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A Synthesized Signal Generator 
from mi 

£8,000? £6000? £4ß00? under £2,000 "t 
Somehow some of our customers have been 

persuaded that our prices are as big as we are. Sometimes 
the biggest brains are the most cost- conscious brains. For 
example, our illustration shows a synthesized signal 
generator which costs f 1,700*: the new 520MHz 
TF2015 /I Signal Generator with its associated 
Synchronizer. With this combination, synthesizer 
operation is obtainable without any degradation 
of generator signal purity, performance and versatility. 

Leakage specification is lower than any other 
available VHF /UHF source and output accuracy at low 
levels beats all others in the price range. 

Building on the enviable reputation of the 
TF2015 for performance, reliability and value, we have 
now introduced two new a.m. /f.m. versions: the 
TF20I5 /I for narrow band mobile radio testing and 
TF2015/2 for telemetry and other wideband applications. 
The U.K. price for TF20I5 /2 with Synchronizer is 
f 1,888*. All have a frequency coverage of 10 to 520MHz 
with calibrated a.m. and f.m. 

Tuning in 100Hz steps whilst under locked conditions 
provides a valuable facility for bandwidth measurements 
and channel stepping. Digital setting of frequency with 
direct readout means no waiting for counter gate times 
when you want high resolution, and no r.f. leakage from 
display holes. 

*Special U.K. price 
One in four 

Only one in four of our customers tells us he needs 
the stability of a synthesizer. So the other three can save 
almost half the cost of the synthesizer combination by 
buying the analogue part alone. So, whether you require a 
synthesizer or a signal generator you can now obtain 
quality at ordinary prices. 

Optional accessories include Pulse Modulator TF2169, 
i.f. probes for 'squelch killing', multiple calibration plates 
for units of output level, matching pads, attenuators, 
reverse power protection and carrying case. 

Write or 'phone for full details: 

1111 MARCONI INSTRUMENTS 
Marconi Instruments Limited Longacres St. Albans Hertfordshire England AL4 OJN. 

Telephone: St. Albans 59292 Telex: 23350. 
A GEC -Marconi Electronics Company WW-00l FOR FURTHER DETAILS 
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Front cover assembles a June 
1952 issue of WW and other 
artefacts to commemorate 
Queen Elizabeth's Silver Jubilee 
(see note on page 83) 

IN OUR NEXT ISSUE 

Microwave intruder 
alarm. Constructional pro- 
ject using book -size Doppler 
radar based on 10GHz 
Gunn diode oscillator to 
detect movement in rooms 
or business premises. 

Multi- system surround - 
sound decoder for BMX, 
Matrix H, System 45J, 
QS /RM, and SQ using 
NRDC Ambisonic techno- 
logy. Suitable for three -am- 
plifier / four -speaker, four - 
amplifier / four -speaker, 
and four -amplifier /, six - 
speaker reproduction. 

Eliminating adjacent 
channel interference. Two 
methods using the fact that 
an a.m. signal has two 
symmetrical sidebands to 
effect mutual cancellation of 
unwanted signals. 

ISSN 0043 6062 

ibpa 
,uww eu,»,.,, 
e,, Assn, .ves 

www.americanradiohistory.com

www.americanradiohistory.com


2 Wireless World, June 1977 

...The leaders through 
creativity 
GR 1657 Digibridge 

Automatically measures R, L, C, D 
and Q. Ranging from 0.0012 to 
99.999 M52, 0.0001 mH to 9999.9H, 
0.0001 nF to 99999p F. D from 0001 
to 9.999 and Q from 00.01 to 999.9. 
Basic accuracy 0.2 %. Five digit 
display for R, L and C, four digit 
display for D and Q. 
Microprocessor - directed ranging. 
Selectable test frequencies of 1 KHz 
anc 100 Hz (120Hz). 
Series or parallel measurement 
selection. Built -in Kelvin test fixture 
tests radial and axial lead 
components. Other bridges from our 
range include: 

MCHAEL FARADAY 

GR1650 GR1656 GR1608 GR1683 GR1685 
RLC Bridge RLC Bridge RLC Bridge Digital RLC Bridge Digital RLC Meter 
Precision 1% 0.1% 0.05% Automatic, 0.1% Automatic, 0.1% 

It is easy to test components with 
GenRad. Write or call for descriptive 
literature to GenRad Ltd. Bourne 
End, Bucks SL8 5AT. 
(06285) 26611 ve 

WW -013 FOR FURTHER DETAILS 

GenRad 
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LEVELL 
PORTABLE INSTRUMENTS 

LOW COST 
OSCILLATORS 

FREQUENCY 

ACCURACY 

SINE OUTPUT 
DISTORTION 

METER SCALES 
SIZE & WEIGHT 

Battery 

TG66B 

FREQUENCY 1 Hz to 1 MHz in 12 semi -decade 
ranges. 0 to 1% fine control 
included on TG200DMP. 

ACCURACY ±2 % ±0.03Hz. 
SINE OUTPUT 7V r.m.s. down to <200uV with Rs 

=6000. 
DISTORTION <0.1% to 5V, <0.2% at 7V from 

10Hz to 100kHz. 
SQUARE OUTPUT TG200D, DM & DMP only. 7V peak 

down to <200iiV. .Rise time 
< 150nS. 

SYNC. OUTPUT >1V r.m.s. sine in phase with 
output. 

SYNC. INPUT ± 1% freq. lock range per volt r.m.s 
METER SCALES TG200M, DM & DMP only. 0 /2V,' 

0 /7V & -14/ + 6dBm. 
SIZE & WEIGHT 260mm x 130mm x 180mm 

4.3kg. 

TG200 TG200D TG200M TG200DM TG200DMP 

£72 £76 £87 £91 £95 

0.2Hz to 1 .22MHz on four decade 
controls. 
± 0.02Hz below 6Hz. 
± 0.3% from 6Hz to 1 00kHz. 

1% from 1 00kHz to 300 kHz. 
±3% above 300 kHz. 
5V r.m.s. down to 30 uV with Rs= 60052. 
<0.1 5% from 1 5Hz to 1 5kHz. 
<0.5% at 1 .5Hz and 1 50kHz. 
2 Expanded voltage & -2 / +4dBm. 
260mm x 190mm x 180mm. 5.6kg. 

model £190 
TG66A 

Mains 
model £205 

LEVELL ELECTRONICS LTD. 
Moxon Street, High Barnet, Herts. EN5 5SD 
Tel. 01 -449 5028/440 8686 

FREQUENCY 

ACCURACY 

SINE OUTPUT 
DISTORTION 

SQUARE OUTPUT 

SYNC. OUTPUT 

METER SCALES 

SIZE & WEIGHT 

TG152D 

Without 
meter £57 

3Hz to 300kHz in 5 decade ranges. 

±2% ±0.1 Hz up to 100kHz, 
increasing to ±3% at 300kHz. 

2.5V r.m.s. down to <2000 /. 
<0.2% from 50 Hz to 50kHz. 

2.5V peak down to <200uV. 
2.5V r.m.s. sine. 

0/2.5V &- 10/ +10dB on TG152DM. 

260mm x 130mm x 180mm. 3.4kg. 

TG152DM 

meter £72 
Prices are ex -works with batteries. Carriage and packing extra. VAT 
extra in U.K. Optional extras are leather cases and mains power 
units. Send for data covering our range of portable instruments. 

WW - 021 FOR FURTHER DETAILS 
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F.M. MODULES, KITS & 
TUNERS by tie" c,jL 

MAIN RECEIVER MODULE M1 
We have claimed before that this F.M. system is the 
most advanced on the market, and after nearly three 
years we repeat our claim. Some have borrowed 
ideas, some have not, but no other tuner gives you all 
the features of this unit. How many tuners mute the 
spurious tuning effects found at either side of a 
correctly tuned station? How many tuners fade the 
sound out as you tune too far off station for good 
quality sound? How many tuners kill the tuning 
indicator so that it does not indicate when there is no 
station there? How many offer you drift free tuning? 
We could go on If you want a tuner that has been 
well thought out and engineered, start with this 
module. M1 Kit £25.58' 

Module £28.50' 

DIGITAL FREQUENCY METER M6 
We are very proud of this one We don't have to say 
it's the best, as far as we know it's the only one! On a 
board less than 4" square is all the electronics of a 
stable counter with i.f. offset (added) and a stabilized 
power supply! With the aid of a small dautghter 
board (not shown) which fits neatly into the above 
module (M1), the exact station frequency is displayed 
to the nearest 0.1 MHz. It's a tuning scale 20" long 
with accurate calibrations every 0.1 "! You get the 
transformer, daughter board (ready wired in), 
polarized filter, and a list of station frequencies: What 
more do you want? 

M6 
Module only £44.40' 

TOUCH TUNE MODULE M5 
This module must put the finishing touches to an 
outstanding combination. Six pre -set stations at the 
touch of a button. No moving parts to go wrong, or 
contacts to get dirty. Internal illumination shows you 
which button has been touched. while the tuning 
adjustment is made using high reliability multi -turn 
cermet pots for repeatable selection of the most used 
stations, yet retaining the use of separate manual 
tuning. This module interfaces directly with the M 1 

above, being wired between the board and the 
normal manual tuning control. A touch of sheer 
genius! 

At 
l we +...., he.. 

aeRCL II, 0 ®J 

'All prices subject to VAT 
(12 5'R, at the time of printing) 

Fully descriptive booklet (issue 2) with circuits and 
assembly instructions 
U K 50p. Export £1 post free 

M5 
Module only £1 7.54' 

FULL DETAILS FROM L c;ó 
33 Restrop View 
Purton, WILTS 

SN5 9DG 
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AO 

J 

oanavox 
I N T E R N A T I O N A L 

DANAVOX (GT. BRITAIN) LTD. 
"BROADLANDS" BAGSHOT ROAD, 
SUNNINGHILL, ASCOT, BERKS. 
TEL: 0990 23732/6: TELEX: 84584 

of research... "on components and accessories for dictating 
machines, tele- communications, hearing aids 
and electroacoustic equipment etc." 

D'ANASONIC 
INDUCTION AUDIO 

LOOP 
RECEIVER 

WW -055 FOR FURTHER DETAILS 
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THE JAMES 
SCOTT 

INDUSTRIAL 

RANGE OF 
EQUIPMENT 

The James Scott range of Microwave equipment offers 
industrial users a greater choice of alternative systems in 
robust, industrial, cast aluminium housings, for a wide 
variety of applications. 
The range is made up of standard sub -assemblies which 
can be permutated to suit individual application 
requirements. Here 
are some suggested 
applications for 
these units. 

TRAIN 
CONTROL 
SYSTEMS 

SAFETY BARRIERS 

INTRUDER 
ALARMS 

ROAD 
VEHICLE 
SENSING 
SYSTEMS 

PROXIMITY 
ALARMS 

PROCESS 
CONTROL 
SYSTEMS 

INDUSTRIAL 
ALARM 

SYSTEMS 

LEVEL 
CONTROLLERS 

DOOR 
OPENING 
SYSTEMS 

PRESENCE, 
DETECTORS 

VIBRATION 
SENSING 
SYSTEMS 

SMALL 
OBJECT 

COUNTERS 

POSITIONING 
SYSTEMS 

C:Ii:¡ 

Please write or telephone 
for further information and 
technlcai literature to 

rJAMES 

OT T 
(Electronic Engineering)Ltd 
CARNTYNE INDUSTRIAL ESTATE 
GLASGOW G32 6AB Tel 041 778 4206 Telex 778286 

WW - 048 FOR FURTHER DETAILS 
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SURER 50 
The feature packed 
general purpose iron 
built to professional 
standards for only 
22.95 +(8,avat) 
When we introduced the Super 30 last 
year it was the best general purpose 
soldering iron at its prtce in Britain -it 
still is, at only £7.95p. (plus 8% VAT) 
The ORYXSuper3Ooffers you alithese 
features as standard Neon safety 
light, Long life element, Iron coated 
screw -on tip, Stainless steel shaft, 
Styled handle, Two minute element 
change and a stainless steel clip -on 
hook . 

Indust, ,,11 

i lrrctr:,,pIan Ltd Or, }lard Ro,jct. 
Ro-- ,vi,tc;n. Hurt'., S.i `,ttt-1 
GDS iS;ii, d . S) I3.Itr, P 

t iqR L; SI. ! li..lf_ If IF: ì: isr' r.g Frf r7 t, ,rtl ir 
: Dt 

Greenwood Electronics 

WW -PIs FOR FURTHER DERAILS 
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SUMS punum 

7 

VIrnm.av. 

Meet the M6800 microprocessor 
evaluation system that works 
for its living. 

The Motorola Polyvalent Development System 
(known to its friends as the Polykit) is all good news. 

It's big enough to do real work in real work situations 
and small enough to take with you in its lightweight 
case. It even includes a keyboard so you can stop tying 
up the Teletype. 

The Polykit is powerful enough to enable you to 
produce and prove software for most of the problems 
you'll come across -and if you want to work at home, 
there's a special interface that lets you use your own TV 
as a display monitor (black and white this year!). 

Finally, just to emphasise its versatility, you can use 
it as a multi -terminal for the Motorola Exorciser. 

aos$ 
A Cr ellon Cornp,Inv 

MOTOROLA 

The complete system consists of 

A stand -alone computer 
Minibug II firmware 
Display Interface Module 
5" display monitor 
Input /Output Supervisor firmware 
Full ASCII keyboard 
Interconnection cables set 
Bus system card 

- The price is just £771.00 and if you need it there's a 

printer for around £300.00. 
This kit not only works for a living -it pays its way too. 

I To: GDS Sales Ltd. 
380 Bath Road, Slough, Berks. SL16JE. Tel: Burnham (06286) 63611 

Please send me full data on the new Motorola Polykit. 

Name 

Company 

Address 

Tel. em'r, 
7 

www.americanradiohistory.com

www.americanradiohistory.com


8 

The 
Wireless World, June 1977 

nternational Microphone 

For over 40 years Beyer Dynamic 
microphones and headphones 
have served the needs of prof- 
essional 'Sound Men' throughout 
the world. 
The M500 (Illustrated) is only 
one of a range of microphones 
now serving thousands of users 
who still demand high quality 
performance and reliability. 
Brochure showing the full range 
of microphones, headphones and 
accessories available on request. 

BEYER DYNAMIC (GB) LTD 
1 Clair Road, Haywards Heath, Sussex. Tel: 51003 

WW - 046 FOR FURTHER DETAILS 

HIGH POWER DC- COUPLED AMPLIFIER 
Airowi * UP TO 500 WATTS RMS FROM ONE CHANNEL 

* DC- COUPLED THROUGHOUT 

4 * OPERATES INTO LOADS AS LOW AS 1 OHM 
* FULLY PROTECTED AGAINST SHORT CCT, 

MISMATCH, ETC. 

* 3 YEAR WARRANTY ON PARTS AND LABOUR 
The DC300A Power Amplifier is the successor to the world famous DC300 which is so widely used in 
Industrial, and Research applications in this country. It is DC- coupled throughout so providing a power 
bandwidth from DC to over 20,000Hz.The ability of the DC300A to operate without fuss into totally 
reactive loads while delivering its full power, and maintaining its faithful reproduction of Pulse or complex 
waveforms has established the DC300A as the world's leading power amplifier. Each of the two channels 
will operate into loads as low as 1 ohm, and the amplifier can be rapidly connected as a single ended. 
amplifier providing over 650 watts RMS into a 4 ohms load, and still providing a bandwidth down to 
DC. Below is a brief specification of the DC300A, but if you require a data sheet, or a demonstration 
of this fine equipment please let us know. 

omicron g. ococm 

Power Bandwidth 
Power at clip point (1 chan) 
Phase Response 
Harmonic Distortion 
Intermod. Distortion 
Damping Factor 
Hum & Noise 120- 20kHz) 
Other models in the range: 

DC 20kHz n 150 watts ' 1 db 
500 watts rms into 2.5 ohms 

0 1 5 DC to 20kHz. 1 watt 8S1 

Below 0.05% DC to 20kHz 
Below 0.05% 0 01 watt to 150 watts 
Greater than 200 DC to 1 kHz at H? 
At least 110db below 150 watts 

D60 -- 60 watts per channel 

Od Slewing Rate 
Load impedance 
Input sensitivity 
Input Impedance 
Protection 
Power supply 
Dimensions 
D 1 50A -- 150 watts per channel 

8 volts per microsecond 
1 ohm to infinity 
1 75 V for 150 watts into Hl 
10K ohms to 100K ohms 
Short mismatch & open cct. protection 
120- 256V.50 400Hz 
19" Rackmount, 7" High. 94" Deep 

Other models available from 100 watts to 3000 watts 

MACINNES LABORATORIES LTD. 
Macinnes House, Carlton Park Industrial Estate 
Saxmundham, Suffolk IP17 2N L. Tel: (0728) 2262 2615 

MACINNES FRANCE 
18 Rue Botzaris 
Paris 75019, France 
Tel: 206 -60 -80 or 206 -83 -61 

WW - 029 FOR FURTHER DETAILS 

www.americanradiohistory.com

www.americanradiohistory.com


Wireless World, June 1977 9 

The only organ you can build in stages and tailor 
to your requirements as you go along -- and at 
each stage you II have a fully working 
instrument, We haven't got the gimmicks (yet -- 
they're coming soon). but we have got the most 
beautiful sounds -- you won't find them on any 
organ less than twice our price. So get our 
MES50 series leaflets now, 65p buys the three 
available so far. 

I® 11;91111IENR1., .cc0oe 
.. .. - 414110.11444411444R441)- 

6 !N1/L11/{4li1II111,NNN\ 

Tho high quality Graphic Equaliser will enhance even the most 
sophisticated system at a fraction of the cost of a ready -made 
equaliser of equal quality' You can get all the parts from us 
'except woodwork) including drilled and printed metalwork 
Construction details in our leaflet. 15p .,heon 

We stock a wide range of swdche- 
including a really low- priced high 
quality interlocking push- button 
switch system. which is extremes. 
versatile We've got toggle 
switches. slide switches, push 
switches. rotary switches -- there 
are dozens to choose from, but it 
only a tiny part of our fantastic 
range 

A completely self -costumed pede 
unit 13 -note. 2- octave range, 4 

-Clan stops. It can be added to 
organ, A really unusual extra 

the bass guitar stop which use- 
,: envelope shapers to give a 

d bass guitar sound A must le 
solo guitarist Full construction 

ads in our catalogue - post the 
upon below now, 

°lay fascinating games NOW on 
your own TV in your own living 
room. The kids will think its 
magic when the scores pop up on 
the screen. Lay your bets -- 
anyone could win -- with Maphn-s 
prices everyone can win Get the 
May edition of Electronics Today 
International now -- then get all 
the parts from us at a remarkably 
low price (l.C. alone f 1 1 99) All 
prices include V.A. T and P & P 

Complete Kit E24.50 
Please add 35p to kit price for 
copy of constructional details - 

Our In-monthly newsletter keeps you 'iota date with latest 
guaranteed prices - our latest special offers (they save you 
pounds) - details of new projects and new lines. Send 3Op 
for the next six issues (5p discount voucher with each copy). 

IT'S A FANTASTIC BESTSELLER! 
216 big (11" x 8 ") pages! Over a thousand Illustrations! 
Over 30 pages of complete projects to build! 
Thousands and thousands of useful components described 
and Illustrated! No wonder it's a bestseller! 
DON'T MISS OUT! SEND 5Op NOW! r 

MÄPLIN ELECTRONIC SUPPLIE 
P.O. BOX 3 RAYLEIGH ESSEX SS6 8LR 

Telephone Southend (0702) 715155 
Shop: 284, London Road, Westcllff -on -Sea, Essex 

ICiosed en Mondayl Telepnii e Southend (0702147379 

POST THIS COUPON NOW FOR YOUR COPY OF OUR CATALOGUE 
,PRICE 50p 

Please rush me a copy of your 216 page catalogue by return of post. 
I enclose 50p. but understand that jf I am not completely satisfied I may 
return the catalogue to you within 14 days and have my 50p refunded 
immediately. rte 
NAME 

ADDRESS 

WW -020 FOR FURTHER DETAILS 
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it's not just 
a pretty case 

The main difference between our new low price 
multimeter and most multimeters is that ours is an 
AVO. Through and through. It starts with some 
innovations -most of them unique at the price: real 
overload protection, sensitivity of 20,000 Q /VDC, 
a really useful set of ranges including AC current. 
If you try to measure the 240V mains on the 75 NA DC 

range, it's only the instrument fuse that blows. Then 
there's the case - really rugged enough to take the 
toughest knocks. And in this case, beauty's more than 
skin deep- inside you'll find it orderly and well laid out. 
That means that, if servicing is ever necessary, it'll be 
worth doing. Because when AVO make an instrument, 
they make one that's worth keeping. 

In short, the new AVO Model 73 is much more 
multimeter for your money -and that's what makes 
it an AVO. 

UK Trade Price E33 - VAT from Distributors 

AVO Limited, Archcliffe Road, Dover Kent. 
Telephone: Dover 10304) 202620 1 Thorn Measurement Control and Automation Division 

w1 - 084 FOR FURTHER DETAILS 
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The Allen and Heath Broadcast 
Feed Forward Delay Limiter. 
The only limiter that makes it IMPOSSIBLE for a 
transient peak to pass through the unit, without the use 
of clipping devices. Included in its design is a 
revolutionary bucket brigade integrated circuit. This 
delays the main signal path by approximately one 
thousandth of a second. Thus gain reduction is fed 
forward before there is any increase in the programme 
level. The unit can be used with high powered equipment 
such as broadcast units and P.A. systems. Use it too in 
studios with effects units. 

Try and test one at our demo. studio. Pembroke House, 
Campsbourne Road, Hornsey, London N8. 
Or, for more information, call Andrew Stirling at 
01 -340 3291. 

Allen and Heath Limited. 

WW -042 FOR FURTHER DETAILS 
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Automatic test equipment on your 
assembly lines will dramatically 
reduce production costs. But it must 
be the right type of equipment; low 
priced, easy to use, and readily 
adaptable to your various test needs. 
Like the Wayne Kerr Testmatics. 

After installing a Testmatic, one 
company reported a 70% saving in 
year one; the Testmatic took just 20 
seconds to do what used to take 20 
minutes. 

Another company - manufacturers 
of plug -in PCBs- bought a Testmatic 
after a thorough search of the test 
equipment market. Because the 
Testmatic was capable of making 60 
separate checks in just six seconds, 
production bottle -necks became a 
thing of the past. Again, big cost 
savings were achieved. 

No matter what testing costs you 
now -in salaries, overheads, rejects, 
errors, hold -ups, test equipment... 
anything -Wayne Kerr Testmatics will 
make immediate and significant 
savings. In many cases, Testmatics 
have a pay -back period of less than 
twelve months. Find out more by 
completing the coupon. 

Wayne Kerr Testmatics. 

Wilmot Breeden Electronics 
l.ermgraph Rendar \\'avne Kerr 

Wilmot Breeden Electronics Limited, 
442 Bath Road, Slough, SL1 6BB, 
England. Telephone: Burnham (06286) 
62511 Telex: 847297 

If assembly -line 
testing costs you 

£20,000 per year, 
that could be 

£14,000 too much. 

r_________, 
IThe more they work, the more you save. 

Please send me information on the Wayne Kerr 
Testmatics. 

Name 

Position 

Company 

Address 

Telephone 

Wilmot Breeden Electronics Limited, 
442 Bath Road, Slough, SL1 6BB, England. 
Telephone: Burnham (06286) 62511 Telex: 847297 

WW -073 FOR FURTHER DETAILS 
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transformers 
mains, audio, microphone, ferrite core 
and other wound components 

A wide range of transformers 
manufactured in production 
quantities to customers 
individual requirements 

Prompt Prototype 
Service available 

MICROPHONE 
TRANSFORMER IN 
MUMETAL CAN 

TRANSFORMER 
WITH UNIVERSAL 

END FRAMES AND 
TURRET LUG CONNECTIONS 

TRANSFORMER WITH 
TWO HOLE CLAMP AND 

SOLDER TAG CONNECTIONS 

Drake Transformers Limited 
Telephone: Kennel Lane, 
Billericay 51155 Billericay, Essex. 

WW -1F$6 FOR FURTHER DETAILS 

The Quickest, 
Simplest Way of 
Punching Holes 
in Sheet Metal 
Q-Max punches make clean, accurate 
holes every time. In no time. With no 
filing, no jagged edges, virtually no 
burrs -with no hard work. And no 
holes are barred. Round or square, 
Q-Max punches are available in 

sizes down to 10 mm up to 75 mm for 
use on sheet metal up to 16 gauge. 
No wonder they're used by all 
government services (Atomic, 
Military, Naval, Air, GPO, Ministry of 
Works) and all over the world by radio, 
motor and industrial manufacturers, 
plumbing and sheet metal trades and 
garages. 

57 
metric 

and linear 
sizes 

Wholesale and Export enquiries we(comed.Further details from. 

"0-MAX" (ELECTRONICS) LTD 
44 PENTON STREET. LONDON N19OA Tel: 01-2782500 

'A' -010 FOR FURTHER DETAILS 

The CR600 and CR700 Chart Recorders have 
been designed for the discerning user who 
requires a combination of fast writing speed, 
high accuracy plus versatility and good looks. 

1000 mm /sec. writing speed 
0.05% Linearity 
0.05% Repeatability 
0.1% Accuracy 
0.02 mm /min. - 20 mm /sec. Chart speed 

Standard features include:- 18 electronically controlled chart speeds with 
forward /reverse and remote operation. Chart feed and take up for Z fold or 
roll chart paper. Two separate channels with full pen overlap, self calibrate 

stepped range attenuators and span controls, 1000% precisely calibrated 
zero suppression. Remote operated event marker, pen lift and chart control. 

Both recorders are suitable for mains or battery operation and may be 

mounted horizontally or vertically. 
Write today for full illustrated specification. 

J.J. LLOYD INSTRUMENTS LIMITED 
Brook Avenue, Warsash, Southampton S03 6HP, 
England. Tel: Locks Heath 4221 (STD 048 951 
Telex: 477042 - JAY JAY - SOTON 
Cables Eddymes, Southampton INSTRUMENTS 

WW-044 FOR FURTHER DETAILS 
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Model-104 aB. 

One nearer 
he reference. .- 

Computer -based analysis has led KEF engineers to a significant advance in , 
speaker performance - the acoustic Butterworth (aB) filter network. Now, 
replacing conventional filter circuitry in the renowned Model 104, it , 
transforms performance with reduced colouration, increased stereo depth , 
and imaging. A difference you can hear. An advance radical enough , 
to justify making the new network available for replacement in I Tell me more 
existing Model 104's - see your dealer about this. Power rating , about Reference 
is higher too - 100 watts programme - with fuse protection , Series Model 

for the tweeter. So KEF engineers have seemingly done , 104aB 

the impossible - taken the superb 3 speaker system 
that reviewers already praised for its clean, uncoloured , Stamps for return postage 

'reference' sound -.and improved it. appreciated. 

Model 104aB - one step nearer the reference - , 
live sound. Name ,, Address 

ww6 n 
vieir KEF Electronics Limited 

Tovil Maidstone ME1560P Kent 
Telephone 0622 672261 Telex 96140 

4r 

INthe speaker 
engineers 
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Edicron 
For Quality 
and Reliability 
Edicron Limited 
Redan House 1 Redan Place' 
London W2 4SA 
Tel : 01 -727 0101 
Telex : 265531 
Cables: Edicron London W2 

EXPORT INDUSTRY WHOLESALE 
WW - 060 FOR FURTHER DFTAII_C 

METER PROBLEMS? 

2 

' îÎ 

137 Standard Ranges in a variety of 
sizes and stylings available for 10 -14 
days delivery. Other Ranges and 
special scales can be inade to order. 

Full Information from: 

HARRIS ELECTRONICS (London) 
138 GRAYS INN ROAD, W.C.1 Phone: 01183717937 

WW -0I4 FOR FURTHER INFORMATION 

KONTAKT 60 
FOR INACCESSIBLE CONTACTS 

-More than just a cleaner. 
KONTAKT 60 guarantees 
perfect cleaning of 

contacts chemically in accord- 
ance with todays technology. 
KONTAKT offers the following 
advantages: 
1. Dissolves oxides and sulphides the safe 

way without attacking contact sub- 
stances. 

2. Contains carefully selected solvents 
which do not attack plastics whereas 
they do dissolve resinified contact 
greases and dirt. 

3. Contains no silicone. 
4. Contains a light lubricant in order to 

avoid the contact paths being corroded. 
5 Prevents further oxidation setting in. 
6. Prevents 'creep' currents. 
Because of these outstanding properties 
Kontakt 60 is one of the best and most 
popular contact cleansing agents in the 
world. 

Users include: Rolls -Royce Ltd., C.E.G.B., South of Scotland 
Electricity Board, Trinity House Workshops, Kolster Brandes, 
Mullard, Plessey Co., etc. 
OTHER KONTAKT PRODUCTS ARE: 

70 Protective Lacquer. 80 Special Siliconized Polish. 
72 Insulating Spray. 100 Antistatic Agent for 
75 Cold Spray for Fault Plastics. 

Location. 101 Dehydration Fluid. 
Write for fall details of above complete range of 
Kontakt products to: 

SPECIAL PRODUCTS DISTRIBUTERS LIMITED 
81 Piccadilly, London, W1V OHL. 01 -629 9556. 

WW -004 FOR FURTHER DETAILS 
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Sensible Choice in DMM'S 
-part of the `Philips choice' 
Sensible choice because the range has been developed to meet 
practically every requirement, from the high technology systems - 
compatible models to the general purpose meters shown here. 

And because whatever the application the optimum price /performance 
ratio can be achieved. We believe that these alternatives, not readily found 
with competitive instruments, make Philips the right choice of dmm's 
for you. 

PM2513A New 3 -digit 
Battery operated dmm with 
11 mm LED display 

woeV- 
) Ra c cow 

IN 
-RR tO IIi11 

MCM 
IOOwV -YRROt:WOO* 

The RANGE of experience 
Because Philips is experienced in every major field 
of electronic activity it can produce a range of 
meters to meet the professional users every need. 

There are many other alternatives available from 
Philips, please ask or use reader reply service for 
details. 

Pye Unicam Ltd 
Philips Electronic Instruments Dept 
York Street, Cambridge, England CB1 2PX 
Tel: Cambridge (0223) 58866 Telex: 817331 

eta <ad< o,p,Ir, .,Ax ww, 
MOLD OR I IO MO MOO 

PM2522 3z -digit General 
Purpose dmm with excellent 
overload protection 

*Us UO,IW WWI,iIfM',._. 

PM2523 32 -digit 
Autoranging dmm with 
Manual data and range hold 

VMILYO 

YiYi Ld<M 44,uG 

PM2522A New 4 i -digit 
dmm with remote data 
hold and 1i mm LED 
display 

PHILIPS Test & Measuring 
Instruments 

WW-091 FOR FURTHER DETAILS 
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FAST RESPONSE STRIP CHART RECORDERS 
Made in USSR 

Series H3020 Series H327 

Basic error 2.5% 
Sensitivity 8mA F S D 

Response 0.2 sec. 
Width of each channel 
Single and three -pen 
recorders 80mm 
Five -pen recorders 50mm 

Chart speeds, selected by push buttons 0.1-0.2-0.5-1.0 - 

2.5-5.0- 12.5 -25 mm /sec. 
Chart drive 200 -250V 50Hz 
Recording- Syphon pen directly attached to moving coil frames. 
Curvilinear co- ordinates. 
Equipment- Marker pen, timer pen, paper footage indicator, 10 
rolls of paper, connectors, etc. 

H3020 -1 (Single pen): 285mm wide x 384mm deep x 165mm 
high PRICE £108.00 

H3020 -3 (Three pen): 475mm wide x 384mm deep x 165mm 
high PRICE £160.00 

H3020 -5 (Five pen): 475mm wide x 384mm deep x 185mm 
high PRICE £295.00 

Note Prices 

Polarized moving iron movements 
with syphon pens directly attached. 
Built -in solid state amplifier (one 
per channel) provides 8 calibrated 
sensitivity steps. Two marker pens 
are provided. 
Basic error 4 %. Frequency 
response from DC to 100Hz 2dB 

Sensitivity 0.02 - 0.05 - 0.1' - 0.2 - 0.5 - 1 2 - 5 volts /cm 
Width of each recording channel 40mm 
Chart drive 220 -250V 50Hz 
Chart speeds 1- 2- 5- 10 -50 -1 25 -250mm /sec. 

Type H3271 -1. Single pen: Dimensions 259 x 384 x 165mm 
Weight 15 kilos PRICE £265.00 

Type H327 -3. Three pen: Dimensions 335 x 384 x 165mm 
Weight 20 kilos ... PRICE £520.00 

Type H327 -5. Five pen. Dimensions 425 x 385 x 165mm 
Weight 25 kilos . PRICE £770.00. 

are exclusive of VAT 

Available for immediate delivery 

z & I AERO SERVICES LTD. 
Tel. 01 -727 5641 

44A WESTBOURNE GROVE, LONDON W2 5SF 
Telex: 261306 

WW - 065 FOR FURTHER DETAILS 

A. D. BAYLISS & SON LTD. 
Behind this name 
there's a lot of 
real POWER! 
Illustrated right is a TITAN DRILL 
Mounted in a multipurpose stand This drill is a powerful tool running on 12v DC at approx 
9000 rpm with a torque of 350 grm. cm Chuck capacity 3 00 m / m 
The multi -purpose stand is robustly constructed of steel and aluminium The base and bracket are 
finished in hammer blue 
Also available for use in the stand is the RELIANT DRILL which is a smaller version of the Titan 
Approx speed 9000 rpm. 12v OC. torque 35 grm cm Capacity 2 4 m /m 

TITAN DRILL & STAND 
TITAN DRILL ONLY 

RELIANT DRILL & STAND 
RELIANT DRILL ONLY 

TITAN MINI KIT DRILL 
Plus 20 Tools 

RELIANT MINI KIT DRILL 
Plus 20 Tools 

TRANSFORMER UNIT 

£ 19.50 
+ 8% VAT = E21 06 + l 1 P &P 

E8.90 + 8% VAT = f9 61 4- 35p P &P 

£16.27 
+ 8% VAT = E17 52 + E 1 P &P 

£5.22 + 8% VAT = E5 64 + 35p P &P 

£14.75 
+ 8% VAT = £15 93 + 50p P &P 

E12.00 
+ 8% VAT = E13 08 + 50p P &P 

£8.55 
+ 8% VAT = E9 23 + 75p P &P 

These are examples of the extensive range of power tools designed to meet the needs of 
development engineers laboratory workers model makers and others requiring small precision 
production aids 
To back up the power tools Expo offer a comprehensive selection of Drills Grinding Points and 
other tools 
SEND STAMP for full details to main distributors 

A. D. BAYLISS & SON LTD., Pfera Works, Redmarley, Glos. GL1 9 
Stockists Richards Electric Worcester and Gloucester; Hoopers of Ledbury; Hobbs of Ledbury D &D Models, Hereford 

3JU 
Bertella. Gloucester 

WW -057 FOR FURTHER DETAILS 
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New low cost microcomputer for learning 
the how of microprocessors .... 

For instant information, please contact : 

Now, there is a new Microcomputer to 
provide "hands on experience to master and 

apply microprocessors - the Limrose MPT8080. 

It comes ready to use. Nothing else to buy, 
debug or assemble. Just plug it in and you 
have a powerful microcomputer ready to use. 
No need for a Teletype, but if you have one, 
it can be hooked on using a plug -in card. 

The comprehensive instruction manual is so 

straight- forward that even a person with 
limited technical knowledge can rapidly 
learn how microprocessors work. 

The Microtutor MPT 8080 is not just a 

learning module - it's a full 8 -bit, parallel, 
microcomputer with an 8080 CPU, 1K RAM, 
and various input and output ports. It can 

be single -stepped or run continuously to 
facilitate a thorough understanding of 
hardware /software interaction and program- 
ming of microprocessors. 

The MPT 8080 can also be used as a 

prototyping computer and expanded with 
additional memory and ports. 

241 -243 Manchester Road, Northwich, CW9 7NE Tel, 0606 41696/7 

WW -090 FOR FURTHER DETAILS 

itciri 
ITAM 805 (8TRAC<) 
MASTER RECORDER 

Fully modular elec- 
tronics using plug - 

in PCB's through- 
out. Separate sync 
and replay amps 
give identical 
levels. Switchable 
vu s with slow 
decay. Individual 
oscillator for each 
channel. Dolby A 
switching facility 
Comprehensive 
facilities include 
sync on all chan- 
nels. servo con- 
trolled capstan 
modularelectron- 
ics, variable speed 
ioptional). relay - 

solenoid operation 
Compact presenta- 
tion for easy porta- 
bility. 

£ 1890 + VAT Full console optional extra 

Compatible 8- output Mixer available 
£1360 + VAT 

OTARI DP -4050 
CASSETTE COPIER 

r r 
fotAt 

Ideal for one copy 
or ten thousand 
Eight times copy 
speed, foolproof 
operation for non - 

skilled personnel 
modular construc- 
tion, servo -con- 
trolled direct cap- 
stan drive. 

Immediate delivery 

THESE ITEMS ARE INDUSTRIAL PRO- 
DUCTS AND SUBJECT TO 8% VAT 

Industrial Tape Applications Telephone: 01 -724 2497. Telex: 21879 
1/7 Harevwood Avenue, Marylebone Rd., London, N W 1 

WW - 095 FOR FURTHER DETAILS 
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The Finest 
The "S.K.A. " Plastic Keyboard was developed by Kimber Allen 
Ltd in co- operation with a Swedish company and the 
manufacturers state that in their opinion it is the finest moulded 
plastic keyboard made and is not to be confused with cheaper 
keyboards available. 
The keys are moulded in Acrylic plastic, a material chosen for its 
hard wearing properties and ideal feel to the touch. They are 
moulded in two parts, the key face, which has to be perfect in 
appearance and finish, and the action, which has to be strong and 
carry the mechanism. The strong section of aluminium extrusion 
upon which they are mounted is specially designed to take all the 
pressures of playing. Springs, felts, and contact actuators are 
supplied ready- fitted. 
The contact assemblies are constructed of laminated bakelite, thus 
giving smooth slot walls and completely free movement of the 
gold -clad contact wires. Types available as follows (Contact pairs 
normally open) 

GJ -SPCO: 24p each GE -4 pairs : 45p each 
GB -2 pairs: 27p each GH -5 pairs : 57p each 
GC -3 pairs: 36p each 4PS -SPCO & 3 prs : 53p ea 

Palladium Wire Bus Bars - 1 octave lengths : 50p each 
We also stock kits and PCBs for the P.E. Synthesiser, P.E. Joanna 
(electronic piano), P.E. Minisonic, and other sound synthesising 
and modifying projects published in Practical Electronics. Send 
SAE for full list (Overseas send 40p). 

PHONOSONIGS 
DEPT. WW76, 22 HIGH STREET 

SIDCUP, KENT DA14 6EH 

KEYBOARDS 

& CONTACTS 

U.K. POST & HANDLING: 
Keyboards: £1.50 each 

Contacts: 
Orders under £15.00: 25p 
Orders over £15.00: 50p 

37 Note C -C Keyboard : 

£25.50 
49 Note C -C Keyboard : 

£32.25 
61 Note C -C Keyboard : 

£39.75 

VAT: Add 12'/2 % to final total on all U.K. orders 
EXPORT ORDERS ARE WELCOME but please see our price 
list for Export Postage Rates. N.B. EIRE, CHANNEL ISLES & 

B.F.P.O. classify as Export. 
MAIL ORDER AND C.W.O. ONLY - SORRY BUT NO CALLERS PLEASE 

Prices are correct at time of Press, E. & O.E. Delivery subject to availability 

WW - 026 FOR FURTHER DETAILS 

BULK ERASURE PROBLEMS? 

,=tta` 
.Ir,111W 

LR71 
MAX REEL SIZE 111/2" 

LR70 
MAX REEL SIZE b .' " 

If it's personal we can only advise a diet or Joining weightwatchers. 
If it's to do with tape, then why not consider the LR70/ 71 bulk 
tape erasers. They are simple to operate and will erase cassettes, 
cartridges and reels oa tape up to a maximum reel size of 1 1 Y2" 
and tape width of 1", quickly and efficiently within the time it 
takes to read this advertisement. 

The LR70/71 bulk erasers are currently used in Broadcast 
Companies, Recording Studios, Government Departments. 

,Educational Establishments and the Computer Industry. 
Moderately priced and available from 

LEEVERS -RICH EQUIPMENT LIMITED 
INCORP. BIAS ELECTRONICS 
319 Trinity Road, Wandsworth, London SW18 3SL 
Telephone 01 -874 9054 
Cables: Leemag London SW18. Telex 923455 Wembley 

WW - 030 FOR FURTHER DETAILS 

TAKE YOUR PICK 

nigb 1 
r 

l 

FROM ERIE'S WIDE RANGE 

OF POTENTIOMETERS 

with many control and terminal 
configurations to choose from 

Erie offer three styles of Hot Moulded Carbon 
Potentiometers - Panel Mounted, Preset and Edge 
Controlled. Presets are now also available with cermet 
track rated at 1 W ((a 70 °C), in addition to the long 
established moulded carbon track rated at ¡W 
(0 70°C). 
Although standard styles are available for each type, 
Erie can custom -adapt any of these models to give you 
the exact component you want. 

For full details, contact: 

ERIE ELECTRONICS LIMITED, 
Resistor Division, 
South Denes, Gt. Yarmouth, Norfolk NR30 3PX. 
Tel: 0493 56122, Telex: 97421, Cables: Resistor 

LOIN ,upitrss ITT 
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The PM6307 is a new easy to use instrument that measures 
wow, flutter and drift with high accuracy and stability due to a 

unique X -tal controlled oscillator. It is a 'must' for the workshop that needs to 
measure and identify unwanted speed variations in audio and video tape recorders, record players and movie projectors. 
It adds to the highly successful range of Philips instruments (some of which are shown here) for the radio, audio and TV 
workshop. Write today for full information on the new PM6307 and a 16 page illustrated brochure on radio and TV service 
equipment. 

1 PM5501 PAL TV Pattern Generator 
Extremely light portable instrument for service in 
customer's home. Five different test patterns for 

1 colour and black /white installation and service. 5- 2 PM5509 PAL TV Pattern Generator 
The ultimate in pattern generators. Full IF 

coverage : band I, Ill, IV Et V. Electronic tuning !C7'' ; ^, with preset channels. 10 test patterns 
(colour and black/white). 
3 PM6456 FM Stereo Generator The 

w PM6456 gives a complete stereo signal, 
L£&R signal. Internal L.F. modulation: 1 and 
5 kHz. External stereo modulation possibility. 

3 
n 

` 4 PM5324 HF Generator Frequency range ( 100 kHz -110 MHz. X -tal calibration. Special 
st: bandspread ranges. High frequency stability. 

4 5 PM5334 TV Sweep Generator Ideal for 
overhauling rental sets. 8 frequency ranges. 
3 MHz -860 MHz. Sweep with continuously 
adjustable, 8-50 Hz. One variable and 3 

fixed markers. 

® 
nie ®?I 

d!OOD ... 

I: ( PhYorilk ips 
Street. 

Electronic 
CambriInstrudge 

ments Dept 
EnglanD CB1 2PX 

Tel Cambridge (0223) 58866 Telex : 817331 

Pye Unicam Ltd 

PHILIPS 
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Look up to a Versatower installation 
and your radio communications will 
achieve new heights! 
Acclaimed as the World's leading 
telescopic tilt -over tower in the 
international field of radio 
communication. 
A complete range of models: from 20 
to 120 feet, static and mobile. 
Full details and specifications are 
in our brochure. 
Send for it today! 

Strumech Engineering Limited, 
Portland House, Coppice Side, 
Brownhills, Walsall, 
West Midlands WS8 7EX. 
Telephone: Brownhills 4321 

Due to the enormously increased 
demand for Versatower systems we 
have now opened our new West 
Works. Phone us - we'll be glad to 
show you around. 

VSAT0W=R 
SYSTEM sD 
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'1Lí Equipment 
Añiltvlieteis 
The Eagle range of multimeters 
covers every possible need of the 
electrical or electronic engineer. 
They cost from about £6 to £58 
(inc V.A.T.). There's at least one 
which suits your job precisely. 

We have a lot of other test equipment too. 
Send the coupon and we'll send you our 
complete catalogue. 

Please send me details of all your test equipment. 

NAME 

ADDRESS 

Eagle International. Precision Centre. Heather Park Drive. 
Wembley HAO 1SU Tel (01 i -902 8832 

L WW/4J 

FREQUENCY COUNTERS 
1/10 Hz to 1.2GHz 

High performance instruments measuring frequency, period, time, 
freq. /ratio and calibrated output facility. Fast delivery. Specials by 
arrangement. 

(-R\'ti'I AI. ()VF 
l)PF.RATING MAN( AI. 
TWO TONE. BUT CASE 

TYPE 801 B 

£274 250 MHz 
Sensitivity 10mV. Stability 5 parts 10. 

Resolution ± 
1 Count 

301M 32MHz 5 Digit £95 401A 32MHz 6 Digit £132 
501 32MHz 8 Digit £188 701A 80MHz 8 Digit £205 
80181M 250MHz 8 Digit £274 901M 520MHz 8 Digit £375 

1001M 1.2GHz 8 Digit £670 

Start /Stop versions plus £15 Memory versions available if not 

suffixed M £25 extra 
Type 101 1MHz 100KHz 10 KHz Crystal Standard £95 

Type 103 Oft /Air Standard £95 

SUPPLIERS TO, Ministry of Defence, G.P.O., B.B.C., Government Depts., Cryan" 
Manufacturers and Electronic Laboratories world -wide 

1;bLi, 

R.C.S. ELECTRON ICS 
6 WOLSEY ROAD, ASHFORD 

MIDDX. TW15 2RB 
Telephone: Ashford (Code 69) 

53661/2 
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NOW t0 Jet high 

The 0 to 6Kv variable EHT supply S2 is designed for safety. 
Capable of supplying 1mAat 5Kv (3mA maximum). The price of 
£65.70 including VAT and P &P makes this unit essential for all 
high voltage development or test. 
Send your Order now to Linstead Manufacturing Co. Ltd., 
Roslyn Road, London N15 5JB. 

I7ã1ffNd 
Telephone: 01 -802 5144 

WW -006 FOR FURTHER DETAILS 

Big saving, good looking, fast checking NEW Doram 

DIGITAL MZILTIMETER- 
BUILD IT YOZIRSELFANDSAVE 
ZIP TO £40! 

KEY DATA 
Volts DC 200mV. 2V. 20V. 

200V, 1000V Input 
impedance 4.2Mn Maximum 
sensitivity 100uV. 

Volts AC 200mV, 2V, 20V, 
200V, 500V. Input impedance 
4.2M n Maximum sensitivity 
t00xV 

Current AC./DC 200v A, 2mA, 2OrnA, 
200mA, 2A 

Resistance 200' 21( n 20Kí 200K c. 2Mo 

i 
i 

i 

A clear, functional multimeter, 
featuring extremely accurate digital 
display, in superbly styled 
shatterproof carry-case. It could cost 
£100! But the complete Doram kit 
with case, printed circuit board, leads 
and all components is yours for just 
£54.50 plus £4.36 VAT 

Based on Ferranti technology 
with accuracy ± 0.6b/ó, the new 
Doram Multimeter is an indispensable 
tool at a terrific saving. Measurement 
is indicated bya 3'V digit display 
updated twice per second - 
display flashes to indicate overload. 

And it saves you money before it's 
even built! 

DEPEND ON ûA71 
Thousands of kit makers do for top value and 

modern technology. 
Doram Electronics Ltd. PO Box TRB, Wellington 

Road Industrial Estate, Wellington Bridge. Leeds. West 
Yorkshire LS12 2UF 

Registered in London No 1155856. Directors 
A Marier. D. I Turner, F Chable 

Yes, I want to save up to £40 
Please send me (sublect to availability) complete kit Is) for Doram DIGITAL MULTIMETER at 

IE54.50 + E4.36 VAT Incl. p & p) total f 58.86. I understand I can return the unused kitisl within 7 days 
and claim my money back If kitlsl returned undamaged in the form received and ready for re-sale 

Please send me complete DORAM KITS CATALOGUEIs) showing an additional 25 kits. at 25p each 

I enclose cheque /PO value 

NAME (BLOCK CAPITALS) 

ADDRESS 

TOWN 

COUNTY 

i 

i 
POST TO DORAM ELECTRONICS LTD DEPT WM I PO BOO ORB LEEDS WEST YORKSHIRE LS12 2UF e - - - - 1111111111111'' 
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Join the Digital 
Revolution 

Understand the latest 
developments in calculators, 
computers, watches, telephones, 
television, automotive instrumentation . . . 

Each of the 6 volumes of this self- instruction course measures 
113/4" x 83/4 and contains 60 pages 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 on to a complete 
understanding of the design and operation of calculators and 
computers. 
Design of Digital Systems. 

£6.20 
plus 80p packing and 
surtace post anywhere in 

the world. 

Payments may be made in 

foreign currencies. 

Quantity discounts 
available on request. 

VAT zero rated 

Also available - a more elementary course assuming no prior 
knowledge except simple arithmetic. 
Digital Computer Logic and Electronics 
In 4 volumes. 

1 . Basic Computer Logic 
2. Logical Circuit Elements 
3. Designing Circuits to 

Carry Out Logical Func- 
tions 

4, Flipflops and Registers 

£4.20 
plus 80p P. & P 

Offer Order both courses 
for the bargain price £9.70, 
plus 80p P. & P. 

Designer 
Manager 
Enthusiast 
Scientist 
Engineer 
Student 

These courses were written so that you could' 
teach yourself the theory and application of 
digital logic. Learning by self instruction has the 
advantages of being quicker and more thorough 
than classroom learning. You work at your own 
speed and must respond by answering questions 
on each new piece of information before 
proceeding to the next. 

Guarantee -no risk to you 
If you are not entirely satisfied with Design of Digita. 
Systems or Digital Computer Logic and Electronics, 
you may return them to us and your money will be 
refunded in full, no questions asked. 

To Cambridge Learning Enterprises. Dept. COM, FREEPOST 
Rlvermill House, St. Ives, Huntingdon, Cambs. PEI] 4BR 
Please send me ... set(s) of Design of Digital Systems at £7.00 each 

p & p included 

'or set(s) of Digital Computer Logic and Electronics at £5.00 each, 
p & p included 

ur combined set(s) at £10.50 each, p & p included 

Name 

Address 

delete as applicable 
No need to use a stamp - lust print FREEPOST on the envelope 

1 

wwJ 
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ThinJofa 
number 
from 1 to is 

The new Vero catalogue has 18 product groupings 
covering your complete packaging requirement from 
boards to boxes, from prototype to production. 
Have you seen these sections. 
Section 4 Scotchflex" flat cable connector system. 
Section 5 Busbars, pin bars, backplane boards. 
Section 6 Verowire" prototype wiring system. 
A catalogue will be sent to you on request. 
Vero Electronics Limited Industrial Estate, 
Chandler's Ford, Eastleigh, Hampshire S05 3ZR 
Telephone: (04215) 2956 Telex: 47551 VEROEL G 

World leaders in electronic packaging 

Vero 
Available worldwide 
through 3 subsidiary 
companies and 30 agents. 

.._..---.^.. 

WW - 093 FOR FURTHER DETAILS 

QUARTZ 

CRYSTALS 

-fAS1! 
sei 

(EL AEI. CRYSTALS LIMITED 
Gatwick House, Horley, Surrey, England RH6 9SU 
Telephon.: Horley (02934) 5353 Telex: 87116 (Aeroinn Horley) 
Cable: Aeroton Telex Horley 

WW -043 FOR FURTHER DETAILS 

J E S AUDIO INSTRUMENTATION 
Illustrated the Si 451 
Millivoltmeter - pk -pk 

' or RMS calibration with 
variable control for 
relative measure- 
ments. 50 calibrated 
ranges £60.00 
Si453 £60.00 
Low distortion Oscillator. 
Sine - Square - RIAA 

PRICES plus VAT 

J. E. SUGDEN & CO. LTD. Tel. Cleckheaton (0274) 872501 
CARR STREET CLECKHEATON, W. YORKS BD19 5LA 

Sí452 £48.00 
Distortion Measuring Unit. 
15 Hz - 20 KHz -.01% 

WW -056 FOR FURTHER DETAILS 

servos 

synchronous 

steppers 

d.c. motors 

control systems 

gearboxes 

friction 
clutches 

instrument 

couplings 

or a technical advisory service and 

off the shelf delivery, contact 

moInon 
telephone 03446 5757/8 
MOTOR STOCKISTS FOR 
IMPEX, PORTESCAP 
PRINTED MOTORS 

McLENNAN SERVO SUPPLIES LTD. 
KINGS ROAD, CROWTHORNE, BERKS. 

WW - 051 FOR FURTHER DETAILS 
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Ferrograph - manufacturer of 
highest -quality reel -to -reel 
recorders - has designed two time- 
saving test sets suitable for 
checking any type of audio system. 

In seconds, the ARA1 Audio 
Response Analyser gives precise 
response information, displayed as a 
gain /frequency plot on a long - 
persistence CRT. A unique feature of 
this fast, accurate test set is its 
frequency- sensing facility. Operation 
is entirely independent of 
synchronising or trigger signals. 
Consequently, there are no problems 
resulting from a time -lapse between 
input and output signals. 

Other features include: 
Range 20Hz to 200kHz, resolution 
to 0.1dB. 

X -Y plotter outputs for permanent 
records. 
Large display on 27cm CRT; 
choice of graticules. 
Manual and automatic tuning for 
one -shot and repetitive sweeps. 

Full details and comprehensive 
specification are included in a new 
leaflet. 

The RTS2, sold in thousands 
round the world, is a comprehensive 
low -cost test set that will run up to ten 
different checks on an audio 
system's performance -using just 
one pair of leads. You don't need to 
put up with an array of incompatible 
test gear, improvising and 
compromising with numerous lead 
connections, wasting time sorting out 
hum loops. With the RTS2 you get 

23 

fast, push- button operation. And 
accurate results. 

Ferrograph audio test equipment: 
used bybroadcast and recording 
studios throughout the world. Send 
for full details today. 

/ Ferrograph 
Wilmot Breeden Electronics Limited 
442 Bath Road Slough SL1 6BB 
Telephone: Burnham (06286) 62511 
Telex: 847297 

Ferrograph will give you 
an unbiased opinion on 

anyaudio system. 

ICompany 

Address 

ITelephone 

Please send full 
details of the 
ARA1 Audio 
Response 
Analyser and the 
RTS2 Audio Test 
Set. 

I would like these 
equipments to be 
demonstrated. 
Please phone me 
to arrange an 
appointment. 

Wilmot Breeden Electronics Limited, 442 Bath Road, Slough, SL16BB England 
ww 

FerrographTest Equipment. For fast and accurate audio analysis. 
WW -096 FOR FURTHER DETAILS 
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If s 
enough 
for us.... 

.... the Weston 6000 LCM 

could solve YOUR 

measurement problem 
We have been selling Weston Multimeters for 
nearly five years and they have always been 
superb value for money. With the new 6000 
LCM Weston have excelled themselves and this 
product is without doubt the best buy in 
portable digital multimeters today. With its 
large power- saving 31/2 digit liquid crystal 
display, the 6000 offers many features normal- 
ly found in bench voltmeters, but in a portable 
battery powered package. 

The auto -ranging feature means that 26 ranges 
can be selected using only two switches. 
Measurements from 100,2V to 1 kV, 1 -A to 
10A and 0.10 to 20MO are achieved simply 
and rapidly due to the ergonomic design of the 
multimeter. The remote hold facility enables the 
reading to be held after removal of the probe 
from the source of measurement. With all these 
features in one state of the art instrument why 
buy an ordinary multimeter? 

Contact Electroplan today for full details of this 
revolutionary product. 

Electroplan Ltd., P.O. Box 19, 
Orchard Road, Royston, Herts, SG8 5H H. 
Tel: Royston (0763)41171 Telex: 81337 

a service to measurement 
An Electrocomponents Group Company. 

WW - 005 FOR FURTHER DETAILS 

Wireless World, June 1977 

This is an 
echo chamber? 

Yes, and much more! It is the first N- channel Bucket 
Brigade Device designed with the audio engineer in 
mind. The SAD -1024 Serial Analog Delay will provide 
reverberation, echo, tremolo, vibrato and chorus 
effects in electronic organs and musical instruments. 
It will equalise speaker systems in an auditorium, or 
can be used in speech compression or voice 
scrambling systems. The SAD -1024, which contains 
two independent sections of 512 analog storage 
elements will accomplish all of these with a signal -to- 
noise ratio in excess of 75dB. The two sections may 
be used independently or they may be connected in 
sequence to provide 1024 clock periods of delay. The 
delay provided by the device can be continuously 
varied by the clock rate from less than one milli- 
second to more than one second. 
Other performance characteristics include: signal 
bandwidth from 0 to 200 KHz, less than 1% total 
harmonic distortion, 0dB insertion loss, and less than 
5mW power requirements from a single 15V power 
supply. 
You get all these features for less than 1p per storage 
element in OEM quantities. 
We also offer an optional complete circuit card to help 
you evaluate this exciting new device. Other devices 
for applications such as time base correction in the 
video bandwidth are also available. 

REh ICON 
The SAD -1024 and circuit card is available 

immediately from Reticon's sole UK distributors, 
Herbert Controls and Instruments Limited, 
Spring Road, Letchworth, Herts SG6 4AJ. 
Telephone: 04626 -3841. Telex: 825535. 

WW -032 FOR FURTHER DETAILS 
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Our Radio /TV Programme 
If you service radio or television receivers, Avo has 
Signal Generators to meet your requirements. 
Pride of place goes to the new HF136 which goes one step 
further than the widely used HF135 (an AM Signal Generator 
which gives coverage up to 240MHz and 30 %am at 1 kHz). 
The Avo HF136 combines an AM Generator and FM Generator 
in one case. Covering 4 -120 MHz, it has a choice of outputs 
cw, am,fm, or sweep +cw, or sweep +am and also 400Hz for 
modulation or as an of signal for servicing audio stages. 
One of these units, incorporated into your re- equipment 
programme, could increase your 
throughput and optimise the use of 
your skilled manpower. 
If you would like to know more about 
our AM and AM /FM Signal Generators, 
get in touch. 
We will gladly put you in the 
picture. 

Avo Limited, 
Archliffe Road, Dover, Kent. CT17 9EN. 
Tel: 0304 202620 
Telex: 96283 

nom Thom Measurement and Components the tott,t 
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' LASTIC FASTENERS 
FOR 

I):Or0 

.)11fß 

r 

iI 

\ 

ELECTRONICS 
SELF -ADHESIVE CABLE CLIPS are a quick 
and simple means of securing cables, cords and 
small looms to flat surfaces. No drilling or 
fixing screws necessary. The peel -off backing is 
removed immediately before placing the clip. 
The coating adheres to most clean, flat surfaces 
and withstands a wide range of humidity and 
temperature. Cable clips are moulded in natural 
nylon and have rounded edges to prevent 
damage to the cables. 

CABLE STRAPS are semi -permanent fasteners 
for strapping wires and cables into tight, o - 
compact looms. The ratchet fastener is adjust - 1 
able and can be released by pinching -in the 1. 
aides of the fastener head. Cable straps are 
made from black nylon. 

