the 
vertical modes are discriminated against. Reflected sound is 
reduc ed to give improved localisation of the stereo image. 
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Two protection circuits are fitted to the speaker, one limits 
the maximum input voltage to the loudspeaker and the other 
shorts the signal out if a fault condition is detected (don't use 
these speakers if your amplifier isn't short-circuit protected!). 

Quad seem to have taken rather more effort over the styl-
ing of the ESL-63 than with their previous design, and you won't 
have to worry about the wife refusing to have them in the living 
room. 

Well Developed 
Development of this speaker has taken 18 years (that's 

right, ESL-63 stands for Electrostatic Loudspeaker 1963). Has it 
been worth the wait? As yet we've not been able to listen to a 
pair, but the frequency response shown in Fig. 3 is pretty im-
pressive. Quad are certainly giving the ESL-63 the Rolls-Royce 
treatment; initial launch is to be through 'a small number of 
Quad dealers selected for their ability to demonstrate the 
outstanding qualities of the loudspeaker'. Customers will be 
allocated a pair of serial numbers and an anticipated manufac-
turing date. At £1 ,000 a pair (including VAT) the Quad ESL-63 is 
strictly up-market, but if you enjoy your music and have the 
money to spend, a trip to your nearest Quad dealer could be 
well worth the effort. 

Dimensions 

Weight 

AC Supply 
Impedance 

Sensitivity 

Maximum Input 

Maximum Output 

Directivity Index 

Axis Band limits 
(Low level) 

SPECIFICATIONS 
Height 92.5 cm 
Width 66 cm 
Depth 27 cm including 15 cm base 

Nett 18.7 kg 
Gross 23 kg 
240/200 V/120/100 V/50-60 Hz/5 VA 

8 R nominal 
1.5 ubar/V referred to 1 m 
(ie 86 dB/2.83 VRms) 
Continuous input voltage 10 VRMS 
Programme peak for undistorted 
output 40 Vp, 
Permitted peak input 55 Ve„ 

2 N/m2 at 2 m on axis 
125 Hz 5 dB 
500 Hz 6.4 dB 
2 kHz 7.2 dB 
8 kHz 10.6 dB 
—6 dB at 35 Hz third order 

—6 dB>20 kHz 

Fig. 2 (Right) Block diagram of the 
speaker, from the centre outwards; 
the black rectangles are cross-
sections through the annular 
electrodes. The audio signal is fed 
directly to the innermost electrode, 
but passes through successive 
delaylattenuation circuits on its way 
to the outermost electrodes. 

Fig. 3 (Below) The frequency 
response of the Quad ESL-63; this is 
pretty flat! 

ELECIRICAL 
DEL•v 
ATTOREATION 
CIRCUITS 

10.111 

,111,1• 
2011 101 
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ELECTRONICS IN 
SUBMARINES 
As a weapon, the submarine gives immense power to its controllers as 
it cruises silently beneath the waves. David Chivers explores its 
applications, shortcomings and future possibilities as the modern 
creature of the deep. 

T
he first submarine invented for militafy purposes was the 
'Turtle'. This vessel, the creation of David Bushnell (1742-
1824) carried a 150 lb explosive charge for attaching to 

the keel of an enemy ship. The first submarine attack was made 
during the American Civil War when the Confederate ship 
David damaged the USS New I ronside and started a new age of 
modern warfare. Of course any submersible is of no great 
military use without suitable weaponry. The earliest weapons 
were explosive charges projecting from the submarine on a 
spar. These were laid against the target, and it was hoped that 
the submarine would be at a safe distance when the explosion 
occurred. Static explosives used in this way became known as 
mines while the first automotive torpedo was produced in 1868 
by Robert Whitehead. 

Whitehead's torpedoes were originally fired from ships and 
the first sinking claimed for the torpedo was in 1878 when two 
Russian merchantmen sank a Turkish steamer. However, in 
1885 torpedo tubes were fitted into a submarine and though re-
maining a useful weapon in smaller surface vessels, it is in the 
hands of the sub-mariner that the torpedo comes into its own. 
By 1914 the British 21" torpedo — still the standard gauge — 
could cover 6,000 m at 40 knots. 

The First World War 
It was not the British, but the German torpedo which was to 

have the most drastic effect in the First World War. Being 
dependent on her sea lanes for raw materials Britain was — and 
still is — vulnerable to siege by submarine. Here the submarine 
was being used not simply as a naval weapon, but as a strategic 

HMS Invincible, an ASW cruiser. The ramp near the bows is for launching Sea Harrier jump jets. 
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weapon. The first torpedo attack from a submarine was made 
by U-15 which fired a torpedo at HMS Monarch. The torpedo 
either failed to reach its target or failed to detonate. After the 
outcry in the US over the sinking of the Luisitania on 7th May 
1915, with the casualties including 143 US nationals, the Ger-
mans called an end to unrestricted submarine warfare. 
However, in 1917 the German High Command calculated that if 
submarines were once again allowed to attack all vessels in the 
North Atlantic, Britain would be forced to surrender within five 
months. Although the resumption of unrestricted submarine 
warfare brought the US into the war, losses ran at 800,000 tons 
per month and Britain came close to collapse — Admiral Jell ico 
gave Britain until July 1917 before food ran out. On 10th May, at 
the insistence of Lloyd George, ships were being sent in pro-
tected convoys and the results — both in reduction of losses, 
and gains in submarines destroyed — were spectacular. 
Although eight million tons of shipping had been lost by the end 
of that year, Britain survived. 

Sound Developments 
Another development emerged from the experience of the 

First World War — Asdic, developed by an Allied scientific 
committee from which it took its name. The principle was sim-
ple — a short pulse of high frequency sound is radiated from a 
sonic transducer. Any large dense object close enough to be 
detected reflects the pulse which is picked up by an array of 
hydrophones. The time taken for the pulse to be reflected is an 
indication of the distance of the object. The development of 
this simple idea became known later by its American name — 
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All these 
advantages... 

• Instant all-weather starting 
• Smoother running 
• Continual peak performance 
• Longer battery & plug life 
• Improved fuel consumption 
• Improved acceleration/top speed 
• Extended energy storage 

..in kit form 
SPARKRITE X5 is I f waiga 1)1..1.01111,11111. ti ( 111,1111V ' tutu, 

discharge elect roilic ignition system l'initpt,r lit,, t ID • rihrt tit o 
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reliable Asserbbly ily 7 I .'. 11111 S.11111 111.4,111.111,1, 
even less clue to the , pat. on' e.isy titi,,''; 

The superb technical desk in * if 1111. 
Sparkritecircult elimoidespr . 11,1, ' cils of the 
contact breaker Then. is no mist e due 
contact breaker bounce which 
electronically by a p,ils siippiessioit 
circuit which proyutits ti,, Illot flf OM if it 
poiritS Ixonct. ()purl it 111,111 RPM 

Contact lei 411,1.1 1)11111 Ix. ill1111111:11141 
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Iwiludof tune. 

it,,, * pig In ; ir is Ili.. told tri. 
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Fits all 12 v negative-earth vehicles 
with coil/distributor ignition up to 8 cylinders. 

ge11.1 

I lit 1\11 (.E.A1PHISi St VI HY I HINGNFE DI D 
DO, essecl case Ready It died .111011111min extrude, 
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Roger Clark the world famous rally driver 
says"SparIcriteelectronic ignition systems 
are the best you can buy" 

HIGH PERFORMANCE 
ELECTRONIC IGNITION 

Electronics Design Associates, Dept. ETI/7 
2 Bath Street, Walsall WS1 3DE 
Phone: (0922) 614791 

I Name 

111 I. ACCESS OR BARCLAY CARD No. 

Address   

Phone your order with Access or Barclaycard 

Inc VAT and PP QUANTITY REO'D 

X5 KIT £16.95 
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noscom 
.... Computing for everyone 

Nascom products, designed and built in Britain, are now backed by Lucas one of 
Britain's foremost industrial companies. This is a vindication of the innovative 
design of the Nascom computer and an assurance of its future. 

NASCOM-1 
Kit Price £125+ VAT 
Built Price 
£140 + VAT 

12"x 8" PCB carrying 
5L SI MOS packages. 
16 1K MOS memory 
packages and 33 TTL 
packages There is 
on board interface for 
UHF or unmodulated video and cassette or teletype 
The 4K memory block is assigned to the operating 
system, video display and EPROM option socket, 
leaving a 1K user RAM complete with keyboard 

NASCOM 2 
Kit includes all parts to build CPU 
board which has resident 8K microsoh 
BASIC and 2K NAS• SYS 1 monitor for 
machine code programming Included 
with kit Isa fully assembled LICON 
OWERTY SOLID STATE KEYBOARD 
specially designed to exploit the potential 
of the NAS•SYS monitor Other interfaces 
include video to monitor or domestic TV 
Kansas Coy standard cassette interface 
1300 1200 baudlor RS232 2OrnA teletype interface 
In addition to full character generator graphics ROM 
is provided waive BAS,C on board graphics capability 
System uses 280,,, which gives selectability between 
2 or 4MHz Nascent 2 Kit Price£225 VAT Power supply-3amp Suitable for powering of basic 
Ramon, i or 2 and memory expansion t32.50 • VAT 

NASCOM IMP PLAIN PAPER 
PRINTER 

The Nascom IMP (Impact Matrix 
Printer) features 
• 60 lines per minute • 80 
characters per line • Bi-directional 
printing • 10 line print buffer 
• Automatic CR LF • 96 characters ASCII set ( includes upper lower case, 5, t) 
• Accepts 8' ;" paper (pressure f eed) • Accepts 9',," paper (tractor feed)• Tractor/ 
pressure feed • Baud rate from 110 to 9600 • External signal for optional 
synchronisation of baud rate • Serial RS232 interface. (325 VAT. 

RAM BOARD 
SERIES B ramboard gives user option of 16K This board can be arranged in page 
mode to allow use of up to 4 with NASCOM 2. Boards are fully buffered but 
PAGE MODE facility is an optional extra. This card can be used 
at 4N1Hz without watt state. 16K £120 • VAT. 

NASCOM FIRMWARE 
CPU card can accommodate either 8K of Vatic memory or 8 2708 EPROMS, This 
allows for inclusion of standard firmware on board ASSEMBLER Version 20 of 
ZEAP 1Z80 Editor Assembler Packageloffers in 4K features found normally only in far 
larger programs. A comprehensive line editor is provided in addition to an assembler 
operating in standard Z80 mnemonics. Direct assembly to memory allows 
immediate program execution. ZEAP can take advantage of special features of RAS-
SYS, which was itself developed«, this assembler. Supplied on tape at £30.00•VAT. 
or in 4 x 2708 EPROMs at £50.00 • VAT DISASSEMBLER The RAS- DIS 3K dis-
assembler reverses the effect of assemblers such as ZEAP by turning machine code 
into assembler program. automatically labelling and cross-referencing to produce a 
complete program listing, saving hours of tedious hand disassembly when program 
analysis is required Supplied in 3 x2708 EPROMs at £37.50•VAT. DIAGNOSTIC 
PACKAGL NAS-DEBUG is a 1K addition to NAS-DIS which provides ffmarkable 
facilities for error elimination. including a full register display which may be edited by 
the cursor. An unusual feature is the provision for examination of the program in 
assembler as the machine single-steps through it. A second video page may be 
assigned to allow work on programs which use the screen A very powerful 
assembler-based system for program development could be realised on a 
NASCOM-2 with appropriate external memory by fitting the 8 ROMs containing 
ZEAP. RAS- DIS and NAS-DEBUG into the sockets on the computer board This 
system would function immediately on switching on, without needing programs to 
be loaded from tape. Supplied in a 2708 EPROM at £15.00 • VAT and must be 
operatedwith RAS-DIS. 

NAS•SYS 3. THE NEW OPERATING SYSTEM FOR NASCOM 2. Supplied in 
1 x 2716 EPROM NAS-SYS 3.s the latest in the current series of Nascom monitors 
and includes features such as adjustable keyboard repeat and cursor speed, full 
interrupt handling and a number of powerful routines and commands making this 
probably the most comprehensive 2K monitor ever written for a microcomputer 
£40.00 VAT 

TO BE INTRODUCED 

Programmable character generator board 
Programmable graphics colour board 
Twin floppy disk unit, double sided, double densIty 
with NASDOS or CPM 2 2 

WATCH IT!! 
Nascom products fully assembled and packaged in the near futur& 

Price 
IBA 
IBA 

IBA 

Please send SAE for list of distributors. 

Lucas Logic Ave 
Nascom Microcomputers 

Division of Lucas Logic Limited 
Welton Road Wedgnock Industrial Estate Warwick CV34 5PZ 

Tel. 0926 497733 Telex 312333 
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By using transistor switches in place of SW1 and SW2 and 
ensuring that they are driven by a fast symmetrical square wave 
between cut-off and fully bottomed conditions, the two signals 
applied are effectively 'shared' between the common output 
terminals. 

The essential features of a practical circuit are fast swit-
ching, clean waveforms with good rise times, reasonably high 
input impedance and low output impedance, independent 
amplitude controls on both signal channels, a shift function 
allowing signals to be superimposed or interchanged, negligible 
interaction or interference between channels and a good tran-
sient response. Another useful function, often incorporated in 
commercial units, is a method of allowing the oscilloscope to 
be externally synchronised or triggered from either channel 
signal by means of a switched Sync/Trig output. This is par-
ticularly useful when signals of differing frequency are under 
consideration. 

r-

( 

SIGNAL 1 

SIGNAL 2 

N. 

SQUARE WAVE SWITCHING SOURCE 

SIGNAL 1 

SAMPLING OF SIGNALS 1 & 2 BY 
SWITCHING SIGNAL. SIGNAL FREQUENCIES 
APPROACHING SWITCHING FREQUENCY 

SWITCHING 
SIGNAL 

\ SIGNAL 2 

/SIGNAL 1 

"DOTTING" EFFECT OF SAMPLING SWITCHING 
SIGNAL HIGHER THAN SIGNAL FREQUENCIES 

\ SIGNAL 2 

SEPARATION 
SHIFT & CRO 
Y GAIN CONTROL 

1 AMPLITUDE 
AMPLITUDE 

2 

SIGNALS AS VIEWED ON CRO SCREEN WHERE 
SWITCHING FREQUENCY IS SUFFICIENTLY HIGH 
COMPARED TO SIGNAL FREQUENCIES. 
PERSISTENCE OF HUMAN EYE AND CRT 
PHOSPHOR MAKE TRACES APPEAR CONTINUOUS. 

SHIFT 
CRO 

SHIFT 
CONTROL 

Fig. 1 Waveforms showing the operation of the beam switching urfit. 

Fig. 2 This simplified circuit shows the principle of operation. 

28 

This photograph is of a multi-channel display using two beam switching units 
feeding into a double beam oscilloscope. The scope is set to a Y amplifier 
sensitivity of 100 mVicm, and a sweep rate of 5 mslcm. From top to bottom 
the traces are: Channel 1 — 50 Hz sine wave; Channel 2 — 1 ms pulses 
derived from Channel 3; Channel 3 — 200 Hz square wave; Channel 4 — 
200 Hz sine wave. 

PARTS LIST 

Resistors (all 1/2 W, 5%) 
R1 5R6 
R2,5,6,7,16 1k0 
R3,4 47k 
R8,9 220k 
R10,11 10k 
R12,13 22k 
R14,17 100k 
R15 680k 

Potentiometers 
RV1 
RV2,3 

Capacitors 
C1,2 
C3,4 

Semiconductors 
Q1,2,5,6,7 
Q3,4 
ZD1 
ZD2 

5k0 linear wirewound 
100k linear wirewound 

470p mica or ceramic 
100n polyester 

BC Y70 
BC107 
BZY88 5V6 
BZY88 3V3 

Miscellaneous 
SPDT slide switch, coaxial sockets (4 off), case to suit 

SPECIFICATION 

Measured input impedance at 1 kHz 30k 
Measured output impedance at 1 kHz 7k5 
Maximum output (peak-to-peak) 2 V 
Sync amp gain at 1 kHz 3 dB (approx) 
Shift control allows 100% overlap without interaction 
Channel frequency response 

200 kHz — 3 dB 
350 kHz — 6 dB 

Supply 9 V DC ±",'5% 
Drain at 9 V 
Switching frequency 

28 mA 
25 kHz 
(approx) 
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FEATURE: Reader's Designs 

Here the output from a single beam switching unit is being displayed on a 
single beam oscilloscope. The Y amplifier sensitivity is 50 mV/cm and the 
sweep rate is 5 ms/cm. Channel 1 (at the top) is a 400 Hz sine wave; Channel 
2 is a 50 Hz square wave. No trace of 'dotting is evident in either picture. 

Final Design 
As may be seen from the specification, all the above 

features are catered for in the circuit shown in Fig. 3. The device 
is intended as a beam switching unit and not an oscilloscope 
preamplifier. In practice, the unit can be applied to Y amplifiers 
with sensitivities in the 50-250 mV/cm range, though it worked 
quite well outside this range, depending on the signal drive and 
channel amplitude setting. An average oscilloscope working 
sensitivity was found to be in the 100 mV/crin range. 

The construction of the unit is quite simple and neither the 
layout nor the DC supply are at all critical. In practice the unit 
should offer no problems. If a calibration signal is available 
from the oscilloscope the two channel inputs may be con-
nected to this source. The unit output is connected to the CRO Y 
input. The Y amplifier sensitivity can be switched to the 
100 mV/cm range (or nearest sensitivity) and RV2, 3 adjusted to 
give signals of reasonable amplitude. It should be possible to 
get approximately 2 V peak-to-peak with RV2, 3 at maximum 

V 

•9V 

o 

R1 
556 

RV1 201 
5k0 

SHIFT 
CONTROL 

2D2 

R6 
k0 

O 

NOTE 
01,25,6,7 ARE BCY70 
03.4 ARE BC107 
201 IS BZY88 SV6 
ZD2 IS BZY88 3V3 

setting before distortion sets in (the Y amplifier sensitivity will 
have to be adjusted to suit, eg 0.5 V/cm). 

The shift control, RV1, should allow the traces to be 
displayed one above the other or superimposed. There should 
be no discernible interaction between channels. The CRO Y 
shift allows both traces to be simultaneously moved up or 
down. 

By connecting the Sync/Trig output to the CRO external 
Sync/Trig input terminal (some oscilloscopes do not have this 
feature) and switching to external Sync/Trig with different fre-
quency inputs to both channels it should be possible to select 
synchronisation to either channel by means of SW1. 

The transient response is excellent, there being no discerni-
ble overshoot or droop even when displaying square waves and 
pulses having fast rise times (in the region of 200 ns). 

HOW IT WORKS 

Supply is from a 9 V battery or external power unit, the necessary 
voltage levels being obtained by zener diodes ZD1,2. Q1,2 form a con-
ventional multivibrator circuit, antiphase outputs being developed 
across collector load resistors R2,5. These outputs are DC-coupled to 
the bases of Q3,4, which are simply emitter follower stages. These pro-
vide low impedance output drive to the switching circuit, sharpen up 
the multivibrator waveform and also serve to isolate the signal swit-
ches from the switching source. The outputs from the emitter 
followers are DC-coupled to the switching circuits Q5, 6 (correspon-
ding to SW1,2 in Fig.2). These circuits are referred to a different DC 
supply level than the rest of the circuit, the common earth being ap-
proximately 3V3 negative to the positive line. This ensures that they 
are switched hard between the two extreme on/off conditions. Q5,6 
are connected in the inverted mode. The out-of-phase switching 
waveforms are applied to the base inputs, the transistors being alter-
nately switched on and off. The small transient spikes generated at the 
emitters due to the rapid switching action have no noticeable effect on 
the final CRT display. 

The signal inputs are fed via amplitude control potentiometers 
RV2,3, R12,13 to the emitters. The common output is taken from each 
emitter in turn via R10,11. Shift control is achieved by the application 
of a small change in DC voltage to the emitter of Q5. RV1, connected 
across the main DC supply, provides this bias via isolation resistor R14. 

The two signal inputs are also taken to the Sync amplifier Q7, R8,9 
providing isolation while SW1 allows the selection of the Sync/Trig 
signal from either channel. Q7 provides approximately 3 dB voltage 
gain, the output developed across R16 being AC-coupled to the 
Sync/Trig output via C4. R17 provides a discharge path and defines the 
Sync/Trig output. 

COMMON LINE 

614 
100k 

CRO 
OUT  o. 

FV3 
100k 

AMPLITUDE 
CONTROL 
CH2 

618 
1k0 

07 

Cd 
1009 

SYNC 
TRIG 
OUT 

R17 
100k 

Fig. 3 Diagram showing the final circuit. 
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'MICRON' may sound small — but we all know that it's much larger than an atom! 

micron 

The un—beatable features of Microtan 65 and Tanex have been brought together to give you Micron, 

a ready built and tested computer of outstanding value. Fully supported by comprehensive documentation, 

Micron represents an ideal starting point in personal computing. We've taken a full O.E.M. licence 

for Microsoft Basic, which means that you'll have the support of the most popular Basic available, 

(as used on PET, APPLE, TANDY etc.). If you want to expand Micron there's no problem, just move into 

the system rack and choose from the range of Microtan modules. Read the information, study what the 

magazines have to say about us and compare what we have to offer with other systems, then we feel 

sure that you'll be convinced that we've produced an excellent product. 

C1FULLY BUILT, TESTED AND CASED. 

06502 BASED MICROCOMPUTER. 

C1VDU ALPHA NUMERIC DISPLAY. 

08K RAM. 

032 PARALLEL I/O LINES. 

02 TTL SERIAL I/O LINES. 

01 SERIAL I/O PORT WITH RS232/20mA LOOP, 

AND 16 PROGRAMMABLE BAUD RATES. 

0300 / 2400 BAUD FILENAMED CASS. INTERFACE. 

CIDATA BUS BUFFERING. 

CUMEMORY MAPPING CONTROL. 

071 KEY ASCII KEYBOARD, INCLUDING NUMERIC 

KEYPAD. 

C1POWER SUPPLY INCLUDED. 

TANGERINE 
COMPUTER SYSTEMS LIMITED 

Forehill Works 
Forehill Ely Cambs England 

/e 
SOFTWARE  

O 10K EXTENDED MICROSOFT BASIC. 

O ALL THE USUAL BASIC COMMANDS. 

O INTEGER AND REAL NUMBERS. 

O INTEGER AND REAL ARRAYS. 

O INTRINSIC FUNCTIONS: ABS, INT, RND 

SGN, SIN, SQR, TAB, USR, ATN, COS 

EXP, LOG, TAN. 

O USER DEFINED FUNCTIONS. 

O READ AND DATA STATEMENTS. 

O DUMP AND LOAD PROGRAMS. 

O PROGRAM EDITING COMMAND. 

O STRING FUNCTION FOR TEXT I/O. 

O BASIC CAN CALL MACHINE CODE SUB— 

ROUTINE. 

O USER MACHINE CODE INTERRUPT HAND— 

LER INTERFACES WITH BASIC. 

O XBUG. 

O DATA CASSETTE FILE HANDLING IN BASIC 
\,  

Tel: (0353)3633 
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microtan 65 

The Microtan system is rapidly becoming accepted as the ultimate approach to personal computing. Start 

with Microtan 65, a 6502 based single board computer, and expand to a powerful system in simple and 

in—expensive stages. The Microtan system is a concept and not an afterthought, this means expansion 

is easy and very efficient! Unlike many other systems, you'll find it difficult to outgrow Microtan, 

and you won't be wasting your money on a product that will only last you a few months! When you are 

ready to expand, Tanex is waiting. The features offered by Tanex are tremendous, and you can start into 

them for just £49.45! Cassette interface, 16 I/O lines, two 16 bit counter timers, data bus buffering, 

memory mapping and a further 1K of RAM are standard. From thereon expansion is simple, just plug in 

extra integrated circuits to get yourself 8K of RAM, a further 16 I/O lines and two more counter timers 

a serial I/O line with RS232/20mA loop and full modem control, XBUG — a firmware package containing 

cassette file handling routines, plus a line—by—line assembler ( translator) and dis—assembler, PLUS 

10K EXTENDED MICROSOFT BASIC, a suped—up version of the Basic as used by major manufacturers such as 

Apple, Tandy and Nascom, NO OTHER LOW COST MICROCOMPUTER OFFERS YOU THIS SUPERB PACKAGE. O.K. so you 
want more memory, try Tanram for size! Upto 40K bytes on one board starting for as little as £50.60. 

RAM freaks will be pleased to hear that our system mother board offers page memory logic which will 

support 277K Bytes, satisfied? To house these beautiful modules you can choose between our mini— rack 

(as used on Micron), which accepts Microtan and Tanex, or our system rack pictured above. The system 

rack will support 12 modules. What are these extra modules? Well for starters there's a couple of I/O 

modules, parallel and serial offering upto 128 I/0 lines organised as 16 8 bit ports and 8 serial I/O 

ports respectively. Shortly we'll be introducing high definition ( 256x256) colour graphics, A to D 

and 0 to A modules, IEEE 488 Bus interface, a PROM programmer, disc controller and TANDOS — a 6502 CPM 

system. So there's plenty to keep you busy. Send for more details, and find out how you can get started 

for just £ 79.35! ALL PRICES QUOTED INCLUDE V.A.T. 

'AIM 65, KIM 1, SIM 1 USERS- READ ON!  

We have produced a T.V. interface module which simply 

connects to the expansion socket of your computer and 

produces a display of 16 rows by 40 characters! Of evcr, 

more interest will be our Buffer module, which allows 

you to expand into our system rack, giving you access 

\ to the full range of Microtan modules. 
 ./ 

Please underline the information required. 

AIM T.V. INTERFACE. MICROTAN SYSTEM. 

NAME: 

ADDRESS: 

PLEASE ENCLOSE 12p STAMP. THANK YOU. 
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 FEATURE 

SOLAR ENERGY 
One of the many proposed solutions to the energy crisis has been the 
direct production of electricity by solar cells. In this article Dr. I. 
Berkovitch takes a look at the progress in this field. 

D
irect generation of electricity by solar cells is attrac-
tive because they create no material or noise pollution; 
have no moving parts needing maintenance; can be 

made in modular form, delivered to site; and do not consume 
fossil fuels. Then why are they not more widely used? The ob-
vious answer is based on their cost. In remote places on earth, 
or in satellites, the consideration of first cost is outweighed by 
other issues. But for 'normal' use they will have to become 
much cheaper. 

Opening the solar electric session at a recent conferencel 
T. J. Coutts and R. Hill quoted current estimates of the US 
Department of Energy as being $7000/kW of generating 
capacity for solar cells against about $1000/kW for fossil fuel 
fired generating stations. It is thought that solar cell systems 
will become competitive at around $2000/kW in about six 
years because of inflation in the costs of fossil fuel sources. Of-
ficial estimates are based on the assumption that this reduc-
tion in cost will be achieved and that the solar cell industry will 
be producing 2 GW per year by the year 2000. Eventually they 
are expected to contribute up to 30% of US electricity and to 
be supplying a world market of several tens of gigawatts. 

An industry on this scale will obviously need large sup-
plies. Table 1 therefore summarises the principal solar cells 
under development and gives estimates of the mass of rare 
element needed in each case per gigawatt per micrometre 
thickness assuming 10% conversion efficiency. After con-
sidering these figures against estimates of world reserves, 
Coutts and Hill have concluded that thin film devices are like-
ly to be essential. Of these, only the amorphous silicon cell 
and the thin CdS-Cu2S or CdZnS-Cu2S cells will be free of 
serious problems of material supply. 

Autonomous Systems Or 
Connected To Grid? 
Where primary solar electric generation is already used in 

autonomous units, it needs built-in storage for times when sun-
shine is poor or absent. In areas where there is a grid available, 
the solar generator can be connected to the grid — 
eliminating the need for storage since the grid can be drawn on 
to meet excess load and can accept surplus output. These may 
be called contributory systems; they have their own problems. 
P. R. Wolfe estimated that in the Middle East a community of 
50 houses could run basic internal and street lighting, a 
refrigerator, educational TV and a shallow well pump from a 3 
kW (peak) solar array. Built as a decentralised system to reduce 
transmission losses, this system could use existing roof areas. It 
needs from 13 to 20 sq m per kW and would best be used with 
DC appliances. Storage adds to the costs and whether this 
system or connection to a grid is adopted depends on the com-
parative economics of installation and operation. Current com-
parisons are shown in Fig. 1. 
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ANNUAL EXPENSE 
(AMORTIZATION • 
RUNNING COSTS) 

PRIMARY 
BATTERIES 

TRANSMISSION LINE 

Fig. 2 Block diagram of the 
microprocessor converter 
optimiser proposed by El-
Hosseiny Taha El-Shirbeeny. 

Fig. 1 The comparative costs of 
providing electrical power at 
remote locations. Below a 
certain output power, solar 
energy is cheaper than any of 
the alternatives. 
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MAIN 
ENERGY ENERGY 
STORAGE 
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When a grid is available, and the system connected to it, 
Wolfe still recommends localised rooftop systems rather than 
'unimaginative' major stations covering acres. In the UK an. 
average 50 sq m of area on the roof is reckoned to be able to 
generate an average of 10 kWh/day, and new buildings could 
be designed to take solar arrays on the roof. Each individual 
user will then need to have a power conditioning unit with two 
functions. It 'conditions' the output from the sola‘ array so 
that it operates continually at optimum efficiency; it also con-
verts the DC to AC with a suitable waveform for direct connec-
tion to the grid. Efficiencies of over 90% are expected for 
microprocessor-controlled units. These contributory systems 
are seen as the secondary stage of development of solar elec-
tric equipment. Solar costs relative to fuel costs have already 
fallen fast and they are expected in due course to make con-
tributory systems viable in terms of fuel saving alone. 

A microprocessor-based converter optimiser has also 
been proposed by El-Hosseiny Taha El-Shirbeeny as a 
minimum-cost solution to meet criteria for reliability, con-
tinuity and quiet switching. Figure 2 shows a diagram of his 
converter system and Fig. 3 is a block diagram of the hardware. ..0. 
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Most of the work is done in three interrupt service 
routines — the control program, the computation program 
and the display program. The routine for the control program 
is shown in Fig. 4. The analogue output voltage and current 
from the photovoltaic converter are measured, the converter 
power computed and compared with the optimum limits. The 
manual mode is then checked. If it is not requested, the op-
timiser uses the electronic switching to connect the load cir-
cuit. 

The Solar Power Satellite 
The most ambitious of all solar power projects is that of 

the solar power geo-stationary satellite. To many people the 
concept seems like a bit of science fiction. Yet all the serious 
assessments have led to the conclusion that it is technically 
feasible, economically viable and can be realised in practice. 
The essence of it is converting solar energy into electricity in 
space, where much higher insolation levels are available than 
on earth, then transmitting the energy to earth under control. 

First proposed by Dr Peter Glaser in 1968, the Solar Power 
Satellite (SPS)2 has since been the subject of major studies, 
notably by the US National Aeronautics and Space Ad-
ministration (NASA). The latest evaluation programme has 
covered 

• system definition 
• societal assessment 
• environmental assessment 
• comparative assessment 

A baseline reference system has been adopted by NASA 
to form a common design basis for assessments. This is a 50 sq 
km array of solar cells placed in geo-stationary orbit, conver-
ting solar energy into DC electricity, and then to a microwave 
signal at 2.45 GHz, directed in a beam to a ground receiving 
station. There it is absorbed by an array of dipole elements in a 
receiving and rectifying antenna — known as a rectenna — 
and converted to low frequency AC (Figs. 5 and 6). 

R. M. Shelton and R. A. Henderson summarise the conclu-
sions of a major symposium on the subject in April 1980 as in-
dicating that there are no 'show-stoppers' in any area; SPS is a 
serious contender for consideration in future energy 
scenarios, but of course it will need a truly operational and 
economic space transport system. 

British studies have led to the view that there are big op-
portunities for UK industry in the concept; but it would all 
have to be on so large a scale that government support would 
be essential, a national organisation would need to be created, 

Fig. 3 Hardware block diagram of the microprocessor converter optimiser. 
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and the activity would have to be part of a European contribu-
tion. It was thought that 20 to 30 years would be necessary to 
realise SPS but we need a shorter-term target. "What is re-
quired" write Shelton and Henderson " is a project capable of 
realisation in 5 - 10 years in which the technologies and 
capabilities necessary to contribute to SPS can be aquired and 
developed." 