WIRE TIES are a flexible means of fastening 
wires and small cables into orderly, compact 
looms. They are quick and easy to fit and can be 
re -used, greatly reducing re- looming times. ÿ 
Wire ties are made from nylon and are available 

MP 
in various sizes each determined by a different 

` colour. 

The P.C. BOARD GUIDE is a self -retaining 
edge support for printed circuit boards. It has 
good panel retention and grips p.c. boards 
firmly and securely. The guide is available in 
two types of material - yellow acetal or grey 
Noryl, for high temperature and voltage appli- " 
cations. 

ß 
0 ó 00. 

70 / 
M,,, 

!d-,-- 

P.C. BOARD SPACERS are simple to fit, one- 
piece mouldings for use with p.c. boards. They 
have a self retaining shank for fastening into 
panels and a T- shaped anchor for securing p.c. 
boards of 0.062" thickness. They have good 
resistance to vibration and are suitable for 
board -to -board or board -tochassis use. 

P.C. BOARD STAND -OFFS are quickly assem- 
bled, self -retaining panel supports for p.c. 
boards. Made from natural (off white) nylon and 
have good resistance to vibration. Suitable for ) 
panels up to 0.079" thickness. Stand -Offs accept 

`a No. 4 self- tapping screw. r PLASTIC RIVETS fasten panels, fittings and 
name plates to metal plastic and wood. Resilient 

ce, . enough to fix into brittle materials like fibre- ` glass, hardboard and glass. Shank, head and \ \ pin are one piece. Fixing is by driving the pin 
through the head into the space between the 
legs, gripping the work. 

DRIVE FASTENERS hold two or more panels 
together. Easily fixed, normally by thumb 
pressure. No special tools required. Boat- 
shaped DRIVE Fasteners are for panels of thin /N 
and medium thickness and are removable. 
Ribbed Drive Fasteners are used in blind holes 
where hole length exceeds ler gth of shank. 

olei r 

41 
. ° 

PLASTIC HOLE PLUGS are quick, inexpensive 
means g w hs 

m AttractivelyHolePlugs keep 
so 

dust 
pluggin 

, d ir t 
un 
and oisture. 

anted ole . 

shaped heads give a neat finish. The snap action 
grip of the Hole Plug makes a vibration resistant 
seal. Hole Plugs are made from nylon and are 
non -corrosive. 

LOKUT ANCHORS are used to strengthen .4%, 
holes by providing additional screw thread //., AOr 
engagement in materials where self- tapping .1 a/ 1/ 
screws would be unsatisfactory. Made from 
high strength nylon and used in insulation, and 
electrical chassis work. Easily fitted by hand. IV 
1000's OF OTHER TYPES OF PLASTIC 

AND METAL FASTENERS 
LEAFLETS ON REQUEST 

HARMSWORTH 
HARMSWORTH, TOWNLEY & CO. 
HAREHILL TODMORDEN LANCS OL14 
Phone TODMORDEN 2601 (STD 070 -681 

LTD. 
5JY 

2601 ), 
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Four Good Reasons 
for using 

Zettler Relays: 
Zettler Relays are first class quality. 

We have about 50 years experience in producing relays. 
Zettler Relays are readily available. 
Most are available ex stock Harrow. 

Zettler Relays are proved in practical applications. 
Millions are used in our own electronic systems and products. 

Zettler has the right relay for most applications, e. q. 

Latching Relays AZ 630...631 
require only a 10 ms pulse to cause 
their armature to pick up or drop out. 
The contacts retain their position 
in the case of supply removal or failure. 
1 or 2 changeovers, respectively. 
Contact material: Fine silver, 
silver cadmium oxide, silver gold plated. 
Dimensions: 
AZ 630: 27.5 x15 x10.5 mm high. 
AZ 631: 27.5x22.5 x10.5 mm high. 
Contact rating: 30V DC/125V AC max., 
1A/2.5 A max., 30 W /100 VA. 
Coil voltages: 6 to 60 V DC. 

4E1/4 

Let us help you with your switching problems. 

ZETTLER 
est. 1877 

Zettler UK Division 
Brember Road Harrow, Middx. HA2 8AS Tel. (01) 4220061 
Zettler offers more than technology 

WW-022 FOR FURTHER DETAILS 

JOYSTICKS 

Precise, reliable, long -life Joystick Control Units, in single, dual or 
triple axis forms. Sprung to centre, or held by adjustable friction 
locks. Choice of wirewound, cermet or plastic film potentiometers 
(all standard 3 /e" bush types) - or rotary switches. 

Already in quantity production tor remote control, TV games, 
electric wheelchairs, audio control panels, etc., etc. Any quantity 
from one -off to hundreds per month. Typical one -off prices: Single 
axis £4.50. Dual £6.50. Triple £11.00 + VAT. 

TELEVISION GAME JOYSTICKS 
We have finalised the design of an ULTRA LOW COST dual 
axis Joystick for the home television game market, and these units 
should be available in large quantities by the time this advert 
- isement appears. Send for full details. 

FLIGHT LINK CONTROL LTD. 
Bristow Works, Bristow Road 

Hounslow, Middlesex, 01 -570 4065 

'NW - 050 FOR FURTHER DETAILS 
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Hi -Fi Systems that GROW with you 
MAGNUM III System as well as the features illustrated, has 20W r.m.s. per channel (you could have 40), 
with typical distortion of only 0.07 %. The magnetic input has >70dB. S/N ratio (Ref. 3mV) and an overload 

margin of 43dB. 
Bal 1kHz 1kHz 

Tape 

(1111 

Tuner 

C 
Phono 

C 
Aux 

Select Vol 

11 mute 

Stereo 

Bass 

300 Hz 3 kHz 

Treble 

CP -P1 
Stereo Preamplifier 
£1 3.30 + VAT £1.66 

Su p er 
Mono Stereo 

IMAGE WIDTH 

CP -FG1 
Audio Function Module 

£11.75 + VAT £1.47 

C P - 2 - 1 5 / 2 0 

20W Stereo Amplifier 
£12.85 + VAT £1.61 

30Hz-- 

45H 
Slope 

10kHz 
Slope 

6 0 H z 6kHz 15k Hz 

Hi-Pass 

For details of CLIFFPALM AUDIO MODULES send large s a.e or see ad in Feb W W 
NOW EX STOCK. All other parts required -- knobs, pots (rotary and linear) switches, sockets, etc 
NEW PCBs on which to build your MAGNUM I, H or III system 
POWER MODULE CP- PS- 18/2D. £6.50 + 81p V.A.T. 

Prices include full application data, post and packaging, U.K. only. These products carry a 2 year 
guarantee. 

Eliffpaim Ltd DEPT. HE, 13 HAZELBURY CRESCENT 
LUTON, BEDS. LI1 1DF. Tel. 0582 -415832 

Lo-Pass .`cata` 

ó o . Q 

dyt a' 
e 1 Ska\\,` SrF6¿tGa , Qea04 a \e`o 

eo6Va e 
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DATA AND 

COMMUNICATIONS 

TERMINALS 
Teletype 28, 32, 33, 35, 40 

TermiNet 30, 300 & 1200 (30 and 120 cps) 
Teleterm 1 132 and 1200 series (portable /fixed 30 cps) 

with integral coupler and RS 232C) 
Other page printers (by Siemens, ITT Creed, etc.) 

* Spares, repairs, overhauls and maintenance 
* Other types and models available 

* Refurbished units also available 
* Short and long period rentals 

* Minicomputer interfaces 
* Quantity discounts 

* Immediate delivery 

TELEPRINTER EQUIPMENT LTD. 
70 -80 AKEMAN STREET 

TRING, HERTS., U.K. 

Telephone 0442 -82 -4011 .. 
Cables RAHNO Tring 
Telex 82362 
A/B Batelcom Tring 

WW -023 FOR FURTHER DETAILS 

Are you receiving us? NEW Doram 

DIGITAL FREQUENCY 
METER YOURS FOR ONLY 
da 

r545O+£4.36VAT 

KEY 
Frequency range 

DATA 
20H, to 50MHz in 3 steps 

Sensitivity 20mV r m s 

Input impedance 1 Mnrn parallel with 30pF 

Input Coupling AC 

Maximum Input 10Vrms 
Frequency Standard 

Display 

Accuracy 

Supply Voltage 

1MHr 001% calibration 
tolerance 

4 Digit LEO display w+ih 
shitt let* for 5 digit readout 

1 digit 1 01 %1 

220.240V ac with 12V dc 
100mA output for 
prescaler supply 

I 

I 

I 

The DFM you must have at a price that 
could save you up to £ 25. It's easy to see 
how accurate this new Doram meter is thanks 
to 4 digit display with extra shift left to check 
5 digits for even greater accuracy! 

You can see the well -designed 
shatterproof case with its built -in handle/ 
display tilt -foot looks so much more 
expensive than many a kit product. 

But Doram kits always give you the best 
for less.This complete kit with case, printed 
circuit boards, all components and 
instructions is yours for only £54.50 4- E4.36 
VAT 

The meter covers 20Hz to 50MHz with 
prescaler (additional purchase) provision 
allowing you to measure up to 500MHz. 
Input impedance and sensitivity are very 
high with read -out accurate to i 0.01 %! 

So the message comes through loud and 
clear -don't miss this latest Doram digital 
bargain 

DEPEND ON DCZAM 
f housu,d% of kIl makers do for top value and 

modern technology 
Dorare Electronics Ltd. PO Bo. TR8, Weii v ton 

Road industnal Fstate. Wellington Bndge. Leetls. West 
VorksRegistered ee LS12 2OF 

In London No 1155856 Directors 
R. A Ma fer, D I Turner, F Chable 

Yes, I want to save up to £25 
Please send me Subject to availability) complete kids( for DORAM DIGITAL FREQUENCY METER at 

I E54. 50 n E4.36 VAT Inc p 5 pi total 858.86. I understand 1 can return unused labs) within 7 days and 
claim my money back If kills) returned In the.form received and ready for re -sale 

Please send me complete DORAM KITS CATALOGUE(SI showing an additional 25 kits at 25e each 

I enclose cheque /PO value 

NAME (BLOCK CAPITALS( 

ADDRESS 

OWN 

COUNTY 

I 

I 

I 
Vol), 70 DORAM ELECTRONICS LTD DEPT WF1. PO BOx TRR. LEEDS WEST YORKSHIRE LS11 
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Plug into world -wide 
coverage with the new T1000 
solid -state 2 -30MHz Linear Amplifier 

This compact desk -top package incorporates 
the following features 

New generation high power transistors 
giving 1000W PEP, 600WCW output. 

Broadband requires no operator tuning 

Full VSWR protection 

Drive requirements 70 -120W 

Full technical information is available on request 
from the sole distributors in the UK 

AEL Aero Electronics (AEL) Ltd. 
Gatwick House, Horley 
Surrey, England RH6 9SU. Telephone Horley 5353 
Cables Aerocon. Telex Horley; Telex 87116 (Aerocon Horley) 

WW - 045 FOR FURTHER DETAILS 

ELECTRONORGTECHNICA 

carbon film RESISTORS 
1/8 and 1/4w 70°C 5% tol. E.1 2 

EX -STOCK 
PER 1,000 

£4'90 OF ONE VALUE 
Minimum export order f2100 

Contact John Gingell 

Z& I 44A Westbourne Grove 
London W2 5SF 
TEL 01 -727 5641 TELEX 261306 

PLUS & POSTAGE 
V.A.T. 

AERO SERVICES LTD. 

WW - 064 FOR FURTHER DETAILS 

TAPE HEADS 
FIT A BRAND NEW HEAD 
AND TRANSFORM THE QUALITY 
OF YOUR TAPE PLAYER 
AN EXTENSIVE RANGE ALWAYS IN STOCK 
ASK FOR OUR SHORT FORM CATALOGUE 

I/ 
STANDARD HEADS TO 
FIT MOST TAPE PLAYERS 
AT BULK DISCOUNT 
PRICES. 
ENCLOSE 15p P & P WITH 
ORDER 

MONO CASSETTE 90p 

STEREO CASSETTE £2.00 

STEREO 8 
CARTRIDGES £1.00 

M/S CASSETTE 
ERASE 60p 

1'1'IONOLITH Tel. 

Crewkerne 4321 
THE MONOLITH ELECTRONICS CO. LTO. 
5/-7 Church Street. Crewkerne, Somerset, England. 

Tel. Crewkerne 74321 
WW - 053 FOR FURTHER DETAILS 

PUT IT ON RECORD WITH WATANABE 

i.. a '41 

/,...:4110 w 

4. 
MULTICORDER - SERVOCORDER 

POTENTIOMETRIC 
1 -6 PENS 250mm CHARTWIDTH 
MULTI RANGE MULTISPEED 

LINEARCORDER - MINIWRITER 
FAST RESPONSE DC - 100 Hz 
1 -16 PENS 4 & 8 cm PER CHANNEL 
MULTI RANGE MULTISPEED 

X - Y RECORDERS 
HORIZONTAL & VERTICAL USE 
1 & 2 PEN TIME BASE 
ROLL CHART OPTION 

ENVIRONMENTAL EQUIPMENTS LTD. Eastheath Avenue, Wokingham, Berks, RG11 2PP. Tel:Wokingham 784922 

WW - 017 FOR FURTHER DETAILS 
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Sullivan AC Test sets are designed 
for the precise measurement of 
ac voltage (10- 500V); current 
(0.5 -30A) and power (up to 
1/4 million watts when coupled with 
a current transformer). They can 
also measure dc voltage over an 
exceptionally wide range. 
The accuracy and reliability of our 
AC Test Sets is assured by our . 

manufacturing techniques. 
Components are hand fitted and 
subject to a series of searching 
checks. The coil and pointer, for 
instance, goes through a delicate 
test of balance known as poising. 
We're the only manufacturer who 
does this. 
Every hair spring is cropped to 
match the coil. 
Every scale is hand calibrated, too, 
matching it precisely to the 
individual-instrument. 

Poised 
for greater 

efficiency 

29 

Every resistor is aged to ensure 
long term stability -so there is no 
need for frequent recalibration. 
At the end of the process, you get 
an instrument of high accuracy 
that is suitable for either 
workshop or laboratory. 
Sullivan also produce Precision 
Multi -range Voltmeters, 
Wattmeters and Ammeters. All 

built to the same high standards. 
If you'd like to know more, simply 
get in touch with us. We're also 
poised to deal with your enquiry. 

H. W. Sullivan Ltd., 
Archcliffe Riaad, Dover, Kent CT17 9EN. 
Tel:10304)242620 Telex: 96283 

Thorn M asurement and Components Division 

WW - 078 FOR FURTHER DETAILS 

www.americanradiohistory.com

www.americanradiohistory.com


30 

bà 

It looks like 
a £120 instrument. 
It performs like 
a £120 instrument. 
It costs around £50. 
Avo have put electronic multimeters within every- 
one's reach with the Avo EM272. It incorporates 
features normally found on much more expensive 
units: 316 k WV input impedance to an accuracy 
of +2 5% f.s.d. on most voltage ranges; printed 
circuit shunts with thick film modules and the 
proven Avo printed switch to ensure maximum 
reliability; 39 ranges -20 voltage,14 current and 5 
resistance. 

Added to this, the Avo EM272 is as tough as it is 

efficient, with a robust centre -pole movement that 
can take the knocks and still come back for more. 
To cap it all, this remarkable instrument is made by 
Avo, which, in itself, is your guarantee of getting 
quality that cannot be bettered. 
Get in touch with us today for further 
information and order from your wholesaler, or an 
Avo Distributor. 

Ayo Limited, 
Archcliffe Road, Dover, Kent, CT17 9EN. 
Telephone: (0304) 202620. 

Thorn Measurement and Components Division 

WW -094 FOR FURTHER DETAILS 
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ELECTRONIC 
INDUSTRIAL THERMOMETER 

TIIERMOMETER 

nu"K 0.II:ASAIR! 
ntf' 

THE MODERN WAY TO MEASURE TEMPERATURE 
A Thermometer designed to operate as an Electronic Test Meter. Will 
measure temperature of Air, Metals, Liquids, Machinery. etc., etc. 
Just plug -in the Probe, and read the temperature on the large open 
scale meter. Supplied with carrying case, Probe and internal 11/2 
volt standard size battery. 
Model "Mini -Z I" measures from -40° C to + 70° C Price £25.00 
Model "Mini -Z 2" measures from -5° C to + 105° C Price £25.00 
Model "Mini -on Hi" measures from + 100° C to + 500° C £20.00 

[VAT 8 °á EXTRA) 
Write for further details to 

HARRIS ELECTRONICS (LONDON) 
138 GRAY'S INN ROAD, LONDON. WC1X 8AX 

('Phone 01 -837 7937) 
WW -034 FOR FURTHER DETAILS 

nombrex 

MODEL 41 
R.F. SIGNAL GENERATOR 

Price £54.85 
* 150 KHz - 220 MHz on fundamentals. 
* 8 clear scales - Total length 130mm. 
* Spin -Wheel Slow Motion Drive 11 1 ratio. 
* Overall Accuracy - 21%. 
* Modulation, Variable depth and frequency. 
* Internal Crystal Oscillator providing calibration checks throughout all 

ranges. 
* Mechanical scale adjustment for accurate alignment against internal 

1MHz crystal oscillator. 
* Powered by 9V Battery. 

Trade and Export enquiries welcome. 
Send for full technical leaflets. 
Post and Packing G 1.00 extra 

NOMBREX LTD., POUND PLACE, WOLBOROUGH STREET, 
NEWTON ABBOT, DEVON, TQ12 1NE 

Tel. Newton Abbot 68297 

PLUS V.A.T. 

WW -027 FOR FURTHER DETAILS 
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Battery- operated 
RECHARGEABLE 

SOLDERING IRON 
The B.50 is a new model 

from the Engel range, 
being based on many 
years' experience in 

Soldering Iron tech- 
nology. Cordless opera- 

tion makes it ideal for 
repair and assembly work 

in industry and 'DIY' and 
hobby applications in the home. 

Heats up within 7 seconds 

Nickel - Cadmium rechargeable batteries 

Up to 100 operations without recharging 

Charges up overnight in about 8 hours 

No overcharging possible 

Trigger switch with safety catch 

For work up to 2.5mm2 

Price £16.50 inc. Carr. & VAT 
complete with Recharging unit 

4- 

KELGRAY 
PRODUCTS 
LIMITED 

Bywell House, South Godstone, Surrey 
Tel: Sth. Godstone (0342 85) 3003 Teiex: 957143 

WW -071 FOR FURTHER DETAILS 

jIÏ PROFESSIONAL 
POWER AMPLIFIER 

tg MODULES 
_ FEATURES : 

s SHORT & OPEN CIRCUIT, IMPEDANCE 
OVERLOAD, MISMATCH AND THERMAL 
PROTECTION. ONLY 5 EXTERNAL 
CONNECTIONS REQUIRED. 
FULL 2 YEAR GUARANTEE. 

Power Output 

JPS pr1Ge 

60 (£20.82) 
JPS price 
100 (£25.85) 

JPS price 
160 (£32.61) 

70watts RMS 
7.5 ohms 

110 watts RMS 
7.5 ohms 

170 watts RMS 
7.6ohms 

Frequ. Response 10 -30 kHz -0.6dB 10 -30 kHz -0.5dB 10 -30 kHz -0.5d8 
Slowing Rate 7.3V per microsec. 8V per microsec. 8.4V per microsec 
T.H.O. 0.05% @ 1kHz 0.05% @ 1kHz 0.06% @ 1kHz 
Damping Factor 200 400 400 
Hum & Noise 115d8 below 70 

watts 
115dB below 110 

watts 
115 dB below 170 

wet ?;_ 
Input Sensitivity OdB(0.776V) 70 

watts 
Od8(0.775V) 110 

watts 
OdB(0.775V) 170 

watts 
Input Impedance 47k 47k 47k 
Power Requirement I. 35Volts t 46VO1ts a 55 Volts 
Overall Dimane. 5.8" Long x 3" 

Wide x 1" High. 
5.8" Long x 3" 
Wide x 1" High 

4.8" Long x 3" 
Wide x 1" High 
Heat Sink 8" x 
5' x 1" 

For Industrial usage the frequency response of the amplifiers can be 
extended down to DC 4- OdB -0.2d13 Input Impedance & Sensitivity can be 
modified to suit particular requirements. 

POWER SUPPLIES P560 powers 1 JPS80 price E13.53 
PS100 powers 1 JPS100 price E15.51 PS100 /2 powers 2 JPS100 price £28.82 
PS150 powers 1 JPS150 price£19.22 PS150/2 powers 2JPS150 price E30.75 

All Prices Are Subject To 8% VAT 

BELMONT HOUSE - STEELE ROAD 
PARK ROYAL - LONDON NW10 7AR 
TELEPHONE 01 -961 1274 

jr,ji 
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The world's most famous company in communication, the Nippon 
Electric Company Ltd., Tokyo, has developed the famous NED CQ 
radio amateur gears, being with regard to design, quality, reliability 
and price real pace -setters for today's communicators. 
First in history of amateur radio, such a big and famous company with 
more than 80 years of experience in construction of communication 
facilities, made its experience available to radio amateurs around the 
world. 
The NEC, which has declared microwave space communication to its 
speciality, knows perfectly which attributes equipments must have for 
becoming bestsellers. 
Today we present 

NEC co. 110E DIGITAL 

allband, HF, 300wattstransceiver, 160 / 80 / 40 / 20 / 15 / 11 / 
10A / 10B / 10C / 10D / WWV, modes FSK, USB, LSB, CW, AM, 
with separate 8 pole X -tal lattice filters for each mode fitted. 
Further features: Side tone at CW, VOX (automatic transmit -receive 
by talking into microphone), 11 meter CB band, all channels easily 
selectable through digital counter, excellent receiver sensitivity at 
extreme crossmodulation security by application for the 7360 low 
noise beam, deflection mixer tube. 
This feature alone makes of the NEC CQ 110 E a toprider. Fixed 
channel, communication on 22 channels is possible. A 60 page 
manual and a high quality dynamic microphone are supplied with the 
transceiver. Speaker, AC 100 -235 volts and DC 13.5 volts power 
supplies are built in of course. 

NEC Ca.301 

allband HF, 3KW, linear amplifier, 160/80/40/20/ 15/ 11 /' 
10 meter, for modern amateur communication. Two EIMAC 3 -500 Z 

triodes, in zero bias grounded grid application guarantee long trouble 
free communication. The NEC CQ 301 can be driven by our CQ 110E 
or other exciters capable of about 50 -100 watts of drive. AC power 
supply 100 -235 volts is built in of course. 
RETAILERS: Do not hesitate to accept our offer. Join us in selling 
these bestsellers! 

Sole distributor in Europe: 

CE Corp., Via Valdani 1 -CH 6830 CH IASSO-SWITZERLAND 
Phone: (091) 44 26 51. Telex: 79959 CH 

WW-061 FOR FURTHER DETAILS 
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8000A 3'_ digit DMM 8800A 5' digit DMM 8600A 4', digit DMM 

8030A portable 31-, digit DMM 8040A portable 4', digit DMM 

Lots of people think ITT are the 
only people selling Fluke DMM's 

It's true in one sense - ITT are the 
sole UK stocking distributors for the 
range of Fluke DMM's. But of course, 
as the world's leading DMM's, Fluke 
really sell themselves. What we do is 
back them -up with a streamlined, 
thoroughly dependable and quick -off- 
the -mark service that's as much a No. 1 

in its field as Fluke are in their's. 
Write or phone for more details. 

Edinburgh Way, Harlow, Essex.Telex: 81525 

ITT instrument services 

The only way to buy. 
Harlow (0279) 29522. 
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Radio and air safety 
Which is more important, 
entertainment or human lives? Anyone 
who has been able to listen to v.h.f. 
voice communication aboard a civil 
aircraft and compare it with broadcast 
voices on even a medium -price v.h.f. 
domestic receiver will be appalled at 
the difference in quality. Our relative 
values seem to be all wrong. In an 
airliner the safety of hundreds of lives 
and millions of pounds worth of , 

aircraft hangs on the effectiveness of 
the radio telephone communication 
with the ground, especially during 
take -off and landing. And if one 
compares the engineering refinement 
of the two systems one cannot help but 
be appalled again. The air -ground voice 
communication technology looks 
relatively crude. This is not to criticise 
the design and manufacture of the 
equipment. No doubt it well fulfils the 
specifications laid down. The question 
is whether the specifications are good 
enough for the very critical nature of 
this communication task. 

All this is brought into sharp focus 
by the worst air disaster in history - 
the collision between two Boeing 747 
jumbo jets at Tenerife airport on 
March 27, which killed 577 people and 
lost tens of millions of pounds worth of 
aircraft. No doubt the blame will be 
laid ultimately on a human error. But it 
appears from tape recordings of the 
exchange between the control tower 
and the two aircraft that an important 
factor in this human error (if indeed it 
was) was that another transmission on 
the same frequency prevented the 
KLM captain from hearing in full one 
of the control tower messages. Now the 
possibility of radio interference in such 
a situation is serious enough in itself. 
But it could be argued that the pilot 
should have taken no action till he had 
queried this message. The real point is 
that a misunderstanding may have 
occurred through the medium of the 
v.h.f. radio telephone system. And this 
is not an uncommon situation, as 
accident reports will confirm. . 

The International Civil Aviation 

Organization should examine to what 
extent the effectiveness of v.h.f. voice 
communication is a significant factor 
in such mishearings and 
misunderstandings. Voice quality is 
inherently poor in an a.m. 
interference -prone system with an 
audio bandwidth of about 2700Hz. On 
top of this is the problem of the foreign 
accents of non English -speaking pilots 
and controllers (English being the 
international language for air -ground 
communications). Certainly the 
intelligence conveyed is the 
responsibility of the pilot and 
controller. But considering what is at 
stake the radio telephone system 
should be specified to convey sufficient 
speech information (in terms of the 
reproduction of phonemes and 
morphemes) to ensure that there is 
little chance of mishearing in critical 
situations where, because of human 
stress or impatience, messages are not 
queried or verified. 

This entails not only straight 
electronic engineering but 
investigation into the psychology of 
speech perception in bandwidth -limited 
and possibly noisy channels. For 
example, it is a well known fact that 
the recognition of spoken messages in 
the absence of full information depends 
a great deal on the hearer's expectation 
of what is coming. As a Pan Am pilot 
was reported as saying in the 
aftermath of Tenerife, "sometimes you 
think you hear what you want to 
hear ". With the problem of foreign 
accents, one possibility would be to 
explore the use of speech analysis and 
synthesis to reconstruct speech in a 
standard, universally acceptable form 
with audio signal characteristics 
matched to the existing v.h.f. channels. 

The public using air transport 
has a right to demand the best 
communication engineering available 
to secure their safety in flight. It is up 
to ICAO to re- examine the standards 
and specifications laying down the 
communication requirements, which 
may well prove to be set too low. 
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Purpose -built Matrix H decoder 
Modification to variable -matrixing technique 

by Geoffrey Shorter 

Recent work at the BBC's Engineer- 
ing Research Department into decod- 
ing techniques for matrix H has 
centred on the variable- matrix type. 
Initial work on a phase- shifted Sansui 
Variomatrix decoder led to an 
improved variable matrix decoder 
specifically intended for matrix H. 
This article reports some of this 
recent work, gives results of BBC 
appraisals and includes a practical 
design for a decoder. 
Whilst the BBC weekly surround -sound 
transmissions which started recently 
are on a pilot basis it seems unlikely 
that equipment manufacturers will 
commit themselves to producing 
matrix H decoder equipment in more 
than sample quantities. To decode 
these experimental transmissions into 
four loudspeakers, one can use 
decoders for other systems - with 
suitable modifications where necessary 

or construct a purpose -built H 
decoder. Compatibility of H through 
other system's decoders can be pic- 
tured by inspection of the phase - 
a;nplitude or energy sphere, or more 
conveniently its side view. Diagrams in 
recent issues suggest, for instance, that 
a BMX decoder as used in Nippon 
Columbia UD -4 equipment (e.g. Denon 
UDA -100, UDA -300) would approxima- 
tely decode H as it stands. A little 
wideband phase difference (say 20° 
phase lag in the right channel) 
between channels prior to decoding to 
tilt the pan -locus about the left - 
right axis might give an improved 
result. Regular Matrix or Sansui QS 
decoders without the Variomatrix 
addition could also be used given an 
appropriate phase shift, as indeed can 
the Variomatrix type, as pointed out in 
the May issue. 

What this article is about, however, 
is recent BBC work on adapting the 
variable -matrix technique and their 
design given in this article is specifi- 
cally intended for matrix H. It was 
produced by Phil Gaskell and Paul 
Ratliff of the Research Department, 
who have developed it to an extent 
where they say "the shortcomings of 
the variable -matrix technique are rarely 
obtrusive ". They consider the limit of 
performance of H decoders has 

Early laboratory model of Matrix H 
decoder developed at BBC 

not yet been reached, some aspects 
remaining to be optimized, and they 
envisage further developments using 
more complex forms of programme - 
dependent decoding, or delay lines to 
overcome l.f. localization and transient 
.problems. Nevertheless, a useful 
improvement in performance is felt to 
have been obtained compared with the 
phase- shifted Variomatrix approach. 

Three kinds of decoder tested by the 
Research Department are a fixed - 
coefficient H decoder based on the 
four -point equations given later, a 
Sansui Variomatrix decoder with prior 
wideband 60° phase -shift network in 
the right- channel input, and a variable 
matrix decoder designed specifically for 
H. This report starts by giving the 
results of the BBC appraisals, very 
largely in their own words. 

Single- source localization tests 
The fixed decoding gave good overall 
accuracy but images were more diffuse 
than those of the four -channel refer- 
ence (pair -wise mixed material). Unlike 
most other systems the images were not 
unpleasant or "phasey" and were 
reasonably stable with head movement. 
Some comments of "closesness" of 
images were made but otherwise results 
were acceptable. 

The Variomatrix decoder with 
phase- shifted unput gave better overall 
accuracy and sharper images, to the 
extent that results were not significant- 
ly inferior to those of the reference. The 
"closing -in" effect was absent but some 
comments were made that sibilants 
were localized differently to the main 
image, due probably to limitations in 
transient performance of the technique 
used. 

The "purpose- built" H variable -matrix 
decoder gave a further small improve- 
ment in overall accuracy and the overall 
performance closely matched that of 
the reference. Though sibilant effects 
were not completely absent, they were 
much less noticeable. 

Programme tests 
The fixed decoder gave good accuracy 
with multi- source material and good 
tonal quality. It gave an overall pleasing 
sound sensation but was somewhat 
blurred and "closed -in" compared to the 
four -track reference. There was some 
instability of the sound -stage with head 
.movement, and when the listener 
moved out of the central listening area 
the sound -stage collapsed to the nearest 
loudspeaker more noticeably than with 
the reference. Even so, a pleasing 
unoppressive sound Was maintained, 
unlike most other systems decoded 
linearly. 

With the phase -shifted Variomatrix 
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Variable- matrix H decoder circuit based on Sansui Variomatrix 
circuit (page 54 September 1976 issue). See Figs 4, 5 & 6 for input 
phase shifting arrangements. 
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decoder a much more spacious sound 
was produced, generally with good 
tonal quality. Its performance was more 
similar to the reference than that of the 
linear decoder. Occasional sibilant 
mislocations occurred, mainly on 
speech, but these were not too objec- 
tionable. However, with "serious" music 
the ambience was often found to be too 
narrow at the rear of the sound -stage, 
and a narrowing of the front -stage also 
occurred when the main body of sound 
was located in the centre -front region of 
the stage. For complex material sound 
images seemed to be less clearly defined 
than with the reference and there was 
an apparent excess of low -frequency 
energy in the centre of the stage, almost 
certainly due to the left /right blending 
at low frequencies. Some image move- 
ment was detectable, and in particular a 
dominant front sound -stage tended to 
pull forward secondary sound -images, 
located at the rear corners, to appear at 
the sides of the sound stage; but this was 
seldom seriously objectionable. Some 
secondary image wandering could 
occasionally be detected by experienced 
listeners, but none of these deficiencies 
appeared to be severely detrimental. 
This decoder was more tolerant to 
off -centre listening positions, but 
uncomfortably "phasey" effects could 
be detected in some locations for some 
image positions, largely due to the 
limitations of the phase- correction 
circuits. 

The H variable -matrix decoder pro- 
duced a spacious sound of good tonal 
quality, similar to the reference. The 
sound gave the impression of being 
significantly clearer, with a more 
"open" perspective than that of the 
Variomatrix decoder, and was judged to 
be very close to the reference. Am- 
bience- spread in the rear -stage was 
substantially improved, and had a more 
natural tonal quality. Compression of 
the front -stage was much less obvious 
than with the Variomatrix decoder. 
Sibilant effects were hardly noticeable, 
although occasional image movement 
could still be detected. The lack of 
low- frequency energy in the centre - 
stage region, using complex source 
material, was preferred with this 
decoder, and was significant when 
listening for extended periods, the 
sound sensation being more comforta- 
ble. Tolerance to off -centre listening 
appeared to be particularly good, very 
much like the reference and previous 
unpleasant phasey sensations were 
absent. 

A three -way comparison test between 
the phase- shifted Variomatrix decoder, 
the H variable- matrix decoder, with a 
foui- channel tape as a reference was 
arranged after the initial assessment 
period. Nine studio managers from BBC 
Radio Broadcasting Groups were asked 
to assess and rate the two decoder 
performances on a continuous 0- 100% 
quality scale, with the reference neces- 
sarily defined as having a 100% rating. 
The listeners were unaware of the 

decoder options being used. They 
listened to a 30- minute tape contining a 
wide selection of programme items. 
Overall the H decoder was rated as 77% 
as compared to reference, and the 
Variomatrix decoder was rated at 47 %. 
However, this result pertained to tests 
where small differences in performance 
might be expected to be magnified. In 
some earlier tests* where the original 
programme material was balanced for 
the Matrix H system using the modified 
commercial decoder, a much closer 
match was obtained to the reference 
and was considerably better than that 
for other matrix systems tested. 

Variomatrix operation 
In the variable matrix technique deve- 
loped by Ito and Takahashi of Sansui,t 
the location of the dominant source in 
the sound stage is detected in the 
control circuits. To detect whether the 
dominant source is in the front or the 
back stage, the encoded signals are 
limited and passed to a phase detector 
that produces control voltages depen- 
dent on their phase difference. Left/ 
right control signals are obtained as a 
result of measuring the ratio of signal 
levels in the two channels. To 
do this a phase difference of 45° is 
introduced, their sum and difference 
taken, limited and applied to a phase 
detector in a similar way to the front/ 
back arrangement. Sansui claim the 
phase detecting system allows an input 
dynamic range of 1000:1. 

Field- effect transistors convert the 
four control voltages to variable resis- 
tances, placed in such a way that the 
left, right, sum and difference signals 
*Reported in the May issue by P. A. Ratliff and D. J. 
Meares, pages 41 -5. 

tPreprint F -6 at the 42nd AES convention 1972. 

Fig. 2. Variable matrix i.c. for H 
decoding is same as used for QS 
decoding. Ratio of gains 1.28 to 0.94 
is approximately that for QS (1.41 td 1) 
so resistors R30 to R33 can remain 
unaltered. 
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Fig. 1. Separation curves for a left -front 
sound, for both the QS and H variable 
matrix decoders, show improved 
high- separation band. 

are altered in gain, from zero to 1.41 or 
Y2, with a basic matrix value of 0.41, 
prior to final matrixing. 

The cancellations that occur can 
significantly reduce crosstalk for pri- 
mary sound sources; however the 
penalty is that secondary images are 
less well -defined and can be incorrectly 
located. As a result, with the dynamic 
nature of programme, the secondary 
image can sometimes be heard to 
wander. The level of secondary sounds 
can also change, but not usually by 
more than 3dB (total power). 

The phase detectors require a few 
cycles to derive the control signals and 
at low frequencies this is longer than 
the attack time; the audio signals are 
thus filtered with a cut -off at about 
100Hz. Because the control signals 
may vary up to a frequency given by the 
attack time, audio signals below this 
frequency are not controlled and the 
variable matrix action is bypassed to 
prevent severe intermodulation distor- 
tion. At high frequencies control is 
partially bypassed to reduce separation. 
This frequency dependence means 
some correction is needed to maintain a 
uniform overall power response; an h.f. 
attenuation of 1.5dB is applied at the 
input and an l.f. cut of 3dB at the output. 
(Frequency- dependent blend circuits, 
included between front and rear pairs of 
outputs, give low frequency localization 
along the front /back centre line.) 
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The QS Variomatrix decoding equa- 
tions are 
LF = (1 +f)(L- R) +(1 +1) OR 
RF = -(1 +f)(L -R) +(1 +r) 0L 
LB =- j(1 +b)(L +R) +j(1 +1)VIR 
RB'= j(1 +b)(L +R)-j(1+ r) v2L 
j indicating a wideband relative phase 
shift of 90 °. 

For Matrix H decoding with a phase 
shifter and QS Variomatrix, estimates of 
greatest separation can be deduced from . 

the above equations by replacing the 
appropriate term with a phase- shifted 
term, e.g. R L60°. 

Matrix H variable matrix 
Although performance of a modified QS 
Variomatrix is good, according to the 
Research Department, its limitations 
brought about a variable- matrix design 
for direct application to the basic H 
matrix. 

The conjugate H decoding matrix is 

LE' 0.94 / -10° 0.34 / 65° 
RF _ 0.34 / -65° 0 94 / 10° L 

LB' 0.94/ 25 034/ -115° R 

RB 0 115° 0941 -25° 

which w'th a 10° reduction in front 
phase angles gives the following 
outputs from a fixed decoder 

LF = 0.94L / -20° + 0.34R / 55° 
RF = 0.34L / -55° + 0.94R / 20° 
LB = 0.94L / 25° + 0.34R -115° 
RB = 0.34L / 115° + 0.94R / -25° 

For application to variable- matrix 
decoding the equations are rewritten 

LF= [0.94f(L -R. 2,5_) +11.28R/75 °]62Q° 

RF= [- 0.94f(L -R/ 75 °) + r1.28Ijfi5 
L ' = [0.94b(L + R 4_40 -11.28R 4_411_] 15_ 
RB, [0.94b(L + R L.4ü) - r1.28L] 1 -65° 

in which the -20 °, -55 °, etc, phase 
angles are to be applied at the outputs. 
Factors f, b, 1 and r are unity for basic 
decoding. There are five signals 
requiring control, L -R /,5 °, 
L + R / 40 °, R / 75° L, and R / 40 °, 
though six control signals are used in 
the prototype. Predicted separations for 
this decoder are "adequate ", but for a 
comer signal the maximum front -to- 
back separation is 13.6dB, which may 
displace the image slightly. 

Alteration of phase angles 75° and 40° 
is expected to improve this. As Matrix 
H givès good localization without the 
variable matrix treatment the l.f. blend 
circuits are omitted and with no audible 
intermodulation distortion. This allows 
good separation to be maintained 
to a lower frequency, Fig. 1, and permits 
a reduction in the control action, with a 
slight reduction in secondary image 

Fig. 4. Three RC phase -shift chains use 
preferred values for capacitors and 
made -up values for resistors to give 
designed pole frequencies. Use 2% 
metal oxide or film resistors, 2% 
polystyrene capacitors for C1 to C3 or 
5% polycarbonate for large values. 

movement, whilst still maintaining 
adequate separation. (Control action at 
high frequencies is also allowed to 
extend higher in frequency than in the 
QS decoder.) 

Output phase shifters accurate to 

Fig. 3. Decoder arrangement uses 
wideband phase shift circuit to feed 
lower phase discriminator i.c. 
(left /right detector). 

0 
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4kHz were used, with values of shift 
slightly different from those quoted. 
Unlike the input phase shift circuits, it is 
not necessary to hold tight tolerances at 
higher frequencies. Ìn listening tests 
much sharper and better defined images 
are reported with this decoder, and 
slightly less image movement occurred 
than with the phase- shifted Varioma- 
trix decoder. "A greater sense of 
openness and better overall perspec- 
tive" are reported, together with a much 
greater tolerance to listener position. 
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Practical variable- matrix decoder 
One obvious way of simplifying the 
"two- angle" decoder design described 
would be to try and use the same phase 
angles for decoding both front and back 
outputs. This is possible if the decode 

+20V to 24V 

R1 R2 

0° 47k o0 

22° 51k 120k 

67° 120k 51k 

45 66k5 
(use say 

66k5 
68k.$) 

Fig. 5. Summation circuit follows each 
of the three phase -shift chains, with R1 
and R2chosen to give required phase 
difference. For the L L 0° chain, R2 is 
open- circuit. In general use, matrix 
coefficients determine their 
values, =47k /coefficient. 
Adjust RG value for overall unity gain 
in decoder if desired. Resistors R1, R , 

RGare 2% metal oxide or film types. 
(The 45° phase difference is not used in 
this decoder.) 

matrix phase angles are altered a little, 
to give 

LF'= [0.94f(L- RLß7) +I1.28R/67 °1/ -20° 
RF' = [- 0.94f(L -R/ 67°) + r 1.28L] / -50° 
LB = [0.94b(L +R / 67°) -1 1.28R L 67 °]..22 
RB = [0.94b(L +R / 67 °) -r 1.281,1)Z -95° 

where f = b =1=r= 1 gives the basic 
matrix. This uses one value of phase 
shift, 67e, for both front and back 
circuits. Separations for corner sources 
are also improved without significantly 
worsening other locations. This deco- 
der, Fig. 2 & 3, is said to show the same 
favourable qualities as the "two- angle" 
decoder, and the results of a BBC 
subjective appraisal were given earlier. 

The circuit is similar to the Sansui QS 
variable matrix, first published in the 
September 1976 issue of Wireless 
World. Those components that are 
omitted in this design are deleted from 
the components list and most of the 
components that are added have their 
values annotated. 

Care has been taken in the design of 
the phase -shift circuits (Fig. 4). In these 
circuits, what is required are relative 
phase differences over a wide audio 
band. In the input circuits the "0 °" 
shifter is a frequency- dependent phase 
shift circuit whose phase differs from 
that of the "90 °" circuit by approxima- 
tely 90° over a usefully wide band. 
Intermediate values of phase differen- 
ces are achieved with a summing 
network, Fig. 5, one of which follows 
each of the phase -shift chains Trig. 6). 

The RC components of the chain are 
chosen so that the capacitors have 
preferred values; the resistor values are 
made up to give the designed pole 
frequencies. In making up the resistor 
values, generally use 2% tolerance 

'Components 

Resistors '/aW 10%, except those 
,narked which are 5%. 

Rz 8 47k 
R86 680k 

R3 100k R87, 8e 120k 
R4, 1k R89 , 56k 
R5, 6 2.2k 

R91 92 2.2M 
R9 100k 

R93, 94 470k 
R11, 2.2k R95, s6 1M preset 
R1a. 16 68k 
R16_21' 22k R9r 98 1M 

Rz2_2s 15k 
R99, 100k 

Rzs-zs 47 
R9190'1100 

101 
4.7k 

R3o-33 1.2k 
R102 2.7k 

R35 36 120k R1o3 104 12k 

R37 38 27k 8110 
680k 

R43, 4a 27k R111 112 330k 
R Rn3 

114 120k 
s, 63 4.7k 

Rsz 64 100k R1,s 11s 330k 
R65, 67 4.7k R17-1zo 1 20k 

R65, 68 100k R121-124 56k 

R11 7z 220k R1zs 1z6 1.5M 
R73' 75 680k R1z7 1za 1M preset 

R7a 7s 330k R129 130 330k 

R7a 33k 1, 
132 1 M 

Reo 83 270k R133 10k 

R81 84 120k R134 135 100k 

R82' es 390k R137, 138 15k 

Capacitors: Types E are electrolytic, PC 
Siemens B32540 polycarbonate, PS 30V 
polystyrene. Those marked ' should be 5% 
tolerance. 

C2, 5 3.3a E 
C78 33a E 

C4, 1 a E C a 7 C79, 80 4.7 a E 
C8, 

12 100µ E(10V) C81_e4' in PC 
C9, 10 100p PS C85, e6 4.7a E 
C11, 73 47a E(10v) C87 6.8n PC 
C 14-17 3.3n PC Cea 89 1 E 

C18 47a E(10V) C90 s1 5.6n PC 

C19-22 10a E(10V) C92 33n PC 
C2a_27 470p PS C94, 

93 

2.2n PC C28, 29 33n PC 94 95 

C3r 33 33n PC 
C40-43 la E 
C44_47 3.3a E 

Caa as ln PC 
C51 5z 330p PS 
C53. 5 3.9n PS 
C58-61 4.7a E Semiconductor devices 
C62 33a E 

C63 6.8n PC IC, HA1328 Hitachi 
C6d 65 5.6n PC IC2, a HA1327 Hitachi 
C66' 67 10n PC IC3 HD3103P Hitachi 
C68 69 2.2n PC Tr,, Tr2 BC214K 
C70, 71 33a E Remainder BC109, BC209A 
C72 10a E D1-D4 1N4148 

L 

o° 
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Fig. 6. Input phase difference circuit 
arrangement provides 67° shift and 
22° for left /right phase discriminator. 

components; but in situations where 
only a small percentage of the total 
value is being added a higher tolerance 
is permissible. 

Output phase shifters accurate to 
4kHz were used, with values of shift 
slightly different from those quoted. 
Unlike the input phase shift circuits, it is 
not necessary to hold tight tolerances at 
higher frequencies. 

They are made two -stage circuits to 
avoid image displacement, blurring, and 
possible increased audibility of wander- 
ing; the BBC feel the extra complication 
is easily justified. The values are slightly 
different from those given in "two -an- 
gle" decoding because of the different 
base matrix (there was little difference 
reported subjectively between the base 
matrixes). 

Setting up the decoder 
The phase and level differences required 
for setting up are as follows. Start by 
setting potentiometers to their mid -po- 
sitions. i Generate a centre -front sound of 
1kHz, 300mV from equal -level, 48° 
phase difference tones (left leads right). 
With this input adjust b control for 
a front -back separation of about 15dB 
(figures can be up to 5dB more or about 
3dB less). 

For a centre back sound, apply 
equal -level inputs of 300mV at 1kHz and 
a phase difference of -90 °. Adjust f 
control for a front -back separation of 
15dB. 

i For a left -front sound (1kHz) 
use a level difference of 8.8dB (L /R) 
and + 75° phase, and adjust I control for 
16dB separation from left front to left 
back. i For a right -front sound, -8.8dB and 
+75° difference, adjust r control for 
about 16dB separation from right front 
to right back. 
To make this alignment procedure 
easier the BBC say they will produce a 
special test disc. 

a continued on page 78 

See page 78 for component suppliers for 
the decoder and acknowledgements. 
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News of 
the Month 

Engineering enquiry 
"definitely on" 

An enquiry into the engineering 
profession will be announced "shortly," 
possibly in a matter of weeks, according 
to sources in Whitehall and Westmin- 
ster. Pressure for such an enquiry has 
been building up for more than a year, 
following the dispute among the 
members of and with the Council of 
Engineering Institutions (see Wireless 
World, October 1976, p.46.) As long ago 
as September 1975 the then Prime 
Minister, Harold Wilson, told the 
chairman of the Commons Select 
Committee on Science and Technology 
that the structure of . the engineering 
profession needed "public attention," 
yet nothing has been done. 

Meanwhile pressure has been build- 
ing up from some of the professional 
institutions, (see Wireless World, April 
1977, p.53), and the unions. At its last 
conference the TUC called for an 
enquiry and, at the end of March, Mr 
Eric Varley, the secretary of state for 
industry, received a letter from Mr Stan 
Davison, assistant general secretary of 
the Association of Scientific, Technical 
and Managerial Staffs, to remind him of 
the TUC resolution. "We are very 
strongly in support of the demand for 
the setting up of such an enquiry," the 
letter went on. 

A week earlier Mr Varley had 
received a strongly -worded letter from 
the general secretary of the Institution 
of Professional Civil Servants, Mr 
William McCall, who said he was 
"dismayed" that there was no sign of 
any progress towards the solution of 
major problems affecting the engineer- 
ing profession. "We have now come to 
the conclusion that the only method 
likely to lead to early progress lies 
through a major public enquiry, 
preferably by a royal commission, into 
all aspects of recruitment, education, 
training and standards and qualifica- 
tions of engineers, including the 
question of registration." The govern- 

ment must "intervene decisively." 
By Whitehall standards the import- 

ance of a subject is normally measured 
by the prestige of its scrutineers, the 
highest honour being a grilling at the 
hands of a royal commission headed by 
a high court judge. That is why even 
Arthur Palmer MP, head of the Science 
and Technology Select Committee, is 
hoping that that committee will not be 
the enquirer. If the profession were to 
learn that it rated only a Commons 
committee the news would deal a body 
blow to whatever remnants of pride the 
engineers had left even before it started. 

Engineering circles do not expect to 
get their Royal Commission, but they 
expect an independent enquiry on 
which will be represented industry, the 
unions, academics and the institutions 
themselves. There is some disappoint- 
ment that the industry department is 
still delaying, notably until after the 
British Association has produced a 
report it is preparing on the profession, 
but it is now considered a sine qua non 
that the terms of reference should allow 
a critical study of the Council of 
Engineering Institutions. 

Local radio frequencies 

The BBC are against the Arman 
Committee's proposal to take local 
radio away from them and ILR and put 
it in the hands of a new, separate 
authority (see report on Annan in this 
issue). Apart from their social, econo- 
mic and organizational reasons already 
reported, the BBC disagree with 
Annan's contention that there are not 
enough frequencies for BBC and 
commercial local radio to compete. 
"Our engineers think the Annan 
Committee have got it wrong" declared 
Sir Michael Swann, the Corporation's 
chairman, at a press conference. There 
are enough medium frequencies, it is 
claimed, to provide 65 BBC stations in 
England, and for both BBC and IBA 
local radio to develop throughout the 
UK. " ... The dual system of BBC local 
radio and commercial radio could be 
extended so that the BBC could operate 
about 85 local radio stations on low 
power m.f. (65 of them in England) 
giving coverage of about 94% of the 
total UK population by day, as well as 
the IBA taking up all 60 options it has 
proposed. The BBC and the IBA could 
each operate 45 to 55 of these stations 
on v.h.f. as well." 

Recently the BBC said it wanted to 
set up an additional 45 local radio 
stations in England. At present 20 
stations cover 74% of the population of 
England. The further 45, serving 
smaller communities, would provide a 
local radio service in areas not covered 
by these 20 stations. In March the 
Corporation produced a list naming 26 
of the proposed new 45, and in April it 
named the remaining 19 possible areas. 

These are Blackpool, Bournemouth, 
Bradford, Burnley, Chester, Crawley, 
Doncaster, Eastbourne, Hereford, 
Huddersfield, Isle of Wight, Lancaster, 
Portsmouth, Reading, Salisbury, Sun- 
derland, Tunbridge Wells / Tonbridge, 
Whitehaven and Wigan. 

Howard Newby, managing director 
of BBC Radio, has said that three 
people and a secretary can run a small 
local radio station. 

Electronic aid for road 
traffic 

Seven European countries have signed 
an agreement to participate in a 
research project to devise a standard 
system of electronic road traffic aids. 
The project is being organized by the 
Committee on European Co- operation 
in Scientific and Technical Research 
(COST), of which 19 countries are 
members. The aim is "to develop 
techniques for common control and 
realtime management of traffic on 
major roads throughout the participat- 
ing countries in the hope that this will 
result in smoother, more accident -free 
driving." Those who have signed so far 
are the UK, Belgium, Germany, France, 
Austria, Switzerland and Finland. Yu- 
goslavia and Italy are expected to sign 
shortly. 

The European commission proposed 
to the Council of Ministers in mid - 
March that the EEC should participate 
in aspects of the project of concern to 
the community. It will enable signa- 
tories to co- operate closely in research 
and development in their laboratories 
and "could result ", says the Commis- 
sion in a statement, "in the setting up of 
a European system which, suitably 
standardized, would guarantee that a 
driver enjoys the same services what- 
ever his route, in those countries which 
have adopted the system." 

Traffic on inter -city roads in the 
community in 1970 was seven times 
what it was in 1950. In ten years the 
number of vehicles crossing frontiers 
increased to 71/2 times the initial figure. 

Nine working parties have been set 
up in connection with COST 30, as the 
project is called, to co- ordinate research 
in various areas. Among these are the 
automatic or manual detection of 
accidents; improvements in weather 
forecasting; a study of relaying aural 
information to drivers both regionally, 
so that the information is available both 
at home and in the car, and locally, 
conveyed only to those drivers affected 
by local occurrences; a similar study for 
visual information, telling drivers at 
each junction the best directions for a 
given route, for example the develop- 
ment of variable roadside signalling 
techniques;' and three other 'subjects 
concerned with traffic management, 
various road information systems and 
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requirements, and the language used in 
conveying information. 

The agreement comes into force once 
five countries have signed, and lasts 
three years. After two years the man- 
agement committee co- ordinating the 
working parties will decide if there 
should be public trials. (See Wireless 
World, December 1976, p.47). 

Cellular mobile radio 
going ahead 

America, Japan, Tehran, Scandinavia 
and Germany are going ahead with 
cellular multiple access radio telephone 
systems. In the US a battle is being 
fought between American Radio Tele- 
phone Service Inc (ART) and Illinois 
Bell to win acceptance of their system 
as the standard, a decision which the 
FCC have said, in docket 18262 issued in 
1971, must be reached by January 1, 
1979. In the UK the Home Office is 
holding fire until the 1979 WARC 
conference nine months later, though 
the subject was covered in the Warden 
report on private land mobile radio 
services. 

Warden outlined two possible 
multiple access systems. In the first, 
now used in one form by the Post Office, 
a central base station covers one area 
and can operate on all channels at once. 
The subscriber is given a choice of 
operating channels, but these are 
allocated either manually or automati- 
cally from a central point. 

The cellular system uses a number of 
low power stations, each covering a 
limited area. "The area to be covered is 
divided into a number of cells, each cell 
having at its centre a fixed transmitter 
receiver installation, usually but not 
necessarily having a multichannel 
capability. Every fixed station is linked 
back to a central control point, at which 
is located a computer which assigns 
channels within each cell according to 
demand from the mobiles being served." 
Such á system saves spectrum space 
because a radio channel or group of 
channels can be used repeatedly within 
a given geographical area. Warden goes 
on to describe in detail a 52 -cell system 
covering the London area suitable for 
39,000 mobiles. 

At the moment the leaders in America 
are ART. Illinois Bell first had their 
application to run an experimental 
system refused by the FCC and, now 
that the FCC have decided, on March 3, 
to accept it, an appeal against the 
application has been made by the 
National Association of Radiotele- 
phone Systems (NARS), the FCC told 
Wireless World. The action will not 
affect Bell's plans, however, unless the 
court rules in favour of the appeal and 
takes action. 

Although ART's application to run a 
system in the Washington, Baltimore 
and Northern Virginia area has been 

filed but not yet accepted, it probably 
will be accepted without a hearing. No 
date has been fixed for an ART hearing 
though Bell had to submit to one on 
February 28. 

NARS is an association of indepen- 
dent common carriers who are normally 
in competition with the major tele- 
phone companies, like Bell. It appears 
that most of the opposition to the Bell 
application has come from those com- 
mon carriers operating in the Chicago 
area, where Bell also operate the 
telephone service and now want to 
operate radiotelephones as well. Mo- 
torola, whose system ART will operate, 
are not common carriers. But ART, who 
operate the Washington area, took their 
system up. 

Like all the others the ART system, 
called Dynamic Adaptive Total Area 
Coverage (Dyna TAC), is based on 
hexagonal cells. At first four directional 
aerials will each cover one hexagon, 
each hexagon to contain six triangles 
each representing an area using a 
different frequency, and each covered 
by the same directional transmitter. The 
transmitters of the four hexagons will 
be 19 miles apart, enough to allow the 
re -use of frequencies. ART will start 
with one large hexagonal cell but the 
size of the additional cells will be 
smaller to allow for differences in 
population density. The largest hexa- 
gons will be about 11 miles in radius, 
Motorola vice president Martin Cooper 
told Wireless World, and the size of the 
cells will then reduce to a cell made of a 
triangle 51/2 miles on each side. The 
system will eventually have 32 cells of 
these varying sizes. After that, more 
growth will be possible by increasing 
the number of transmitters in each cell, 
an extra transmitter adding another 22 
subscribers. Every one of the 32 cells 
will have 48 simultaneous channels. 
With 51/2 mile triangles the capacity will 
be 32,000 subscribers. 

The ART application covers 48 base 
stations, seven signalling stations, up to 
100 portable radio units, 55 aerials and 
seven aerial towers. ART have signed a 
$2.5 million contract with Morotola for 
he fixed part of the system, including 

the $'/4 million ART will have to pay the 
FCC during the experimental stage. 

On January 1, 1979 the commercial 
service can begin with 1,000 units using 
12.5MHz of the 40MHz the FCC has set 
aside for private dispatch cellular 
systems in the 800MHz to 900MHz 
region. That will be enough for the 
32,000 subscribers, and the full 40MHz 
will be enough for 129,000. Another 
75MHz has been allocated to public 
correspondence systems. According to 
the application the heart of the system 
is the distributed terminals using digital 
switching. 

The Illinois Bell system, according to 
Motorola, does not cover portable units, 
needs more base units, and needs 
greater distance between transmitters. 
Channel spacing was at first 40kHz but 
has now been reduced to 30kHz. Mo- 
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torola also use 30 kHz but have moved 
up from 25 kHz. 

An experimental 800MHz system 
developed by a Japanese consortium is 
operating in Tokyo. The Tehran system 
also uses 800MHz, but the Scandina- 
vian, and Australian systems use a 
'450MHz carrier. The Japanese have 
nearly finished their experiments and 
are set to sell their system abroad. One 
of the reasons given for holding back in 
the UK is that the Home Office could 
not make a new radio telephone system 
acceptable to users because of the 
capital cost involved, unless the Home 
Office were subjected to a great deal of 
pressure from the manufacturers. 

Warden points out that, unlike in the 
US, these 900MHz frequencies may be 
used to extend the national coverage of 
tv broadcasting. However "we cannot 
see any particular magic in the use of 
frequencies in the 900MHz band, so that 
from a purely national point of view 
there is no reason why such systems 
cannot be accommodated in other 
bands not very far removed from those 
which have served land mobile radio for 
years." 

Autodialling telephones 
to be given field trials 

The Post Office, having successfully 
completed a technical evaluation of 
Pye TMC's autodialling telephones, has 
placed initial orders for 2,000 
47 address Key Callmakers and 1,500 
10- address Instafones to be used in field 
trials. The 10- address units, which are 
suitable for the domestic market, will be 
used in the field by subscribers in the 
Glasgow and Bristol areas for a period 
of about six months. These trials will 
start in August or September this year. 

The Key Callmaker provides storage 
for up to 47 telephone numbers, each of 
up to 18 digits in length. A keypad is 
provided for storing these "most 
frequently -used numbers" and for 
normal dialling. Dialling any one of the 
stored numbers is achieved automati- 
cally by pressing one key only. A "try 
again" key is also fitted so that any 
number previously manually dialled 
can be recalled any number of times by 
pressing one key only. The Key 
Callmaker also has a "waiting ampli- 
fier" and loudspeaker which, in con- 
junction with an automatic dial tone 
detection facility, provides the caller 
with an audible signal enabling the 
progress of the call to be monitored, 
and keypad calls to be made, without 
lifting the handset. 

A similar unit, the Multicall, has been 
manufactured for the overseas market. 
All of the autodialling telephones are 
built using metal- oxide -silicon l.s.i. 
circuits which have been purpose -built 
by PYE TMC. 

For the overseas market, prices are 
expected to be about £20 for the 
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Multicall and about £65 for the 
Instafone. Post Office rentals would be 
about £30 per quarter for the Key 
Callmaker and about £7 per quarter for 
the Instafone, in addition to a £5 fitting 
charge and the normal telephone 
charges. 

Set makers clobbered 

In a speech to the Radio Industries 
Club at the end of March Capital Radio 
managing director John Whitney said 
that he found it "almost inconceivable" 
that the market in radio receivers as 
measured by the British Radio Equip- 
ment Manufacturers' Association had 
declined from 6.7 million sold into UK 
shops in 1973 to 3.8 million in 1976. "This 
is the more inexplicable since Indepen- 
dent Local Radio's audience surveys tell 
us that the highest proportion of people 
who listen to the radio regularly are of 
the younger age group - from 15 to 35 - 94% across a week, and they listen for 
more than 20 hours each on average." 
This group, he said, was likely to have a 
little more money to spend, and was the 
group more likely to own or want to buy 
a v.h.f. set. "The opportunities, surely, 
for expansion are enormous." 

He quoted the remarks of "the sales 
director of perhaps the largest multiple 
chain store in the country," who 
"accused the set manufacturers of 
living in the past, of not moving with 
the times, or not seizing the opportuni- 
ties that presented themselves, of a 
failure to recognize a new market trend 
or to back the development of a new 
service such as ILR." While calculators 
had dropped in price from an initial £80 
to £4.60, and digital watches had 
dropped over £40 to £14 or less in two 
years, there was no sign of a 
miniaturised pencil v.h.f. radio, or a 
wristwatch radio. "Why, he asked, were 
the opportunities not being seized to 
take advantage of the enormous growth 
in radio listening ?" (See "Radio in the 
'80s," Wireless World, May 1977.) 

The same view was reflected in a 
little- noticed section of the Annan 
report, on reception problems. Annan 
cited a Consumers' Association report 
which found that v.h.f. sets çost 
between £55 and £80 at today's prices, 
but were difficult to tune. Both the CA 
and the BBC had advised greater use of 
pushbutton tuning. BREMA had replied 
that the sets would be too expensive to 
produce. 

The committee also found that more 
attention needed to be paid to 
selectivity, meaning the capture ratio 
"and not least the ultralinearity of r.f. 
stages rather than mere insistence on 
sensitivity which is the principal 
criterion quoted by manufacturers." 
Annan also referred to the "melancholy 
statistics " showing that BREMA's 
estimate of the average life of a portable 
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Radio communication equipment will play an important part in the Colombian 
Amazonas Expedition later this year. The British Army is giving logistical support 
to this scientific expedition and they will be taking with them six Plessey PRC320 
sets (seen here), part of the British Army's Clansman system, to maintain 
communications between a base camp at Ara Acuara and four exploration teams. 
They will also provide a link through to the main base in Bogota. Plessey 
headquarters at Ilford, Essex, will try to keep in touch with the expedition by h.f. 
radio. In addition the expedition hopes to obtain a local amateur licence and in this 
case will be calling from the jungle on 14.25MHz. Readers may like to listen for 
them. 

radio was five years, and that British 
firms only made 8% of the radio 
receivers sold in the UK. "We believe 
that if British manufacturers took a 
more aggressive stance and pressed 
ahead with developing adequate, easily 
tunable v.h.f. radio receivers for sale at 
acceptable prices, they might recapture 
a portion of what is evidently a large 
market." 

Annan also dealt with the sound 
quality of tv sets. "BREMA told us that 
the public were not willing to pay for 
better quality sound ", and the rental 
companies reported complaints from 
customers that television sets had "too 
many knobs to twiddle with ". BREMA 
also said that adding a socket to replay 
tv sound through an audio system was 
difficult but that "new techniques were 
emerging" to make this easier. "They 
expected the practice of fitting external 
speaker sockets would become more 
common in a few years' time." Annan 
said nothing about the presence of 
outlet sockets in Japanese sets, many 
models having had them for years. 

BREMA told Wireless World that the 
decline in the radio receiver market 
could be statistical, in that many radio 
sets were now combined with a cassette 
recorder or some other device. And Jack 
Dickman, chairman of Fidelity Radio, 
has launched an as yet one -man 
campaign to make the industry look 
more go- ahead. Writing in Electrical & 
Electronic Trader on April 1 he said, 
"After one of the bleakest periods in the 
history of radio manufacture, when 
retail sales between 1975 and 1976 
dropped from 4,255,000 to 3,640,000 sets, 
there has been a remarkable recovery 

during the last three months." 
In a statement he said they had made 

19,000 in March last year, 38,000 this. 
"By keeping overheads down to an 
absolute minimum, by constantly 
improving our techniques, and by 
maintaining a scrupulously efficient 
buying department we are now proving 
that British companies can beat imports 
from Malaysia, Singapore, Taiwan and 
Korea ... It is a myth about the so- called 
supremacy of Far Eastern radio 
manufacturers. The truth is that they 
produce designs which don't take 
account of national preferences, they 
seldom include long wave . . . and 
whenever thera's a big new demand in 
the United Stares (for citizen's band 
radio for instance) they immediately 
switch production and leave European 
customers out in the cold." 

Whether this is technically- blinkered 
complacency or well- founded optimism 
remains to be seen, but the British 
makers will have to go a long way to 
compete with their West German 
counterparts, who have only had to 
suffer imports of 36% of sets in 1976, that 
an improvement of 3% on the previous 
year. Better news is that Dickman also 
warned against British companies (hé 
didn't name them) that bought from 
cheap- labour countries and stuck their 
own labels on the products. "An 
increasing number of qualified elec- 
tronics engineers and industrial 
designers are either not finding jobs or 
are merely acting as shopkeepers for 
Far Eastern goods. If this continues we 
won't have any good personnel two 
years from now; and then we'll really be 
at the mercy of the Far East." 
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World of 
Amateur 
Radio 

Amateur radio at the 
Smithsonian 
A visit to Washington, DC, gave an 
opportunity to see the amateur radio 
station, NN3SI, which forms an exhibit 
at the "A Nation of Nations" display at 
the Smithsonian Institution's National 
Museum of History and Technology. In 
a set up not unlike our own GB2SM at 
the Science Museum I found a volunteer 
operator, John Swafford, W4HU, busy 
chasing DX at one of the two 
independently operating consoles (h.f. 
and v.h.f.) with Collins, Drake, Yaesu 
and many other firms represented in the 
display. 

Other visitors that day included a 
New York family with husband, wife 
and son all holding amateur licences, 
and whose car was equipped with both 
amateur and Citizens' Band equipment. 
It was interesting to find general 
agreement that although CB does cause 
problems to amateur radio it has proved 
a contributory factor to road safety. 
Indeed only that morning the New 
Yorker had been able to help a truck 
driver by telling him by radio that one of 
his tyres had caught fire! Broadcasters 
are less enthusiastic, fearing not only a 
significant loss of audience but also 
suffering considerably from harmonic 
interference to Channels 2 and 5. FCC 
are shortly to publish a handbook on 
television interference as it is recognis- 
ed that many service engineers (includ- 
ing those specialising in the repair of CB 
equipment) and the general public have 
little idea of the causes and cures of tvi. 
Another talking point is the curious 
legal situation which has arisen this 
year and prevents the FCC from 
collecting any fees for amateur, CB and 
even broadcast licence fees. 

There were also some red faces in the 
FCC when it was found that a novice 
licence examination had a circuit error 
that made it impossible to answer the 
question. 

From all quarters 
Novice licences have now been intro- 
duced in New Zealand with the first 
examinations last February including 

rudimentary theory, a "regulatory" 
paper of similar standard to the existing 
licences and a 6 words -per- minute 
Morse test. Transmitter power is limited 
to 10 watts d.c. input between 3525 and 
3575 kHz, crystal -controlled and with 
both c.w. and a.m. (including s.s.b.) 
operation permitted. 

Colloquia on amateur radio topics 
organised by our professional institu- 
tions are rare and it was a pity that more 
advance publicity was not given to the 
"Recent developments in amateur 
radio" event held by the IERE 
Communication Group in association 
with the RSGB at The Royal Institution 
recently. As a result only about 30 
people watched the enthusiastic pre- 
sentations on "Microwaves" (Dr Dain 
Evans, G3RPE), "Amateur Radio 
Satellites" (Pat Gowen, G3IOR and 
Martin Sweeting, G3YJO), "Image 
Transmission" (Grant Dixon, G8CGK) 
and "Repeaters and Mobiles" (R. 
Powers, G8CKN). 

The University of Lancaster Amateur 
Radio Society is to hold another of its 
popular North -west Amateur Radio 
Conventions at Lancaster University on 
September 17 -18 with lectures, trade 
stands, films, constructors' competition 
etc. (details R. J. Scott, G4EGE, c/o 
Physics Dept, University of Lancaster, 
Lancaster LA1 4YB). 

A joint BATC -RSGB meeting, toge- 
ther with local groups from Luton and 
Birmingham (Macclesfield also showing 
interest), has discussed the question of 
amateur television repeaters with 
outputs in the 1215MHz band. Three 
channels, with outputs 40MHz higher 
than the incoming signal have been 
designated, although initially the Luton 
atv repeater may have its input 
frequency in the 432MHz band. The 
repeaters will be suitable for '625 -line 
System I transmissions and it is 
intended that these particular repeaters 
would not be available for other modes 
of operation. 

Beacons and bands 
A new beacon station, A9XC, on 
28.245MHz located at Bahrein operates 
between 2100 and 1300 GMT daily and 
should prove a valuable guide to 
28MHZ conditions during the increas- 
ing sunspot activity of the next few 
years. Frequencies of existing 28MHz 
beacons are gradually being changed to 
above 28.2MHz to avoid interference to 
American novice transmissions which 
should be audible in Europe if the latest 
forecasts of a high maximum peak of 
sunspot cycle 21 prove well founded. 

ZS5VHF at Alverstone, near Durban, 
is the first of a series of South African 
v.h.f. beacon stations; it opened 
recently on 144.925MHz. A beacon at 
Mbabane, Swaziland, 3D6AX, is operat -. 
ing on 144.735MHz from á site 4500ft 
above sea level. 

The 1296MHz beacon, GB3AND, at 
Andover will increase power to 40 watts 
if authorisation is obtained. The number 
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of operational u.h.f. repeaters in the 432 
MHz band in the UK may soon reach 20. 

Arthur C. Gee, G2UK, has recently 
taken over editorship of Oscar News, 
the journal of AMSAT UK which 
provides detailed information for users 
of the Oscar satellites. Oscar 8 (Oscar 
Project A -O -D) is now expected to be 
launched around November 11, 1977 as 
a piggy -back package on a Landsat 
weather satellite. Projected orbit is 500 
to 550 miles high so that maximum 
range through the satellite is likely to be 
about 4000 miles, rather less than for 
Oscar 6 and 7. It will carry an 
American -built 145 to 29 MHz transpo- 
ser and a Japanese -built 145 to 435 MHz 
unit. The telemetry beacons will be on 
29.4 and 435.095 MHz. Maximum power 
needed to work through Oscar 8 should 
be 100 watts effective radiated power. 

After an absence from the band of 
some years, I recently put a transmitter 
on the 1.8MHz ( "top band ") band and 
was surprised to find so much European 
activity in the evenings: Czech, 
Yugoslav, Dutch, German, French 
stations etc. in considerable numbers: a 
very different situation from a few years 
ago when most operation on this band 
was strictly inter -G or the valiant early 
morning efforts to get across to North 
America. 

In brief 
The Bromsgrove amateur radio club 
intends to issue a special "Silver 
Jubilee" award to amateurs contacting 
25 of the Jubilee "GE" stations which 
must include the Bromsgrove .club 
callsign GE3VCG,oneother Bromsgrove 
club station and any 23 other "Ge" 
stations (details from G8KLO, with 
stamped addressed envelope) ... Ulrich 
L. Rohde, DJ2LR, president of Rohde &, 
Schwarz Sales Co. and well -known 
writer of amateur radio technical 
articles has recently been elected 
Professor of Electrical Engineering at 
the University of Florida (Gainesville) ... June mobile rallies include Maids- 
tone on June 5; Longleat and Elvaston 
Castle on June 12; HMS Mercury (Royal 
Navy amateur radio society) on June 19 
. . . The RSGB's National Field Day 
(h.f.) is on June 11 to 12 ... Richard 
Thurlow, G3WW, estimates the number 
of s.s.t.v. operators at about 3000, 
including many now using scan 
converters to permit display of 
slow -scan images on normal domestic 
tv sets. He points out that the new UK 
licence requires voice or c.w. station 
identification before and after each 
s.s.t.v. transmission and during every 15 
minutes thereof ... The Northern 
Mobile Rally of the Otley Radio & 
Electronics Society is at The Victoria 
Park Hall, Keighley, on May 22 ... A 
fine of $1000 was imposed recently in 
Anchorage, Alaska for unlicensed CB 
operation after FCC engineers had spent 
some two years in investigation. 

PAT HAWKER, G3VA 
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Date display, BST switch 
and alarm 
Add on circuits for the time code clock 

by N. C. Helsby M A. University of Essex 

This article describes a decoder which 
enables the self setting time code clock, 
Wire less World August 1976, to display 
the day and month and automatically 
switch the GMT/ BST converter. A second 
circuit provides an alarm facility which can 

be programmed with thumb wheel 
switches. The complete design offers an 

alarm clock and calendar of unquestioned 
accuracy, 1 second in 3000 years, which 
never requires settting and which takes 

care of leap seconds, leap years and 
British Summer Time automatically. 

The 60kHz Rugby MSF transmission 
now includes date information in 

addition to the established time of day 
code. A British Summer Time bit is also 
encoded as well as a further parity 
check on the date information alone. 
The hours and minutes are transmitted 
as previously and are complete 200ms 
after the minute edge as shown in 

waveform A of Fig. 1. Date information 
is in the same b.c.d. format and follows 
on with the carrier representing a 1 and 
no carrier a O. A logic 1 is also 
transmitted in the BST slot if British 
Summer Time is in operation. 

The wide range of c.m.o.s. integrated 
circuits has made their choice attractive 
for this part of the design. They enable 
power saving and interface easily with 
existing t.t.l. circuitry. The three input 
signals required are available from the 
edge of the existing seconds -counter 
p.c.b. without any dismantling. Wave - 
forms obtained at these points when 
decoding takes place are shown in Fig. 
1. A and F are shown in the inverted 
form. 

Circuit description 
Data arrives serially and is assembled 
into parallel form to drive the displays. 
The data is clocked into a shift register 
composed of IC1 and ICZ see Fig. 2, in a 

similar fashion to the time -code part of 
the clock. A 100Hz oscillator is required 
to start at the moment the time decoder. 

Fig. I Waveforms from the date 
decoder circuit. The three input signals 
are taken from the time decoder of the 
original clock. 
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100Hz clock stops so, in order to avoid 
any modification to existing units, a 
separate clock generator is used. A 

c.m.o.s. astable multivibrator is used, 
which incorporates gating, provides an 
oscillator output, and the oscillator 
output divided in frequency by two. The 
positive edge of the waveform G, 
obtained from the time -decoder, repre- 
sents the starting point and is used to 
clock a D -type flip -flop IC3 (a) which 
enables astable IC4. The resulting 
oscillator output is shown in Fig. 1 

together with the Q output, which is the 
half -oscillator- frequency waveform. 
Gating by IC2 (a)(b), and spare inverter 
IC8(a) is used to generate the NAND 
function of these two waveforms to give 
the signal P, which has a positive edge 
delayed by 2.5ms for the parity checking 
circuit. 

The positive edge of the Q output 
clocks data A into the shift registers and 
clocks a pre -settable counter IC5. This 
i.c. counts down from the previously 
pre -set count, which is determined by 
the state of the "jam" inputs at the time 
of the preset enable signal shown as F in 
Fig. 1. When the counter reaches zero 
on the arrival of the fourteenth positive 
clock edge, the "carry out" terminal 
goes low. This signal is NOR gated with 
the clock Q to produce L so that when Q 

also goes low 5ms later, IC3 is reset, 
which stops the astable. This happens 
5ms after the last active clock edge, and 
the positive edge of L clocks the JK 
flip -flop IC (b). The purpose of this is to 
provide a "latch enable" signal or 
otherwise, for the display decoders. 

Parity checking 
The new parity bit refers only to the 
date code and does not include the BST 
bit. The transmitted parity bit is such 
that the signal always contains an odd 
number of Is. Just before the arrival of 
the date at the minute, the signal F 

pre -sets the counter, resets IC3(b), and 
sets IC (b). The D type flip -flop IC3(b) is 
used to determine the start of parity 
checking by setting IC (a) when the 
counter output Qc first goes low as the 
count of I1 is reached. The positive 
transition of IC3(b) is differentiated by 
C2 R5 to provide a pulse which sets the 
parity checking JK flip -flop ICS(a). The 
Q output of this device is set high by the 
pulse and changes state for every 1 

present at the J and K inputs which are 
connected to the signal A. The Q output 
of ICs(a) should finish low because of 
the odd number of 1 s. If an even number 
are received the Q output remains high, 
which is indicated by a l.e.d., and 
inhibits the display of the code. 

When the latch enable signal is high, 
the display decoders store the informa- 
tion that was present just prior to the 
high. The Q output of IC6(b), which is 

connected to the latch enable inputs, is 

set high before the entry of the new date 
code, and is clocked 2.5ms after the 
completed parity check by the positive 
edge of L. If an error is detected, IC6(b) 

IC, 

A Data 

Q1 02 03 04 BQ1 Q2 03 04` 

To 
i pin 5 

1 2 4 8 1 2 B.S.T. i.c.8 

10's of Day 10's of 
months days 

Fig. 3. Outputs of IC1 when the 
simplified display is used. 

aluminium 
screen 

seconds 
counter 

decoder 

GMT to 
BST 

converter 

Fig. 4. Output from the original clock 
module. A sixth connection is made 
from the date decoder board to the 
GMT /BST converter for automatic 
switching. 

JK inputs are low inhibiting any change 
on receipt of the positive edge of L. The 
Q output remains high until the next 
minute which prevents information 
from being displayed when a parity 
error is indicated. Entry of the date code 
at each minute does not require display 
blanking because the displays are 
latched to the stored code from the 
previous minute and do not display the 
new code until it has been validated. 

To display only the day number 
without a parity check and register the 
BST information, shift register IC2 and 
others parts may be omitted by simply 
pre- setting counter IC5 with the binary 
equivalent of 9 instead of 14. A pre -set 9 

requires 1001 at the "jam" inputs which 
is achieved by taking pins 12 and 13 of 

to pin 12 

IC6b 

10011 
6.3V tant 

OV 

+1 

germanium 

Fig. 5. Modification to the existing 
time -decoder circuit (Wireless World, 
Aug. 1976, p.49, Fig. 4). This addition 
prevents retriggering if the 13 bit 
date -code appears the same as the 
time -code. 
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the counter to OV instead of +5V, and 
pin 4 to + 5V instead of OV. The day is 

then strobed into IC i and indicated by 
what are normally the month displays. 
Pin 1 of IC10 must be connected to pin 11 

of IC,, instead of OV, to obtain the full 
code for tens of days, and segment "g" 
of the display does require a drive 
resistor in this case. The BST bit now 
appears on pin 2 of IC i which may be 
linked to the appropriate vacant hole 
for pin 13 of IC2. Finally, the "latch 
enable" line is wired to the "carry out" 
terminal of IC5 so that the displays do 
not flicker when the new information is 
entered into the shift register. In 
addition to IC2, s, and 12, C2, R5, sand y, 

the segment drive resistors and displays 
normally used for days and tens of days 
may all be omitted for this scheme. Fig. 
3 shows the outputs obtained from IC1. 

Stability 
The control range of R38 has been 
deliberately limited to about ±9% so 
that accurate setting may be achieved. 
The initial adjustment for any 4047 may 
vary by ±4% from the norm which 
leaves ±5% adjustment for capacitor 
and resistor tolerances. A metallized 
polycarbonate film capacitor is recom- 
mended which is superior to polyester 
film, and it is suggested that R4 is a 
metal oxide type, selected on test, if 
sufficient control range is not available. 
The time -code 100Hz clock is required 
to be within about ±3% to synchronize 
with the incoming data. When the date 
code is used an overall accuracy of 
about ± 1.8% is required. The 555 timer 
used in the time -decoder and the 4047 
both have typical specifications of 
about 50 p.p.m. / °C in this application. 

Construction 
The date decoder and display can be 
built on two printed circuit boards and 
mounted on top of the existing clock 
module as shown in the photograph. 
Five connections to the date decoder 
are taken fro. the edge of the seconds 
counter board as shown in Fig. 4. No 
interference has been observed on the 
receiver output as a result of this 
positioning but the supply leads should 
be short and kept away from the 
ferrite -rod aerial. Power required by the 
date decoder is determined by the 
number of segments illuminated and 
reaches a maximum at a current of 
about 180mA with 26 segments on. The 
total five -volt supply current of a 
complete clock with date display can 
reach about 900mA which is within the 
capabilities of the specified regulator i.c. 

For setting up, the 4047 astable is 
allowed to run by linking pin 5 to +5V 
and R38 is adjusted for a frequency of 
100.0Hz at TP1. A socket should be used 
for IC4 because the 4047 has a different 
gate -oxide protection circuit which is 
only 30% as effective as the static 
discharge protection at other terminals. 

The date information may be dis- 
played as 08 01 for the 8th January or 8 1 
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with the leading zeros blanked by the 
dotted links in Fig. 2. The display drivers 
include a blanking input which may be 
taken low for this purpose. In the case of 
the tens of months digit, the code itself 
can provide the control directly but for 
tens -of -days, decoding of the zero 
condition is required using diodes D1 

and D1. When the two bits of the 
tens -of -days code are both zero the 
diodes are in the non -conducting state 
and R8 holds the blanking input low on 
the display. If either or both bits are 
high, either or both diodes conduct to 
enable normal display of the data. 

Double recognition of the start code 
The transmitted pattern of bits in the 
date code on certain dates may be 
interpreted as the start code at certain 
times on those dates. A simple addition 
to the time -decoder board will eliminate 
this possibility by "locking -out" re -trig- 
gering of the decoder until the end of 
the date sequence. A capacitor holds the 
output of IC6(b) high for approximately 
150ms after Q returns high at the end of 
the time code, as it charges via the input 
current of IC6(b). It is discharged by 
IC8(b) Q output going low. The track to 
pin 12 of IC6 is cut and the pin is 
connected to the junction of the diode 
and capacitor as shown in Fig. 5. The 
diode is a germanium type for low 
forward voltage drop and the capacitor 
a tantalum bead type. 

Components list 

Integrated circuits Resistors 
1 -3 4015 1 -3 8.2k 
4 4047 4 200k 
5 4029 5 100k 
6 4027 6 10k 
7 4001 7 220 
8 4049 8 100k 
9 -12 4511 9 150 

10 -37 3901.2 

38 47k cermet 

Capacitors 
1 0.01 . F polycarbonate t5% 
2,5 1000pf ± 20% 
3 0.1µF disc ceramic 
4 47µF 6V electrolytic 

Miscellaneous 
L.e.ds, 1 red, 1 green 

Common cathode 0.3in displays, DL704 
equivalent 

Dt 
s 

1N916 if fitted. 

or 

Printed circuit boards 
A set comprising two double sided boards and one 

single sided board for the date decoder/ BST switch, 
display, and alarm circuit Ito be described next month) 
is available for £8.00 inclusive from M. R. Sagin, at 
23 Keyes Road, London N.W.2. The decoder board 
allows leading zero blanking, and the alarm board 
offers automatic cancelling. after a preselected 
number of minutes. A set of five p.c.bs and special 
components are still available for the original time 
code clock as detailed' in the August 1976 issue of 
Wire less World. 

"UD -45" in principle ... 
April 12 was the date set by the UK 
section of Audio Engineering Society to' 
hear of the work of the NRDC project in 
surround sound. At the height of 
speculation that Nippon Columbia were 
about to make an announcement 
about the NRDC 45J system (News, last 
issue), it turned out that, because of 
contractual difficulties, only an infor- 
mal notice was possible. Peter Fellge\tt 
of Reading University, a partner in 
the NRDC- sponsored effort, said that 
agreement had "in principle" been 
reached between NRDC and Nippon 
Columbia to provide a kernel sur- 
round -sound system, technically desig- 
nated 45J. It combines the attributes of 
the NRDC ambisonic psychoacoustic 
research with that of UD -4 technology 
"essentially maintaining inter- compati- 
bility with this earlier work. Advan- 
tages of 45J are improved stereo and 
mono without compromising the sur- 
round performance." 

The statement issued says the 
practical limitations of system 45J lie 
less with the number of available 
transmission channels, than with the 
number of loudspeakers (with appro- 
priate amplification) which the user has 
available to decode it. "Permitting a 
hierarchy of appplications within the 
one system, 45J may be used where only 
two channels are available. But 
improved fidelity by reduced phase 
anomalies is available by using a third 
channel, easily available within the 
confines of both media, even if of 
restricted bandwidth. A fourth channel, 
where available, allows reproduction of 
`height' information (periphony), or can 
be used for loudspeaker emphasis." 

A laboratory-type Nippon Columbia 
decoder was shown to the meeting, with 
facilities for decoding 45J in its two - 
channel form and, with demodulation 
circuitry, in three and four -channel 
forms. Such "ambisonic" decoders 
feature loudspeaker layout compensa- 
tion, loudspeaker -to- listener distance 
compensation, options for decoding 
through six loudspeakers (but using 
four amplifiers), 'and frequency- depen- 
dent "psychoacoustic" decoding. 

Among the many points made by 
co- lecturer Michael Gerzon, possibly 
the least widely known is that for best 
subjective illusion with four speakers, 
three channels are best, a fourth 
degrading results in the manner of 
"speaker emphasis" (sound directions 
close to loudspeakers being pulled 
towards the loudspeakers). Another, 
now becoming more widely recognised, 
is of the relative poorness of the 
pair -wise mixing approach. "Pair wise 
mixing is actually a guess made in 1968 
and never checked" explained Michael 
Gerzon. 

Readers who missed the event will be 
able to catch up by reading Michael 
Gerzon's December 1974 article, the 

April 1977 article, and the coming 
universal decoder design series. 

... Matrix H in practice 

April 12 was also the date chosen by the 
BBC to announce a series of experi- 
mental matrix H broadcasts to the daily 
press. The BBC has been experimentally 
broadcasting programmes in surround 
sound since April 30. These are on the 
v.h.f. networks of Radios 1, 2, 3 and 4 
and are being transmitted at the rate of 
about one per week. 

Programmes are announced in Radio 
Times. The compatible quadraphonic 
system being used, known as matrix H, 
was described in our May issue 
(pp.41 -45). To listen to the programmes 
you need a stereo tuner, a quadraphonic 
decoder designed or adapted for matrix 
H, four audio amplifiers (or two stereo 
amplifiers or one four -channel ampli- 
fier) and four loudspeakers. Some 
existing quadraphonic record repro- 
ducing equipment may be adaptable for 
listening to the broadcasts. 

The BBC statement issued to the 
press unfortunately led one to believe 
the broadcasts were "entirely" compa- 
tible with stereo and mono. Douglas 
Muggeridge, director of radio pro- 
grammes, said the BBC would not have 
decided to go ahead with experimental 
broadcasts "if the quality of the normal 
signal would have been in any way 
impaired." In advising the Home Office 
of their plans the BBC described matrix 
H as having the greatest likelihood of 
giving quadraphony with negligible 
impairment to listeners with ordinary 
equipment. But the Home Office say 
that the impairment is noticeable, 
though not serious. Presumably "ordin- 
ary equipment" can be taken to mean 
equipment on which the phase differ- 
ences are not noticeable. 

No regular quadraphonic broadcast- 
ing service has been planned, as the 
EBU are investigating a number of 
possible systems with the aim of 
agreeing on a single system for the 
whole of Europe, but the BBC experi- 
mental broadcasts will Continue for 
about a year. 

Readers who have not heard matrix H 
will be able to using one of the Wireless 
World designs. At present there are no 
commercial matrix H decoders on the 
market *, but it is possible to adapt 
existing quadraphonic decoders, and 
last month we published details of how 
to adapt a Sansui QS Variomatrix 
decoder ' for the matrix H broadcasts 
(May issue p.50). In the present issue we 
also give a circuit for constructing a 
purpose -built matrix H decoder, based 
on BBC Research Department develop- 
ment work. 

'Sansui tell us two receiver models will be available 
shortly, adapted for matrix H. 
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Letters to 
the Editor 

INDUCTOR 
STANDARDIZATION? 

May I put in a plea for the humble inductor? 
In various journals over the past few years 

I have noted with increasing despair phrases 
such as: " ... inductors have been avoided 

" " ... coil -less design ... ", " ... simulated 
inductor ... ", " ...RC active filters ..." 
Anyone would think you could catch rabies if 
you used a coil /inductor. 

Maybe the root of the problem is that coils 
are essentially customized things, not much 
given to standardization in the form of 
resistors, capacitors etc. However, if you ever 
read our advertisements, you will see that we 
have been trying to establish the fact that we 
supply coils of a broadly standard nature. 

Nevertheless, I wonder if your readers 
could be asked to provide their own ideas of a 
basis of standardization of the range for 
general purposes. I feel confident that a basic 
set of standards could thus be drawn up and 
publicised, so that designers need not have to 
fuss over absurdities like " 49t 0.28mm wire 
on a Mullard Vinkor LA1157 (260µH) ". 

So rather than waste time and effort rolling 
your own (whoever wound their own 
resistors from bits of resistance wire ?), let's 
establish the humble coil as a bona fide stock 
component so that designers design circuits, 
not components. 
William Poel, 
Ambit International, 
Brentwood, 
Essex. 

INTERFERENCE FROM 
AMATEUR STATIONS 

We have noted that in your March issue the 
first part of the RSGB interference survey 
report is published in its original form. The 
RSGB has been represented at a number of 
our Interference Sub -Committee meetings, 
and at the last of these (when the report was 
considered) it was emphasised that receiver 
manufacturers have a very clear and sym- 
pathetic understanding of the technical and 
social problems Involved. 

As mentioned in the report, there is an 
established procedure for dealing with this 
sort of interference, and the fact that receiver 
manufacturers get so few complaints sug- 
gests two things. Firstly, that the amateurs 
concerned are taking what action they can to 

alleviate the situation, and this co- operation 
is gratefully acknowledged. Secondly, that 
the procedure whereby the Post Office 
notifies the appropriate manufacturer of an 
unresolved case of interference is often not 
being invoked. 

As with any instance of interference, a 
balance has to be struck between conflicting 
aspects, but in this case the "neighbour -rela- 
tions" add a particularly sensitive factor. On 
the one hand the amateur has the right to 
operate his equipment within the conditions 
of his licence, and on the other hand the 
viewer or listener also has the right to expect 
interference -free reception provided that his 
equipment is supplied with an adequate 
signal from an efficient aerial system. 

There is no simple answer to the rejection 
of strong out -of -band signals; the main 
factors involved embrace the type and siting 
of the aerial, the matching of the feeder, the 
characteristics, internal wiring of the 
receiver (particularly any resonances), and 
extension speaker leads. The RSGB has 
designed a filter (which has been examined 
by BREMA and the Home Office) and this is a 
possible solution to one of these aspects, 
although it requires modification to meet 
safety requirements if it is fitted internally. 
Even so, to include it as standard in receivers 
would mean an additional cost of at least £2M 
per annum to be paid by the purchasing 
public in the UK - and it would still not clear 
the interference if it enters the set other than 
via the down -lead. 

With the increasing number of strong 
out -of -band signals to which sets at domestic 
sites are now being subjected, UK receiver 
manufacturers have, over the last few years, 
been incorporating a higher degree of 
immunity in their sets. However, it will be 
some years before all the older receivers are 
replaced and the overall problem will, 
therefore, be with us for some time to come. 
Unfortunately, the RSGB survey does not 
give information on the vintage of the 
affected receivers. 
D. P. Doo, 
Technical Secretary, 
The British Radio Equipment Manufacturers' 
Association, 
London WI. 

TRANSIENT 
INTERMODULATION 
DISTORTION 

During the past few months you have printed 
several articles by various contributors, as 
have other magazines, on the subject of a 
new distortion phenomenon which has been 
named transient intermodulation distortion 
(t.i.m.). The following properties have been 
claimed for this form of distortion: 
1. It is transient in nature, and totally 
undetectable with steady state signals. 
2. It may be prevented by ensuring that the 
pre -amplifier closed loop bandwidth is less 
than the power amplifier open loop band- 
width. 
3. It is caused by blocking of an amplifier 
input stage due to overloading because of 
delay in the feedback signal. 

Taking the second point first, Professor M. 
Otala in making this statement' gives the 
impression that t.i.m. is a bandwidth related 
phenomenon, whereas in fact t.i.m. is merely 
a new name for the distortion caused by slew 
rate limiting, and t.i.m. is generated when, 
and only when, the input signal slew rate is 
sufficient to cause the power amplifier to try 
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to exceed its maximum slewing rate. 
. to illustrate the error of statement 2 

above, it is possible to design a power 
amplifier with a slew rate of only 1 volt per 
microsecond at the output, but with an open 
loop bandwidth of 100kHz. According to 
Prof. Otala, t.i.m. will not be generated if the 
input signal bandwidth is less than 100kHz, 
but such an amplifier as described will slew at 
a frequency of the order of 5kHz at an output 
of 60 volts peak to peak, and t.i.m. will be 
generated at all higher frequencies if the 
input is maintained constant. 

The claim that t.i.m. or slew rate limiting is 
undetectable with sine wave signals is not 
true, since a rapid increase in distortion may 
be very clearly seen with any amplifier using 
single pole second stage compensation as its 
output slew rate is approached. 

T.i.m. is said to be far more likely with 
amplifiers using a large feedback factor than 
it is with amplifiers using a small feedback 
factor. However, since t.i.m. is produced 
whenever an amplifier input slew rate is 
exceeded (where input slew rate is defined as 
the maximum slew rate of the amplifier 
divided by its closed loop gain), it will be 
produced independently of the amount of 
feedback used. The only time when t.i.m. will 
be produced in practice with most reasonably 
high slew rate amplifiers is when they are 
feeding a capacitive load such as a Quad 
Electrostatic loudspeaker. The reason is as 
follows: 

If an amplifier must provide 60 volts peak 
to peak at 20kHz into a load consisting of 21.1.F 

in parallel with. 8 ohms, it must be capable of 
charging the capacitor at a maximum rate of 
SR = 2iFV = 3.77 V /µs. Unfortunately, 
the maximum slew rate of a sine wave occurs 
as it goes through zero, i.e. when the resistive 
load is drawing no current. Thus the 
amplifier must supply sufficient current to 
charge 2µF at a rate of 3.8 volts /ps, i.e. it must 
supply 7.6 amps at zero output voltage. 

Since this requirement is outside the safe, 
operating area of the power transistors in 
most amplifiers, the protection circuits will 
normally operate, causing a delay in the 
feedback signal and the generation of t.i.m. 

To the best of my knowledge no one has 
ever reported that t.i.m. is worse for Quad 
Electrostatic loudspeakers than it is for 
moving coil types, despite the fact that the 
effect is far more serious with heavy 
capacitive loads than it is with any other 
loads, and also despite the fact that t.i.m: is 
claimed to be clearly audible. It, therefore, 
seems apparent to me that people are hearing 
what they want to hear rather than what is 
really there. 

The amplifier design' is claimed to be 
completely free from t.i.m. but if loaded by 
21.LF at its output, it will produce t.i.m. just 
like any other amplifier due to high fre- 
quency clipping by the protection networks 
in the output stage. 

In conclusion, I would like to list the 
following points: 
S T.i.m. is produced when and onlÿ when the 
input signal to an amplifier exceeds its input 
slew rate. 
!Amplifiers with very heavy feedback areno 
more likely to produce t.i.m. than those with 
low values of feedback factor, although the 
internal overshoots may have higher ampli- 
tudes when slew rate limiting does occur. 

T.i.m. is far more likely when an amplifier 
is feeding an electrostatic loudspeaker than 
when it is feeding a moving coil unit. 
M. Rigby, 
Neve Electronic Laboratories Ltd, 
_Royston, 
Her, ordshire. 
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Reference 
I. An audio amplifier for ultimate quality 
requirements" by Jan Lohstroh and Matti Otala. 
IEEE Transactions on Audio and Electroacoustics, 
volume AU -21, No. 6 December 1973. 

Professor Otala replies: 
Although Mr Rigby's letter is not addressed 
to me, I feel obliged to respond to it as my 
name is mentioned a few times. 

Mr Rigby starts by stating that "... t.i.m. is 
generated when, and only when, the input 
signal slew rate is sufficient to cause the 
power amplifier to try to exceed its maximum 
slewing rate ". This statement is false because 
- exceeding the slewing rate corresponds to 
100% momentary intermodulation distortion 
- in most cases slew rate is not an abrupt 
limit, but the amplifier becomes highly 
non -linear already far below it. It is an 
established experimental fact that in com- 
mercial amplifiers t.i.m. is in many cases 
produced already at one tenth of the slew. 
rate'. 

Mr Rigby continues by postulating an 
amplifier having a IV /µs slew rate and a 
100kHz open -loop bandwidth. This is intel- 
lectual dishonesty because either his 100kHz 
specification is the small -signal bandwidth, 
which is irrelevant in this context, or the 
amplifier feedback resistor is bypassed with a 
capacitor, in which case the amplifier does 
not slew at all but has a nice, clean signal rise 
without any nonlinearity. Consequently, in 
this case t.i.m. is not produced with any input 
signal. 

Mr Rigby goes on to state that t.i.m. is 
detectable with the sine wave signals. It is 
unclear what he means by "sine wave 
signals ". However, it is a rigidly established 
experimental fact that the standardized total 
harmonic distortion measurement method 
and the SMPTE intermodulation measure- 
ment method do not reveal t.i.m.' 2. There 
are two reasons for this: 
- the SMPTE -i.m. and the low -frequency 
t.h.d. input signals do not drive amplifiers 
near the onset of t.i.m., not to mention slew 
rate. 
- if the t.h.d. measurement is attempted at a 
higher frequency, the harmonics will lie 
outside the passband of the amplifier and will 
suffer considerable attentuation.' 

After this Mr Rigby claims that t.i.m. is 
independent of the feedback. The trivial error 
in this claim is the assumption that the slew 
rate would be a constant for a given 
amplifier. Let us take an operational ampli- 
fier as an example. If the feedback is 
'increased, the stability considerations 
require that the frequency compensation 
must be changed. Increasing the compensa- 
tion capacitor proportionally to the feedback 
decreases the open -loop upper cut -off 
frequency. The slew rate o the amplifier will 
then be inversely proportional to the 
feedback factor, i.e. the higher the feedback, 
the smaller the slew rate. This is a simple 
basic relationship which leads on to the fact 
that t.i.m., if it is generated, is directly 
proportional to the feedback factor, as has 
been shown both theoretically3 and 
experimentally5. 

There are a number of other claims that 
may require a short comment. 
- T.i.m. may be prevented by ensuring that 
the pre- amplifier bandwidth is smaller than 
the power amplifier open -loop bandwidth34. 
However, this is not the only possible way 
and reactive feedback with pole cancelling is 
probably one of the best alternatives6. 
- Mr Rigby's claim that a certain amplifier' 
produces t.i.m. due to high- frequency clip- 
ping in the output stage protection networks 

is inconceivable, because that amplifier does 
not incorporate any protection networks. 
- measurements showing that certain 
amplifiers produce gross t.i.m. when used 
with capacitive loads were reported by Scott 
Kent at the Boston Audio Society Distortion 
Symposium, Boston, Mass., 1976. 

In brief, it has been shown that Mr Rigby's 
first two conclusions are false, and that his 
third conclusion is correct, although on other 
grounds than those he discusses. 
Matti Otala, 
Electronics Laboratory, 
Technical Research Centre of Finland, 
Ouli, Finland. 
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NEW CONCEPT FOR 
AMPLIFIER 
SPECIFICATIONS 

There has been much correspondence 
recently about load specifications of audio 
amplifiers. I would like to suggest that it is 
possible to look at this problem from a wider 
point of view which might give more insight 
into the ways of specifying performance. 

I do not think it is too outrageous to 
suggest that the specifications of a piece of 
audio equipment should define the way in 
which it performs audibly, since it is surely 
the character of the sound reproduced which 
is of greatest interest. 

I think it would be helpful to extend our 
understanding of audio amplifiers by intro- 
ducing a concept which I suggest should be 
called "loss of information" (I.o.i.). This 
concept will allow us to differentiate between 
the various mechanisms that degrade the 
audio signal. For example, harmonic and 
intermodulation distortion do not result in 
loss of information, while slew -rate limiting, 
clipping and protection activation do result 
in 1.o.i. 

Let us consider why this idea has not come 
to light before. When valves were in common. 
use the parameters on which effort was 
expended were those of harmonic distortion 
and bandwidth. However, valve hi -fi ampli- 
fiers were usually designed so that slew -rate 
limiting and t.i.d. did not occur. This was due, 

in part to the limited bandwidth and in part to 
the high frequency characteristics of valves; 
also protection was not required, so it is 
unlikely that a well- designed valve amplifier 
has any 1.o.i. mechanisms. When transistor 
amplifiers first appeared, commercial pres- 
sures, not unnaturally, led designers to seek 
lower t.h.ds and wider bandwidths, appar- 
ently without any appreciation of the 
possible side effects. I would like to suggest 
that in fact it is the loss of information 
mechanisms that account for most of the 
variations in sound quality between one 
audio amplifier and another, and more 
particularly between a valve amplifier and a 
transistor amplifier. 

It should be noted that crossover distortion 
is made up of high order odd harmonics 
which in themselves are not audible even at 
quite high levels. Crossover non -linearities, 
however, generally result in I.o.i. and it is this 
that makes the crossover distortion audibly 
objectionable. 

A further aspect of I.o.i. occurs when the 
amplifier suffers from any form of latch -up - 
a short initial loss of information will be 
followed by a prolonged loss while the 
amplifier recovers. This will make the sound 
quality even less acceptable. To improve the 
quality of the sound it is necessary not only 
to try to eliminate the causes of l.o.i. but also 
to ensure that where I.o.i. does occur (e.g. 
clipping) it is limited to the shortest possible 
time. 

It can be seen that the question of load 
specification is more complex than it would 
appear at first sight. If the amplifier's 
protection is activated by any combination of 
musical signal and loudspeaker load, there 
will be a loss of information and a consequent 
deterioration in the sound quality. To avoid 
this source of deterioration implies that the 
amplifier's dynamic output impedance 
should remain substantially constant. This is 
somewhat at variance with Mr Peter 
Walker's proposals as stated in his letter in 
the December, 1975 issue of Wireless World. 
J. Vereker, 
Naim Audio Ltd, 
Salisbury, 
Wilts. 

METAL DETECTORS AND 
ARCHAEOLOGY 

I am writing as a consequence of the article 
published in your April issue "Sensitive metal 
detector" by D. E. O'N. Waddington. I beg to 
call into question the propriety and wisdom 
of printing such an article, for although you 
warn your readers about not using such a 
detector on known archaeological sites, you 
must realize that such a warning is useless 
for anyone who is determined to use a metal 
detector for personal gain, with no regard for 
other considerations. 

You might have just as easily printed 
details for the construction of a shotgun, and 
then reminded your readers not to point it at 
anyone. 

In the past treasure hunters have main- 
tained that their equipment was not sensitive 
enough to detect coins etc more than a few 
inches below the surface, and so could not 
destroy archaeological stratigraphy; if the 
claims which are made in your advertise- 
ments are true, you have presented this 
group with the opportunity to probe to the 
very earliest levels, to destroy valuable 
information, which is the heritage of every- 
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body, in their selfish desire for "booty ". It is 
not only the scheduled archaeological sites 
which are endangered - and the Council for 
British Archaeology has collected a good deal 
of damning evidence for the activities of 
treasure hunters on such sites - it is also 
those as yet "undiscovered" which could be 
irreparably damaged. 

It is now too late to remedy the harm 
which your article has quite probably done in 
contributing to the treasure hunters' 
armoury, but I appeal to you to consider most 
seriously the possible consequences that the 
future publication of a similar feature might 
have. 
Robin N. Sharp, 
Dagenham, 
Essex. 

RHYTHM UNITS 

I was surprised to find Wireless World, 
trailing behind the current technical scene 
by publishing an article on constructing a 
rhythm unit (March, April issues) which has 
appeared in virtually the same form in at 
least two other competitive magazines. The 
article also falls short of the originality we 
have come to expect from Wireless World. 

There is a need for an article on a good 
rhythm unit for home constructors as, 
although the SGS M252 and 253 i.c.s offer a 
simple solution, the stock rhythms pro- 
grammed in the r.o.m. of these units can 
only be described as passable musically, and 
not as good as most commercially available 
rhythm units. 

A far better solution for the home 
constructor would be a more flexible circuit 
based on many of the currently available 
ring counters with a diode matrix memory 
which the constructor can modify at will to 
provide some individuality to his unit. Also a 
common weakness of almost all rhythm 
units available is poor foxtrot or ballad 
rhythms due to poor simulation of long 
brush sounds. 

Most commercial units get round the 
problems by simply omitting the long brush 
or brush sounds entirely. A relatively simple 
way of overcoming the problem for the 
home constructor is available by using a 
noise shaping circuit using one of the 
currently available voltage controlled 
amplifier i.c.s fed from a suitable waveform 
generator such as those used in many 
synthesizers. 

Perhaps this letter will spark off some 
discussion in your columns as to the 
advantages of 2 -bar versus 4 -bar repetitive 
patterns. Also perhaps someone has devised 
a simple means of electronic switching of 
rhythms which would simplify the relatively 
expensive multi way switches needed in the 
more flexible units. 

I have tried diode switching but the 
number of isolating capacitors with their 
associated resistors was too bulky. 
J. R. Barber, 
Bexleyheath, 
Kent. 

PRIVATE MOBILE RADIO 
CONSULTATION 

Wireless World is to be congratulated on its 
coverage of WARC and the possible Home 
Office approach, and no doubt the interest 
generated in these pages has contributed to 

in large measure to the wider consultation 
now entered into. The Mobile Radio Users' 
Association pressed for wider consultation 
when the first Warden report was produced 
(long before Wireless World became 
involved in the subject) and we were 
naturally pleased to see the same flag being 
flown in these pages. 

It was surprising, therefore, to read in the 
April editorial that "... discreet trusties 
referred to in December ... made, at first, no 
effort to press for a programme that might 
dilute their own bargaining strength." Your 
January article "Who is warden over the 
Wardens ?" referred to myself as joint 
secretary of the Home Office Mobile Radio 
Committee representing p.m.r. users through 
the Mobile Radio Users' Association. May I 
please take some of your space to explain to 
readers how the MRUA contributed to 
considerable widening of consultation, and 
thus enlighten those of your readers with the 
unlikely image of myself or MRUA Chairman 
J. W. Tayler (also representing users at the 
MRC) as "discreet trusties "! 

Following the submission of the Warden 
report to the Mobile Radio Committee in 
1975, when intense and vigorous discussion 
took place, it was recognised, as Mr Carlton 
of the EEA mentioned in his letter in your 
April issue, as the first study of private 
mobile radio in depth, and likely to be of 
considerable importance in shaping policy. 
The MRUA felt, however, that the Home 
Office approach at WARC ought to be 
influenced by wider investigation and 
therefore decided to carry out an indepen- 
dent user survey of private mobile radio. 
Accordingly in December 1975 every private 
mobile radio user in the United Kingdom was 
sent a survey questionnaire together with a 
covering letter outlining the main conclu- 
sions of the Warden report. The results of the 
survey were published in the MRUA maga- 
zine Talk Through and appeared as an MRC 
paper, via which we hope the conclusions 
drawn may contribute to UK policy at 
WARC. I would submit that the circularisa- 
tion, not only of all our members, but of all 
p.m.r. users hardly indicates a lack of effort 
on the part of the MRUA to widen discussion. 
Alan Ford, 
Secretary, The Mobile Radio Users' 
Association, 
London SWI. 

ADVANCED 
PREAMPLIFIER DESIGN 

From his comments on my letter in the 
March issue on his preamplifier, I am afraid 
Mr Self did not understand the point of my 
letter. 

The point was that, with the circuits I had 
tested, the circuit with part passive 
equalisation did sound better - though it 
needed music as complex as the opening of 
Mahler's 8th symphony to show initially that 
the sound was indeed better rather than just 
different. 

To answer some of the points in Mr Self's 
reply. An amplifier with a low slew rate can 
be represented by an amplifier with infinite 
slew rate followed by a suitable RC filter. If 
this is capable of distortion, then alternative 
circuits with reactive components elsewhere 
within the feedback loop are likely to give 
distortion. Remember that the rules of 
negative feedback do not necessarily apply if 
the feedback is not exactly 180 °. 
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I cannot agree with Mr Self that both 
amplitude /frequency and phase /frequency 
responses are identical for similar passive 
and active equalisation circuits. To a first 
approximation they may be equal, but the ear 
is capable of detecting very small differences. 
Such differences would appear to be attri- 
buted to second order effects such as: 

(a) A finite closed and open loop gain of the 
circuit. The gain of a feedback circuit is not 

but 

G 
Ri+R2 

- 
R2 

1 

1 + G/A 

where A is the open loop gain of the circuit. 
and R1, R2 are feedback dividing resistors. 
(b) The feedback input has a finite impe- 
dance. When the feedback is fed to the 
emitter of the first transistor this impedance 
is negative. 
(c) The open loop bandwidth of the stage. 

Attempts at mathematical analysis would 
appear to reveal second -order differences 
attributed to these three factors, but even 
deciding what form the analysis will take is 
complicated, let alone doing the calculations. 

Obviously the overload margin on passive 
preamplifiers is much less than feedback 
equalisation circuits and waveform clipping 
has been heard on certain records with a high 
treble content. But it still sounds better and 
clipping can be avoided by a small increase in 
feedback. If Mr Self would like to offer his 
preamp to a qualified hi -fi reviewer for 
comparison against one of my passive 
preamplifiers, it would be interesting to see 
which sounds better when used with equip- 
ment of suitable (the highest) quality. 
Graham Natty, 
Borrowash, 
Derby. 

CURRENT DUMPING 
AMPLIFIER 

I was very interested to read the letter in 
your April issue by Divan and Ghate 
commenting on the "current dumping" 
amplifier described in your December 1975 
issue. At first it seems incredible that one can 
entirely cancel out the distortions produced 
by a pair of output transistors, but having 
worked through the mathematics of it, I am 
now convinced. Indeed it will work even if 
the transfer function of the output pair is 
complex as well as non -linear, provided of 
course that the system is stable and the 
amplifier "A" is perfect and can produce 
adequate drive to compensate for the 
imperfections in the output pair. 

The best explanation of "current dumping" 
is that feedback from the output pair to the 
amplifier is applied in the normal way, but 
can never completely cancel the distortion, 
so the error signal generated in the amplifier 
is fed forward and applied to the load, exactly 
cancelling any small remaining errors. 

I would like to bring to your attention two 
errors in the equations: 
(2)Zr11Z,11Z10 should read Z,I1Z31 IZ,,,1IZ2 
(4) Z;,, 

1 1 

Z2 11 Z, 11 Z4 should read 
Z,nIIZ2IIZ3I1Zr 
D. T. Ovens, 
Havant, 
Hants. 

www.americanradiohistory.com

www.americanradiohistory.com


50 Wireless World, June 1977 

New trends at NAB 
Equipment seen at the Washington convention 
National Association of Broadcasters 
by Pat Hawker, Independent Broadcasting Authority 

The convention /exhibition of the Na- 
tional Association of Broadcasters 
returned this year to Washington DC 
where it spread over three large hotels, 
some 90,000 sq ft of exhibition space 
taken up by some 215 firms, and 
involved (including exhibitors) some 
13,000 people. Such a concentration of 
broadcast equipment - covering every 
aspect of television and sound radio - 
not only sends the mind reeling (and the 
feet tingling) but makes it difficult to 
pin -point significant trends. 

However, 1977 is the year in which 
light- weight electronic news gathering 
equipment with 3 /4 -in U -matic tape takes 
its place in the ordered scheme of 
things; it has in two brief yeárs won a 
substantial victory over film and is now 
pressing outwards into the world of 

Electronic still store graphic retrieval 
system, developed jointly by Ampex 
and CBS, is claimed to be the first 
commercial broadcasting product to 
use digital, recording techniques for 
video images. 

documentaries and beginning to knock 
even on the doors of prime -time enter- 
tainment. This is being helped by the 
remarkable progress of lin helical -scan 
video tape recorders with Ampex, Sony, 
Fernseh (and its US licensees including 
IVC who were showing their own 
redesigned version of the Fernseh 
machine) and the latest major digital 
system to appear: the Thomson - 
CSF /CBS "digital noise reducer," a 
remarkable piece of digital wizardry 
that uses adaptive recursive filtering in 
conjunction with a movement detector 
to improve the signal -to -noise ratio of 
525 -line pictures by 9 to 12 dB (and 
occasionally 15dB). This compact stand- 
alone box can clear up pictures for 
such purposes as electronic journalism 
at low light levels, multi -generation 
video tapes and U -matic cassettes, 
telecine film grain reduction and noise 
problems on microwave and satellite 
links. One of the major US networks is 
not expecting to buy any more tin 
"quad" video -tape recorders! Ampex 
this year demonstrated their $200,000 
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of the US 

electronic still store based on storing 
graphics and slides in digital form. 

Together with the mushrooming 
digital timebase correctors, field and 
frame synchronisers, digital video 
effects including picture compression, 
tracking chroma key, and such special 
effects as "hall -of- mirrors," picture 
splits and the like, the use of digital 
techniques has come a very long way in 
the few years since the IBA developed 
the DICE standards converter and 
Consolidated Video Systems introduced 
the first commercial digital timebase 
corrector. 

For cameras the latest trend is the 
modular compact systems with %in 
pick -up tubes that can be put together 
in various configurations for electronic 
news gathering, EFP or studio use. The 
new Philips "Video 80" is one example; 
another was the camera marketed in 
the United States as the CEI -300 but 
which is made in the UK and will be 
launched here shortly under the EMI 
banner. This camera is an example of 
the increasing use of "Saticon" pick -up 
tubes which are now being made by 
RCA as well as Hitachi and which seem 
set seriously to challenge the lead -oxide 
tubes, with claimed higher- resolution 
and absence of "ageing problems." For 
the larger studio cameras however, the 
lead -oxide vidicon is still the standard 
pick -up tube and EEV were showing 
their new range of highlight overload 
protection Leddicons with tetrode elec- 
tronic gun. 

A visit to the new headquarters of the 
Mutual Broadcasting System in Arling- 
ton, Virginia showed how rapidly the 
use of domestic satellite systems for 
audio distribution is catching on, parti- 
cularly since the FCC authorised the 
use of satellite terminals with 6 and 10 ft 
dishes. The satellite audio circuits offer 
8 or 15 kHz channels including stereo 
pairs instead of the more usual 5kHz at 
up to about 65dB signal -to -noise ratio. 
Collins is providing the Public Broad- 
casting System with some 150 earth 
terminals for television distribution 
with 10m dishes. At NAB, RCA were 
promoting their "Satcom" satellites; 
Western Union their "Westar "; and the 
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Portable two -way radio made by 
RCA can be worn on the belt to enable 
electronic news gathering teams to 
communicate with news editor at base. 

rate cards indicate that for long haul 
circuits the satellite systems look set to 
take over much of the business. 

The erstwhile "electronic character 
generators" are more and more emerg- 
ing as true graphic production tools and . 

a new production craft of "video 
typography" is developing - not with- 
out some industrial problems as to 
whom should control them, production 
people or technicians. ABC described a 
new system for providing portable 
titling for sports and other outside 
broadcasts. 

For automation generally the micro- 
processor is rapidly taking over from 
the mini -computer with, in particular, 
the Grass Valley Group launching a 
modular automation system based on 
standalone microprocessors that can, 
be btt5ught together to form distributed 
network systems. 

Sound signal processing 

One of the most significant differ- 
ences between American and British 
practices in sound broadcasting is the 
amount of signal processing now being 
applied to American transmissions. 
Many different techniques for increas- 
ing modulation levels and adding 
"brightness" to audio are being intro- 
duced, in an effort to win audience, with 
few engineers still clinging to the belief 
that a transmitter should be a linear 
device! The philosophy seems to be: "I 
want to sound louder than the gúy 
across the street." 

The next step would seem to be the 
introduction of a.m. stereo on the 
medium -wave band, with an FCC ruling 
on this expected by early next year. This 
will follow field trials of the Motorola. 
Belar and Magnavox systems by the 
National AM Stereo Committee and the 
independent submission to FCC by 

Leonard Kahn whose independent 
sideband system has been used in 
Mexico and in the USA. A lively panel 
discussion showed that strong feelings 
exist between Kahn and the Com- 
mittee's chairman, Harold Kassens, and 
one suspects that the FCC will find it no 
easy matter to come up with either a 
clear cut or compromise decision. 

A novel idea introduced by RCA in 
their u.h.f. exciter is the use of a surface 
acoustic wave filter for vestigial side - 
band shaping. Several firms are offering 
circularly -polarised aerials for tele- 
vision transmission and it is expected 
that the FCC will shortly authorise 
circular polarisation for all television 
channels by those who wish to use it. 
All- solid -state m.f. radio transmitters 
included a 5kW unit by RCA. 

Increasing use (although relatively 
modest by European standards) is being 
made of low -power u.h.f, v.h.f. and also 
f.m. transposers: some 2300 v.h.f, 1100 
u.h.f. and 250 f.m. are currently in 
operation, many owned not by the 
broadcasters but by local groups and 
associations. Some are now powered 
entirely by solar cells. For v.h.f. tran- 
sposers providing 1watt output, total 
power consumption is only 3.5 watts d.c. 
from 28 -volt batteries which can be kept 
charged by solar cells even in Alaska. At 
present some "ministations" there 
receive programmes on tape and play 
them out with a "24 -hour delay" but 
increasingly these are expected to 
change to satellite feeds. 

For electronic news gathering and 
other outside broadcasts a wide range 
of compact microwave links are avail- 
able and the emphasis this year is on 
"frequency agile" equipment offering 
up to about 20 channels to allow teams 
to avoid mutual interference. Mi- 
crowave Associates and Nurad also 
have new broadband rotatable 
quad -polarised aerial systems for 2, 7 
and 13 GHz, remotely controlled. In 
general higher -gain is being sought for 
links. Motorola have introduced an 
optical video link (sub- laser) for use 
over distances of 1,000- 2,000ft. In the 
USA, it requires no FCC authorisation 
and at less than $5,000 is considerably 
cheaper than microwaves. Several firms 
offer Impatt power amplifiers for 
increasing output power of link equip- 
ment. 

Microtime have a new remote synch- 
roniser for outside broadcasts which 
avoids the use of precision frequency 
standards, digital frame synchroniser or 
any return link other than the broadcast 
signal itself. The technique is to "lock" 
to a demodulated broadcast signal with 
a small "window" digital timebase 
correction at the studio centre and 
variable distance compensation up to 
about 50 miles. 
, Although electronics has made signi- 
ficant impact on the requirement for 
news film, Eastman Ektachrome have a 
new video news film that has a tungsten 
exposure index of 400. 