Would the project really be economic in the conditions of 
UK and Western Europe? P. Q. Collins and R. Tomkins have 
used the NASA reference design to examine the cost implica-
tions taking into account load factors, reliability, system plan-
ning and integration, rectenna siting and transmission. They 
comment that since this is a space project, most of the work on 
it has been done by the space industry. Their own estimates 
start by taking the average works cost of electric power 
generated by nuclear plant (the cheapest) as 0.9p/kWh in 
1978/9. The maximum prices that could be paid for microwàve 
'fuel' to meet this target at 90% and at 70% load factors are 
shown in Table 2. 

What would now be useful would be for the utilities 
themselves to evaluate the cost of building and operating a 
rectenna, in order to make their own assessments of the max-
imum 'fuel' cost for the microwave energy. 

In addition to cost there will also be the problem at the grid 
interface of variation of output. There will be long-term factors 
including deterioration of solar cells and other components, 
and shorter-term ones due to such factors as ionospheric scin-
tillations. For shorter-term levelling, proposals examined have 
included using batteries, flywheels, superconducting magnets 
where the magnetic field acts as the store, electrolysing water 
for hydrogen production and storage or even load control 
schemes where tariffs would reflect the inconvenience of inter-
ruptible supply. 

Hydrogen production is considered the cheapest form of 
load levelling if hydrogen were needed for making fuel (accor-
ding to R.V. Gelsthorpe and R. H. Swansborough); but if the em-
phasis were on electrical power directly, then batteries would 
be favoured. Hydroelectric pumped storage is seen as a longer-
term levelling option. Conventional generators would be need-
ed in any case for stand-by duty. Overall, there is a general air of 
optimism that photovoltaic methods will be contributing in-
creasingly in the near future to our power needs. 

Fig. 4 Software flowchart for the control program — one of the three 
interrupt service routines used by this system. 
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FEATURE : Solar Energy 

Semiconductor(s) 
Involved 

Type of Cell 
Rare 

Element 
Density „ 
(Kgm m"-') 

Maximum 
Recorded 
Efficiency 

Mass of Rare Element 
Required per GW** 

per urn Thickness (tonnes) 

 Mode of 
Operation 

Si single 
crystal 

2200 18 22 Flat plate 
or low 

amorphous 
thin film 

6 concentration 

CdS/Cu2S thin film Cd 8650 9 67.3 Flat plate 

CdS/InP single 
crystal 
InP 

Cd 
and 

8650 14 67.3 Only feasible 
with concent-

ration 

all thin film In 7310 5 57.6 

IT0*/InP single 
crystal 
InP, thin 
film ITO 

In 7310 14 57.6 Only feasible 
with concent-

ration 

CdS/CuInSe2 thin film Cd 8650 6 67.3 Flat plate 

In 7310 24.9 

Se 22.5 

CdS/CdTe thin film Cd 8650 6 107.8 Flat plate 

Te 6240 33.2 

GaAs/Ga.„Ali.As+ single 
crystal 

Ga 6095 23 37.1 Very high 
concentration 

thin film . 5 flat plate 

* * 

ITO = Indium Tin Oxide 
Based on assumed 10% efficiency 
x taken as 0.2 

References 
1. 'Future Energy Concepts'. 3rd International Conference. 
Organised by the Institution of Electrical Engineers, in associa-
tion with 17 other institutes and associations of engineers, 1981. 
2. Glaser, P. E. ' Power from the sun: its future'. Science Vol. 162, 
Nov. 22, 1968. 
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Fig. 5 A major disadvantage of the 
Solar Power Satellite is the large size 
of the rectenna. The graph shows 
the long axis as a function of 
latitude. 

Fig. 6 Structure of the receiving and 
rectifying antenna - 'rectenna'. 

ETI JULY 1981 

ae SAFETY ZONE 

RECTENNA 

LATITUDE 

OPEN-SCREEN 
GROUND PLANE 

Table 1. Principal solar cells under development. 

(P. Q. Collins and R. Tomkins) 
Maximum rectenna fuel' cost for base load operation 
Capital Cost Operating Cost Target Cost Maximum Fuel Cost 

90% 70% 90% 70% 
Load Factor Load Factor 

200 E/kW 
300 
400 
500 
600 

.08p/kWh .10p/kWh .90p/kWh 

.11 .15 .90 

.15 .20 .90 
19 .24 .90 
.23 .29 .90 

.82p/kWh .80p/kWh 
79 .75 
.75 70 
.71 65 
.67 61 

Table 2. Operating costs for the rectenna. 

LOW POWER DENSITY 
MICROWAVE BEAM 

RECTIFYING ANTENNA 
10km et 13km AT 35 LUT 

ffltiSumm..  

41r-

ETI 

35 



Quality support for: ATOM, ZX80, 
ZX81 

Cassettes 
ZX80 ACTION! 2 games for £4!! 

o / <— 

Flicker-free action games for your ZX80. Only 1K RAM 
needed, and the original (4K) ROM. Hours of fun. 

Cassette C80A: BRKOUT ... ACK-ACK £4.00 
Cassette C80B: SHELL GAME ... INVADERS £4.00 

ATOM CASSETTES: s.a.e. for list 

Books 
The ZX80 Magic Book 
NOW WITH 8K ROM/ZX81 SUPPLEMEKT. 
Definitely worth a place on your bookshelf. Includes 
games programs as well as hardware and software in-
formation and circuits for RAM and I/O. £4.75 

The ATOM Magic Book 
A must' for every Acorn Atom user; contains a wealth of 
games and other programs and much useful hardware 
and software information. £5.50 

Making the most of your ZX80 
Getting acquainted with your ZX81 
Two superb books by Tim Hartnell. 

TIMEDATA LTD. 
57 Swallowdale, Basildon, Essex 

£6.95 
£4.25 

• 

S & M (ANGLIA) LTD. 
SPECIAL THIS MONTH due to bulk 
purchase direct from country of 
origin: 

* Digital Multimeters from £20. 
* Digital Car Tune-Up Kits. 
* Electronic Speed Alert. 
* CB Accessories. 

Trade enquiries welcome. Special terms for new 
businesses. Monthly delivery free. No extra 
charge. 

Please rush me a FREE catalogue and further deiails. 

Name  

Address  

ETI.7.81 

& M (ANGLIA) 
LTD. 

QUEEN SQUARE, HAVERHILL, SUFFOLK 
Tel. 0440 61419. Telex 995801 GLO TLS8 
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Need 
technical 
advice? 
TAP 

could help. 
T.A.P—The Technology Advisory Point, 

has been set up by the Department of 
Industry to help industry improve its per-
formance by taking advantage of the vast 
range of technical information available in 
this country. 

If you have technical problems which 
cannot be dealt with " in house"-phone T.A.P 
and we will put you in touch with the organi-
sations best suited to tackle your problems. 

When the expertise is not available in 
our research establishments, our network of 
contacts enables us to put you in touch with 
an appropriate group. 

We have an extensive register of tech-
nical facilities and expertise in the U.K.and 
an up-to-date knowledge of R.& D. projects 
currently being investigated in Government 
and University laboratories. 

Our Service is fast ... and free. Ring 
T.A.P and ask for Ian Melville or Dick Vance 
on: 0689 72918.0r send off the coupon. 

r-- - - - - - - - - - - - - - 
Please send me more information about T.A.P. 

Name  

Address   

Department of Inclustq. 
Station Square House. 
St. Mary Cray. 
Orpington. 
Kent BR5 3RF. TAP 

Tbchnology Advisory Point 

L_ _ _ _ _ _ _ _ _ _ _ _1 
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194/1é"rreelt  1 1 is 
A. MARSHALL ILONDON1 LTD. 

KINGSGATE BOUSE 

KINGSGIATE PLACE 

LONDON NNS4TA. 

MAIL ORDER 01.5245442 241.1R SERVICE 
INCHATRIAL SALES 01.3213 1000 

ALI° RETAIL »Mt AT 

324 RONDARE ROAD, LONDON 1,12 01.723 4242 

40 CRICK LEW000 BOY., LONDON Mn 01.452 0111 

1044 STOKES CROFT, BRISTOL. 0272 42•1101 

S6WeST REGENT STR EET. LASGOW. 041.332 4133 

USE TAKE ACCESS - AMERICAN EXPRESS - BARCLATCARO CARI" - DINERS 

PLEASE ADD POSTAGE/PACKING 60p UNLESS STATED 
ALSO 15% VAT ON TOTAL - ALL ITEMS ON THIS 
ADVERTISEMENT SPECIALLY SELECTED FOR EX-STOCK 
DELIVERY. WATCH FOR SPECIAL REDUCTIONS ON 

STARRED ITEMS 

RECHARGEABLE NICKEL CADMIUM BATTERIES & CHARGERS 

TYPE VOLTS AV. CAP. PRICE 

S101 (HP?) 1.25 0.5AH £0.98 
Sub C ( HP11) 1.25 1.2AH £1.75 
Sub D IHP2) 1.25 1.2AH £1.95 
S104 (HP11) 1.25 1.8AH £2.00 
S103 (HP2) 1.25 4.0AH £3.75 
Penlight 4 Charger for 1.4 HP? £5  25 
Combibox FW6I1 Charger for HP7, HP11, HP2  £13.25 
Combibox FW6I0 Charger for HP?, HP11, HP2  £19.95 

LINEAR INTEGRATED CIRCUITS 

LP 1331N 2.70 

LP 13741H 2.70 
• LM 30(8 0.26 

LM 308N 0.48 

LM 348 0.90 

• LM 380 N14 0.50 

LM 383 1.58 

• LM 386N 0.75 

LM 389N 0.92 
LM 34075 0.60 

LM 710.14 0.42 
LM 723 CH 0.60 

LM 723 C14 0.40 
LM 741 C14 0.58 

LM 923 0.44 

LM 1303 1.00 

LM 1458 0.40 

LM 1801 2.04 

LM 1871 1.95 

LM 1872 1.95 

• LM 3900 0.50 
LM 3909 0.67 

• LM 3914 2.20 

• LM 3915 2.20 

LM 4250 1.42 

NE 531 0.95 

NE 543K 1.55 
NE 544 1.60 

• NE 555 0.21 

'• NE 556 0.73 

NE 558 3.12 

NE 662 3.12 

NE 565 1.05 

NE 566 1.53 

NE 567 1.10 

NE 570 3.50 

SAA 5000 

SAA 5010 

SAA 5012 

SAA 5020 

SAA 5030 

SAA 5040 
SAA 5050 

SAS 560 

SAS 570 

SAS 580 

SAS 590 

• SFF 96800A 
SFF 96810A 

SFF 96821A 

• SN 76115 
• SN 76228 

• SN 76116 

• SN 76666 
• TAA 263 

TAA 521 

TAA 621 

TAA 700 
TAD 100 

TBA 120 

IBA 500 
IBA 550 

IBA 5700 

• IBA BIOS 

IBA 920 

• IBA 9900 
TCA 270S 

IDA 2540 

IDA 2611 

• TLO 81CP 

• TIOB2CP 

• TLO 84CN 

3.04 
7.11 

7.11 

5.33 

8.26 

15.14 

8.51 

1.60 
1.60 

1.80 

1.80 

6.25 

4.28 

5.19 
0.70 

1.00 

1.25 
0.70 

1.00 

0.75 

2.49 
1.50 

1.55 

0.75 

0.45 

3.50 

2.20 

1.00 

2.75 

2.65 

3.15 

3.85 

1.58 

0.32 

0.58 
100 

CAPACITORS 

5,7 57p55 E LéCr.OL r TIC AXIAL 
SIEMENS LAYER 832.0 lrrer., SIEMENS LAYER 8.22S6110er., 4 7 100 13 22,40 16 
031 Io 015e. 013 08 01 022 4130r CO 071 1053 16 22'63 18 
0062 . 027 750r (008 033 400r CO09 soirs. 0)10 10 .100 16 22100 20 

, 033 . 1750r 0010 022750r CO 06 04 7750. 0009 4125 IX 4140 IS 
015 250 LO 12 048750. CO 10 1750d C013 4703 20 47 10) 24 
0 22750 L0 14 22750« CO 16 4 7/250. CO 26 10075 20 100 40 19 
0 1,100 LM 12 0 15100 C013 22/103. 016 41'100r CO 25 180/63 21 100 700 44 
0 22,100 L045 33,100 CO 20 68/100d 0330 1 0100. CO ao 220'16 19 220 25 22 
047'100 L026 060100 LO 34 0.9.194.9.1.9 09077 or reeloo. 220/40 24 220.63 45 

270/100 67 470.'16 23 
470/40 47 470/63 72 

MANY OTHER RANGES CAPACITORS INCLUDE MULLARD C280 lger 1;1 1000/16 45 
1030/25 60 

MULLARD/SIEMENS CERAMIC. SIEMENS 841070 RADIAL. 770106 I 50 2200125 175 

HIGH VOLTAGE DISC CERAMIC, ETC. 2700.0 1 73 470076 1 20 
. 47110/25 I 50 

SINCLAIR INSTRUMENTS 

Digital Multimeter 

PDM35 

" DM235 
DM350 

DM450 

Digital Frequency Meter 

PFM200 

Low Power OsillosCoPe 

SC 110 
TF200 Frequency Meter 

TG F 105 Pulse Generator 

NEW 

LCD Multimeter 

LCD Multimeter 

LCD Multimeter 

Prescaler 

TM353 

TM351 

TM352 

TP600 

£34.50 

£52.50 

£72.50 

£119.00 

P/P 
£0.60 

£1.30 

£1.30 

£1.30 

£49.80 f0.60 

£139.00 
£145.00 

£85.00 

£84.00 

£99.00 

£49.95 

£37.50 

LEADER INSTRUMENTS 
Just a selection 

Singletrace Osicilloscope 510A 5" £127.00 

Doubletrace Osicilloscope 308S 3" £419.00 
Coubletrace Oscilloscope 508A 5" £299.00 

LSG 16 Sig. Gen. TV/Radio £55.00 

LDM 815 Dip Meter £45.00 

£1.30 

£1.30 

£1.30 

£1.30 

£2.50 

£1,30 

£0.60 

£3.00 

£2.50 

£3.00 

£2.00 

£1.00 

CRIMSON ELEKTRIK HI FI MODULES 

CE 608 
CE 1004 
CE 1003 
CE 1704 
CE 1708 

CPS 1 
CPS 3 
CPS 6 

CPR 1 Pre Amp 
CPR IS Pre Amr:, 

U.K. Postage and Packing f. 10% 

Power Amp 
Power Amp 
Power Amp 
Power Amp 
Power Amp 

Power Unit 
Power Unit 
DOW« Unit 

£20.09 
£23.43 
£26.30 
£33.48 
£33.48 

£19.52 
£23.52 
£30.00 

£32.17 
£42.52 

TRANSISTORS/DIODES STOCK CLEARANCE 

2N 697 

2N 914 

2N 929 

2N 3133 
2N 3566 

2N 3638 

2N 3642 
2N 3708 

2N 3711 

2N 3794 

2N 3771 

2N 3905 

2N 3962 

2N 4286 

2N 4400 

2N 5220 

2N 5222 
AC 126 

AC 127 
AC 132 

AC 152 

AC 188 

AC 188K 

AC 187K 
ACY 22 

ACY 30 

.10 AD 161 .25 BC 1841 .05 BF 195 . 10 

.10 AF 106 .10 BC 212A .05 BF 196 . 10 

.05 AF 109 .10 BC 213B .05 BF 199 .05 

.10 AF 126 . 10 BC 213L .05 BSY 28 . 10 

.50 BC 115 .05 BC 214 .05 MJE 371 .30 

.05 BC 118 .05 BC 2148 .05 MPSA 05 .05 

.10 BC 154 . 10 BC 214L .05 ZTX 500 .05 

.05 BC 157A .05 BC 238B .05 AA 119 .05 

.05 BC 15713 .05 BC 239C ns BA 102 .05 

.05 BC 158 .06 BC 2518 .05 BA 142 .05 

.75 BC 159 .05 BC 253 08 BA 144 .05 

.08 BC 1678 .05 BC 3088 .08 BA 154 .05 

.10 BC 1688 .05 BC 350 .05 BA 316 .05 

.05 BC 169B .05 BC 347 .05 BA 317 .05 

.05 BC 1708 .05 BC 414 .05 BA 318 .05 

.05 BC 1718 .05 BC 415A .05 BAW 49 .05 

.10 BC 172 .06 BC 416A .05 BAX 13 .05 

.15 BC 172C .06 BC 517 . 12 BAY 93 02 

.15 BC 173 05 BCY 71 .05 88 1058 . 10 

.05 BC 1748 .05 BCY 72 .09 BY 126 . 14 

.15 BC 178B . 14 BD 138 . 10 CV 7641 .05 

.15 BC I82A .05 BF 161 .08 GEX 23A .03 

.15 BC 183 .05 8F 177 .05 ITT 44 .05 

.15 BC 1838 06 BF 180 ea ITT 921 .05 

.05 BC 183L .05 BF 181 .05 OA 47 10 

.05 BC 183 LA .05 BF 194 .05 OA 90 05 

I LP HI FI MODULES 

Power Amplifiers 
HY30 
HY60 
HY120 
HY200 
HY400 

MOS120 
MOS200 

£7.29 
£8.33 

£17.48 
£21.21 
£31.83 

£25.88 
£33.46 

Postage & Packing to U.K. included. 

PreAryers 
HY 
HY66 
Power Supplies 
PSU30 
PSU36 
PSU60 
PSU70 
PSU180 

£6.44 
£12.19 

£4 50 
£9.10 

£13 04 
£15 92 
£21.34 

CD4000 £0.17 
CD40018 £0.20 
CD4002 £0.20 
CD4007 £0.20 
CD4008B £0.74 
CD4009 £0.40 
CD4010 £0.40 
CD4011B £0.20 
CD4012 £0.20 

' CD40138 
CD4014 
CD4015 
CD4016 

• CD4017B 
C04018(3 
CD4019B 
CD40208 
C04022B 

£0.44 
£0.72 
£0.72 
£0.36 
£0.70 
£0.75 
£0.44 
£0.90 
£0.78 

• CD40248 £0.60 
C040288 £0.60 

• CD4029B £1.05 
CD4034111 £2.20 

• CD40358 £ 1.05 
CD4040 £0.90 

' CD40418 £0.80 
CD40428 £0.64 
CD4047B £ 1.02 

CD4049 £0.33 ' CD4069 £0.14 CD4095 £ 1.00 
CD40508 £0.33 • CD40718 £0.16 CD4096 £ 1.00 
CD4051B £0.70 • CD4072 £0.20 CD40998 £1.40 
CD40528 £0.70 ' CD4073B £0.16 CD4507 £0.44 

• CD406013 £1.10 • CO40758 £0.16 CD45108 £0.90 
• CD4063 £1.10 • CD4081B £0.16 CD4511 £1.02 

CD4066111 £0.45 • CD4082 £0.20 CD4514 £2.20 
• CD4067 £4.20 • CD4085 £0.90 CD45208 £0.90 
C04068 f0.30 • CD4086 £0.90 CD4522 £1.10 

SN 7400 
SN7401 
SN 7403 

• SN7404 
SN7410 

• SN7412 
SN7414 

£0.19 • SN7420 
£0.19 SN7423 
£0.19 SN7426 
£0.15 SN7432 
£0.19 • SN7440 
£0.15 • SN7441 
£0.55 • SN7442 

£0.15 SN7445 £0.91 • SN7460 £0.15 ' SIX7496 £0.20 SN74164 £0.91 
£0.19 • SN7446 £0.24 • SN7472 f0.20 ' SN74107 £0.20 SN74165 £0.91 
£0.21 • SN7447 £0.24 • SN7484 £0.51 • SN74121 £0.20 • SN74I74 £0.60 
£0.21 • SN7448 £0.30 ' SN7490 £0.25 • SN74141 £0.24 • SN74182 £0.60 
£0.15 SN7450 £0.19 • SN7491 £0.35 SN74145 £0.77 • SN74190 £0.60 
£0.30 • SN7453 £0.15 • SN7492 £0.20 • SN74155 £050 SN74I92 £0.91 
£0.20 • SIX7454 f0.15 • SN7493 £0.20 Sh174157 £0.70 • SN74I97 £0.60 

DIGITAL FUEL STRETCHER SYSTEM GIVES ACTUAL Mpg. OR L/100Km 
EASILY FITTED - SUITABLE FOR MOST CARS, £58.50 pip £1.30 
FLOW SENSOR S8011 £14.75 
SPEED SENSOR 58010 £11.95 

SEND LARGE SAE FOR DETAILS OF SENSORS & PARTS TO BUILD OWN FUEL STRETCHER SYSTEM. 
MINI METAL DETECTOR FOR LOCATING PIPES/CABLES UNDER PLASTIC - A MUST FOR EVERY HANDYMAN £9.95 

SIEMENS LEDS 

5.8mm Red Yellow Green 
3.2mm Red 
3.2mrn Green/Yellow 
Flashing [Iodes ( 3Hz) 
Rect Lads 2.5 x 5.0mm Red 
Rect Leds 2 5 x 5.0mm Green/Yellow 

£0.14 
£0.12 
£0.14 
£0.90 
£0.12 
£0.18 

T1L 209 £0.18 
T IL 228 £0.35 
T1L 78 £0.54 
BPW 34 £1.18 
SF H 205 £0.1110 
ORP 12 £1.20 
4N25 £0.90 

MA 1032 Digital LCD Clock Module 
.5" 12 or 24hr mode, 24 alarm with on/off control, 
sleep timer, snore timer etc. 1.55 bau. low consumption 

MA 1026 Alarm/Thermometer Module 

MA 1003 12v Car Clock Module, Special Price £ 12.50 whilst stocks last 

NSN3914. 3915, 3916 End Stackable Led Bar 

Graphs Arrays with Driver All ea £4.95 each. 

£11.50 

£11.50 

PRESENSITISED POSITIVE FOTO RESIST PC BOARDS 1.6mm THICK 

SIZE SINGLE SIDE DOUBLE SIDE 
100 x 16Ornrn £1.40 £1.65 

100 x 220mm £1.95 £2.05 
203 x 114mm £1.70 £2.10 

233.4 x 220mm [3.75 £4.50 

KIT FOR UV EXPOSURE UNIT FOR DEVELOPING FOTO BOARDS 
COMPLETE WITH BOX & GLASS SCREEN 228 x 152rnm £34.50 

OR WITHOUT BOX £ 19.50 

ALL PR ICES EXCLUSIVE OF VAT 
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ON THE INPUT PCB 
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Fig. 1 (Above) Circuit diagram of the 
microphone preamplifier, voice-
over and growl circuitry. The project is 
built on two PCBs linked by ribbon cable 
and Molex connectors — circled numbers 
are ribbon cable terminals and MA2,3,4 
are the pins of Molex plug 'A' (see 
overlays next month). 
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Fig. 2. The monitor section of the D190. 
The LED displays can show the level of 
one of the three music channels or the 
output signal. SK7 is not PCB-mounting; 
the connections to the panel board are 
made via Molex plug ' 8'. 
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Fig. 3 Circuit diagram of a suitable power supply. 

MICROPHONE SIGNAL 
IC18, PIN 7 

ENVELOPE SIGNAL 
IC17, PIN 2 

COMPARATOR SIGNAL 
Cl?. PIN 1 

VOICE OVER 
CONTROL VOLTAGE 
Cl?, PIN 7 
FIV3 SET TO NO MUSIC 
THIS VOLTAGE IS USED 
TO DRIVE THE VCA, 

DUCKING OCCURS DORMS, 
THE VOICE-OVER re ,ICU) 
'RATIO' SET TO 'NO M'AIT' 

—10V 

COMPARATOR THRESHOLD 

C88 
150r 

SPEECH WAVEFORM 

MUSIC OUTPUT 
WAVEFORM 

Fig. 4 Waveforms associated with the voice-over circuit. 

HOW IT WORKS 
The microphone preamplifier (IC7) can accept high and low im-
pedance sources. The amplified signal is fed to IC8 and to IC16. 
IC16 is a low Q band-pass filter (speech bandwidth) and an 
envelope follower. A comparator (IC17a) detects when the signal 
level has exceeded a preset threshold set by R172, 173. When this 
happens the comparator output goes low, generating a waveform 
at IC17b pin 7 that attenuates the music level in the three music 
channels. This is known as voice-over or ducking. The level to 
which the music is attenuated is controlled by RV3. 

The comparator also enables the growl function. IC14 and IC15 
form a variable frequency sine wave oscillator. The sine wave output 
passes through a VCA (IC8b) which is turned on when the comparator 
goes low. This prevents the sine wave breaking through when no 
speech is present. The sine wave is level-shifted by IC9 and is used to 
amplitude-modulate the microphone signal using the VCA IC8a. The 
output of this VCA goes straight to the output mixer of the unit, IC26, 
as already mentioned. A mode control switch SW3 determines which 
signal sources are enabled. S selects speech only, M + S selects music 
with voice-over, and M selects music only. However, in this last mode 
the override function may be used (SW8). The override slightly at-
tenuates the music channels and turns on the microphone channel. 

As all the signal switching is performed with band-limited control 
voltages, virtually clickless switching is produced. The control 
voltages are converted into currents by differential transistor pairs 
Q1,2, Q3,4 and Q5,6. These currents are then used to drive the VCAs. 
The relationship between voltage and attenuation is ultimately. 
logarithmic. The voice-over control voltage is injected into the tran-
sistor pairs via R75, 76. A negative-going voltage attenuates all music 
channels. Override attenuation is produced by robbing part of the 
control current down 03,4,5. The individual channel gain is determin-
ed by the emitter current. This can be defined by slider settings (RV5, 
14, 15) or by the auto-pan control voltages. When in the auto mode, the 
output of IC29 ramps linearly up and down under the control of SW4. 
Complementary versions of this waveform are produced at the output 
of IC28a and IC28b. Thus the magnitude of the emitter currents in Q1, 
2 and Q3, 4 are complementary and so as the output of IC29 ramps up 
and down automatic panning between decks is performed. 

The monitor section is a pre-fade listen for all three music channels 
and a post-fade listen of the output signal. Full wave rectifiers (IC31a, 
IC33a) and peak envelope followers (IC31b, IC33b) monitor the signal 
level and provide the drive signal for the 1M 3915 PPM units (IC32, 33).A 
dual medium power amplifier (IC30) generates the headphone output. 
There is no level control on this output and so R201, 208 should be 
altered to suit the headphones. 

The mixer requires a ± 12 V supply derived via voltage regulators 
in a completely standard circuit. 

The 0190 is built on two PCBs, the large double-sided panel board and 
the smaller, single-sided input board. Interconnections are made with 
three 10-way ribbon cables and a Molex connector, which can be seen 
wired to the centre of the input board. 

E. 

EH.en4r: 

4101 
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Size: 22.5 x 33.0 x 10.5 cm 
Deck input impedance: 47k in parallel with 47pF. 
Deck inputs have RIAA equalisation. 
Auxiliary input sensitivity: — 6 dBm into 47k. 
Microphone channel gain: 56.5 dB into 1k5 (low) 

31.0 dB into 28k5 (high) 
Normal output level, output slider set at maximum: 
+6 dBm into 600R. 
Equaliser frequencies: 50, 200, 800, 3200, 12800 Hz. 
±15 dB. 
Beat lift frequency: 90 Hz, 0 to + 13 dB 
Noise performance: 
RIAA preamplifier output noise (input open circuit): 
—73 dBm 
VCA driven by noise from RIAA stage: — 71 dBm (on) 
and — 115 dBm (off) 
AUX VCA output: — 81 dBm (on) and — 115 dBm (off) 
IC12 mixer output: — 105 dBm all three music 

channels off. 
— 81 dBm with AUX channel on. 
— 71 dBm with one deck on. 
— 69 dBm with both decks and 
AUX on. 

Microphone equivalent input noise: — 117 dBm 
(ie1 uVRms) 
Minimum slider attenuation on music inputs: 66 dB. 
Override attenuation: 6 dB. 

.I2V 

LEDO 
LEFT 

12V 

Next month we conclude the DJ90 project with a description of the in-
put and equaliser circuitry, and the overlays for the three boards. 
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Fig. 5 Circuit diagram for the control voltage and autopan block. 

BUYLINES 
A complete set of parts for this project, including fully finished 
metalwork, nuts, bolts etc, will be available from Powertran Elec-
tronics for £97.50 plus VAT for the mixer and £9.90 plus VAT for the 
power supply, post free. For delivery by Securicor add £2.50 (VAT in-
clusive). Powertran also supply the separate parts for the mixer, eg 
metalwork set, PCB, semiconductors etc. Telephone Andover 64455 or 
write to Powertran Electronics, Portway Industrial Estate, Andover, 
Hants SP10 3NM. 

The back panel, showing the input and output sockets and the deck 
earthing tag. [TI 
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electronics today international 

BOOK SERVICE 
How to order; Make cheques payable to ETI Book Service. Payment in sterling only please. Orders should be sent to: ETI Book Service, 

ModmagS Sales Off ice,145 Charing Cross Road, London VVC2. All prices include P&P. Prices may be subject to change without notice. , 

BEGINNERS 

Beginners Guide to Electronics Squires £4.25 
Beginners Guide to Transistors Reddihough £4.25 
Beoinners Guide to Integrated Circe* Sinclair £4.25 
Understanding Electronic Circuits Sinclair £5.10 
Understanding Electronic Components Sinclair £5.10 
Beginners Guide to Radio rcno £4.25 
Beginners Guide to Audio Sinclair £4.25 

COOKBOOKS 
TV Typewriters Cookbook £7.75 
CMOS Cookbook £8.20 
Active Filters £11.30 
IC Timer Cookbook £7.€6 
IC Op-AMP Cookbook £1 0.70 
Video Cookbook £6.50 
in Cookbook £7.56 
The Basic Cook £4.10 
IC Converter Cookbook £9.50 
Master IC Cookbook Hatir ,,rK £7.46 

APPUCATIONS 

How To Build Electronic Kits Chapel 13.25 
110 Electronic Alarm Projects R.M. Marston £4.96 
110 Semiconductor Projects for the Home Constructor R. M. Marston 
£4.96 
110 Integrated Circuit Projects for the Home Constructor R M. Marston 
£4.96 
110 Thyristor Projectors Using SCRs R M Marston £4.96 
110 Wave Form Generator Projects R. M. Marston £4.96 

COMPUTING Et MICROPROCESSORS 

What is a Mircroprocessor7 2 cassette tapes plus a 72-page book £10.00 
Beginners Guide to Computers end Microprocessors with Projects 
C Adams C.05 
BASIC Computer Games Ahl £13.05 
BASIC for Home Computers A self-teaching guide B. Albrecht MAO 
Illustrating BASIC D. Alcock £4.25 
Troubleshooting to Microprocessors and Digital Logic Goodman £5.90 
Z-80 Microcomputer Handbook W. Barden £7.75 
How to Program Microcomputers W Barden £7.25 
Introduction to Microcomputers and Microprocessors 
A Barra £9.50 
Microprocessors in Instruments and Control R. J. Bibbero £13.10 
Basic BASIC J S. Coan £7.25 
Advanced BASIC J S. Coen £6.40 
Getting Acquainted with Microprocessors L Fienzel £7.25 
Beginners Guide to Microprocessors C M. Gilmore £4.90 
1001 Things to do with Your Personal Computer Sawusch £6.00 
Microprocessor Programming for Computer Hobbyists N. Graham £7.15 
Miniprocessors from Calculators to Computers Heiserman £5.35 
Microcomputers, Microprocessors, Hardware, Software and 
Applications J t Hilburn £17.40 
Microprocessor Systems Design E. Kt ng rna n £ 18.80 
Intro to Microprocessors Leventhal £1 1.25 
Microprocessor - Technology, Architecture Et Applications 
R McGlynn £11.30 

BASIC with Style P Nam-) £4.50 
Software Design for Microcomputers Og din £9.25 
Microcomputer Design °grin £7.46 
Microcomputer Base Design Peatman £6.10 
Hands on BASIC with a PET Peckham £1 1.95 
Complete Microcomputer Systems Handbook £8.75 
6800 Software Gourmet Guide and Cookbook Scelb,13.20 
8080 Software Gourmet Guide and Cookbook £9.20 
The 8080A Bugbook: Microcomputer Interfacing & Programming 
P H Rcny f8.36 
9380/9385 Software Design Titus £7.60 
How to Design. Build and Program Your own Working Computer 
System £7.10 
Your Own Computer Waite f2.25 
Microprocessor/Microprogramming Handbook Ward £62) 

f 

LOGIC 

Designing With TTL Integrated Circuits Texas Instruments £10.95 
How To Use IC Circuit Logic Elements J Streater £4.85 
110 COSMOS Digital IC Projects for the Home Constructor 
R M Marston £4.96 
Understanding CMOS Integrated Circuits A We- £4.60 
MOS Digital ICs G Flynn £5.25 

TEST INSTRUMENTS 
The Oscilloscope In Use Sinclair £4.00 
Working with the Oscilloscope A Saunders £4.60 
Servicing with the Oscilloscope A King £7.50 
Radio Television and Audio Test Instruments King £8.30 

OP-AMPS 

Applications of Operational Amplifiers Graeme ( Burr Brown) £9.20 
110 Operational Amplifier Projects for the Home Constructor 
A. M Marston (4.95 
Designing With Operational Amplifiers Burr Brown £26.50 
Operational Amplifiers Design and Applications G Tobery ( Burr Brown) 
£8.95 

COMMUNICATIONS 

Digital Signal Processing Theory Et Applications L. R. Rabiner £24.40 
Electronic Communication Systems G. Kennedy £8.95 
Principles of Communication Systems H. Taub £8.40 

THEORY 
Introduction to Digital Filtering Bogner £12.25 
Transistor Circuit Design Texas Instruments £1 0.95 
Foundations of Wireless Electronics M. G. Scroggie £6.10 
Electronic Circuit Design Handbook 4th Edition £16.75 
Master Guide to Electronic Circuits Adams £9.25 

REFERENCE 

Electronic Engineers Reference Book (Ed. 4) L. W. Turner £38.00 
Electronic Components M. A. Colwell £3.40 
Electronic Diagrams M. A. Colwell £3.40 
International Transistor Selctor T. D. Towers New update £10.70 
International FET Selector T. D. Towers New update £4.60 
International Op-Amp Linear IC Selector Towers moo 
International Microprocessor Selector MEW) Towers £16.00 

MISCELLANEOUS 

Electronic Fault Diagnosis Sinclair £4.00 
Printed Circuit Assembly Hughes 8. Colwell £3.40 

Fallen behind recent advances? 
Just starting out? 
Need a decent reference book? 
ETI Book Service provides an easy 
way of getting your hands 
on the right title. 
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 FEATURE: Kit Review 

— with the calibration switch up, the circuitry counts the 
50 Hz pulses from the transformer secondary. Two presets 
have to be adjusted, one for each of your chosen ranges 
(I decided on miles per hour and knots), until the display 
agrees with the calibration tables in the manual.' 
Adjustment begins with the presets in mid- position, and 
in my kit they were supplied dead centred — a 
nice touch. 