The FCC's approval of "automatic 
transmission systems" has meant that 
most transmitters are being offered as 
suitable for unattended operation. 
There are also many digital telemetry 
systems on offer, although the more 
elaborate automatic measuring equip- 
ments still stem largely from Europe 
(Marconi Instruments, Rohde & 
Schwartz, Philips) but Charles Rhodes 
of Tektronix described the "ANSWER 
II" digital system - which is roughly 
comparable to the IBA's "DAME" 
development - though this has not yet 
reached the demonstration stage. 

Rank Cintel showed their successful 
Mark 3 Telecine; Rank Optics intro- 
duced to North America their Varotal 
"multi -role lens;" Marconi were selling 
Mark VIII cameras off their stand; Pye 
had their new 17.5kW v.h.f. tv trans- 
mitter on the Philips stand; and Quantel 
showed that the influence of British 
work in the digital field continues to 
make an impact. 

CBS have developed a new layout for 
colour -bar displays which allows colour 
monitors to be adjusted by eye as 
accurately as a normal pattern with 
precision photometer. 

The increasing use of individual items 
of digital video equipment, roughly 
equally balanced between sampling at 
three and four times sub -carrier fre- 
quency, underlines the urgent 
requirements in all countries for agree- 
ment on digital standards. 

American broadcasting 

The opportunity to view and listen to 
television and radio broadcasts in 
Washington DC also showed the 
strength as well as the 
often -emphasised weakness of the 
American system. The extremely wide 
choice, the availability of the pick of 
British programmes and the solid edu- ' 
cational material on the Public Broad- 
casting System, the extremely good 
international, national and regional 
news coverage by the networks and 
independents and by the "all- news" 
radio stations, the varied selection of 
music "formats" due to absence of 
duplication on a.m. and f.m. - all these 
go a long way to offset the high 
advertising content, the stereotypes of 
"prime time" and the inanities of many 
day -time programmes. The Americans 
are indeed their own harshest critics. 
With a financially good year behind 
them ( "We're getting kicked all the way 
to the bank ") the engineers openly say 
"The programmes are not getting 
better, only clearer." But this judge- 
ment should not deter the visitor from 
saying that some programmes are in 
fact not only clearer but better, more 
varied, and highly professional. 

Grateful acknowledgement is made 
to Mr Howard Steele, Director of 
Engineering, IBA, for permission to 
publish. The views expressed, however, 
are solely those of the writer. 
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Logic design 
Clock- driven circuits 
by B. Holdsworth* and D. Zissost 

Chelsea College, University of London t Dept of Computing Science, University of Calgary, Canada 

A four -step algorithm for the design 
of clock- driven (synchronous) 
sequential circuits is described. Rea- 
listic circuit constraints are automati- 
cally taken into account by the design 
process. 

The main features to be considered in 
the design of clock- driven circuits are 
reliably correct functioning, observa- 
tion of gate fan -in and fan -out 
restrictions and ease of maintenance. It 
is desirable that maintenance engineers 
should understand the circuit even 
though it has undergone simplification 
- a process which can obscure its 
function. In general the circuits . 

obtained do not use a minimum 
number of gates, but the design effort is 
minimal. The design steps are easy to 
apply and do not require any specialist 
knowledge. 

Functionally the essential character- 
istic of synchronous sequential circuits 
is that their operation is synchronised 
with- clock pulses between which no 
changes of state can occur. 

Clocked flip -flops 
Clock driven circuits depend on the use 
of clocked flip -flops, the principal types 
of which are described in this section. A 
clocked flip -flop is a bistable element in 
which the change of the output signal Q 
is coincident with either the leading or 
trailing edge of a pulse signal, com- 
monly referred to as the clock pulse. 
There are four basic types of flip -flop. 
Toggle or T flip -flop (TFF); SR flip -flop 
(SRFF); JK flip -flop (JKFF); D flip -flop 
(DFF). 
Toggle flip -flop. The flip -flop is repre- 
sented symbolically by the diagram in 
Fig. 1(a). It has no data input terminals 
and physically its output "toggles" or 
changes state with every clock pulse. 
The logical behaviour of this flip -flop is 
described by the truth table shown in 
Fig. 1(b). If the T flip -flop is a modified 
master /slave JK flip -flop it will turn -on 
when Q = 0 and C is changing from 1 to 
0, that is on the trailing edge of the 
C- pulse. Similarly it will turn -off when 
Q =1 and C is changing from 1 to O. The 
terminal behaviour of this flip -flop' is 
described by the state diagram shown in 
Fig. 1(c). 

C Qt Qtibt 

o o 0 

o 1 1 

Q (1 o 1) 

i1 1 o; 

Fig. 1. Symbol (a), truth table (b) and 
state diagram for a toggle or T -type 
flip-flop. 

SR flip -flop. The sequential equation, 
Q = S + RQ, for the SR flip -flop, shown 
symbolically in Fig. 2(a), was developed 
in Part 3 of this series. An implementa- 
tion of an unclocked SR flip -flop, using 
NAND gates, is shown in Fig. 2(c), and 
this is frequently drawn in the form 
shown in Fig. 2(d). A condensed form of 
the truth table for this flip -flop, called 
the steering table, is shown in Fig. 2(b) 
where the entry in the S and R 
columns means that the input can be 
either 0 or 1. 

By means of the simple modification 
shown in Fig. 2(e) the SR flip -flop can be 
clocked. An examination of this dia- 
gram shows that if C = 0 the outputs of 
g, and g2 will always be logical 1 

irrespective of the present values of S 
and R, or of any changes in these two 
inputs. The flip -flop can only change its 
output during a clock pulse transition 
and, assuming zero gate delay, the 
output Q will change state on the 
leading edge of a clock pulse, when C is 
changing from 0 to 1. 

Examination of the steering table or 
the circuit shows that a clocked SR 
flip -flop is turned on when S =1, R = 0, 
and C changes from 0 to 1. Conversely it 
is turned off when S = 0, R = 1, and C is 
changing from 0 to 1. Hence the 
terminal behaviour of the flip -flop can 
be described with the aid of the state 
diagram shown in Fig. 2(g). 

Besides the S, R and C inputs, a 
clocked SR flip -flop may have one or 
two additional controls which allow it 

Q=0 

Turn -on 

Turn-off 

Q=1 

to assume one of its two states irres- 
pective of whether C = 0 or C =1. These 
controls are frequently called Clear and 
Preset. Most commercially -available 
flip -flops are provided with a clear 
control, wherea "s the preset control is 
not nearly as common. The operation of 
these controls is described by the table 
shown in Fig. 2(h) and it should be 
observed that in the circuit of Fig. 2(f) 
these signals are active when low. 

With both controls at logical 1 the 
flip -flop is enabled and operates in the 
normal way. If R = 0 and P=1 the 
output Q of g4, in Fig. 2(f) becomes 
Q= 1. Hence Q = 0, and the flip -flop is 
unconditionally reset. If R =1 and P = 0 
the output Q of g3 becomes Q = 1, and 
the flip -flop is now preset. The inclusion 
of these controls leads to a modified 
state diagram as shown in Fig. 2(i). 

The reader should note that if a preset 
facility is required when the P terminal 
is not provided it is possible to inter- 
change the Q and Q terminals and the 
input terminals. The clear terminal can 
then be used as a preset control. 

JK flip -flop. The symbolic representa- 
tion of the JK flip -flop is shown in Fig. 
3(a) and the truth table describing its 
logical operation in Fig. 3(b). The 
operation of this flip -flop differs in one 
respect from that of the SR flip -flop in 
that it is allowable for J and K to be 
simultaneously equal to 1. If J = K =1 
the flip -flop "toggles ", that is, in row 7 

the flip -flop changes state from 0 to 1, 

whilst in row 8 the converse action 
takes place. In rows 4 and 5 normal reset 
and set operations take place as 
described for the SR flip -flop in the last. 
article. 

An examination of the truth table 
shows that the flip -flop is turned on in 
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(a) 

Qt Qt+bt S R 

o 0 o ci). 

0 1 1 o 
i 0 0 1.- 
1 1 o 0- 

(b) 

Turn -on 

Turn -off 

(C) 

(d) 

(e) 

Q=0 

SRn 

SR n 
(9) 

Q=1 

r P Q 

* Enable 
o 0 Clean 

o 1 Preset 

Q=0 

(h) 

SR+r 
t 
^ 

SRJ L+P 

(t) 

Q = 1 

(f ) 

Fig. 2. (a) Symbol for the SR flip -flop, whose steering table is at (b), where t indicates either 0 or 1. The SR can be realized, 
in unclocked form, by NAND gates, as in (c) shown rearranged in a more familiar form at (d). A clocked type of SR is seen at 
(e) and, with preset and clear, at (f). State diagram for the clocked SR is at (g) and the truth table for P and C can be seen at 
(h). At (i) is the state diagram for a clocked SR with P and C controls. 

( a ) 

j Kt Qt Qt+6t 

1 O O 

O O 

3 O 1 

4 rO 1 

5 1 O 

6 O 

7 1 
8 1 1 

O 

1 

O 

O), 

O) 

O 

o 

( b) 

Turn -otf 

Turn -on 
Q=0 

(c) 

K n 

(f ) 

_FL 
(d ) 

Q=1 

Q Qt+6t J K 

O O O q5 

0 1 46 
1 0 1 

1 1 0 

(e) 

Fig. 3. The JK flip -flop is shown 
symbolically at (a), with its truth table 
at (b). That a JK is simply an SR with 
two NANDs at the inputs is shown by 
(c). State diagram for a clocked JK is 
shown at (d) and the steering table at 
(e). Clocked JK realised in NAND form 
is at (f), in which the single -input gates 
are redundant and can be replaced by a 
wire. 
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rows 5 and 7, whilst it is turned off in 
rows 4 and 8. 

The turn -on set of Q: S= JKQ +JKQ 
=JQ 

The turn -off set of Q:R= JKQ +JKQ 
= KQ 

These two equations indicate that a JK 
flip -flop is in practice an SR flip -flop 
preceded by two AND gates which 
implement the functions JQ and KQ 
respectively, as shown in Fig. 3(c). 

The state diagram describing the 
terminal behaviour of the flip -flop is 
shown in Fig. 3(d). If the flip -flop is in 
the state Q =0 with J =1 and C changes 
from 0 to 1, it makes a transition to the 
state Q = 1. Similarly if in the state Q =1 
with K =1 and C changes from 0 to 1, it 
makes a transition to Q = O. 

A steering table for the JK flip -flop is 
shown in Fig. 3(e). Comparing the 
steering tables of the SR and JK 
flip -flops shown in Figs. 2(b) and 3(e) 
respectively, it will be observed that the 
JK flip -flop has more ill or optional input 
conditions and consequently this type 
of flip -flop leads to simpler logic when 
used in the design of clock -driven 
circuits. 

A JK flip -flop can be implemented by 
connecting the output of the two AND 
gates in Fig. 3(c) to the S and R inputs of 
the SR flip -flop of Fig. 2(f). Simultan- 
eously the Q and outputs of this 
flip -flop and its clock connections are 
fed to the inputs of the two AND gates, 
in conjunction with the J and K lines, as 
shown in Fig. 3(f). Notice that the AND 
gates are formed from two pairs of 
NAND gates in cascade, namely g5 and 
g7, and g6 and ga. Clearly gates g7 and gt 
and gates g8 and g2 provide a double 
inversion. These four gates are there- 
fore redundant and can be omitted from 
the implementation. 

The race -around condition. Unfortun- 
ately, satisfactory flip -flop operation is 
not possible with the circuit shown in 
Fig. 3(f), for the following reason. If the 

Q5 

c 

o 

4-t- f 
T 

Q -+ of 

0 

--Pi At 4- 
Fig. 4. Illustration of a "race- around ", 
where the output oscillates during the 
duration of the trigger pulse, t, 

outputs of the flip -flop, Q and .4, in Fig. 
3(f), change before the termination of 
the clock pulse the input conditions at 
gates g5 and g6 will also change. For 
example if J = K =1 and Q =0, when the 
clock pulse is first applied Q changes to 
a 1. This change takes place at t =.1t 
after the start of the clock pulse, as 
shown in Fig. 4, where At is equal to the 
propagation delay through two NAND 
gates. Att =. t,J= K= 1,Q= 1 and C =1, 
consequently there will now be a 
further change in the output to Q = 0 at 
t = 2.1t. The conclusion is that the output 
of Q oscillates between 0 and 1 for the 
duration of the clock pulse. Further, at 
the end of the clock pulse the value of Q 
is indeterminate. 

This phenomenon is called the 
"race- around" condition. It can be 
avoided if tc <.1t <T. Unfortunately, 
with modern integrated circuits 
tc ».1t and the inequality is not 
satisfied. This has led to the develop- 
ment of the master /slave 'or double - 
rank flip -flop. 

Master /slave flip -flop. This consists of 
two flip -flops in cascade. The leading 
one, called the master, is connected as a 
JK flip -flop, whilst the second one, the 
slave, is connected as an SR flip -flop. 
Clock pulses are used to enable the 
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master whilst inverted clock pulses are 
used to enable the slave. 

A NAND implementation of a mas- 
ter /slave flip -flop is shown in Fig. 5. 
Examination of this diagram shows that 
the master flip -flop changes its state on 
the leading edge of a clock pulse. For 
example if J =1, Qm = 0 and C is chang- 
ing from 0 to 1, then the output state of 
the flip -flop changes to Qm= i. Since Qm 
is also the set input of the slave flip -flop, 
5 =1. 

The slave flip -flop is enabled when C 
is changing from 0 to 1, that is on the 
trailing ed a of the clock pulse. If Qs= 0, 
S = 1 and C is changing from 0 to 1 the 
output state of the slave changes to 
Qs= 1. The change which occurred at 
the output of the master on the leading 
edge of the clock pulse is transferred to 
the output of the slave on the trailing 
edge of the same clock pulse. 

The reader will observe that the slave 
output cannot change state until after 
the termination of the clock pulse and 
consequently the race -around condition 
can never occur with this type of 
flip -flop. 

D flip -flop. The symbolic representation 
of a D flip -flop is shown in Fig. 6(a) and 
its logical operation is described by the 
truth table in Fig. 6(b). 

From the truth table: 
Qt +st = (1).Q + DQ)`, 
or: Qt +st =Dt 

The interpretation of this equation is 
that the output Q assumes the logical 
value of the input at the time of the 
clock pulse. 

In Fig. 6(c) the terminal behaviour of 
the flip -flop is described with the aid of a 
state diagram. Assuming that the 
flip -flop is of the master /slave type, and 
if Q = 0, D =1 and C changes from 1 to 0, 
it makes a transition to Q = 1. Similarly 
if the state is Q =1, D = 0 and C changes 
from 1 to 0, it makes a transition to 
Q = O. 

-- - - - - - 7 Fig. 5. NAND embodiment of a 
master /slave flip -flop. 
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JK versatility. A JK flip -flop can be 
easily converted to a T type by con- 
necting the J and K lines to logical 1, as 
shown in Fig. 7(a). The flip -flop then 
toggles on the receipt of every clock 
pulse. 

To convert a JK flip -flop to a D type 
the J line, besides being connected to 
the J input, is also connected to the K 
input through an inverter, as seen in 
Fig. 7(b). Referring to the truth table for 
the JK flip -flop shown in Fig. 3(b), the 
only entries valid for the configuration 
of Fig. 7(b) are those in rows 3, 4, 5 and 6. 
If the column headed J is identified as D 
and the column headed K is omitted, 
then the entries in these rows are 
identical to the entries in the truth table 
for the D flip -flop shown in Fig. 6(b). 

Design steps 
The sequence of four design steps for 
clock -driven circuits is as follows: 

(1) I/O characteristics. In this step a 
block diagram is drawn to show the 
available input signals and the required 
output signals. 

(2) Internal characteristics. In the 
second step the designer specifies the 
internal performance of the circuit with 
the aid of a state diagram. The inexper- 
ienced designer should be primarily 
concerned that the specification of the 
internal circuit operation is complete 
and free of ambiguities. 

(3) State reduction. This step is optional 
and can be omitted. Its main purpose is 
to provide the designer with the means 
for reducing the number of internal 
states used in step 2, if such a reduction 
is possible. To avoid redundant states 
this step would be used to reduce the 
number of states to some power of 2. 
For example, whereas it would be used 
to reduce five states to four, it would not 
be used to reduce four states to three. 

(4) Primitive circuits. In contrast to the 
situation with event -driven circuits, the 
design of clocked circuits does not 
require that only one secondary signal 
may change during a transition 
between two states. This is based on the 
assumption that all changes of secon- 
dary signals take place on the trailing 
(or leading) edge of the clock pulse that 
initiates them, and of course before the 
next clock pulse. 

Having allocated the secondary sig- 
nais, the, turn -on and turn -off condi- 
tions are written down for each of these 
signals. For example, in the state 
diagram of Fig. 8, 
Turn -on set of A: SA = SIX + (SEX) 
Turn -off set of A: Rp = S3X + (S0X) 
Turn -on set of B: SB = SoX + SEX 
Turn-off set of B: RB = SIX + S3X 

Examination of these equations 
shows that the turn -on conditions of 
secondary signal B, SB, is the disjunc- 
tion (ORing) of the total states which 
are necessary for the next clock pulse to 
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Fig. 6. D type flip -flop symbol (a), truth 
table (b) and state diagram (c). 
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Fig. 7. Illustration of the JK used as a T 
type flip -flop (a) and as a D type (b) 
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Fig. 8. State diagram for a clock- driven 
circuit. 

'cause B to change value from 0 to 1. 
Similarly the turn -off condition of 
secondary signal B, RB, is the disjunc- 
tion of the total states which are 
necessary to cause B to change value 
from 1 to O. 

The expressions for the turn -on and 
turn -off conditions of the flip -flops can 
be reduced using as optional products 
those terms which define "don't care" 
circuit conditions or alternatively pro- 
ducts which define total states involved 
in transitions in which the signal 
concerned does not change its value. 
For example when moving from S2 to S3 
in Fig. 8, signal A retains its value of 1 

and its turn -on conditions can be 
allowed to arise during this transition. 
Hence the turn -on equation for A 
consists of the disjunction of a genuine 

turn-on condition SIX and an optional 
product (SEX). Similarly the turn -off 
condition for A consists of the disjunc- 
tion of a genuine turn -off condition S3R 
and an optional product (Sp). 

The turn -on and turn -off conditions 
derived by the foregoing process define 
directly the set and reset signals 
respectively for a pair of SR flip -flops. 
However the most readily available and 
versatile flip -flop is the JK type. As this 
is used extensively it is worthwhile 
recalling the relationships derived 
earlier in this article between S and J, 
and R and K respectively. They are: 

SQ = JQ and RQ = KQ 
Clearly the expressions for J and K can 
be obtained from the expressions for S 
and R by dropping Q and Q respectively. 
This is a very useful result and the 
reader is advised to make a note of it. 

The design procedure described 
above will be illustrated in the next 
article with the aid of a series of exam - 
pies. 
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Circuit 
Ideas 

Simple phase -locked loop 
The conventional two -transistor multi - 
vibrator can be converted into a simple 
audio frequency phase- locked loop by 
the addition of a few components. 
Transistor Tri and the diode are 
connected as a logic gate, and con- 
duct during alternate half -cycles of 
the input and v.c.o. waveforms respec- 
tively. The output of this phase- detec- 
tor, when filtered, is most negative 
when the waveforms are in phase, and 
most positive when they are in 
antiphase. Because the diode conducts 
only when Tr2 is saturated, the action of 
the multivibrator remains unaffected. 
Once phase -lock has been established 
the v.c.o. settles to an equilibrium 
phase, lagging the phase of the input by 
an angle which depends on the 
difference between the frequency of the 
input and the free -running frequency of 
the v.c.o. 

With the component values shown, 
phase -lock is maintained from 100Hz to 
around 3kHz. Within this range the 
output changes linearly at about 
14mV /Hz. The response to a sinusoidal 
frequency -modulation is 3dB down at 
about 50Hz. 
J. B. Cole, 
Chester. 

Input 
200 mV 

r. m. s. 

Audio selector switch 
This circuit uses one six -pole six -way 
rotary switch connected between the 
preamplifier and tone control and 
provides the following facilities. Mono, 
where the amplifier is switched to mono 
and reproduces the preamplifier or 
source input and provides tape and 
cassette record outputs. Hi- blend, 
where a capacitor is placed across the 
two channels to introduce high 
frequency crosstalk. Stereo, and tape 
stereo where the pre- amplifier input is 
switched to the tape record output, the 
tape play input is switched to the tone 

Input 
L 

Input 
R 

Tape 
in 

R L 

r 

5 

3 
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control, for monitoring, and to the 
cassette record output to enable 
dubbing. Tape mono, as above but both 
source and tape signals are mono. 
Cassette play where the output is 
switched to the tone control and tape 
record output, to enable dubbing from 
cassette to tape and replay of cassettes.. 
Note that it is not possible to use a 
3 -head machine on the cassette input 
and obtain tape monitoring. 
M. Hadley, 
Sutton Coldfield, 
W. Midlands. 
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High input impedance integrator 
When integrating a voltage signal from offset voltage and input bias currents 
a high output impedance source, the 
usual type of op -amp integrator is often 
unsuitable if the integrating resistor is 
smaller or of the same order as the 
source output impedance. This problem 
can be overcome using the following 
circuit. Capacitor C and two resistors 
provide the integrating time constant. If 
op -amp A1 is chosen so that its input 

PHASE DETECTOR VOLTAGE CONTROLLED OSCILLATOR 

+5V 

0` 

Output 

are sufficiently small so as to be 
negligible, then the output of A1 
becomes V, = V. + 1 /RC .I. V. dt. By the 
addition of the second amplifier A2 and 
the two 10k12 resistors, V;n is subtracted 
from V, and the output is inverted. The 
output thus becomes Vo, = -1 /RC 
l' V, ,,dt. Consequently Von, is the same as 

the desired output from the simple 
integrator with the added advantage 
that the input resistance is extremely 
high. 
G. J. Bulmer, 
Falkirk, 
Stirlingshire. 
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Tuning indicator 
This gives directional information 
about a tuning error and consumes 
virtually no power in the null condition. 

. When a station is correctly tuned or no 
station is being received, Vref and Vin are 
approximately equal and all of the 
transistors are non -conducting. If Vin 

exceeds Vref by more than about 0.5V, 
then Tr2 conducts and turns on LED2 via 
Tr4. Similarly, if Vin is at least 0.5V less 
than Vref, then Tr, conducts, turning on 
LED,. Resistor R and capacitor C form a 
simple low -pass filter to remove the 
audio component of the output. For the 
Nelson -Jones tuner, 68k52 and 2.2µF are 
suitable. Resistor R, should be chosen to 
limit the current which can be applied to 
Tria and Tr4a. 

Because Darlington pairs are used to 
drive the l.e.ds the transistor types are 
not critical. 
D. J. Thomas, 
Coventry. 

Two wire intercom 
In telephone circuitry the multi- tapped 
inductor at the telephone- receiver end 
converts the two wire line into an 
effective four wire system to give side 
tone control. A similar principle using 
only one pair of wires per station in a 
multichannel intercom network is pos- 
sible. but obtaining side tone control 
without using inductors and v.d.rs is 
difficult due to unavoidable coupling 
between the receiver and transmitter 
amplifiers which causes feedback. This 

r- 

c boom 
mit 

circuit solves the problem of obtaining 
side tone control and does not suffer 
from instability. Receiver amplifier 2 is 
disconnected from the balanced lines 
when the switch is operated, and a 
receiver path is connected via the 21.1.F 

capacitor. This allows side tone control 
and retains other messages on the lines 
at a lower level. Amplifiers such as the 
TDA1054 can be used because they 
contain a compression circuit. The 
presence of multiple signals on the 

2µ 

balanced lines does not seriously alter 
the listening level at the earpiece when 
such compression amplifiers are used. 

The above circuit has been tried on a 
20 student intercommunication 
network in a language laboratory with 
satisfactory results. No further 
amplification of the signal via the 2µF 
capacitor was found necessary. The 
isolating transformers have 1:1, 10kó2 
windings. 
K. Soma, 
Singapore 

e 2 

o 

2 wire line 

o 
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Matching complementary pairs 
This circuit allows the accurate Adequate values of R1, R2, R3 and R4 are through the transistors are achieved 
matching of power complementary necessary to limit the collector currents. when there is zero indication on M2. At 
pairs without any danger of failure. By balancing R, R2, equal currents this point 

hFE, R1 R1, 

hFE2 K2 
As an alternative, the circuit can be used 
to measure the hFE of a certain 
transistor comparatively with a known 
one. Adequate accuracy can be obtain- 
ed with a linear precision potentiome- 
ter, and equal voltages in the two halves 
of the secondary winding. 
Safta Ion, 
Romania. 

Efficient square -wave 
oscillator Tr1 

This oscillator was devised for use in 2N3702 

battery powered equipment where 
supply economy was important. It is 
based on a combination of astable and 
bistable multivibrators where diagon- 
ally opposite transistors switch on and 
off together. In this way a balanced load 
will receive a peak -to -peak voltage 
approaching 2N/cc. Timing is performed 
in the normal manner and the period of 
the square wave is approximately Tra 

1.4CR. The circuit is quite flexible and 2N3705 

will tolerate a range of CR values but 
at higher frequencies commutating 
capacitors will be required in the 
bistable section. Using a 24V supply, 
peak load currents of up to 70mA can be bistable sections. In this way, higher 
drawn. frequency stability can be obtained by 

An interesting variant employs two driving one of the bistables from an 

external source. 
J. C. Hopkins, 
University of Bath. 

R.f. operated aerial switch 

Aerial T 

T 
Y 

4 

RQ 

D2 

X4--0-Ì 

X41 

X X 

Toroidal pick -up 
coil 

Dummy 
Road 

TX 

Tri 

Silicon protection 
diodes 

9V 

Relay coil 

Tr I 100n 

1 100 n 

T 0, 

This aerial switch offers good isolation 
and negligible attenuation, without the 
use of high voltage bias supplies. The 
unit is simply connected into the aerial 
lead and no connections are made to the 
receiver or transmitter power supplies. 

When an r.f. signal appears in the 
dummy load, a sample is picked up by 
the coil, rectified, and used to turn on 
the transistor circuit. The relay then 
changes to transmit. When the r.f. 
ceases, the disicharge of C produces a 
small delay so that the relay only 
switches at the beginning and end of a 
period of c.w. transmission. The switch 
to transmit is rapid and a 100µF x 15k1l 
produces a delay of two seconds when 
switching to receive. 

A few turns on a toroid is sufficient 
for a pick -up coil with an output of 1W. 
In the receive condition the circuit 
requires only 301.LA so a battery can be 
left in circuit. With short leads and the 
unit mounted in a screened case, the 
circuit functions from topband to two 
metres. The transistors are general 
purpose silicon types but DI and D2 
should be germanium. 
I. Braithwaite, 
Clitheroe, 
Lancs. 
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New! Equalization analyzer... 

Balance a s stem... Balance a budget. Y 
Quick and accurate adjustment of 
sound system frequency response is 

finally within the reach of most 
budgets. The Shure M615AS 
Equalization Analyzer System is o 
revolutionary breakthrough that lets 
you "see" room response trouble 
spots in sound reinforcement and hi -fi 
systems -without bulky equipment, 
and at a fraction of the cost of 
conventional analyzers. 

The portable, 11 -pound system 
(which includes the analyzer, special 
microphone, accessories, and 
carrying case) puts on equal- energy- 
per- octave "pink noise" rest signal 

into your sound system. You place 
the microphone in the listening area 
and simply adjust the filters of an 
octave equalizer (such as the Shure 
SR107 or M610) until the M615 
display indicates that each of 10 
octaves are properly balanced. You 
can achieve accuracy within ± 1 dB, 
without having to "play it by ear." 

Send for complete descriptive 
brochure. 

Shure Electronics Limited 
Eccleston Road 
Maidstone ME15 6AU 
Telephone: Maidstone (0622) 59881 

WW - 008 FOR FURTHER DETAILS 

TECHNICORNER 

The M615 Anolyzer's display contains 20 
LEDs shot indicate frequency response 
level in each of 10 octave bonds from 32 
Hz to 16, 000 Hz. 
A rorory hi /lo envelope control adjusts the 
HI LED threshold relative to the LO LED 
threshold. At minimum setting, the 
resulting frequency response is correct 
within ± 1 dB. Includes input and 
microphone preamplifier overload LEDs. 
A front panel switch selects either flor or 
"house curve' equalization. 
The ES615 Omnidirectional Analyzer 
Microphone (also available separately) is 
designed specifically for equalization 
analyzer systems. 

H n 
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'Valves are finished' 

their best friends should tell them! 

Valves from sacIe THE 
HOUSE 
OF POWER 

Pinnacle Electronic Components, Electron House, Cray Avenue, St. Mary Cray, Orpington, Kent BR5 3QJ. Phone : Orpington 71531 Telex: 896141 

Northern /Midlands Sales Office: 11 Palmyra Square, Warrington. Phone: Warrington 50145. Telex: 627349 
ww - 070 FOR FURTHER DETAILS 
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Annan Opts Out 
Technical decisions to be taken 
by Public Enquiry Board 

The Home Secretary, then Roy Jenkins, 
announced the setting up of a Com- 
mittee on the Future of Broadcasting 
on April 10, 1974. Its members, whose 
background made the committee a 
monument to the amateur tradition, 
were appointed three months later. 
Their enquiries have cost £' /4 million, 
before printing costs of £60,000, and 
would have been even more expensive 
but for their decision to forgo trips to 
the USA and Sweden in the interests of 
saving public money. 

It had been expected that Annan 
would provide clear signs as to the 
effects that new technology would 
have on broadcasting, particularly the 
development of satellite and cable 
broadcasting. But, as one journalist 
complained at the press conference on 
publication of the already widely- leaked 
report, only 35 of the report's 500 pages 
deal with the new technology, and such 
technical matters as the committee had 
been expected to decide have been 
hived off on to one of the many new 
bodies the committee recommends be 
set up. 

The disappointment many interested 
in the future of broadcasting may feel is 
hardly mitigated by the report's value 
as a fairly well- written and 
comprehensive survey of the state of 
British broadcasting now. Others may 
wonder how much of the evidence that 
was submitted, some 6,000 letters from 
the public, actually reached the com- 
mittee: the names of those listed as 
having given evidence is confined to the 
broadcasting establishment and the 400 
organisations to whom Lord Annan 
wrote inviting their views. 

New authorities 
The most controversial recommenda- 
tions adopted were those to set up an 
Open Broadcasting Authority instead of 
giving ITV the fourth tv channel, and 
the separation of local radio from the 
BBC and IBA under the control of a new 
authority. Ostensibly the latter recom- 
mendation is part of a geographically - 
based strategy for broadcasting. The 
BBC is to be responsible for national 
broadcasting, the IBA for regional pro- 
grammes, and thè local broadcasting 
authority for local transmissions. 
Equally, both may owe as much to a 

Lord Annan: Emphasises accountabil- 
ity, but scraps access 

Janus -like inability, in the interests of 
preserving a unanimous committee 
view, to decide between commercial 
and publicly- financed broadcasting. The 
OBA would act as a publisher, says 
Annan, administering a channel 
intended to serve all kinds of minority 
interests, with programmes provided by 
the Open University, the ITV companies 
and ITN, and freelance producers. It 
would be responsible for a v.h.f. radio 
channel which will become available 
when the 405 -line service is discontin- 
ued in 1982. The BBC should provide 
transmission facilties for the channel, 
which should, like the fourth channel, 
contain a high proportion of 
educational programmes. 

The main criticism of the proposal for 
an OBA, though it has been praised as a 
highly imaginative attempt tó devolve 
broadcasting from the "broadcasting 
duopoly" of the BBC and IBA, has been 
that no clear idea has emerged for 
financing it. Annan says "This variety 
of programming will be achieved only if 
the finance for it is drawn from a variety 
of sources. Sponsored programmes 
should be allowed on this channel, 
though on no other. Broadcast time 

should not be sold, but major industrial 
and financial companies who now help 
to finance opera productions or sponsor 
sporting events should be able to 
sponsor the television presentation of 
them. The Arts Council might wish to 
collaborate with the OBA to ensure that 
some of the productions by the com- 
panies which receive sizeable grants 
from the council are made available to a 
wider audience through television." 
Charities might provide programmes 
for certain audiences, such as the 
handicapped. The CBI and TUC might 
provide programmes for their members. 
The rest of the programmes could be 
provided by block advertising; that is to 
say, advertising not interlaced with the 
programmes. 

Coupled with the Committee's view 
that "we do not see in access pro- 
grammes an opportunity to democra- 
tize broadcasting," the OBA is a further 
step away from the Reithian idea that 
all channels should provide a mixture of 
majority and minority programmes. 
The minorities are relegated to a 
crackpot channel or cultural ghetto, 
leaving the three established channels 
to play the ratings game even harder. 

Local radio 
Local radio's financing under its new 
authority would also be a mixture of ads 
and institutional whimsy. "The sta- 
tions would be predominantly owned by 
people living and working in the locality 
.'.. At least some of the stations might be 
run by non -profit- distributing trusts 
based in the locality. More generally, 
the authority should encourage the 
growth of co- operative and other joint 
forms of financing to stimulate a direct 
involvement by the community in its 
own broadcasting services ... Adver- 
tising should provide the main source of 
income and a balance should be main- 
tained between local and national 
advertising tilted favourably towards 
the local advertisers. But it will not be 
possible to finance all stations by 
advertising, particularly those in rural 
areas. 

"These areas might be helped in a 
number of ways. For example, where 
there is a community of interest, 
profitable stations might be required to 
provide a satellite service in a contiguous 
rural area." High rentals in towns would 
subsidise country services. 

The committee rejected the creating 
of a single authority to assume respon- 
sibility for all broadcasting, on the 
grounds that sooner or later it would 
"lead to one body of people being in a 
position to impose their views on the 
whole of broadcasting output. It would 
also increase the risk of political control 
over broadcasting." In general, the 
report says, the existing relationship 
between parliament, the broadcasting 
authorities and the public was ade- 
quate, but a separate complaints com- 
mission should be set up, financed by 
the authorities. 
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Yet another body Annan wants set up 
in the blizzard of newly- created sine- 
cures is a £150,000 a year Public Enquiry 
Board whose functions would include 
the holding of public hearings "in 
taking a general view of broadcasting 
services in the public interest." One of 
the board's main functions would be "to 
discover what the public thinks about 
proposals for new broadcasting ser- 
vices: for example the use of the fifth 
television channel or satellite broad- 
casting services." Some of the com- 
mittee felt that the Board could vet 
applications for licence fee increases, 
ending the BBC's ritual biennial lobby- 
ing campaign. Sadly, only two dissented 
from the view that the board should be 
recruited entirely from the civil service. 

Telecommunications 
Perhaps the most relevant proposal for 
readers of Wireless World is that to set 
up a Telecommunications Advisory. 
Committee. It would represent the 
broadcasters, the Post Office, the cable 
operators and the manufacturers, and 
would advise the Home secretary on 
technical matters relating to broadcast- 
ing, replacing the present Television 
Advisory Committee. The committee 
rejected a proposal for a single trans- 
mission authority, such as the Post 
Office, to take over responsibility for all 
broadcast transmission facilities. 

As we have said, the Annan com- 
mittee chose to devote most of its 
deliberations to non -technical, organi- 
zational matters, making only tentative 
suggestions or recommendations on 
techniques. 

Television 
One chapter of the report is concerned 
with transmission frequencies and area 
coverage for sound and television 
broadcasting. One of the more urgent 
problems was the extension of u.h.f. 
television to small pockets of popula- 
tion (500 -1000) who are not served 
by existing transmitters by reason of 
terrain, particularly in Scotland and 
Wales. The urgency is due to the 
planned removal of television from 
Bands I and III, which currently serve 
some of these people. The BBC and IBA 
are pressing ahead with this work and 
Annan approves of priority being given 
to Scotland and Wales, though would 
not like to see local difficulties in these 
areas holding up development in the 
rest of the UK. 

The committee considers that popu- 
lation groups of less than 500 should be 
expected to sort out their own diffi- 
culties, with the technical advice of the 
BBC and IBA. When the lack of 
coverage is due to terrain, relay services 
will help, but where the problem is that 
signal is being blocked by a new 
property development in an otherwise 
good signal area, the developer should 
meet the cost of alternative equipment, 
for example cables. 

In some cases, it is suggested that 

overhead television cables should share 
poles with electrical and telephone 
cables or, again, that very low power 
transmitters could put out a single 
programme composed of cassettes 
provided by the BBC and IBA, the 
operation to be financed by local 
authorities. 

Annan recommends that v.h.f., 
405 -line television should cease in 1982. 
By this time, it is hoped that the 
majority of homes will be able to receive 
u.h.f. transmissions - already 90% can 
do so. In view of this, the extensions of 
coverage mentioned above are, indeed, 
urgent. 

The committee heard from James 
Redmond, BBC Director of Engineering, 
that a group of four u.h.f. television 
channels above 854MHz (854- 960MHz is 
not currently available) will be needed 
to complete the Phase I plan and to 
carry out Phase II - the coverage of 
population groups of 500 -1000 souls. 
Crawford committee recommended the 
use of these frequencies and Annan 
endorses that. 

Of the many ideas aired in recent 
months on the use of Bands I and III 
when 405 -line television comes to an 
end, Annan chose the most obvious - 
another television channel. The propo- 
sal is to use Band III and as much of 
Band I as is needed to provide a 625 -line 
colour service on v.h.f. planned to 
cover large towns and regional districts. 
Because the service areas will overlap 
and because 625 -line colour needs more 
bandwidth than the 405 -line monoch- 
rome, a good deal of Band I and III will 
go for this purpose. Annan says that bits 
of Band I might be usable for something 
else (Wireless World, August 1976, p36 
and May, 1977, p.63). 

Sound 
The BBC have planned and Annan 
approves the reorganization of h.f. and 
m.f. allocations. In brief, R4 is to be 
broadcast on I.f. instead of R2, and R3 is 
to go on the current R1 frequency. The 
changes mean that R1 and R2 will each 
have two frequencies, giving R1 and R4 
an improved coverage in some areas. R3 
will suffer, as will R2 in Wales (at least 
after dark) but not in vain, since 
wonderful R1 will be improved. The 
Annan committee says it approves of this 
scale of values. 

On the subject of interference, Annan 
says that imported 27MHz equipment 
such as walkie- talkie transceivers 
should be subject to a more rigorous 
application of the law, which prohibits 
sale, installation, importation and use of 
equipment working in certain fre- 
quency bands. 

Also with an eye on possible interfer- 
ence to medium frequency transmis- 
sions, Annan recommends that the -use 
of the 100- 108MHz band for national 
services should be considered, in spite of 
the likely expansion of mobile radio. In 
the space to be cleared for broadcasting 
(97.6- 100MHz) the committee recom- 
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mends that educational users (Open 
University) should be accommodated, 
at least in the main. 

New services 
No clear idea can be gained from the 
report as to the future of teletext. The 
committee appears to have spent most of 
its time on this subject discussing the 
effect of teletext on newspapers and 
how to make the public pay for it. No 
technical proposals were put forward 
and even the "political" recommenda- 
tions were rejected by five of the 
committee members. The outcome 
seems to be that teletext should go on as 
it is, but that after a few years, it should 
be looked at again to see whether the 
newspapers are still worried about it. 
What happens if they are is not clear. 

On cable services, the committee 
were of the opinion that the current 
state of affairs, with widely- varying 
service areas and techniques, is not a 
blueprint for any future national cable 
communications facility. Instead, they 
say "there is no doubt" that, sometime 
in the future, a national wideband cable 
network will carry telephone, tele- 
vision, sound, fax, data, etc. Perhaps an 
element of doubt could be allowed: in 
1972, five years of inflation ago, the TAC 
estimated the cost of a 6- channel 
system at £500M and that of a 
24- channel one at £1500M, the work to 
take 20 years. The committee says that 
it hopes the relevant equipment and 
materials will be cheaper by the time we 
can afford it! Meanwhile, to prevent 
expensive reorganisation when that 
day dawns, Annan recommends that 
cable companies installing medium 
networks (town- sized) should conform 
to PO specification. 

Satellite broadcasting has been seen 
as both substitute for and complement 
to cable transmission. Annan says that 
it seems unlikely to be given much 
priority during the next fifteen years. 
But the committee foresees discussion 
on the subject and recommends that 
the BBC should represent the UK in any 
such talks and that they should be 
responsible for transmissions. 

Annan recommends that experiments 
be carried out on the broadcasting of 
stereo television sound, mainly with the 
intent of transmitting two languages 
simultaneously. The use of the term 
"stereo" seems strange. 

Traffic information by radio is men- 
tioned in the report and the committee 
thinks that the BBC proposal (Wireless 
World p.47, Oct. 1976) stands the best 
chance of performing the task. 

Lord Annan gave the 1977 Fleming 
Memorial Lecture on the committee's 
work at the Royal Institution on April 
28. The lecture was under the auspices 
of the Royal Television Society. On June 
1 the Royal Television society is to hold 
a symposium on the Annan report 
chaired by Lord Hill: Lord Annan and 
his committee are expected to attend. 
P.R.D., J.T.D. 

www.americanradiohistory.com

www.americanradiohistory.com


Wireless World, June 1977 

Electronic systems 
Visual perception 

by R. Ashmore Assistant Editor, Wireless World 

Although visual perception does not 
fall directly into the category of elec- 
tronic systems, it is the most common 
form of electromagnetic communica- 
tion within the frequency spectrum. 
We feel justified, therefore, in includ- 
ing a brief description of its function, 
and using it to show how certain of its 
characteristics are exploited in the 
design of colour television tubes. 

Visual perception and radio communi- 
cation both depend upon the propaga- 
tion of electromagnetic waves, but, 
whereas radio waves can have wave- 
lengths of several metres, visible light 
waves have wavelengths of between 400 
and 750nm (lnm = 10 -9m). Since all 
electromagnetic waves propagate at the 
speed of light, the frequency range of 
light waves can be determined from the 
formula: 

Velocity = fX= 3 x 108m /s 

which gives a range between 400 and 
750 terahertz (1THz= 1012Hz). 

The receivers, in the case of visual 
perception, are the human eyes, see Fig. 
1. Each eye is roughly spherical in 
structure with an outer wall or cornea. 
The lens, which is encapsulated, sepa- 
rates the front (anterior) chamber, con- 
taining a transparent watery fluid, from 
the back chamber (vitreous body), con- 
taining a transparent jelly -like tissue. 
Light coming from outside the eye is 
refracted in the cornea and lens and is 
distributed over a light- sensitive layer 
(the retina) according to the laws of 
geometrical optics. Since the transpa- 
rent region behind the lens of the 
human eye has a refractive index nearly 
as high as that of the lens, the light is 
bent mainly due to the difference bet- 
ween the refractive index of air and the 
lens material. However, although the 
lens is rather unimportant in imaging, it 
is important for the perception of scenes 
at different distances. This is done by 
changing its shape; for example, the 
radius of curvature is reduced for near 
vision so that the lens becomes more 
powerful and adds more to the primary 
bending açcomplished by the cornea. 

The retina, see Fig. 2, is supported by 
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Fig. 1. The human eye. 

the wall of the back chamber and con- 
sists of several layers in front of an 
opaque pigment. The light passes 
through the retinal layers and stimula- 
tes the rods and cones, in contact with 
this pigment, which produce neural pul- 
ses. These pulses travel back through 
the various retinal layers to the outer 
one, consisting of fibres connected to 
the optic nerve, and so are sent to the 
brain. It is believed that the rods func- 
tion principally in weak light, such as 
exists during twilight; they provide 
vision only in shades of grey and are not 
capable of distinguishing colours. The 
cones, however, function in bright light 
and respond specifically to certain 
wavelengths of the spectrum (ie, to 
colours) and also allow the perception 
of much finer details. The central area 
of the retina; where the density of the 
cones is greatest, is a circle of about 
0.5mm in diameter and is called the 
fovea. The cones are placed roughly 
2µm apart in the fovea. 

Each eyeball is attached to six 
extrinsic muscles which hold it in posi- 
tion in its orbit and rotate it to follow 
moving objects. In order that three 
dimensions can be perceived, both eyes 
work together and are normally 
focusse< on a common object. In 
addition to the extrinsic muscles there 

Rods Cones 

Optic nerve 

\Bipolar 
cells 

Ganglion 
cells t t t t t t t 

Light 

Nerve 
fibres 

2. Structure of the retina of the 
human eye. 
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are also muscles inside the eyeball. 
These include the muscles required to 
change the shape of the lens, as des- 
cribed, and the iris. The iris is a circular 
muscle which forms the pupil through 
which light passes to the lens, lying 
immediately behind it. This muscle 
contracts to reduce the proportion of 
light reaching the retina, in a similar 
manner to the aperture adjustment on a 
camera. The iris is pigmented and is 
found in a wide range of colours. The 
actual colour is unimportant to the 
functioning of the eye, as long as it is 
reasonably opaque. In albinos this pig- 
ment is missing, and so their vision is 
defective in strong light. 

The range of pupil area control by the 
iris is from about 3 to 48sq.mm. 
However, the eye works efficiently over 
a brightness range of 10 :1, but for dim 
illumination a process of adaptation 
takes place slowly (a few minutes) in 
order to achieve this wide range of 
response. 

Brightness perception 
When viewing objects it is their angular 
size which is important to the eye. The 
fovea subtends a viewing angle between 
one and two degrees. The smallest angle 
which can be perceived is considerably 
less than this, but it is still a few times 
larger than that corresponding to the 
spacing between the cones. 

The eye integrates the quantity of 
light falling on it over a short period, but 
if the period is extended to a few tenths 
of a second, flashing is perceived -and 
it is essential to perception that we see 
when an object has disappeared or 
moved. Between these extremes an 
annoying flickering sensation is expe- 
rienced- particularly on the edge of the 
visual field. Flicker effects disappear 
completely at frequencies above 70Hz 
(the "flicker fusion frequency "), and are 
not particularly annoying above about 
35Hz. 

When viewing a 50 field /second tele- 
vision display with a 2:1 frame interlac- 
ing, both space and time variations of 
the phosphor areas become important 
in determining whether or not the 
resulting picture appears to flicker. 
Numerous tests have established that 
this field rate is acceptable. However, if 
the field rate were reduced slightly the 
flicker would become noticeable. In 
fact the present field rate, when viewed 
from the corner of the eye, appears to 
flicker to some people. This is because 
some of the nerve fibre processors of the 
eye have evolved to detect small move- 
ments at the edge of the visual field. In 
the distant past this property was 
important for man's survival. 

Colour perception 
Differences in colour are due to diffe- 
rences in the wavelength (or frequency) 
of light emitted from objects. Unlike 
radio communication it is conventional 
to discuss light in terms of wavelength 
rather than frequency, since wave- 
length is easily measured with optical 
instruments (e.g. a diffraction grating). 

Long visible wavelengths are in the red 
and infrared region and short wave- 
lengths are in the violet and ultraviolet 
range. As the wavelength decreases the 
colours perceived are: red, orange, yel- 
low, green, blue, indigo and violet. 

Although radiation of light of a given 
spectral distribution will produce a 
given colour sensation to an observer, it 
is not true to say the converse since, a 
given colour sensation can be produced 
by infinitely many different spectra. 
This is because colour is a psychological 
sensation. Laws dealing with this aspect 
are as follows: 
1 -The eye can discern only three types 

of colour variation: hue, brightness, 
and saturation. 

2 -If, in a mixture of two unequal 
colours, the proportion is steadily 
changed, the colour of the mixture 
changes. 

3 -When lights of two given colours are 
mixed, the result is always the same, 
regardless of the particular spectral 
compositions that produce the two 
colours in the mixture. 

4 -When two lights are mixed, the 
luminous intensity of the mixture 
equals the sum of the luminous 
intensities of the components. 

The second law indicates that a wide 
range of colours can be produced from 
only a few basic (or primary) colours, 
suitably mixed. It has been found that 
three primary colours are sufficient; 
these are red, blue and green. By mixing 
red, blue and green light in various 
relative amounts, a wide range of non' - 
primary hues may be produced. For 
example, red and blue produce 
magenta, red and green produce yellow, 
blue and green produce cyan, and red, 
blue and green produce white. (Note 
that this is mixing lights not pigments). 

White is a completely unsaturated 
colour so, by controlling the compo- 
nents of the three primaries in the mix- 
ing process, the saturation as well as the 
hue can be altered. 

Colour mixing can be most conve- 
niently represented by sources of the 
three primary colours placed at the 
vertices of a triangle. Magenta, yellow 
and cyan will be produced along the 
sides and, assuming the primary sources 
have appropriate relative intensities, 
white light will be produced at the 
centre. The hue of the light varies 
around a circle whose centre is at the 
centroid of the triangle. The saturation 
of the colour varies from the periphery 
to the centre of the triangle, being fully 
saturated at the periphery and fully 
desaturated at the centre. Along a line 
from any corner to the centre of the 
triangle the colour (hue) is the same and 
it varies only in saturation. 

This mixing process has direct rele- 
vance to colour television principles 
where the wide ranges of hue and satu- 
ration required for faithful reproduction 
are achieved by mixing red, blue and 
green light. In colour television systems 
the mixture may be accomplished in 
any one of three ways. 
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In the first method, the lights are 
generated by separate sources and then 
combined optically. A second way is to 
view the primary colours in rapid 
succession. If the rate of succession is 
correct, the eye will recognize only the 
combination colour and it will not 
perceive the component colours. The 
third method is to use asingle tricolour 
picture tube with the different colours 
being obtained from hundreds of 
thousands of separate phosphor dots in 
each primary colour. If these dots are 
placed closely enough, the eye will not 
distinguish them individually but will 
"see" only the resultant colour. 

The second method is no longer used 
in broadcasting and the first method is 
only used in projection colour television 
equipment (see September 1976 issue). 
However, the three types of colour 
television common today, NTSC, PAL 
and SECAM, all depend upon the third 
method. A typical picture tube may 
have about 1,320,000 colour phosphor 
dots, each about 400nm in diameter, and 
arranged in triangular clusters each 
containing one red, one blue and one 
green dot. Separate electron beams 
excite each dot to a predetermined 
brightness. The systems then depend on 
the human eye and brain functions to 
blend these primary colours together to 
obtain the required colour. 

It is a requirement of colour television 
systems that they be compatible, that is, 
the colour signals should be receivable 
on black- and -white receivers without 
causing any degradation from normal 
monochrome picture quality. This also 
means, of course, that the programme 
producer must ensure that there are 
brightness variations ,associated with 
hue differences in scenes as well as 
acceptable co lour designs: otherwise, if 
two different adjacent colours are of the 
same brightness (tonal) value, informa- 
tion will be lost when this scene is 
viewed on a black- and -white receiver. 

For almost a century it has been 
observed that, in normal viewing, the 
acuity of the human eye for colour 
detail is much less than that for 
brightness detail. This becomes evident 
when one tries to match cloth against a 
single thread; it is unlikely that the 
colours will look the same when the 
thread is woven into a cloth. This 
human eye characteristic is also used to 
advantage in colour television systems. 
As long as fine detail is carried by the 
brightness signal, there is no need to 
transmit it on the colour signal as well. 
This means that the information 
content of the colour signal can be very 
much smaller than that of the bright- 
ness signal and consequently its fre- 
quency band can be limited to about 
1MHz, which is quite small compared 
with the overall video bandwidth of 
about 5MHz. 

This series of articles is based on an 
Advanced Level course for schools and is 
prepared in consultation with Professor G. 
B. B. Chaplin, University of Essex. 
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Interactions of loudspeakers 
and rooms 
How the listening -room modifies the performance 
of the loudspeaker 

by James Moir, F.I . E. E. James Moir and Associates 

The frequency response of a loud- 
speaker, the relation between the 
applied voltage and the axial sound 
pressure level is not a fixed relation as 
might easily be imagined, but is 
critically dependent upon the acoustic 
characteristics of the surroundings. 
This is particularly true when the 
loudspeaker is used in a room of 
domestic dimensions, that is, any 
room less than about 30ft long. In fact 
at frequencies below about 100 Hz 
the loudspeaker response is almost 
entirely controlled by the acoustic 
performance of the room and by the 
position of the loudspeaker in that 
room. The problem will be examined 
and the principles explained, leading 
it is hoped to an understanding of the 
results to be expected when posi- 
tioning a loudspeaker. 
There are several effects involved: 
some are the results of the reaction of 
the room on the acoustic output of the 
loudspeaker, and others are the result 
of the room acoustics modifying the 

Fig. 1. Resonances in a long, narrow 
tube. Fundamental resonance is at 148 
Hz, given by the Rayleigh equation 

C 1 where C is the' f 
2 L2 velocity of 

sound (13,500 in /s) and L is the tube 
length (45.6in). 

25- 
dB 

20 - 

15 

frequency spectrum of the sound 
energy emitted by the loudspeaker. It 
does this as a result of the room 
acoustics selectively amplifying 
favoured frequency bands in the 
loudspeaker output. A brief review of 
those aspects of room acoustics that 
are particularly significant may be 
helpful. 

Room acoustics 
The basic acoustic phenomena that 
characterise the acoustic performance 
of a room at the bottom end of the audio 
frequency range are most easily under- 
stood if one considers what happens 
when a loudspeaker is clamped to one 
end of a long pipe, closed at the far end, 
but with a microphone inserted in the 
end. This is the simplest case, equivalent 
to a corridor -like room with one dimen- 
sion much larger than either of the 
others. If single- frequency tones are 
applied to the loudspeaker and the 
signal frequency varied, the sound 
pressure indicated by the microphone 
will be found to exhibit a maximum at 
the frequency at which the pipe is 
almost exactly one half wavelength 
long. A typical result is shown in Fig. 1, 

from which it will be seen that there is a 
peak at 148 Hz with smaller peaks at 
integral multiples of this frequency. At 
the lowest frequency the peak will be 
seen to be about 20 dB above the level at 
adjacent frequencies. 

The peak in the sound pressure 
distribution occurs at this frequency 
because it is the only frequency at 
which the wave reflected from the 
closed end of the pipe arrives back at 
the loudspeaker exactly in phase with 
the wave being emitted at that instant 
by the loudspeaker, though it is one 
cycle later in time. Thus at this specific 
frequency the sound pressure continues 
to build up until the energy dissipated in 
the pipe is exactly equal to the energy 
being supplied by the loudspeaker. At 
frequencies on either side of this 
resonant frequency, the wave arriving 
back at the loudspeaker after reflec- 
tion from the far end is not in phase with 
the wave being emitted at that instant 
by the loudspeaker and so reinforce- 
ment does not occur. 

Thus `standing waves' are set up in 
the tube, the sound pressure distribu- 
tion along the tube at this basic -mode 
frequency being as shown in Fig. 2 with 
maxima at the end and the minimum in 
the centre of the length. If the frequency 
is swept through the audio range, the 
sound pressure at the end microphone 
varies as shown in Fig. 1. It will be 
noticed that small peaks occur at the 
harmonic frequencies that are 2x, 3x, 4x 
etc., the basic resonant frequency. The 
peaks occur at these harmonic fre- 
quencies because the wave reflected 
from the far end has gone through an . 

exact number of cycles during its transit 
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i 
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Fig. 2. Sound pressure distribution 
along the tube used in the example of 
Fig. 1. 
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Fig. 3. Sound pressure distribution 
along the long axis of an unfurnished 
room. 

up and down the tube and, in conse- 
quence, arrives back at the loudspeaker 
exactly at the instant that the wave 
being emitted is passing through the 
same point on the waveform, though it 
is several cycles later in time. 

This is an example of what happens in 
a one dimensional space where the 
length is very large in comparison to the 
width and height, but exactly the same 
situation exists in any three dimension- 
al space. The sound pressure pattern 
produced in space is considerably more 
complicated, for the type of pressure 
distribution indicated in Fig. 1 exists 
independently along each of the three 
axes of the room. Thus if the acoustic 
frequency is swept slowly up the audio 
range the pattern of Fig. 1 will appear 
along the long axis of the room at the 
frequency that makes this axial length 
equal to half a wavelength. Further 
increase in frequency will produce an 
identical pattern across the room at the 
frequency at which the width is half a 
wavelength and the same sound pres- 
sure pattern will appear again between 
floor and ceiling at the frequency at 
which the height is exactly half a 
wavelength. At other intermediate 
frequencies the pattern of the sound 
pressure distribution in space will be the 
sum of the three -mode distribution and 
will be much more complex. 

Room resonances. The frequencies at 
which these resonant modes will appear 
in a three- dimensional space can be 
calculated by an equation due to 
Rayleigh 

C /IA2 Bz Dz 
fr= LZ +wz +ÑZ 

where L, W and H are the length, 
width and height of the room, A, B and 
D are the integers 1,2,3,4,5 etc., and C = 
velocity of sound (1125 ft /sec). 

The frequencies of the lowest modes 
are well separated, but the mode 
frequencies gradually get closer 
together as one moves up the frequency 
range. The sound pressure distribution 
along the long axis at the basic mode 
frequency of an actual room measured 
without the soft furnishings, (settee, 
easy chairs and carpet) is illustrated in 
Fig. 3. It will be seen to be very similar to 
the pressure distribution in the pipe. 

In addition to the three basic reson- 
ances at frequencies at which the 
length, width and height are one half 
wavelength, there are harmonics of 
each .basic mode frequency at 2,3,4,5, 
times the basic mode frequency. There 
are further resonances at frequencies 
determined by combinations of the axial 
dimensions. These can be obtained from 
the Rayleigh equation by including both 
the length and width terms inside the 
bracket. Yet another group of 
resonances are obtained by inserting 
the length, width and height terms 
inside the bracket. All these basic mode 
frequencies are accompanied by their 
harmonics, their frequencies being 
predicted by making A, B and D equal to 
1,2,3,4 etc., in turn. 

Sound energy losses. The discussion has 
concentrated on predicting the fre- 
quencies at which the room resonances 
appear, but the amplitudes of the 
resonances are also important. The 

Table 1. Listening -room Q for three average 
rooms. 

Frequency Mode Q 

Room 1 31 Hz 1.0.0. 22 
58 Hz 2.0.0. 12 
90 Hz 3.0.0. 12 
44 Hz 0.1.0. 24 
71 Hz 0.0.1. 22 

Construction. 11" cavity brick walls except 
end wall along longest mode made of 
plasterboard partitioning. 20% of one side wall 
fitted with double glazed window. Solid 
concrete floor with wood finish. Ceiling of 
plasterboard on wood joists. Comfortably 
furnished. 

Room 2 36 Hz 1.0.0. 11 

Construction. 11" cavity brick walls with 
approx. 10% of wall area fitted with single 
glazed openable windows. Wood joist floor 
with plasterboard on wood joist ceiling. 
Comfortably furnished. 

Room 3 50 Hz 1.0.0. 10 
99 Hz 2.0.0. 11 

149 Hz 3.0.0. 14 
67 Hz 0.1.0. 11 

Construction. 9" solid brick walls with approx. 
6% of wall area fitted with single glazed 
openable windows. Wood joist floor with 
plaster on lathe on wood joist ceiling.. 
Unfurnished. 
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amplitude of each of the resonances is 
determined by the amount of sound 
energy dissipated by the air movement 
that occurs and by the extent of the 
vibration of the building structure that 
results from the cyclic sound pressure 
changes at the wall /air boundaries. The 
energy required to vibrate the wall, 
ceiling and floor must be abstracted 
from the acoustic wave and these 
energy losses determine the Q and 
amplitude of the resonances. In prac- 
tice, the amount of sound energy 
absorbed is rarely equal in each mode of 
resonance and, in consequence, the Q 
and the amplitude of the resonances 
vary between modes. 

At low frequencies the vibration of 
the building structure is the primary 
source of energy dissipation, a board - 
on -joist floor or a plasterboard ceiling 
being particularly effective sound 
absorbers of frequencies below about 
150 Hz. This is afunction of the integrity 
of the structure and is not susceptible to 
calculation in advance of the construc- 
tion - prior experience must be relied 
upon. Table 1 lists the Qs that have been 
found to be typical of ordinary building 
construction and domestic furnishings. 
At frequencies above about 200 Hz 
structural resonance is less effective in 
absorbing sound energy and the Qs are 
increasingly determined by the amount 
of sound energy absorbed by the soft 
furnishings. This can be calculated with 
adequate accuracy but in any event 
these higher frequency modes of reson- 
ance are usually less important for they 
are more closely spaced in frequency 
and thus lose their separate existence. 

Reactions on the loudspeaker 
The presence of these resonant modes 
modifies the performance of the loud- 
speaker in several ways. Their effect on 
the power output of the loudspeaker is 
probably the easiest to understand and 
will be discussed before going on to the 
more complex effects. Reference to Fig. 
3 will show that in a typical room the 
maximum sound pressure at the anti - 
node near either end wall is some 24 dB 
higher than the sound pressure at the 
node in the centre of the room. Shifting 
the loudspeaker from a position against 
the end wall to the centre of the room 
reduces the sound power output at the 
mode frequency by the amount equal to 
the difference in sound pressure at the 
node and anti -node. Thus at the reson- 
ant mode frequency the sound power 
output from the speaker is some 24 dB 
higher when it stands against an end 
wall than it is when standing in the 
centre of the room. Note that the Q of 
the resonance is not altered by the 
change in speaker location; this is 
determined by the sound energy losses 
that are present in that particular mode. 

As excitation of the mode is a 
minimum when the loudspeaker is half 
way along the mode at the pressure 
minimum in the wave, this allows the 
amplitude of any one resonance to be 
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minimised by suitable placement of the 
loudspeaker in the room. If the speaker 
is mounted in the centre of one end wall, 
the length mode will have the maximum 
excitation but the cross mode reson- 
ance will have the minimum excitation 
and in consequence the minimum 
amplitude. Placing the loudspeaker half 
way between floor and ceiling in a 
corner will provide equal excitation for 
the two modes of resonance along the 
length and width axis, and the minimum 
excitation for the floor to ceiling mode, 
while placing the speaker on the floor in 
a corner will excite all three groups of 
modes. 

The polar diagram of a loudspeaker 
has a generally unrecognized effect on 
the degree to which the many resonant 
room modes are excited. A loudspeaker 
with an omni -directional polar diagram 
will tend to excite all modes equally, 
whereas a loudspeaker with a figure of 
eight response has nominally zero low 
frequency output in the plane of the 
radiator. This will always result in a 
reduction in the extent to which a 
number of the resonant modes are 
excited and may allow the speaker to be 
placed in a position that minimises the 
excitation of a particularly annoying 
mode. Thus we have techniques for 
controlling the amplitude of a few of the 
resonances and it remains to be decided 
what should be attempted. 

Loudspeaker location. Peaks in the 
frequency response at low frequencies 
cannot be avoided, but it is a reasonable 
first assumption that the overall 
response should be as smooth as 
possible. This will generally be achieved 
by attempting to excite as many 
resonant modes as possible, a result that 
can be approximated by mounting the 
loudspeaker near the floor in one 
corner. A position near the ceiling in the 
corner is just as effective, though it may 
have other disadvantages. This discus- 
sion has assumed that all the resonant 
modes have the same amplitude and are 
equally annoying, that the loudspeaker 
system has a uniform frequency 
response down to a frequency below the 
lowest room resonant frequency, and 
that the programme has significant 
energy in the low frequencies. None of 
these assumptions may hold in practice 
and in any specific situation it is not 
possible to predict in advance which is 
the most advantageous location for the 
loudspeaker. 

However, there is a simple experi- 
mental technique that allows the best 
location to be found. Loudspeakers are 
now generally bought in pairs for use 
with a stereo system and the perfor- 
mance of both loudspeakers is likely to 
he very similar. If both are driven by the 
same mono signal, one speaker may be 
placed in a corner and the second in any 
alternative domestically acceptable 
location. Switching from one to the 
other will allow a comparison of the 
sound quality obtained in the two 

locations. The speaker giving the least 
acceptable sound quality may then be 
moved into a third position and the 
comparison repeated until the optimum 
position is found. It is highly likely that 
the best stereo performance will be 
obtained with the second speaker in a 
position symmetrically placed with 
respect to the best mono location, but 
the suggestion is well worth checking 
before finalising the positions. 

Boundary reflections. The effects so far 
discussed are what might be termed the 
reverberation acoustic effects, but there 
are other inter -actions between the 
loudspeaker and the room boundaries 
that are of significance. When the 
loudspeaker is placed close to the wall 
or on the floor, the sound that travels 
direct from loudspeaker to the listener 
is followed within a few milliseconds by 
sound that has been reflected from the 
floor and adjacent wall, and from the 
wall surface behind the loudspeaker. At 
every point in the room there will be a 
path length difference between the 
direct and reflected sound that will 
result in phase cancellation and produce 
a crevasse in the response, but at other 
frequencies the direct and reflected 
sounds will be in phase and produce 
peaks in the response of the listeners 
ears. 

The immediate reaction is that 
anything that introduces peaks and dips 
into the response curve can only result 
in some degradation in the sound 
quality. This is probably true, though it 
is certain that the hearing system can to 
a large extent ignore peaks and dips in 
the response when they are produced by 
the room, though it would consider 
them disastrous if they were present to 
the sane extent in the direct response of 
the loudspeaker as measured in free 
space. This is well illustrated by the 
curves of 4(a) and (b) the frequency 
response curves of a good loudspeaker 
(a Quasar) taken in the open air and 
again in the listening room with the 
microphone in the normal listening 
position and the loudspeaker in its usual 
location near one corner. Subjectively 
judged, the effective loudspeaker 
response at the listening position is that 
measured in the open air and conse- 
quently very different to that measured 
at the listening position in the room. 

The pea:_s and dips due to reflection. 
from the wall surfaces in the immediate 
vicinity of the speaker can generally be 
greatly reduced by the use of thick 
sections of a good sound absorbent 
immediately behind the speaker and on 
the adjacent wall. The accent is on thick 
sound absorbent sections, for where the 
peaks and dips occur in the frequency 
range below about 500 Hz, the thin 
sound absorbent materials such as the 
common acoustic tiles are of little value. 
We use blocks of polyurethane foam 
about 3ft x 2ft and six inches thick, but 
the seat cushions from a settee or easy 
chair are a satisfactory substitute when 
experimenting. 
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Whether these absorbents are of 
value in any particular situation can 
only be determined by actual trial, the 
technique described earlier for deter- 
mining the optimum loudspeaker posi- 
tion being useful. Switch a mono signal 
between one speaker in the optimum 
position, on the left hand side of the 
room, and a second speaker on the right 
hand side with the sound absorbent 
behind it. This allows an immediate 
comparison of the effect from the 
listening position normally used. Clear- 
ly, if you are a believer in the use of 
omni -directional loudspeakers this 
technique is not for you. 

Sound power output. Apart from the 
effect of the corner location upon the 
frequency response there is yet another 
'interaction that is significant. If a 
loudspeaker is located on the floor in 
the centre of the room, the diaphragm 
looks out into a solid angle of 180 

' degrees (2nr steradians). If it is then 
moved down the floor /wall corner, in 
the middle of the long wall, the included 
angle is reduced by half (to a 
steradians) and on moving it to the 
corner of the room but still at floor level, 
the solid angle seen by the diaphragm is 
again reduced by half to one quarter of 
its original value (to 17/2 steradians). 
Each reduction in the included angle 
doubles the acoustic impedance pre- 
sented to the diaphragm and so doubles 
the acoustic output, at least in the low 
frequency end of the range where the 
polar diagram of the speaker in free air 
would be substantially circular. 

The effect is well illustrated by Fig. 5 - measured values of the sound power 
for the same loudspeaker standing first 
on the floor in the centre of a room, then 
against the wall in the centre of the long 
wall, and finally when standing in the 
corner. The measurements were made 
in one- third -octave bands with the 
loudspeaker supplied with a pink noise 
signal. It will be seen that below a 
frequency of 250 Hz each move from 
centre towards the corner location 
increases the power output, the step 
approximating 3dB at the lowest 
frequency. 

The overview 

The various effects may now be 
summarized and integrated. Standing 
the loudspeaker in a corner will increase 
the power output at low frequencies, 
will excite the maximum number of 
room resonances and will probably 
produce the smoothest overall fre- 
quency response. If one dimension of 
the room is much larger than either of 
the others the frequency of the lowest 
mode of resonance will be well below 
that Of the next higher mode and this 
may result in the lower mode being 
unduly prominent. This effect is more 
significant in small rooms. Moving the 
loudspeaker among the long wall 
towards the centre of the room will 

www.americanradiohistory.com

www.americanradiohistory.com


68 

25 

dB 

20 

15 

10 

5 

o 
10 

25- 
d8 

20- 

Wireless World, June 1977 

(a) 

15- 

10 

5- 

0 
10 

(b) 

i'Avov 
1 
20 

Fig. 4. Judged subjectively, the 
perceived loudspeaker response is that 
measured in the open air (a) rather 
than that produced by room 
interactions (b). 

reduce the amplitude of the lower mode 
without changing the amplitudes of the 
other primary modes of resonance. This 
may reduce the 'bass boom' effect that 
is characteristic of isolated low -fre- 
quency resonances of high amplitude. 

Standing the speaker directly on the 
floor, or against any wall will result in 
reflections from these adjacent surfaces 
that will cause phase cancellation 
between the direct and reflected waves 
and produce peaks and dips in the 
frequency response at the listeners ears. 
Moving the speaker away from the wall 
will move the dips and peaks down the 
frequency band towards the lower 
frequencies where they may be less 
obstrusive. Exactly the same effects 
occur as the louspeaker is lifted off the 
floor. 

The loudspeaker designer may have 
balanced the frequency response taking 
advantage of the reinforcement due to 
the floor, in which case the user is likely 
to find that the performance of the 
loudspeaker is greatly improved by 
standing it on the floor in his listening 
room. Conversely if the designer 
balanced the response with the speaker 

I 

200 500 1k 

FREQUENCY (Hz) 
5k 10k 

90 - 
PWL 
(dB) 

85- 

HO 

75 

70 
50 100 

At centre of floor 
-- -- Positioned near one wall 

Positioned in corner of room 

I I I 1 

200 500 
Ii I 

1k 2k 
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Fig. 5. Measured values of speaker 
output at different positiors in a room. 

supported on a stand above the floor, 
the user may find it advantageous to 
mount the speaker in the same manner. 

It will now be appreciated that there 
are very complex interactions between 
a loudspeaker and the room in which it 
is mounted. Generally, they are too 
complex to allow any specific directions 
for mounting loudspeakers to be given, 
but an understanding of what happens 
is an excellent guide when attempting 
to find the optimum location for your 

loudspeakers in your rooms. 
My thanks are due to Mr. W. R. 

Stevens of our laboratory who obtained 
almost all the experimental data used to 
illustrate the conditions in a typical 
listening room. 
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GEC Semiconductors 
deliver intel 

memory systems 
for all 

DEC PDP.11 
computers 

GEC Semiconductors can now supply an Intel 
memory system for every minicomputer in the 
popular DEC PDP -11 family. Intel memory systems 
are faster, smaller in size, consume less power and 
cost between 30 and 50% less than the memory 
systems they replace. 

The higher operating speed of Intel memories 
means greater system through -put, while the smaller 
size solves many space problems. Lower power 
consumption permits wider operating margins on the 
mainframe power supply and results in a cooler 
running, more reliable system. 

Each Intel memory system is fully hardware and 
software compatible with the PDP -ll. The add -in 
boards simply slide into the appropriate PDP -11 

memory back plane without modification. Others are 
complete stand -alone, plug compatible chassis. 

SEMICONDUCTORS 
GEC Semiconductors Limited 

The Intel in -1970, for example, provides up to 4M 
bytes in a single DEC cabinet and has an access time 
of 555 nsec. It is the only PDP -11 memory with IBM 
proven error correction and features sophisticated 
self -fault detection with Intel furnished software. The 
in -1611 provides eight times the density of the 
PDP -11/03 with up to 32K x 16 on a `2 -wide' board. 

Intel is the world's largest independent 
manufacturer of semiconductor memories. 

Select the best. 
Choose Intel from 

GEC Semiconductors. 
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Using a microprocessor 
An example of the design of an industrial system 

by J. Skinner, Leafields Engineering Ltd 

Many electronic engineers will have 
had little or no experience of the 
computer world and its specialised 
language. The prospect of having to 
tackle a new discipline will probably 
daunt many who at the moment are 
wondering "what can microproces- 
sors do for me ? ". The purpose of this 
article is to show how the initial 
barrier can be overcome. This is not 
intended to be an exposition on 
microprocessor (m.p.u.) technology 
or even a detailed description of how 
they operate - for that, consult the 
manufacturers' handbooks. What is 
intended is that we shall select one 
particular model, the Intel 8080, and 
proceed through all of the steps 
required for a particular application. 
Most of the available application 
reports demonstrate a programme for 
the application well enough but leave 
out much of the information that the 
beginner needs. 

There is no doubt at all that the 
arrival of the microprocessor concept 
makes available to the electronic 
engineer what has always been availa- 
ble to the computer man, a very 
versatile and powerful tool, which is 
capable of replacing complex logic 
systems with a mere handful of com- 
ponents. A most attractive feature of 
m.p.u. systems is the ability to stan- 

Fig. 1. Basic layout of a microprocessor. 

dardize the hardware (circuit and 
therefore p.c.b.). Differing 
requirements for successive applica- 
tions are accommodated entirely in 
programming software. Unfortunately, 
the cost saving made in using standard 
hardware is usually consumed by the 
additional cost of software preparation. 
The ability to modify system operation 
simply by altering software is however 
a major advantage, particularly where 
this is required for equipment already 
in service. 

Obviously, the application described 
in this article can only be a typical one; 
however, the design techniques are the 
same for most basic types of applica- 
tion, so that the reader should be able to 
design his own system by following the 
pattern described. 

The Intel system was chosen because 
it appears to be one of the most popular 
in use. Unfortunately, there is no 
software compatibility between the 
various types that are available - the 
processing power of the 8080 is contin- 
ually being surpassed by competitors 
and Intel themselves are in the race to 
produce more advanced systems. How- 
ever, most engineers will only need to 
use a small part of the m.p.u.'s total 
ability It takes time to become fully 
familiar with the technique of using 
each model, so that the temptation to 
try each new product as it appears must 
be resisted, unless the advantage gained 
in changing can be shown to be 

worthwhile. This fact is equally true 
with programming technique - much 
time can be spent in producing an 
efficient programme, when the real 
object is to carry out a task, not to 
produce more and more efficient pro- 
grammes. 

One further word of warning. Those 
with computing experience will 
obviously wish to use the m.p.u.'s 
capabilities to the full and will often be 
considering complex applications. Pro- 
gramming for such functions is simpli- 
fied by the use of various compiling 
languages and by machines designed to 
translate the programme into the 
programmed memory used by the 
m.p.u. system. In this type of applica- 
tion, the expense of compiling machines 
is justified by the job which the system 
is to carry out. On the other hand, many 
industrial applications can be achieved 
by the provision of less than 100 words 
of programme. This can be constructed 
directly into the "machine code" used 
by the m.p.u., without resort to special 
language or compiling machines alth- 
ough, if these are available they will 
make the task much easier. The system 
described later in this series was 
developed using a single programming 
aid costing £120, and even that was not 
a necessity. 

Basic system 
Figure 1 illustrates a fairly basic layout 
for a microprocessor system. 
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Fetch d.v.m.- I.s.d. 

Compare with ref. 

Fetch next d.v.m. decade 

Compare with ref. 

Fetch d.v.m.- m.s.d. 

Compare with ref. 

Next instruction I 

d.v.m. 

d.v.m. 

d.v.m. 

Fig. 2. Flow chart showing sequence of 
events during the feed of a b.c.d. input. 

Central processor unit. The c.p.u. is the 
computing element of the system, 
carrying out logical and arithmetic 
functions at high speed, which is 
coupled to other elements via two sets 
of bus lines. The data bus is used for 
transfer of data between the elements of 
the m.p.u. system and also, in some 
cases, with the outside world. The 8080 
has eight of these data lines providing a 
basic resolution of 1 in 256. Other makes 
of c.p.u. are available with 4, 16 and even 
32 data bus lines. The second set of bus 
lines is used to address other elements. 
The 8080 has 16 address bus lines, thus 
providing 65,536 addressable locations 
(known as 65k). Some c.p.u. types 
combine some of the data and address 
busses. There are also a number of 
control functions, too detailed to deal 
with here. 

Clock control. The c.p.u. element is 
driven by a clock system, which differs 
widely between various makes of c.p.u. 
The 8080 requires a two -phase system 
and Intel provide a circuit element 
dedicated to this function. Some types 
use a relatively slow clock, the ultimate 
being a single -step system. Single 
stepping is useful for proving correct 
operation and a means of providing this 
facility for the 8080 will be described 
later. 

Programme store. Instructions to the 
c.p.0 are stored in this element in binary 

form. A read only memory (r.o.m.) is 
usually used where the programme has 
been proved and is required in quantity. 
For development purposes, a 
re- programmable r.o.m. (p.r.o.m.) or 
even a random access memory (r.a.m.) 
may be used. The p.r.o.m. or r.a.m. 
provide the user with a means of 
modifying his programme where this is 
found to be necessary during the course 
of development. These elements will be 
discussed in detail later in the article. 

Memory. Random -access memory, as 
described above, is used here for 
temporary data storage. Data may be 
shifted in and out of this element as the 
c.p.u. commands. Most c.p.u.s them- 
selves contain some temporary storage, 
the 8080 containing seven user registers 
of 8 bits each. The c.p.u. storage may be 
sufficient for some simple systems. If, 
however, the system is intended to be 
universal, it is best to include r.a.m. in 
the design; it can always be omitted if it 
is found to be redundant. 

I %O. This is shorthand for Input /Out- 
put, the elements which couple the 
m.p.u. data bus to external systems. 
There are a number of types available, 
providing for parallel or serial applica- 
tions. Other features such as data 
latching are also available. 

Handshaking. This term describes the 
method of coupling a high -speed system 
such as the m.p.u., to a low -speed 
system such as a printer. Operation of 
the m.p.u. is held until the appearance of 
a "ready" signal from the printer. A 
block of data is then transferred to the 
printer and the m.p.u. again held until 
that block of data has been dealt with. 
The printer "ready" line thus slows 
down the operation of the m.p.u. to suit 
its own slow speed. 

Interrupts. This is a means of halting the 
c.p.u. in its execution of programme. 
The c.p.u. may then be required to wait 
until commanded to re- commence or it 
may be commanded to proceed with 
another set of programme instructions 
until a further interrupt returns it to 
continue with the first instruction set. 
Where a number of peripherals are 
sharing the c.p.u., a priority schedule 
may have to be observed. 

The above description is, of necessity, 
brief. No mention has been made of the 
c.p.0 architecture, the logical compon- 
ents of the c.p.u. and the way in which 
they are linked together. No m.p.u. 
system can be developed, built or tested 
without reference to the manufacturer's 
data. Most manufacturers provide 
valuable assistance in the form of 
instruction and programming manuals 
and it is recommended that these be 
studied before purchase of components. 
Many potential users will be interested 
in the kits and ready built and tested 
modules that are available, although to 
date, we have not found any that suit 
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our own requirements. True, unwanted 
components can be left out, but when 
one has to add extra component boards 
then it is perhaps better to start afresh. 
(All of the components used in the 
system to be described can be housed on 
a single board.) 

Programming 
Having looked at the general m.p.u. 
system, we can now examine methods 
of instructing the system to carry out its 
task. As mentioned previously, the aim 
is to provide the reader with enough 
basic knowledge to develop a pro- 
gramme to suit his own problem. 

The 8080 is an 8 -bit system. That is, 
the system deals with binary states in 
blocks of 8, each of the 8 data lines 
dealing with a single binary digit, or bit, 
the block forming a "data word" or 
"byte ". Words of more than 8 bits can be 
dealt with in several bytes, although 
they will obviously take longer to 
handle. Either binary, or binary -coded 
decimal data can be handled, as will be 
demonstrated later. First, though, a 
look at the programme requirement. 

The c.p.u. has the ability to carry out 
a number of definite tasks, known as the 
instruction set, each instruction being 
initiated by a unique 8 -bit control word. 
The binary words controlling the c.p.u. 
are known as "machine code ", which is 
often written in base 8 (octal code) or 
base 16 (hexadecimal code or Hex). The 
machine code instructions are stored in 
logical sequence by the programme 
memory and used as required by the 
c.p.u. The first task, therefore, is to 
construct the logical sequence of events 
which the m.p.u. system is to follow. 
This sequence is known as the pro- 
gramme. 

The best way to construct a pro- 
gramme is to set down the sequence of 
events in the order in which they must 
occur. The diagram so constructed is 
known as a flow chart - users of PERT 
diagrams will find the technique a 
familiar one. The flow chart will show 
inputs and outputs and will comprise 
events and decisions. Where decisions 
are made, the programme will branch 
into 2 or even 3. Return loops provide a 
means of searching for the existence of 
a particular state of affairs. 

As an example, one can take the 
output of a 3- digit, binary -coded deci- 
mal digital voltmeter into the m.p.u. 
system, assuming the d.v.m. data to be 
staticised. The data is to be compared 
with constants held in c.p.u. registers, 
the programme proceeding when d.v.m. 
values are equal to or greater than the 
constants. The use of b.c.d. implies 4 bits 
per decade. For simplicity, we shall deal 
with one decade /byte, the hundreds 
being termed the most significant 
decade and the units the least. 

Each decade is thus circulated around 
its sampling loop until it is equal to or 
greater than the desired value. When 
that value is reached, the c.p.u. moves 
on to deal with its next instruction as in 
Fig. 2. The important thing to remember 
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Fig. 3 The elements of a system used to 
control the operation of an 
eight -hopper blending and weighing 
system. 

Weighing 
system 

in constructing programmes is not to 
try to achieve all in one attempt. It is 
best to break up the programme into 
small groups, one or mere of which may 
be of use in another part of the 
programme, which should be con- 
structed to make this possible. Where a 
section is of general value it is known as 
a subroutine. Most manufacturers 
maintain a library of subroutines for 
subscribers' use and these can be useful 
in providing proved programmes. 

The flow chart should be constructed 
without reference to a particular 
instruction set. When it is complete the 
instruction set can be consulted and the 
assembly list prepared. (The assembly 
list is the schedule of c.p.u. instructions 
assembled in sequence.) The complete 
flow chart and software for a specific 

problem can now be developed, leaving 
the hardware details until the next 
article. The example developed above 
will be used but, to widen the scope of 
the discussion, we shall make a few 
improvements - always difficult to 
resist. 

First, though, a word about the use of 
discrete logic. There are many logical 
functions which are effectively carried 
out by existing logic blocks, and there is 
always a temptation to use them where 
such functions are required. There is 
usually no reason why they should not 
be used except that they tend to reduce 
the versatility of the m.p.0 since a 
purpose- designed printed- circuit board 
is needed. However, if the use of 
discrete logic considerably simplifies 
the programme then there is a case for 
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its inclusion - each application must be 
assessed on its own merits. In the 
example describe below, discrete 
decoding reduced the number of I/O 
elements required and resulted in a cost 
saving. Where process time is impor- 
tant, the number of programme steps 
can be reduced with the use of discrete 
logic functions. 

This example described is intended to 
illustrate the versatility of the m.p.u. 
and some of the techniques which can 
be employed. 

Problem 
It is desired to control a dispensing 
system which has a hopper feed on each 
of eight supply lines, as shown in Fig. 3. 
The hoppers are controlled by solenoid 
valves and feed a digital weighing 
system. The quantity to be dispensed 
from each hopper is prescribed on 
punched card. 
The sequence of operation is as follows. 
(1) Operator inserts a card into reader 
and operates the START control. 
(2) System reads the card data for one 
hopper and opens the valve for that feed 
line. 
(3) The weighing system is monitored 
until the quantity required from that 
line has been dispensed; the valve is 
then closed. 
(4) The sequence is repeated for each 
line in turn until all lines have been dealt 
with. A "completed" signal is then 
generated. 

Solution 
Card Reading. The method of dealing 
with the data stored on punched card 
(or on any other storage medium) will 
depend on the equipment used. The 
simplest way is to put the data on 
common bus lines and provide a 'chan- 
nel select' signal. For eight channels, 
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one can simply raise a command signal 
on one of eight output lines, or use a 
one -out -of -eight decoder, driven from 
three output lines. As a decoder is 
cheaper than an extra I/O block, we 
opted for the decoder in this case. 
Supposing 1% accuracy was specified, a 

Reset 

Initialize outputs 

Await start 

Cancel complete flag 

Input select 

Output select 

Logic flow 

Select card 
column 

Card data 

Open valve'rl 

d.v.m. 

I Disable output 
I 

p Close all 
valves 

t 
Count down input 

Count down output 

Complete 
lamp 

Fig. 5. Completed flow chart for the 
system of Fig. 4. 

three -decade measurement system 
would be required. Either binary or 
b.c.d. could be used, but b.c.d. is simpler 
to deal with and would probably be 
provided from the weighing system. The 
input bus to the m.p.u. system is 
therefore 3- decade b.c.d. (i.e. 3 x 4 
lines). 

Weighing data unit. The input from the 
weighing system is also 3 x 4 lines. 
Again several possibilities of handling 
the weighing system data exist. The 
data could be fed to the card data taus 
and used when required by means of an 
output select signal, or it can be given 
its own I/O ports. The card reader. 
would probably be connected to the 
m.p.u. system with its own separate 
cable, bus control being fitted at the 
card reader end to reduce the number of 
cables and connector pins It would 
probably be most economic then to 
provide separate I/O ports for the 
weight data. Multiplexing control put - 
puts might be required in some 
instances but are left out in this 
description for the sake of simplicity. 

Valve control. The requirement here is 
for 1 of 8 to be selected. A three -line 
binary decoder could be used except for 
the fact that one of the outputs from a 
decoder is always active unless an 
illegal input is supplied. We decided to 
use a separate I/O block here. 

Remaining outputs. Three ports are 
required for the 'card select' lines and 
one further port for the 'complete' 
signal. 

Weigher outputs. In the example dis- 
cussed earlier, we dealt with the d.v.m. 
b.c.d. outputs in three separate bytes, 
one byte per decade. This is wasteful of 
I/O ports, and we shall now economise 
and use one byte per 11/2 decades of data, 
calling the bytes m.s.b. and I.s.b. The 
same system is applied to the card data 
lines, as shown in Fig. 4, where the 
second I/O block is shared between 
card and weigher 1.s.b. data. Data entry 
to the c.p.u. is via a temporary, eight -bit 
register known as an accumulator. Data 
held in the accumulator may be pro- 
cessed directly by the c.p.u. or trans- 

Fig. 6. A complete prototype m.p.u. 
system. The c.p.u. is at rear left, input 
and output blocks right rear and front, 
r.a.m.s in the centre and r.o.m. the 
white i.c. centre left. 

.ferred to other storage registers. 
We shall now proceed to show how 

the card and weigher l.s.b. data held in 
the second I/O block can be separated. 
The technique is known as "masking" 
and is simply applying a logical. AND 
function to eliminate the unwanted 
data, as in Table 1, where the top row is 
the mixed data, the second row the 
other AND input and the third row the 
AND output. (D is weigher data, d is 
card data). The outputs are shifted right 
by four plates to give the card data in 
the correct sequence. 

Table 1 

d d d d D D D D 

1 1 1 1 0 0 0 0 

d d d d O O O O 

0 0 0 0 d d d d 

Similarly, the weigher data is separated 
by the complement of the second row of 
Table 1. The flow chart for the system is 
shown in Fig. 5. Card columns are 
selected in sequence and the data read 
off. The appropriate valve is then 
opened and the d.v.m. data compared 
with the card reading When the correct 
weight is dispensed, the valve is closed. 
The number of card columns and also 
the number of valves operated is 
counted down from the total number 
stored in c.p.u. registers and when all 
have been dealt with in sequence, the 
'complete' signal is generated and the 
system returned to await the start. 

Next month the machine code and the 
hardware requirements for this pro- 
gramme will be described. 
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Broadcast stereo coder 
2 - Circuit description and construction 

by Trevor Brook Surrey Electronics 

The complete coder is shown in Fig. 10. 

ICI and IC2 provide regulated and 
short -circuit protected plus and minus 
15 -volt lines. The output voltage of 
these i.cs has reasonable temperature 
stability, which is desirable for the 
negative line, since it provides the 
reference for oscillator amplitude. 
Though short -circuit protected, the 
regulators cannot withstand reverse 
polarity at their outputs, so D16 and D17 

prevent damage, should the two 
supplies be inadvertently shorted 
together. 

The 19 kHz sine -wave oscillator 
described in part 1, IC3, has one 
addition, the chain of diodes D11 -14 

across the output. There is the chance 
that, when starting, the oscillator 
output could hit the supply rails and 
thus go beyond the linear region of the 
multiplier, IC4. When the multiplier is 
overdriven its output, instead of rising 
further, distorts and begins to fall, 
'which means that the comparator no 
longer receives an input in proportion to 
the oscillator amplitude and the oscilla- 
tor stays locked into a condition where 
it oscillates at the supply clipping point. 
Diodes 11 to 14 clip the oscillations 
below the multiplier's serious non -lin- 
earity level without affecting the oscil- 
lator distortion when running normally, 
at the designed output of 1 volt r.m.s. 

Multiplier IC4 has its X+ and Y+ 
inputs tied together, so that it acts as a 
linear frequency doubler with R23 

'providing trimming of 19 kHz feed - 
through rejection. The rejection figure 
obtainable worsens as the multiplier's 
maximum permissible input swing is 
approached, hence the reason for 
driving at 1 volt. 

The loss occurring in the multiplier is 
recovered by ICS and, since it must 
provide over 30dB gain, a wide band- 
width op -amp is used, a 531. A 748 can 
just about manage the job but it 
'introduces a significant temperature - 
dependent phase shift, a very undesira- 
ble characteristic in this part of the 
circuit. 

Notch filter IC6 has virtually unity 
gain at 38 kHz and is within the 
capabilities of a 748. Of all the active 
notch arrangements I have tried, the 

Wien bridge seems the most repeatable. 
No very high impedances are involved, 
the loss at double notch frequency is 

less than 0.2dB, the corresponding 
phase shift is small and stable, and a 
notch deeper than 30dB can beobtained 
at 19 kHz. Two adjustables set the time 
constant of one bridge arm and the 
circuit Q and both are adjusted for the 
deepest notch. Perhaps IC6 and its 
associated circuitry is a lot of trouble to 
avoid a simple LC rejector; but cus- 
tom -wound inductors are also a lot of 
trouble, have poor tolerance and the 
possibility of causing distortion if ferrite 
cored. 

Capacitor 16 couples the 38 kHz into 
the balanced modulator and blocks the 
accumulated d.c. offset. Though only a 
volt or so, it is unlikely to be tempera- 
ture stable so R39 establishes a stiff 
grounding for the multiplier. The value 
of C16 is chosen with R39 to cause small 
phase shift, yet provide some welcome 
roll off at low frequencies, since the 531 

is a disgustingly noisy little animal. The 
comparator sensing point is also taken 
from here, again with no worries about 
superimposed d.c. 

Left -channel audio passes through 
R40 and C17 where it receives pre -em- 
phasis of 501.1.s. Capacitor 17 may be 
omitted for a flat frequency response or 
a link could replace R40 on the board and 
R40 be placed by a switch bank with 
various capacitors to give a choice of 
pre- emphasis. A straightforward audio 
amplifier IC7 drive the first filter section 
through its correct source impedance, 
R45. The filter is terminated by R46 and 
feeds into a compound emitter follower, 
Tr4, Tr,: single- transistor emitter fol- 
lowers cause too much distortion, even 
at signal levels below 1 volt as here. 
Resistor 48 is the source impedance for 
FIB which is terminated by R44. Ar- 
rangements on the right channel are 
identical apart from F' s terminating 
resistor which is split between a preset, 
R54, and a fixed resistor. These filters are 
normally intended for use as a stereo 
pair, but on an experimental coder there 
appeared a surprisingly large phase 
shift between the M and S signals as 15 

kHz was approached. This turned out to 
be due to crosstalk (at -60dB) between 

the two halves of the filter which 
produced a spurious signal of different 
phase on the 'silent' channel. The cure 
adopted here is to feed each channel 
back through the second half of its 
original filter block and keep the left 
and right channel blocks well apart. 

The A and B signals emerging from 
FIB and F2B are fed via their phase 
shifting networks, R74, C25, C26 and R75, 

C27, C28, to the output adder IC11. The 
different values for C25 and C27 is 
explained by different paths through 
the differencing amplifier and differ- 
ence in circuit board capacity for the 
two channels. 

The differencing amplifier, IC8, uses a 
748 rather than a 741, since less phase 
shift is introduced at the higher audio 
frequencies and the change with tern - 
perature of the remaining phase shift is 
lower. The second drawback of the 
multipliers used here is that they 
produce a small amount of second 
harmonic distortion and, though this is 
immaterial in the doubler configura- 
tion, it is relevant when using the 
balanced modulator configuration. 
Sucti distortion on the audio port will 
produce second harmonic distortion for 
difference signals below 7.5 kHz and 
beat tone distortion for frequencies 
between 7.5 and 15 kHz. On the 38 kHz 
port, the effect will be to give an output, 
with associated sidebands, at 76 kHz. 
Like feedthrough, these effects worsen 
as the multiplier is driven harder and 
here the carrier level, and audio level for 
a full difference signal, are set 6dB 
below the multiplier's non -linearity 
point. The audio takes precedence and 
goes to the X port, which has the better 
linearity specification. The objection to 
driving the balanced modulator at even 
lower levels is that noise would become 
obtrusive. The double- sideband, 
suppressed- carrier difference signal 
from IC10 is fed to the adder at the 
correct level via R72. 

The gain of 15dB required from IC11, 

the output adder, for the S signal. is 

possible from a 748 and the noise level of 
these devices is also good enough for 
this position. The signal components 
may be switched individually by the 
d.i.l. switch mounted on the board, SI -4, 
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and R78 is present to stop the 748 going 
unstable should all the switches be 
turned off. A balanced output is pro- 
duced by IC12, which is a unity gain 
inverter. 

The sine -wave pilot signal is taken 
directly from the oscillator output, 
passed through a trimmable phase shift 
network C11, R13, R14, and then atten- 
uated suitably by R15, R16 before reach- 
ing the adder. Mono /Stereo switching is 

achieved by a reed relay mounted on the 
board immediately by the adder, which 
disconnects the pilot and S signal. The 
reverse diode and capacitor around the 
relay coil completely remove any click 
due to the switch but some click 
remains as the reed contacts make or 
break. There is no d.c. offset being 
switched and no capacitor charging as 
the contacts close and the click only 
occurs if the pilot is switched on at the 
d.i.l. switch. The reason is that the 19 

kHz sine wave is being interrupted 
instantaneously: another way of think- 
ing of it is 100% amplitude modulation, 
and a continuum of sideband- energy 
will extend from d.c. to infinity. The 
peak level of the click at the coder 
output viewed on a 'scope with a 15 kHz 
filter and no de- emphasîs is -30dB. 
Some coders leave the S signal on when 
in the mono mode but it is no trouble 
here to remove it and it seems good 
practice to do so if stereo performance is 
not compromised. 

The little arrangement around the red 
and green l.e.d.s allows mono and stereo 
indicators to operate along with the 
reed relay, while only using a single - 
pole switch contact, which closes for 
stereo. This allows for easy remote 
switching. The green l.e.d. passes full 
relay current in stereo and the red l.e.d. 
draws a small current in mono which is 
insufficient to hold the relay in, yet 
subjectively gives the same brightness 
because of the greater efficiency of red 
I.e.d.s. 

Construction 
To achieve a compact layout, as well as 
to avoid links and keep signal tracks 
short in the interests of reducing 
crosstalk within the coder, the p.c. 
board has to be double sided. The whole 
coder, including its power supplies and 
mains transformer, is accommodated 
on a board 165 by 165mm. To avoid hum 
pickup it is essential for the board - 
mounted mains transformer to be 
magnetically shielded. Though the 
board track layout is designed to avoid 
ground loops, many i.cs have built -in 
loops which make them susceptible to 
hum induction when in a magnetic field 
in the same plane as the i.c. chip. This 
applies particularly to the multipliers 
and regulators used here, and a cylin- 
drical Mumetal can for the mains 
transformer provides over 30dB reduc- 
tion in its hum field, a more than 
adequate margin. The heatsinks pro- 
vided for the regulators run hardly 
warm to the touch and only reach 30 °C 
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above ambient under supply overload 
conditions. However, their sides provide 
convenient points for glueing down the 
large smoothing capacitors to prevent 
them from vibrating and their leads 
fracturing under severe mechanical 
shock. Clear Bostik 1 is suitable for the 
purpose. 

All the trimmers are visible -setting, 
single- rotation types. None of them is 
doing more than providing a very fine 
trimming adjustment, so multiturn 
types are not justified. In addition, 
being able to see the position of a preset 
is extremely useful as an unusual 
setting frequently leads to discovery of 
an incipient fault. 

Resistors which have a bearing on 
gain, phase or important time constants 
are 2%, with thick film types being 
preferred for the lower values where 
they are available, since they have a 
lower temperature coefficient 
(± 100ppm) than the 2% metal oxide 
types ( ±250ppm). Similar comments 
apply to capacitors where 1% silver 
mica types are used for the notch filter 
and pilot phase corrector with a low 
temperature- coefficient polycarbonate 
type for C16. Stripboard construction is 
not likely to be successful, but printed 

circuit boards are available from the 
address at the end. Ground tracks, 
radiate along the board from the output' 
adder and there are in addition several, 
apparently redundant, ground tracks 
forming ground guards to reduce board 
leakage and intertrack capacity. The 
positioning of circuit sections on the 
board also contributes to minimal 19 or 
38 kHz pickup along the audio paths or 
by the output amplifier. The long -tail 
pair comparator transistors in the 
oscillator are mounted together and a 
drop of glue between them will do no 
harm. While the difference signal is at a 
fairly high impedance, the capacity of 
its line has to be kept low to avoid loss 
or phase shift of the upper sideband and 
this is done by IC ,0 being directly next to 
the adder. 

The board pins connecting the plus 
and minus 15V lines through the board 
to their distribution tracks across the 
top can be omitted until correct func- 
tioning of the power supplies has been 
checked. To simplify initial checking it 
is a good idea to omit the pre- emphasis 
capacitors as well, C17, C20r so the coder 
can be set up with a flat frequency 
response. 

R, 1.8k 
1.8k 
18k 

R4 39k 
R5 1 M 

1M 
R7 470 
R8 1k±1% 
R9 1M 

47k 
R11 1.8k±2% 
R12 8.2k±2% 
R,3 8.2k±2% 
R14 2.2k 
R15 330k±2% 

10Ok 
R17 . 10k±2% 
131, 470±2% 
R19 470±2% 
R20 10k± 2% 
R21 4.7k 

4.7k 
4.7k 
8.2k±2% 
8.2k±2% 
5.6k±2% 
3.3k 

R2B 3.3k 
R29 3.3k 
Rao 10Ok±2% 
R3, 150k±2% 
R32 470 
R33 1.5k±2% 
834 1.8k±2% 
R35 47k±2% 

18k±2% 
R37 1.8k±2% 
R38 47k±2% 
R39 1 ok±2% 

100k± 1% 
6.8ki-2% 
39k±2% 
39k 
22k 
1k±2% 
4.7k±2% 
3.3k 
1k±2% 
4.7±2% 

R5Ó 100k±2% 

R2 

R3 

R6 

R,o 

R16 

R22 

R23 

R24 

R25 

R26 

R27 

R36 

R40 

R41 

R42 

R43 

R44 

R45 
R46 
R47 

R48 

849 

Parts list 
R5, 6.8k±2% 

39k±2% 
R53 39k 

22k 
1k±2% 

R56 4.7k±2% 
R57 3.3k 
R58 1k±2% 
R59 470 
R60 4.3k±2% 
R6, 100k± 2% 
R62 470k± 2% 

1O0k±2% 
47Ok±2% 

R65 8.2k 
R66 8.2k±2% 
867 8.2k±2% 
R68 5.6k±2% 

3.3k 
R70 3.3k 
R7, 3.3k±2% 

2.2k 
R73 9.1k±2% 
R74 4.7k±2% 
R75 4.7k±2% 

22k±2% 
R77 22k±2% 
R78 10k 
R79 6.8k 
R80 47k±2% 
R81 6.8k±2% 
882 6.8k±2% 
R83 6.8k 

470 
R85 3.3k 
R86 470 
R87 4.7k 
R88 15 1/2W 
R89 15 1/2W 

R90 4.7k±2% 

R52 

R54 

R55 

R63 

R64 

R69 

R72 

R76 

R84 

Cl 
C2 

C3 
C4 
Cs 
C6 

C, 
C6 
C9 

2200µ/40V 
1O0n 
100n 
220Oí7 40V 
1O0n 
47n 
4.7n ±1% 
3.3p 
10On 

C10 C 
C12 

C13 
C,; 
C15 

C16 
C17 

cis 
c19 
C20 
C21 

C22 

C23 

C24 

C25 

C26 
C27 

C28 

C29 

C30 

C31 

C32 
C33 

D 

D9- 14 
D15 
016 17 

D18 

D,9 
D20 

Tr, 
Tre _ 4 

Try 
Tr6 
Tr7 
Tr8 
Try 

C1 2 

C3 
C4 

C5 

C6, 7. 8 9 

Cto 

33µ 1OV 
ln ±1% 
3.3p 
4.7n ±1% 
4.7n ±1% 
3.3p 
1On ±5% 
5OOp ±1% 
1µ ±5% 
6.8µ 
500p-± 1% 
1µ ±5% 
6.8µ 
3.3p 

tÓ±5% 
p 

20p 
47p 
20p 
3.3p 
3.3p 
6.8µ 
5p 
5p 

1N4OO1 
1N914 
1N4OO1 
1N4001 
Red I.e.d. 
Green I.e.d. 
6.2V Zener 

2N5457 
BC239C 
BC309 
BC239C 
BC3O9 
BC239C 
BC3O9 

L131 or 
TDA1415 

/48 
MC1495L 
531 
748 
MC1595L 
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Printed circuit boards 
A set of p.c.bs comprising one 
double -sided board, which measures 6% 
x 61/2in, and two smaller single -sided 
boards is available at £7.50 inclusive 
from M. R. Sagin at 23 Keyes Road, 
London N.W.2. 

X, 1 9kHz crystal, RC 13U 'Surrey Electronics, 
The Forge, Lucks Green, Cranleigh, Surrey). 

Mains transformer Surrey Electronics). 

F, F2. BLR201 1 N filters 'Harrogate Radio Ltd, 
2/3 Sykes Grove, Harrogate, W. Yorks). 

Heat sinks. Redpoint TV3 'Elecrovalue, 26 St. 
Jude's Road, Englefield Green, Egham, 
Surrey). 

Relay, d.i.l. switch, trimmers and trimmer 
capacitors can be obtained from Doram 
Electronics, PO Box TR8, Wellington Road, 
Industrial Estate, Wellington Bridge, Leeds 12. 

The next article will describe the 
alignment of the decoder. 

continued from page 38 

Matrix H decoder 
component suppliers 

The integrated circuits used in the BBC 
matrix H decoder are normally available 
only to QS licencees of Sansui Electric 
Co. By special arrangement, Sansui 
have agreed to supply the i.cs to 
constructors on the understanding that 
they are for private use and not for 
resale. (At the time of writing, Sansui's 
QS licensing arrangement does not 
allow manufacturers or kit suppliers to 
deviate from the Variomatrix circuit.) 
Price is £9.98 per set of four i.cs plus 
v.a.t. from Sansui Audio Europe S.A., 
Spares Department, 39 Maple Street, 
London WI. Printed circuit boards for 
both the variable matrix and the phase 
shift circuits will be available at £6 
inclusive per pair from M. R. Sagin, 23 
Keyes Road, London NW2. 

Acknowledgment 

Thanks to C. B. B. Wood, Head of BBC 
Engineering Information Department, 
and P. S. Gaskell and P. A. Ratliff of the 
Engineering Research Department, 
authors of BBC report RD1977/2, whose 
information has been freely used, 
especially that of the listening tests, and 
to R. Ito of Sansui Electric Co. for their 
help during the preparation of the 
article on the purpose -built Matrix H 
decoder. 

www.americanradiohistory.com

www.americanradiohistory.com


Wireless World, June 1977 

SEW analogue panel meters are now 
available ex -stock (compared with 6 -8 week 
delivery date from competitive manufacturers). 
And that's not the only advantage to buyers now 
ITT Instrument Services are sole UK stockists 
and distributors. 

You also enjoy big choice of types, in -depth 
stocks, smooth streamlined progressing of your 
order and of course, a friendly personal service. 

Broad range of sensitivities and sizes. 
Low individual cost* with attractive 

quantity discounts. 

Special scales to meet individual customer 
requirements on quantity orders. 

Precision construction with high quality 
pivot and jewel movement. 

Choice of moving coil, rectified moving coil 
and moving iron movements to suit applications. 

Edinburgh Way, Harlow, Essex. 

Tel: Harlow (0279) 29522 Telex: 81525 

ITT instrument services 
THE ONLY WAY TO BUY. 

Analogue Panel Meters. 
Only SEW and ITTgive you all this. 

*From £4 one off to £2.66 for 1000+ 
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MOTOROLA MEK6800 D2 KIT 
A build -it- yourself microcomputer designed around the Motorola M6800 Family. 

Kit contains CPU (MC6800), 256 x 8 RAM (2 x MCM681 0 AP), 2 x P.I.A. (MC6820), 
1 x ACIA (MC6850), Hex -Keyboard, Hex -display, interface to audio cassette, plus all 

additional components. Easily expanded. Single 5v supply needed. 

Only El 92.00 including VAT, postage 
and Full documentation 

Personal 
Computing 

from 
Cramer 

Electronics 
Cramer offer a complete range of 
microprocessors for the home 
computer market. 

Products from AMD (8080), Zilog 
(Z80), T.I. (9900), Motorola 
(6800). 

Single board computers: 
MEK6800 DI, Kit . . £103.27 
M68ADS, complete with 

Keyboard and Display £687.76 
Zilog, MCB £395.00 
TMS9900, Micro 99 Assembled 

£400.00 

Books: 
6800 Appl. Manual .. £10.00 
6800 Software £5.00 
9900 Software £6.00 
TTL Data Book £5.50 

Plus many more 

Cramer, 01 -579 3001 
16 Uxbridge Road, Ealing 

W5 2BP 
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MAN 
YOUR FACTORIES IN 

NORTHAMPTON 

artstge;*) 
Northampton was considered 
to be ideally situated because 

of its proximity to the MI 
motorway for trunking 

lager to all parts of England, 
Scotland and Wales. As a 
nationally marketed brand 
and with distribution costs 

becoming even more 
important, central location 
was a prime requirement to 

Carlsberg. 

Managing Director 
Carlsberg 

Northampton has given us 
the room we needed to expand 
our manufacturing facility as 
well as being ideally placed 

for national distribution. Our 
employees and their families 

have found that the high 
quality housing and the 

combination of urban and 
rural environment have 
considerably improved 

their quality of life. 

Iry _I .4- 

Managing Director Managing Director 
Telfers Everest Double Glazing 

We decided to move our 
Solaramic patio door factory 

to Northampton to take 
advantage of the factory 

space which was immediately 
available, the good supply of 
labour, the housing that was 

readily available for key 
workers and the central 

position which made for easy 
access to all párts of England, 

Scotland and Wales. 

COME AND JOIN US! 
These are just three of the firms who have taken advantage of the opportunities that 

Northampton offers for manufacturing, distribution and offices. The Development 
Corporation is here to help you, to advise on your relocation problems and make the move 

to Northampton easy for you and your staff. 
Write to L Austin -Crowe, Chief Estate Surveyor to Northampton.Development Corporation, 

2 -3 Market Square, Northampton NN I 2EN or phone 0604 34734. 
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Interference from amateur stations 
2 -A discussion of the results of the RSGB 
investigation published in March 

by I. Jackson G3OHX 

Before discussing the answers to the 
survey questions certain points must be 
mentioned concerning alterations made 
to the figures given by some amateurs. 
These "corrections" were made for the 
following reasons: 

In question 2 of section 1 a lot of 
amateurs gave answers in fractions of 
years (especially those where the 
answer was less than one year). To 
simplify matters these were rounded up 
to whole numbers. 

In a few cases in section 2, the answer 
to question 1 was lower than any of the 
answers in question 2. This is not 
possible as it must at least be equal to 
the highest answer given in question 2 

and could be the total of all three 
answers. To avoid possible exaggera- 
tion, the answer to question 1 was made 
up to equal the highest answer in ques- 
tion 2. 

In cases where the answer to question 
1 exceeded the total of the answers in 
question 2, some amateurs gave no 
figures for question 2 and the result was 
allowed to stand. This is reasonable 
because, in certain circumstances, the 
amateur might not be informed of all 
the facts, or even bother to find out. 

Again in section 2, in quite a number 
of cases, the answer to question 7 

exceeded that of question 6. As it was 
the intention that answer 6 should 
include the figures of answer 7, answer 6 

was made to be at least equal to answer 
seven. 

The first two and last two questions in 
sections 3 and 4 showed the same 
anomalies as in section 1, and the same 
corrections were applied. 

Compilation of the results 
The survey returns were separated into 
the three groups Class A, Class B and 
"Both A and B" amateurs. Each group 
was divided into wired and non -wired 
(to see if any great differences were 
apparent between amateurs in wired tv 
areas and non -wired tv areas). 

Survey results 
Questions are referred to in the follow- 
ing form where it is convenient to do so. 

For example, section 3, question 2b is 

3.2b, etc. 

A total of 1221 survey forms were 
returned. This represents about 9.5% of 
the RSGB licensed membership. Figures 
in Radio Communication, January 1976, 

assume that 60% of UK licensees are 
members. While returns could have 
been greater, it must be remembered 
that a fair' number of licensees are 
permanently inactive. While some 
replies did indicate that the amateurs 
concerned were not currently operat- 
ing, most suggested a reasonable level 
of activity. It is probable that the 
majority of replies came from fairly 
active amateurs. The return rate repre- 
sents about 5.7% of all UK licensees. 

The average time period covered by 
the survey was 6.54 years. However, 
operation ranged from over 40 years to 
just a few days. Of course, the average 
Class A figure is much greater than the 
others because of the relatively recent 
introduction of the Class B licence. 

Thirty -six per cent of amateurs are 
"slightly worried" about interference. 
Those "not worried at all" or "moder- 
ately worried" are equal to 26%. Only 
10% are "severely worried ". Class B 

licensees are less worried than the, 
others, even though 31% have problems 
on 144MHz (see results for 1.4). 

Of the h.f. bands 1.8 to 28MHz, 
1.8MHz is the least troublesome. This 
might be expected because of the low 
permitted power and great frequency 
separation from the tv channels. 7MHz 
is worse, but most interference occurs 
from operation on the remaining four 
bands where over 20% of amateurs are 
unable to operate freely. 21MHz is the 
worst band for the "A" class (this result 
may be influenced somewhat by past 
experience rather than by present 
troubles, although the question asks for 
the latter). The more recently licensed 
"A and B" class have relatively less 
trouble on 21MHz than "A ". However, 
such differences are small. 

The worst of the lower h.f. bands is 

3.5MHz, probably because of its popu- 
larity in the evenings (and hence tv 
hours). Surprisingly, the new "A + B" 
group has less trouble than the older 
"A" group despite the recent growth of 
colour tv (which is maybe more sus- 
ceptible to video frequency interfer- 

ence). 7MHz is not too troublesome. 
Technically this band is usually too high 
to cause direct video breakthrough and 
sufficiently low to avoid severe har- 
monic problems. It is also not very 
popular for evening use because of the 
level of interference from illegal com- 
mercial and broadcasting stations. 

On the v.h.f. bands 144MHz is by far 
the most troublesome on average, but 
this is mainly due to the Class B 

licensees (for whom it is undoubtedly 
the most popular band). However, 
despite the prolific use of the f.m. mode 
(which is reputed to cause minimal 
interference) 31% of "B" amateurs 
cannot operate without problems. 
"A + B" amateurs also have considera- 
ble trouble on this band where 20% are 
affected - similar to the h.f. bands. 
432MHz is troublesome mainly for Class 
B amateurs since it is probably the 
second most popular band for them. On 
70 and 432MHz "A" and "A + B" results 
are similar. Having obtained their full 
licences, the "A + B" amateurs are likely 
to move to the h.f. bands (though not 
necessarily abandoning v.h.f.). 

As question 4 asks for information 
pertaining to present problems (and not 
those in the past) it is probable that 
differences between "A" and "A + B" 
are due to reasons of band popularity. 
For similar reasons, the high incidence 
of trouble on 144MHz with Class B 

amateurs is not that they have problems 
peculiar to them - it is more likely the 
very high proportion of them on that 
band. Accordingly, they are the least 
worried group, even though about a 
third of them have problems (see 1.3). 

The answers to question 5 follow the 
same general pattern as in 1.4 but the 
percentages are about one -half lower. 
However, there are exceptions. In this 
question results are likely to be 
influenced by lack of interest or 
popularity. Few Class B amateurs avoid 
the 144MHz band because their choice 
is obviously limited. The "A + B" group 
avoid 70MHz in disproportionate 
numbers. It is unlikely that this is only 
for reasons of possible interference, but 
rather that, having obtained a full 
licence, they choose to explore the new 
pastures of the h.f. bands. 
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Although there is a visible correlation 
between the expected troubles and the 
actual troubles in question 4, because of 
the other influences mentioned, maybe 
one should be a little cautious before 
concluding that any particular band 
deserves a bad reputation for interfer- 
ence problems. 

No attempt has been made to corre- 
late the incidence of t.v.i. and the tv 
channels received since, with the 
change to u.h.f., the answers would not 
be particularly meaningful if any dedu- 
cations about v.h.f. tv were attempted. 
In addition, a high proportion of 
amateurs were very vague about which 
channels or transmitters were received 
in their area. Many did not give any 
answer, and some answers were 
obviously incorrect. It seems a waste of 
time piecing together these scraps of 
evidence to obtain a largely academic 
answer. 

Regarding differences between 
"wired" and "non- wired" amateurs, the 
"wired" represented less than 10% of all 
the returns. There were no outstanding 
differences in the answers given by 
these two categories, so no attempt has 
been made to carry out detailed separ- 
ate analyses. 

Television interference 
The amount of t.v.i. caused by each of 
the three groups, A, B and A +B, was 
found from 2.1 to be very similar. On 
average, each amateur has 2.65 cases of 
interference. Complete lack of t.v.i. may 
result from infrequent operating or 
when the amateur is lucky enough to 
live in an area of low housing density. If 
amateurs who have no t.v.i. are 
excluded, the average number of cases 
rises to 3.4.'Of all classes of amateur, 
17.36% have no t.v.i. at all. 

Answers to question 2.2 showed that 
Band 1 t.v.i. affects Class A amateurs 
more than the others. This result 
probably reflects problems which 
occurred before the growth of the u.h.f. 
tv service, rather than present trends. 
When t.v.i. occurs these days, it is 
almost certainly a u.h.f. set which is 
affected. This is illustrated by the 
figures obtained for 2.2c. 

Results for 2.3 indicated that the Post 
Office was involved in about 30% of the 
cases of t.v.i. known to the amateur, and 
again there is little difference between 
the three groups. Using the figures in 
"Technical Topics," September 1975 
issue of Radio Communication, to 
obtain a yearly average of the number 
of cases of t.v.i. (1968 to 1974) with 
which the authorities dealt, it is possible 
to make an estimate of the number 
which actually do occur. The yearly 
average of investigated cases is about 
1,044, If this represents 30% then 3,480 
cases occur of which 2,436 are never 
reported to the Post Office. 

Again in answer to 2.4 the results are 
surprisingly similar for the three groups 
and 46% of t.v.i. cases are cured by the 
amateur or other parties without the 

help of the Post Office. Working with a 
figure of 3,480 t.v.i. cases per year, the 
amateur cures 1,600 of them. Assuming 
that the Post Office cure all of the cases 
in which they are involved (maybe this 
is a little optimistic) and that no cures 
are effected without the help of the 
amateur or the Post Office, this leaves 
836 cases of t.v.i. uncured each year 
(24 %). 

According to the results of 2.5 only 9% 
of the cases of t.v.i. were cured by 
modifications to the amateur station. 

Answers to 2.6 showed that 58% of the 
cases of t.v.i. were cured by modifica- 
tions to the tv installation. Comparing 
this answer with that of the previous 
question clearly illustrates that the 
amateur is usually not to blame for t.v.i. 
Of course, it is not possible to tell if the 
uncured t.v.i. cases would give the same 
ratio if sufficient work was done to 
effect cures. However, if all uncured 
cases were blamed on the amateur 
(highly unlikely) this still gives a result 
which shows that the tv installation is 
more to blame. The ratio is 58% to 33 %. 
(Note: this adds up to 91% and not 100 %, 
showing that one should be a little 
cautious in drawing conclusions from 
results of this type, unless the differ- 
ences being discussed exceed the 
expected errors). 

The results obtained for 2.7 indicated 
that 52% of tv sets were cured of t.v.i. by 
external modifications alone, that is 
there was no need to meddle inside the 
tv set. It is reasonable to conclude that, 
when t.v.i. occurs, the amateur has 
about a 50 -50 chance of curing it by 
using a simple tv filter. Compared with 
the 58% cures recorded in the previous 
question, over 90% of the cures effected 
at the tv installation are by external 
filtering alone. Hence the amateur has a 
good chance of overcoming his prob- 
lems without too much trouble. 

It is interesting to note that only 17% 
of all amateurs recorded that they had 
no t.v.i. problems at all. Group B has the 
least trouble (24% free) and group A + B 
the most (13 %). It is difficult to give an 
explanation for this. Perhaps group B 
uses f.m. more, while group A +B are 
keen to use the more interference -prone 
modes of the h.f. bands. It is likely that 
the A +B amateur, having taken the 
trouble to obtain a full licence, is more 
active than the ordinary Class A. 

Seen from the pessimistic side, the 
average amateur has an 83% chance of 
t.v.i. problems. 

Radio interference 
Answers to 3.1 showed that the amount 
of broadcasting interference (b.c.i.) 
caused by each of the three groups is 
similar. On average, each amateur has 
0.86 cases of interference. If amateurs 
who have no b.c.i. are excluded, the 
average rises to 1.9 of all classes of 
amateur. 56% of the amateurs have no 
b.c.i. at all. 