The entry hole for the mains cable is sized for 
American two-core cable, and I had to take a drill to it so 
that the grommet (necessary_to comply with European 
regulations) could be fitted. 

Up, Up And Away 
The transmitter was also fairly straightforward to put 

together, but when I came to test the wind direction sender, up 
to four lamps were lighting instead of the maximum of two. 
Hmmmmm. Referring to the comprehensive fault-finding 
charts provided in the manual showed that tbe magnet position 
was probably at fault. A few minutes' work with a pair of pliers 
solved the problem. 

After making a few final checks, it was up to the Modmags 
roof, with its picturesque view of Centre Point, to install the 
transmitter boom. Position is important; the boom must be 
away from objects that will cause wind turbulence or shield the 
sender, and oriented so that the direction display reads correct-
ly. The cable can be led into the building at any convenient 
point, and the entry hole sealed; the boom itself is weather-
proof. 

Conclusions 
A quick glance at the price in Buylines may cause a sharp 

intake of breath, as it did with several members of staff here. But 
you have to bear in mind that you're paying for the knowledge 
that everything has been done to ensure that your kit works first 
time; for things like Teflon bearings and high quality screen-
printed PCBs; and for sheer professional quality. I can 
guarantee that if you put the receiver into your house without 
comment, people will assume you bought it ready-made — it's 
that good. 1 

PETER GREEN 

The display board is mounted on the main PCB using 
the angled brackets supplied. Circuit interconnections 
are made with ribbon cable, and Heath give detailed 
cutting instructions. The switches are ready to be 
fastened to the back panel. 

The display board uses seven-segment neon tubes and small light bulbs; the 
latter are fitted inside the plastic light-shields. 

 BUYLINES  

The receiver, in tasteful teak-and-black, shows that an 
east wind is blowing with a speed of 9 mph. 

Heathkit Digital Wind Speed and Direction Indicator (ID-1590E) 
£93.00 including VAT and postage. Eight-core cable (IDA-1290-1 
(50 ft)) £ 11.00. Other lengths available. 
Heathkit Electronic Centre, 233 Tottenham Court Road, London 
W1P 9AE. Head Office and Mail Order Sales Department: Heath 
Electronics (UK) Ltd, Gloucester G L2 6EE. 
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A typical page from the Heathkit 
instruction manual, with the steps 
conscientiously ticked off. If you 
can't follow these instructions you 
might as well give up. 

Eli 
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IONISER KIT 
This negative ion generator gives you power to saturate your home or office 
with millions of refreshing ions. Without fans or moving parts it puts out a 
pleasant breeze. A pure flow of ions pours out like water from a fountain, 
filling your room. The result? Your air feels like fresh ocean air, pure crisp and 
wonderfully refreshing. 

All parts P.C.B. and full instructions £10. A suitable case including front 
panel, neon switch, etC. Available at £8 extra. 

H.E. KITS 
Car Booster ZD50 £ 18; Multi Option Siren ZD36 £10.50; Car 
Equaliser ZD52 £13.30; Envelope Generator 2D20 £11.79; R/C 
Speed Controller ZD3 £9.60; White Noise Effects Unit ZD18 £ 16.85; 
'Track Cleaner ZD12 £7.75; Drill Speed Controller ZD21 £7. 
All Hobby Kits supplied cases except ZD3. All kits contain components as 
specified plus Texas I.C. sockets where required. Also connecting wire. 
Special introductory offer to E.T.I. readers, a pack of nuts, bolts, washers, 
self-cutting, self-tapping screws supplied with each kit. 

SPECIAL OFFERS 
Texas/I.T.T. 1N4148, 100 for £1.50. 
Fairchild FLV ISO Red '2 LEDs 10 for £ 1; 100 for £7.50. 
Mpllard Computer Electrolytics SIT 21,000 U.F. 40V   £3.50 
Daly Electrolytic Capacitors 2000 p F, 1 00V   £1.50 
I T.T. BCY 72 Transistors leads pre-formed   10 for 50p 
Varicap Tuners ELC104 2   £8.00 
Varicap Tuner ELC1 04 3   £8.00 
Philips Scope Tube 5" CV21 91 / DG-1 3-2   £10.00 
Thorn-Sylvannia Scope Tube 5" SE5J   547.50 (Callers only) 
Toshiba 12" TV Tube 3 1 OGAB4   £12.50 (Callers only) 

If you do not have the issue of H . E. which contains the Project, we can supply 
a reprint at 40p extra orders. Please add 30p post and packing. Add 1 5%. 
VAT to total order. 

Callers please ring to check availability of Kits. 

T. POWELL 
ADVANCE WORKS 

44 WALLACE ROAD, LONDON, N.1. 
TELEPHONE: 01-226 1489 
(Callers by appointment) 

Access / Visa accented Hours: Mon. to Fri. 9-5.30. Sat. 9-4.30 

New project?.. 
If you're about to start on a new project, you're no 
doubt looking for the right enclosure. With around 
1,000 different cases and 250,000 case parts 
currently in stock, we must be your number one 
choice. Why not send for our free catalogue. 

Specify West Hyde-
we've a good case for it! 
WEST HYDE   
West Hyde Developments Limited 
Unit 9, Park Street Industrial Estate, Aylesbury, Bucks. 
Telephone: (0296) 20441. Telex: 83570 W HYDE G. 

OHIO SCIENTIFIC COMPUTERS 

• lb, 

41111111, 

Superboard 3 £159. Power supply kit £11.95. 
Modulator £3.50. Guard band kit £10 (converts 
the display to 32 x 32, gives 1200 and 300 Baud 
tape speeds, increases computing speed by 50% 
and converts to 50 Hz). Special offer: 
Superboard 3 + power supply and modulator kit 
- guard band kit ONLY £172. 4K extra ram 
£15.60. 
Case £27. Cassette recorder EIS. Cegmon ¡in-
proved monitor rom £29.50. Assembler/ Editor 
tape £25. Word processor program £10. Display 
expansion kit, 30 lines x 54 characters for 
Superboard 2 (Not 3) £14. Cheapo memory ex-
pansion offer: Buy a 610 expansion board with 
BK ram on board and space for another 16K for 
£159 and get a free 5V 3A power kit and any 
extra ram you want for £3/K. Buy a minifloppy 
disc drive + case u power supply • DOS for 
£275 and we will do the extra ram for MK (max. 
16K). Wemon improved monitor rom £19.95. 
Centronics printer driver kit £10. New Series 2 
Challenger CIP; cheap° 4K version £212 • £4.50 
post. 

PRINTERS 

Buy any of the below and get a free Interface kit 
and word processor program for UK101 or 
Superboard 2: OKI Microline 80 ( illustrated) 
£299. 
Seikosha GP80 £199. Epson MX80 tractor f359. 
Epson MX80 tractor friction £399. Epson MX70 
£259. Epson TX80 f295. 

SWANLEY ELECTRONICS 
Dept. ETI, 32 Goldsel Road, Swanley, Kent, BR8 8EZ 

Postage £3.50 on superboard, £4.50 on printers and 45p on other orders. Lists 27p post free 
Please add VAT, to all prices except those sections marked with a • which already include it at 
the old 15% rate. Overseas and credit orders welcome. Z)(131 part-exchange possible. 

MEMORY CHIPS 
2114 45Ons £1.95. 4116 200ns £1.99. 4027 £1.30. 
All low current. 

SINCLAIR PRODUCTS* 
Sinclair products only are all post free. SC110 
Oscilloscope £139; adaptor £4; rechargeable 
batteries £7.95; u 1 probe E8.05; x10 probe 
£8.86; carry case £13.110. PFM200 £52.40; adaptor 
£4; case £1.73; connector kit £11.27. PDM35 
£32.95; adaptor £4; case £1.73. DM235 E56.50; 
DM350 £78; DM450 £107. adaptor £4, case £6.90, 
rechargeable bans E7.95; Microvision TV £89, 
adaptor esas. 

BATTERY ELIMINATORS* 
3-way type 6/7 1/2/9V 300ma £3.50; 100ma radio 
types with press studs 9V £4.94; 9+9V £6.25. Car 
convertor 12V input. output 3/4 1/2/6/7 1/2/95 
800ma £3.04. 

BATTERY ELIMINATOR KITS* 
100ma radio types with press-studs 9V £1.79; 9 

9V £2.50. Stabilised 8-way types 
3/41/2 /6/71/2/9/12/15/I8V 100ma E3.12; 1 amp 
£8.50. Stabilised power kits 2-18V 100ma £3.12; 
1.30V IA £8.50; 1-30V 2A £15.30. TTL and com-
puter supplies 5V stabilised 1I/2A £9; 3A £ 14; 6A 
£22. 12V car converters 6/7 1/2/9V 1A £1.62. 

TV GAMES" 
AY-3-8600 - kit £12.98. AY-3-8550 • kit £8.26. 

PRINTED CIRCUIT MATERIALS" 
PC etching kit: economy £3.42; standard £5.76. 
40 sq in. pcb 50p. 11b. FeC1 £2.20. Etch resist 
pens: economy 50p; dalo 90p. Drill bits 1/2 2in. 
or 1mm 35p. Etching dish 92p. Laminate cutter 
£1.30. 

BI-PAK AUDIO MODULES* 
AL30A £4.53. PA12 £9.31. PS12 £1.75. 1538 
£2.90. S450 £27.90. ALSO £5.82. PA100 £19.24. 
SPM80 £5.26. BMT80 £6.36. Stereo 30 £24.14. 
ALSO £8.56. 

COMPONENTS' 
IN4148 1.5p. 1N 4002 3.7p. NE555 8 dil 26p. 741 

dil 20p. BC182, 8C184, BC212. 8C214, BC547, 
BC549 6.1p. Resistors 5% 1/4W £12 1OR to 10M 
1.5p, 0.8p for 50. of one value. Polyester capaci-
tors 1600 .015. .068mf 2.9p; .047, . 1mf 4.4p; 
.01mf 3.3p; . 022..033mf 3.7p; . 15, .22, 33mf 5.4p; 
.47mf 6.6p. Polystyrene capacitors £ 12 63V 10 to 
1000pf 4p; 1n2 to 10n 5p. Ceramic capacitors 50v 
E6 22pf to 47n 2.5p. Electrolytic capacitors 50v . 5. 
1, 2mf Sp; 25V 5, 10mf Sp; 16v 22, 33mf Sp; 47m1 
Sp; 100mf 7p; 330, 470mf 9p. Zeners 400mW E24 
2v7 to 33v 7p. Preset pots subminiature 0.1W 
horiz, or vert. 100 to 2M2 8p. IC sockets 8dil 8.7p; 
14dil 10.1p; 16dil 12p. 

Month 
July 1980 
January 1981 
January 1981 
February 1981 

March 1981 

April 1981 

May 1981 

June 1981 

Project 
Stereo Image Coordinator 
Audiophile FM Tuner 
Universal Timer 
Sound Pressure 
Level Meter 
Crystal Frequency 
Calibrator 
Drum Synthesiser 
Noise Generator 
IR Remote 
Control 
Super Dice 
Antenna Extender 
Drill Speed Controller 

Case 
CL2 CDJ 
CL2 CDJ 
SAM 007 

BOC 709B 

BOC 434 
BOC 668 
TEK A239 
SAM 006 
SAM 001 
BOC 450G 
BOA 115 
SAM 006 

Written or telephone orders accepted from Access 
and Barclaycard holders. 

•.:;e;<* 

VISA 
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SYSTEM A AUDIO 
AMPLIFIER 
Look no further. This superb amplifier is quite simply the best. 
Designed to out-perform even commercial equipment, the System A 
combines ease of construction with 
Class A quality. Design and 
development by Stan Curtis. 

T
he initial design brief for this amplifier — 'no com-
promise' signal reproduction but at the lowest possible 
cost — proved to be deceptively difficult! The first 

preamp design eliminated all switches and controls to leave a 
pick-up input socket, an output socket and a volume control, 
but such a layout would be far too spartan for even the most 
serious audio enthusiast. The minimum input requirements 
were thought to be pick-up, tuner and tape, with tape recorder/ 
monitor output. A stereo-mono switch is unnecessary for 
serious listening, as are all the other controls that came to 
mind (except volume and balance!). 

The next choice was between discrete or integrated cir-
cuits. Despite the obvious benefits and inherent simplicity of 
IC-based circuitry, I decided upon good old-fashioned tran-
sistor stages. Why? Several reasons: 

1. If labour costs are disregarded (which they are in this 
case) the discrete transistor version costs less. 

2. Discrete stages can be more easily optimised for a par-
ticular design requirement, and give a lower compo-
nent cost and higher sound quality. 

3. There is a purely emotional feeling that when using 
audio ICs, the designer hasn't really contributed very 
much to the final design! 

(In fact the final circuits are, in effect, discrete component 
operational amplifiers, so something of the IC design 
philosophy has obviously rubbed off.) 

Pick-up An Input 
Provision has been made for the preamp to be used with 

virtually any available pick-up cartridge, through the use of 
plug-in input circuit boards. Two input circuit boards have 
been designed although both use the same printed circuit 
layout. One is for moving-magnet cartridges and the other for 
moving-coil cartridges. The gain of both these modules can be 
varied to suit different cartridges by the change in value of a 
single resistor. Input loading (both resistive and capacitive) 
can be changed by the substitution of alternative components 
and, as a source of guidance, a comprehensive table has been 
produced showing the requirements for the majority of pick-
ups currently on sale. 

The whole of the preamp design is extremely flexible, per-
mitting alterations to ensure compatibility with other equip-
ment. The basic version has a nominal 775 mV output level 
and a 75 R output impedance. 

PSUing Quality 
The power supply is built into a separate case to achieve 

better screening as well as increasing the versatility of the 
system. This new 'Audiophile' system is conceived as a 
modular 'building block' concept offering a variety of 
facilities. The power supply is capable of powering several 
preamplifiers but will also be used to power a matching 
parametric equaliser unit and two other blocks still under 
development. Their basic designs will follow the existing for-
mat and will be published in the months to come. 

As for the preamplifier, work goes on to take advantage of 
its ability to accept alternative input modules, and the design 
of new modules will be published periodically to enable con-
structors to update their models. 

Outward Bound 
Provision has been made on the main PCB for the fitting of 

an output coupling capacitor (C15). Normally this shouldn't be 
necessary and the two pads should be joined by a wire link to 
couple the output directly to the power amplifier. A very small 
number of power amplifiers are totally DC-coupled, so any DC 
voltage on their input terminals would result in an unaccep-
table DC offset across the loudspeaker. In such a situation the 
capacitor should be fitted. Its value can be selected to suit the 
input impedance of the power amplifier; a value of 3u3, 35 V 
(tantalum) is acceptable with a 10k input impedance and 470n 
with a 50k input impedance. The capacitor polarity should be 
aligned to correspond to the residual DC offset at the output 
of the preamplifier. 
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Construction 
Although no metalwork plans have been provided it will 

be seen that the prototypes have been housed in a simple, 
compact, and functional case consisting of an aluminium 
chassis and a substantial steel cover. (Arrangements have 
been made for supplies of these cases to be made available to 
ETI readers — see Buylines.) 

TABLE 1. SPECIFICATION 

PREAMP 

Rated output level: 775 mV (0 dBm) 
Maximum output level: 7V8 

(20 Hz to 20 kHz) 
Total harmonic distortion (including noise) 

Auxiliary input, 20 Hz 0.01% 
775 mV output 1 kHz 0.01% 

20 kHz 0.01% 
Pick-up input, 20 Hz 0.02% 
1V5 output 1 kHz " 0.02% 

20 kHz 0.02% 
Pick-up input overload (ref rated input at 1 kHz) 

Moving Magnet Moving Coil 
20 Hz 43 dB 44 dB 
1 kHz 43 dB 40 dB 
20 Hz 43 dB 32 dB 

Input sensitivity (ref 775 mV output at 1 kHz) 
Auxiliary 65 mV 
Pick-up (moving magnet) 2.3 mV 
Pick-up (moving coil) 550 mV 

Noise level, 'A' weighted (ref 775 mV output at 1 kHz) 
Auxiliary — 90 dBA 
Pick-up (moving magnet) — 80 dBA 
Pick-up (moving coil) — 76 dBA 

Channel separation, pick-up input (unused channel loaded) 
1 kHz 62 dB 
20 kHz 69 dB 

RIAA equalisation accuracy: ± 0.2 dB 
(20 Hz to 20 kHz) 

Frequency response: ±0.5 dB, 5 Hz to 35 kHz 
(auxiliary input) 

The above figures are for the standard version. The perfor-
mance of the alternatives will vary in terms of sensitivity 
etc. 

POWER AMP 
Biasing mode: 
Rated power: 

Transient delivery: 
Harmonic and interunodulation distortion: less than 0.06% 
at rated power output (20 Hz to 20 kHz), decreasing 
monotonically with decrease in power. Distortion is virtual-
ly unmeasurable at small signal levels. 
Frequency response: 10 Hz — 1 dB 

(ref 0 dB at 1 kHz) 120 kHz — 6 db 
Power bandwidth: 5 Hz to 60 kHz 
Hum and Noise: 100 dB below 24 V RMS 

output (CC IR) 
Sensitivity: 700 mV RMS for 60 W into 

8R 
Negative feedback: the open loop gain is reduced by 22 dB 
by the application of overall negative feedback. 
Transient intermodulation distortion: zero 

Class A 
60 W RMS into 8R, 
20 Hz to 20 kHz 
150 W into 8R 

The preamplifier circuitry has been constructed on two 
printed circuit boards which plug together using high quality 
gold-plated connectors. The construction of these boards 
should present no difficulties if the layout is followed correct-
ly. There is a certain amount of wiring using screened cable 
and it is essential that this be done neatly and correctly. A wir-
ing diagram has been given which shows the loom in detail and 
this arrangement should be followed fairly closely. The ends 
of all screened cables should be sleeved to avoid the danger of 
stray strands shorting out the signal. Particular attention is 
drawn to the earth connections which are always a problem 
with stereo amplifiers. The arrangement as drawn works. 
Others might not! You may wonder why this wiring has not 
been incorporated on the PCB. This could have been done for 
ease of assembly but only at the cost of the loss Of isolation 
between the various signal and supply paths. In this context it 
is interesting that one of the world's best regarded preamps, 
the ultra-expensive Levinson, using several hundred dollars' 
worth of military grade, PTFE-insulated screened cable in the 
pursuit of signal isolation. However, our budget model uses 
common-or-garden screened cable to do the same thing! The 
use of this cable plus some care in layout results in a quite 
respectable figure for stereo separation at high frequencies. 

It is recommended that the phono sockets for the pick-up 
inputs be gold-plated. These are expensive and difficult to ob-
tain but, for optimum results to be obtained, they must be 
used. I have undertaken a lot of research into the effects of 
signal connections and have found that, while in theory both 
the gold-plated and nickel-plated contacts give equally good 
connections, in practice and over a period of time the gold-
plating will prove its worth. I will say no more because a full 
summary of the problems associated with connectors would 
fill an article of its own. 

Most of the transistors used are uncritical and the recom-
mended types can often be substituted for, provided that due 
regard is paid to voltage ratings and so on. However, the 
2N4401 first stage transistors are notably quieter than many 
alternative ' low noise' types (BC109 etc) and these should be 
fitted. The input transistors (Q1 and Q2) used for the moving-
coil stage (module A-MC) are medium-power devices selected 
from the BC160 family. They are tested for low noise under the 
specified operating conditions. Transistors of this type could 
be fitted on a 'pot-luck' basis but this may lead to disappoint-
ment, frustration, and a need for a new nozzle on your solder 
sucker! Alternatively the, correct pre-tested transistors can be 
used and a supply of these has been made available (see 
Buyl mes). 

Inside the prototype preamplifier. Construction is on two boards, the main 
preamp module A-PR and the smaller input module. The latter is connected 
to the main board and the phono input by gold-plated connectors (see 
Buylines). This enables different input modules to be easily exchanged to 
match different cartridges. If you're certain you'll only ever be using one 
cartridge, you could dispense with the connectors and solder wire links 
instead. 
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Fig. 1 Simplified diagram of one gain stage. 

PiNIOVABLE MODULE FIXED CIRCUITS 

RIAA FOLIALISATIOR 

Fig. 2 Preamp block diagram. The 'op-amps' A1-3 are, 
in fact, built using discrete components. 

Fig. 4 Circuit diagram of the A-PSU preamplifier power supply. 

Response of the series feedback equalisation stage to a square wave input 
signal. 

(a) 

NOTE. 
015 ARE .5101 
035 4 ARE .107. SIMILAR 
05 ISM., 
OR IS W.. 
OE 131151SAMI 
D1-5 ARE 1.. OR 1.14 

(b) 

Fig. 3 Conventional series feedback equalisation 
stage (a), and a different configuration using 
shunt feedback (b). 

Fig. 5 Circuit diagram of the A-MM moving magnet module. 

Each stage of the preamplifier uses a virtually identical discrete com-
ponent operational amplifier. This op-amp is shown in simplified form 
in Fig. 1. The input stage is a long-tailed pair composed of transistors 
Q1 and Q2 whose collector current is determined by a constant-
current source (Q3) and works out at about 100 uA for each transistor. 
This current has been chosen to give a low noise figure for this stage. 
The second stage is a voltage amplifier (Q5) which drives a constant 
current load (Q4) to set the standing current of this stage at about 2 
mA. The four series diodes bias on the complementary output stage 
(Q6, Q7) to give a quiescent current of 8 mA. This value of standing 
current ensures that all the amplifier stages continue to operate in the 
linear Class A region even when driving low impedance loads. 

The moving-coil stage is virtually identical to the other op-amps 
except for the use of some different component values. Whereas the 
other stag,es are optimised for low noise when driven from medium im-
pedance signal sources, the moving-coil cartridge can represent an 
almost pure resistance of between 2 and 10 R. To achieve a better 
noise figure medium-power transistors are used in the input stage, and 
each is operated at a collector current of slightly over 1 mA. 

The three stages are arranged as shown in the system block 
diagram (Fig. 2). The first stage can be either a moving-magnet or a 
moving-coil stage. Whichever is chosen, the gain and input loading are 
optimised to suit the pick-up cartridge in use. This stage has a flat fre-
quency response and no feedback equalisation. It does, therefore, buf-
fer the cartridge from the equalisation stage and so ensures that the 
cartridge loading is not frequency-dependent. 

The second stage is the equalisation stage with the R IAA network 
wired in a shunt feedback arrangement. This stage has a voltage gain of 
20 dB (x10) at 1 kHz and brings the signal level up to a nominal 50 mV 

before the switching circuits. After the volume control comes the third 
stage (A3) which is wired as a simple 20 dB (x10) line amplifier. 
However, the feedback resistor is wired to ground through a poten-
tiometer which acts as a balance control, giving a gain variation of 11 
dB on this stage. 

Shunt Feedback 
The purpose of the equalisation stage is to provide a fixed degree 

of frequency de-emphasis exactly complementing the R IAA specified 
pre-emphasis applied when a record is cut. Although the equalisation 
is normally specified over the band 20 Hz to 20 kHz it was assumed 
that the response curve would be continued outside of the audio band. 
Most important, the replay response above 20 kHz should continue to 
reduce with frequency until at some infinitely high frequency the out-
put is zero. This requirement is disregarded by most audio engineers 
who concentrate primarily on the audio band performance, but the 
music signal reproduced from a disc contains transients whose fre-
quency content can lie outside the arbitary audio band. (Question: 
why 20 Hz to 20 kHz? Answer: because it has always been so!) The con-
ventional series feedback stage of Fig. 3a is unable to provide an ac-
curate transfer of these high frequencies. This is because the gain does 
not drop towards zero with increasing frequency but towards unity. 
The voltage gain of this stage is equal to 1 + (ZF + R1); so even if ZF is 
made infinitesimally small the minimum gain cannot be less than uni-
ty. The same is not true of a shunt feedback equalisation stage such as 
the one shown in Fig. 3b. Here the voltage gain is equal to Z FiRi, so 
that as ZF continues to reduce so the gain continues to drop until final-
ly the minimum gain is determined by the signal leakage through the 
stage. The accompanying photos show the reproduction of a square 
wave through the two ty pes of equalisation stage and it will be clearly 
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The response of the same stage when wired for shunt feedback. 

 HOW IT WORKS 

NOTC 
ICI IS MIS 
1C2 IS 79IS 

012 le ARE 11144403 

06-17 ARE I.41411 OR INDIA 
LEO, IS TILXI9 OR SIMILAR 

CI 

Fig. 6 Circuit diagram of the A-MC moving coil module. 

01 6 SCE TEXT 
1SC I01 OR SIMILAR 

OR IS ...SAM 
07 IS MRS.,. 
01-S ARE 1.4148 OR 1.914 

o SOCKET 

POWER SOCKET 
PI. 4 

Fig. 7 Circuit diagram of the A-PR main preamplifier module. 

seen that the series feedback arrangement imparts a degree of treble 
boost to the signal. 

So why isn't the shunt feedback system commonly used in com-
mercial preamplifiers? The answer is noise; to be exact, the noise 
generated by the series input resistor R1. Both input configurations 
use a nominally 47k resistor to load the cartridge, but in the series ar-
rangement it is 'shorted-out' by the (approximately) 200R resistance of 
the cartridge. However, with the shunt arrangement this 47k resistor 
remains in series with the signal path and hence contributes a lot of 
Johnson (thermal) noise. It has been calculated that the maximum 
theoretical signal-to-noise ratios of the two stages (measured over the 
band 20 Hz to 20 kHz and RIAA equalised) are: 

Shunt feedback 58.5 dB 

Series feedback 72 
Both ref. 2 mV at 1 kHZ 

This difference is enough, in our world of specmanship, to have 
consigned the shunt feedback stage to the dustbin for many years. 

However, to get the best of both worlds I have gone back to the 
system I used many years ago at Cambridge Audio. This is the use of a 
linear series feedback input stage followed by a shunt feedback 
equalisation stage. The equalisation stage can now work under far 
easier conditions as the signal has some initial preamplification. 
Furthermore the input resistor (R1) now no longer needs to be 47k but 
can be a lower value chosen to set the stage gain. In this case it has 
been set at 3k3 and so its noise contribution is quite low. 

Now we have an input arrangement which buffers the cartridge 

from the equalisation stage (and so makes the input loading indepe-
nent of the equalisation), continues the RIAA equalisation curve at 
high frequencies, and achieves the low noise figures typical of the con-
ventional series feedback arrangements. Just as important, the shunt 
feedback sounds different (and in my opinion better), and that is the 
deciding factor. A revealing experiment is to wire one preamplifier in 
shunt and one in series feedback and (having equalised their gains) to 
listen to each in turn reproducing the 'off-record' noise. It will then be 
apparent that some preamplifiers emphasise such noises more than 
others. 

Power Supply 
The power supply circuitry is kept simple and consists of two in-

tegrated circuit regulators (IC1, IC2) which give a low ripple ± 15 V 
supply to the circuits. The positive rail is further decoupled at the pick-
up stage by resistor-capacitor filters (R14, C2). The negative rail is ade-
quately decoupled for this stage as the long-tailed pair (Q1, Q2) is fed 
through a current source, but the positive rail is connected directly to 
the collectors of this stage and so some additional decoupling is re-
quired. The decoupling capacitor needs to be of quite a high value to 
maintain a low impedance supply. If this value is reduced the low fre-
quency distortion can become excessive. 

The supply indicator LED is wired across both supply rails so that 
the absence of either one will cause the LED to go off. 

The power supply module is also simple. The incoming mains 
supply is fused and switched and fed to a toroidal transformer. The 
centre-tapped secondary feeds a bridge-rectifier to produce a split rail 
supply across the two reservoir capacitors (Cl, C2). The off-load 
voltage at this point should be a nominal ± 21 V. Again the supply in-
dicator LED is wired across both rails as a monitor. 
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This photograph shows the A-MC moving coil input module. 

BUYLINES,  

Most of the components specified are readily available from the usual 
suppliers except for the connectors and the low noise transistors. The 
board-to-board gold-plated connectors (horizontal, 45°) are type 
434-172, and the vertical input-to-board connectors are type 434-188. 
These are available from RS Components Ltd, and can be ordered via a 
local stockist. 

Kits of parts for the System A amplifier are available from Jelgate 
Ltd, 215 High Street, Offord Cluny, Cambs. Prices are as follows: 
Preamp Kit 1 containing two chassis (preamp and PSU), toroidal 
transformer, and all the chassis-mounting components; £28. 
Preamp Kit 2 containing the A-PR and A-PSU PCBs and all components; 
£26. 
Preamp Kit 3 containing A-MMIA-MC PCB and components; £12 for 
either version. 
Set of four input transistors, selected for low noise; £2. 
Power Amp Kit 1 containing all the metalwork, heatsinks and chassis-
mounting components; £105. 
Power Amp Kit 2 containing transformer, capacitors, power supply com-
ponents and power transistors; £65. 
Power Amp Kit 3 containing A-PA PCB and components; £23. 

All these prices are exclusive of VAT and carriage. The cases are all 
ready-painted and screen-printed. Items can be bought separately; a 
comprehensive price list can be obtained from Jelgate. 

Fig. 8 Wiring diagram of the preamp. No wiring from the preamp main board 
crosses the input module; all cables are taken towards the front panel and 
back down either side of the case to the rear panel. See photos. 

 PARTS LIST  
INPUT MODULE A-MM 
Components are listed for one channel only — add 100 for other 
channel. 