On average, a.m. and f.m. radios are 
affected almost equally according to the 
results of 3.2. However, Class B ama- 
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teurs cause twice as much b.c.i. to f.m. 
than to a.m. This is presumably because 
of the proximity of the 144MHz band to 
the f.m. broadcast band. Cheap a.m. 
portables tend to suffer from harmonic 
mixing problems and are prone to 
interference from h.f. transmitters. 

The results from 3.3 indicated that the 
Post Office was involved in about 14% of 
the cases of b.c.i. known to the amateur. 
Using the figures in "Technical Topics" 
(see previous reference) the average 
number of cases of b.c.i. from 1968 to 
1974 was 101 per year. Hence an 
estimate of the actual number is 721. 

Answers to 3.4 showed that 28% of 
b.c.i. cases are cured without the help of 
the Post Office. Class B licencees solve 
more of their own problems. As they 
cause worst b.c.i. to f.m. radios, it is 
probable that, in many cases, a filter in 
the coax downlead effects a cure. With 
most a.m. radios there is no external 
aerial to filter, thus making the cure 
more difficult. The lower cure rate for 
radios probably reflects the reduced 
concern of the owners of the affected 
equipment. Working with a figure of 721 
cases of b.c.i. per year, the amateur 
cures 202. Assuming all Post Office 
cases are cured (even less likely than for 
t.v.i.) this leaves 418 uncured each year 
(58 %). 

Only 5% of the cases of b.c.i. were 
cured by modifications to the amateur 
station according to the results of 3.5. 

The results obtained for 3.6 indicated 
that 28% of the cases of b.c.i. were cured 
by modifications to the radio installa- 
tion. Comparing this to the answer of 
the previous question indicates how 
seldom the amateur is to blame for b.c.i. 
Of course, it could be argued that the 
uncured cases are the fault of the 
amateur, but there is no reason that this 
should be so. 

Answers to 3.7 showed that only 13% 
of radio sets were cured of b.c.i. by 
external modifications alone. This 
represents 46% of cures effected at the 
radio installation - a much lower 
proportion than for t.v.i. Some of this 
difference may be accounted for by the 
fact that many a.m. radios have no 
external aerial and are battery operated, 
thus there is nothing to filter externally. 

The survey showed that 56% of all 
amateurs have no b.c.i. problems at all. 
As with t.v.i., the A + B amateurs have 
the most trouble. This may reflect the 
effects of somewhat greater enthusiasm 
on their part compared with the other 
two groups. Class B amateurs have the 
least b.c.i. Maybe this is due to the use of 
f.m. on 144MHz. A +B amateurs have 
the most b.c.i. cases. 

Audio interference 
The A +B group have somewhat more 
audio frequency interference (a.f.i.) 
cases than the others according to 4.1. 
The average number of cases of all the 
amateurs is 1.24. If amateurs with no 
a.f.i. are excluded, the average rises to 
1.85. 33% have no a.f.i. at all. 
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A surprisingly high amount of Post 
Office involvement is recorded in 4.2 
especially when considering that audio 
equipment is not protected by the Post 
Office. Presumably they become 
involved as part of investigations into 
b.c.i. problems. The three groups are 
again very similar. 

Answers to 4.3 showed that 33% of 
a.f.i. cases are cured without the help of 
the Post Office. 

On average, according to the results 
of 4.4, 4% of the cases of a.f.i. were cured 
by modifications to the amateur station. 
However, this is 10% for Class B alone - 
much greater than the others. It seems 
likely that, in most cases, such modifi- 
cations involved the repositioning of 
the aerial to reduce the local field 
strength. 

Results from 4.5 indicated that 33% of 
the cases of a.f.i. were cured by 
modifications to the audio installation. 
As an audio installation is not designed 
to receive radio signals, the amateur 
should not be blamed for such interfer- 
ence, especially if he has taken action to 
minimise his local field strength. 

Answers to 4.6 showed that 18% of the 
audio installations were cured of a.f.i. by 
external modifications alone. It can be 
seen that the Class B amateurs are 
relatively least successful with external 
cures. This might be expected as 
interference pick -up via the external 
leads is more predominant on the lower 
frequencies. At v.h.f. the internal wiring 
is long enough to act as an efficient 
aerial. A proportion of audio equipment 
(record players, stereograms, etc) do 
not have any external wires, other than 
the mains lead. Thus it follows that 
most of the cures will be internal. 

The survey showed that 33% of all 
amateurs have no a.f.i. problems at all. 
Class B amateurs have the least (39 %) 
while A +B amateurs have the most 
(23 %). As with t.v.i. and b.c.i. it could be 
that this is indicative of the level of 
activity and enthusiasm. 

The results indicated that the per- 
centages of amateurs having "no inter- 
ference at all" were similar in each of 
the three groups. Class B amateurs have 
the least trouble (15% free) while the 
A + B group have the most (7% free). 

Amateurs provided a variety of 
additional information on how interfer- 
ence affected them. Often the numerical 
answers in the preceeding sections were 
expanded. Case histories and tips on 
curing interference were also given. 
Several complimentary comments were 
received concerning the survey, the 
special interference issue of Radio 
Communication and the work of the 
RSGB Interference Committee. A few 
adverse comments criticizing the sur- 
vey questions were also received. While 
there may have been a certain amount 
of justification, most adverse comment 
came from those who had apparently 
not read the questions correctly or who 
had mistaken the aims of the survey. 

Summary 
Although the results of each section 
have been discussed in detail, the 
following features are worthy of 
emphasis. 

There are few outstanding differences 
between the three groups A, B and 
A +B. However, Class B licencees are 
less worried about interference. Indeed, 
this group has fewest interference 
problems of all kinds. Perhaps this is 
largely due to the extensive use of f.m. 
on 144MHz. 

When the effects of band popularity 
are considered, no amateur band is 
outstandingly troublesome in causing 
interference. It is reasonable to con- 
clude that it is not generally possible to 
choose a particular band with the 
certainty of avoiding interference. 

The incidence of t.v.i. to u.h.f. -tv is 
considerable. It greatly exceeds that to 
Band I or tó Band III. While this 
probably reflects the decline of the use 
of the old 405 -line system, it also 
indicates that t.v.i. is certainly not on 
the decline, even though u.h.f. -tv is 
potentially more immune to interfer- 
ence. Similarly, v.h.f. -f.m. radio suffers 
as much as l.w. /m.w. -á.m. radio. 

The Post Office become involved in 
only .a minority of interference cases, 
hence their yearly figures are substan- 
tially lower than in reality. A great deal 
of interference is cured by the amateur 
without the Post Office being informed. 

Only a small proportion of interfer- 
ence is cured by modifications to the 
amateur station. A much greater pro- 
portion involves modifications to the 
affected tv, radio or hi -fi installation. 
External devices are effective in the 
majority of cures for t.v.i., but some- 
what less so for b.c.i. and a.f.i. 

Few amateurs have had no t.v.i. 
problems, although b.c.i. and a.f.i. are 
less troublesome. Even fewer have no 
problems of any kind. 

Conclusion 
It may be considered that more statisti- 
cal data could have been derived from 
the results of this survey or that 
methods other than simple averages 
used. However, it must be remembered 
that the primary aims of the survey 
were strictly limited so that the results 
could be used to formulate definite 
courses of action rather than to obtain 
information of a largely academic 
nature. 

It is certainly evident that the poor 
e.m.c. of domestic equipment is to 
blame for the vast majority of interfer- 
ence cases, rather than defects at the 
amateur station. It follows, therefore, 
that only an improvement of e.m.c. 
standards can bring about a significant 
reduction in the number of cases of 
interference which occur. 

Silver Jubilee 
look at 
Wireless World 
25 years ago 
So Queen Elizabeth has been on the throne 
for twenty -five years. Not much has hap- 
pened to the British monarchy in that time, 
as one might expect, but a great deal has 
happened in the world of "radio, television 
and electronics" as this journal was sub- 
titled in 1952. After all twenty -five years is 

almost a generation (witness Prince Charles). 
A good many of the present readers of 
Wireless World had not even been born in 

June 1952 and larger group were still 
pre -school toddlers. To them now the 
contents of our June 1952 issue will not seem 
all that surprising because it is a whole 
life -time away. 

The first thing one notices is the complete 
absence of any mention of semiconductor 
devices. Even though the transistor had been 
invented in 1948 it still had not come into 
general use in electronic circuitry. Valves 
were dominant, as one gathers from the 
circuit diagrams and a thorough- looking 
four -page article on "Valve life testing ". The 
only inkling one gets of the semiconductor 
revolution to come is a small advertisement 
for germanium and silicon diodes. 

Television was then developing fast and 
was obviously considered important, for the 
issue contains five main articles on this 
subject and about half a dozen shorter items. 
There is a report on an IEE convention at 
which 83 papers were presented on "The 
British contribution to television," and the 
editor rashly remarks in his leader that 
"many of us left the Convention with the 
feeling that the British 405 -line system 
represents the best compromise for the 
foreseeable future ". But one is reminded of 
the unfortunate "lininess" of the 405 -line 
pictures by an article on how to make a "line 
eliminator ". This used an auxiliary focusing 
coil to "stretch" the c.r.t. spot to fill in the 
gaps, and was offered as an alternative to the 
earlier technique of "spot wobbling" using an 
oscillatory vertical deflection. Short reports 
dealt whh submarine television and an 
enquiry by opticians into whether eyestrain 
was caused by television viewing. Of course, 
colour television had not yet arrived. The 
monochrome tv licence was then £2. 

The field of audio engineering had not yet 
grown to its present size and importance - 
there was no "audio" in the journal's subtitle 
- and is represented in the June 1952 issue by 
only two articles, one on boundary-dis- 
placement magnetic recording and the other 
on the now quaint sounding "Futher notes on 
thorn needles ". There was, however, a letter 
discussing hot -stylus disc cutting. 

One cannot fail to notice the effect of 
long -term inflation in the prices quoted in 
advertisements, and the journal itself was 
then only two shillings (10p) compared with 
its present 40p. An advertisement from 
Ferranti Ltd under Situations Vacant offers 
jobs for "Senior Engineers or Scientists to 
take charge of research and development 
sections" with salaries " ... in the range of 
£1,000- £1,600 per annum ". Engineers and 
scientists for research and development 
work could expect £500 -£1,000 per annum. 
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New 
Products 

J, 

Miniature drill kit 
A tooling aid, called the Theta Micro - 
drill Kit, is based on the type 704 
Micro -drill. This 12V d.c. drill, which 
measures 110mm long by 35mm dia- 
meter and weighs 200g, has a capacity 
of up to 2.4mm and runs at 9000 
rev /min, with a supply current of 0.8A. 
It is supplied with three collets and 0.5, 
1.0 and 1.5mm drills, and is fitted with 
an on /off switch and extendable lead. 
The kit also includes a felt polishing 
mop, a brass brush, a nylon brush, four 
mounted abrasive stones and nine steel 
burrs. Theta, P.O. Box 10, Martock, 
Somerset TA12 6LT. 
WW301 

Signal conditioning 
system 
An a.c. signal conditioning system, 
introduced by Data Acquisition Ltd, is 
designed for use in the field of sound 
and vibration equipment. The DA1420 
comprises a power supply, monitor unit 
and six dual channel modules in a 19 by 
lin mounting frame. The system, which 
has a frequency response covering the 
range 20Hz to 20kHz ±3dB, processes 
signals from vibration transducers or 
microphones accepting input levels 
from 1001N to 10V r.m.s. Gain ranges of 
-20 to +80dB are provided to give 
suitable voltage outputs for instrumen- 
tation tape- recorders. Additional fea- 
tures include three high -pass filter 
settings and phone and oscilloscope 
monitoring points. Data Acquisition 
Limited, Brookfield House, Hopes Carr, 
Stockport, Cheshire SK1 3BQ. 
WW302 

Low -cost pressure 
transducers 
Pressure transducers in the JPC series 
have rugged body- diaphragm 
assemblies which enable them to be 
used for measurement and control 
applications requiring accuracies of up 
to 0.25 %. The makers claim that, unless 
ruptured, this construction also elimin- 

WW301 

WW302 
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ates fluid leakage into the electronics 
through the pressure cavity. The trans- 
ducers cost less than £25 each and are 
made from 17 -4 ph stainless steel, which 
is compatible with most media. Ritro 
Electronics (UK) Limited, Grenfell 
Place, Maidenhead, Berkshire. 
WW303 

Soldering flux 
Alpha 850 is a water -soluble flux 
designed for high speed soldering and 
tinning operations. The flux, which is 
suitable for automated rinsing and 
spraying systems, requires no addition- 
al rinse additives, spitting is at a 
minimum, and foaming is almost eli- 
minated. After cleaning, the residues 
have up to one -twentieth of the corro- 
sion potential of existing alternatives. 
Alpha Metals Limited, 457 Kingston 
Road, Ewell, Surrey. 
WW304 

Stepping motors 
Bipolar -wound motors, in the 42MS300 
series from Moore Reed and Company 
Ltd, have holding torques of 86kg -cm 
and step angles of either 1.8 or 0.9 
degrees, with no -load pull -in rates of 350 
pulses per second. The units, which 
measure 105mm diameter by 150mm 
length, can be provided with a variety of 
windings and shaft configurations, 
depending upon the drive and load 
'characteristics required. Shaft exten- 
sions are also available. Moore Reed and 
Company Limited, Walworth Industrial 
Estate, Andover, Hampshire. 
WW305 

Fluid level switch 
The RSF33 is a fluid -level float switch 
which can be mounted into the side of a 
tank by means of a single nut. It can be 
used reliably in fluids having specific 
gravities down to 0.785, thus enabling it 
to be used for diesel and other hydro- 
carbons. The RSF33 uses reed switches, 
for reliability and long life, and is 
available in two versions - 100W, 240V 
and 50W, 440V. The switch can be used 
for high level indication or, by rotating 
it through 180 °, for low level indication. 
FR Electronics Limited, Leigh Park, 
Wimborne, Dorset. 
WW306 

WW306 
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Small preaìnplifier 
The Model PRE38 preamplifier is bat- 
tery- operated and is no larger than a 
Cigarette pack. Its gain may be varied so 
that it can be used for microphones or in 
tape deck -to- amplifier matching. Char- 
acteristics include an input range from 3 

to 200mV at 47k12, an output range from 
200 to 800mV at 50012 and a frequency 
range from 20Hz to 20kHz. Distortion is 
less than 0.1% and the signal -to -noise 
ratio is better than 60dB. It is claimed 
that the unit will run for many months 
on one PP3 battery. Eagle International, 
Precision Centre, Heather Park Drive, 
Wembley HAO 1SU. 
WW307 

P.c.b. workframe 
A low -cost p.c.b. holder, the Seno PCB 
Workframe, will accommodate boards 
measuring up to 240 by 200mm. The 
frame is designed for quick and accur- 
ate adjustment and can be angled to suit 
the user by simply turning a knob. 
Widespread feet provide a solid and 
stable working support and fold away 
for easy transportation. Alternatively, 
the workframe, which is made from 
heavy -gauge mild steel, may be screwed 
directly to a bench. Decon Labora- 
tories Limited, Ellen Street, Portslade, 
Brighton, Sussex BN4 1EQ. 
WW308 

Solid -state relays 
Two solid -state relay series', Series 2 

and Series 3 from International Recti- 
fier, conform to the IR standards for 
zero voltage switching, optical isolation 
and fast response. Series 2 is for 
applications under 8A where control 
may be fed direct from logic level 
signals. These packages are designed 
for panel or chassis mounting. Series 3 is 
for current ratings up to 2A. These 
devices are in low- profile (10mm) 
packages. Both series are designed for 
CSA and UL approvals. International 
Rectifier Company (GB) Ltd, Hurst 
Green, Oxted, Surrey. 
WW 309 

Microwave transistors 
Two low -noise microwave transistors, 
the HXTR -6103 and the HXTR -6104, are 
suitable for use as low -noise amplifiers 
in the 1 to 4GHz range. Model 6103 has a 
2.2dB maximum noise figure at 2GHz, 
and a minimum associated gain of 11dB. 
Model 6104 has a 1.6dB maximum noise 
figure at 1.5GHz, and its associated gain 
is 13dB minimum. Both devices are 
packaged in HPAC -100 cases and meet 
the requirements of MIL -S -19500 and 
MIL -STD -750/883. Hewlett Packard 
Limited, King Street Lane, Winnersh. 
Wokingham, Berkshire RG11 5AR. 
WW310 

New Products seen at the 
All Electronics Show 

Storage oscilloscope 
The 7834 storage oscilloscope, from 
Tektronix UK Ltd, has a 400MHz 
mainframe bandwidth and a writing 
rate of 2500cm /µs. The scope, which can 
capture single -shot risetimes as fast as 
1.4ns, also has multimode storage and a 

four -plug -in- compartment mainframe, 
making it, it is claimed, the most 
versatile storage oscilloscope on the 
market. The multimode storage gives 
fast transfer, fast variable persistence 
and bistable storage. Fast variable 
persistence provides the maximum 
stored writing rate of 2500cm /[Ls and 
storage times of up to 30s, and fast 
bistable storage increases the normal 
writing rates up to 350cm /µs. When 
viewing changing waveshapes, the 
persistence of the tube can be adjusted 
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to give continuous bright displays of 
new information as old information 
fades. Tektronix U.K. Ltd, Beaverton 
House, P.O. Box 69, Harpenden, Herts. 
WW 311 

Chassis mounting guides 
and card frames 
Two products introduced at the show 
by Lektrokit Ltd were a range of 
telescopic sliding guides for mounting 
chassis, card frames and instrument 
cases in racks and cabinets, and a range 
of card frames for mounting p.c.bs. In 
addition to enabling frames to be fully 
withdrawn on ball bearings, the guides 
also allow them to be rotated about 
their centre line (tipped backwards and 
forwards), thus providing access to the 
circuit cards inside. The card frames, 
which are compatible with Motek 
chassis and submodules, have been 
designed for use with standard 100mm 
Eurocard p.c.bs and are available in 

three depths and two heights. A 

maximum of 38 cards can be accommo- 
dated by each unit. Lektrokit Limited, 3 

Trafford Road, Reading, Berks. RG I 

8J R. 

WW 312 

Digital multimeter 
A 31/2-digit multimeter, launched at the 
show by Telonic- Altair UK, has a 0.5in 
liquid crystal display and an accuracy of 
0.1 %. The Data Tech Model 22 measures 
direct voltages from 100µV to 1kV, 
alternating voltages from 10011V to 750V 
r.m.s. and direct and alternating 
currents from 0.11.1.A to 20A. Resistance 
measurement ranges from 0.112 to 
20M12. The instrument, which can be 
fixed against the wrist to leave both 
hands free, has automatic polarity, 
overload protection and a battery 
indicator. It is claimed to provide 200h 
minimum battery life on AA disposable 
cells and 60h per charge on optional 
nickel -cadmium batteries. Mean- 
time- before- failure is calculated to be 
over 35,000h. Telonic Altair UK, 2 Castle 
Hill Terrace, Maidenhead, Berks SL6 
4JR. 
WW 313 

Insulation tester 
Hunting Hivolt Ltd were showing a 
portable insulation tester capable of 
delivering output voltages of up to 10kV 
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at 250µA. This instrument, called the 
Check IT, is nominally rated at 7kV but 
it can be controlled up to the maximum 
output of 10kV using a ten -turn 
potentiometer. Push -button switches 
provide four metering modes: output 
kV, and leakage currents of 1, 10 and 
100µA f.s.d. The tester, which is priced 
at £320 and is claimed to be the cheapest 
on the market, includes two current 
overload protection facilities. Hunting 
Hivolt Limited, Riverbank Works, Old 
Shoreham Road, Shoreham -by -Sea, 
Sussex BN4 5FL. 
WW 314 

Microprocessor 
evaluation kit 
The Motorola MEK6800D2, displayed 
by Cramer Electronics Ltd, is an 
expandable tool for those who wish to 
develop systems using the M6800 
microprocessor, without investing in 
expensive terminals. All the parts 
needed for a working system are 
provided in the kit, with the exception 
of the power supply. In addition to the 
expansion available on the microcom- 
puter module, r.a.m., r.o.m. and 
input /output parts can be accommo- 
dated at a later date to implement more 
complex systems. Machine language 
problems can be entered through the 
system keyboard or via an audio-cas- 
sette interface system, and l.e.d. 
displays are provided for monitoring 
data and address information. A 
crystal -controlled clock generator is 
used to eliminate timing adjustments. 
The MEK6800D2, priced at £175, has 16 
input /output lines and four control 
lines and offers facilities for both 
parallel and serial interfacing. Cramer 
Electronics Limited, 16 Uxbridge Road, 
Ealing, London W5 2BP. 
WW 315 

P.c.b. power supplies 
On show at the Coutant Electronics 
stand was the MPSU /1 p.c.b.- mounted 
power supply unit. This is a three -rail 
unit which has been produced specific- 
ally for microprocessor -based systems. 
It provides + 12V /250mA, + 5V/1.5A 
and -12V /250mA outputs and will 
operate from 99 -127V or 198 -254V, 
45 -65Hz supplies. Line And load 
regulations are less than 0.05% and 
0.15% respectively, and low- frequency 
ripple and noise is less than 2mV. Also 
on show was the SU25/5 power supply 
which has the same basic specifications 
as the above, but supplies 5A at 5V. This 
unit has an "overpower" temperature - 
sensor protection facility which en- 
sures that the power dissipation of 
the series element is contained within 
defined limits. If these limits are 
exceeded the available current output is 
reduced automatically. Coutant Elec- 
tronics Ltd, 3 Trafford Road, Reading 
RG 1 8JR. 
WW 316 

WW314 

WW320 

P.c.b. wiring contacts 
Holtite wiring contacts, introduced at 
the show by Semiconductor Specialists 
Ltd, convert plated- through -holes into 
plug -in sockets. These press -fit con- 
tacts, made by Augat Incorporated, are 
precision machined to provide a tapered 
entry and a four leaf contact for 
component leads. The contacts are 
claimed to offer maximum heat 
dissipation without soldering, thus 
eliminating damage and corrosion 
problems due to soldering. It is also 
claimed that the contacts may be 
installed at a rate of 30,000 per hour. The 
profile of a p.c.b. with Holtite contacts 
installed is less than the length of the 
component leads, permitting card rack 
spacing equal to that of soldered boards. 
Semiconductor Specialists UK Limited, 
Premier House, Fairfield Road, West 
Drayton, Middx. 
WW 317 

Cutter for non -ferrous 
cable 
A hand cutter, demonstrated by Giltech 
Components Ltd, is designed to cut 
copper or aluminium multi -strand cable 
and wire. The UP -B41 is eight inches 
long overall and has heat -treated 
high- carbon steel shearing edges, of the 
patented "off- set -bite" type, which 
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eliminate compression and frayed ends. 
The frame of the tool has heavy -vinyl 
handle covers and is made of 
drop -forged heat -treated steel. Giltech 
Components Limited, 22 Portman Road, 
Battle Farm Industrial Estate, Reading, 
Berks RG3 IES. 
WW 318 

Analogue memories 
On show at the Kemo Ltd stand was the 
AM series of analogue memories. 
Included in this range are memory 

' extensions which enable the storage 
capacity of a memory to be increased 
from its normal limit of 4k -words to 
32k- words. These extensions are de- 
signed to be supplied integrally with the 
AM4096 unit, as a single rack -mounting 
unit. Memory lengths of the extensions 
are 4, 12 and 28k- words, resulting in 8, 
16 and 32k -word analogue memories. 
Also being shown for the first time was 
the AM24K analogue memory, 'which 
has á digital static store of 24k- words. 
New input facilities allow this instru- 
ment to be used for the generation of 
complex waveforms. Kemo Limited, 
9 -12 Goodwood Parade, Eimers End, 
Beckenham, Kent BR3 3QZ. 
WW 319 

digital milliohmmeter 
A milliohmmeter, from Telonic Altair 
UK, has five ranges from 400mS2 to 4kS2; 
with a resolution of 100µS2 on the 400m12 
range. The VP2941A, as it is called, has a 
four -wire resistance that compensates 
for all resistance drops in the test lead. 
This instrument, which has a large 
seven -segment l.e.d. display, includes a 
"hold" function, to temporarily store 
the measurement reading, and a circuit 
for protection against back e.m.fs due to 
large inductances. The VP2941A may be 
supplied by a.c. mains or battery. 
Telonic Altair UK, 2 Castle Hill Terrace, 
Maidenhead. Berks SL6 4JR. 
WW 320 

Autoranging counters 
Two auto -ranging counters, types 8846 
and 8847, were launched at the show by 
Malden Electronics Ltd. These counters 
are cheaper, lower- frequency versions 
of the 8837, 250MHz counter, described 
in our March issue. The 8846, priced at 
£150, has a six -digit l.e.d. display and 
measures up to 15MHz. The 8847, priced 
at £160, has a seven -digit display and a 
capability of 80MHz at 10mV sensitiv- 
ity. Gating times on both instruments 
may be manually selected to 0.1, 1.0, or 
lOs by front -panel push buttons. Malden 
Electronics Ltd, Malden House, 579 
Kingston Road, Raynes Park, London 
SW20 8SD. 
WW 321 

Pocket dosimeter 
Brandenburg Ltd were showing a 
pocket -sized dosimeter, which is de- 
signed to give an audible warning of the 
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presence of X -rays or gamma radiation. 
The device, measuring only 19 x 50 x 
120mm, has no external controls or 
contacts, so that there are no contami- 
nation catchpoints, and it cannot be 
switched off. Recharging is carried out 
by an inductive link between the 
dosimeter and a base station. The 
warnings are in the form of short bursts 
of sound whose repetition rate increases 
as the dose rate increases. By pre -pro- 
gramming at the base station, the unit 
can also give a continuous alarm signal 
when a preset cumulative dose level is 

exceeded. A further alarm indicates 
when the battery needs recharging. The 
instrument contains a geiger tube and 
two digital counting circuits, which 
perform the necessary alarm functions. 
Brandenburg Limited, Nuclear Engi- 
neering Division, 939 London Road, 
Thornton Heath, Surrey CR4 6JE. 
WW 322 f 

P.r.o.m. programmer 
Microsystem Services launched two 
products at the show. The first, a 
p.r.o.m. programmer designated as the 
Model 7, is a portable machine which 
can be remotely controlled to program- 
me all p.r.o.ms currently on the market. 
It will also perform a complete p.r.o.m. 
pre -test automatically or manually. The 
second product is a four -bit processor 
board, available in two versions known 
as the. Pop -100 and the Pop -101. Both 
boards have space for up to six 1702A 
e.p.r.o.ms and the read /write memory is 

an 80 x 4 r.a.m., which is organized in 

64 general -purpose four -bit registers 
and 16 addressed status registers. The 
boards have 13 priority- encoded input 
lines which are primarily intended for a 

keyboard interface. Type 101 is comple- 
te with an l.e.d. seven -segment readout, 
a numeric keyboard and three function 
keys. Microsystem Services, Duke 
Street, High Wycombe, Bucks. 
WW 323 

Hall- effect devices 
Among the products at the show were a 

number of Hall -effect devices recently 
introduced by Sprague Electric UK Ltd. 
The ULN -3020T and the ULS -3020T are 
digital switches each consisting of a 
silicon Hall cell, amplifier, trigger, 
output stage and regulator. These 
devices operate from a 24V supply and 
have a sensitivity of 350 gauss. The 
ULN -3008M linear amplifier is a silicon 
monolithic i.c. with provision for gain 
and offset adjustment suitable for linear 
modulating systems. This device oper- 
ates from a 16V supply. Another device, 
a digital dual- output switch designated 
as the ULN- 3007M, can be interfaced 
directly with bipolar or m.o.s. logic 
circuits and will operate from 5 to 16V. 
Sprague Electric UK Limited, 159 High 
Street, Yiewsley, W. Drayton, Middx. 
WW 324 

Home Office cuts in 
monitoring facilities 

Towards the end of the financial year, 
John Golding MP, Parliamentary Under 
Secretary of the Department of 
Employment, was asked by the assis- 
tant secretary of the Post Office 
engineering union to raise with the 
Home office the cessation of work for 
Post Office staff employed on radio 
investigation ' duties. According to the 
union, the restriction on interference 
investigations lasted for about three 
months, up to the end of the financial 
year, and included all work except that 
affecting the safety -of -life services. 

A spokesman for the Home Office 
told Wireless World that problems had 
arisen due to government cash limits 
and a delay in their accounting process. 
This had resulted in work on most 
services, not including broadcasting, 
being stopped for a period of two to 
three weeks only. Asked whether this 
problem could recur he said that this 
was unlikely, but it was possible that 
there would be a reduction in general 
monitoring services throughout the 
new financial year. Meanwhile, how- 
ever, the radio investigation services 
were functioning at full strength. 

Optical fibre phone link 

The second optical fibre link in the UK 
designed for a public service, a 9km 
high- capacity digital system eventually 
to carry telephone traffic between 
Hitchin and Stevenage, was demons- 
trated by a group of four ITT companies 
in April. Capable of handling 1,920 
telephone conversations, it conveys 
information by pulse code modulation 
along the fibres at a rate of 140 Mbits /s 
between telephone exchanges at the 
two towns. (The first UK public service 
optical link was part of Rediffusion's 
radio and television cable distribution 
network at Hastings - see February 
News p.40.) 

The 7mm diameter optical cable, 
containing a number of fibres, runs 
through normal telephone cables 
ducting between the two towns, at 
which the Post Office exchange 
buildings house the multiplexing and 
optical terminal equipment. Two 
repeaters are spaced at 3km intervals 
along the route. Each repeater has two 
regenerators, one for each direction of 
transmission. Altogether six gallium 
aluminium arsenide lasers are used in 
the system. 

The cable comprises two working 
fibres, a spare fibre, four metal 
conductors (two of which carry power 
to the repeaters and two of which are 
"order wires" used by technicians) and 
a filler fibre that rounds out the cable 
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mechanically. These eight cores are 
grouped round a central steel strength 
member and completely sheathed in 
polyethylene. 

The new system works with standard 
multichannel digital multiplex equip- 
ment. Installation will be completed 
during the summer, and there will then 
be a Period of testing, with test signals 
and speech, to demonstrate the system's 
ability to handle live telephone calls. 
(See WW, August 1976 p70). 

News in brief 

National Semiconductor bipolar f.e.t. 
op -amps are to be cheaper. The 
LF355/356/357 line is down to 52p from 
£1.45 for plastic packages in 100 lot 
quantities, and the hermetically sealed 
types, once £1.72, are now '73p. 

Radio Prague has a new transmitter. At 
355m its two masts at Liblice are the 
highest constructions in Czechoslova- 
kia. The station broadcasts at 1.5MW on 
638kHz. Radio Hvezda (Star) also has a 
new transmitter operating experiment- 
ally in Eastern Slovakia at 600kW. 

The soil sampler on Viking 2 stopped 
while carrying out the final biology 
experiment, say NASA. The reason was 
the onset of the Martian winter, 
bringing temperatures near the freezing 
point of carbon dioxide (- 123 °C). The 
machine now waits for spring. 
ERA is to do a three year study of 
methods of assessing industrially 
generated harmonics in electricity 
supply sytems. 
Community Communications, a newly 
formed pressure group campaigning for 
better funding for community commu- 
nications projects and more local access 
to and ownership of radio and tv, has set 
up a working party to respond to the 
Annan report. More information from 
Richard Dunn, 30 Golden Square, 
London WI. 
Five aircraft, two Navy radar stations, 
two instrumentation towers and as- 
sorted bouys have been used to study 
the Pacific Ocean during March as part 
of the preparations for the launch of the 
Seasat A oceanographic satellite in 
May 1978. The study along the entire US 
Pacific coast was carried out by a team 
representing 23 government and acade- 
mic groups with headquarters at the 
Scripps Oceanography Institute, La 
Jolla, California. 

Metal detector 
It appears that many readers are having 
difficulty in obtaining Vinkors for L2 in this 
design. Circuit Services, of 36 Hallowes 
Crescent, South Oxhey, Herts., tell us that 
they are able to supply this component and 
also sets of components. 
Ferro -Mag (Electrical) Ltd, of 2 Watkin 
Road, Wembley, Middlesex HA9 OLE, also tell 
us that they intend to manufacture coils for 
the LZ position if they find there is sufficient 
interest. 
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The grand design 
Feelings of wanting to pat policemen on 
the head and of irritation at long hair 
("... they should never have stopped 
conscription ... ") don't, at first glance, 
have a lot to do with integrated circuits. 
But any electronics enthusiast who has 
survived to his middle years (say ?!) 
with his enthusiasm undimmed will 
possibly recognise the connexion. The 
older you get, the more difficult it 
becomes to prevent yourself bringing 
forth remarks like "You don't mean to 
say you actually buy coils ?" or "There 
was no such thing as a 'gain block' when 
I was your age - we had to build 
amplifiers." Pomposity, pontification, 

'no doubt, but they're very hard to avoid. 
All this head of steam began to build 

up when the writer started thinking 
about building an amateur v.h.f. trans- 
ceiver. I looked at one or two designs 
and decided that they weren't suited to 
the attentions of one who can break two 
screwdrivers while mending a fuse. So 
the only thing to do was to design one: 
I've always, had this belief that the 
paperwork and the cold chisel stuff are 
a lot more fun than actually using 
whatever it is you've made. 

Like a fool, I mentioned what I was 
doing to a colleague, tender in years and 
possessing no respect for age. "You 
have to be joking!" he said. Well, I was 
on the defensive right away. Nothing is 
more calculated to stiffen the old neck 
and start the red mist rolling down than 
to tell me I'm joking when I'm not. 
Besides, I couldn't see what was funny 
about it. 

"Nobody designs things like that any 
more," he said. "Get yourself half a 
dozen i.cs from Wundakit and the job's 
a good 'un." And, aside from the curious 
mode of speech these young people 
adopt, he was perfectly right. So I went 
off the idea of building a transceiver and 
started a book case instead. 

Now, I will readily admit, if pressed, 
that I'm a square. Or any other regular 
lamina that it is currently fashionable to 
jeer at. But it does strike me as 
regrettable that the modern idea of 
designing a piece of equipment is to 
gather together a lot of ready -made, 
reach -me -down modules and fit them 
together in a manner somewhat like 
that adopted by a pre -school tot playing 
with its bricks. It's so impersonal. 

But, I suppose, it would be unnatural 
to ignore the existence of i.cs. If one 
wants a calculator, or digital clock, or 
even a simple (!) operational amplifier 
and there is an i.c. to do the job it 
doesn't make very much sense to take, 
up a cubic yard of space with discrete 
components. The question is, do exper- 
imenters get as much enjoyment out of 
an orderly row of black things with legs 
as they used to from two or three active 
and a lot of passive components. The 
real point about it all is that before i.cs 
came down to earth, amateur engineers 
were limited in their projects by cost 
and complexity. Now, they are not. At 
least, not to anything like the extent 
that they were. I mentioned "gain 
blocks" earlier - operational amplifiers 
which have a high enough gain to make 
a feedback amplifier almost totally 
independent of amplifier character- 
istics. You just use them as 
any other component. Years ago, the 
design and construction of this "com- 
ponent" and then the period during 
which it wouldn't stop oscillating, took 
up most of the first half of a project, and 
then the gain wasn't really enough 
because that was how you'd stopped it 
oscillating. 

So, being freed from all that basic 
stuff, perhaps the experimenter can go 
on to design really exotic machinery 
which would just not have been a 
runner BIC (before integrated circuits). 
Well, to some extent, this does happen. 
A. teletext decoder BIC would have been 
quite some device and a calculator or 
microprocessor not economically possi- 
ble. But, apart from these and a few 
video games, where are the large -scale 
projects? If you compare the complexity 
of a 1950 amplifier with one built in the 
days when a grid leak resistor was a 
pencil line of the right thickness drawn 
on the wooden chassis and then com- 
pare a 1977 design with the 1950 one, the 
returns are seen to be diminishing. 

It seems to me that there are two 
aspects of i.cs that can be exploited by 
the amateur. They can be used to build 
equipment smaller and cheaper and 
more easily than was previously possi- 
ble or, with a comparable amount of 
sweat and effort thatusedtobenecessary, 
they can make possible a whole new 
sweep of supergear. If a TV receiver 
could be made with 15 valves, a few 
hundred transistors ought to be capable 
of something quite remarkable. Perhaps 
a television tuner that reacts to the 
merest hint of a thought pattern -or a car 
that will, on detecting a muttered 
"Home, James" glide silently off into the 
night. A prize of 10p will be given to the 
inventor of the most earth- shattering 
equipment of 1977, provided that a 
complete, working unit is submitted. 

Oil in the head 
I listened, some weeks ago, to the BBC's 
"binaural" recording of a feature pro- 
gramme on the oil rig "Sea Quest" and 
was very favourably impressed. The 
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main improvement, to my mind, that 
this technique affords is the removal of 
sound from inside the head to its more 
usual location in the world outside. The 
headphones I used (the technique 
makes very little difference to the sound, 
reproduced from speakers) were the 
"closed" kind, with rubber cushions and 
a solid unit completely insulating the 
ears from outside sources. The previous 
recording I had heard using this 
"dummy head" method was the Senn - 
heiser demonstration disc, the presenter 
of which emphasized that the effect of 
being involved in the proceedings 
rather than an onlooker was due to the 
"open" headphones, not the recording 
technique. Whatever the cause, and no 
doubt my learned colleagues will have 
something to say about that, the result 
is a vivid experience and I advise 
anyone who missed the broadcast to 
hear the next one. 

Tele -what? 
As an (alleged) nation of shopkeepers, 
you would think that we would have a 
rather better developed eye for the main 
chance, wouldn't you? It is now several 
years since the IBA and BBC came up 
with Oracle and Ceefax (and the P.O. 
with Viewdata) and embarked on the 
experimental period of transmissions, 
but the set makers are still waiting for 
an economic way of using the facility. 
Only the enthusiast, like several 
hundred of our readers, is able to spend 
time (which equals money, to the 
accountant) assembling a hundred or so 
.t.t.l. i.cs to make a decoder. A manu- 
facturer must have either a ready -made 
board or a maximum of half a dozen i.cs 
before he can produce a teletext 
receiver at a price most customers are 
willing to pay. 

So where are they? Our engineers at 
the broadcasting organizations and the 
Post Office have presented us with a 
brand new communications facility 
which could very well be no end of a 
good thing for the export market when 
the Continentals catch on, and the 
semiconductor people hang about as if 
there were all the time in the world. 
Texas Instruments have Tifax XM11 in 
production at about 1000 units a month 
and some set makers will use this. 
Although being the first module to 
emerge, it doesn't have the latest 
control facilities and is not Viewdata - 
compatible, although the newer DM11 
is updated. Mullard are reported to be 
handing out a clutch of teletext chips to 
interested parties, but, when asked to 
confirm this, giggle in a hunted sort of 
way and mutter "Later, later ..." G.E.C., 
Plessey and ITT and no doubt several 
other firms are in the field, but have 
nothing to offer yet. Still, there are' 
always the Japanese - maybe they'll 
cobble a decoder together one weekend 
and flood the market with it, thereby 
absolving our lot from further worry. 
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Unique full-function 
8 -digit wrist calculator... 

available onlyas a kit. 
A wrist calculator is the ultimate in common -sense portable 
calculating power. Even a pocket calculator goes where your 
pocket goes - take your jacket off, and you're lost! 

But a wrist - calculator is only worth having if it offers a 

genuinely comprehensive range of functions, with a full -size 
8 -digit display. 

This one does. What's more, because it is a kit, supplied direct 
from the manufacturer, it costs only a very reasonable £9.95 
(plus 8% VAT, P&P). And for that, you get not only a high- 
calibre calculator, but the fascination of building it yourself. 

How to make 10 keys do the work of 27 
The Sinclair Instrument wrist calculator offers the full range of 
arithmetic functions. It uses normal algebraic logic ('enter it as 

you write it'). But in addition, it offers a % key; plus the 
convenience functions 1/x, x2; plus a full 5- function memory. 

All this, from just 10 keys! The secret? An ingenious, simple 
three -position switch. It works like this. 

Dimensions: 
'3 /i6 (46 mm) wide, 
Ng. (37 mm) deep. 

Weight: 
less thanloz(28g). 

1. The switch in its normal, central 
position. With the switch centred, 
numbers -which make up the vast 
majority of key- strokes - are 
tapped in the normal way 

2. Hold the switch to the 
left to use the functions to 
the left above the keys... 

3. and hold it to the right to 
use the functions to the 
right above the keys. 

The display uses 8 full -size 
red LED digits, and the 
calculator runs on readily - 
available hearing -aid 
batteries to give weeks 
of normal use. 

Sinclair Instrument Ltd, 
6 Kings Parade, Cambridge, 

Cambs., CB2 1SN. 
Tel: Cambridge (0223) 311488. 

Assembling the Sinclair Instrument 
wrist calculator 
The wrist calculator kit comes to you 
complete and ready for assembly. All 
you need is a reasonable degree of 
skill with a fine -point soldering iron. 
It takes about three hours to 
assemble. If anything goes 
wrong, Sinclair Instrument 
will replace any damaged 
components free: we 
want you to enjoy 
assembling the kit, 
and to end up with a 

valuable and useful 
calculator. 

Contents 
Case and display 
window. 

Strap. 
Printed circuit board. 

Switches. 
Special direct -drive chip 

(no interface chip needed). 
Display. 

Batteries. 

ie 

Everything is packaged in a neat plastic 
box, and is accompanied by full instructions. 

The only thing you need is a fine -point soldering iron. 

All components are fully guaranteed, and any which are 
damaged during assembly will be replaced free. 

The wrist -calculator kit is available only direct from 
Sinclair Instrument. Take advantage of this 10 -day money - 
back undertaking. 
Send the coupon today. 

r- To: Sinclair Instrument Ltd, 
6 Kings Parade, Cambridge, Cambs., CB2 1SN. 

Please send me ... (qty) Sinclair Instrument wrist- calculator 
kits at £9.95 plus 80p VAT plus 25p P&P (Total £1 1). 

I enclose cheque /PO /money order for £ 

Complete as applicable. 

Name _ 

Address 

(Please print) 
I I understand that you will refund my money in full if I return the 

kit undamaged within 10 days of receipt. WW /6 

WW -016 FOR FURTHER DETAILS 
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WEST HYDE 

LEDs 
i 

NEONS 
Above: Red LED, R Threaded chrome LED. Q, S. PCG, PCE, PCH, PCI, 
PCF, PCC, PCB. PCA, PPA, PPB. LEDs in red, green on own or In 
threaded chromium housing, 5.5mm d. hole S neon 5.5mm o. Q neon 
7mm d. Neons in PC housings 9.5mm d., 3 cap colours, some, top -hat, 
square. PP 12.5mm d. 6" leads std.. 30" extra cost; neon only, 110, 220 or 
500 volts. 

HANDLES 

, 440 
On L., extruded PVC and anod. ah. Centre heavy duty carrying handles. 
On R. anod. & chromium. Wide range 147 different) in PVC, nylon, 
chromium, anodised, flush, extruded and carrying. 

TEST 40, 
METERS 

Pop-up 20.000 ohms /v., LT801, 17 ranges. Pocket LT101 low -cost, 12 
ranges, 1,000 ohms /v. TS141, 66 ranges, 20,000 ohms /v. Incl. nylon case. 
115mm scale, Sumps AC & DC, 2,500 v. AC, well damped, many accessories. 

COMPONENTS 
Neon prices include P. & P. 

LEDs 
1 10 

Red ILED 321 21p 19p 
Green !LED 35) 30 27 
RedlThreadllLED12) 55 W 
Green (LED 15) 85 58 

NEONS, 110 or 230V I 10 
PCA /I & PP. 6" 32 27 
PCA /l & PP. 30" 38 32 
O 62 53 

S 40 34 
N per 10 Ineon only) 50 42 

50 
17p 
24 
44 

700 
24 
28 
46 
30 
37 

100 500 1000 
16p 15p 14p 
22 21 20 
41 38 37 
49 45 43 

500 
21 
25 
4, 
27 
33 

1000 10000 
19 16 
23 19 
37 31 
24 20 
30 25 

PRICES I off Inc P & P but not VAT 
Discounts for mantilles 
Minimum order E2 00. 

HANDLES 
Chromium born 
Extruded from 
Nylon from 
PVC from 
Pivoting 
Flush precision 
Very Heavy duty 

150 Kg 

TEST METERS 
LT101 
L T001 
T5141 
141.30A Shunt 
141 /Lux 
141/Thermometer 
141125K V 

.81 
1.96 

.95 

.69 
1.90 
5.58 

6.23 
13.35 
30.82 

5.86 
26.41 
23.47 
11.00 

BRADRAD. CONECUT. ADEL 
B radrad l': "or 36mm 17.34 
B radrad 2'," or 60/hm 44.02 
Conecur No 1 5.40 
Coaecut No 2 8.75 
Conerul Na 3 13.12 
Conecur No 4 16.04 
Set 1. 2. 3 24.70 
Adel 9.61 
Reamer smal. 8.24 
Rearm,, large 9.63 
Reamer parr 16.07 

L. to R. 2h" Bradrad, drills and deburrs. .'/1'4" 11 diameters Bradrad. 
4 Conecuts, '/ "/2". Adel nibbling tool, square or round holes. 11mm d. 
entry. Underneath 2 reamers, '/B /1 ". To make round holes with no 
vibration. 

THE INSTRUMENT 

KNOBS 
See Catalogue for Price.. 

PANA VICE 
(Photo L to RI 
301, base plus vice 
366, 165mm open ng 
300. Screw base 
380. Vacuum base 
315. PC holder 
311 Bench clamp 
303. Vertrcar vice 

ORYX SOLDERING 
Solde, pot 
Oryx Stand 
Oryx 50 
SR desnider 
SR3A desolde, 
SR3S desoldei 
Sol desuck 

19.95 
9.97 

11.96 
17.63 
17.27 

9.97 
8.43 

10.50 
3.20 
7.95 
7.75 
5.80 
4.95 
1.60 

RESISTORS 
liu, oar x .,I 

.25 100 
HCF 0 25W .29 .75 
RCF I?5W .34 .91 
FIG 5W .34 .91 
RWM/ .'SW .57 1.50 
RWw 555. .89 1.64 
OVA . !,W ov er I, 

8.77 19.63 
1 r 

5.77 19.83 
ndr'r 

8.66 29.45 

RVW 5W 

OVER 400 DIFFERENT 

CASES IN STOCK -SIZE RANGE 

OVER 5000:1 IN VOLUME 

Prices correct 1st May 77 

Send for catafoue 
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Hundreds of knobs, collet or screw fixing, plastic or aluminium, fluted. 
textured, smooth, wring, pointer, insulated, slow.motion, digital, crank - 
handle, heavy duty, wing, contemporary, dual, & diamond turned. Shafts 
from 3mm to 10mm. Da. from 8nem to 58mm. 

A very good holding system. Four vices, 3 different bases, all interchange- 
able. Many vice laws to hr,ld PCs or available in steel, neoprene, nylon etc. 
Max. opening 6 ". Table mounting, 'Screw mount or Vacuum base. 

Solder pots incl neons, temp controlled irons. Oryx Stand available, t 
but not shown. Oryx 50 thermostat in handle pesoldenng tools. all with 
nozzle On right, solder suck at minimum cost. 

WEST HYDE 
DEVELOPMENTS LIMITED 

Ryebld Era., Northwood Huh, Northwood, Middx.. HA6 INN 
Telephone Northwood 24941/26732/27051 

Telex 923231 West Hyde Nthwd. 
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a. TRANSISTORISED 3cm RADAR AMPLIFIER SWITCH: with 24v waveguide 

switch, .9 x .4 cm ins. with crystal CV.2355 and spark gap VX.1046. £16.20 + £1.00 
post. 

Ç TRANSISTORISED VIDEO INDICATOR (used with above amplifier): 11/2" 
C.R.T. £10.80 + £1.00 post. : RADAR RECEIVING ANTENNA TYPE X443 Mk. D: Suitable for detecting 
signals on X, K, J and Q bands. 9gHz- 60gHz. Complete with waveguide horns, 
associated crystals. Transistorised amplifier and geared motor, etc. £135.00, 
carr. approx. £5.00. 
DIODES: CD.384 - E2.00 per 100 + 20p post. 
VACUUM & PRESSURE SEAL TEST EQUIPMENT: Complete with 3 x 4" 
gauges indicating 0 -20Ibs p.s.i., 0 -30lbs vacuum. With stand, hand pump, etc., 
£32.40 + £3.00 carr. 
ASHCROFT DEADWEIGHT GAUGE TEST SET TYPE 1300: 0 -25lbs E64.80 + 
£3.00 carr. 
E.A.L. ANALOGUE DIGITAL CONVERTER TYPE MPD. 120 -0: 7 -bit or 8 -bit 
mode. £70.00, carr. £2.00. 
PAIGNTON dB SWITCH: High quality instrument stud switch, 20 -way, 2 -pole. 
Dial marked 0 -60dB. As new. £3.78 + 60p post. 
UNISELECTORS: Reversible action. Twin coils 1202 25 -way 6 -bank. E4.90 + 
75p post. 

- FAMOUS 1154 TRANSMITTER as used in Lancasters in World War II 
(collector's item). E12.50, carr. fÁ.00. 
RACAL RA -17 RECEIVER 50kHz- 30mHz, s /hand, good condition. E365.00 
(including VAT 121 /z%). 

EVERSHED SAFETY OHM METER: Max IOmA. Test pressure 30v. Complete 
in leather case. E27.00, post £1.00. 
AVO TRANSISTOR ANALYSER CT.446: £37.80, carr. E2.20. 
ADVANCE TCD.40 FREQUENCY DIVIDER: 0- 40mHz. £10.80 + £1.00 post. - MARCONI FREQUENCY METER 1028/4: 2000- 4000mHz 'as new' condition 
£32.40 or secondhand condition £24.30. 
1026/2: 100-160mHz £32.40 'as new' or s /hand E24.30. Carriage for all type E2.00. 
ANTENNA MAST 36ft: Aluminium, diameter at base 3 ", tapering to 2" at top, 
complete with red hazard lights, stays, guys, etc. Normally used with direction 
finding equipment. Approx. weight 3cwt. E106.90 (including 12'A% VAT), 
carriage rates on request. WITH rotating Antenna suitable for 200- 400mHz 
£16.90 extra (including 121/2% VAT). ` 
BURGLAR ALARM BELL: 6 -8v. d.c. £3.24 + £1.00 post. 
MEGGER (Record): 500 volts £21.60 £1.00 post. 
R -216 RECEIVER MANUAL (Photostat copy): £1.50 inc. post. 
MUIRHEAD ATTENUATORS: 75 ohms 0 -8Mc /s 3V MAK 3 ranges 0 -5, 0.25, 
0-50d13,.£3.24 + 75p post. 

POWER UNIT TYPE 234: 200 -250v. a.c. input, 250- 0 -250v. d.c. at 100mA and 6 
3v at 4 amps output. E8.10, carr. £2.50. 

IIIIIIT1177TIIIIIlfiiiuuluIIuIIluui17 IIIIIIt1111I111, 
REDIFON TELEPRINTER RELAY UNIT NO. 12: ZA -41196 and power supply 
200 -250v. a.c. Polarised relay type 3SEITR 80- 0 -80v. 25mA. Two stabilised valves 
CV -286 Centre Zero Meter 10 -0 -10. Size 8" x 8" x 8 ". New condition. £10.80, carr. 
£2.50. 
SOLARTRON PULSE GENERATOR TYPE G1101 -2: E81.00, carr. £2.50. 
TELEPRINTER TYPE 7B: Pageprinter 24v. d.c. power supply, speed 50 bauds per 
min. S /hand cond. (excellent order), no parts broken £21.60, carriage £3.50. 
AUTO TRANSFORMER: 230v. 50c/s, 1000 watts. Mounted in strong steel case 5" 
x 61/2" x 7". Bitumen impregnated. £12.96, carr. £2.00. 
CRYSTAL TEST SET TYPE 193: Used for checking crystals in freq. range 
3,000- 10,000kHz. Mains 230v 50hz. Measures crystal current under oscillatory : 
conditions and the equivalent resistance. Crystal freq. can be tested in 
conjunction with a freq. meter. £27.00, carr. £2.00. 
CATHODE RAY TUBES: 5" screen, tupe CV-1536 £4.32 + £1.00 post. Type 95J20 
square face 5" x 3" E8.10 + £1.00 post. 
POWER UNIT: 110 /230v. a.c. input, 28v. d.c. at 40 amps output £32.40 + £3.50. 
SMOOTHING UNiT (for the above Power Unit): E10.80 + £2.00 carr. 
CLASS 'D' WAVEMETER NO. I: Crystal controlled heterodyne frequency 
meter covering 2 -8mHz. Power supply 6v. d.c. Good s /hand cond. E9.20 + £2.00 
carr. 
RiNG TOROIDAL DUST CORES: Size 21/2" outside, 13/4" inside, 5/16" thick. Box e 
of two £1.10 + 30p post. 
ROTARY INVERTERS TYPE PE -218E: Input 24 -28v. d.c. 80 amps, 4,800rpm. 
Output 115v. a.c. 13 amp 400 c /s. 1Ph. P.F.9 E21.60 + £3.00 carr. 
FREQUENCY METER BC -221: 125- 20,000kc /s complete with original 
calibration charts. Checked out, working order. £22.70 + E2.00 carr. 
RECTIFIER UNiT: 200 -250v. a.c. input, 24v. d.c. at 26 amps output continuous 
rating. E37.80, carr. £5.00. 
PAPER TAPE: 'A" roll (teleprinters, etc.). Box of ten rolls EI.50 + £1.00 post. 
CREED 75 TELEPRINTER: Rec. /Tx, s /hand, good condition £48.60 + £4 Carr. 
CREED TELEPRINTER TABLE: E25.00 + £5 Carr. 

BARGAIN MAPS 
Large stocks of unused U.S.A.F. surplus maps, weather charts, etc. 

including: 
ONC -El - U.K. in full and part N.W. Europe. Scale 1:1,000,000. 
JNC -9N - N. Europe, U.K., Scandinavia, Scale 1:2,000,000. 
.JN -21N - Europe (Mediterranean). Scale 1:2,000,000. 
SIZE: 58" x 42 ", colour. Many others. Please send S.A.E. for list. 

Price each 70p (inc. p + p) 
25 x Maps (either same type OR assorted) £10.00 + £1.00 p+ p. 
IO x Maps (either same type OR assorted) E6.00 (inc. p + p). 

Above prices include VAT at 8% (except where stated) 
Carriage quotes given are for 50 -mile radius of H f 

Visit our new shop in W. High Strew 
(old A10) opposite Church. 1006 of 
individual any of 

the above 
wish MILLS 3 & 3a BALDOCK STREET, WARE, HERTS. SG12 9DT ha to collect any of the above ilo pleats 
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learn to use a nicrourocesso .: 
This 
portable computer 
teaches You how. 

Low cost, battery operated 
Intercept Jr. Tutorial 
System instructs you on 
todays most advanced LSI 
semiconductor devices, 
then serves double 
duty as an operating 
solid -state computer! 

Learn microprocessors in hours. 
With its detailed Owner's Handbook, 

Intercept Jr. teaches you basics of micropro- 
cessors, Random Access Memories (RAMs), 
Read Only Memories (ROMs) and input/ 
output interfacing, all in less than 8 hours. 

Contains everything you need. 
Intercept Jr. is a complete all -CMOS 

computer on a 10- by 12 -inch board. Con- 
tains batteries, entry keyboard, 8 -digit LED 
display, RAM and ROM memory ... all con- 
trolled by an Intersil IM6100 12 -bit CMOS 
microprocessor. 

An inexpensive teaching computer. 
For £196.39 you get both the handbook 

and the computer, plus provisions for expan- 
sion with 1024 words of additional memory, 
from 256 to 2048 words of added program, 
and input /output interfacing with terminals. 

Norm 

1 

'-----_.: 

Intercept Jnr 
is available off the shelf from 
Intersil's distributors. 
Plug -in Expansion Modules available 
RAM Module with 1024 words of added 
non -volatile memory 

P /ROM Module with sockets for 256 

to 2048 words of program 

I/0 Module for interfacing TTY 
Keyboard /reader and printer /punch 

£196.39 

£96.51 

£49.69 

£54.38 

Coupon Send this coupon for the latest brochure on 
Intercept Jnr. to: 
Intersil Inc. 8Tessa Road Richfield Trading Estate 
Reading Berks 
orintersil's UK Distributors: 
Macro Marketing Ltd 396 Bath Road Slough Berks 
Tel 06286 63011 Telex 851 847083 

Rapid Recall Ltd 9 Betterton Street Drury Lane 
London WC2H 9BS Tel 01 -379 6741 Telex 28752 

Tranchant Electronics (UK) Ltd Tranchant House 
100a High Street Hampton Middlesex TW12 2ST 
Tel 01 -979 0123 Telex 929615 

name 

company 

address 
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92 Wireless World, June 1977 

AMI -COS 
micro rocessor system 

a modular 6800 system 
` For the amateur, student, 

designer and lecturer 

ATA REASONABLE PRICE! 

AMI COS features modular flexibility. Each 
module is designed as a plug -in PCB, having 
jdentical serial contacts, and is connected to a 
common bus -line PCB, the COSBUS. The basic 
module MAINCOS incorporating the AMI 
S6800 CPU chip drives the binary command 
unit CONCOS. By using LED's and switches, 
the user will acquire a deeper knowledge and 
experience in the microprocessor field. Both 
modules are expandable with standard TV 
interfaces, cassette recorders, A/D converters, 
extra RAM (up to 65K x 8), and alpha- numeric 
or hexadecimal keyboards. 

AMICOS offers you dedicated modules such 
as a Morse Coder and a model train controller. 

AMI -COS is unique, like 74 series 
TTL was at its introduction. The 

AMI -COS concept is modular 
which means not only is it 
produced in quantity, and 

readily available at a reasonable 
price, but is also comprehensive 

due to the 'step -by -step' expandability of the 
system. With its future assured by the well 
known AMI S6800 Microprocessor family. 
AMI -COS is a logical solution for many elec- 
tronic engineers. 

The manual supplied with MAINCOS and 
CONCOS contains the AMI 6800 hardware 
and the module documentation, with instruc- 
tions. 
All AMI -COS modules are available separately. 

The application of AMI -COS is not limited to 
students or amateurs. Its flexibilit,' makes it 
very useful for industrial applications. Co- 
operating with hardware and software consul- 
tants RITRO assures you of the right back up. 

An AMI -COS brochure is available on request. 

AMI -COS - YOUR LOGICAL FUTURE. 

KrJrRo Electronics (UK) Limited 
GRENFELL PLACE, MAIDENHEAD, BERKSHIRE Telephone MAIDENHEAD (0628) 36227 

NL -2930 BARNEVELD, PB 123, Gelreweg 22 Tel: (0)3420 -5041 Telex: 40553 ritro nl 
B 2000 ANTWERPEN 172, Plantin and Moretuslei Tel: (0)31- 353272 Telex: 33637 norics b 
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FACT SHEET Noi 

500 MHz UNIVERSAL COUNTERS 

FACTS HOYMITZ DG 500 HEWLETT PACKARD PHILIPS PM.6614 
5328A 

1. DYNAMIC D.C.- -550 MHz 0 -100 MHz 10 Hz -520 MHz 
FREQUENCY RANGE (600 MHz Typical) 

2. INPUT SENSITIVITY L.F. 10 MV 25 MV -50 MV 10 MV 
H.F. 10 MV (Option Required) 10 MV 

3. FREQUENCY STANDARD 5 MHz 3rd Ov. Standard Crystal Standard Crystal 
OVENED `- 

- 
4. STABILITY - 

Aging Rate < 1.5 x 10 -8 /month < 3 x 10-7 /month - 5 x 10-7 /month 
Temperature < 1 x 10-8/ C < 2.5 x 10-60 -50 C - 2 x 10-7 per ' C 

10% VAR: Line Voltage < --t 5 x 10'10 < 1 x 10 -7 1 x 10 -8 

5. DISPLAY & SIZE 9. LED 63" 8. LED 5/8" 9. GAS DISCHARGE 

6. AUTO DECIMAL AUTO COMMAS YES YES 

7. DIRECTLY COUPLED 
FACILITY YES YES NO 

8 BURST MODE YES YES NO 

9. MULTI -FUNCTION YES YES YES 

10. DIGITAL HOLD TIME 
PROGRAMMING YES NO NO 

11. BLOWER COOLED YES :YES NO 

12. DELIVERY Ex -Stock to 2 weeks 6 -8 weeks 6 -8 weeks 

13. PRICE £626 (to 31.10.77 only) £875 £734 

14 EXTRAS NIL Frequency to 
500 MHz Extra £269 

"Oven £350 -Ovens Extra 
£137 or £257 

CHANNEL A 

BASE MULTIP.&R r HOLD "1 r MOPE ' , 
n.M. TAW iai*va ow a ;. . 

- 
_ 

_ 
.-_:. . 

, ó . cu ..= 
MINIM GIP MAN. TxnH cero ccx+ r A 

Fri- ... 1........ .1.._-- t I ._ it4 

The above information is published or made available by the Manufacturers as at 18.4.77 
Other Mode /s currently available - DG 32; DG 100; DG 400; DG 600;. DG 700; DG 1200 

FULL DETAILS - HOYMITZ AVIONICS LIMITED, 26 -30 SALISBURY STREET, FORDINGBRIDGE, HANTS. 
TEL: 0425 54160 
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PAY LESS FOR LOADS? 
With nearly 3 decades of experience built into every TERMALINE^ Coaxial 
Load Resistor, buying BIRD will often cost no more or save you money. 

BIRD QC Quick- Change Connectors on many models offer a choice of any 
common RF connector, eliminating the need for performance- degrading 
adapters. 
Twenty aircooled dry Loads (2W to 225W), thirteen aircooled liquid Loads 
(20W to 5kW) and nineteen watercooled TERMALINE° models (1kW to 50kW) 
are listed in our 1911 Catalog. Ask for it. 

. EXCLUSIVE U.K. REPRESENTATIVE FOR BIRD ELECTRONICS aspen 
electronics limited 

2 KILDARE CLOSE. EASTCOTE. MIDDX. HA4 9UW. 

Tel: 01 -868 1188. Telex: 8812727 

WW -009 FOR FURTHER DETAILS 
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BIMBOARD 
Stop Ruining Your I.C.'s And Wasting Time Soldering 

Plug Into The Revolutionary New 

BIMBOARD 
The Only Professional Quality Breadboard That 

Accepts All DIL Packages With 6 To 40 Pins 

Incorporates Bus Strips For Vcc And Ground 

Includes A Component Support Bracket 

Has Over 500 Individual Sockets 

And Allows You To Use And Re -Use 
IC's, Transistors, LED's, 7 Segment Displays, 

Diodes, Resistors, Capacitors 

Only £9.72 (cheque with order) Including VAT and P.P. 
Special Quantity Discounts Available For 

adio Clubs, Retail Outlets, Distributors 

BOSS INDUSTRIAL MOULDINGS LTD 
Higgs Industrial Estate, 2 Herne Hill Road, London, SE24 OAU, England 
Telephone 01 -737 2383 Telex 919693 

ELE]I!ilJ uTECH 
LEfI1111E(1I IT 

315, 317, 364 EDGWARE ROAD, LONDON W2 
TEL: 01 -723 5667 & 01 -402 5580 

Snops and mail order dept (mad to 364; open 9 to 6 Mon. to Sat. Inc. 

Prices include VAT. Can. p. & p. quoted U.K. only 
ACCESS & BARCLAY accepted. Minimum order E5 otherwise C.W.O. For credit on approved accounts 

invoicing costs necessitate minimum order of £20 

FANS 
DUAL EXTRACTOR FAN. 
240v 50 Hz Two thick stack 
shaded pole motors make this a 
higy efficient unir producing 
powerful airflow Mounted in 

heavy steel frame each has five element 61/2" blades Size 
221/2" e 14" a 51/2" deep E1OÁ6. Carr E2 75 

SINGLE FAN with motor similar to 
above Very useful in home and 
workshop Remember last summer 
Keep cool thy year Only E3.95. p &p 
65p 

PROGRAMME TIMERS 
Magnetic Devices Ltd Synchronous 230V 50Hz motor 
geared down to 1 rev per 8 hours Drives shaft mounting 
three cams. each of which actuates an on /off 
micro -switch with 10 amp contacts Any switch can be set 
to remain on from 4 to 8 hrs Push -on connections. Overall 
size 41/2" a 41/2" a 341," £4.75 plus 85p p & p Ideal for 
swnchrng on and off radios and lights as burglar deterrent 
m unoccupied premises. 

Smiths 200,250V synchronous motor geared down to 
40 r p m Sae 25r" a 21/2" e 11/2" E2.25 each plus 25p 
p & p 4 or morn E1.50 owls plus 70p p & p per pack 
of 4 

?Wrigley Harmer Ltd 200; 250V syncnronous motor 
geared to 1 rev per 71/2 wins All dimensions 21/2" 
£1.50 each plus 25p p 5 p 4 or more £1.00 each plus 
48p p & p per pack of 4 

ROTARY STUD SWITCH 
PLESSEY. 30 way 2 bank Single pole 
Contacts 1 amp 240v AC DC 005.: res. 
Break before snake Stop Infinitely adjustable 
allowing fur any desired ar 

s 

of travel Ideal 
for instrument and model switching Size 
21/4" ilia overall x 2'x" deep plus 11/2" 

" dia spindle E2.25. a Sp 20p 5 off E1115 mach. p &p 
40p 

UNI- SELECTOR 
L4//v AC or DC operation Split 
30 -way double bank contacts Overall 
size approx 2 '4" die a 2i5. deep 
Brand new Bargain at E4.50. P&P 
65p 

TRANSFORMERS 
DAVENSET AUTO 
2KVA continuously rated Tapped for any voltage from 
5 -260v to steps of Sy With an isolated winding of 
0 -5-too at 81/2 amps this transformer is an extremely 
useful buy Push -on connections. Size 8" x 51/2" e 61/2" 
"A really robust rob. Bargain at E23.50. Carr E3.00 
750VA continuously rated Tapped as above with 
0 -5-10V isolated winding of 5 amps Same connections 
Sae 4' /r' x 3t4" x 41/2" Also bargain at E12.60. Carr. 
C2.00 
GRESHAM 
Pri t0 -P -200. 220 -240v Sec tapped 
0-3'h-7-11-32-33-34-35 at 10 amps to give 24 useful 
voltages 06.00 cart Et 00 
TOR ROIDAL 
Po 15- 0- 210 -240v Sec 140v at 35 m/a . 31v at 500 
m /act. t0v at 19amps Scr Size 3'h "tlia x1!5" 
E3.95 p 5 p 30p 
MINIATURE 
Pri 240V Sec. 6v. at 'h amp Size 11/4" x l'n" x 1 Y " 
Ideal as power supply base Iv, models. radios, cassettes. 
etc E1.50 ea p 5 p 20p- 6 off E 1 00 ea p & p 45p 
GOODYEAR 1KVa nsformer 

0-110.115-120-200-220-240v tc 
transformer 
shrouded 

terminal block connections Size 5" x 4'u a 51/2" plus 
block cannot be bettered at E13.95. t & p Et 50 

ARROW SWITCH 
Press on/ oll Single hole fixing 
SP ST Size 11/4" e Le" Stud 
extends 'h" Rated 1 amp at 
240v 21/4 amps. at 125v Price 
for 5 ;ton qty. I £1.75 p 5 p 
30p 10 or more 30p each Sp 

-40p 

REED SWITCHES 
(t;ass e caps N 

ei,ynt f . "i. is 

s j, 251' 100 off 
EB -00, li & p lien 1000 of/ [68.00, p & p line 

SYLVANIA SWITCH 

1=2 
mplete with magnet c t,u ai l 

M C 3 anip vacuum, sealed 
t'4 x 1/4" dia 

10 toe E2.50 
50 for E11. 00 

100 for E18.00 
Plus 50p p 5 p 

any quantity 

MOTORS 
CITENCO F.M.P. reversible geared 
motor 220/240v 50 Hz 1 Ph cap 
start. cont rating 0 2 amps Gearing 
144/1. final drive 19 rms Torque 
14.5 Ko /cm 5/ 16" dia. shaft Size a 

6" e 31/4" dia plus base. Brand new Limited quantity 
E16.S0. p &p El 50 

CROYDON 1/10 HP. reversible motor 230/240v 50 
Hz 1 Ph Cap start Cont rating 1500 rpm He" dia 
shaft Size 8" x 4F/e" dia. plus base New E17.50. Carr 
E3 00 

1/6 HP. reversible geared 
motor 220/240v 50 Hz t 

Ph cap start, cent rating _- 
Gearing 5 1 Final drove 
approx 280 rpm K' bra eha Sae 1 4" Inc gearbox e 

5'6" dia plus cap and base New Robust £23 95 taro 
E3 00 
ACADEX shaded pole motor Open frame 230v 50 Hz 
Double ended 5,32" tlia spindle, each 11/4" long Ideal 
for tans, models. etc. Size 11/4" a 2áh" x 114" deep plus 
spindles E1.50 p&p 45p 
CROUZET shaded pole motor Open frame 115 / 230v 
50 Hz 1425 rpm See 21/2" e 214" x 1 -Ve" deep plus Sa" 
long x 5/32" dia. spindle C3.50 p &p 62p 46 
PAPSTnsotore.'Noted for advanced design 
and superb construction Rotating diecast 
outer body acts as flyweight and eliminates 6141 
wow and flutter 50 Hz capacitor start 
MODEL HSKZ 32.80 -6 /12 220v Dual speed tape deck 
motor 500/1000 rpm 12 mm drive shalt gives tape 
speeds of 953/19.05 cm /sec t3í4 /7'h ins, sect 
respectively Size appro 51/2" dia e 31/2" plus 114" 
spindle E18.50. p &p E1 10 
MODEL RO 32 65 -4 Dual voltage 125/250v Size 21/4" x 

3' /e ". Spindle 5/ 16" dia E12.50. p &p. Et 10 
MODEL HSZ 20 25 -2. Basically 42v but can be operated 
from mains with additional capacitor A magnificent small 
motor Size 11/4" x lye ". spindle 5/16" dia £5.95. p &p 
45p 

SOLENOIDS 240V A.C. 
MAGNETIC DEVICES LTD No 11 

has 201b pull for 50% duty, 11/2" 
travel push or pull Shackle both 
ends Sae 14" wide x 3'h" high 
x 4" long plus 3" m travel. 
£8.76 plus &p. El 00 
No 21 has 21b pull continuously 

rated " travel Size 1'4" x 
11/2 x 21/4" plus trays' £1.80. 
30P p 5 p 

PvE ETHER LTD Thrust operates impugn si i.,iq loaded 
nmged ie 

v 

n yrving a tun pull or posh Complete with 

u 

hngbracket and push on connections Size overall 
,tic bracket 2'rz "w r 3 "h x 31/2" long £2.25 P &P 45p 

RELAYS 
a Octal base 2 C/O 6 amp contacts Following 

voltages 1 2V a 48V d c 110 d s 230 
a c , all E1.25 each plus base 15p postage 
and packing 15p. 11 -pin 3 C/O 6 amp 
contacts. following voltages 1 15 a c 48 
d c 24 d c. all at E1.50 each base 1áp 
plus 15p p & p 
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LOGIC 
SUPPLIES 

OP /AMP POWER 

8. Davos Electronics Limited quantity only 
Typ Ne. CPS e SPS S SPS 7N SPS 9IIl 
SsHI Cari Fern Fully season fully mated falli wand 
Fyn l.io I.F. op -sep. 08íc 
0íp rolls 4.5/152.55131 It, if 4.5/6.0 PI 

Naps. Max. 2.0 0.5121 10.0 

8í001e 141 0.5 0.5 815 0.1 
Regalatton 4 082 0.005 a82 
Pria [14.00 E26.00 128.00 051.00 
Got /p. 

A0'1 

600 t1,20 £1.20 

Notes 1tI Programmable 121 Each rail 131 Zero volts 
protection /41 Pk-Pk M/ V. All have stability of 10.000 -1, 
current limiting re-entrant and output impedance of 0.251! 
at 100 KHz 

MINIATURE LAMPS 

il TÌ 16VN 

A B C O E F G 
Size Size 

type IDIa I Volt /Curt Type Oa 
1 Volt'Curr 

A 3MM 5.6V 60 MA D 3MM 2.5V 360 MA 
B 4MM 4V 250 MA 5 -6 60 MA 

5V 60 MA E 4M1V 6V 200 MA 
12V40 MA 63200 MA 
12V 100 MA 14V 40 MA 
14V 75 MA F 4MM 2 7V 60 MA 
28V 40 MA 12V 160 MA 

C 5MM 28V 40 MA 14V 80 MA 
G Small telephone lack type 6 or 24V 
Price Types AiF z4 00 for 25. 50 and upwards 13p each 
Type G 45p each. p & p 20p per order 

BENDIX MAGNETIC CLUTCH 
Supero example of 
electro- mechanics Main body in 
two sections. coil section fixed 
with thin sleeve, drive se 
rotating outer perimeter 
Uniting plate has ' t ID bearing 

acentric with main section and 
18 -tooth cog woe, Extremely 
powerful transmission 24V DiC 

40400 mia. £3.75 plus p & p 

PCB EDGE CONNECTOR 
CINCH 15" pitch 27 way but designed with adjustable 
fixing endplates enabling connector to be cut and u 

e any length desired 50p p & p 15p 10 ull E4 00 p 5 p 
30p 

MEM LIMIT SWITCH 
Snap action 5 amps at 240,410 A C size base 3'4 

1 : x 1 ' i " p l u s a v y duty r o e r plunger t''i" exl or 
1" compressed ' rt Very robust tot nrelessoperation. 
weather proof Price £2.20 plus p & p 40p 

Dozens of op 
in Home Farm 

Workshops & Lab 

JABSCO (ITT) ROTARY PUMP 
Sell priming Works from e ertric drill 

tably powered rnotu, fur " drive 
shalt 'z' hose runnect.ons Through 
put 2 3 galls per ow, at 2400 rpm 
Doz. ns of u n home and workshop 
Giveaway at L2 75 p &p 20p 
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NEW 3000 TWEETER 

Technical Data 

Frequency response: 

2 Kcs 10 15 Kc s withal 3db 

Impedance: 

15 ohms or 8 ohms . 

Flus Density: 
10.000 gauss 

Dimensions Front Mounting: 

Body2 (702mm)dia 1; 
131 al m) deep 
Flange 31 (95m m)e 
(3 rem) thick 

o all 11' (35m re) 

Power Handling: 
For use on 30 50 watt Amplifiers 

Suggested Crossover: 

4 /uF 

COMBINE v 11mH 

LASHED THE 
WELL_ 6200 WITH OUR NEW 3000 TWEETER 
TO PRODUCE SOUND 

IMMEDIATE, BOTH SMOOTH DUCE 

AND CLARITY 
WITH AN OPENNESS 

ASTOUND YOU 
THAT 

WILL 
Coles 
Electroacoustics Ltd. 
PINDAR ROAD HODDESDON EN11 OBZ 

Telephone Ooddesdon 66695 60060 

Send s.a e for suggested cabinet arrangement 

WW -077 FOR FURTHER DETAILS 

MORE POWER 
MORE TORQUE 

with the 

NEW MK. II DRILL 

SPEED 
10,000 r.p.m. 

TORQUE 
120 cmg 

VOLTAGE 
9 -14v d 

DRILL ONLY £9.67 
(p &p 35p) 

STAND £5.13 
(p &p 35p) 
Inc. VAT 

(Together 50p p &p) 

Send a 9" x 4" 
SAE for illustrated 

leaflet and order form 
to 

PRECISION PETITE LTD. 
119A HIGH STREET, TEDDINGTON, MIDDX. 

TEL. 01 -977 0878 
(24 -hour answering service) 

95 

TRANSFORMERS 
ALL EX -STOCK - SAME -DAY DESPATCH 

MAINS ISOLATING VAT 8% 12 and /or 24 -VOLT 
Separate 12v windings 

Centre Tapped and Screened Primary 220 -240 Volts 
Ref Amps £ 

P &P 12v 24v 

PRI 120/ 240V SEC 120/240V 

Ref. VA Matta) E 

07* 20 3.93 
149 60 5.62 
150 100 6.13 
151 200 10.16 
152 250 11.87 
153 350 14.90 
154 500 17.80 
155 750 26.11 
156 1000 35.16 
157 1500 42.14 
158 2000 49.30, 
159 3000 74.80 
*115 or 240 sec only 

79 
96 

1.14 
1.50 
1.84 
1.84 
2.15 

OA 
OA 
OA 
OA 
OA 

50 VOLT RANGE 
Primary 220 -240V 

SEC. TAPS 0- 19- 25- 33- 40 -50V 
P &P 

78 
.96 

1.14 
7.81 1 32 
9.79 1.50 

14.62 1 64 
15.56 2 08 
20.41 OA 

Ref. Amps E 
102 0.5 3.21 
103 1.0 4.18 
104 2.0 6.10 
105 3.0 
106 4.0 
107 6.0 
118 8.0 
119 100 

60 VOLT RANGE 
Primary 220 -240V 

SEC TAPS 0- 24- 30- 40- 48 -60V 
Ref. Amps E P &P 
124 0.5 3.38 96 
126 1.0 4.61 96 
127 2.0 6.60 1.14 
125 3.0 9.30 1.32 
123 4.0 11.05 1.84. 
40 5.0 12.47 1.64 

120 6.0 14.70 1.84 
121 8.0 18.11 OA 
122 10.0 22.31 OA 
189 12.0 24.60 OA 

HIGH VOLTAGE 
MAINS ISOLATING 

Ph 200/220 or 400/440 
Sec 100/120 or 200/240 
VA Ref. £ P &P 

60 243 
350 247 
1000 250 
000 252 

5.03 
13.52 
33.26 
50.74 

1 32 
1 84 

OA 
OA 

DECS SOLDER-LESS 
BREADBOARDING 

S Dec 70 contacts £1.98 
T Dec 208 contacts E3.38 
U Dec 'A' IC's etc. E3.99 
U Dec 'B' IC's e)c. £6.99. 

VAT 8% P &P 40p 

BRIDGE RECTIFIERS 
200v 2A 45p 
400v 2A 55p 
200e 4A 65p 
400v 4A 80p 
400e 6A E1.00 
500v 10A* £2.35 

P &P 29p. VAT 121/2% 
*VAT 8% 

METERS 
AV08 £68.95 
AV071 £28.00 
AV073 E37.80 
AVOMM5 £21.94 
WEE MEGGER E55.05 
AVO TT169 E26.00 
U4315 (14.95 

Includes steel carry case 
in- circuits transistor tester 

Avo Cases and Accessories 
P &P E1 50 VAT 8% 

TI MINI- MULTIMETER 
DC -1000V AC -1000V 

AC / DC -10000 / V 
DC- 100mA. Res -- 150K 

Bargain at E5.30 
VAT 8% P &P 62p 

STEREO F.M. TUNER 
4 Pre -selected stations 

Switched MC 
Supply 20 -35v 90Ma Max 

£20.45. P &P 40p. VAT 121/2% 

MAGNETIC TO CERAMIC 
CARTRIDGE CONVERTER 
Operating Voltage 20 :45v 

ONLY E2.85 P &P 36p 
VAT 121' 

111 
213 

71 
18 
70 

108 
72 

116 
17 

115 
187 

226 

0.5 0.25 1.90 
1.0 0.5 2.22 
2 1 2.94 
4 
6 
8 

10 
12 
16 
20 
30 
Rn 

2 
3 
4 
5 
6 
8 

10 
15 
30 

3.74 
5.29 
6.30 
6.80 
7.84 
9.20 

12.55 
16.33 
2294 

P&P 

43 
78 
78 
96 
96 

1 14 
1 14 
1 32 
1 32 
208 
208 

OA 

30 VOLT RANGE 
Primary 220 -240V 

SEÇ. SAPS 0- 12- 15.20- 25 -30V 
Ret. Amps E 

2.41 
3.09 
4.79 
5.81 
6.83 
7.93 
9.20 

11.73 
11.91 

112 0.5 
79 1.0 

3 2.0 
20 
21 
51 

117 
88 
89 

3.0 
4.0 
5.0 
6.0 
8.0 

100 

P&P' 
78 
96 
96 

114 
1 14 
1 32 
1 45 
1 64 
1 84 

AUTO TRANSFORMERS 
Ref. VA (Watts) TAPS £ 

113 
64 

4 
66 
67 
84 
93 
95 
73 

20 0.115-210-240V 2.20 
75 0-115-210-240V 3.51 

150 0-115-210-220-240V 5.23 
7.03 

10.76 
17.48 
21.87 
29.22 
44.10 

300 
500 

1000 
1500 
2000 
3000 

P&P 

71 

96 
96 

1 14 
1 .64 
2.08 

OA 
OA 
OA 

SCREENED MINIATURES'rmare 240v 
Ref. mA Volt. £ P&? 
238 200 3 -0-3 1.99 55 
212 1A, IA 0-6, 0 -6 2.38 78' 

13 100 9 -0-9 1.89 38 
235 330.330 0 -9, 0 -9 1.99 38 
207 500, 500 0 -8 -9, 0 -8 -9 2.32 71 
208 1A, lA 0-8 -9. 0 -8 -9 3.53 78 
236 200. 200 0 -15, 0 -15 1.99 38 
214 300, 300 0.20, 0 -20 2.33 78 
221 700 (DC) ',20- 12- 0 -12 -20 2.96 78 
206 1A, lA 0- 15 -20, 0 -15 -20 4.17 96 
203 500, 500 0- 15 -27, 0 -15 -27 3.62 96 
204 1A, lA 0-15- 27.0 -15 -27 4.76 96 
S11-2 500 0- 12- 15- 20 -24 -30 2.41 78' 

ASED U - TRANSFORMERS 
240V cable input. USA 2 -pin outlets 

20VA E3.76. P &P 96 Ref. 113W 
75VA £5.51. P &P 1 14 Ref 64W 

150VA E7.33. P &P 1 14 Ref. 4W 
300VA £10.81. P &P 1 45 Ref 66W 
500VA £12.62. P &P 1 64 Ref 67W 
750VA E16.80. P &P 1 76 Ref. 03W 

1000VA E21.15. OA Ref. 84W 
2000VA £33.02. OA Ref. 95W 

HIGH QUALITY MODULES VAT 121/2 
5 watt RMS Amplifier £2.95 
10 watt RMS Amplifier E3.30 
25 watt RMS Amplifier £4.15 
Pre -Amp for 3.5 -10w E6.95 
Pre -Amp for 25w E13.60 
Power Supplies for 3 -5 -10w E1.35 
Power Supplies for 25w £3.70 
Transformer for 5 -10w £2.41 
Transformer for 25w lone module) £4.79 
P &P Amps /Pre -Amps /Power Supplies 40p 
P &P Transformers 96p 

STEREO 30 
Complete chassis. inc. 7 +7w r m s amps. pie 
amp. power supply, front panel. knobs 'needL 
mains trans.). £16.25. Mains trans. £2.45. Teak 
veneered cab. £4.87. P&P f1 02. VAT 12'h% 

POWER UNITS 
CC12 -05. 3, 4 5, 7 5. 9, 12v SOOmA £4.08 
STABILISED 3. 6, 7 5, 9v at 400mA £5.95 3300. 6, 7.5, 9v at 300mA plugs direct into 13A 
socket (fused) .£3.30 

P &P 70p. VAT 121/2% 

ANTEX SOLDERING IRON-8 
15W £3.46. 18W £3.46. 25W E3.20 

Soldering iron kit £4.93 
Stand for above E1.45. P &P 46p. VAT 8',- 

PLEASE ADD VAT Ai TER P &P 
ELECTROSIL AND SEMICONDUCTOR 

STOCKISTS. AUDIO ACCESSORIES & BARGAIN 
PAKS SAVE POSTAGE CALLERS WELCOME 

(MON FRI ) OR SEND STAMPS FOR LISTS 
PR ;; A 7 4;77 

Barrie Electronics Ltd. 
3,THE MINORIES, LONDON EC 3N 1BJ 

TELEPHONE: 01 -488 3316/8 
NEAREST TUBE STATIONS: ALDGATE & LIVERPOOL ST. 
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HART ELECTRONICS 
The Only Firm for Quality Audio Kits 

J. L. Linsley -Hood High Quality Cassette Recorder 

Master Board with one Replay Amp removed 

As these circuits in recent issues of "Wireless World" are capable of 
such an excellent performance we feel that it is not sensible to sacrifice 
this potential by designing a kit down to a price. We have therefore 
spent a little more on professional hardware allowing us to design a 

very advanced modular system. This enables a more satisfactory 
electrical layout to be achieved, particularly around the very critical 
input areas of the replay preamps. These are totally stable with this 
layout and require no extra stabilising components. Many other 
advantages also come frqm this system which has separate record and 
replay amps for each channel plugging in to a master board with gold 
plated sockets. The most obvious is the reduction of crosstalk and 
interaction which could cause trouble on a single plane board, with our 
modular system the layout is compact but there is no component 
crowding. Testing is very easy with separate identical modules and 
building with the aid of our component -by- component instructions is 
childishly simple, but the finished regult is a unit designed not to 
normal domestic standards but to the best professional practice. 

ALL PARTS ARE POST FREE 

LENCO CRV CASSETTE MECHANISM 
High Quality, robust cassette transpon for Linsley Hood Recorder. Features fast forward, 
fast rewind. record. pause and automatic cassette ejection facilities Fitted with 
Record /Play and Erase Heads and supplied complete with Data and extra cassette 
ejection spring for above horizontal use. Ex -stock E19.10 + E2.38 VAT. 

71x Complete set of parts for Master Board, includes Bias oscillator, 
Relay, Controls, etc. £9.83 + £1 .23 VAT. 

72x Parts for Motor Speed and Solenoid Control for Lenco CRV Deck. 
£3.52 + 44p VAT. 

73x Complete set of parts for stereo Replay Amps and VU Meter 
Drive. £8.12 + £1 .02 VAT. 

74x Complete set for Stereo Record Amps. £6.74 + 84p VAT. 
475x Complete set of parts for Stabilised Power Supply including 

special Low Hum field Mains Transformer. This unit is a separate 
3.5" x 5" PCB designed so that the motor control board fits above 
it to save space. £8.79 + £1.10 VAT. 

700M. VU Meters Individual high quality meters with excellent 
ballistics and built -in illumination. £8.48 + £1.06 VAT PER 
PAIR. 

Please send 9 x 4 SAE for lists giving fuller details and Price breakdowns. 
A suitable Metalwork and Front Plate is now available 

Penylan Mill, Oswestry, Salop 
Personal callers are always welcome, but please note we are closed all clay Saturday 

i 

When you make your own 
PCB's, you need Seno 
Etch -Resist 
Transfer 
Symbols! 
High -definition, etch -resist 
transfers that adhere 
perfectly to copper -clad 
board, offering a superb 
professional finish 
to the one -off PCB. 
Ten types of symbol. 
in strip form for 
greater accuracy. 
Packs of ten strips, 
mixed. or of any 
one symbol, 
for only £2! ) 
From your usual 
component 
supplier or 
direct. 
Send in the coupon below 
for details of the Seno / 33 
range of aids to PCB preparation tlllriWEIMNIi -- -rifer 

I 
I 

Decon Laboratories Ltd. Freepost, Portslade, 
Brighton BN4 1EQ (no stamp needed) 

Name: 

Address 

Phone 0273 -414371 
Ike - Elm ----- ism - Now t 

THE METAC DIGITAL CLOCK 
* COMPLETE KIT * 

Pleasant green display. 12 /24 Hour readout 
Silent Synchronous Accuracy. Fully electronic 
Pulsating colon Push- button setting 
Building time 1 hr. Attractive acrylic case 
Easy to follow instructions. Size 10 5 x 5. 7 x 8 cm 
Ready drilled PCB to accept components 

KIT PRICE £9.60 +76p VAT 

SAME DAY DESPATCH: ORDERS RECEIVED BEFORE 2.00 
P.M. ARE POSTED ON THE SAME DAY 

SEND YOUR ORDER TO 

[DAVENTRY1 UXBRIDGE 
METAC ELECTRONIC AND TIME 

HIGH 67D 
VENTRY 

STREET CENTRE 3T 
HIGH STREET 

ARCADE 

ir7M NORTHANTS. UXBRIDGE 
- TEL. (032 72) 76545 MIDDLESEX 

TEL. UXBRIDGE (0895) 56961 
Cash, Cheque or Postal Order or it you wish to use 
Barclaycard or Access, simply quote name, addess and card 
number when ordering Shops open 9 -5.30 daily. 
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VALVE MAIL ORDER CO. 
Climax House, Fallsbrook Rd., Streatham 
London SW16 6ED 
Tel: 01 -677 2424 Telex: 946 708 

VALVES ECH83 0.50 
AZ31 1.00 ECH84 0.50 
AZ41 070 ECL80 0.60 
CBI31 1.40 ECL82 0.42 
CL33 1.50 ECL86 - 0.55 
CY31 1.00 EF37A 3.00 
DAF9I 0.40 EF39 1.78 
DAF96 0.60 EF4I 1L75 
DCC90 1.35 EF55 ISO 
DF91 0.40 EF80 0.35 
DF96 0.60 EF85 0.45 
DK9I 0.50 EF86(Jap) 
DK92 1.00 0.90 
DK96 0.75 EF86(USSR) 
DL92 0.50 0.40 
DL94 0.85 EF86 (Mul- 
D1.96 0.55 lard) 2.04 
DM70 0.70 EF89 0.75 
DY06/7 0.45 EF91 0.0S 
DY802 0.47 EF92 0.75 
EABCRO 0.38 F:F95(USSR) 
EAF42 0.70 0.45 
EAF801 0.75 F:F95 (UK ) 

EBC33 1.00 1.65 
EBC4I 0.75 EF98 0.80 
EBC81 0.40 EF183 0.40 
EBF80 0.40 EF184 0.40 
EBF83 040 EH90 0.00 
EBF89 0.65 EL33 3.40 
EBL31 2.00 EL34 1.20 
ECC40 1.0 EL37 3.40 
ECCO! 045 EL41 1.20 
ECC82 0.38 EL42 1.0 
ECC83 0.38 EL84 030 
ECCëS 9.45 EL9I 2.0 
ECC88 0.50 EL95 0.0 
ECFO 145 EL30 1.75 
ECF82 1E0 EM0 055 
ECH35 ISO EM81 0.0 
EU-I42 040 EY51 0.45 

EYO 0.50 
EZ40 0.00 
El-41 0.75 
E. 180 030 
EZ81 021' 
EZ9O 045 
GYM! 1.32 
6Z30 0.05 
GZ32 0.60 
()734 0.75 
H63 0.09 
HLD4IDD 

0.70 

K 161 3.40 
KT66 4.0 
K181 (7C5) 

2.0 
K 108 4.75 
KIW61 ISO 
KTW62 1.50 
578 7.50 
0A2 0.45 
002 0.45 
OZ4 0.55 
PC86 0.65 
['CIO 0.65 
l'C901 0.55 
PCC84 0.45 
PCC89 0.55 
PCC189 0.65 
PCFO 0.40 
PC F86 0.65 
PC F01 0.0 
PCF02 0.72 
PCF05 1.211 

PCF806 0.0 
PCF808 1.28 
PCI.82 0.45 
PCL83 0.70 
PCL84 0.50 
PCL85 0.60 

PCL86 0.50 
PD500 3.00 
PE545DD 

0.75 
PFI.200 0.88 
PL36 0.63 
PL78 1.25 
PL81 0.55 
PI.02 0.50 
PI43 0.50 
PI44 0.50 
P1504 0.96 
PL508 1.32 
PL5O9 2.16 
P1801 1.00 
P1402 1.80 
PY32 0.0 
PY33 0.03 
PY8! i0(8) 

0.50 
PY82 0.45 
PY83 0.50 
PYSWA 1.36 
PY801 0.55 
U25 1.00 
U26 0.85 
U191 0.75 
U404 0.75 
U801 1.18 
UABCO 0.40 
UAF42 0.75 
UBC4I 0.0 
UBFO 0.50 
UBF89 0.50 
UCC85 0.50 
UCH42 0.80 
UCH81 0.75 
UCL82 0.40 
UCL83 1.25 
UF41 0.75 
UF0 0.50 

U L41 
U134 

U Y41 
11Y85 
\' P48 
\'075/30 

\'R105/30 

\'R150,:30 

0.75 
OS0 
5.55 
0.45 
125 

5.55 

00 
0.40 

IRS 080 
(S5 0.49 
1 I4 0.40 
354 0.50 
íV9 0.85 
5R4GY 1.20 
5U4G 1.25 
504G 0.95 
5Y3G1 0.05 
5Z4G 085 
6/30L2 930 
OAKS 
(USSR) 0.45 
6AK5 (UK) 

1.0 
GALS 930 
6AQ5 0.50 
6AS7G 
(USSR) 1.0 
6A576 (UK) 

4.99 
40 
9.40 
989 
038 
5.45 
120 
080 
0.55 
4.00 

6A F6 
6AU6 
OAV5 
6RA6 
6BE6 
6BH6 
OBJ6 
60Q7A 
68R7 

61357 
6BW6 
6BW7 
6C4 
6CD6GA 
6DC6G 
6CH6 
6E56 I 
6F23 
6F28 
0)5G 
6J5GT 
6J7GT 
6K6GT 
6K7GT 
6KeGT 
6L6GC 
6P25 
6Q7GT 
6SG7 
6SJ7GT 
6SL7GT 
6SN7GT 
6U4GT 
6U5G 
6 V6GT 
6X4 
6X5G1/6 

7B6 
7B7 
7C5 
7C6 
7H7 
707 
757 
7Y4 
J2AÇ:6 
12AD6 
12AE6 
12AT6 

4.00 
3.00 
1.12 
0.40 
2.50 
1.60 
3.85 
1.50 
0.90 
0.96 
0.45 
0.55 
0.45 
0.80 
0.35 
0.50 
1.20 
3.00 
0.43 
0.50 
0.30 
055 
0.55 
0.75 
1.50 
0.60 
0,45 

0.55 
0.80 
0.80 
2.00 
1.0 
0.80 
1J9 
2.25 

11.841 

040 
930 
0.75 
0.45 

TRANSISTORS & ICs 
£0.07 AAI19 f0.20 

AAY30 E0.13 
AAY32 0.15 
AAZ13 0.25 
AAZI5 60.31 
AAZI7 £0.25 
ACI07 £0.75 
AC125 £0.30 
AC126 C0.25 
AC127 0.25 
AC128 025 
AC141 0.20 
AC141K 0.30 
AC142 0.20 
AC142K 0.25 
ACI76 0.25 
ACI87 £0.25 
AC188 0.25 
ACY17 0.65 
ACYI8 £0.65 
ACYI9 0.05 
ACY20 0.65 
ACY2I 0.05 
ACY39 £1.00 
AD149 0.70 
AD161 £0.75 
AD162 0.75 
AF106 0.45 
AFI14 £0.25 
AF115 0.25 
AFI 16 0.25 
AFII6 E0.25 
AFI17 0.25 
AF139 
AF10 
AF239 £0.45 
AFZII E2.75 
AFZI2 f2.75 
ASY26 0.45 
ASY27 0.50 
ASZ15 f1.25 
ASZI6 C1.25 
ASZ17 £1.25 
ASZ20 0.75 
ASZ21 £1.50 
AU113 E1.70 
AUYIO £1.70 
BA145 0.15 
BA148 0.15 
BA 154 0.10 
BA155 0.12 
BAI56 0.13 
BAW62 EOM 

BAXI3 
BAXI6 
BC 107 
BC 108 
BC 109 
'BCI13 
'BCI14 
'BC115 
'BC116 BCI17 
'BC118 
'BC125 
'BC126 
'BCI35 
'BC136 
'BC131 
'BC147 
*BC 148 
BC 149 

'BC157 
'BC158 
'BC159 
'BC167 
-BC170 
'BC 171 
-BC172 
'BC173 
BC 177 
BC178 
BC 179 
'BC182 
BC183 
'BC184 
'BC212 

0.40 BC213 
C1.50 BC214 

'BC237 
'BC238 
BC 301 
BC303 
'BC307 
'BC308 
'BC327 
'BC328 
'BC337 
'BC338 
BCY 30 
BCY31 
BCY32 
BCY33 
BCY34 
BCY39 
BCY40 
BCY42 

f0.07 
0.12 
0.12 
0.13 
0.15 
0.18 
0-I9 
0 19 
0.22 
£0.16 
£0.18 
0.25 
0.15 
0.19 
£0.16 
0.10 
0.10 
E0.13 
E0.12 
0.11 
£0.13 
£0.13 
£0.18 
0.14 
0.13 
0.15 
0.19 
0.18 
f0.20 
0.11 
0.11 
0.12 
C0.14 
0.14 
0.17 
0.17 
0.12 
0.45 
0.0 
0.20 
0.18 
£0.22 
0.18 
f0.19 
£0.18 
E1.00 
£1.0 
C1.0 
0.90 
£0.90 
f3.0 
f1.25 
030 

BCY43 
BCY58 
BCY70 
BCY7I 
BCY72 
BCZII 
BDII5 
BD121 
BDI23 
BD124 
BD131 
BD132 

BD135 
'BD136 
'00137 
80138 
00139 

'BD140 
HL)144 
110181 
130182 
B 0237 
BD238 
BUX10 
BDX32 
BDY20 
BDYO 
BE 115 
8E152 
8E153 
BF154 
BF159 
13E160 
130167 
01-173 
8F177 
0E178 
BFI79 
0E180 
8E181 
13E182 
BF183 
0F104 
0E185 
' BEI 94 
'BF195 
'BF196 
'BF197 
0E200 
' 8E224 
'BF244 
BF257 
13E258 
8E259 
' BF336 
'BF337 

E0.32 
0.23 
E8.18 
0.22 
£0.17 
El SO 
f0.0 
£1.50 
f1.50 
f1 00 
0.51 
0.54 
f0.35 
0.38 
0.37 
f0.40 
f0.43 
0.47 
E2.0 
E1.38 
£1.48 
£0.80 
£0.85 
£0.75 
C2.25 
C1.42 
f0.75 
C0.39 
£0.25 
0.25 
e0.25 
f0.35 
£0.30 
£0.39 
£0.39 
0.38 
E0.45 
E0.48 
0.45 
C0.45 
£0.45 
£0.45 
0.30 
£037 
C0.12 
£0.11 
0.13 
0.14 
£0.32 
f0.20 
f035 
C0.37 
£0.42 
0.45 
0.50 
053 

'BF338 £035 
8E521 C227 
8E528 E138 
BF561 0.25 
BFS98 0.25 
BFWIO 0.0 
BFWII 0.0 
BFX84 038 
BEX85 0.41 
BFX87 0.35 
BFX88 0.32 
BFYSO 0.28 
BFY51 0.26 
BFY52 0.20 
BFY64 £0.30 
BFY90 E1.32 
BSX19 034 
05X20 034 
BSX2I £0.32 
BTI06 £1.25 

BTY79:4000 
tl.19 

'811205 C225 
'BU206 C225 
BU208 f2.50 
BY100 £0.45 
BY126 0.14 
BY127 £0.15 
BZX61 0.20 
Series 
BZY88 0.13 
Series 
CRS/ /05 0.45 
CRS/40 0.0 
CRS3/05 0.45 
CR53/40 £0.75 
CRS3/0 0.0 
(JEX66 £1.50 
GEX541 £1.75 
GJ3M 0.75 
635M 0.75 
GJ7M 0.75' 
GM0378A £1.50 
KSI00A 0.40 
MJE340 0.58 
MJE370 0.05 
MJE371 0.81 
MJE520 0.0 
MJE521 0.75 
MJE2955 E125 
M1E3055 0.75 
'MPF102 0.30 
MPF103 030 
'MPFI04 030 
MPF105 030 

'MPSA06 0.20 
'MPSA56 0.20 
'MPS(101 f0.32 
'MPSU06 0.40 
'MPSU56 0.45 
NKT401 £2.00 
5K1403 £1.73 
NKT404 £1.73 
NE555 £0.45 
OAS £0.75 
UA7 £0.55 
(IAIO 0.55 
()A47 0.14 
IIA711 C0.30 
OA79 0.10 
()A81 0.30 
OAO E0.30 
OA0 0.08 
OA91 L0.0 
(íA95 0.0 
0A200 £0.10 
()A202 £0.11 
0A210 0.75 
()A211 0.75 
OAZ20 0.0 
OAZ201 f0.0 
OAZ206 £0.65 
OAZ207 £0.65 
OC16 £1.25 
OC2o E2.0 
(x22 C250 
()C23 £f.70 
0C24 £350 
OC25 0.0 
(X:26 £0.0 
OC28 £20 
(X29 f2.0 
(x35 £1.50 
(X36 C1.50 
(X41 C0.50 
(x42 £0.50 
(X43 £1.50 
0044 0.50 
OC45 £0.50 
OC71 f0.45 
0072 £0.45 
0073 C1.0 
C)C74 0.50 
(X75 0.0 
(X76 £0.50 
OC77 61.20 

0081 
OC81Z 
OC62 
(x83 
0034 
OC122 
OC123 
0C139 
OC 140 
OC 141 
OC 170 
OC 171 
OC200 
OC201 
OC 202 
I )('203 
OC 204 
OC 205 
OC206 
OC207 
OC P71 
ORP12 
R2008B 
'02009 
R2010B 
T1C44 
T1C226D 
Tl 1-209 
'TIP29A 
TIP30A 
TIP31A 
TIP32A 
TIP33A 
TIP34A 
TIP41A 
TIP42A 
T1 P2955 
TIP3055 
'T1343 
'ZS140 
ZS170 
ZS178 
ZS271 
'ZS278 
ZTX107 
'ZTX108 
'ZTX109 
'7.TX300 
'ZTX301 
ZIx3o2 
ZTX303 

0.75 
E1.05 
0.75 
0.55 
0.0 
E1.50 
E1S5 
£1.25 
E1.05 
02.25 
0.0 
0.0 
E1.0 
£1.50 
E 1.25 
£1.25 
f125 
E1.75 
E1.75 
f1.25 
E1.25 
60.70 
E2.25 
£2.25 
£225 
£0.38 
£1.30 
£0.25 
£0.50 
0.0 
60.02 
0.75 
L1.0 
E1.2O 
0.70 
0.0 
E1.0 
0.511 
0.35 
£0.25 
C0.12 
0.54 
£0.22 
0.56 
£0.11 
0.10 
0.12 
0.12 
0.13 
£0.17 
f0.17 

12A i7 
12AU6 
I2AU7 
I2AX7 
12BA6 
1213E6 
1213117 
30C15 
30C17 
30C18 
30E5 
3UFL1 
30FL2 
30E114 
301.15 
30L17 
30812 
30819 
30PL7 
308E13 
3081.14 1.68 
35L6GT 0.80 
35W4 11.00 
35Z3 0.80 
15Z4GT 570 
5í105 0.70 
50( 1566 2.50 
80 0.75 
807 1.0 
813(RCA)2750 
813(USSR)9216 
600 3.0 
6146 240 
6146A 3.0 
6146B 4.20 

TUBES 
2BP1 7.00 
3BPI 60 
3DPIA 4.00 
3EG1 8.0 
3FP7 20 
3GPI 5.0 
5BP1 8.0 
5CPI 500 
0D 15.00 
CV429 2750 
DG7S 18.00 
VCR138 10.0 
VCRI39A ?0 

0.45 
0.50 
038 
0.38 
0.50 
0.60 
0.80 
1.00 
1.00 
1.28 
1.00 
1.00 
1.00 
1.28 
0.95 
0.95 
1.00 
0.95 
085 
1.44 

ZTX304 
'ZTX311 
'ZTX314 
ZTX500 
ZTX501 
ZTX502 
ZTX503 
ZTX504 
ZTX531 
ZTX550 
15914 
I N916 
154001 
1N4(102 
IN403 
154004 
154005 
154006 
154007 
154009 
154148 
155400 
155401 
1544 
15920 
15921 
20301 
2G302 
2630 
25406 4 

25696 
2N697 
25698 

0.10 
0.12 
0.20 
0.13 
£0.14 
0.16 
0.17 
0.20 
0.20 
£0.16 
£0.07 
60.07 
0.0 
0.07 
0.08 
0.0 
0.13 
0.15 
£0.15 
E0.15 
0.07 
E0.14 
0.10 
f0.0 
f0.08 
£0.08 
£1.0 
61.0 
E1.10 
0.0 
0.25 
0.10 
030 

INDUSTRIAL 
VALVES 

1 B3GT 
1824 
1835A 
1663A 
1521 
152113 
152313 
1523C 
IX2A 
ìX28 

2A3 
2AS15 
2C26A 
2C34 
2C39A 
2C43 
2021 
2021W 
2E26 
2131 
2333 
2350 
2254 
2156A 
2K25 
2K26 
2K28 
2K45 
2X2A 

iA,107A 
1/5/ 108A 
1A/108B 
3A/1098 
3A/110A 
3A/110B 
3A/146J 
3A/ 167M 
:iAS 
313/240M 
38/241M 
3824 
3828 
3029 
3C22 
3C23 
3C24/24G 
3C45 
3CX10A5 
3E29 
31(121E 
32 /160E 
3.1/ 170E 
3Q/150E 
3Q/195E 
3S4 
3V/3408 
3V/390A 
3V/390B, 

4.125A 
4-250A 
4-400A 
4832 
4C35 
4C X250B 
4E27 
4250 
4J52 
4J52A 
4353 
4X150A 
4X150D 
4X2508 

5B/251M 
5B/252M 
5B/254M 

5B/255M 
5B/256M 
5B/257M 
5022 
5021 
5124G 
5U4GB 
5Z3 
5Z4G 

6AF4A 
6AK5 
6AM5 
6AM6 
6AN5 
6AN8 
OARS 
6AS6 
6AU4GTA 
6AU5GT 
6AU6 
6AV5GTA 
6AW8A 
6AX5GT 
6B4G 
6BA8A 
6BK4 
6BK7A 
6BL7GTA 
6856 
6BR7 
6087 
6BX7GT 
6BZ6 
6CB6 
6CH6 

6CW4 
6DK6 
6DQ6B 
OEM 
6F33 
6116 (metal) 
6K7GT 
6UBA 
6V6GT 

11E3 
11E13 
12AY7 
12B4A 
12BY7A 
12E1 
12E14 
13E1 
2807 
29C1 
53KU 
75B1 
75C1 
83A1 
85A1 
85A2 
90AG 
90AV 
90C1 

90CV 
95A1 
10TH 
150B2 
15003 
150C1 
I50C2 
150C3 
150C4 

32H 
329 

705A 
715A 
715B 
723A/B 
725A 

801 
803 
805 
807 
808 
811 
811A 
812A 
813 
815 
828 
829B 
8308 
880 
866 
866A 
866E 
872A 
8810 
891R 

954 
955 
956 
957 

1625 

2050 
2050W 
2051 

4003A 
4212E or H 
4242A 
4313C 
4328A 
4687 
5544 
5545 

5642 
5644 
5651 
5670 
5672 
5676 
5687 
5696 
5702 
5718 
5719 
5725/ 

fiAS6W 
5726/ 

6AI5W 
5727/ 
2021 W 

5749 
5750 
5751 
5802 
5814 
5823 
5840 
5963 
5965 
6005/ 

6AQ5W 
6525 
6034 
035 
6057 
6058 
6059 

6060 
6061 
6062 
6063 
6067 
6072 
6073 
6074 
600 
6097C 
6130 
6136 
6189 
6197 
6201 
6202 
6203 
6205 
6360 
6442 
6463 
6550 
6807 
6923 
6939 

7193 
7203 
7360 
750 

8103 
025A 

001 
9002 
9003 
9004 
9005 
9006 

13201A 

A 1834 
A2087 
A2134 
A2293 
A2426 
A252í 
A290 
ACTE 
ACTS 

BIC IE 
850 
BS156 
BT5 
BT35 
BT45 
BT79 
BT83 

CIC 
CIK 
CV5 
CV25 
CV26 
CV28 
CV31 
CV32 
CV45 
CV53 

CV74 
CV85 
CV1I8 
CV121 
CV124 
CVI28 

CV131 
CV132 

C VI33 
CV135 
CVI36 
CV137 
CV138 
CVI40 
CV144 
CV160 
CV173 
CV 187 
CV 188 
CV190 
CV2$0 
CV261 
CV273 
CV204 
CV286 

CV3g5 
CV329 
CV337 
CV342 
CV345 
CV354 
CV359 
CV360 
CV371 
CV372 
CV378 

CV395 
CV397 
CV428 
CV434 
CV447 
CV449 
CV466 
CV469 
CV488 
CV491 
CV492 
CV493 
CV717 
CS/808 
C V 1072 
CV1076 
CV102 
C V 1219 
CV1343 
CV1475 
CV1476 
CVI477 
CV1478 
CV1794 
CVI480 
CV1481 
CV1482 
CV1787 
CV1832 
CV1833 
CV1835 
CV1994 
CV200 
CV2131 
CV2154 
CV2155 
CV2160 
CV2179 
CV2235 
CV2237 
CV2238 
CV2253 
CV2289 
CV2520 
CV2522 
CV2721 
CV201 
CV3523 
CV3929 
CV390 
CV3988 
CV3991 
CV3998 
CV4001 

CV4002 
CV4003 
CV4004 
CV4005 
CV4006 
CV4007 
CV4008 
C V4009 
CV4010 
CV4O11 
CV4012 
C V4013 
CV4014 
CV4015 
C V4016 
CV4017 
CV4018 
CV4019 
CV4020 
CV4022 
CV4023 
CV4024 
CV4025 

CV4033 
CV4035 
CV4038 
CV4039 
CV4040 
CV4056 
CV4059 
CV4060 
CV4062 
CV4063 
CV4064 
CV4079 
CV4501 
CV4502 
CV4503 
CV4504 
CV4507 
CV4508 
CV500 
C.\'6004 
CV6008 
CV6045 

DA30 
DA4! 
DA42 
DAI00 
DET22 

E55L 
E80CC 
EOFC 
E0F 
EOL 
E0T 
E81 CC 
EWE 
E82CC 
E83CC 

E88CFC 
E9OCC 
E90L 
E91H 
E92CC 
E18OCC 
EA50 
EA52 
EA76 
ECC35 
ECF804 
EF50 

EF54 
EF55 
EF804 
EFP60 
EL9I 
EN30 

EN31 
EN32 
EN91 
ESU74 
ESU76 
ESU77 

06057 
F6060 
F6061 
06063 
FX219 
FX225 
FX227 

GI/371K 
G120/1B 
G150/2B 
6180/2M 
G240/2D 
6400/1K 
GN4 
GTIC 
GTRI2OW 
GTRI5OMS 
GUIS 
GU20/21 
GU50 
GXU1 
KT66 
KT67 
KT88 

M079 
M8080 
M8081 
M8082 
M8083 
M8091 
M8096 
M8097 
M8098 
M810 
M8136 
M8137 
M8140 
M8141 
M8142 
M8144 
M8149 
M8157 
M8161 
M8162 
M8163 
M8167 
M8179 
M810 
M8196 
M0204 
M0212 
M8214 
M8223 
M8224 
M8225 
M8232 
M8237 
M8245 
MEI400 
ME1401 

OAS 
0A3 
OA4G 
062 
0B3 

OD3 
003 
OZ4 
OZ4A 

PTI5 

QA2400 
QA2403 
QA2404 
QA2406 
QA2407 
QB3/300 
QB3-5- 750 

64-1100 
F41 
F45 

V02-6 
QQV03-10 
QQV03.20 
QQV05.20A 
QQV04-IS 
QQVOO-40 
QQV06.40A 
QS70/20 
QS75/20 
QS75/40 
QS75/60 
QS83/3 

595/10 
QS105/45 
QS150/40 
Q3I50/45 
QS150/80 
QS1200 
QS1202 
Q51203 
QSI205 
QU37 
QV03.12 
QV04-7 
QVBS-25 
QV0-20 
QY3-125A 
QY4-250A 
QY4.40A 

RIO 
R17 
R18 

SIIE12 
S130 
SI3OP 
STV280/40 
STV200/80 
SU41 
SU42 

TD03-10 
TT15 
TT21 
TTR3IMR 
TZ40 

U17 
U19 
U27 

\' IS631 

Z300T 
Z759 
7803U 

DIL 

SOCKETS 

8 pin 15pí 
14 pin 15p 
16 pin 17p 

VAT to be added 
VALVES 

PRICED 121/2 % 
ALL ITEMS 

MARKED" 127/2% 
OTHER ITEMS 8% 

OSCILLOSCOPE TUBES 

TYPE VCR 139A, CV 1 526 

Price £8.00 P &P 50p add VAT 8% 

Tenn* of Bussiness: Mon. to Fri. Open for callers 9 a.m. to 5 p.m. Closed Sat. Express postage 25p per order. 
Prices on application for any type not listed. Obsolete valves a speciality. Prices correct when going o press. This applies to the U.K. 

i Audio Connectors 
Broadcast pattern jackfields, jackcords, plugs 
and jacks. 

Quick disconnect microphone connectors 
Amphenol (Tuchel) miniature connectors with 
coupling nut. 

Hirschmann Banana plugs and test probes 
XLR compatible in -line. attenuators and 
reversers. 

Low cost slider faders by Ruf. 

Future Film Developments Ltd. 
90 Wardour Street 
London W1V 3LE 
01 -437 1892/3 

WW -035 FOR FURTHER DETAILS 

fault finding- 
no fiddle 
With the AVO TT 169 in- circuit transistor tester. 
Go /No Go tests almost any transistor, diode or 
thyristor without de- soldering, without damage. 
Find out how it can save you time, save you 
money. 
You'll find the price is no fiddle either. 
Contact your local wholesaler, or us: 

AVO Limited, Dover, Kent CT17 9EN. 
Telephone: Dover (0304) 202620 

1 shorn Measurement Control and Automation Division ,\ 
WW - 082 FOR FURTHER DETAILS 
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EB-PCapacitance measuring 
ESP 100 A 
1 pFto10uF 
Portable 
£49.00 +V.AT. 

ESP 200 A 
0.1 pF to 504F 

Wide scale 
laboratory model 

£120.00 + V.A.T. 

ESP 300 A 
1 pF to 2,000 pF 

Autoranging 
capacitance bridge 

£235.00 + V.A.T. 

/STAND 554C 
LEGS OLYMPIA 

17 -20 MAY 1977 

MIDDLE MARCH 
LONG MARCH INDUSTRIAL ESTATE 

DAVENTRY 
NORTHANTS NN11 4PQ 

Telephone: (03272) 76720 

A complete range of British -made 
instruments designed to 
simplify capacitance measuring 

Accurate and sensitive 
Requires no manual balancing 
Lakes less than a second to 
measure a capacitor 
Updates changes in capacitance 
automatically 
Wide range of applications 

Send for technical literature and free 
booklet: "Modern methods of capacitance 
measuring" 
Suppliers to: Ministry of Defence, Post Office, 
B.B.C., Government departments and 
E lectronic Laboratories world -wide. 

WW -036 FOR FURTHER DETAILS 

Tune intothe world... 

The 31st edition of World Radio TV Handbook,., 
the only complete directory of international 

broadcasting and TV stations ... endorsed by 
UNESCO, Eurovision, Intervision and the 
world's leading broadcasting organizations. 
Includes 'Listen to the World', a special editorial 

section; the latest world time charts and tables; 
with comprehensive coverage of short -wave, 
long -wave and medium -wave. 

The essential guide to anyone associated with lease send me copies of 
World Radio TV Handbook at £5 each 

broadcasting or television ... national or IencloseachequeforE__ 
international, professional or amateur DX -er. NAME 

Copies at £5 each can be obtaned from /ADDRESS 

Argus Books Limited, Station Road, 
Kings Langley, Herts. 

I 

J 
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RETURN OF POST MAIL ORDER SERVICE 
'BSR HI -FI AUTOCHANGER 
STEREO AND MONO £11.95 Post 75p 
Plays 12", 10" or 7" records, Auto or 
Manual. A high quality unit backed by 
BSR reliability with 12 months'iç. 
guarantee. A.C. 200/250V. 
Size 131/2-111/4in 3 speeds. 
Above motor board 3t /.in.-a,;, 
Below motor board 21/2in. ..': 
with STEREO and MONO CARTRIDGE 
B.S.R. SINGLE PLAYER similar to above with stereo 
cartridge and cueing device, large turntable £13.50 
B.S.R. P128 with magnetic cartridge Balanced arm 
cueing device £23.50. Post El 
PORTABLE PLAYER CABINET 
Modern design. Rexine covered. 
Vynair front grille. Chrome fittings 
Size 17 x 15 a 8in. approx. £4.50 Post 75p 
Motor board cut for BSR or Garrard deck 

HEAVY METAL PLINTHS 
With P.V.C. Cover. Cut out for most B.S R. £6.50 
or Garrard decks. Silver grey finish. Post £1.50 
Model "A" Size 121/2 x 141/4 x 71/2in. 
Model "B" Size 16 x 131/4 x 7in. £7.50. 
Extra large plinth & cover, teak wood base. 
Size 20 "x 171/2" x9" £19.50. Callers only 

COMPLETE STEREO SYSTEM 
Two full size loudspeakers 131/4 x 10 x 31/4in. Player unit 
clips to loudspeakers making it extremely compact, overall 
size only 131/4 x 10 x 81/2in., 3 watts per channel, plays all 
records 33 r.p.m., 45 r.p.m. Separate volume and tone 
controls Attractive Teak finish 

£22.50 240V a.c. mains 
El carriage 

SPECIAL OFFER! 
SMITH'S CLOCKWORK 15 AMP 
TIME SWITCH 
0 -60 MINUTES £2.95 Post 35p 
Single pole two -way. Surface mounting 
with fixing screws. Will replace existing' 
wall switch to give light for return home, ®/ 
garage, automatic anti-burglar lights, etc. 

Variabl 
e knob. urn n 

or 
at ull or 

intermediate settings. Brand new and 
fully guaranteed. 
0 -6 Hour version -£3.30 
TEAKWOOD LOUDSPEAKER GRILLES will easily fit to 
baffle board. Size 101/2 x 7Vain -45p. 

R.C.S. "MINOR" 10 watt AMPLIFIER KIT 
This kit is suitable for record players, guitars, tape playback. 
electronic instruments or small P.A. systems. Two versions 
available. Mono, £11.25; Stereo, E18. Post 45p. Specification 
10W per channel; input 100mV; size 91 x 3 x 2in. approx. 
S.A.E. details. Full instructions supplied. AC mains powered. 