Resistors (all 1/4 W, 5%) 
R1 
R2 
R3,4 
R5 
R6 
R7 
R8 
R10 
R11, 12 
R13 
R9 is not used 

Capacitors 
Cl 
C2 

Semiconductors 
Q1,2 
Q3,4 

Q5 
Q6 

Q7 
D1-5 

Miscellaneous 
Connectors, PCB. 

100k (see text) 
100k 
6k8 
2k7 
560R 
3k9 
2k2 
220R 
47R 
3k3 

10u 35 V tantalum 
1000u 16 V electrolytic (PCB type) 

2N4401 
BC107 or similar 
2N4403 
MPSA06 
MPSA56 
1N4148 or 1N914 

INPUT MODULE A-MC 
Components are listed for one channel only — add 100 for other 
channel. 

Resistors (all 1/4 W, 5% except where stated) 
R1 100k (see text) 
R2 
R3,4 
R5,9 
R6 
R7 
R8 
R10 
R11, 12 

Capacitors 
Cl 
C2 

Semiconductors 
Q1,2 
Q3,4 
Q5 
Q6 

Q7 
D1-5 

Miscellaneous 
Connectors, PCB. 

1k0 
1k2 
270R 
2R2 2% metal film 
3k9 
56R 
220R 
47R 

100u 6V3 tantalum 
1000u 16 V electrolytic (PCB type) 

BSS15 (specially tested — see text) 
BC107 or similar 
2N4403 
MPSA06 
MPSA56 
1N4148 or 1N914 
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 PROJECT: System A Preamp_ 

Fig. 9 The A-PR overlay. For off-board connections see Fig. 8. 

Fig. 10 Overlay for both phono input modules. Note that R9, R109 are 
replaced by wire links in the A-MM module. 

Testing 
The power supply should, because of its simplicity, pre-

sent few difficulties. Before any connection to the mains supp-
ly, a visual inspection should be made to check the wiring, the 
polarities of the capacitors and rectifier, and not least the wir-
ing of the mains switch. It never ceases to amaze me just how 
often mains switches are wired to short across the supply at 
switch-on. So take a little care and save a few bob! 

With all checks completed, the fuse is fitted and a meter 
wired between the positive and negative output lines. The 
mains supply can be connected and for a 240 V nominal supp-
ly the meter should read 21 V ( ± 2 V). Then measure the sup-
plies to 0 V to check that they are equal and that the LED is il-
luminated. 

The preamplifier is fairly straightforward to test, albeit 
rather repetitive. The two power supply regulators are pro-
tected against excessive currents (eg shorts) and over-
temperature, so they are unlikely to come to any grief pro-
viding they are correctly inserted into the PCB. Each of the 
amplifier stages on the main board can be isolated from the 
power supplies by the removal of wire links and, of course, the 
input module can be unplugged, so in the event of a fault the 
offending stage can be isolated. 

Before connecting up the power supply it is a good idea to 
give the PCBs one final visual check, paying particular atten-
tion to transistor types, diode and capacitor polarities, and 
solder bridges on the PCB tracks. Now connect the power sup-
ply and monitor the supply lines. They should measure ± 15 V 
( ± OV6) and the LED should light up. The controls should now 
be set as follows; 

Input: PU 
Tape: OFF 
Balance: Central 
Volume: Minimum 

Now measure the DC voltage between earth and the junc-
tion of the two emitter resistors in the output stage of each 
amplifier. This voltage should be zero, but can be ± 2 V 
without any significant effect on the workings of the 

PREAMP MODULE A-PR 
Components are listed for one channel only — add 100 for other 
channel. 

Resistors (all 1/4 W, 
R14 
R15,19,34 
R16,17,31,32 
R18,33,28 
R20,35 
R21,22,38,39 
R23 
R24 
R25 
R26 
R27 
R29 
R30 
R36 
R37 
R40 
R41 

Potentiometers 
RV1 
RV2 

5% except where stated) 
39R 
3k3 
6k8 
2k7 
220R 
68R 
330k 2% metal oxide 
2k0 2% metal oxide 
24k 2% metal oxide 
2k7 2% metal oxide 
47R 
150k 
100k 
330R 
10k 
75R 
4k7 

50k logarithmic 
1k0 linear (preferably wirewound) 

Capacitors 
C3,12,13 
C4,5,11 
C6,7,9 
C8 
C10 
C14 
C15 

Semiconductors 
'Cl 
IC2 
Q8,9,15,16 
Q10,11,17,18 
Q12,19 
Q13,20 
Q14,21 
D6-17 
LED1 

10u 35 V tantalum 
100n 63 V ceramic disc 
1n5 2% polystyrene 
6n8 2% polystyrene 
560p 2% polystyrene 
100p ceramic 
see text 

7815 
7915 
2N4401 
BC107 or similar 
2N4403 
MPSA06 
MPSA56 
1N4148 or 1N914 
TIL209 or similar 

Miscellaneous 
SW1,2 DPDT slide switch 
Connectors, PCB, phono sockets, DIN sockets, Veropins, screened 
cable, case, knobs to suit. 
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preamplifier (although the blocking capacitor will be 
necessary). That completes the DC tests. The preamplifier will 
now almost certainly work but if you have test equipment 
available it would be a good idea to test each channel with an 
audio signal and to centralise the balance control. 

The total current drawn from the negative supply is about 
120 mA for the moving-coil version and 115 mA for the 
moving-magnet version; and about 15 mA less from the 
positive supply. 

As an aid to fault-finding a list of test-voltages has been 
provided which can be used in conjunction with the main cir-
cuit diagram. 

Table 2. Voltages measured between test points and ground with Avometer 
Model 8. These voltages should be taken only as a guide. 

TP1 
TP2 
TP3 
TP4 
TP5 

+15V TP6 
—15V TP7 
+14V5 TP8 
+13V6 TP9 
+14V3 TP10 

+14V3 
+13V6 
—13V8 
—13V8 
+13V 

ADC 
ZLM E 
XLM-Il G 
XLM-111 E 
VLM-I I E 

AKG 
P7E G 
P8E & 
P8E-S E 
AUDIO-TECHNICA 

AT-10 
AT-11E 
AT-12E 
AT-13EA E 
AT-25 
AT-30 
Signet MkIllE 
Signet TK5E 
SignetTK7E E 

AZAK 
DC2100K 

CORAL 
MC81 
777E 
777Ex 

DECCA 
Blue 
London 

DENNON 
DL 103C 
DL 103S 
DL 103D 

ELITE 
MC555 
EE1500 

EMPIRE 
500 D 
2000 1E -
2000 E4 
600 LAC 
2000 X 

E 

A 
A 
A 

G 

EMT 
XSD15 

GOLDRING 
G 900 IGC 

MAYWARE 
MC3L 
MC2C 

A 

E 

E 

MICRO ACOUSTICS 
2002-e E 

NAGAOKA 
JT-R11 

ORTOFON 
MC 30 

SHURE 
75-ED 
M75E J 
M97HE 
V15-IV 

SONUS 
BLUE 
GOLD BLUE 

SONY 
XL35 
XL 55 

STANTON 
680 
881 
681 EFE 

SUPEX 
SD 9015 
900E 

H 
H 
H 
G 

E 
E 

E 
A 

E 
E 
E 

E 

TECHNICS 
E PC-300MC D 

E ULTIMO 
G 10X11 
G 20A 
E DV 20C 
E DV KARAT 

Table 3. Cartridge matching table. 

E 
G 
A 
A 

The cases supplied for 
the System A project 
ensure a professional 
appearance, and can be 
obtained from Jelgate Ltd 
(see Buylines). The 
modules shown here are 
the prototypes. 

PeN‘cr S,pp Modei 

t+alan, •Nudto PreAmphfier Nadel 

Variations On A Theme 
Alterations can be made to the input modules to suit a 

wide range of cartridges. The recommended changes are 
given below; Table 3 lists most cartridges and the matching 
module. If your cartridge doesn't appear, write to us with an 
SAE and we will tell you which variant is suitable. 

Moving-coil Cartridges 
The gain of the A-MC input module can be varied by 

changing resistor R6. This resistor has a value of 2R2 to give a 
sensitivity of 550 uV on the standard version. Changing R6 to 
OR6 (eg two 1R2 resistors in parallel) will increase the sensitivi-
ty to about 150 uV. The input loading can be varied by chang-
ing resistor R1 fom the standard value of 100R to any other 
value. The four recommended alternatives are: 

A 550 uV sensitivity, R1 

B 150 uV sensitivity, R1 
C 550 uV sensitivity, R1 

D 150 uV sensitivity, R1 

Moving-magnet Cartridges 
Again, the input loading of module A-MM can be chang-

ed by using an alternative value for resistor R1. An input 
capacitor CI_ can also be wired across R1 to lower the input im-
pedance at high frequencies and so 'equalise' the output from 
some cartridges. The gain of the standard version is set by R13 
and gives a sensitivity of 2.3 mV. Reducing R13 increases the 
sensitivity and vice-versa. The four recommended alternatives 
are: 

= 1k0 
= 100R 
-= 100R 
= 1k0 

E Standard version 
R13 = 8k2 

G Ç = 180pF 
H R13 = 8k2 and 

= 180pF 

Table 3 assumes that the cartridges are mounted in tone-arms 
which have a total cable capacitance of about 100pF and 
below. 

Next month we present the System A Class A power 
amplifier. This article will also include the overlay for 
the A-PSU module which had not been finalised when 
this issue went to press. 

Eli 
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MULLARD MODULES 
LP1171 LP1179 LP1186 
IF. Strip. AM. FM. VARICAP 

FRONT END 

LP1157 

MED. & LONG TUNER 

Pair £5.75 £5.00 £2.50 
Complete with Data 

FOSTER DYNAMIC MICROPHONES 
200 ohm impedance 
Moving coil. £ 1.75 pair 
Complete on chassis 

ULTRASONIC TRANSDUCERS 
40KC/S 
Complete on 18in. screened cable 
£1.75 ea. Pairs £2.95. 

ULTRASONIC TRANSMITTER 
Complete unit ( uncased requires 1.5V) 
£3.25. 

STEREO CASSETTE TAPE HEADS 
Quality replacement for most re-
corders with mounting plate. Record/ 
Replay. £2.80. 

HEWLETT—PACKARD DISPLAYS 
Half-inch red common anode. Definitely the brightest will 
replace IDL707). 

(5082-26501 high efficiency and very bright. 
Excellent character appearance, evenly lighted segments, 
wide viewing angle, body colour improves 'Off' segment 
contrast. Categorized for luminous intensity, use of like 
categories yields a uniform display. Consumption as low as 
3mA per segment, designed for multiplex operation. Stan-
dard 14-pin dual-in- line package configuration. 

ONLY £1 EA. 
SETS OF 6 
FOR a 

VÉAO COMPUTER FRAMES NATIONAL 4116 Dynamic (1 GK RAM) 
19 x 8in. with 64 runners and guides. .200 N/seconds £1.95. 
List price £43. Our price £ 17.95. Less 10% per 4. 15% per 8. 

All items new stock — delivery by return post. All items inclusive of VAT and 
post paid. Quantity discounts. 15% per 10, 20% per 50. 

SCOOP 
ONLY 

f29.95 
V AT 

BRITISH MADE 

•52 KEY 7 BIT 
ASCII CODED 
• POSITIVE STROBE 
+5V - I 2V 
' FULL ASCII 
CHARACTERS 
' PARALLEL OUTPUT 
WITH STROBE 
• POWER LIGHT ON 
CONTROL 
' CHIP BY GENERAL 
INSTRUMENT IG I ) 
TTL OUTPUT 
• SUPERBLY MADE 
SIZE 13 x 5 5 x 
1 5 ins 

Professional ASCIIKeyboards 

eiteileAd).1De:1-.21.21.19.15e---1 
E-10.1.5-.1.101011.uriinD01.91:D 

The 'CHERRY' Computer Keyboard 

• B ACK KEYS WITH 
WHITE LEDGENS 
• ESCAPE. SHIFT. 
RETURN & RESET 
KEYS 
• CONTROL. REPEAT 
& BELL 
Complete with DATA 

HEeRyl-

Ideal for use with TANGERINE, 
TRITON. TUSCAN, APPLE and most 
computers. Ex-Stock from HENRY'S 

This is definitely the BEST BUY FULLY 
GUARANTEED Supplied BRAND NEW in 
manufacturers original packing Just post 
remittance total E35 95 lind VA T & Post) 

404 Edgware Road, 

London, W2. England 01-402 6822 

•  

Happy 
Memories 

4116 20Ons 
2114 450ns 
2708 450ns 

£1.70 
£1.95 
£3.35 

2114 200ns £2.95 
2716 5 volt £3.70 

MEMOREX SOFT-SECTORED MINI-DISCS for 
PET, TRS-80, etc. Surolied in Free Library Case 

£19.95 per 10 

Low Profile I.C. Sockets by Texas 
Pins   8 14 16 18 20 22 24 28 40 
Pence   10 11 12 16 17 20 21 28 37 

• 

Memory Upgrade Kits for Apple, 2020, TRS-80, 
etc.  from £13.60 please phone 

Quantity prices available on request. Government 
and Educational Orders welcome. Trade accounts 
opened. 

ALL PRICÈS INCLUDE V.A.T. POSTAGE FREE ON 
ORDERS OVER El 5, OTHERWISE ADD 30p 

Access and Barclaycard Welcome 

HAPPY MEMORIES 
Dept. ETI 

Gladestry, Kington 
Herefordshire HR5 3NY 
Telephone (054422) 618 

Faster than a scope 
safer than a voltmeter 

GLOBAL SPECIALTIES CORPORATION 

G.S.C. ( UK) Limited, Dept 9S 

Unit 1, Shire Hill Industrial Estate, 

Saffron Walden, Essex CB1 1 3AQ. 

Tel: Saffron Walden 107991 21682 

\ Telex: 81 747 7 

ETI JULY 1981 

Instant — simultaneous monitoring 
of the logic state of all IC nodes 
Just clip it over your IC 
LM-1 Instantly and accurately shows both static and dynamic logic 

states on a bright 16 LED display. 
LM-1 finds its own power. 
LM-1 cuts out guesswork, saves time, and eliminates the risk of 

short circuits. 
LM-1 is suitable for all dual-in-line logic ICs LED on = logic state 
1 (high), LED off = logic state 0 (low), and each LED is clearly 
numbered 1 to 16 in the conventional IC pattern. 

ONLY £31.00 Excluding P&P and VAT 
Total £37.37 including box and instruction manual. 

r.S.C. ( UK) Limited, Dept. 9S, Unit 1, Shire Hill Industrial Estate, Saffron Walden, Essex CB11 3A0 

I LM- 1 £3 7.3 7 (incl. P&P and 15% VAT) Onty. Reqd. D For FREE Catalogue tick box 

▪ Name  Address  

g l enclose PO/cheque for £  or debit my 
I Barclaycard, Access, American Express No  

exp. date  

FOR IMMEDIATE ACTION — The G.S.C. 24 hour, 5 day a week service, Telephone: (0799) 21682 and give 
us your Barclaycard, Access, American Express number and your order will be in the post immediately. j 
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T electronics 
48 JUNCTION ROAD, ARCHWAY, LONDON N19 5RD - 100 yards from Archway Station & Bus Routes 
TELEPHONE: 01-263-9493/01-263 9495 

YOUR SOUNDEST CONNECTION IN THE WORLD OF COMPONENTS AND COMPUTERS 

VIDEO GENIE  

VIDEO GENIE based on 

TRS80 
EG3003 

Utilises Z80, 12K level Il Basic 
Integral Cassette Deck, UHF, 
0/P, 16K RAM, all TRS80 fea-
tures simply plug into Monitor 
or VHF TV. 

£279 With V.U. Meter 

Expansion Box 
Expansion Box (with RS232) 
16K Ram Card 
32K Ram Card 
Single Disk Drive (35 Track) 
Dual Disk Drive (40 Track) 
Parallel Printer Cable 
Disk Drive Cable (4 Drives) 
Dual Disk Drive Cable 
Parallel Printer Cable for Unexpanded-Video Genie 
Sound Kit ( fitting extra) 
Lower Case Kit (fitting extra) 
Video Genie Technical Manual 
NEW SOUND KIT using AY-3-8910 
NEW COLOUR KIT ( fitting extra) 

185.00 
215.00 
94.00 
129.00 
215.00 
410.00 
17.00 
32.00 
17.00 
33.00 
7.00 

27.50 
5.00 

£24.95 
£34.95 

COMPUTER 
CHIPS 
D. RAMS 
4027 
4050-3 
4116 

2.75 
2.35 
1.95 

S. RAMS 
2102A 1.30 
2112A 2.75 
2114/4045 1.95 
4035 1.07 
4044/5257 6.95. 
6810 3.50 
Bulk Purchase 
8x 2114 14.00 
16 x 2114 25.00 
8 x 4116 14.00 

EPROMS 
2708 
271615v) 
2532 

3.50 
4.60 
12.00 

ROM 
2513/Ud ) 5.95 

CPUs 
Z80 
280A 
6502 
6800 
8080 
9900 

5.56 
7.95 
6.25 
5.95 
4.50 

25.95 

SUPPORT 
CHIPS 
280CTC 4.25 
280A CTC 4.95 
Z80 F90 4.25 
280A PIO 4.95 
6520 3.25 
6522 5.70 
6532 7.95 
6821 3.00 
6850 3.00 
6852 3.70 
8212 1.95 
8216 1.85 
8224 2.75 
8228 3.75 
8251 4.75 
8253 9.75 
TMS9901 13.16 
TMS9902 11.1f 
TMS9904/ 
74LS362 8.40 

TANTEL 

PRESTEL BY TANTEL 
THE GREATEST THING SINCE TELEVISION & 

TELEPHONES 

COMMUNICATION AT YOUR FINGER TIPS FOR BUSINESS 
& HOME. UP TO DATE INFO 

180,060 pages of information on Travel, News, Investment, Holidays 
Hotels Etc., Etc. 

Ask Prestel a question and you have your answer in seconds in full coio.. 
on your own T.V. Only requires a telephone jack socket available from the 
P.O. Demonstration available at our shop. 

Send for details 

£170 
TANTEL IS POST OFFICE APPROVED 

INTEGRATED CIRCUITS 
BAUD RATE 
GENERATORS 
MC14411 9.00 
MM5307 8.75 
MC14412 12.50 

UARTS 
AY-5-1013 
AY-3-1015 
MM5303 
TMS6011 

BUFFERS 
811S95 
81LS96 
81LS97 
81LS98 
SN74385 
SN74366 
SN74367 
SN74368 
8726 
8728 
8795 
8796 
8797 
8798 

3.95 
4.75 
4.75 
3.55 

1.25 
1.25 
125 
1.25 
.as 
.45 
.45 
.45 

1.50 
1.50 
1.50 
1.50 
1.60 
1.50 

1C SOCKETS 
OIL 

.05 tf pink, .10 
16 pin .11 
18 pin .16 
20 pin 
22 pin 
24 pin .24 
28 pin .30 
40 Bin .40 

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

20 
.22 

.25 

.26 

.42 

.50 

.62 

.es 

.70 
sio 
.99 

1.10 

SOLDERCON 
PINS 

100 
500 2.40 
1000 4.25 

50 

CMOS 

C04006 
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 
4032 
4034 
4035 
4040 
4042 
4043 
4046 
4049 
4050 
14051 
4052 
.4053 
4054 
4056 
4059 
4060 
4066 
4068 
4069 
4070 
4071 
4072 
4075 
4077 
4081 
4082 
4085 
4086 
4093 

.13 

.18 

.15 

.75 

.15 

.75 

.35 

.45 

.18 

.20 

.45 

.so 

.eo 

.35 

.70 

.75 

.se 

.85 

.es 

.85 

.24 

.51 
20 

1.50 
.45 
.75 
.95 
.52 

1.25 
2.00 
.55 
.es 
.70 
.so 
.95 
.35 
.35 
.65 
.85 
Ass 

1.30 
1.35 
5.91 
1.10 
.ss 
.25 
.20 
.30 
.25 
.25 
.25 
25 
.25 
25 
.90 
.71 
.55 

4099 1.50 
4502 .95 
4508 2.90 
4510 
4511 
4514 2.17 
4515 2.50 
4516 .80 
4517 4.15 
4518 .90 
4521 2.10 
4522 1.50 
4526 
4528 
4534 5.10 
4536 3.03 
4543 1.50 
4553 3.87 
4566 1.75 
4583 .55 
4585 1.25 

LEDs 
0.125" 
TIL209 
Red HB 
Green HB 
Yellow HB 
0.2 
11L220 
Red HB 
Green HB 
Yellow HB 
HB = H 
Brightness 

.es 

.es 

.95 

.95 

.12 

.18 

.18 

.18 

.13 

.19 

.19 

.19 
g h 

VOLTAGE 
REGULATORS 
• end of range 

78106• 
78108 
78112 
78115 
78M05. 
78M06. 
78M12 .. 
78M15° 
78M20* 
78M24 
79M05. 
79M06. 
79M08° 
79M12* 
79M15 
79M20. 
79M24* ee

e,
ee
ee
tt
gt
gt
tt
wt
i 

7805 .so 
7808 .so 
7812 .so 
7815 .eo 
7820 .80 
7824 .60 
7908 .es 
7812 .es 
7815 .85 
7820 .ss 
7824 .ss 
78HGKC 8.50 
723114 pin) .37 
72317099) .69 
LM304H. 2.22 
LM309K 1.36 
LM323K 4.50 
LM325N 2.41 
LM326N 2.41 
LM345K• 7.75 
L200 1.70 
L0051.1. .95 
103671. .95 
L03771° .95 
1129. .ea 
1130. .55 
1131.. .es 

IS SERIES 
741500 .13 
01 .13 
02 .13 
03 .13 
04 .15 
05 .22 
oe 20 
09 22 
10 .20 
11 24 
12 .32 
13 .37 
14 .50 
15 24 
20 20 
21 .22 
22 .35 
26 .44 
27 .35 
28 .32 
30 .20 
32 .26 
33 .35 
37 .23 
38 23 
eo .23 
42 .65 
47 .81 

48 .96 193 95 
49 .95 194 125 
51 .24 195 1 25 
54 .24 196 120 
55 .24 197 85 
73 .40 221 1.20 
74 .30 240 1.65 
75 .40 241 1.65 
76 .38 242 165 
78 .38 243 165 
83 .70 245 250 
as .80 247 135 
88 .38 248 135 
90 50 249 1.35 

.97 251 

.69 253 1.30 :2  .90 
93 .60 257 .90 
95 1.15 258 1.20 
96 1.10 259 1 60 
107 .38 261 450 
109 .56 266 75 
112 .38 273 1 70 
114 .38 279 57 
122 .89 283 90 
123 .80 289 450 
125 .44 290 1 30 
126 .44 293 95 
132 .60 295 1 85 
133 .39 298 1 60 
136 .40 348 185 
138 .60 352 1 85 
139 .70 353 1 85 
145 .97 362 421 
151 .81 365 47 
153 .52 366 47 
154 1.70 367 47 
155 .80 368 47 
156 .85 373 1 50 
157 .57 385 47 
158 .57 373 150 
160 .90 386 85 
161 .75 393 1 20 
162 1.10 668 1 05 
163 .78 670 250 
164 .90   
165 .75 
166 1.75 
168 2.10 
169 2.00 
170 2.00 
173 1.05 
174 .97 
175 .97 
181 2.95 
188 2.75 
190 .95 
191 .95 
192 95 

-UK101 DeeN 
KeCE 

UK101 Kit £149 
Ready Built £199 
Complete in case £225 
4K Expansion 8x2114 £14 
Memory Expansion Kit 
8K £79.95 
16K £106.95 
Printer Interface £29.95 
Sound generator plus 
PIO kit £29.95 
Cases £24.50 

NEW 
Chromasonics Sound 
Kit £24.95 
Colour Kit £84.95 

Inc. Demo Tape & Full 
Documentation Send for details 

[
APPLE AND PET 

Phone for our most 
competitive 

prices for Pets 
and Apples 

LISTS 

Now 
Available 
S.A.E. 
Please 

111111aNICAMO 

VISA 

Please add VAT 15% to all prices. Postage on computers, printers and cassettes charged at cost, all other items P&P 
30p. Place your orders using your Access or Barclaycard. ( Min. tel. order £5.) Trade and export enquiries welcome. 
Official purchase orders welcome. U.t ,. •• tn. \- • •••• 
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 FEATURE 

DESIGNER'S 
NOTEBOOK 
Piezo-electric 'buzzers' such as the PB-2720 are super-efficient and 
inexpensive sound generators, easily driven by simple CMOS circuitry. 
In this month's Notebook, Ray Marston shows how to use them. 

T
here is a frequent requirement in instrumentation designs, 
for example, for some form of alarm or 'fault condition' 
indicator, perhaps to warn of a short-circuit or overload 

condition in a power supply or an overspeed condition, loss of 
oil pressure and so on in a car or truck. If you ever need to design 
such an alarm, you have the options of using either a visual 
(lamp or LED) or an acoustic type of output indicator. 

The major snag with purely visual indicators is that they are 
only effective if you happen to be looking at them when they 
activate. Clearly, acoustic indicators are the most effective 
types of 'attention grabbers', but in the past they tended to be 
rather expensive to implement both in terms of money and in 
power consumption and physical bulk. 

The recent introduction of small, inexpensive and highly ef-
ficient piezo-electric acoustic transducers such as the Toko 
PB-2720 (available from Ambit International at about 44p each) 
has totally changed this situation, however, and it is now possi-
ble to build effective acoustic indicators at costs that are very 
low. 

PB-2720 Basics 
The PB-2720 piezo-electric transducer is a super-efficient 

electric-to-acoustic power converter. It consists of a metal plate 
bonded to a thin slice of piezo-electric ceramic and is housed in 
a small plastic-moulded resonant chamber. 

If you apply an AC signal across the two input terminals of 
the PB-2720, you get a corresponding audible output. Figure 1 
shows the frequency characteristics of the device when it is fed 
with a 1V5 RMS input and the output level is measured at a 
range of 10 cm. Note that a good output level is available across 
a wide frequency band but this peaks at about 4.5 kHz, at which 
point an output sound level of roughly 85 dB is obtained at a 
range of 10 cm from a 1V5 RMS input. If you are not familiar 
with acoustic terminology, 85 dB is typical of the subjective 
sound level of a noisy office or busy street. 

SOUND 
PRESSURE Id BI 

10 

I0 

(0 

30 

,3q,1 

3 4 5 6 

FREQUENCY (kHz) 

Fig. 1 Frequency characteristics of the PB-2720 'buzzer' with an input of 1.5 V 
RMS. The sound pressure is measured at 10 cm. 

The really impressive feature of the PB-2720 is its high level 
of power conversion efficiency and consequent low power in-
put requirement for a given power output. Figure 2 shows the in-
put voltage characteristics of the device in terms of current con-
sumption and generated sound pressure. Note here, for exam-
ple, that a 10V RMS input at 4.8 kHz causes a current consump-
tion of only 3 mA but results in 100 dB of output, while at 1.65 
kHz the input consumes only 1 mA (10 mW) for 87 dB of output. 
Very impressive. 

The explanation for these apparently miraculously low 
levels of power consumption is very simple. Conventional elec-
tromagnetic speaker-type transducers have incredibly low con-
version efficiency levels, ranging from a mere 0.1% for hi-fi 
speakers to 2% for 'cheapo' types. The PB-2720, by contrast, is a 
piezo-electric device and has an efficiency level of about 50%. 
Thus, for a given output level it needs an input power of only 
1/500th to 1/25th of conventional sound generators. 
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SOUND PRESSURE AT 
10em AT 4.8kHz 

SOUND PRESSURE AT 
10cm AT 1.65kH2 

URRENT CONSUMPTION 
IrnAl ATO.8k Hz 

URRF NT CONSUMPTION 
IrnAl AT 1.65kHz 

2 05 10 20 50 10 20 

INPUT VOLTAGE IV OMS) 

Fig. 2 Input vol age characteristics of the PB-2720 in terms of current 
consumption and generated sound pressure. 

Driving The PB-2720 
The PB-2720 is a very easy device to drive. Being ceramic, 

its input terminals appear to the outside world as a simple 
capacitor with a static value of about 20nF and a DC resistance 
of near-infinity: if you drive it with a pure sine wave, you simply 
find that its impedance decreases as frequency increases. 

The most effective and cheapest way to drive the device is 
to feed it with square waves, but in this case the driver must be 
able to source and ;ink currents with equal ease and must have 
a current-limited (short-circuit proof) output. CMOS drivers fit 
this bill perfectly. 
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Figures 3 and 4 show two very inexpensive ways of driving 
the PB-2720 from a gated 4011B CMOS oscillator; both circuits 
generate a continuous-tone signal when they are enabled, are 
gated on by a high (logic 1) input signal, and can use any supply 
in the range 3 to 18 V. 

The Fig. 3 circuit calls for little explanation. 1C1a-IC1b are 
wired as a gated 2 kHz astable, and IC1c is used to give single-
ended buffered drive to the PB-2720. The circuit can be gated 
on electronically, or by PB1. The signal reaching the PB-2720 is 
thus an approximate square wave with a peak-to-peak 
amplitude roughly equal to the supply voltage: consequently, 
the RMS voltage across the load is roughly equal to 50% of the 
supply voltage. 

The Fig. 4 circuit is rather more difficult to understand. IC1c 
and IC1 d are series-connected and used to give a 'bridge' drive 
to the transducer, in which antiphase signals are fed to the two 
sides of the PB-2720. The consequence of this cunning drive 
technique is that the load (the PB-2720) actually sees a square 
wave drive voltage that has a peak-to-peak value equal to twice 
the supply voltage and thus gives four times more acoustic 
power than the Fig. 3 circuit. The effective RMS voltage across 
the load of the Fig. 4 circuit is equal to the supply voltage. 
Mystified? 

Fig. 3 This basic buzzer circuit is gated by a high (logic 1) input and generates 
a 2 kHz continuous tone. The PB-2720 drive is single-ended. Sound output (at 
10 cm) is about 82 dB from a 10 V supply. 

1 
10 P81 

(PRESS 
FOR ONI 

GATE 

3V TO 18V 

NOTE: 
IC1 IS 0011B 

Fig. 4 This version of the basic buzzer circuit uses bridge drive to the PB-2720 
and produces an output that is four times louder than the Fig. 3 circuit. 

Points Of View 
The solution to the action of the bridge-driven circuit of 

Fig. 4 can be understood with the aid of Fig. 5, which shows the 
waveforms applied to the load from a bridge circuit when it is 
fed with a 10 V peak-to-peak square wave input signal. The im-
portant thing to grasp when looking at this diagram is the basic 
concept of reference points. You and I are accustomed to think-
ing in terms of the common or ground line as being the 'zero 
voltage' reference point. Thus, when we look at point.A in Fig. 6 
we see a square wave signal that alternates between 0 V and 
+10 V. Similarly, when we look at point B we again see a 10 V 
peak-to-peak signal, but in this case it is in antiphase to the A 
signal (shifted by 180°). 

Now the load in the Fig. 5 circuit (irrespective of whether it 
is a simple resistor or a PB-2720) sees drive voltages purely with 
reference to one arbitary side of itself. With this concept in 
mind, let's look at the drive voltage as seen by the load (the third 

waveform, the true voltage across the load), which assumes that 
the load is always seeing point A as its 'zero reference' point 

In this case, during period '1' of the drive signal, point B is 
10 V positive to point A and is thus seen as being at' + 10 V. In 
period '2', point B is 10V negative to point A, and is thus seen as 
being at ' — 10 V'. Similarly, through periods '3' to '6' point B is 
seen as alternating through + 10 V, — 10V, + 10 V and — 10 V. 

Thus the load in a 10V bridge-driven circuit sees a voltage 
of 20 V peak-to-peak, or twice the single-ended input voltage. 
Since doubling the drive voltage results in a doubling of the 
drive current, and power is equal to the V.I product, the bridge-
driven circuit will produce four times more power than the 
single-ended circuit. If you don't believe it, check it with a 
'scope, but don't forget to reference your 'common' terminal to 
one side of the load. 

WAVEFORM AT POINT 
'A' ZERO-REFERENCED 
TO GROUND 

WAVEFORM AT POINT 
'B' ZERO REFERENCED 
TO GROUND 

WAVEFORM AT POINT 
IF ZERO REFERENCED 
TO POINT A' 

LOAD 

1 1 2 1 3 1 1 5 1 6 1 

•10V 

-^ 

- OV 

•10V 

OV 

'•10V' 

'OV' 

.--10V 

Fig. 5 Waveforms applied to the load f om a br dge circuit when it is fed with 
a 10 V peak-to-peak square wave input signal. Note that the first two 
waveforms are zero-referenced to ground, but the third waveform is zero-
referenced to point A. 

Sound Practice 
Gated CMOS oscillators/drivers can be used in a variety of 

ways to produce useful alarm sounds from the PB-2720. A few 
variations are shown in Figs. 6 to 9. If you are not bothered 
about waveform degradation and need to use the minimum 
possible number of gates, you can, for example, drive the 
PB-2720 directly from the output of the CMOS astable, as 
shown in Fig. 6. Alternatively, if you want the alarm to be gated 
on by a low (logic 0) input, simply substitute a 4001B for the 
4011B, as shown in the bridge-driven circuit of Fig. 7. 

Fig. 6 Direct-output version of 
the gated 2 kHz buzzer circuit. 

PBS 

1? FOR ONI 

1 

1 
JO PB1 

(PRESS 
FOR ON, 

Fig. 7 A continuous-tone 2 kHz buzzer with bridge 
drive, gated on by a low (logic 0) input. 
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 FEATURE : Designer's Notebook  

Fig. 8 A gated pulsed-tone alarm, gated by a high input, with direct-drive 
output. 

Fig. 9 This gated warble-tone alarm 
sounds like a British police car 
siren (dee-dah) and has a bridge-
driven output. 

Figure 8 shows how you can use a single 4011B to make a 
pulsed-tone (bleep-bleep) alarm circuit with direct drive to the 
PB-2720. Here, 1C1a-IC1b are wired as a gated 6 Hz astable 
which is used to gate the 1C1c-IC1d 2 kHz astable on and off. 
The circuit is gated on by a high input; if you want low-input 
gating, simply swap the 4011B for a 4001B and transpose the 
positions of PB1 and R1. 

Figure 9 shows a warble-tone version of the gated alarm. 
Here, low-frequency astable 1C1a-IC1b is used to modulate the 
frequency of the 1C1c-IC1d astable; the depth of frequency 
modulation depends on the value used for R3. 

There are plenty of other gated CMOS generator circuits 
that can be used to drive the PB-2720. The generators can be 
gated by a wide variety of sensor circuits, so that the alarms are 
automatically activated by excesses of light, temperature, 
voltage or current, and so on; lots of suitable circuits can be 
found in past issues of ETI. 

I° PBS 
IPRESS 

? FOR ON) 

O  
GATE 

rk 

02 
6M8 

IC1b 
R3 
120k 
TO IMO 

NOTE 
IC1.2 ARE 40113 

RO 
68k 

11=-. 
4n7 

 O 3V TO 18V 

PB•2720 

1C2b 
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SHUGART FLOPPY DISK DRIVES 
No case, No Power Supply 

SA 400 5'4" S.S.S.D. 

SA 450 5'4" D.S.S.0: 

SA 800 8" S.S.S.D. 

THE BODY OF ANY 

SYSTEM 

Lets face it — you 
can't produce as crisp 

an image on a 
domestic T V. as you 

can on a Crofton 
monitor. 

9" Crofton Monitors 
P4 White £64.97 

P31 Green £77.62 

£149.05 
£283.31 
£340.52 

FLOPPY DISKS — BOXES OF TEN 
Single sided 35/40 Track £ 26.45 

Double sided 35/40 Track 5'4" £ 37.95 
Single sided 77 Track £ 41.40 
Double sided 77 Track 514" £ 47.15 

Single sided 40.25 

IKEGAMI 12" MONITORS 

P 4 White £171.50 
P31 Green £184.97 

2/3" FULLY INTERLACED C.C.T.V. CAMERAS £149.00 

ALL THE ABOVE PRICES INCLUDE V.A.T. AND 

CARRIAGE 

IM ALL MAJOR CREDIT CARDS 

ACCEPTED Small surcharge 

CROFTON ELECTRONICS LTD 
35 Grosvenor Road, Twickenham, Middx TW1 4AD 

01.891 1923/1513 
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MUSICAL MICRO 
24 TUNE DOOR BELL 

BUILD THE WORLD FAMOUS 

CHROMA-CHIME 

Give your friends a warm welcome. Yes, think 
how delighted and amazed they will be to hear the 
musical Chroma-Chime play when they press your button! 

The Chroma-Chime uses a microcomputer to play 
24 well-known tunes. The kit is simplicity itself for 
ease of construction. Absolutely everything needed 
is supplied. 

Plays 24 well-known tunes including: 

Star Spangled Banner, 
William Tell Overture, 
Greensleeves, Rule Britannia, 
Colonel Bogey, Oh come all ye faithful, 
plus many other popular tunes. 

* No previous microcomputer experience necessary 

* All programming retained is on chip ROM 

.* Fully guaranteed 

* Ideal present any time 
ALL i,HROMATRONICS PRODUCTS SUPPLIED WITH MONEY BACK GUARANTEE 

PLEASE ALLOW 7-2, DAYS FOR DELIVERY . 

Please send me E117.81 
TO CHROMATRONICS. RIVER WAY HARLOW. ESSEX Telephone102791418611 

NAME  

ADDRESS  

I enclose cheque/PO value C  or debit my 
ACCESS/BARCLAYCARD 
account no 111111 
Signature  

CHROMATIVIICS 
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PROJECT : Superdice 

Fig. 1 The complete circuit 
diagram for Superdice. The 
circuit is divided into two 
sections as shown, which are 
built on separate PCBs. The 
two boards are 
interconnected by 10 wires; 
points A to H plus two 
supply connections. 
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 ,BUYLINES 
The case can be obtained from West Hyde Developments — order 
as BOC 450G. The Digitast PCB-mounting switches and the 4560Bs 
are available from Technomatic or Watford. 

Proto Design have agreed to produce the PCBs for this pro-
ject. All the other components should be readily available from 
the major stockists advertising in this issue eg Marshall's, Elec-
trovalue. Proto Design, 14 Downham Road, Ramsden Heath, 
Billericay, Essex (M11 1PU. 
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NOTES 
IC1,2,8, ARE 40298 
IC3,4 ARE 402813 
IC5 IS 40818 
IC6,7 ARE 45608 
IC9 IS 40238 
IC10 IS 4066B 
IC11 IS 40938 
IC12,13 ARE 45118 
01,2 ARE BC107 
D1,2,3 ARE 1N4148 
DISP1,2 ARE 7- SEGMENT 
COMMON-CATHODE DISPLAY 

We 

SW2 
ON/OFF 
(SLIDE I 
SWITCH) 

81 
6V 
'4 OFF 
AA CELLS) 

PCB A 

PCB El 

This side view shows how the 
two boards are stacked inside 
the case, using tapped 
hexagonal spacers. The 
battery holder fits in the 
space under the lower board, 
and the height of the upper 
board just allows the push-
buttons to pass through the 
cut-outs. 
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 PROJECT: Superdice 

PARTS LIST 
Resistors (all 1/4 W, 5%) 
R1,2 180k 
R3,10 56k 
R4,5,6,7,8,9,11 100k 
R12,13,16,40 68k 
R14,15,17,18,19,20 220k 
R21-27, 30-36 560R 
R28,29 150k 
R37 10k 
R38 6k8 
R39 
R41 27k 
R42 47k 

Capacitors 
C1,2 
C3 
C4 
C5,6 

100n ceramic 
220u 16 V axial electrolytic 
4u7 35 V tantalum 
2n2 ceramic 

Semiconductors 
IC1,2,8 
IC3,4 
IC5 
IC6,7 
IC9 
IC10 
IC11 
1C12,13 
Q1,2 
D1-3 
DISP1,2 

Miscellaneous 
SW1 
SW2 
PB1,2 
B1 
Case (see Buylines), 

4029B 
40288 
4081B 
45608 
4023B 
40668 
4093B 
4511B 
BC107 
1N4148 
seven-segment common cathode display, 
0.3" character 

two-pole five-way rotary switch 
SPDT slide switch 
Digitast push-buttons (see Buylines) 
four HP7 batteries 
PCB (see Buylines). 

SW1a (5) 

74 

SW1b 

+6V FROM 
PCB A 

 I— 0V FROM PCB A 

SW1e 141 

SW1e ( 1,2) 

+6V TO PCB B 
BATTERY +Ve VIA SW2 

SW1b ICOMI 

SW1b (3) 

OV TO PCB B 

BATTERY —Ve 

Fig. 2 (Above) Component overlay 
for PCBa of the Superdice. This is 
the double-sided board, although 
only the 'non-component side' tracks 
are shown. The right-hand side of R2 
isn't floating, it solders to the topside 
track. The two sides of the board 
must be connected by Veropins 
(soldered both sides) where 
indicated by black dots. 

Fig. 3 Component overlay for PCBb, 
the single-sided display board. Make 
sure you get the right size displays 
to fit the foil pattern. 

ETI 
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MICROS 

Micros, memory and support 
MC1489 55 74S287 2.50 
MC1488 95 74S288 2.50 
MC14411 11.95 74S471 4.16 
MC14412 11.16 74S472 11.86 
1702 8.16 74S474 11.86 
2101 2.98 8726 1.63 
2102 SO 8T28 1.80 
2111 2.32 8795 1.1)3 
2112 2.30 8797 1.80 
2114 3.46 8798 1.80 
2114L 3.76 SC/MP2 9.96 
2142 10.40 8080 6.49 
2376 11.60 8085 11.85 
2513 8.60 8086 89.00 
251615v1 13.95 8154 11.60 
2532 20.00 8155 12.60 
2708 8.50 81LS95 1.30 
4027 2.96 81LS96 1.30 
4116 4.95 81LS97 1.30 
4118 14.96 81LS98 1.30 
5204 7.06 8212 2.46 
57109 12.43 8216 2.60 
57161 9.95 8224 2.60 
6011 4.86 8228 4.20 
6402 4.95 8251 4.86 
6502 7.95 8253 10.15 
6520 4.50 8255 4.96 
6522 7.86 8257 10.86 
6532 8.60 8259 11.95 
6545 17.50 8678 12.95 
6576 14.95 8602 2.20 
68(X) 7.95 96364 10.96 
6802 12.49 Z80-2mHz 7.60 
6809 19.96 Z80- P10 8.96 
6810 3.86 Z80-CTC 8.15 
6821 4.50 Z80-4mHz 8.96 
6845 19.50 Z80- P10 7.60 
6850 3.96 Z80-CTC 7.60 
6852 5.95 Z8000 120.00 
74S00 56 ADC0817 14.47 
74SO4 86 00300 3.80 
74S201 3.95 F8 9.96 
74S188 2.60 F8SMI 9.95 
74S262 9.16 

SOFTWARE 
cpim R DISK  WITH IMAN 

MANUAL 
Available on 

8" IBM format & 
51/4 for TUSCAN 

Et TRITON 
9 

TCLSOFTVVARE 
TCL Disc Basic 
TCL Pascal 

MICROSOFT 
Basic-80 
Basic Compiler 
Fortran-80 
Cobol-80 
Edit 80 
Macro 80 

MICROPRO 
Word Star £255/£15 
Word-Star/Mail-Merge £315/£15 
Data Star £195/£25 
Word-Master £75/£15 

DIGITAL RESEARCH 
CP/M 1-4 
CP/M 2-2 
MAC 
SID 

OTHERS 
KISS 
SUPER SORTI 
C BASIC 2 
Z80 Dev Pack 
ZSID 
POSTMASTER 

MEDIA IDYSAN) 
51/4  S/Sided D/D £4.20 
per 10 £37.00 

8" S/Sided D/D £4.90 
„ per 10  £43.00 
C12 Data Cassettes 50p 

155/19 
1120/19 

£155/115 
£195/£15 
£205/£15 
£325/f15 
£45/110 
£75/110 

£75/£18 
£95/118 
£55/£10 
145/£10 

£190/115 
£125/£15 
175/110 
£50/112 
£60/17 
£85/110 

MAIL ORDER 
TEL Er MAIL ORDERS ACCEPTED 

- - 
IARCLAYCA110 

Atik VISA 

COMPUTER SYSTEMS 
TUSCAN S100 
A Z80 based S100 Computer 

All Tuscans have built-in expansion interface, full RS232 serial I/O. 
Spare parallel output port ( Centronics) IEEE 8BIT S100 expansion. 
Powerful Z80 processor and are expandable to full CP/M system. 

DESIGNED & BUILT IN BRITAIN 

16K Tuscan starter kit ( inc. P.S.U. & keybd) 
16K Home Computer assembled & cased 
24K single drive CP/M system ( assembled) 
60K twin drive CP/M business system 

£299 
£499 
£999 

£1449 

Also available with double sided drives for 8"anci 51/4 "systems.The 
Tuscan builds to meet all requirements, 5 spare S100 slots for 
your plug in boards. Full details on the Tuscan and peripherals is 
given in our new computer systems catalogue - also see our 
Software catalogue. 

AND SPARES 
74LSOO 

LSO) 13 LS164 115 
LSO1 13 LS166 156 
LSO2 16 LS166 175 
LSO3 15 LS168 210 
LSO4 20 LS169 210 
LSO5 n LS170 2.1 
LS013 n LS173 106 
LSO9 n LS174 147 
LS10 26 LS175 110 
LS11 n LS181 215 
LS12 n Lsiso 120 
LSI3 40 LS191 120 
LSI4 75 LS192 125 
LS15 40 LS193 125 
LS20 24 LS194 125 
LS21 32 L5195 125 
LS22 40 LS196 120 
LS26 4/0 L5202 316 
LS27 46 Ls22i 120 
LS28 48 LS240 225 
LS30 24 LS241 225 
LS32 30 L5242 232 
LS33 36 LS243 232 
LS37 36 LS244 226 
LS39 36 LS245 360 
LS40 20 LS247 135 
LS42 60 LS248 136 
LS47 05 LS249 136 
LS48 120 LS251 130 
LS49 120 LS253 130 
LS51 26 LS257 115 
LS54 30 LS258 120 
LS55 70 LS259 160 
LS63 160 LS261 460 
Ls73 40 LS266 75 
LS74 46 LS273 180 
LS75 48 LS275 320 
LS76 46 LS279 
Ls78 46 LS280 250 
LS83 106 LS283 110 
LS85 105 LS290 130 
LS86 46 LS293 130 
LS90 .3 LS295 216 
LS91 125 LS298 216 
LS93 76 LS299 CO 
LS95 116 LS324 ZO 
LS% 180 LS325 3» 
LS107 46 LS326 330 
LS109 75 LS327 316 
LS112 80 LS352 163 
LS113 66 LS353 1116 
LS114 40 LS355 85 
LS122 70 LS366 86 
LS123 16 LS367 86 
LS124 180 LS368 85 
LS125 80 LS373 180 
LS126 80 LS374 163 
LS132 15 LS375 1813 
LS133 30 LS377 188 
LS136 65 LS378 186 
LS139 70 LS379 216 
LS139 90 LS386 815 
LS145 120 LS390 140 
LS148 176 LS393 140 
LS151 88 LS395 210 
LS153 86 LS396 11111 
LS155 16 LS398 211 
LS156 16 LS399 230 
LS157 78 LS445 140 
LS158 85 LS447 115 
LS160 120 LS490 160 
15161 » LS668 103 
LS162 110 LS669 106 
LS163 103 LS670 270 

S100 CARDS 

LITIIfl NEW 
64K STATIC /EPROM 
Brand new board, takes 2S16 
eproms and/or 2k and 8 static 
CMOS RANS. 150ns access 
time, ultra low power con-
sumption 
Memory kit assm 
64/16K board 1153 1162 
64/32K £248 £257 
64/48K 1343 1352 
64/64K 1438 1447 
Memory upgrades £50/8K 
OEM & Dealer enquiries wel-
come 

FOC DOUBLE DENSITY 
Double Density for 5Y. 
or 8" Drives f - £195 

FLOPPY DISK DRIVES 

We sell all you 
need cased or un 
cased Cables Et 
connectors Brand 

new fully guaranteed 
Price 

Single 51/4 Drive £155 
Single 8" SA800 £365 
Dual 51/4  PSU £49.50 
Dual 8" PSU £76 
Dual Cabinet & PSU 1x8" 

£665 
Dual 8" Drive Unit £1125 
Dual 51/4 Drive Unit.. £440 

CATALOGUE 
AVAILABLE 
Three new catalogues 
now available covering 
the main areas of com-
puting 
• Hardware systems 
• Software 
• Spares 
Catalogues are 40p each 
or all 3 for £1 - free to 

companies and Govt. 
bodies when ordered 
on official letterhead. 

TeAINAG\A 
59/61 THEOBALDS RD. 

LONDON WC1 
TEL: 405 5240/2113 

TELEX 24224. REF: 1422 

ALL PRICES EXCLUDE 
VAT 

TCL PASCAL 
A British Pascal Compiler 

Ideal Educational Language 

Runs on several machines. 

Educational discounts 

Available for Multi-User 

Departments 

Officially approved Commo-

dore product 

PET 

PET 80 COLM. 

RML 380Z 

TUSCAN 

SUPERBRAIN 
Price £ 120. 1 off 

Edge £4.00 

Connectors 

S100 

DIP Switches 
4 way 11 20 
7 way El 75 
8 way El 80 

DIP Plugs 
14 DIL 1 65 
24 DU_ £2 20 
40 DIL £3 60 

DII. SOCKETS 
IT  XAS) 

Lo w Wire 
Prof Wrap 

8pin 10p 26p 
14pin 12p 36p 
16pin 13p 42p 
(Spin 16p 80p 
20pin flp 110p 
22pm 25p - 
24pin 30p 86p 
28pin 36p 10p 
40pin 40p 1.10p 

Edgi 
Connectors 

156 
2x 6 way - 1 75 
2x12 way - 300 
2x10 vvay - 200 
205 way - 320 
2x18vvay - 350 
2x22 way 3 203 65 
2x25 way 3 60 - • 
2x30 way 4 15 - 
2x36 way 4 753 90• 

2x40 way 5 00 -2x43 way 5 504 60 

Insulation/Piercing 
Ribbon/Cables 

1/0HEAW- 15MG 
10 way £2 20 10 way f 1 60 
20 vvay 13.40 20 way £2 30 
26 vvay £4 00 26 way £2 70 
34 way £4.80 34 vvav £3 30 
40 way £5 40 40 way £3 75 
50 way £6 00 50 way £4.60 
60 way 16 50 60 way £6 00 

Insulation Piercing 
Edge Connectors 

20 way £3 60 40 way 15 30 
26 way £4 00 50 way £6 00 
34 way £4.60 

Zero Insertion 
Force Socket' 

16 way 
24 way 
40 way 

£4 95 
£6 00 
£9 50 

D-Types 
25W Male 12 80 Insulation Piercing 
25W Female £3 80 DIP Plugs 
25W Cover El 80 14 way DIV-P-Tug - £1 30 

16 way DIP Plug 11 50 
24 way DIP Plug £2 80 

ribbon Cable 
PR10E/M 

gr_ev Coloured 
10 65 10 
14 90 14 
16 1 20 16 
20 1 40 20 
26 1 60 26 
34 240 34 
40 280 40 
503 30 50 
60 400 60 

90 
1 20 
1 40 
1 60 
240 
280 
330 
4 r/0 
550 

CRYSTALS FOR MICROS 
32 768K Hz 3 CO 4 00MHz 2 70 10 00MHz 
100KHz 300 4 43MHz 1 00 10 7MHz 
200K Hz 370 5 OMHz 270 16 00MHz 
1 OMHz 3.60 6 OMHz 270 18 00MHz 
1 008MHz 350 
1 8432MHz 3 CIO 
2 00MHz 1 50 
2 45760MHz 305 
3 276MHz 2 70 

6.144MHz 2.70 
7.0MHz 2.70 
7.168MHz 2.50 
8.00MHz 2.70 

18 432 
36MHz 
48 OMHz 
100MHz 

270 
2 70 
290 
290 
290 
290 
2 70 
290 

TRAINAM 
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ETIPRINTS 
ETIPRINTS offer you the easy 
way to produce high quality 
printed circuit boards. Each 
ETIPRINTS sheet contains a set 
of etch resistant rub down 
transfers of the printed circuit 
board designs for several of 
our projects. 

ETIPRINTS are made from our 
original artwork ensuring a 

neat and accurate board. We 
thought ETIPRINTS were such 

a good idea that we have 
patented the system (patent 

numbers 1445171 and 1445172). 

 PARTS LIST  

040A ETI 80 VCO/VCLFO Feb 80 

040B ETI £30 PSU Feb 80 
Tuning Fork 
Hi-Lo Filter 
Coin Toss 

041A Audiophile Driver Amp Mar 80 
VCA 
Signal Tracer 
Heater Controller Main Board 
Electromyogram 

041B ETI 80 VCM Mar 80 
Heater Controller Sensor 

046A ETI 80 Dual VCA Aug 80 
100 W Power Amplifier 

046B Capacitance Meter Aug 80 
US Alarm 
BGM 100 W Amplifier 
Logic Tester 
100 W Power Amp 

047A Digital Test Meter Sep 80 

047B Vocoder Internal Excitation Sep 80 

BUYLINES  

Sheets for Sep 79, Dec 79, Jan 80 and April 
- July 80 are temporarily out of stock. 
Earlier ETIPRINT sheets are available. 

Send a cheque for PO ( payable to ETI) 
for £1.20 per sheet with details of the 
project for which you require an ETIPRINT, 
and the month and year of publication to: 

ETIPRINTS, 
ETI, 
145 Charing Cross Road, 
London WC2H OEE. 

ETI JULY 1981 

047C 

048A 

Speed Control 
DTM Switching Board 
RIAA Preamp 

ETI 80 Envelope Shaper 
TV Sound 
Survival 

Sustain/Fuzz Box 
Flash Trigger 
FM Radio Control Receiver: 
(Top side) 
(Bottom side) 
FM Radio Control 
Transmitter 

Sep 80 

Oct 80 

048B Vocoder Slew Rate Control Oct 80 
Vocoder Output Amp 
Vocoder Input Amp 
Vocoder PSU 
Vocoder LED PPM Display 

048C Cassette Interface Oct 80 
ETI 80 Monitor Amp 

AF Generator 
Multi-Option Board 
Space Invasion PSU 

Nov 80 

HOW IT WORKS— 

Lay down the ETIPRINT and rub 
over with a soft pencil until the 

pattern is transferred to the 
board. Peel off the backing sheet 

carefully making sure that the 
resist has transferred. If you've 

been a bit careless there's even a 
'repair kit' on the sheet to correct 

any breaks! 
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Self Instruction Courses from Cambridge Learning 
They're faster and more thorough than classroom learning: you pace yourself and answer questions on each nee, 
aspect as you go. This gives rare satisfaction — you know that you are learning and without mindless drudgery. Witi-

a good self-instruction course you become the world's best teacher. 

MICROCOMPUTERS  ARE 
RIDE THE WAVE! LEARNT° PROGRAM! 

COMING 

MILLIONS OF JOBS ARE THREATENED, BUT MILLIONS MORE WILL BE CRETE,7..‘ 

LEARN BASIC 
The language of the small computer and the 
most easy-to-learn computer language in 
widespread use. Teach yourself with a course 
which takes you from complete ignorance 
step-by-step to real proficiency with a unique 
style of graded hints. In 60 straightforward 
lessons you will learn the five essentials of 
programming: problem definition, flow-
charting, coding the program, debugging, 
clear documentation. Harder problems are 
provided with a series of hints so you never 
sit glassy-eyed with your mind a blank. You 
soon learn to tackle really tough tasks such as programs for g aphs, cost 
estimates, compound interest, arid computer games. 

COMPUTER PROGRAMMING IN BASIC ( CPB) 
4 Vols. £10.50 
Book 1 Computers and what they do well; READ, DATA, PRINT, powers, brackets, variable 
names. LET; errors; coding simple programs. 
Book 2 High- and low-level languages; flowcharting; functions: REM and documentation; 
INPUT, IF....THEN, GO TO; limitations of computers, problem definition. 
Etook3 Compilers and interpreters; loops. FOR....NEXT RESTORE: debugging: arrays: 

bubble sorting: TAB. 
Book 4 Advanced BASIC: subroutines: string variables; files; complex programming; 
examples: glossary 

-THE BASIC HANDBOOK (BHB) £ 11.50 
This best-selling American title usefully supplements our BASIC course** a-
alphabetical guide to the many variations that occur in BASIC terminokgy. Tlr 
dozens of BASIC 'dialects' in use today mean programmers often need 
translate instructions so that they can be RUN on their system. The 
Handbook is clear, easy to use and should save hours of your time and w': - 

time. A must for all users of BASIC throughout the world. 

A.N.S. COBOL (ANS) £ 5.90 
The indispensable guide to the world's No. 1 business language. After 2E - 

with this course, one beginner took a consulting job, documenting oil co— :- - 
programs and did invaluable work from the first day. Need we say mo-e -

Flow Charts and Algorithms 
are the essential logical procedures used in all computer programming - -- - 
mastering them is the key to success here, as well as being a priceless too - 
administrative areas - presenting safety regulations, government legisia: 

office procedures etc. 

THE ALGORITHM WRITER'S GUIDE (AWG) 
£4.00 
explains how to define questions, put them in the best order and draw the 
chart, with numerous examples. 

JOIN THE DIGITAL 
DESIGN OF DIGITAL SYSTEM 
(DDS) 6 Vols. £ 14.00 

Written for the student or enthusiast, this 

course is packed with information, diagrams, 

and questions designed to lead you step-by-

step through number systems and Boolean 

algebra to memories, counters, and simple 

arithmetic circuits; and finally to an under-

standing of the design and operation of 

calculators and computers 

EVOLUTION! 
Design of 
Digital Systems 

Book 1 1234 s6 

BOOK 1 DecimaLOctal hexadecimal, and binary number systems and conversion between 
number systems; negative numbers: complementary systems. BOOK 2 OR and AND 

functions, multiple-input gates: truth tables,' De Morgan's Laws: canonical forms; logic 
conventions: Karnaugh mapping; three- state and wired logic. BOOK 3 Half full, serial, and 

parallel adders, subtraction, processors and ALUS, multiplication and division. BOOK 4 flip 
hops: shift registers; asynchronous, synchronous, ring. Johnson, and exclusive-OR feedback 
counters, ROMS and RAMS BOOK 5 Structure of calculators; keyboard encoding; decoding 
display- data; register systems; control unit; PROM: address de-coding BOOK 6 CPU; 
memory organisation; character representation; program storage; address modes: input/ 
output systems; program interrupts; interrupt priorities: programming: assemblers: computers, 

esecutive programs; operating systems. 

Digital calculators and watches came in during the 1970's. Soon you will see 
digital cash cards, telephones, car instruments, and TV messages from your 
friends. 

DIGITAL COMPUTER. 
LOGIC AND ELECTRONICS 
(DCL) 4 Vols. £8.50 
A course covering the material in italics on 
the left, but at a slower pace. (4 vols) 

GUARANTEE — No risk to you. If you are 

not completely satisfied your money will 

be refunded without question, on return 

of the books in good condition within 28 

days. Our free booklist is sent with each 

order 

CAMBRIDGE LEARNING LTD. 
Unit 14, Rivermill Site, FREEPOST, St. Ives, HUNTINGDON, Cambs PE17 4BR. Phone 0480 67446 

(Registered in England No. 1328762) 

To. Cambridge Learning Ltd., Unit 14, Rivermetl Site, FREEPOST, St. Ives, Huntingdon, Cambs, PE17 4BR 

Order Form 
PLEASE SEND: 

CPB 

BHB 

ANS 

AWG 

DDS 

DCL 

(£10.50) 

(£11.50) 

(£5.90) 

(£4.00) 

(£14.00) 

(£8.50) 

THESE PRICES COVER THE COST OF 
SURFACE MAIL WORLDWIDE, 
AIRMAIL: Europe, North Africa, Middle 
East. add 1/2 to price of books. Japan, 
Australia, New Zealand, Pacific Islands 
add 'A Elsewhere add 1/2 . 

U.K. Delivery: up to 28 days (or send 60p 
per item for 1st class post) 

Name  

Address   

Phone No.  

FOUR WAYS TO PAY. 1 
11 A UK cheque or a UK postal 

order ( Not Eire) 
21 A bank draft, in sterling on a 

London bank ( available at any 
major bankl 

31 Credit our Giro Account No, 278 
9159 

41 Please charge my Access/American 
Express/Barclaycard/ Diners/Visa , 
Mastercharg/Trustcard 

Card No . . 

Expiry Date 

Signed . 

Or phone us with these credit card 
details on 0480 67446 124 hour 
ar, sat one senacel 
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ETI PROJECT KITS FROM MAGENTA ELECTRONICS 

Make us your No. 1 SUPPLIER OF KITS and COMPONENTS for E.T.I. Projects. We supply carefully 
selected sets of parts to enable you to construct E.T.I. projects. Kits include ALL THE ELECTRON-
ICS AND HARDWARE NEEDED. Printed circuit boards (fully etched, drilled and roller tinned) or 
veroboard are, of course, included as specified in the original article, we even include nuts, 
screws and I.C. sockets PRICES INCLUDE CASES unless otherwise stated. BATTERIES ARE NOT 
INCLUDED. COMPONENT SHEET INCLUDED, if you do not hays the issue of E.T.I. which includes 
the project you will need to order the instruction reprint as an extra 45p each. 

Reprints available separately 45p each + p&p 40p 

WAA PHASE, June 81, less pedal  £12.22 
LED JEWELLERY, June 81, Cross - £2.25 
Spiral  £6.55 
Star  £8.56 
ALIEN ATTACK, Jan 81   £17.97 
ANTENNA EXTENDER, June 81   £19.71 
MINI DRILL SPEED CONTROLLER, June 81  £22.85 
DIGITAL CLOCK, May 81 ( round leds)  £39.98 
CARAVAN LIGHTS CHECKER, April 81, less glue  f9.24 
SOUND ANALYSER, April 81 less case £68.95 
GUITAR NOTE EXPANDER-ETI, April 81   £14.98 
DRUM MACHINE, April 81   £59.95 
MUSICAL BOX, April 81   £11.40 
ENGINEERS STETHOSCOPE, Mar 81 £17.45 
SOUND PRESSURE LEVEL METER, Feb. 81  £45.75 
PULSE GENERATOR, Feb 81 less case £32.12 
Case extra   £24.98 
INFRA RED ALARM, Feb 81 £49.99 
UNIVERSAL TIMER, Jan 81  £28.89 
MULTI-OPTION SIREN, Jan 81  £24.47 
LED TACHO, Jan 81 less case  £31.61 
4 INPUT MIXER, Dec 80 £17.98 
BENCH AMPLIFIER, Dec 80  £21.85 
MUSICAL DOORBELL, Dec 80 £10.56 
AUDIO TEST OSCILLATOR, Nov 80 £16.64 
RIAA PRE-AMP , stereo), Nov 80 £6.21 
2W POWER AMP, Nov 80 £5.54 
METRONOME, Nov 80 £5.44 
LIGHT SWITCH, Nov 80 £7.77 
TOUCH BUZZER, Nov 80 £5.56 
SUSTAIN FUZZ BOX, Oct 80 £22.72 

1981 ELECTRONICS CATALOGUE 
KITS Hundreds of illustrations, product data, circuits 
'Cs and details of all our kits and educational 

TRANSISTORS courses. Up to date price list included. All pro-
ducts are stock lines for fast delivery. 

CAPACITORS Send 70p in stamps or add 70p to your order. 

TOOLS 
RESISTORS 
HARDWARE 
CASES 

CASSETTE INTERFACE, Oct 80 less case  £10.52 
ULTRASONIC BURGLAR ALARM, Aug 80 £24.39 

CMOS LOGIC TESTER, Aug 80 ££ 
198..42 98 CAPACITANCE METER, Aug 80  

SIGNAL TRACER, Mar 80  £10.98 
TUNING FORK, Feb 80 £13.48 
ACCENTUATED BEAT METRONOME £16.28 
CLICK ELIMINATOR, April 79 less case £34.25 
Case extra   £14.98 

£13.44 
£23.83 

COMPLEX SOUND GENERATOR, Oct 78 less case  £19.98 
TELEPHONE BELL EXTENDER, Oct 78, less speaker  £14.98 
Horn speaker extra  £6.83 

CURRENT ISSUE E.T.I. 555   i.C.s 32p LM387N..11 .39 

Kits, components and pcbs - 741 258 LM3914N £2.98 
s.a.e, or phone. CA3140E 57p NE570N £6.30 

LF353 96p NE571N. f5.71 
LF356 99p SN76477 02.80 
ICM7555.11.19 TDA1022 £6.98 
LM3178 .13.56 40136 55p 
LM348N f 1.73 4024B 76p 
LM380N 99p 40300 69p 
IM384N f2.50 4046B 1439 
LM386N £1.04 4093B 89p 

GUITAR EFFECTS UNIT. April 79  
DIGITAL MODULE, Jan 79 less switch and case... 

Printed Circuit Boards - E.T.I. 
Fully etched, drilled and ready to 
use, pcbs for E.T.I. projects 
listed. 
Send s.a.e. for pcb price list. 

The INStructor 
A FULLY CONSTRUCTIONAL PROJECT 

INCORPORATING AN INS8060 
MICROPROCESSOR CHIP 

The Instructor is a low cost assembly which provides a practical introduction to micropro-
cessors end their functions. It is not a computer but it is a working circuit which allows 
inhcroprocessor working to be followed, one program step at a time. Build the Instructor 
and you will gain microprocessor experience. The series is based on the INS8060 micropro-
cessor IC, also known as the SC/MP Mk. 2. Circuits are built on a plug in Eurobreadboard. Kit 
is available with or without the breadboard. INSTRUCTOR COMPONENT PACK: Including 
Eurobreadboard £27.85; or less Eurobreadboard £ 1.65. 

INSTRUCTOR COURSE NOTES AND OPERATING INSTRUCTiONS 

MAGENTA ELECTRONICS LTD. 
ET-2, 135 HUNTER ST., BURTON-ON-TRENT, STAFFS., DE14 2ST 

0283-65435. 9-5 MON.-FRI. MAIL ORDER ONLY 

ALL PRICES INCLUDE VAT 
ADD 40p P&P TO ALL ORDERS 

Irish Republic & B.F.P.O. Europe de-
duct 10% from prices shown. Payment 
must be in sterling. 

ree 
Access and Barclaycard (Visa) o ders 
accepted by 'phone o post. 

IT'S A DOGS LIFE! 

Mighty mongrel strikes again! 

Stop your powerful pooch carving up your 
carefully collected ETIs with his canine choppers 
and live in hardback harmony with a profusion of 
precious project books by armour-plating your 
archives. 
Invest in an ETI binder. You know it makes sense. 
You can have any colour you like as long as it's 
black. 

ETI JULY 1981 

Price U.K, £3.95 including postage, packing 
and VAT., overseas orders add 30p. Why not 
place your order now and send the completed 
coupon with remittance to:-

EASIBIND LTD., 4 UXBRIDGE STREET, 
LONDON W8 7SZ. Tel: 01-727 0686 

Please allow 3/4 weeks for fulfillment of order. 

it's easy 
with 

Easibind Ltd,4 Uxbridge St,Lonclon,W8 7SZ. 
Nat. Giro No. 5157552. 

- 

Order Ebrm 
ELECTRONICS TODAY INTERNATIONAL 

I enclose p.o./cheque value   

for  binders 

Years required   

BLOCK LETTERS PLEASE 

Name  

Address  

Date   

Registration No. 307469 
le  
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PROJECT 

SMART BATTERY 
CHARGER 

t. on_ 
powEr 

‘DC. AMPERES 

ETICHARGER 

o 
fault 

chargEd 

o 

This 'smart unit gives a fault warning if your battery is defective in any 
way: if the battery is OK, the unit will power it up. 

Design by Ray Marston. Development by Plamen Pazov. 

c
harging a car battery with a conventional charger unit can 
be a time-wasting task. Once the owner has connected 
the battery to the charger, he has to occasionally check 

the state of the battery with a hydrometer and switch the 
charger off manually when the battery reaches the fully 
charged state, to avoid the risk of overcharging and possible 
plate buckling. Once every couple of years you'll find, after a lot 
of time-wasting, that the battery state is so deteriorated that it is 
beyond redemption. 

ETI's new battery charger circuit (an update of our April '80 
effort) overcomes these time-wasting snags. When you first con-
nect it to the battery, the unit automatically checks that there 
are no obvious signs of cell damage or destructive corruption of 
the electrolytic solution. If any fault is evident a fault LED will il-
luminate and the circuit will refuse to apply a charge current to 
the battery. 

If the battery is sound, the unit will charge it up in the con-
ventional way but will continuously monitor its charge state 
and, when the battery reaches the fully charged state, will 
automatically switch to the 'trickle charge' mode (indicated by 
an LED) in which the charge is maintained without risk of bat-
tery damage. The unit thus gives a 'fit and forget' type of battery 
charging action. 

Our charger is designed to charge 12 V batteries only. The 
unit can either be built as a stand-alone project, complete with 
transformer and case, or can simply be added to an existing 
charger to update a conventional design 

Construction And Use 
Construction of the unit should present few problems. If 

you decide to build the complete stand-alone project, assemble 

the PCB components exactly as shown on the overlay noting 
that the three LEDs and the bridge rectifier are mounted off-
board; then complete the interwiring to the meter, bridge rec-
tifier, transformer, LEDs, and so on, and box the unit. Note in our 
prototype that the transformer and bridge rectifier are bolted to 
the metal panel at the rear of the case, which thus acts as a heat 
sink. 

The 5 A meter is an optional item: if you decide not to fit it, 
simply take the positive output of the bridge rectifier directly to 
the PCB positive terminal. On our prototype, we use a standard 
moving coil meter, shunted to 5 A FSD, as the current monitor: a 
cheaper alternative would be a moving iron meter, which may 
be available from some car accessory shops. 

If you decide to use our 'smart' charger circuit to update an 
existing 12 V battery charger unit, simply wire our PCB to the 
output of the charger (tak ing care to observe polarities) and shift 
the positive crocodile lead to the PCB output. Whichever ver-
sion of the unit you use, be sure to use a reasonably heavy gauge 
of wire for the interconnections. 

When construction is complete, turn PR1 slider to mid posi-
tion and give the unit a functional check as follows. 

(1) Check that, with no battery connectèd, LEDs 1 and 2 il-
luminate. 

(2) Short the output terminals together with a 5 A fuse; 
check that FAULT LED3 illuminates and that negligible 
current flows through the output terminals. 

(3) Connect a sound but partially discharged 12 V car bat-
tery in place and check that LEDs 2 and 3 turn off and 
that a charge current (typically 2 and 4 A) flows to the 
battery. Rotate PR1 slider and check that CHARGED 
LED2 can be turned on and the charge current cut off us-
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ing the pot. 
(4) Rotate PR1 slider fully towards R7 and charge the bat-

tery up using the normal hydrometer technique. When 
the battery reaches full charge, carefully adjust PR1 so 
that LED2 just starts to turn on and the charge current 
falls to a trickle level of a few hundred milliamps. 

If PR1 is correctly set, you'll find that on subsequent 
charges LED2 will first start to flicker as the full charge lewd is 
reached. The LED will subsequently turn on at reduced 
brightness or will alternately cut on and off as the fully charged 
state is maintained. PR1 should require no further adjustment 
throughout the life of the charger. 

HOW IT WORKS 
In a conventional battery charger the unsmoothed full-wave rec-
tified output of a 17 V transformer is fed to the battery. The battery 
is charged by a pulsed current at a rate determined by the differen-
tial voltage between the battery and the charger and by the total 
series resistance of the circuit (the effective resistance of the 
transformer, rectifier and battery). A flat battery has a low ter-
minal voltage and typically draws an initial charging current of 
about 4 A, falling to about 2 A as the terminal voltage rises to the 
full charge value. The total series resistance of the circuit is suffi-
cient to limit the charge current to a safe value. 

You'll notice from the above description that the battery ter-
minal voltage rises as the battery charges up and can thus be used 
to give an indication of the state of charge-of the battery. In our 
charger circuit, power is fed to the battery via silicon-controlled 
rectifier SC R1, which in turn is controlled by voltage-sensing cir-
cuitry designed around IC1-1C2 and Q2. If the battery is connected 
when its off-load voltage is below 10 V (indicating damaged plates 
or defective electrolyte), Q2 turns on and the SCR drive is disabled, 
and the battery receives no charge. If the voltage is above 10 V but 
below the fully charged value, Q2 turns off and the SCR turns on 
early in each full-wave rectified mains half-cycle via R2 and D1, so 
the battery charges in the normal way. Once the battery voltage 
reaches the fully charged value, Q2 again turns on, disabling the 
SCR, and the charging process is then complete. Details of the 
voltage-sensing circuit are as follows. 

1C1 and IC2 are wired as a voltage-window comparator, with 
their outputs fed to Q2 via indicator LEDs 2 and 3 and via the 
D4-D5 OR gate. Reference voltages are fed to these two ICs from 
ZD2 via the R8-PR1-R9-R10 potential divider network, with 5 V 

being fed to pin 3 of IC2 and roughly 7 V fed to pin 2 of IC1 via Pltl. 
The battery voltage is halved by R3-R4, integrated by RS-C2-03. 
and fed to pin 3 of IC1 and pin 2 of IC2 via safety resistors 111 and 
R12. 

Thus, if the battery voltage is below 10 V, the pin 2 volteipe 
IC2 will be below that of pin 3, and IC2 output will go high, Muir 
FAULT LED3 on and disabling the SCR via Q2. Similarly.if imbue 
tery voltage is greater than 14 V nominal, pin 3 of IC1 willbeabowe 
that of pin 2, and 1C1 output will go high, driving CHARGED LEW 
on and again disabling the SCR via Q2. Finally, if the battery 
voltage is in the range 10 to 14 V, the outputs of IC1 and 1C2 
both be low, Q2 will be cut off, and the SCR will gate on ia each 
half-cycle via R2-D1 and apply charge current to the battery. 

In practice, the terminal voltage of the battery depends ow 
both the battery state and the magnitude of the charging current 
and decreases when the charging current is removed. Consequent-
ly, the circuit does not abruptly stop providing a charging current 
when the battery reaches full charge, but goes into a skip-cycling 
mode, progressively reducing the mean charging current to a low 
trickle value. This action automatically maintains the battery in a 
fully charged ( but not over-charged) state. 

The correct setting of preset pot PR1 is established 
by charging the battery up in the conventional (hydrometer) man-
ner until it reaches the fully charged state. PR1 is then carefully set 
so that the charger goes into the skip-cycling or trickle charge 
mode under this condition. The PR1 setting is then valid for all 
subsequent automatic recharging actions. Current monitor meter 
M1 is an entirely optional component in this circuit. 

MAINS 
INPUT 
VIA 
FUSED 
PLUG 

L 0-07  
SW1 

Ti 
17V 
4A 

NOTE) 
IC1,2 ARE CA3140 
01 IS BFY50 
02 IS BC108 
SCRI IS TIC126 OR 
SIMILAR I6A OR GREATER 
D1,2 ARE 1N4001 
D3,4,5 ARE 1N4148 
LED1 IS RED 
LED2 IS GREEN 
LED3 IS YELLOW 

R1 
1k0 

AVeN,A 

SCRI 
ON 
HEATSINK 

CROCODILE— LEAD 
CONNECTIONS 
TO BATTERY 

R3 
560R 

12V BATTERY 
ON CHARGE 

—Ve 

Fig. 1 Circuit diagram of the ETIcharger. Meter M1 is an optional item aged 
can be left out for economy. Heavy duty cable must be used where indicated 
by the bold lines. 

R2 
330R 

11.  

ZDI 

8V2 

R4 
560R 

R5 
100k 

02 

ZD2 

10000 

PRI 
1k0 
SET 
CUT— 
OFF 

R9 
680R 

C2 
470n R10 

3k3 

12V 

R8 
470R 

R7 
2k7 

R6 
68OR 

R11 
47k 

R12 
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ICI 

01 

6 

1603 
FAULT 

LED2 
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10.1 

R14 
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R13 
826R 

02 
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ç PARNDON ELECTRONICS LTD. 
Dept. No. 23 , 44 Paddock Mead, Harlow, Essex CM18 7RR. Tel. 0279 32700 

RESISTORS: yi Watt Carbon Film E24 range ± 5'('r tolerance. High quality resistors 
made under strictly controlled conditions by automatic machines. Bandoliered 
and colour coded. 
£1.00 per hundred mixed. (Min 10 per value) 
£8.50 per thousand mixed. (Min 50 per value) 

Special stock pack 60 values. 10 off each 

DIODES: 1N4148 3p each Min order quantity - 15 items 
£1.60 per hundred 

DIL SWITCHES: Gold plated contact in fully sealed base - solve those 
--7.sramming problems. 
4 lila, 86p each 6 Way £ 1.00 each g Way 1-20 each 

DIL SOCKETS: High quality. low profile sockets 
8 pin - 10p. 14 pin - Ilp. 16 pin - 12p. 18 pin - 19p. 20 pin - hp. 
22 pin - 23p. 24 pin - 25p. 28 pin - 27p. 40 pin - 42p. 

ALL PRICES INCLUDE V.A.T. kit POST & PACKING - NO EXTRAS 
MIN. ORDER - UK El 00. OVERSEAS £5 CASH WITH ORDER PLEASE 

ONE OF THE MOST USEFUL PIECES 
OF TEST EQUIPMENT 

AUDIO SIGNAL GENERATOR 
10Hz - 100Khz .02% distortion ( 1Khz) 

MODEL 
A0113M 

1v RMS 
variable 
output 

Available as a kit of parts or ready made 
A0113 BK (plastic case) Kit £26.90. Made £33.90 (A0113PA) 
A0113 UK (MAINS) (plastic case) Kit £32.20. Made £41.40 (A0113PUA) 
A0113 M (metal case) Assembled £35.65 
A0147 PB (push-button version) Kit £26.90. Made £33.90 (A0147PA) 
A0149 BK Superior Model ( not illustrated) £35.50. Made £41.50 (A0149BA) 

TELEHADIO ELECTRONICS (Closed Thursdays) 
325 Fore Street, Edmonton, London, N9 OPE - 01-807 3719 

Other instruments, RF Sig. Gen., Freq. Meters, THD Analyser, S.W.R. Meters. 
S.A.E. for full lists. Function Generators. 

OE_ TRANSFOR ERS 
INCREASED PRODUCTION CAPACITY BRINGS LOWER PRICES 

IN A RANGE OF 76 1YPES FROM 30VA 1-0 500VA AND IN CHOICES 'TOROIDAL 
OF 'THREE PRIMARIES 110V, 

220\1 or 240\1 

TYPE SERIES SECONDARY RMS 
No. Volts Current PRICE 

1X010 6+6 2.50 
1X011 9+9 1.66 

30VA l'Olî g++1g 1:tg £4.48 
70x3Omm IX014 18+18 0.83 + 0 87p P/P 
0.45 Kg 1X015 22+22 0.68 , 0 80p VAT 

1X016 25 + 25 0.60 
1X017 30+30 0.50 

2X010 6+6 4.16 
2X011 9+9 2.77 

50u P03 LI 12 £4.93 
80r351nrn 2X014 18+ 18 1.38 +£1.10P/P 
0.9Kg 2X0I5 22+22 1.13 +0 90p VAT 

2X016 25+25 1.00 
2X017 30+30 0.83 
2X028 110 0.45 
2X029 220 0.22 
2X030 240 0.20 

3X010 6+6 6.64 
3X011 9+9 4.44 

801à Uglî Irig 1U £5.47 
90x3Omm 3X014 18 + 19 2.22 + LI 43 P/P 
1 Kg 3X015 22 + 22 1.81 +E/ 04 VAT 

3X016 25+25 1.60 
3X017 30+30 1.33 
3X028 110 0.72 
3X029 220 0.36 
3X030 240 0.33 

4X010 6+6 10.00 
4X0I I 9+9 6.66 

120VA 1)I2E 1U-2 1S8 £6.38 
90x4Omm 4X014 18+19 3.33 +£1 43 P/P 
I.2Kg 4X015 22+22 2.72 +£1 17 VAT 

4X016 25+25 2.40 
4X017 30+30 2.00 
4X028 110 1.09 
4X029 220 0.54 
4X030 240 0.50 

GOODS DESPATCHED 
WITHIN 7 DAYS OF 
RECEIPT OF ORDER • 
FOR SINGLE AND SMALL QUANTI7'Y ORDERS. 

-......1.--TYPE SERIES SECONDARY RMS 
No. Volts Current PRICE 

5X012 12 + 12 6.66 
5X013 15+15 5.33 

160u golt u+lg 1143 £8.44 
110x4Omm 5X016 25+25 3.20 +El 43 P/P 

1.8 Kg 5X0 17 30+30 2.66 +CI 48 VAT 
5X018 35+35 2.28 
5X028 110 1.45 
5X029 220 0.72 
5X030 240 0.66 

6X0 14 18+ 18 8.25 
6X015 22+22 5.11 

225u 201? rig 113 £10.06 
110x45nun 6X018 36+35 3.21 +£1 73 P/P 

2.2 Kg 6X026 40+40 2.81 +l:/ 77 VAT 
6X028 110 2.04 
6X029 220 1.02 
6X030 240 0.93 

7X016 25 + 25 6.00 
7X0 17 30+30 5.00 

300u RigM r+438 In £11.88 
110x5Omm 7X025 46 + 45 3.33 +EL 73 P/P 

2.6 Kg 7X028 110 2.72 +£2 01 VAT 
7X029 220 1.36 
7X030 240 1.25 

8X017 30+30 8.33 
8X018 35+36 7.14 

500VA mg lg+,1g g:tg £15.53 
/40x6Omm 8X033 50+50 5.00 +E2 05 P/ i' 
4 Kg 8X028 110 4.54 +254 

8X029 220 2.27 
8X030 240 2.08 

I.L.P. TOROIDALS 
Only half the weight and height of their laminated 
equivalents. Available in choice of 110tf. 220V. 240V. primaries 
coded as follows.' (Secondaries can be connected In series or 
parallel) 
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 (U.K.) insert 2 in place of "X" in type number. 
Example - 120 VA 240V 15+ 15V. 4A=42013. 

* CUSTOMER DESIGN ENQUIRIES INVITED. QUANTITY PRICE LIST AVAILABLÈ. 
* FREEPOST FACILITY (U.K. only). Simply send your order in envelope to FREEPOST to 

address below. NO STAMP REQUIRED. 

* TO ORDER Enclose cheque/Postal Order/Money Order payable to ¡ LP. Electronics Ltd or 
quote your ACCESS or BARCLAYCARD account No. To pay C.O.D. add El extra to TOTAL 
value of order. 

* Also available from ELECTRO VALUE and MARSHALLS. 

IL IF' TRANSFORMERS CLdrffgRomcsurip) 
FREE POST T4 GRAHAM BELL HOUSE ROPER CLOSE 
CANTERBURY CT2 7EP. Phone (0227) 54778 Technical (0227) 64723 Telex 965 780 

ETI JULY 1981 

+ A NEW SERIES OF 
P.C.B MOUNTING 
LAMINATED TYPES 

TYPE SERIES SECONDARY RMS 
No. Volts Current PRICE 

P2401 3+3 0.50 
P2402 4.5 + 4.5 0.33 

3 P2403 
P2404 

6+6 
7.5+7.5 

0.25 
0.20 

A 41u 
li 9.Jta 

P2405 9+9 0.17 + 24p P! 
P2406 12+ 12 0.12 + 17p VAT 
P2407 15+ 15 0.10 
P2409 20+20 0.07 

P3401 3 + 3 1.00 
P3402 4.5+4.5 0.67 

6VA et:e 7.g++?.5 g:.1g £1.91 
F3405 9+9 0.33 -•£30p Pi P 
P3406 12+ 12 0.25 •:i3p VAT 
P3407 15+ 15 0.20 
P3408 17.5+ 17.5 0.17 
P3409 20+20 0.15 
P3410 25+25 0.12 

P4401 3+3 2.00 
P4402 4.5+ 4.5 1.33 

12u em 7.g-1s ag £2.09 
P4405 9+9 0.86 • 58p P/P 
P4406 12+12 0.50 • 40p VAT 
P4407 15+15 0.40 
P4408 17.5+ 17.5 0.34 
P4409 20+20 0.30 
P4410 25+ 26 0.24 

ABOUT THE NEW LAMINATES 
1.L.P. LAMINATED 
1.L.P. printed-circuit mounted mains transformers have two 
independent primary windings which can be connected in 
series for 24011 or parallel for 120V operation. The two 
independent secondaries can also be connected in series or 
parallel to give a wide range of output voltage/current 
configurations. All are wound on split bobbins, eliminating 
need for a inter-winding screen. Breakdown tested to 2000 
VAC minimum. 
Regulation - 3VA typically 21%; 6VA typically 16%; 

12VA typically 10% 

To: I.L.P. ELECTRONICS LTD. CANTERBURY CT2 7EP 

Please supply Transformer(s)  No.(s)  

  Total purchase price £  

enclose Cheque LI Postal Orders [I] International Money Order Ej 

Debit my Access/Barclaycard Account No  

NAME  

ADDRESS  

Signature 
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TECH TIPS 
 o +5—I5V 

CONTROL INPUT 
o 

14 —.— 
R1 
CA 

4 8 
IC2 

_ 

100k 
140 

O OUTPUT A 
TB 

NOTE: ICI IS 4001 IC2,3 ARE 555 
4 
IC3 

104 

 o OUTPUT B 

CONTROL INPUT 
CLEAR A 
CLEAR B 
OUTPUT A 
OUTPUT B 

Double-pulse 
Oscillator 
C. Shackleton, South Africa 

This circuit has an active cycle which 
produces two output pulses: pulse A 
. when the cycle is initiated, followed im-
mediately by pulse B. A control input is 
used to initiate the cycle, and is isolated 
for the remainder of the cycle. Two clear 
inputs enable either output pulse to be 
terminated at any time. 

Operation may best be understood 
by studying the waveforms, bearing in 
mind IC2 is connected as an astable 
while IC3 is connected as a monostable 

(this configuration prevents any possibili-
ty of latch-up). If both clear inputs are 
kept low, the following holds: 
(i) If IC2 and IC3 are both in the ' rest' con-
dition, and the control input is high (a), 
nothing happens 
(ii) If the control input is low (b), IC2 
begins to oscillate (output A rises), the 
control input is isolated, and IC2 reset is 
kept high. After a time 

tA = 11 (RA + Ri)CA, 

output A falls, triggering IC3 (output B 
rises), the control input is again isolated, 
and IC2 remains reset. After a time 

tg = 1.1 RB CB. 

OV 
 o 

output B falls and the circuit is back to its 
'rest' condition. 
(iii) Whenever Clear A goes high, (d) and 
(e), IC2 resets immediately and remains 
reset for the duration of the clear pulse; 
nothing else is affected. Clear B acts on 
IC3 in the same way; (c) and (e). 

The flexibility of this circuit in-
dicates that it can be used in a variety of 
applications. The prototype controlled 
the concentration of algae in a tank of 
mussels. A light-operated system caused 
the control input to go low when the con-
centration fell. Algae were then dropped 
into the tank for time tA; time tg allowed 
the algae to disperse before the cycle 
could repeat. 

Tech-Tips is an ideas forum and is not aimed at the beginner. We regret we cannot answer queries on these items. 
[TI is prepared to consider circuits or ideas submitted by readers for this page. All items used will be paid for. Drawings should be as clear as possible 

and the text should preferably be typed. Circuits must not be subject to copyright. Items for consideration should be sent to [TI TECH-TIPS, 
Electronics Today International, 145 Charing Cross Road, London WC2H OEE. 
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FEATURE 

Simple Sound Effects 
A.G. Smith, Derby 

T his circuit will generate 24 different 
sound effects including two-tone sirens, 
rising tones, seagulls etc. It operates 
from a 9 V battery and uses only one 
CMOS IC. Most of the components are 
not critical, but the speaker must have an 
impedance of 64-100R. Note that the 
negative supply from the battery does 
not go to the negative supply pin on the 
IC, which must be the buffered version of 
the 4001. 

Altering the 33n capacitor or 100k 
resistor changes the basic frequency, 
and the 2M0 pot adjusts the speed of the 
rise and fall of the tones. A PP6 battery 
was used to drive the circuit and has 
been in regular operation for six months 
without replacement. 

1470n 

5542 

Took 

 0 ov 

ICI 
4001BE 

LS1 
64R 

14 
+9V 

13 

12 

2k7 
10 

.T2u2 

2M0 
log 

Computer Organ 
A. Brown, Ayr 

A four-bit word can generate musical 
notes using this simple circuit. The 7408 
only allows the four-bit binary code from 
the keyboard or I/O port to reach the ad-

.5V 

24 

V" 

NOTE 
IC1 IS 7408 
IC2 IS 74154 
IC3.4 & 5 ARE 7404 
01 & 2 ARE BC107 

O N/C 

dress pins of the 74154 while the strobe is 
high. On the keyboard used the strobe 
stayed high until the key was released, 
but a latch could be used to hold the 
data if only a pulsed strobe is available. 
The 74154 is a 1-of-16 decoder with 
active-low outputs, ie one output is low 

IC34-1C31 
IC44-1C41 
IC54-1C5c 

2 

ALL PRESETS ALL DIODES 
470k ei 1N4148 

> 1.--vv4vv 

DECODING 

ETI JULY 1981 

+5V 

 II II  
TUN— ING 

depending on the binary code present on 
the input pins, the rest stay high. The 
7404 inverters were used so that a 
voltage could be sourced to the 
oscillator, instead of trying to sink one. 
The '0' output is not connected, to allow 
an input code which produces no sound 
output. 

The 470k presets are used to tune 
each output to a particular note and the 
diodes prevent one channel interfering 
with another. The oscillator is a two-
transistor multivibrator producing an ap-
proximate square wave at a frequency 
determined by a particular preset and 
the 100k resistor in series. The output of 
the oscillator may be connected directly 
to a loudspeaker, or to the input of an 
amplifier. The input code could come 
from a keyboard, making a simple 
monophonic organ, or the I/O port of a 
microcomputer, enabling tunes to be 
played from memory. 

OSCILLATOR 

AUDIO 
OUTPUT 

I Eli 
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DIGITAL THERMOMETER 
This is one of our range of PROJECT KITS. The kit includes all the 
parts required to complete the project, including the case and 
battery. Calibration is simple and an accuracy of up to 1% can be 
obtained. 

The instrument covers the range - 50° C. to + 150° C. Readout is 
on an LCD display. Powered by a 9V battery it is an ideal instru-
ment for home or laboratory. Full building instructions included. 

PROJECT KIT 800104 £26.50 

SPECIAL SUMMER OFFER!!! 
THIS KIT IS NOW ONLY £23.50 if 
ordered before September 30, 1981. £3 off 

• PROJECT PACKS 
These PROJECT PACKS include PCB. Components and data. 

AERIAL AMPLIFIER 
Up to 20DB of gain on your TV or FM radio signal. Order TV or FM 
(VHF) version (80022)   £5.45 

DISCO UGHT DISPLAY 
Three lamps controlled by an audio filter/triac circuit. Ideal for 
Discos and Parties £5.80 

DRILL SPEED CONTROLLER 
Controls the revs on your mains electric drill  £4.80 

LOGIC ANALYSER 
The first Analyser for the home constructor. Useful to track down 
problems in your digital systems. Send for full specification 
(810941 £87.25 

. HIGH COM NOISE REDUCTION SYSTEM 
Performs better than other tape noise reduction systems. De-
veloped by Telefunken. Pack contains pre- built and tested mod-
ules (81117) £49.55 

IONISER 
Generates negative Ions for a real healthy atmosphere. Easy to 
build (98231 £10.50 

SOUND EFFECTS GENERATOR 
An experimental circuit that produces train, motorbike, and space 
noises. Lots of fun (81112)   £8.30. 

PROGRAMMABLE SLIDE FADER 
Uses computer techniques for you to program, on tape, a slide 
show for two projectors. Fades and changes are reproduced auto-
matically (81002) £48.50 

TALK FUNNY 
Simple Ring Modulator circuit that distorts your voice, or musical 
instrument 1800521  £10.00 

MINIMIXER 
Mixer on a single PCB for two microphones, tape and two turn-
tables. Ideal for Discos, etc. (81068)  £37.50 

NEW SUMMER 1981 CATALOGUE - NOW 
AVAILABLE 

Send a 14p stamp for your copy. Over 70 projects for you to build. 
Our comprehensive ranges of high-quality components, inte-
grated circuits and hardware are listed. Lots of ideas for your 
hobby in 44 pages of information. SEND FOR YOUR COPY NOW. 

HOW TO ORDER 
Send a cheque or postal order to DORAM ELECTRONICS LTD. or 
write or phone your ACCESS account number. Please add 40p for 
postage and packing in the UK. All our prices include V.A.T. A 
telephone answering service is available outside our office hours. 

DORAM ELECTRONICS LTD. 
FITZROY HOUSE, MARKET PLACE, SWAFFHAM, PE37 7QH 

(0760)21627 

DAMm 
ELECTRONICS LTD 

ET1 JULY 1981 

MICRO TIMES 
19 Mill St. Bideford, North Devon EX39 2JR 

Telephone Bideford (023 72) 79798 ( Dept. ET13) 

***THIS MONTH'S SUPER SAVERS*** 

MEMORIES 4116 200ns £1.45 £1.40 
1+ 25+ 4116150ns £1.90 £1.85 

211445Ons £1.45 £1.40 HM6116P-3 SPECIAL 
2114300ns £1.55 £1.50 E19.95 each116k 15Onsi 
FROM TOSHIBA TC5514PE3.85 each. 
4K CMOS RAM Ilk Y 41450ns EPROMS 

£3.115 £.45 2708450ns £2.95 £2.75 
CMOS RAM 5101 each E3.45 2718 45Ons £3.25 £3.15 

2732 Intel type £9.90 each 
Buy 5 off for £49.00 

6809 Single Board Computer *kit* AY-3-8910 
IEE F-100 Standard GI SOUND COMPUTER CHIP 

Complete kit £180 plus 15% VAT £1 P&P. Uses Features: 
Motorolas Powerful MC6809 CPU. 4K/8K/16K - Full software control of sound generation 
ROM 2K RAM, ACIA, PIA, 8080 simulated I/O. - Interfaces with most 8-bit and 16-bit 
RS232 Handshake. 8 sel Baud Rates. Manual microprocessors. 
includes: - 3 independently programmed analog out 
11 x 17in. Schematic Parts list. User notes. puts. 
Software listings and morel - Two 8-bit general purpose I/O ports. 
Bare Board EAU** - Single +5 volt supply 
Used 6809: 6850: 6821 - Buy set for £18.50 **SPECIAL PHICE E8.95** 
ADM ONS 127161 £24.00 Data 50p. Large S.A.E. Please. 
DATA AVAILABLE S.A.E. Please. 

Low Profile D/Face THYRISTORS INTERSIL ICI 7600 £2.25 
Wipe DEL Sockets • C106D 28p Voltage Converter. 
40 pin Now ex-stock. 

39 Features: 
28 pin * Simple conversion of 4-5V Logic supply to 

29p LEDs .5V supplies. 
24 pin * Simple voltage multiplication IV out= 

25p TIL209 10p TIL212 lap 1-)n.Viiff. 
22 pin * 99.9% typical open circuit voltage conver. 

,,, T1L220 12p 
''''' TIL224 18p sion efficiency. 

18 pin * 98% typical power efficiency. • 
29p * Wide operating voltage range 1.5V to 

16 pin 10.0V. 
18p * Easy to use, requires only 2 external non-

14 pin critical components. 
18p CPU's DATA AVAILABLE 50p. Large S.A.E 

8 pin 6502 £5.45 PLEASE. 
129 .,,,, 88°4 £725 

Quantitites 100+ =',...„. £5.85 
£15.00 Discount 5% . "'" 

8080A £4.15 
LINEAR IC's 8085A £6.45 JUST ARRIVED FROM VERO 
NE555 18p Z8° £8:48 S100 Prototyping Boards. 
NE556 sop Z80A £645 Microboard Pattern 06-2175L £16.40* 
RC4136 65p Square Pad Universal Pattern 06-2338F 

28p 816.40* LM301AN 
LM311P 48p Prototyping Board for your APPLE/IT2020 
LM324N 88.37* ”43.,1" SUPPORT DEVICES 
LM339N ."".'., 6520 £3.15 
LM380 gow r, 6522 £5.60 
LM3900N 6532 LM3915 £7.75 

6810 82.50 
SN76477N £E21771710 £1.90 FLOPPY DISC CONTROLLERS 
LM741 6821 15p ‘.„ £15.00 FD1771 £19.50 
TL074CN £1.25 "'"' 
1488 ys„ 6850 81.95 FD1791-2 £32.00 

-,.''„'''' 6852 £3.30 W016910 £14.50 
1489 ' 8212 £1.75 WD2143-01 £5.00 
8726 £1.50 
8728 Et, 8216 £1.75 *Special* Complete Pkg. £50. 

., r.,., 8228 £3.95 Includes FD179 1-2 + WD1691D -i- W02143-01. 
8795 £ '''" 8255 £4.10 Individual Data available 50P Per copy. 
ENCODER/TRANSMI ZKICTC £4.25 Large 50p S.A.E. PLEASE 
LM1871 £1.65Z8OPIO £4.25 

Z8OACTC £5.40 RECEIVER/DECODER 
LM1872 £1.90 280APIO £5.40 
SUPER SAVER* Z8ODMA £16.00 COMBO CHIPS 

ZEIOADMA £18.00 Intended for Z80 usage. 
00 280 S10/0 £18. LM 3914 Z80 Combo Chip 1M 388612½ nip,. £25.00 

Z8OAS10/0 £24,0 0 SPECIAL PRICE* Z80A Combo Chip IMK3888N-414 meg f29.95 
s,.., Z80 SLO/1 £18.00 

DOT/BAR DISPLAY Z8OAS10/1 £24.00 
DRIVE Z80 S10/2 £18.00 
Drives 10 LED's 280AS10/2 £24.00 

directly for making 
bar graphs audio VEROBLOCK SOLDERLESS BREADBOARD 
power meters, 360 reliable contacts. 
analog meters. Will accommodate any size of IC. 

SN76477N Can be fully interlocked one with another. 

L M 1 3 6 0 0 . SOUND CHIP £1.70 SPECIAL PRICE £3.55 each. 
PROGRAMMABLE A single chip 
D UALU A L OP. tile SOUND 
TRANS CONDUC- EFFECTS GENERA- ANTEX SOLDERING IRON KITS 
TANCE AMPLIFIER TOR SN6477N is Contains stand/solder/heatsink plus instruc-

£1.2e ideally suited for ap- trocs 
Kit SKI 15m £8.25 plications such as 

VOLTAGE REGULA- arcade or home Kit SK317w £6.00 
TORS video games, KitSK425w £6.00 
78L05 29p alarms, sound 
78112 29p effects boxes and 
79M05 84p toys. Repair Kit MLX 12v 
79M12 64p DATA: £1.25. Complete with solder. Popular outfit for 
723 329 50p Large S.A.E. occasions when no mains electricity is avail-

able £4.80 

KITS FOR BEGINNERS 
AROUSE THE MICRO CHIP INTEREST IN THE YOUNGSTERS 

STARTER KITS 

ULTRONIC FLY REPELLER UGHT ACTIVATED WATCH ELECTRONIC 
A must for campers. Used for automatic lighting WHEEL OF FORTUNE 
Features: control, elec. appliance Fun Kit. 
- LED indication control, electronic gun burglar Easy to assemble. 
- Pocket size case alarm and auto-open door Case included. 
- Low power consumption systems. Wonderful game. 
Kit -1- all parts 4- case with in. Switch on/off 200W elec. appli- SPECIAL *IL5.45* 
structions for easy assembly. ances. 
Battery not included. Kit + parts 4- instructions for 

*9435* easy assembly. 
*8315* 

ORDERING INFORMATION 
Please add 50p P&P plus 15% VAT, to all It is our policy to offer you brand new, full 
orders. EXPORT ORDERS ACCEPTED, spec. devices. Prices subject to change with. 
Md 15% P&P on total order. V.A.T. not appli- out notice. 
cable. 
ACCESS/BARCLAYCARD WELCOME 

Schools, colleges, universities official 

---

Buy it with Act«. 

BARCLAYntD 

111:11U. I 
orders welcome. 
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SPACE INVASION 
MODIFICATIONS 
Space Invasion grows up! Here are the changes to convert it into your 
very own personal computer. 

B
ack in the November '80 [TI we featured the Space Inva-
sion TV game from Tangerine Computers. The design as 
published was effectively a microcomputer dedicated to 

a single task — running the Space Invasion program. With the 
simple additions and alterations given here, the project 
becomes a fully-fledged personal computer, equivalent to the 
Microtan 65 and able to use all of the expansion boards in the 
Tangerine range. 

Before discussing the modifications, we ought to mention a 
few alterations to the original circuit. Pin 12 of IC11b is shown 
connected to earth. It should be connected to IC15 pin 34. All 
new boards being supplied by Tangerine have this modification 
to the track pattern, so check your board before making any 
changes. IC20 pins 20 and 21 should be swapped over, and the 
label adjacent to IC7c was ringed in error — it is diode D2, not 
IC position D2. The unmarked pin on IC9c is pin 11. 

All Change 
There are only a handful of extra components required to 

complete the conversion. An additional character generator 
enables the screen to display the lower case alphabet. Connec-
tion to other boards in the Tangerine system is made via the 
multiway socket that comes ready-soldered to the PCB — the 
bus signals need a high driving capability and the tri-state buf-
fers for the address bus are located on the CPU card. (Buffers for 
the data bus are on the TANEX card.) If you feel content with 
only 1K of RAM and machine code programming, the address 
buffers won't be necessary. The remaining components provide 
various timing and control signals. 

Soft Option 
Even with these changes, the board will still only play 

Space Invasion unless you change the software. This is simple 
— remove the E PROM (IC20), return it to the protective foam 
from whence it came, and replace it with either the 1K TAN-
RUG ROM or the 2K XBUG ROM, from Tangerine. The former is 
OK if you are happy with the limitations of the basic board, but 
if you plan to expand at some later date into a larger system with 
more 1;0, the extra facilities of XBUC make it a better buy. 
. - If you don't already have the Flex keypad or ASCII 
keyboard, you'll need one or the other to allow you to enter 
your own programs. 

Spreading Out 
I he t IN step in expanding the system is to purchase the 

I ANI X c ard I his is inflected to the CPU card by plugging 
both boards into cl motherboard, ‘ind provides a cassette inter-
tac e, 1h I 0 lines, two 16 bit ( minter t imers, the aforementioned 
data bus buffers and an additional 1K of RAM. I his board also 
take% over the address de«iding of the memory map for the 

system, which is incompatible with the simpler, hardwired_ 
memory map of the CPU card. If TANEX is to be used, it is 
necessary to cut the three wire links on the CPU card (LINK 
RAM, LINK ROM and LINK I/O). 

Plugging extra chips into the TANEX board will give you up 
to 8K of RAM, 16 more I/O lines, two more counter timers, serial 
I/O and 10K BASIC in ROM. Once you've got the BASIC youll 
need an ASCII keyboard, and when you start writing huge pro-
grams, TANRAM will come in handy (up to 40K of extra 
memory). ' 

And what if, after all this, you still feel a yearning to play 
Space Invasion again? No problem — either swap the ROM 
chips back again if you only have the CPU card, or insert the In-
vasion ROM in position E2 on TANEX and proceed as instructed 
in the original article. 

Prices for the unusual chips are as follows;, the TANBUG 
ROM (ask Tangerine for TANBUG1, issue 2 board) costs £20.05 
including VAT and postage, XBUG is £20.25, and the 
DMi3678CAE is £8. All these prices include VAT and postage. 
For details of the other boards in the Tangerine range, get in 
touch with them at Forehill Works, Forehill, Ely, Cambs. 

HOW IT WORKS 
The basic Space Invasion unit requires only a few small modifications 
to the hardware and software to become a useful personal computer. 
The software is easily dealt with — by removing the ROM chip, IC 20, 
and inserting a TANBUG ROM in this socket, we replace the fixed 
games program with a general purpose monitor. 

The existing circuit already has upper case alphanumerics and 
graphics options; IC32 is a character generator for lower case 
alphabet. 

If the system is to be expanded by connecting additional boards 
in the Tangerine range, then tri-state buffers are required. IC 33, 34,35 
take care of this, receiving their control signal from the TANEX expan-
sion board. 

The remaining components provide additional decoupling and 
timing signals which are required by the complete system. 

PARTS LIST 
Resistors (all ' 4W, 596) 
R15,17 10k 
R16 1k0 

Capacitors 
C17 
C18 

Semiconductors 
IC20 
IC 29,30,31 
IC32 
1C33,34,35 
Q2,3 

1n0 
47n 

TANBUG ROM (or XBUC) 
741.574 
DM8678CAE 
74LS167 
BC 184 
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Fig. 1 The additional components are shown in black on the original (fainter) overlay. Tangerine use letterinumber combinations to identify the IC sockets 
and these are indicated on each IC. ETI 

Conquer the chip. 
Be it a career, hobbyinterest, like it or not the Silicon Chip 

will revolutionise every human activity over the next ten years. 
Knowledge of its operation and its use is vital. Knowledge you 

can attain, through us, in simple, easy to understand stages. 
Learn the technology of the future today in your own home. 

MASTER ELECTRONICS LEARN THE PRACTICAL WAY BY SEEING AND DOING 

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

computerised equipment. 

MASTER COMPUTERS 
LEARN HOW TO REALLY UNDERSTAND COMPUTERS, HOW 

THEY WORK — THEIR ' LANGUAGE' AND HOW TO DO PROGRAMS. 

• Complete Home Study library. • Special educational Mini-
Computer supplied ready for use. • Self Test program exercise. r 

• Services of skilled tutor available. 

MASTER THE REST 
• Radio Amateurs Licence. • Logic/Digital techniques. 

• Examination courses ( City 8c Guilds etc.) in electronics. 
• Semi- conductor technology. 
• Kits for Signal Generators — Digital Meters etc. 

E 
E 

Neese send your FREE brochure 
without obligation to 

Name  

Address  

lam interested in 
PRACTICAL ELECTRONICS  

COMPUTER TECHNOLOGY 

OTHER SUBJECTS(please state 

your interests)  

(Block Caps please) ET/7/813 

BRITISH NATIONAL RADIO & ELECTRONICS SCHOOL, 
4 CLEVELAND ROAD, JERSEY, CHANNEL ISLANDS. 
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MICROCOMPUTER 
LOWEST PRICES 

DEVICE PRICE 

COMPONENTS ' 
FASTEST DELIVERY 

DEVICE PRICE DEVICE PRICE 

CPUs 
6502 5.50 741515 0.15 74LS378 0.73 

6800 3.82 741520 0.14 74LS379 0.56 

6802 5.74 74LS21 0.15 74LS386 0.29 

6803 '14.53 74LS22 0.15 741_5390 0.68 

6809 12.00 741526 0.19 74LS393 0.61 

8085A 5.02 741527 0.15 CMOS 
780 CPU 4.00 74LS28 0.17 4000 0.14 
280A 5.92 74LS30 0.14 4001 0.14 
SUPPORT CHIPS 741532 0.14 4002 0.14 
6520 3.15 741533 0.17 4006 0.85 
6522 5.60 74LS37 0.17 4007 0.18 
6532 7.75 741538 0.17 4008 0.75 
6821 1.93 74LS40 0.14 4009 0.39 
6840 5.87 741542 0.40 4010 0.47 
6850 1.95 741547 0.42 4011 0.17 
6862 7.05 74LS48 0.70 4012 0.23 
6871A1T 20.00 74LS49 0.62 4013 0.42 
6880 1.07 741551 0.14 4014 0.78 
6887 0.50 741554 0.15 4015 0.80 
8212 2.25 741555 0.15 4016 0.34 
8216 1.95 741573 0.22 4017 0.68 
8224 2.50 74LS74 0.19 4018 0.75 
8228 4.20 741575 0.30 4019 0.44 
8251 4.75 741576 0.22 4020 0.82 
8253 10.00 741578 0.25 4021 0.88 
9255 4.20 741583 0.54 4022 0.84 
280 CTC 4.00 741585 0.77 4023 0.23 
280A CTC 4.90 741586 0.18 4024 0.49 
Z80 DMA 14.97 741590 0.36 4025 0.19 
280A DMA 11.52 741591 0.81 4026 1.28 
Z80 DART 7.20 74LS92 0.40 4027 0.44 
280A DART 7.67 74LS93 0.39 -4028 0.80 
Z80 PIO 4.00 74LS95 0.48 4031 1.85 
280A PIO 4.40 7415109 0.26 4033 1.70 
280 SIO-0 20.11 7415112 0.26 4034 1.99 
280 510-1 20.11 74LS113 0.26 4035 1.05 
780 S10-2 20.11 7415114 0.26 4036 2.75 
280A S10-0 24.17 7415122 0.45 4039 2.95 
280A S10-1 24.17 7415123 0.57 4040 0.83 
280A S10-2 24.17 7415124 1.07 4041 0.80 
MEMORIES 74LS125 0.29 4042 0.68 
2101 3.65 7415126 0.29 4043 0.78 
2102 2.54 7415132 0.51 4044 0.78 
2114 200ns 7415136 0.29 4045 1.70 
Low power 1.35 7415138 0.40 4046 0.95 

2708 1.73 7415139 0.40 4047 0.98 
271615vI 2.67 7415145 0.78 4048 0.54 
2732 or 2532 7.59 7415148 1.13 4049 0.34 
411E 15Ons 1.25 7415151 0.35 4050 0.37 
411620Ons 1.20 741_5153 0.35 4051 0.78 
REGULATORS 74LS155 0.50 4052 0.78 
7805 0.55 7415156 0.50 4053 0.78 
7812 0.55 741S157 0.36 4054 1.28 
7905 0.65 74LS158 0.40 4055 1.23 
7912 0.65 7415'160 0.43 4060 1.08 
CRT CONTROLLERS 7415161 0.43 4063 1.18 
9364AP 5.54 7415162 0.43 4066 0.46 
6845 11.72 74LS163 0.43 4067 4.25 
BUFFERS 7415164 0.51 4068 0.25 
811595 1.20 74LS166 0.37 4069 0.19 
81LS96 1.25 74LS173 0.77 4070 0.29 
811597 1.20 7415174 0.78 4071 0.24 
811598 1.25 74LS175 0.60 4072 0.24 
8726A 1.50 7415181 1.50 4073 0.24 
8728A 1.50 74LS190 0.61 4075 0.24 
8795N 1.50 74LS191 0.61 4076 0.83 
8797N 1.50 7415192 0.69 4077 0.29 
8798 1.50 74LS193 0.69 4078 0.26 
MISC. SUPPORT CHIPS 74LS194 0.42 4081 0.24 
AY 3 1015 or 4.29 74LS195 0.42 4082 0.24 
AY 5 1013 equwa 4.29 7415196 0.68 4085 0.57 
AY 5 2376 lent 7.00 741_5197 0.68 4086 0.70 
MC1488 0.75 74LS221 0.64 4093 0.53 
MC1489 0.75 7415240 1.01 4502 0.99 
MC14411 5.75 7415241 1.15 4507 0.45 
MC14412 8.75 741524? 0.85 4508 2.75 
RO 3 25131 7.82 74LS243 0.85 4510 0.83 
RO 3 2513L1 7.82 7415244 0.84 4511 0.63 
DATA CONVERTERS 7415245 1.21 4512 0.79 
ZN425E 3.50 74LS747 0.41 4514 1.93 
ZN476E 3.00 74LS248 0.74 

4515 2.98 
ZN477E 6.28 7415249 0.74 4516 0.89 
ZN428E 4.78 7415251 0.46 4518 0.89 
7N4296 2.10 74LS253 0.46 4519 0.68 
7N432 28.09 74LS257 0.57 4520 0.89 
2N433 22.59 
Data Convr,rt,,, 
Handbook 1.00 

741_5258 0.40 
74L5759 1.15 
741.5761 3.12 

4521 2.05 
4522 1.45 

0.95 
74LS SERIES 74LS766 0.25 

4526 
4527 1.20 

741509 0.14 74LS773 0.97 4528 0.99 
141.551 0.15 
/4LS(Fi 0.14 

74LS279 0.37 
7415783 0.45 

4532 1.15 
4541 1.45 

i4LSO3 0.14 
/415()4 0.15 
/41 505 0.15 
/4)508 0.14 

7415790 0.60 
741 S293 0.53 
741 S3t,!, 039 
141 S31,1, 0.38 

4543  1.45 
4553  3.10 

050 4555 .  
4551, 0.59  

/41 509 015 
/41 ,0') 0.14 

/41 Sib/ 0.38 
/4L S3b8 0.38 

4561,  1.90 
4585 1.35 

741 511 015 /4153/3 0.79 

/41`,12 0.15 /4153/4 0.79 CRYSTALS 

741 513 0.29 /41 S3 /5 0.50 4 MHz 1.80 

/41',14 051 /4153 / / 0.97 E & O E 

OFFICIAL ORDERS WELCOME QUANTITY DISCOUNTS AVAILABLE 
All prices exclude post and packing on 

MIDWICH COMPUTER CO. LTD. order under £ 10150p1 and VAT ( 15°.). 
(Dept. ETU ALL ORDERS DESPATCHED ON DAY 
Hewitt House, Northgete Street, OF RECEIPT WITH FULL REFUND FOR 
Bury St. Edmunds, Suffolk IP33 1HO OUT OF STOCK ITEMS 
Telephone: ( 02841 701321 24 Hour Telephone Credit Card Orders 
Telex: 817882 MIDCOM G Telephone:1021141 701321 

CREDIT CARD ORDERS WELCOME 
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ELECTRO 
SUPPLIES 

Tuning Condenser, 100p. 
AM-FM-2SW with built-in reduction drive. PC 
mount. Dimensions: 2.5" x 1.12 5 x 1.25". 

24 volt DP Relays. Miniature plug in. 25p each, 
5 - 100p. 

Small DC motors, 12 to 24 volt. Very powerful. 
Will make an excellent PC drill. Dimensions: 1.6" 
x 1.2" dia. 100p each, 2 - 175p. 

Solid Carbide Drills, sizes from .65mm to 1/4". 
Our rnix for 400p. 

LINEAR ICs 
CA3012 
CA3080 
LM324 
LM741 
LM1458 
LM3900 
MC1307 
MC1310 
MC1349 
MC1350 
MC1558 
NE5357 
NE555 

45p 
50p 
60p 
15p 
40p 
60p 
75p 

100p 
90p 
90p 
100p 
50p 
22p 

SAJ110A 
SAS580 
SAS590 
TAA320 
TBA1205 
TBA651 
TBA661B 
TBA800 
TBA8105 
TBA920 
TCA270S 
TDA0470 
TDA1010 

LOW PROFILE IC SOCKETS 
14 pin - 12 100 ( 150 £10) 
16 pin - 10 100 ( 130 £10) 
22 pin - 7 100 ( 100E10) 
24 pin - 6 100 ( 70 £10) 
40 pin - 3 100 (40 £10) 

For larger quantities 
please phone for prices 

150p 
100p 
100p 
40p 
60p 
100p 
125p 
70p 
80p 
150p 
150p 
150p 
150p 

TDA1170 
TDA1190 
TDA2524 
TDA2541 
TDA2560 
TDA2581 

175p 
200p 
150p 
150p 
150p 
175p 

SPECIAL OFFER 
AY- 5-3507 DVM 
CHIP (with data) 
£2.00 (limited 
quantity). 

35- amp 50- volt Stud 
Diodes, c/w mounting kit 

4 £1 
Semi- conductor Packs. 
Diodes/Transis-
tors/SCRs/Cs. over 100 
items ( no rejects) 

£1.50 each, two for £2 

SPECIAL OFFERS 
LM1011N ( DOLBY B I/C) c/w dat 
TDA2020(20 watt amp) 
MM57105 ( PAL colour TV game I/C) 
MM53100N (TV clock timer) 
AY-5-1013 ( UART) c/w data 

Prices include VAT, please add 50p P&P 

S.A.E. for Lists 

MAIL ORDER DEPT. 
(Callers please phone first) 

BOWNESS MILL 
SHAWCLOUGH RD 
WATERFOOT 

ROSSENDALE, LANCS 
TEL: ROSSENDALE 215556 

£2.50 
£2.50 
f2.00 
£2.00 
£2.00 

RETAIL SHOP 
(Open 6 days) 
6A TODD ST 
MANCHESTER 

(next to Victoria Stn.) 
TEL: 061-834 1185 

ET) JULY 1981 



PCB FOIL 
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Lightning 

ELECTRONIC 
COMPONENTS 
1981 Catalogue -- Send 40p for your copy NOW 

* Comes with 60p worth of vouchers. 
* First-class reply paid envelopes. 
* Same day service froto stock. 
* First-class post on goods out (heavy goods 

excepted). 
* Giving all-round LIGHTNING service. 

Resistors - Capacitors - Semiconductors - Hardware - Tools 
Meters - PCB Materials Knobs - Books -- Indicators 

Transformer Vero Range - Inductors Chokes - Tape Heads 
Belts Motors and much, much MORE 

LIGHTNING ELECTRONIC COMPONENTS. FREEPOST. TAMWORTH, STAFFS B77 IBA 

IN 

Top left: the System A preamp main 
board. 
Top right: the phono input module. 
Right ETIcharger PCB. 

The DJ90 PCBs are too large 
to fit in the magazine; an 
SAE to us will secure a 
photocopy. Commercial 
companies should note that 
these, and the System A 
boards, are copyright and 
may not be reproduced 
without permission. L 

Clue 

On•O 

o4440 
'ma> 

1:11 mo 

141:1> 
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Above: the two foil patterns for the 
double-sided Superdice board. 

Left: the Superdice display board. 



BARGAINS FOR THE ELEC-

TRONIC HANDYMAN 
BRANDED L.E.D. DIGITAL 

ALARM CLOCKS 

(1) 

Returned to Service 
Department within 
guarantee period (2) 

1 With alarm repeat SR SP of E1 7 00 Offered at 
£3.95, inc VAT. or 3 for £9.95, inc VAT 

2 With luxury lamp .ánd repeat alarm S P.S P 
£3 1 00. Offered at £7.95 inc VAT each, or 3 for 
£19.95 inc VAT 

These will be sold as received from our customers with 
the existing fault(s) and without guarantee 

U K only 
Discounts available on large bulk purchase 

PRESCOTT CLOCK & WATCH CO. 
LTD. 

PRESCOTT HOUSE, HUMBER ROAD, LONDON 

NV1/2 6ER 

AMAZING ELECTRONICS 01-ANS. Lairs; 
Super-powered cutting rifle, pistol, light show, 
ultra-sonic force fields, pocket defence wea-
ponry, giant tesla, satellite T.V. Pyrotechnics, 
150 more projects. Catalogue 75p. From: Plan-
centre, St. John's Street, Bridgenorth, Shrop-
shire  

ZX81 GAMES. Four super games on cas-
sette, £3 ( plus additional free game and 
other info.) or S.A.E. list/details. Bobker, 
29 Chadderton Drive, Unsworth, Bury, 
Lancs. 

SPECIAL OFFER 
-3 DIGIT DVM 

Bright 20mm high digits. Input 
—99mV to 999mV into 100M Ohms. 
Operates from single supply rail. On 
card 5v reg., easy mounting, applica-
tion sheet enclosed incls. interface cir-
cuit for parallel BCD ( ideal for interfac-
ing to computer). 

Built and tested—f19.95 + 50p post 
VAT 

ROBYDOME LIMITED 
Croft Road, Sudbury, Suffolk 

Sudbury (0787) 72584 

-1-

I Rein DESIGN, '.Prototype construction, 
Analogue or Digital, Single Circuits or Com-
vletélnstrumentsTia_ysterrisjAirme 
.ieTWOOD, C.Eng., MIEFfE, Heathercote, 
IHeatherton Park, Taunton, Somerset, TA4 
1ET or Phone Bradford-on-Tone (082-346) 

GUITAR/PA/ 
MUSIC AMPUFIERS 

100 watt superb treble/base overdrlve, 12 months guarantee. 
Unbeatable et LN; 130 watt £42; 200 watt £88; 100 watt twin 
channel sep. treble/bass per channel 02; 60 watt 052; 200 
watt E711; 100 watt four channel sep. treble/basa per channel 
£75; 200 watt En; slaves 100 watt £34; 200 watt Olt fuzz 
boxes, greet sound £12; bass fuzz £12.90; overdriver fuzz with 
treble and bass boosters £22; 100 watt combo superb sound 
overdrive, sturdy construction, castors, unbeatable £98; twin 
channel £110; base combo £112; speakers 15in. 100 watt £36; 
12in. 100 watt £24; 60 watt £16; microphone Shure Unidyn (3 
£26; 3-Channel sound/light £26. 

Sand cheque or P.O.to, 
WILLIAMSON AMPURCATION 

82 T'orna% Avenue, DukInfleld, Cheshire 
061.308 2064 

ZX80 & ZX81. Join ZX guaranteed. All 
games/programs guaranteed to work. £5 
year. Frustrated National ZX80 club 
people are welcome. — Bobker, 29 Chad-
derton Drive, Unsworth, Bury, Lancs. 

RADIATION 
014.TECCORS 

BE PREPARED 

VIEW THRU LENS 

• THIS DOSIMETER 
WILL AUTOMATICALLY DETECT 
GAMMA AND X-RAYS 

• UNIT IS SIZE OF FOUNTAIN 
PEN & CLIPS ONTO TOP POCKET 

III PRECISION INSTRUMENT 
METAL CASED WEIGHT 201 

II MANUFACTURERS CURRENT 
PRICE OF A SIMILAR 
MODEL OVER £25 EACH 

British design & manufacture 
Tested & fully guaranteed 
Ex-stock delivery. 

1615 MC. VAT Post & Pack 60p 

Ideal for the experimenter 

COMPLETE WITH DATA 

HENRyw5,--
404 EDGWARE ROAD LONDON W21ED 

ih 

Some day all 

power amps will 
be made this way THE POWERFET AMPLIFIER 

See next month's Issue for 

our component bargains 

or send SAE for lista 

PFA 80 
(100W plus Into 80) 

Elegant Simplicity 
Advances in high technology should make life simpler. A 

cluttered power amplifier board may well perform superbly, 
but its busy elaboration is an indication that its design is 
pushing the limit of its component technology. 

There are now many first-class bipolar power amps on the 
market. All of them are comples and consequently expensive. 
Any additional improvements in the areas where they are 
weak (e.g. H.F. distortion) can only be obtained with yet 
further complexity and cost. 

Only a new technology can provide the sort of "quantum 

lump" in component performance necessary to reduce the 
clutter on the board. reduce the cost and make the highest fi 
once more affordable. 
Powerfete 

So far 29 semiconductor manufacturers have invested in 
tins new technology. Clearly powertets are something 

special. 
Their enormous power gains eliminate conventional drive 

circuitry in power amps, permitting delightfully simple 
designs. Their freedom from secondary breakdown and their 

tendency to shutdown when thermally overstressed, result in 
inherently stable and destruction-proof output stages. not 
needing protection circuitry. And perhaps best of all, their 
lack of charge storage make them fast and responsive. 
producing amplifiers of wide bandwidth and low distortion 

even at high frequencies 

IT GROWS! 

PFA110/120 
The PFA is perhaps the perfect realisation of the classic 

powerfet amp design. The superb P.C.B. allows the use of 
, either one or two pairs of output devices, providing easy 
expandability for those starting with the smaller system. (The' 
extra output pair of the PFA1 20 results in lower distortion 
and improved efficiency, particularly into low impedance 
loads.) 

The components used in the PFA have been chosen with 
extreme care. The lowest noise input devices and lowest 
distortion gain stage devices were selected regardless of cost 
1 40V powerfets were chosen against the more usual 1 20V to 
give improved safety margins. 

Specification 
Bandwidth 
Output power 
RMS into 80 

T.H.D. 
from 1w to rated 
output at all audio 
frequencies 

SNR 
Slew Rate 
Gain 
Rin 
Vs mas 

Coin 
(built) 
(kit) 

PFA80 
10Hz — 
80W (Vsiil- 50V) 

PFA1 20 
100KHz± 1c18 
120W (VsT 55V) 

<0.008% <0.005% 

120d8 
20V/Its 
X22 
30K 
70V 

£15.95 
£13.95 

120dB 
20V/ps 
X22 
30K 
1; 70V 

£22.85 
£20.85 

Power supplies available VAT inclusive onces P&P 40p or 75p with PFA or transformers 

PFA 120 
(150W plus into 8G. 300W into 40) 

Pre-conp PAN 20 
The design is unique. Equalisation is applied alter a flat gain 

stage, resulting in one of the best noise performances available 
Superb overload figures are ensured by a front end incorpor-
ating a special gain / anenuator control (volume control to you!). 
The inputs are uncommitted and can be used with any 
combination of signal sources in the 1 mV to 10V range. RIAA 
equalisation is provided for mag. PUs, and space on the board 
is available for different equalisations. 

Specification 
B.W. 2011z-30KHz ± 1dB 
THD 0.003% 

SNR 

Vs 
Output 
Colt 

(built board £4.76, 2 needed for stereo 
less controls) 

POWN Aue PAN 1397 
A high quality 20W power amp board based on the 

HA1397. Easily modified for bridge operation, providing high 
powers from low supply voltages. 

SpeciRcetion 
Output power RMS 
THD 
SNR 
Input 

Cela 
(Built) 

85dB (ref. 5mV RIAA) 
105dB (ref. 1 00mV flat) 
20V 

IV (clips at + 20d8) 

20W into 80 at T 22V 
20W into 40 at T 19V 
0.02% at 1 KHz. 1W to 12W 
90c18 
100mV into 50K 

£5.80 

Mail order 148 QUARRY STREET, LIVERPOOL 

FROM THE POWERFET J. W. RIMME onlyto_ L25 6HCL Tel: 051 428 2651 
Technical 367 Green Lena*, London N4 1131' SPECIALISTS 
enquiries 01-800 6667 
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'MU o 
ETI RATES 

1-4 Insertions £9.00 per scc 
5-11 Insertions £8.00 per scc 
12+ Insertions £7.00 per scc 
30p per word (min 12 words) 
Box No. £2.00 
Closing date 1st Friday in month preceding 
publication. 

HE RATES 
1-3 Insertions £5.00 per scc 
4-11 Insertions £4.50 per scc 
12+ Insertions £4.00 per scc 
18p per word (min 15 words) 
Box No. £1.50 
Closing date 2nd Friday in month preceding 
publication. 

Classified Advertisements must be prepaid. 

 md1/4  

Advertisements are accepted subject to the terms and conditions printed on the advertisement 
rate card ( available on request). 

SEND TO:- ETI/HE CLASSIFIED, 145, CHARING CROSS ROAD, LONDON WC2H OEE. TEL: 01-437 1002 Ext. 50. 

PRINTgD 
CIRCUITS 

and 
HARDWARE 

Comprehensive range Constructors Hardware 
and accessories 

Selected range ot popular components 
Full range of HE printed circuit boards 
normally ex.stock same day despatch at 
competitive prices 
P C Boards to individual designs 
Resist-coated epoxy glass laminate for the 
d i y man with full processing instructions (no 
_unusual chemicals required) 

Alfac range of etch resist transfers and other 
drawing materials for p c hoards 

Send tEp for catalogue. 

RAMAR CONSTRUCTOR 
SERVICES 

MASONS ROAD 
STRATFORD-ON-AVON 
VVARWICKS, T. 4879 

• KLIFCO RETURN AN-AD: No. 2. • Save 
£5 ( per item) on any hi-fi or electronic 
repairs. • Sony - Toshiba - Sansui - 
Trio. Return-of-post + estimates. S.A.E. 
to: Klifco Electronics, 1 Regent Road, Ilk-
ley, LS29 9EA. 

COPPER CLAD BOARD DOUBLE-SIDED 
FIBRE-GLASS: - 1,000 sq. inches of as-
sorted sizes £6,800 sq. inches of assorted 
sizes £5, 600 sq. inches of assorted sizes 
£4 and 400 sq inches of assorted sizes £3. 
Postage free. Also complete P.C.B. ser-
vices. H.C.R. (Chelmsford), 1 Bankside, off 
New Street, Chelmsford. 

BUGGED? 
Under surveillance? 

THE BUGGING GAME is a unique, previously res-
tricted book describing modern counter surveil-
lance and eavesdropping techniques. A virtual err-
cyclopedia of "hidden knowledge" it tells. 
ALL YOU NEED TO KNOW about professional and 
Secret Service methods! 
Part 1 - Telephone Systems. 
Part 2 - Radio and Microphone Systems. 
Part 3 - Electronic Surveillance and Counter 
Measures. 
300 pages of unobtainable information! 
DON'T WAIT! ... this book could easily disappear 
from the market. 
Pricef9 per set, plus f 1 p. & p. 

CYBERSCAN INTERNATIONAL 
35 Dell Farm Road 

Ruislip, Middlesex HA4 7TX 
Tel. ( 08956) 73265 

ETI JULY 1981 

DIGITAL WATCH BATTERY 
-REPLACEMENT KIT 

These watches all require battery 
(power cell) replacement at regular 
intervals This kit provides the , 
means We supply eyeglass. non-
magnetic tweezers, watch screw-
driver, case knife and screwback 
case opener Also one doz assort 
push-pieces. full instructions and 
battery identification chart We 
then supply replacement batteries 
- you fit them Begin now Send 
£9 for complete kit and get into a 
last-growing business Prompt 
despatch 

BOLSTER INSTRUMENT CO. ( ET26) 
11 Percy Avenue, Ashford, Middx, TW15 2PB 

• 

TELEPHONE ANSWERING MACHINES, 
Super Phones, Radio Phones, etc. Ring 
C.W.A.S. 0274 682674. 

ME POCKET COMPUTERS 

4.#; NEW LOW PRICES! 
Printer/Cassette interface  £63.25 

PC1211 with CE-122 printer £155.20 
PC1211 with CE-121 cassette interface  £105-75 
PC- 1211 only f91.95 
FREE PAPERMATE-PEN WITH ALL ORDERS 

All prices include 115%) V.A.T. and U.K. Delivery 
Now available - PC1211 software; s.a.e. details 

ELKAN ELECTRONICS 
28 Bury New Road 

Prestwich, Manchester M25 8LD 

HAVE YOU SEEN THE GREEN LIST? 
woos of components ( radio, audio and electronic) 
and electronic items and accessories at unbeliey 
ably low prices, something for everyone. 
Send 20p stamps or large s.a.e. for list and receive 
FREE RECORD SPEED INDICATOR. 

MYERS i(Dept. E.T.1.) 
14-16 Clifton Grove, Harehills, Leeds 9. 

THE SCIENTIFIC WIRE COMPANY 
PO Box 30, London E.4. 

ENAMELLED COPPER WIRE 
SWG llb 8oz 4oz 
8 to 29 2.76 

30 to 34 3.20 
35 to 39 3.40 
40 to 43 4.75 
44 to 47 8.37 

2oz 
1.50 0.80 0.60 
1.80 0.90 0.70 
2.00 1.10 0.80 
2.60 2.00 1.42 
5.32 3.19 2.50 

48 to 49 15.96 9.58 6.38 3.69 
SILVER PLATED COPPER WIRE 
14 to 30 6.50 3.75 2.20 1.40 
TINNED COPPER WIRE, 
14 to 30 3.85 2.36 1.34 0.90 

Prices include P&P and VAT 
Orders under £2 please add 20p. 

SAE for List of Copper and Resistance 
Wires. Dealer enquiries welcome 

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 55p. Clear 
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. 

USED 6800 MICROCOMPUTER BOARDS. 
CPU, 4 x PlAs, RAM, etc., installed. Socket 
for PROM. £20. Various other boards. 
Details: Tel. 08926 64307 evenings. 

If it's a ease of o-raking your project 
look good, then use one of ours. 

Simply send aSA E tor 
Details and prices 

TRADE ENGIU,RIES 

INV,TEO. 
, 

--et» 

H. M. ELECTRONICS 
271a/275a Fulwood Road. 

Broomhill 
Sheffield StO 380 
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+ P&P E3.45 
(inc. VAT) 
Total £129.95 

WANTED 
Test equipment, valves, tubes and scrap electron-
ics. 

Reasonable prices paid. Distance no object (UK 
mainland only). 

FRG General Supplies 
Unit 3, Longhill Industrial Estate 
March, Cambridgeshire 
PT15 fINQ 

Tel: March 103542l 56614 
or 01-404 5011 
Telex: 24224 Quote Ref. 3165 

 `i• 

ZX-130/81-. QS-Defender, Moving Graphics, NO 
flicker, cassettes to fit 1K £4.50; 3K 5.50, OS-Sound 
bd., uses AY-3-8910, £25. QS-Mother Bd., 5V. reg., 
allows expansion to any RAM pack plus two other 
boards, CIO; OS-Experience connector 11 needed), 

S.A.E. for full data: Quick Silva, 95 Upper Brownhill 
Road, Maybush, Southampton, Hants. 

BARGAIN OFFER 
Massive clearout of electronic components. Ideal 
for home constructors, experimenters and begin-
ners 

2Ib Box £2.00 plus £1.50 P&P 
10Ib Box £10.00 plus £2.50 P&P 
Prices include VAT. Money back if not satisfied on 
goods returned within 14 days. _ 

Send your oder to: 
HARRISON BROS 

PO Box 55 
Westcliff -on-Sea 
Essex S50 7LQ 

KEYBOARD FOR ZX81. Build-up our full-
size keyboard for your ZX80 or ZX81. Kit 
£19.95 + p. & p. In/out port to control up 
to 24 lines, £ 14.95. Edge connector £3.95 
+ p. & p. 95p. Digital to analogue 
converter (fits onto in/out board) coming 
soon. S.A.E. for details: Redditch 
Electronics, 21 Ferney Hill Avenue, Red-
ditch, Worcs, B97 4RU. Tel. 0527 61240 
(evenings). 

OSCILLOSCOPE CALSCOPE Super 6, as 
good as new; changing hobby; £115 
o.n.o. 450-3586. 

1000's OF ELECTRONIC COMPONENTS 
for sale, 35p for lists. John E. Harris, 9 
lvybridge, Broxbourne, Herts., EN107LH. 

CC 
CA 
TM 
VE 

£126.58 

BEST OFFER EVER 
Camera Kit, Lens, 
Vidicon Er Modulator 

CROFTON 
35 GROSVENOR ROAD 
TWICKENHAM, MIDDX. 

FREE FREE FREE 
parking for 4,000 cars at the 

SUSSEX MOBILE 
RALLY 

Brighton Raceground 

JULY 19, 1981 
10.30 to 6 p.m. 

All the usual traders exhibit-
ing. Many attractions for all 

the family. 

FULL SPEC 6800 PARTS: 6802 MPU 
£6.50; 6821 PIA £2.50; 6850 ACIA £2.50; 
6845 CRT Controller £13.50; 2716J-8 5V 
UVROM £5.00; Postage £0.40. M. S. Alex-
ander, 83 Strachan Avenue, Dundee DD5 
1RF. 

BUILDING AUDIO 
EQUIPMENT? 

You need the ATEK catalogue. Lists 100s of com-
ponents/accessories. 100w modules; £9.95. 120w 
Mot- Fat modules; £ 14.95. Also POWERTEK 
speakers, 50w from £10.95, heatsinks, connectors, 
knobs, switches, wire, hardware, cabinet materials, 
etc., PLUS LOTS MORE. Catalogue 70p post free, 
includes discount offers. Mail order only. ATEK 
(E71 1), 8 Parsons Close, Church Crookham, 
Aldershot, Hants GU13 OHL. Tel: 02514 22303. 

DIGITAL WATCH REPAIRS 
Digital watches and clocks, cassette recorders, radios, calcu-
lators. etc. Send item and S.A.E. for quote. Repairs guar-
anteed, reasonable prices. New watches - low prices.1Digi-
bon Electronics (ETD, 2 Christchurch Drive. Dayentry, 
Northants. NN114RD. Tel, 1032-7213693. 

TELEPHONE ANSWERING MACHINE. 
Build your own for under £10 plus any 
cassette recorder. Send £3 for circuit and 
plans. S. D. Cross, 24 Thorney Road, 
Streetly, Sutton Coldfield, West Mid-
lands, 

MK. 14 KITS. We have 50 items for Mk 14 
computers. Send s.a.e. for price list. 20-
page catalogue 90p plus 25p post. Red-
ditch Electronics, 21 Ferney Hill Avenue, 
Redditch, Worcs, B97 4RU. Tel. 0527 
61240 (evenings). 

BURGLAR ALARM Component Catalogue' 
out now. Ring: C.VV.A.S. 0274 682674. 

ADAM HALL 
Cabinet 11. Flightcase Fittings, lieu loths coyerongs 
handles castors err Jacks & sockets. Cannons 
Sulgrns, reverb trays. Emilar compresseon dnyers AKG 
,recs. Celestron speakers ASS glasshbre horns 

30b post" order for illustrated catalogues to 
ADAM HALL (E T SUPPLIES) 

Unit 8, Chentton Court 
Greinget Road. Southend-on- Se• 

Essex SS2 5BZ 

COLOUR MODULATOR 

• RO B inputs, PAL/UHF output _ 
• Unlimited colour combinations 
• TTL etc interface details supplied 
• 1000's already In use! 

KIT: only £12 Built d Tested: only £18 
- please add VAT at 15% to all prices 
- Barclay/Access orders accepted by telephone 

iDsr7s.enrq's'restrZO:ivR"° e"ne 
STUART Essex L.M13 3S0 
SYSTSVE Ltd Telephone Brentwood i0277. 

EPROM PROGRAMMING £2.50/K (your 
chip) + 50p p+p+ins., or, 2708 £7.50; 
2716+5 £11.00; 2532 £27.50 all inclusive. 
Reductions for repeat orders, duplicates, 
modifications, etc., SAE enquiries: 
C.W.O. SEAMIST S.D.D., 45 OAK STREET, 
FAKENHAM, NORFOLK. 

SC/MP USERS.16 extra user defined op-
codes are available when you buy the 
SC/MP EXOP unit. £3.50. SAE for details: 
B. Jones, 13 Albert St., Cheltenham. 

NOT SURPLUS 
BARGAIN PACKS * 

10 7400 Et 10 BC183L £1, 10BC213L £1, 2 S.. 
7805 VI. Prices include VAT. Postage 25p. 
C.W.O. to: Micro Musical Ltd., The Old )ir. 
Vicarage, 37 Wood Lane, Shotjlton, Coven-
try, CV7 9LA. 

PROJECT 80 Synthesizer Modules 
wanted. Calibrated and working. Any 
combination considered. Tel: Notting-
ham (0602) 869278. 

WANTED. Electronic components and 
test equipment. Good prices given. Q Ser-
vices, 29 Lawford Crescent, Yately (0252) 
871048, Camberley, Surrey. 

CHEAPEST ELECTRONIC DIMMERS. Re-
place domestic light switches. Kits in-
clude everything: Touch £3.25; Proximity 
£5.93. Add 15% and 65p P. & P. Trem-
orran Data Systems, Torrs Park, Ilfra-
combe, Devon. Satisfaction guaranteed. 

NOW 
UK101, ATOM 
SUPERBOARD 
OWNERS 

You can afford to UPGRADE your Micro 
and run it FASTER with our SPECIAL 
INTRODUCTORY OFFER. Brand new, 
full spec. 2114L2 20Ons, lower power. 
Static RAM at LOWEST INCLUSIVE 
PRICES: 

1 8 24 100 
£2.05 £1.95 £1 .85 £1.65 

P. & P. 40p for order under £20 

INTELLIGENT COMPUTING 
ELECTRONICS 

5 Dryden Court, Kennington Est. 
Kennington, London, S.E.11 

Tel: 01-736 1488 

PARAPHYSICS JOURNAL. Russian/ 
Czech translations. Autogenics (self-training) 
Improves vitality. Psychotronic Genera.to.rs,_ 
'. UFOs, contacting extraterrestrials, K irk li-
anograry telelinesis, levitation, gravity 
lasers. S.A.E. 4x9": Paralab, Downton, Wilts. 

T. & J. ELECTRONICS COMPONENTS - 
Quality components, competitive prices. 
Illustrated catalogue 45p. 98 Burrow 
Road, Chigwell, Essex.  
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April'81 DP1  
May'81 Control  
Preamp  
Decoder  

June'81 Antenna Extender 
July'81 Superdice PCB 'a'  
Superdice PCB 'b'  
Battery Charger  

For full list and current PCBs send S.A.E. PCBs also 
produced to customers own masters. Trade en-
quiries welcomed. Write for quote. C.W.O. please. 
Add 35p P. & p. to complete order. Europe 70p. 

ETI PCBs 
Drilled 1.5mm Glass Fibre. Fry's Roller Tinned.£  

2.36 
f1.41 
£1.26 
£1 .95 
£2.33 
£3.72 
£2.24 

PROTO DESIGN 
14 Downham Road, Ramadan Heath 

Billericay, Essex, CM11 1PU 
Tel: 0268 710722 

GOULD 0S253 15Mhz Dual Trace Oscillo-
scope; max. sensitivity 2 mu/cm, 8 X 10' 
display, with x 10 probe kit, £250 includ-
ing delivery. Sheffield 339073 (evenings/-
weekends). 

BUILD A 12 into 2 mixer for £100. Details 
£3.50. P.O. to Mr J. A. Lovett, Flat 5, 36 
William Ave., Margate, Kent. 

TTL LOGIC PROBE with instruction sheet, 
start understanding computer electronics 
for just £ 10.55. Tel: (095-389) 420. RA, 
Eng., Forncett End, Norwich, Access/Bar-
claycard. 

ELECTRONIC KIT BUILDERS. You supply 
the kit — we build it for 60% of kit price. 
For quotation telephone 0604 56248 or 
0908 564542. 

MAIL ORDER PROTECTION SCHEME 
If you order goods from mail order advertisers in 
this magazine and pay by post in advance of de-
livery, this publication Electronics Today Interna-
tional will consider you for compensation if the 
advertiser should become insolvent or bankrupt, 
provided: 
1. You have not received the goods or had your 

money returned; and 
2. You write to the publisher of this publication 
Electronics Today International explaining the 
position not earlier than 28 days from the day 
you sent your order and not later than 2 months 
from that day. 
Please do not wait until the last moment to in-
form us. When you write, we will tell you how to 
make your claim and what evidence of payment 
is required. 
We guarantee to meet claims from readers 
made in accordance with the above procedure 
as soon as possible after the advertiser has been 
declared bankrupt or insolvent to a limit of 
Et,800 per annum for any one advertiser so 
affected and up to £5,400 p.a. in respect of all 
insolvent advertisers. Claims may be paid for 
higher amounts, or when the above procedures 
has not been complied with, at the discretion of 
this publication Electronics Today International, 
out we ao not guarantee to do so in view of the 
need to set some limit to this commitment and 
to learn quickly of readers' difficulties. 
This guarantee covers only advance payment 
sent in direct response to an advertisement in 
this magazine (not, for example, payments 
made in response to catalogues, etc, received as 
a result of answering such advertisements). 
Classified advertisements are excluded. 

CENTURION BURGLAR ALARM EQUIP-
MENT. Send s.a.e. for free list or a che-
que/p.o. for £5.95 for our special offer of a 
full-sized decoy bell cover. To: Centurion, 
Dept. ETI, 265 Wakefield Road, 
Huddersfield, West Yorkshire. Access and 
Barclaycard. Telephone orders 0484 
35527. 

SILICON CELLAR 
CA3140E MOS Op Amp. Works with Vin = V-. 45p 
LF351N FET Op Amp. Works with Vin = V+ 41p 
LAI324N QUAD Op Amp. 14-DIP. 3-32V Rail 48p 
LM334Z 3- Lead Constant Current Source 1uA to 
10mA Range. 1 to 30V drop 95p 
4-page DATA + our circuit suggestions 40p 

LM1458N Dual 741. 8-DIP. Common Rails 45p 
ZN404 Precision 2.45V Bandgap Reference 80p 

Full DATA + our circuit suggestions 20p 
DIODES 1N4148 3p 25p per 10 1N4003 5p 

Prices INCLUDE VAT. Post 30p Mail order only. 
Send P.O. or Cheque to SILICON CELLAR (Dept. 1). 
17 Gurney Court Road, St. Albans, Herts. 

HIGH-QUALITY AM CAR RADIO, push 
button, provision for rear speakers with 
independent volume control. Made in Ja-
pan to higher specs. The leading Ameri-
can Car Manufacturer. Complete with 
installation kit but excluding Maker's 
name- plate. £ 12.50 including VAT., 
postage and packing. Geemarc Ltd., 1-3 
Albert Place, London, N3 1QB. Phone 01-
346 9374. Telex 261957 GMARC G. 

LOOKING FOR STEREOPOWER? 60 + 60 
watt! (RMS, 80, protected). Case includes 
controls; vol., selector, etc.; DIN sockets; 
smoothing; 1 amp drivers — 90w, plastic 
outputs Heatsunk, 12-50V wkg.; 0.03% 
THD; Fr, 25Hz-20KHz, New — boxed — 
ready to play ( rec. £25.80), £10.50, inc. + 
data. Klifco, 1 Regent Road, Ilkley, LS29 
9EA. 

TRANSCENDENT 2000 synthesiser for 
sale. Fully constructed, working perfectly. 
Pedal, handle, cable, instructions in-
cluded. Only £220. Phone Dave (01) 643 
4298 (evenings) please. (South London 
area.) 

TRANSCENDENT DPX, recently profes-
sionally built, great sound, £300 inc. 
V.A.T. Ring Weybridge (0932) 54778 ( day) 
or 43436 (evenings). 

TIME WRONG? 
MSF CLOCK is ALWAYS CORRECT - never gains or loses, 
SELF SETTING at switch-on, 8 digits show Date. Hours, Min-
utes and Seconds, large digit Hours and Minutes for easy 
QUICK-GLANCE time, auto. GMT/BST and Leap Year. can 
expand to Years. Months and Milliseconds, also parallel BCD 
output for computer, etc., and audio to record and show time 
on playback, receives Rugby 60101z atomic time signals, built-
in antenna, 1000Km range. ABSOLUTE ACCURACY. £54.80. 
V.LP.7 EXPLORE 10-150KHz, Receiver £13.70. 
«MHZ RUGBY RECEIVER, as in MSF Clock, serial data and 
audio outputs, built-in antenna, E15.70. 
Each fn .10-build kit includes all parts, printed circuit, case, 
postage. etc., money-back assurance so GET yours NOW! 

CAMBRIDGE KITS 
45 (TU1 Old School Urns, Milton, Cambridge 

ADVERTISEMENT INDEX 
Akro-Mils 24 
Ambit International  24 & 25 
Audio Electronics  46 & 70 
Audio Video Services  24 
Baydis 25 
Bi-Pak Semiconductors  44 
BK Electronics 25 & 66 
BNRS 95 
Boss Industrial 46 
Calculator Sales & Service  96 
Cambridge Learning  78 
Chiftmead  76 
Chordgate Ltd 49 
Chromasonics 60 
Chromatronics 
Circolec 18 
Clef Products  49 
COI Standby  37 
Crimson Components  97 
Crimson Elektrik 87 
Crofton Electronics  69 
Delta Tech & Co 18 
Display Electronics 84 
Doram Electronics 93 
E.D.A  26 

ILP Electronics  89, 106 & 107 
LB Electronics  99 
Lightning Electronics  100 
Linton Electronics  os 
Lucas Logic 28 
Magenta Electronics  83 
Manor Supplies  18 
Maplin  108 
Marshalls  98 
Micro Circuits ee 
Micro Times 93 
Midwich Computers  se 
Mitred 51 
OK Machine & Tool  43 
Parndon Electronics es 
T. Powell so 
Powertran Electronics  2, 108 11 

  69 Rapid Electronics  14 
J. W. Rimmer  102 
R.T.V.0   19 
Salgan Electronics 14 
Saxon Entertainments  14 
Science of Cambridge 4 815 
Silica Shop  8 
S&M (Anglia) Ltd 37 
Swanley Electronics  so 
Tangerine Computers  30 a 31 
Technomatic 12 

Electronize Design  43 Teleradio eo 
Electro Supplies 98 Tempus  94 
Electrovalue  43 Timedata  37 
Greenbank  92 TX Electronics 32 
Greenwald 96 Transam Components  75 
G.S.0  49 & 59 Watford Electronics  8 & 7 
Happy Memories  59 West Hyde Developments 
Henry's Radio  59 Wilmslow Audio  

50 
18 

ELECTRIFY YOUR SALES! • CLASSIFIED ADVERTISEMENT 

1 2 3 

4 5 6 

7 8 9 

10 11 12 

13 14 15 

Please place my advert in: Electronics Today International 
(Delete as applicable) Hobby Electronics 

Advertise nationally in Electronics Today International/Hobby 
Electronics. Simply print your advertisement in the coupon 
here ( left). indicating which magazine you require. 
Or telephone for more information. 

Name   

Address   

Tel. No. Way/   

Send, together with your cheque to: 
Jenny Naraine, ETI/HE, 
145 Charing Cross Rd., London WC2H OEE. 
Tel: 01-437 1002 Ext. 50. 
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The range grows 
bigger... better... 

New Profile Amplifiers- Two New Series 

MOSFET CHOOSE AN I.L.P MOSFET POWER AMP when it is 
advantageous to have a faster slew rate, lower distortion at 
higher frequencies, enhancedtherrnal stability, the ability 
to work with complex loads without difficulty and 
complete absence of cross-over distortion. I.L.P's 

exclusive encapsulation technique within fully adequate heatsinks has been taken a stage further with 
specially developed computer-verified New Profile extrusions. These ensure optimum operating 
efficiency from our new MOSFETS, and are easier to mount. Connection is via five pins on the underside. 
I.L.P MOSFETS ARE IDENTICAL IN PERFORMANCE TO THE COSTLIEST AMPLIFIERS IN THIS 
EXCITING NEW CATEGORY BUT ARE ONLY A FRACTION OF PRICES CHARGED ELSEWHERE. 

Output Distor- Signal/Noise 

Model Power tion Typical Slew Rate Rise Time Ratio Price & 
RMS at 1KHz DIN AUDIO VAT 

MOS120 60W 0.005% 20V/5s 30's 100dB £25.88 
into 4-8St + £3.88 

MOS200 120W 0.005% 20V/us 3us 100dB £33.46 
into 4-80 + £ 5.02 

(Standard 0.-P Transistors) 
CHOOSE AN I.L.P BIPOLAR POWER AMP 
where power and price are first consideration while 
maintaining optimum performance with hi-fi quality 
and wide choice of models. From domestic hi-fi to 
disco and P.A., for instrument amplification, there is 

an I.L.P Bipolar to fill the bill, and as with our new Mosfets,bve have encapsulated Bipolars withinour New 
Profile extrusions with their computer-verified thermal efficiency and improved mounting shoulders. 
Connections are simple, via five pins on the underside and with our newest pre-ampsand powersupply 
units, it becomes easier than ever to have a system layout housed the way you want it. 

Output Distor- Signal/Noise 
Model Power tion Typical Slew Rate Rise Time Ratio Price & 

RMS at 1KHz DIN AUDIO VAT 

HY30 15W into 0.015% 15V/us 5us 100d8 £7.29 
+ £ 1.09 4-82. 

HY60 30W into 0.015% 15V/us 5us 100c113 £8.33 
4-8fl + £1.25 

HY120 60W into 0.01% 

4-81i 

15V/us 5us 100dB £17.48 
+ £ 2.62 

HY200 120W into 0.01% 15V/us Sus 100dB £21.21 
+ £ 3.18 4-8Il 

H Y400 240W into 0.01% 15V/us 5ms 100dB £31.83 
411 £4.77 

F.1K Hz LOAD• 811. 

(')z o 01% 
0 

cc 

`,'.? o col% 
o 1W 1W 10.W 

OUTPUT POWER 

• DISTORTION CONTENT 
IS BELOW NOISE LEVEL 

100W 200W 

Load impedance both models Input impedance both models 100ICSI 
411-00 Input sensitivity both Frequency response both models 
models 500mV I 5Hz-100niz - 3dB 

001.4 

F • 11(Hz 
LOAD • 8£10N ALL 
EXCEPT HY400 AT4Il 

500,9. 

'DISTORTION CONTENT 
IS BELOW NOISE LEVEL 

o iw W low 

OUTPUT POWER 

100W 300W 

Load impedance all models 411-oo Input impedance all models 100KR 
nput sensitivity all models 500mV Frequency response all models 

l5Hz-50KHz - 3cl.13 

THE NEW PROFILE EXTRUSIONS 
The introduction of standard heatsink extrusion for all 
J.L.P. power' ampliffers fichieees many advantages:--, 
Research shows they provide optimum thermal dissipa-
tion and stability. Slotted shoulders allow easy mounting; 
standardisation enables us to keep our prices competitive. 
Surfaces are matt black, anodised for higher thermal 
conductivity. Extrusions vary in size according to module 11111111iil 



NO QUIBBLE 5 YEAR GUARANTEE 

7-DAY DESPATCH ON ALL ORDERS 

BRITISH DESIGN AND MANUFACTURE 

FREEPOST SERVICE 

NEW PRE -AMPS 
HY6 (mono) and HY66 (stereo) are new to I.L.P's range of 
advanced audio modules. Their improved characteristics 
and styling ensure their being compatible with all I.L.P 
power-amps both MOSFET and BIPOLAR, giving you chance 
to get the best possible reproduction from your equipment. 
HY6 and HY66 pre-amps are protected against short circuit 
and wrong polarity. Full assembly instructions are provided. 
Mounting boards are available as below. 
Sizes - HY6 - 45 x 20 x 40 mm. HY66 - 90 x 20 x 40 mm. 
Active Tone Control circuits provide ± 12dB cut and boost. 
Inputs Sensitivity - Mag. PU. -3mV: Mic - selectable 
1-12mV: All others 100mV. Tape 0/P - 100mV: Main 0/P - 
500mV: Frequency response - D.C. to 100KHz - 3dB. 

HY6 mono £6.44 + 97p VAT Connectors included 
HY66 stereo £ 12.19 + £ 1.83 VAT Connectors included 

B6 Mounting Board for one HY6 78p+ 12p VAT 
B66 Mounting Board for one HY66 99p + 15p VAT 

Of the eleven power supply units which compnse our current range, nine have toroidal 
transformers made in our own factory Thus these I L P power supply units are space-saving, more 
efficient and their better overall design helps enormously when assembly building All models in 
the range are compatible with all I L.P amps and pre-amps with types to match whatever I.L.P 
power amps you choose 

PSU30 ± 15V at 100mA to drive up to 12 x HY6 or 6 x HY66 £4.50 + 0.68p VAT 
• THE FOLLOWING WILL ALSO DRIVE I.L.P PRE-AMPS 
PSU36 for use with 1 or 2 HY30's £8.10 + £ 1.22 VAT 
• ALL THE FOLLOWING USE TORQIDAL TRANSFORMERS 

£10.94 + £ 1.64 VAT 
£13.04 + £ 1.96 VAT 
£13.32 + £2.00 VAT 
£15.92 + £2.39 VAT 
£16.20 + £2.43 VAT 
£16.20 + £2.43 VAT 
£16.32 + £2.45 VAT 
£21.34 + £3.20 VAT 
£21.46 + £3.22 VAT 

PSU50 for use with 1 or 2 HY60 s 
PSU60 for use with 1 HY120 
PSU65 for use with 1 MOS120 
PSU70 for use with 1 or 2 HY120's 
PSU75 for use with 1 or 2 MOS120 
PSU90 for use with 1 HY200 
PSU95 for use with 1 MOS200 
PSU 180 for use with 1 HY400 or 2 HY200 
PSU 185 for use with 1 or 21VIOS200 

Freepost facility 
When ordenng or writing about I.L.P products, you do not need to stamp 
the envelope. Mark it FREEPOST plus the code shown in the address 
below We pay the postage for you 

* TO ORDER Send cheque or money order payable toi.L P Electronics 
Ltd and crossed. Or pay by ACCESSor BARCLAYCARD. Cash payments must be 
in registered envelope; if C.O.D. payment is wanted, please add £ 1.00 to TOTAL 
value of order. 

MIL. 111:1 ELECTRONICS LTD. 
FREE POST 4 Graham Bell House, Roper Close, Canterbury, Kent CT27EP. 

Telephone (0227) 54778 l Technical (0227) 64723j Telex 965780 

Available also from MARSHALLS, WATFORD ELECTRONICS and certain other selected retailers 

IL A 

/APE IN 

TAPE   
OUT 

AUX I  

RAO 

Mao 

GNO 

•.1 HE MA T IC BLOCK DIAGRAM 
01 FIY6 PRE AMP WITH 
I. FRIO CONNEC T ION SHOWN 

• DISTORTION TYPICALLY 
0.005% 

• S/N RATIO — 90dB (May. 
P.U. — 68 dB) 

• 38 dB overload margin on 
May. P.U. 

• LATEST DESIGN HIGH 
QUALITY CONNECTORS 

• ONLY POTS, SWITCHES AND 
PLUGS/SOERETS NEED ADDING 

• NEEDS ONLY UNREGULATED 
POWER SUPPLY ± 15 to ±60v 

1971-1980 
TEN YEARS OF PLANNED 
PROGRESS 
When, in 1971, Ian L. Potts founded his now world-famous company, 
he saw the need for a different and more rational approach to 
exploiting to the full, the potential that lay in modular construction. 
New thinking was badly needed. The result was a range of modules-
revolutionary in concept. The rightness of this new thinking is shown 
by the size of the company today, its new factory, its vast exports, its 
acceptance by constructors as the modules to build with. The range 
grows bigger and better. Exciting new lines (in no way conflicting 
with existing ones) are well past drawing board stage. This is why 
I.L.P are simply ahead and staying there. 

BRITAIN'S FOREMOST QUALITY MODULE SUPPLIERS 

To: I.L.P ELECTRONICS LTD CANTERBURY CT2 TEP 

Please supply 

Total purchase price £ 

I enclose Cheque U Postal Orders L] International Money Order D 

Please debit my Access/Barclaycard Account No  

NAME  

ADDRESS 

Signature 
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For personal service visit one of our stores. 
Our new store at Hammersmith is conveniently situated near the end 

of the M4 and the North and South Circular Roads. 
There is excellent street parking on meters a few steps away and 
Hammersmith Underground Station is nearby. Call in and see us soon 

320 big pages packed with • 
data and pictures of ak 

e over 5,500 items 21. 

• •••• 
Over 100,000 copies sold already! 
Don't miss out on your copy. 

On sale now in all branches 
WH Smith price £ 1. 

  In case of difficulty check the coupon below. 

make it easy... 
• w • 
• .\\Ne. .0 • with 

• tee 
• Wee Isee,`s°`,3%,A • 
• teee0\, c,ee • 

‘. e • eN\v' .\\ • 
• • • • • • Easy to build, 

superb specification. 
Comparable with organs selling for 

up to £ 1,000. For full construction details 
refer to Electronics & Music Maker. 

frYIMILIn 

niifergon ELECTRONIC SUPPLIES LTD. 

ir 

•  41411 it 
VItepp. 

• „...4 fast.„ •„--kic e -uca e • 
„ • . • 

• • • - 
*Same day service on in-stock lines - 

* Very large percentage of our stock lines in stock 

* All prices include VAT 

* Large range of all the most useful components 

* First class reply paid envelope with every order 

* Quality components— no rejects—no re- marks 

* Competitive prices 

* Your money is safe with a reputable company 

On price, service, stock, quality and security it makes 
sense now more than ever to make mow your 
first choice for components every time! 

rmmimmimmmummmmeimmilamml 
Post this coupon now. 
Please send me a copy of your 320 page catalogue. I enclose £ 1.25 
(incl. 25p p&p). If I am not completely satisfied I may return the 
catalogue to you and have my money refunded. If you live outside the 
U.K. send £ 1.68 or 12 International Reply Coupons. 

Name  

Address  

ETI781 
L 1.1 1.11....1.1 I. RIM Mall 

All mail to: P.O. Box 3, Rayleigh, Essex SS6 RR. Tel: Southend (0702) 554155 Sales: (0702) 552911 
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