VOLUME 
CONTROLS 

5k;? to 2M0 . LOG or LIN 
L/S 35p. D P Bop. STEREO 
L/S 85p. D P £1. Edge 5K. 
S P Transistor 45p. 

80 Ohm Coax 8p yd. 
STANDARD TYPE VHF 

FRINGE LOW LOSS 15p yd. 
Ideal 625 and colour 
PLUGS 10p. SOCKETS 10p. 
LINE SOCKETS 18p. 
OUTLET BOXES 50p. 

ELAC HI -FI SPEAKER 
8in. TWIN CONE 
Dual cone plasticised roll surround. Large 
ceramic magnet. 50- 16,000 c /s. Bass 
resonance 55 c /s. 8 ohm impedance, 10 
watts. music power. £3.95 Post 35p 

E.M.I. 131/2 x 8in. SPEAKER SALE! 
With tweeter and 
crossover. 10 watt. 
State 3 or 8 ohm. 
As illustrated. 

£5.95 
Post 45p 

Ditto 
15 watts. 
8 ohm 

£8.50 
Post 65p 

With tweeter and crossover. 
20 watt. 
Bass res. 25 c.o.s. 
Flux= 11,000 gauss Post 75p 
4 or 8 or 15 ohm. 20 to 20.000 c.o.s. 

£9.50 
Bookshelf Cabinet £7.50 
Teak finish. For EMI 13 x 8 speakers. Post El'.00 

THE "INSTANT" BULK TAPE ERASER 
AND HEAD DEMAGNETISER. Suitable for 
cassettes, and all sizes of tape reels. A.C. 
mains 200/250V. Leaflet S.A.E. 
Will also demagnetise small £4.50 
tools. Post 50p 

BLANK ALUMINIUM CHASSIS. 6 x 4 -70p; 8 x ó--90p; - 
10 x 7- £1.15; 12 x 8- £1.35; 14 x 9- E1.50; 16 x 

6- E1.45; 16 x 10- £1.70. ANGLE ALI. 6 x 1/4 x 3/4in -15p. 
ALUMINIUM PANELS. 6 x 4 -17p; 8s 6 -24p; 14 x 

3 -25p; 10 x 7 -35p; 12 x 8 -43p; 12 x 5 -30p; 16 x 
6 -43p; 14 x 9 -52p; 12 x 12 -68p; 16 x 10 -75p. 
MANY ALI BOXES IN STOCK. MANY SIZES 

ELAC 
SPEAKER 

I -FI £3.45 
TYPE 59RM Post 35p 

This famous unit now available, 10 watts, 8 ohm. 

R.C.S. LOW VOLTAGE STABILISED 
POWER PACK KITS 
All parts and instructions with Zener diode. 
printed circuit rectifiers and double wound mains 

Post 45p transformer. Input 200/240V a.c. Output 
voltages available, 6 or 7.5 or 9 or 12V d.c. up to 100mA or 
less. Size 3 x 21/2 x 11/2in. Please state voltage required. 
R.C.S. POWER PACK KIT £3.35 

1 2 VOLT, 750mA. Complete with printed 
circuit 

LLbboartddQ 

Qand assembly instructions. Post 3Op 

c. 3GENER 
3 

PURVQQLT 
1 AMP KIT, £3.35. 

R POSE TRANSISTOR , 

PRE -AMPLIFIER - BRITISH MADE 
Ideal for Mike, Tape, P.U., Guitar, etc. Can be used with battery 
9 -12V or H.T. line 200 -300V d.c. operation. Size 11/4 x 11/.. x 
' /.in. Response 25 c/s to 25 kc /s. 26 dB gain. 
For use with valve or transistor equipment. 

£2.95 

£ 1.45 
Full instructions supplied. Details S.A.E. Post 30p 

ELECTRO MAGNETIC 
PENDULUM MECHANISM 

1.5V d.c. operation over 300 hours continuous on SP2 
battery, fully adjustable swing and speed. Ideal displays, 
teaching electro magnetism or for 95D Post 
metronome, strobe, etc. 30p 

MAINS TRANSFORMERS 
ALLPOS 

250- 0 -250V 70mA, 6.5V, 2A £3.45 
250 -0 -250 80mA, 6.3V 3.5A, 6.3V 1A or 5V 2A £4.80 
350 -0 -350 80mA, 6.3V 3.5A, 6 3V 1A or 5V 2A £5.80 
300- 0 -300V 120mA, 6.3V 4A C.T.; 6.3V 2A £7.00 
220V 45mA, 6.3V 2A £1.75. 
HEATED TRANS. 6.3V '/ amp E1; 3 amp £1.40 
GENERAL PURPOSE LOW VOLTAGE. Tapped outputs at 2 
amp. 3, 4, 5, 6, 8, 9, 10, 12. 15, 18. 25 and 30V £4.80. 
1 amp. 6, 8, 10, 12, 16, 18, 20, 24, 30, 36, 40, 48, 60 
£4.60. 2 amp. 6, 8, 10, 12, 16, 18, 20, 24, 30, 36, 40, 
48, 60 £7. 3 amp. 6, 8, 10, 12, 16, 18. 20, 24. 30, 36, 
40, 48, 60 E8.70. 5 amp. 6, 8, 10, 12, 16, 18, 20. 24, 
30, 36, 40, 48, 60 £11.25. 6.06V 500mA £1, 9V 1 amp. 
£1, 12V 300mA, £1, 12V 500mA, £1, 12V 750mA, £1. 
10V, 30V, 40V, 2 amp., E2.75. 20V, 3 amp., £2.45, 40V, 
2 amp., £2.95, 30V 5A and 34V 2ACT £3.45, O. 5, 8, 10, 
16V, 1/2 amp., £1.95, 20V 1 amp. £1.75, 20V, 1 amp., 
£2.20, 20V 3 amp.. £2.50, 20 -0 -20V 1 amp., £2.95, 30V 
11/2 amp., £2.75; 20V, 40V, 60V or 20- 0 -20V. 1 amp, 
£3.50. 
AUTO TRANSFORMERS, 115V to 230V or 230V to 115V 
150W E5; 250W £6; 400W E7; 500W £8. 
FULL WAVE BRIDGE CHARGER RECTIFIERS. 
6 or 12V outputs, 11/2 amp 40p; 2 amp 55p; 4 amp 85p. 
CHARGER TRANSFORMERS: 11/2 amp £2.75; 4 amp. E4.60. 
12V. 1'/2A HALF WAVE Selenium Rectifier, 25p. 

R.C.S. 
BOOKSHELF 
SPEAKERS 
Size 141/2in. x 9' /4in. x bin. 
50 to 14.000 cps 
8 watts rms 8 or 4 ohms. 

£16 pair Post £1.30 

KUBA -KOPENHAGEN 
STEREO 

TUNER -AMPLIFIER CHAS IS AM -FM 5+5 WATT 
This Continental 4 -band radiogram chassis uses first class quality 
components throughout. Features: Large facia panel with 7 push 
buttons for medium, long, short, VHF -FM, AFC, phono, mains 
on-off. 4- rotary controls. tuning, volume, tone, balance. Facia 
size 17 x 41/2 inches. Chassis size 17 x 41/2 x 51/2 inches. 
DIN-connector sockets for tape record /playback, loudspeakers, 
phono pick -up. external FM -AM aerials. Automatic stereo 
beacon light. Built -in ferrite rod aerial for medium /longwave. 
A.C. 240V mains. Circuit supplied. 
Ahnve speakers are suitable £33.50 Prit et FO 

LOW VOLTAGE ELECTROLYTICS 
1, 2, 4, 5, 8, 16. 25, 30, 50. 100, 200mF 15V 10p. 
500mF 12V 15p; 25V 20p; 50V 30p. 
1000mF 12V 17p; 25V 35p; 50V 47p; 100V 70p. 
2000mF 6V 25p; 25V 42p; 50V 57p. 
2500mF 50V 62p; 3000mF 25V 47p; 50V 85p. 
3900mF 100V f1.60. 4700mF 63V E1.20. 
5000mF 6V 25p; 1 2V 42p; 35V 85p. 
MANY OTHER ELECTROLYTICS IN STOCK 
SHORT WAVE 100pF air spaced gangable tuner, 9Sp. 
TRIMMERS tOpF, 30pF, 50pF, 5p. 100pF, 150pF, 15p. 
CERAMIC, 1 pF to 0.01 mF, 5p. Silver Mica 2 to 5000pF. 5p. 
PAPER 350V -0.1 7p; 0.5 13p; 1mF 150V 15p; 2mF 150V 
15p; 500V -0.001 to 0.05 5p; 0.1 10p; 0.25 13p; 0.47 25p. 
MICRO SWITCH SINGLE POLE CHANGEOVER 20p. 
SUB -MIN MICRO SWITCH, 25p. Single pole change over. 
TWIN GANG, 385 + 385pF SOp; 500pF standard 75p; 365 
+ 365 + 25 + 25pF, Slow motion drive 85p. 
120pF TWIN GANG, 50p; 365pF TWIN GANG, 50p. 
NEON PANEL INDICATORS 250V. Amber or red 30p. 
RESISTORS. 1/4W. 1/2W, 1W, 20% 2p; 2W, 10p; 100 to 10M. 
HIGH STABILITY. 1/2W 2% 10 ohms to 6 meg.. 12p. 
Ditto 5 %. Preferred values 10 ohms to 10 meg.. 5p. 
WIRE -WOUND RESISTORS 5 watt, 10 watt, 15 watt. 
10 ohms to 100K 12p each 
TAG STRIP 28 -way 12p. 
TAPE OSCILLATOR COIL. Valve type, 35p. 
BRIDGE RECTIFIER 200V PIV 14 amp 50p. 
TOGGLE SWITCHES S.P. 20p. D. P. S. T. 25p. D. P.D.T. 30p. 
MANY OTHER TOGGLES IN STOCK 
PICK -UP CARTRIDGES ACOS GP91 E1.50. GP93 E2.50. 
SONOTONE stereo E2.00.SHURE M75 ECS E8. 

RADIO COMPONENT SPECIALISTS 
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- BAKER MAJOR 1 ' £1 . 5; 
.. - Post £1.00" 

30- 14,500 c /s. 12ín. double cone. 
tj woofer and tweeter cone together 

t, with a BAKER ceramic magnet 
F ° assembly having a flux density of 
P'. 14,000 gauss and a total flux of 

145,000 Maxwells. Bass resonance 
40 c /s. Rated 25W. NOTE: 4 or 8 or 

en 16 ohms must be stated. 

Module kit, 30- 17,000 c/s with . 

tweeter, crossover, EA-8.95 
baffle 
and instructions.. Post £1.60p each 

a,.- "' - -- - Please state 3 or 8 or 15 ohms. 
BAKER "BIG- SOUND" SPEAKERS. Post £1.00 each. 

'Group 25' 'Group 35' 'Group 50/15' 
12in 12in. 15in. 
30W £11.95 4ow £13.95 75w £24.95 
4 or8or16 ohm 4or8or16 ohm 8or16 ohm 

BAKER LOUDSPEAKER, 12 INCH. 60 WATT. 
GROUP 50/12, 8 OR 15 OHM HIGH POWER. 
FULL RANGE 
RESPONSE 30- R16,000 CPS 

A QUALITY. £20.95 
MASSIVE CERAMIC MAGNET WITH Post E1.60 
ALUMINIUM PRESENCE CENTRE DOME. 

TEAK VENEERED HI -Fr SPEAKERS AND CABINETS 
For 12in. or 10in. speaker 20x13x12m £14.50 Post £2 
For 13x8in or 8m. speaker £7.50 Post £1 
For 61/2m. speaker and tweeter 12x8x6in £5.80 Post 75p 
Many other cabinets in stock Phone your requirements. 

R.C.S. 100 watt 
VALVE 
AMPLIFIER 
CHASSIS 
Four inputs. Four way mixing. master volume, treble and bass 
controls. Suits all speakers. This professional quality amplifier 
chassis is suitable for all groups, disco, P.A., where high quality 
power is required. 5 speaker outputs. A/C mains operated. Slave 
output socket. Produced by demand for a quality valve amplifier. 
100V line output to order. Send for leaflet. 
Suitable carrying cab £14. Price £85 carr. £2.50 
SPEAKER COVERING MATERIALS. Samples Large S.A.E. 
LOUDSPEAKER CABINET WADDING 18in. wide 20p ft. 
Horn Tweeters 2- 16kc /s, 10W 8 ohm or 15 ohm £3.80 
De Luxe Horn Tweeters 3- 18kc /s, 30W, 8 ohm, £7.50. 
CROSSOVERS. TWO -WAY 3000 c/s 3 or 8 or 15 ohm 
E1.90. 3 -way 950 cps /3000 cps, £2.20. 
LOUDSPEAKERS P.M. 3 OHM 7x4in. £1.50; 61/2ín., £1.80; 
8x5in.. £1.90; 8in., £1.95. 
SPECIAL OFFER: 80 ohm. 21/4in.. 21/4in., 35 ohm, 3in., 25 
ohm, 21/2in., 3in., 5x3in., 7x4in., 8 ohm, 21/2in., 3in., 3 1/2in., 
5in., 15 ohm, 31/2in. dia, 6x4in., 7x4in., 5x3in., 
3 ohm., 21/2in., 2%in., 31/2in., 5in. dia. £1.25 each. 
PHILIPS LOUDSPRAKER, 8in.. 4 ohms. 4 watts, E1.95 
RICHARD ALLAN TWIN CONE LOUDSPEAKERS 
8in. diameter 4W E2.50. 10in. diameter 5W E2.95; 
12ín. diameter 6W f3.50. 3/8/15 ohms, please state. 
PIEZO ELECTRIC HORN TWEETER. Handles up to 100 
watts. No crossover required. £10.95. 
Tweeter Volume Control 15 ohms 1OW with one inch long 

, threaded bush for wood panel mounting. 'Ain. spindle. 85p. 

BAKER 150 WATT 
PROFESSIONAL 
MIXER AMPLIFIER 
All purpose transistorised. 
Ideal for Groups, Disco 
and P.A. 4 inputs speech and music. 4 way mixing. 
Output 4 8/16 ohms. a.c. Mains. Separate treble and 
bass controls. Master volume control. 

Guaranteed. Details S.A.E. £68 E1.50 carr. 
NEW MODEL MAJOR -50 watt, 4 input, 
2 vol. Treble and bass. Ideal disco ampuf. £49 Carr. El 
100 WATT DISCO AMPLIFIER CHASSIS 
volume, treble, bass controls. 500 M.V. or 1 volt input. £52 Four loudspeaker outputs 4 to 16 ohm. All transistor 

baker-.. 

.- . 

BARGAIN 4 CHANNEL TRANSISTOR MONO MIXER 
Add musical highlights and sound effects to recordings. 
Will mix Microphone, records, tape and tuner 
with separate controls into single output. 9V. £5.95 
TWO STEREO CHANNEL VERSION £7.50. 
BARGAIN 3 WATT AMPLIFIER. 4 Transistor £3.95 Push -Pull Ready Built, with volume. Treble 
and bass controls. 18 volt d.c. Mains Power Pack E3.45 

ALUMINIUM HEAT SINKS. FINNED TYPE. 
Sizes 61/2" x 41/2" x 21/4" 95p. 61/4" x 2" x 21/4" 65p. 
BALANCED TWIN RIBBON FEEDER 300 ohms. Sp yd. 
JACK SOCKET Std. open -circuit 20p, closed circuit 25p; 
Chrome Lsed- Socket 45p. Mono or Stereo. 
Phono Plugs Sp. Phono Socket Sp. 
JACK PLUGS Std. Chrome 30p; Plastic 25p; 3.5mm 15p. 
STEREO JACK PLUG 30p. SOCKET 25p. 
DIN SOCKETS Chassis 3p--pin 10p. 5p-pin 10pp. 

DIN PLUS 
3-pin 25p; 5 -pin 25p. VALVE2HOLDERS. 10p; CANS 10p. 

R.C.S. SOUND TO LIGHT KIT 
Kit of parts to build a 3 channel sound to light uni. 
1,000 watts per channel. £14. Post 35p. 
Easy to build. Full instructions supplied. Cabinet £3. 

PERIOD LOUDSPEAKER CABINETS. Two styles available 
Regency and Queen Anne. Size approximately 
34 x 19 a 16in. These cabinets are slightly soiled and are 
priced from E10 each. Callers only. 

337 WHITEHORSE ROAD, CROYDON 
Open 9 -8. Wed. 9 -1. Sat. 9 -5 (Closed for lunch 1.15 -2.30) 

Radio Books and Components Lists 10p. (Minimum posting charge 30p.) All prices include VAT. (We accept Access or Barclaycard. Phone your Order) Tel. 01 -884 1665 
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Price £54.00 +VAT J 

Wireless World DoIbynoise reducer 
Trademark of Dolby Laboratories Inc. 

We are proud to announce the latest addition to our range of matching high fidelity units. 

Featuring 

switching for both encoding (low -level h.f. compression) and decoding 

a switchable f.m. stereo multiplex and bias filter 

provision for decoding Dolby f.m. radio transmissions as in USA) 

no equipment needed for alignment 

suitability for both open -reel and cassette tape machines 

check tape switch for encoded monitoring in three -head machines 

The kit includes 

-- complete set of components for stereo processor 

-- regulated power supply components 

-- board- mounted DIN sockets and push- button switches 

-- fibreglass board designed for minimum wiring 

--solid mahogany cabinet, chassis, twin meters, front panel, knobs, mounting 

Typical performance 
Noise reduction better than 9dB 

weighted 
Clipping level 16.5dB above Dolby level 

(measured at 1% third harmonic 
content) 

Harmonic distortion 0.1'/0 at Dolby level 
typically 0.05% over most of band, 
rising to a maximum of 0.12% 

Signal -to -noise ratio, 75dB (20Hz to 
20kHz, signal at Dolby level) at 
Monitor output 

Dynamic Range >90dB 
30mV sensitivity. 

screws and nuts 

PRICE: £39.90 +VAT 
IAlso available ready built and tested .... .. . . . .. . .......... . . . . . . . .. . . 

Calibration tapes are available for open -reel use and for cassette (specify which) Price £2.20 +VAT ' 
Single channel plug -in Dolby TM 

PROCESSOR BOARDS (92 x 87mm) with gold plated contacts are available with 
all components Price £8.20 +VAT 

Single channel board with selected fet Price £2.50 +VAT 

Gold Plated edge connector Price £1.50 +VATS 

Selected FETs 60p each +VAT, 100p +VAT for two, £1.90 +VAT for four 

Please add VAT @ 1 21/2% unless marked thus', when 8% applies (or current rates), 

We guarantee full after -sales technical and servicing facilities on an our K ts, nave 
you checked that these services are available from otner suppliers' 

1NTEGREX LTD. 

C- 

° /ease send SAE for complete lists a'nd specifications 
Portwood Industrial Estate, Church Gresley, 
Burton -on- Trent, Staffs D E 1 1 9PT 
Burton -on -Trent (0283) 215432 Telex 377106 

v 
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1NTEGREH 
S- 2020TA STEREO TUNER /AMPLIFIER KIT 

SOLID MAHOGANY CABINET 

A high -quality push -button 
FM Varicap Stereo Tuner combined 
with a 24W r.m.s. per channel Stereo 
Amplifier. 
Brief Spec. Amplifier Low field Toroidal transformer; Mag, input, Tape In /Out facility (for noise reduction unit, 
etc.), THD less than 0.1% at 20W into 8 ohms. Power on /off FET transient protection. All sockets, fuses, etc., are PC 

mounted for ease of assembly. Tuner section uses 3302 FET module requiring no RF alignment, ceramic IF, 

INTERSTATION MUTE, and phase -locked IC stereo decoder. LED tuning and stereo indicators. Tuning range 
88- 104MHz. 30dB mono S/N ® THD 0.3 %. Pre -decoder 'birdy' filter. 

PRICE: £58.95 +VAT 

NELSON -JONES STEREO FM TUNER KIT 
A very high performance tuner 
with dual gate MOSFET RF and 
Mixer front end, triple gang 
varicap tuning, and dual ceramic 
filter/ dual IC IF amp. 

Brief Spec. Tuning range 88- 104MHz. 20dB mono 
quieting @ 2.75uV. Image rejection - 70dB. IF rejection - 85dB. THD typically 0.4 %. 
IC stabilized PSU and LED tuning indicators. Push -button 
tuning and AFC unit. Choice of either mono or stereo with 
a choice of stereo decoders. 

Compare this spec. with tuners costing twice the price. 

Sens. 30dB S/N mono @ 1.24V 
THD typically 0.3% 
Tuning range 88- 104MHz 
LED sig. strength and stereo indicator 

Mono £32.40 +VAT 
With ICPL Decoder £36.67 +VAT 

With Portus- Haywood Decoder 
£39.20 +VAT 

STEREO MODULE TUNER KIT 
A low -cost Stereo Tuner based on the 3302 FET RF 

module requiring no alignment. The IF comprises a ceramic 
filter and high- performance IC Variable INTERSTATION MUTE. 

PLL stereo decoder IC. Pre -decoder 'birdy' filter 

PRICE: Stereo £31.95 +VAT 

S -2020A AMPLIFIER KIT 
Developed in our laboratories from the highly successful 

"TEXAN" design. PC mounting potentiometers, 
switches, sockets and fuses are used for ease of 

assembly and to minimize wiring 
Power 'on /off' FET transient protection. 

'Typ Spec. 24 +24W r.m.s. into 8 -ohm load at less than 0.1% THD. Mag. PU input S/N 60dB. Radio input S/N 
72dó. Headphone output. Tape In /Out facility (for noise reduction unit, etc.). Toroidal mains transformer. 

PRICE: £33.95 +VAT 

ALL THE ABOVE KITS ARE SUPPLIED COMPLETE WITH ALL METALWORK, SOCKETS, FUSES, 
NUTS AND BOLTS, KNOBS, FRONT PANELS, SOLID MAHOGANY CABINETS AND 

COMPREHENSIVE INSTRUCTIONS 

BASIC NELSON -JONES TUNER KIT £14.28 +VA_, PHASE -LOCKED IC DECODER KIT . . . £4.47 +VAT 

BASIC MODULE TUNER KIT (stereo) £16.75 +VAT PUSH -BUTTON UNIT £5.00 +VAT 

PORTUS- HAYWOOD PHASE -LOCKED STEREO DECODER KIT £8.00+ VAT 
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Z& I A E R O SERVICES LTD. 
Head Office: 44A WESTBOURNE GROVE, LONDON W2 5SF 

Tel.: 727 5641 Telex: 261306 

Retail Branch: 
85 Tottenham Court Road 
London W1. Tel: 580 8403 

MULTI METER F4313 (Made in USSR) 

A 1 /^'° SENSITIVITY: / " w..._. 12008 DC range: 10,000 0/V 
Other DC ranges: 20,000 0/V 

a 1200 AC range: 6,000 0/V 
6 600V AC range: 15,000 0/V 

. F 300V AC range: 15,000 0/V 
Other AC ranges: 20,000 0/V 9. 

AC /DC current ranges: 60 -1 20- 600µA- 3- 12- 300mA -1 .2 -6A 
AC /DC voltage ranges; 60- 300mV- 1.2- 6 -30 -1 20- 300 -600 -1200V 
Resistance ranges: 3000 -10- 100 -1000K 
Accuracy: 1.5% DC; 2.5% AC (of full scale deflection) 

Mirror scale and knife edge pointer. Taut suspension of movement. Transistor 
amplifier is used for all AC ranges thus achieving a common linear scale for both AC 
and DC ranges. 

Meter is protected by a transistorised cut -out relay circuit. Range selection is 
achieved by clearly marked piano keys. Power 50Ú70B: 5 1.58 dry Cells. Y Y P Y Y 
Dimensions: 95 x 225 x 120mm. 

PRICE £39.50 plus VAT 
Packaging and postage £1.10 

A SELECTION FROM OUR LARGE STOCKS 
TRANSISTORS AF239 0.36 BF177 0.18 
2N696 0.15 *243705 0.10 ASY26 0.25 BF178 0.32 
2N697 0.15 *2X3706 0.10 ASY27 0.30 138179 0.35 
2N706 0.10 *2N3707 0.10 ASY28 0.30 138180 0.31 
2X7084 0.10 *2X3708 0.10 130107 6.10 8E181 0.35 
2N753 0.23 *2N3709 0,10 8C1074 0.12 BF184 0.29 
2N929 0.14 *2N3710 0.10 BC107B 0.12 8F185 0.30 
2N930 0.14 *2X3711 0.10 130708 0.10 *88194 0.08 
2N1 131 0.25 *2N381 9 0.35 1301084 0.12 *ff 195 0.08 
2N1 1 32 0.25 *2N3904 0,20 BC108B 0.12 *BF196 0.10 
2N1302 0.17 *2N3905 0.25 BC109 0.12 *13F197 0.11 
2N1303 0.15 *2X3906 0.25 BC1094 0.12 BF200 0.28 
2N1304 0.20 AC125 0.20 BC109B 0.12 BFX88 0.20 
2N1305 0.20 AC126 0,20 BC109C 0.12 BFY50 0.19 

2N13Ó 0.27 
AC127 

0.17 130149 ó.óé BFY52 ózó 
2N1308 0.25 AC176 0.22 *E1C158 0.10 *BU 208 2.00 
2N1309 0.25 AC187 0.20 *BC171 0.10 0C36 0.65 
2N1613. 0.17 AC188 0.18 BC178 0.18 0C41 025 
2N1711 0.18 ACY2I 0.20 *13C1 82 0.11 0C45 0.20 
2N2221 0.20 ACY22 0.14 *6C182A 0.10 0070 0.15 
2N2222A 0.20 AD161 0.38 BC186 0.25 0071 0.15 
2N2369A 0,25 AD162 0.38 BC187 0.25 0072 0.18 

2 N2646 0.40 ADZII 1.25 *130212 0.11 0075 0.15 
2N2905 0.25 ADZ12 1.25 *8C237 0.11 OC76 0.18 
2N2906 0.20 AF106 0.25 *BC238 0.11 0081 0.20 
2N2907 0.20 AF114 0.17 BCY32 1.20 OC83 0.30 

*2N2926 0.10 AF115 0.17 BCY70 0.15 0084 0.30 
2N3053 0.20 AF116 017 BCY71 0.20 0C204 0.60 
2N3054 0.65 ÁF117 0.17 BCV72 0.15 OC206 0.70 
2N3055 0.55 AF118 0.25 BD115 0.39 OCP71 0.90 
2N3391 0.17 AF124 0.25 130116 0.59 ORP12 0.60 
2N3392 0.17 AF125 0.25 B13132 0.39 *131130A 0.50 
2N3393 0.15 AF126 0.25 B0133 0.45 
2N3414 0,20 AF127 0.25 *130137 0.30 DIODES 
2X3415 0.15 AF139 0.30 BF115 0.28 *1N914v----1/1/13,, 0.05 

0.10 AF178 0.50 *BF 152 0.20 *1 N4001 0.04 
2X3703 0.10 AF180 0.50 8F167 0.25 *194002 0.05 
.?X3704 010 ÁF181 050 138173 0.25 *1N4003 005 

*1N4004 
*1N4005 
*1 X4006 
*1N4007 
*1 N4148 
*1N5408 
+8Y 101 
*6Y105 
*BY126 
*6Y127 
*BY130 
*6Y164 

BZX61 
series 

BZYB 
xn r- 

*OA 70 
*0479 
*0481 
0A65 

*O490.46"*.** 
*0491 
*0A95 
*04200 
*0A202 

RAS310AF 
RAS508AF 

TTL SERIES 
Russian made 
SpeciNiMer 
7 

01 

1 

7410 

0.05 
0.05 
0.06 
0.06 
0.04 
0.20 
0.15 
0.15 
0.10 
0.13 
0.10 
0.50 

0.20 

0.10 
0.07 
0.07 
0.07 
0.07 
0.07 
007 
0.07 
0.07 
0.08 
035 
0.40 

O. 

0.09 
009 

0.11 1 

a 14 -' , 
.. 

libandwidth ® 
iï 

11 
r. . 

® "-- 

OSCILLOSCOPE CI -5 
t Made in USSR 

Extremely simple and easy to use single beam Y P Y 9 
oscilloscope. Well proved design based on standard 

f' octal valves 'makes servicing and maintenance 
straightforward and inexpensive. Because of its 

of 10 MHz the instrument is suitable for 
i general electronic applications and educational 

purposes where a sophisticated instrument would be 
both too expensive and delicate. 3in. tube giving a 50 
x 50mm clear display. Amplitude and time base 
calibrations. Sensitivity 30mm /v max. Triggered and 
free- running time base, suitable for displaying pulses 
from 0.1 u sec. 3 m sec. A.C. mains operation. 

Price £55.00 ex. works, plus VAT 
Packing and carriage (U.K. only) £3.00 

.242L1 
7422 ----1/1/13,, 
7430 
9*40 
7450 011 

p$p 25p min. (U.K. only). Please add 8 °0 VAT* 12.5 °0 

MINIMUM EXPORT ORDER £100 
FULLY GUARANTEED -] 1976/ 1977 

/ 

,61 
CATALOGUE 

/ v AVAILABLE 30p 
VALVES 

WW - 066 FOR FURTHER DETAILS 

ORCHARD SERVICE SECOND TO NONE SUPPLIERS TO D.O.E., A. E.R.E., U.K.A.E.A. 

TRY US AND SEE 
Government Depts., Universities, Schools and equipment 

ELECTRONICS manufacturers. 

NEW BIG CAT 50p + Refundable Vouchers = 50p All customers are important. Are you being served? Join the professionals and get the best service. 

,TRANSISTORS 
M119 0.05 
AC125 0.26 
AC125 0.26 

AC127 0.28 
ACI2B 0.20 

AC151 0.35 
ÁC153 0.35 
6C176 0.22 
1C187 0.22 
ACIM 0.20 
A0149 0.58 
60162 0.52 
60162 0.52 
MGH7PB 1.24 
0116 0.24 

68111 0.28 
Á8124 0.30 

18186 0.% 
68239 0.46 
60113 1.72 
6001 0.11 
13C1071 0.12 
B0079 0.13 
BCIO 0.10 
CIL108 0.06 
BC1008 0.11 
BC1080 0.12 
8009 0.12 
BC1096 0.13 
1301090 0.13 
00317 0.18 

BC136 0.16* 
130142 0.24 
6C143 024 
601479 0.09 
0C1470 0.10' 

BCI48 0.09 
BC1188 0.10* 

130149 0.10 
BC1498 0.11 

BC149C 0.11* 
BCI53 0.18 
130151 010* 
BCI51 0.12 
811578 0.14 
9C1581 0.12 
80159A 0.12 
B01731 0.15° 
801738 0.16 
BC177 0.17 

6C1771 0.18 
BC17811 0.18 
BC1198 0.19 

BC1828 0.12* 
B0821 0.11 
BC1636 0.10 

BC1831 0.10* 
6C10411 0.12' 
601041 0.11 
BC186 0.25 
6081 0.26 
13C204Á 0.16' 
602096 0.13* 

13020913 0.13° 
B02121 0.13 
BC2I2L 0.15 
602139 0.12' 

612131 0.14 
60211 0.15* 
602111 0.17 
802374 0.16 
BC2394 0.15 
602519 MI6 
602629 0.19 
611671 0.17 
BC2688 0.17 
1069 0.17 
6087 020 
10300 0.35 
4001 0.34 
90303 0.35 
60327 020 
130338 0.18 
130338 0.16 
13010 0.16 
6040 0.15 
60461 0.35 

80551 0.15 
BC558 0.15 
BC559 0.15* 

BCT70 0.15 
BCT71 0.13_ 
8072 0.14 
80123 0.% 
80124 090 
80131 0./2 
80132 0.42 
80139 O54 
801/0 0.78 
BOT20 0.70 
BOY20 0.22 
138115 0.22 

6F158 020 
138166 0.30 
BF167 021 
138175 820 
6E178 824 
6E179 025 
61163 0.34 
BEIM 025 
BF185 0.28 
8í194 0.10 
88195 0.10' 
68196 0.12 
88199 0.15' 

138199 0.15 
88200 0.38 

68X29 0.25 
68530 0.25 
88840 0.28 
61588 0.22 
68x58 0.22 
6íT511 0.25 
68751 0.25 
68152 025 
65520 0.23 
80108 250 
30208 300 
81126 0.16 
61127 0.16 
68133 020 
61164 040 
880401 0.18 
940102 513 
5E0412 0.19 
540412 0.19 
800413 0.15* 
8110414 0.15 
940461 0.21 
9E0462 021 
NMI 0.14 
$44101 0.11 
0JE345 0.76* 
MPFI92 0.40* 
015 0.71 
0410 0.62 
0X7 0.14 
WWI 0.30 
0A00 0.07 
0491 0.08 
0/95 0.00 

04202 0.10 
04202 0.11 
005 1.20 

0044 0.45 
OC45 0.45 
0071 0.35 

0072 0.45 
0071 0.45 

OC81 0.60 
OCP1I 1.25 
08P12 0.68 
T1P291 0.47 
TIPMIA 0.50 
018318 0.57 
T1P336 0.64 
T1P346 1.13 

í1P3/4 1.13 
TIP /IA 0.67 

T1P42A 086 
71543 0.35 

110109 a11' 
015300 0.13 
275301 013 
21E302 0.18 
271500 0.15 
210502 0.10 
011504 025' 
210530 0.23 

X914 005 
94001 0.05 
X4002 0.06 
94003 0.07 
94061 008 
114005 0.09 
X0006 0.10 
44148 0.15 
61148 0.05 

85400 5.13 
95401 0.15 
45404 0.21 

9708 0.20 
X1613 0.30 
X1711 0.30 

42102 0.50 
92219 0.30 
92222 0.20 
82646 0.65 
429260 0.13 
92926G 0.15 
43053 0.25 
93054 0.50 
93045 0.60 
93643 0.17 
93616 0.17 
43702 0.11* 

2113703 0.14' 
2113704 0.13' 
2113705 0.14* 

2113707 0.12* 
263708 0.12 
283709 0.14* 
2113710 0.11 
2113711 0.11 
253819E 025 
263820 0.45* 
2113823E 0.25 
264056 0.10 
264059 0.16' 

261059 0.10 
2X4061 0.12* 

264124 0.20* 
264126 0.30* 

265298 0.56 
245157 O50 
2X545g 040' 
285459 0.10 
2940361 0.30' 
2440363 0.50 
21140673 0.85 
25072 3.00 

TRANSFORMERS 
6ó6.I00.4 1.20 
48,y7 1.25 

y-0y,' /iA 32p 
10ó1250m4 1.30 
12412.0 330 
mis 0/P tor 
0071/2 ou 
6 -0ó280.1 240 
12.0.12 
ISOo 240 
MOT 700 OP P.112 

llo 200 MW 

DISPLAYS 
0L704 0.95 
Dual 0.75 

COX. AX 

01707 075 

0070. 
CATN 

Dira 0.% 

CAPACITORS ELEC. MFO /9 
1/25 0.10* 47/35 0.12 
1/63 0.10 50/10 0.10 
tar 0.10 50/15 0.10* 
22/25 0.10* 150/18 0.06 
2.2/53 0.10* 100/25 0.10 
2.5/54 0.10 100/35 5.11 
4.7/16 0.08 100 /50 0.15 
4.1/63 0.10' 150/35 0.15 
5/10 0.10 220/16 0.15* 
5/16 0.11 220/25 0.16* 
6.6/25 0.10* 220/63 025* 
6.6/40 0.10 250/12 at2. 
8/10 0.10 250/50 8.10* 

10/16 0.094 250161 0.20° 

10/25 0.09' 330/Is 0.15 
ID/35 0.10 470/683 0.10° 
10/64 0.10 470/10 0.12* 

10/250 0.16' 170/16 8.10 
15/40 0.10 470/25 0.20 
I5/100 0.35 680/25 825* 
16/10 0.10 1000/16 0.25° 
20/15 0.10° 1000/25 0.30 
20/70 0.10* 1000/50 0.40 
22/603 0.10 1500/25 0.35 
22/16 0.10 2200/603 0.30' 
25/25 0.11* 2200/40 0.80' 
33/50 0.12 2500/15 0.45 
47/693 0.10 3300/30 0.45 
47/10 0.10* 5000/12 O.IS 
47/16 0.10' 

CERAMICS 50V 

22. 4,1- 6. W. 22. 33. 36 47. 

100. 200. 170. 560. 1000. 1506 
2200. 3000. 4700, 10000. 
41000pí. INFO 108. All A Np* 
each.. 181363V 8p°. 

1/C LINEAR 
709 110991 0.35 
709 18 PIN 0111 0.40 

741 18 PIN 001 0.28 
CA3130 0.87° 

LM301AN 0.55 
1143091 2.00 
18024 2.05 
18380/0160745 1.29° 
1538111 2.00 
LM713 0.59 
L6390011 0.69 
MCI327 1.35 
MC1330P 0.75 
MC1350P 075 
MFCAO4O 1.50 
X0555 0.49 
NE566 1.90 
NE567 2.70* 

54760034 2.80* 
3X7601340 1.65' 
54760136 1.75 
54760234 1.75 
5117602340 1.60' 
09765334 275 

TB 120Á5Q 4.30 
TBA4B00 1.25 
1865205 1.70 
7865300 1.40. 
76Á540Q 

1 

1645500 3.40 

TBA641 2.%° 
7134750 1.90 
TBABOOQ 1.35* 
18661050 1.49* 

1969205 Lew 
71349900 250° 

29414 1.40* 
251311C 8.50 

7407 0.40 
7108 0.24 

7109 0.23 
7410 0.18 

7411 0.24 
7017 0.25 
1413 0.38 
1414 0.72 
7416 0.36 
7417 0.36 
1420 0.18 
7421 0.36 

7022 0.22 
7413 0.34 

7425 031 
7426 0.36 
7428 0.52 

7430 0.50 
7032 0.28 
7432 0.28 
7133 0.33 
7437 0.42 
7438 0.30 
7440 0.18 
out 0.% 
7442 0.60 
tau 1.00 
1445 1.90 
1445 0.90 
7416 0.00 
7417 0.95 
7448 098 
7450 0.13 
7451 0.18 
7153 0.18 
7151 0.18 
7460 0.18 

7470 0.32 
7472 0.30 

7473 0.30 
7474 0.35 

7415 0.49 

7476 0.32 
7480 0.11 
7481 1.00 
7482 1.00 
7483 1.00 
7484 1.20 
1485 1.30 
7486 0.43 
7487 1.30 
7489 3.30 
7490101 0.55 

7491 0.75 
7492 0.55 

7493 0.55 
7494 0.85 

7495 0.74 
7496 0.90 
74107 0.30 

11121 0.38 
74123 0.49 
74141 0.80 
14145 1.15 
74151 0.94 

74174 1.20 
74180 120 
14190 1.60 
14191 2.10 
71192 160 

RESISTORS w,p each 
One -th6d WATT EI2154 
1 elm - lwn ohm. 

POTENTIOMETERS 
Lis /U0 
SK. 10K. 25K. 50K. 130K. 250K, 

500K. IN. 2M. 25p' each. 

4000 0.19 
4001 0.18 
4002 0.19 
4006 1.45 
4001 0.19 
4011 0.19 
4013 039 
4013 0.42 
4011 1.16 
4015 0.16 
4011 0.52 
4017 112 
40o 0.19 
4024 0.75 
4029 1.95 
4050 0.54 
1511 1.94 

PRESET 
MIN A SUS-MIN 
10000m. 2200bm. 470o9e. 11. 

2K2. CO. I0K. 20K. 50K. 100K. 

050K. 4708. IM. 2M2. Bp 
each. 

THYRISTORS 
609 IA 025 

1009 IA 0.38 TAG 1 100 

200V IA 560 106 1 200 
6009 IA 010 TAG 1 600 
1009 IA 1.40 07 106 
400V M 0.65 00601 
5009 6',1 1.85 BT 109 

POLI. R /Lead I 

.001 0.06* 0.07 

.0022 0.06 1 0.07 

.0033 0.06' .15 0.08 

.0047 0.06 .22 0.10 

.0068 0.06 .33 0.11' 

.01 0.06 .47 0.15' 

.015 0.07' .1 2599 0.10* 

.022 0.07° .1 6009 0.15' 

.033 0.07° 1.0 400V 0.12° 

.041 0.07 

DIODES 
50V 30 0.13 

1009 3A 0.15 
200V 3A 0.18 
400V 31 0.21 

ZENERS (400mwl S70 33 
3V. 393. 591, 596. 765. 901. 10V. 

12V. 183 22V. 30V. All at 120* 
MON. TANTALUM BEAD 

./7 X80 0.12* 
15 MF0 /355 0.12* 

1 1480/355 0.12 
6.8 MF0 /I0V 0.12 

22 MFO /IOV 0.12* 
22 X80/163 0.12 

45 980'683 0.13 

DIGITAL 
7100 0.15 
7401 0.20 
7402 0.18 
7403 0.18 
7404 0.23 
7505 023 
7406 0.40 

BRIDGES 
100V IA 0.28 

4009 IA 0.30 
4009 29 0.32 
600V 24 0.98 
800V 24 1.40 

LED TM 209/0.125" O.Y' 
Red 20p mp 
Green 29p 29p 
Clips for above 344 

Post S Packing 25p. Discounts £5 _ E 1 0 = 7v,`í., £15 = 10 "/, VAT add 12'.:. ,.1 at 8 ". 

ORCHARD ELECTRONICS LTD., Flint House, High Street, Wallingford, Oxon (Tel. 0491 35529) 
rOR FUR I HER DETAi.LS, 
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'35" e 20 x 20 WATT STEREO AMPLIFIER 
£2990 

PYE STEREO GRAM CHASSIS 
Complete ready to install Wave bands L.M, 
VHF STEREO. VHF MONO. Controls for 
tuning, valuare, balance, bass and treble. 
Power output 7 watts R M S. per channel 
14 watts peak into 8 ohms. 2. 8 "a vu. 
chassis speakers and BSR C141 auto _ 
record player deck. sho pers only 

?eTSOná p -.. 
inclairl.c 20, 

20 WATTS STEREO AMPLI ER KIT 
WITH PZ 20 POWER UNIT FANTASTIC 
A build - it- yourself stereo power SAVING; 
amplifier with latest integrated circuitry.10 
RMS per channel output, full short- circuit 

LIST £95 At 
Complete wnb PZ20 Power Supply 

and overheat protection. 
CI450 

A 
ICE 

' 

DIY SPEAKER KITS 
EASY -TO -BUILD 
WITH ENCLOSURE 
Specially designed by 
RT -VC for cost -conscious 
hi -fi enthusiasts, these 
kits incorporate two teak - 
simulate enclosures, 
two EMI 13 "x 8" 
(approx.) woofers, two 
tweeters and a pair of matching cross- 
overs. Easily constructed, using a few basic 
tools. Supplied complete with an easy -to- 
follow circuit diagram, and crossover 
components. Input 15 watts £ 50 
rms. 30 watts peak, each unit. 25 
Cabinet size 20"x11 "x91/2' PER PAIR 

( approx). p 8 p £5.50 

15 -WATT KIT IN £17.00 
STEREO 

CHASSIS FORM rá 40 P b P PAIR 

When you are looking for a good 
speaker, why not build your own from 
this kit. Its the unit which we supply 
with the above enclosures. Size 13" x 8" 
(approx.)woofer,(EMI) tweeter, 
and matching crossover. Power 
nandling capacity 15 watts rms. 
30 watts peak. 

'COMPACT' FOR TOP VALUE 
How about this for incredible bookshelf 
value from RT -VC! A pair of high efficiency 
units for only £7.50 - just what you need 
for low -power amplifiers. These infinite 
baffle enclosures come to ou ready 

and professionally finished .Each 
cabinet measures 12"'x9' x5" (approx.) 
deep, and is in wood simulate 
Complete with two 8" £ 50 
(approx.) speakers for max. 7 per pair 

power handling of 7 watts. . p 8 p £1.70 

BSR 
TURN- 
TABLES 
BSR MP60 TYPE 

Single play record player 
(Chassis form) less cartridge E15.95 
Cartridges to suit above P & P £2.00 

ACOS MAGNETIC STEREO . . £4.95 
CERAMIC STEREO .. f1.95 
BSR automatic record player deck 

(Chassis form) with cueing device P r, P 

and stereo ceramic head f9.95 £2.00 

Superb Viscount Iv unit in teak -finished cabinet.Silverfascia with aluminum 
rotary controls and pushbuttons, red mains indicator and stereo jack 
socket. Function switch for mic, magnetic and crystal pick -ups, tape, tuner, 
and auxiliary.Rear panel features two mains outlets,DlNspeakerand input 
sockets, plus fuse. 20 + 20 watts rms, 40 + 40 watts peak. 

W YOU CA AVE 
SYSTEM 111 For only £80, you get 
the 20+20 watt Viscount IV amplifier, 
a pair of our12- watt-rms Duo'Type 
Ilb matched speakers; a BSR MP 60 
type deck complete with magnetic 
cartidge, de luxe plinth £8000 
arid cover. 

. p s p eao 
Carnage surcharge to Scotian e. 

SYSTEM 2 Comprising our 20 +20 
watt Viscount IV amplifier: a pair of 
our large Duo Type Ill matching 
speakers which handle 20wattsrms 
each,and a BSR MP 60 type deck 
with magnetic cartridge, £9200 
de luxe plinth and cover.. ., , .00 

System t B. 2 50 System 2, 5 00 

SPEAKERS Two models- Duo Ilb, 
teak veneer, 12 watts rms, 24 watts 
peak, 18'/2" X 131/2" x 7'4" approx. 
£ PER PAIR 34' p&pI650 

Duo Ill, 20 watts 
rms, 40 watts peak, 
27" x. 13'x11h" 

£52 7R 
PAIR 

approx. 

ii [1 So 

30 x30 WATT 
AMPLIFIER KIT 

TURNTABLE Popular BSR 

MP 60 type, complete with magnetic 
cartridge, diamond stytus, and 
de luxe plinth - 
and cover. 

£2900 
pSp 

£4.50 

Specially designed by RT -VC for the 
experienced constructor, this kit 
comes complete in every detail. 
Same facilities as Viscount IV amplifier. 
Chassis is ready punched; drilled and formed Cabinet is finished in teak 
veneer. silver fascia and easy -to-handle aluminium knobs. £2900 
Output 30 +30 watts rms, 60 +60 peak. pap £2 10 
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35 -WATT DISCO AMP 
Here's the mono unit you need to start off 
with. Gives you a good solid 35 watts rms, 70 

watts peak output. Big features include two 
disc inputs, both for ceramic cartridges, tape 
input and microphone input. Level mixing 

controls fitted with integral push -pull switches. 
Independent bass and treble £ 50 
controls and master volume. 27 p ao,t 50 

PORTABLE DISCO CONSOLE 
with built -in pre -amplifiers 
Here's the big -value portable disco console 
from RT -VC! It features a pair of BSR MP 60 
type auto -return, single -play professional 
series record decks. Plus all the controls and 
features you need to give fabulous disco 
performances. Simply 
connects into your existing 
slave or external amplifier. - o & p £6 50 

£6400 

BSR 1145 
8 -TRACK 
CARTRIDGE 
PLAYER MECHANISM 

£695 
- p0.p£150 

Requires some atten- 
tion. Complete with built 
in pre -amp, A.C. 240V 

TOURIST IV PUSH BUTTON 

CAR RADIO KIT 

MOTOR TOP 10 AWARD 
Complete with speaker, baffle and 
fixing strip.The Tourist IV for the 
experienced constructor only. The 
Tourist IV has five push buttons, four 
medium band and one for long wave 
band. The tuning scale is illuminated 
and attractive small aluminium control 
knobs are used for manual tuning and 
volume control. 
The modern style fascia has been designed to blend 
with most car interiors and the finished radio will 
slot into a standard car radio aperture. Size 
approx T' x 2' x 4'.' Power Supply 
Nominal 12 volts positive or negative E12.50 
earth !altered internally) Power 

Ouptut 4 watts into 4 ohms 
pKp t5u 

100 WATT 
DISCO AMPLIFIER 

Brilliantly styled for easy disco 
performance! 

Sloping fascia, so that you can use the 
controls without fuss or bother. Brushed 
aluminium fascia and rotary controls. Five 

smooth -acting. vertically mounted slide 
controls - master volume, tape level. mic 

level. deck level, PLUS INTER -DECK FADER 

for perfect graduated change from record 
deck No 1 to No. 2. or vice versa. Prefade 
level control (PFL) lets YOU hear Watt 
nest disc before fading it in. VU 

meter monitors output level 100 £6lÌ,00 
watts rms, 200 watt peak output. 

Sire Approx. 14" x 4' x 101". +pbp[4.00 

4x4 STEREO AMP 
KIT £14.50 P &P £2.00 

11'S For the experienced constructor 
40 who wants to design his own 

stereo, kit includes all necessary 
components including constructors manual. Plus 
pair of easy to build 4 watt speakers in kit form, 
with teak simulate finish cabinets 1 2 "x9 "x5" approx. 

ALL PRICES INC.VAT. AT 1217 

s.,utect to a,a,iabd,ry A,ce correct ar 

77 and subject to change without notice 

R 

We arc unable to show al our 
oroducts. so olease 
Send stamped addressed envelope 
tor our fully descriptive catalogue and any 

further information 

C 117 

B 

21E HIGH STREET. ACTON. LONDON W3 6NG 
323 EDGWARE ROAD.. LONDON W2 

Personal Shoppers EDGWARE ROAD 9am - 5 30p.m.. Half day Thurs 

ACTON Mail Order only No Callers 

DO NOT SEND 
CARD 

Just wnte your order 
giving your credit 
card number 
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SEMICONDUCTORS - COMPONENTS 
2 
Volts o 
100 
200 
400 

`oit 
100 
200 
400 

TRIACS 
T05 Cam 
No Price 

TR12A/100 E0.31 
TR12A/200 £0.51 
TR12A/400 £0.71 

10 Amp. T048 Case 
Volts No Rice 
100 TR 1 104 10() £0.77 
200 T R 1 1 ()O 200 £0.92 
400 1-R110A 400 E1.12 

TN66 
Cm* 

o Price 
TR16A -100 £0.91 
TR16A /200 £0.61 
TR16A -400 £0.77 

10 Amp T0220 Car 
+alts No Prit 
400 TR110A 410P £1.12 

DIACS 
BR100 £0.23 031 C0.23 

SUPER UNTESTED PAKS 
PAK No. 
U50 100 Gerrit Gold bonded 0447 diode 
U51 150 Germ 0A70/81 diode 
U52 100 Sikcon 0odes 200mA 0A200 
U53 150 diodes 75mA 1N4148 
1154 50 Sri Rect Top Hat 750mA 
U55 20 Sil Rect Stud Type 3 Amp 
U56 50 400m Zeners 007 Case 
U57 30 NPN Trans BC107 8 Plastic 
U58 30 PNP Trans BC 177 178 Plastic 
U59 25 NPN T039 2N697 2N 1711 sil 
U60 25 PNP T0592N2905s)bcon 
U61 30 NPN To18 2N706 silicon 
U62 15 NPN BFY50. 51 
U63 30 NPN Plastic 2N3906 silicon 
U64 30 PNP Plastic 2N3905 slrcon 
U65 30 Germ 0071 PNP 
U66 15 Plastic Power 2N3055 NPN 
U67 10 103 Metal 2N3055 NPN 
U68 20 Umlunction trans 11S43 
U69 10 1 amp SCR 5039 
U70 83 amp SCRTO66 case 

Order No Price 
16130 £0.60 
16131 £0.60 
16132 C0.60 
16133 £0.60 
16134 £0.60 
16135 E0.60 
16136 £0.60 
16137 £0.60' 
16138 £0.60' 
16139 £0.60 
16140 E0.60 
16141 £0.60 
16142 £0.60 
16143 £0.60' 
16144 EO.60' 
16145 £0.60 
16146 E1.20 
16147 E1.20 
16148 E0.60 
16149 £1.20 
16150 E1.20 

Code No s mentioned above are given as a guide to the type of device in 

the pak The devices Ihemselves are normally unmarked 

CARBON POTENTIOMETERS 

LINEAR TRACK LOG TRACK 
Vela* No. Price Value No Price 
1K 1831 '50.22 4K7 1842 50.22 
202 1832 '50.22 11)N 1843 TO 22 
467 1833 '0.22 210 1844 'Co 22 
tOK 1834 50 22 47K 1845 '50.22 
22K 1835 '50.22 100K 1846 'KO.22 
47K 1836 '50.22 2206 1847 '50.22 
100K 1837 'K0.22 4706 1848 '50.22 
220K 1838 '50.22 IM 1849 '£O.22 
470K 1839 'E0.22 IMI 1850 TO 22 
1M 
2M2 

1840 
1841 

'(0 22 
'0.22 

DUAL GANG. Inrsr. h,rlh quality pul. 

LINEAR TRACK 

1ra,.k ). 

`,(Im 1 

. 

LOG TRACK 

Plast. .r 

le 

Value No. Price Valu* No NOV, 
4K 7 1851 '(0.68 7 1860 'E0.68 
10K 1852 '(0.68 1110 1861 'E0 68 
22K 1853 '50.68 12K 1862 '£0 68 
47K 1854 '(O.68 4/K 1 863 'E0.68 
100K 1855 '50.68 100K 1864 'E0.68 
220K 1856 '50.68 2206 1865 'f0.68 
470K 1857 '50.68 410K 1866 '£0.68 
IM 1858 '50.68 1M 1867 'E0 68 
2M2 1859 '(0.68 1868 '(0.68 

LINEAR PAKS 
Menulactur et s Vall Outs wl, I, triklitde 

V inctronal and part Functional Units These an 
,. sed as out -of spec from the makers v 

'.y.d specifications but are ideal for learn. y 
uul I C s and experimental work 

U721 30 ASSORTED LINEAR TYPES 
709 741 747 748- 710588 Etc 
ORDER No 16227 Price *E1.50 

07650 PM STEREO DECODER 
5 I C s 76110 Eqv to MC1310P.MA/67 Data 

;oplled with pak 
ORDER Nu 16229 Pnce'£1.50 

U76A AUDIO POWER OUTPUT AMPLI- 
FIERS 
8 Assorted types 51403 76013 76003 En. 
Lola supplied with pak 

ORDER No 16228 Price *E1.00 

COMPONENT PACKS 
Pack 
No. Qty. Order No Price 
Cl 200 Resistor mixed value approx (Count by 

weights 16164 '(0.60 
C2 150 Capacitors mixed value appro. (Count 

by weight) 16165 '(0.60 
C3 50 Precision resistors Mixed values 16166 'f0.60 
C4 80 '78th W Resistors reseed preferred 

values 16167 50.60 
C5 5 Pieces assorted ferrite rods 16168 '(0.60 
C6 2 Tuning gangs MW !1W VHF 16169 '(0.60 
C7 1 Pack wee 50 metres assorted colours 

single slrand 16170 £0.60 
C8 10 Reed switches 16171 '(0.60 
C9 3 Moro switches 161 72 '50.60 
C10 15 Assorted pots 16173 '50.60 
C11 5 Metal lack sockets 3 x 3 berm 2 x 

standard switch types 16174 '(0.60 
C12 30 Paper condensers preferred types 

fixed values 161 75 '£0.60 
C13 20 Eleclrolyhcs trans types 16J 76 '(O.60 
C14 1 Pack assorted hardware - Nuts 

bolts grommets etc 16177 '(0.60 
C15 5 Mains slide swathes ass 16178 '(0.60 
C16 20 Assorted tag strips and panels 16179 £0.60 
Cl 7 15 Assorted control knobs 16180 '(0.60 
CI8 4 Rosary wave change switches 16181 '(0.60 
C19 2 Relays 6 - 24V operating 16182 '50.60 
C20 1 Pak copper laminate approx 200 sq 

ins 16183 
15 Assorted fuses 100mA -5 amp 16184 
50 Metres PVC sleevrng assorted sae and 

colour 16185 
60 'h wan resistors mixed preferred values 

C21 
C22 

C23 

C24 
C25 

25 Presets assorted type and value 
16188 
161 8 

30 Metres stranded wire assorted colours 6187 

£0.60 
£0.60 

£0.60 

'(0.60 
'(0.60 
E0.60 

SINGLE GANG SWITCHED. Fitted with double pole on off switches The switch action is ,ncurporated 

Value 

w,rh in ihr rotary action of the pot Switch 

LINEAR TRACK 
No. Price 

rating 1 5 amps at 250V AC 

LOG TRACK 
Value No. Price 

4K7 1870 '(0.48 467 1879 '(0.48 
10K 1871 '£O.48 10K 1880 '£0 48 
22K 1872 '(0.48 22K 1881 '£0 48 
47K 1873 '50.48 476 1882 T0.48 
100K 1874 '£ O.48 1006 1883 '50.48 
220K 1875 'E0 48 220K 1884 'KO 48 
470K 1876 '(0.48 470K 1885 '50.48 
1M 1877 '£ O.48 1M 1886 '50.48 
2M2 1878 '(O 46 2M2 1887 '5048 

74 SERIES PAKS 
I .. opodt and part i.nkt. oral Units These e 

massed as out -of spec from the makers very i gait 
sp:cifications but are ideal for learning ahot 
If, s and experimental work 
74G 100 Gates assorted 740001 04 1050 00 

Order No 16224 £1.20 
74F 50 Flip Flops assorte,' 
7470 -72 -73 74 76 104109. Etc 
),der No 16225 E1.20 

74M 30 MSI Assorted Types 7441.47 -90 -154 
, Order No 16226 £1.20 

VEROBOARD PAKS 
HI 4(ipiv 171 . 011 

, Orrtei No 16199 E0.60 
Ill Approx 30 sq various s,t 15 

x Order No 16200 
s es 

£0.60 

Si. 
25 .5" 
25" x3 75 
2 5" x 17" 
3 75' x 5" 

3 75" x 3 75-' 
375"x 17" 
4 75" x 1 7 9" 
2S .1 

VEROBOARDS 
DRILLED COPPER P.C.B. 

.1 Pitch 
No. Price 

2201 E0A6 
2202 (0.39 
2203 (1.42 
2204 E0.52 
2205 E0.46 
2206 £1.82 
2207 E2.34 

ol )ivcl 22118 £0.57 

15 Pilch 
Sia 

7 

5 
5 x3 75" 

r/5'x17' 
I /5' x 5 
I /5 3 75' 

Ipa, k .t live) 

No. 
1209 
2210 
2211 
2212 
7213 
2214 
2210 

Prrce 
E1.13 
KO 42 
£0.31 
E 1 .51 
E0 57 
CO 42 
(0 52 

ELECTROLYTIC PAKS 
96dvalot elir1,1Lee 

tle 
of 

EC1 Values from.t7m FD to 10roFli 
Order No 16201 TO 60 

E C 2 Values from 111oF13 to 110,10 
Order No 16202 '£0.60 

EC3 Values from 100mFD to 680mí it 
Order No 16203 '£0.60 

C280 CAPACITOR PAK 
/5 Mollard C280 capacitors axed 
mops ang,nglrom 01uEt 
lof complete ith identifi 

e 
a 

.'''n .meet Ord, -r N. , h2í 4 'E 1.20 

DRILLED PLAIN P.C.B. 
1 Pitch 

Sire No. 
± 75 . 1 / 2217 

/5 . 1 b 2218 
3 /5 1119 

Pins 
E1.18 
E0.26 
E0 42 

VERO SPOT -FACE CUTTER 
Order No 2271 P.c. £0.68 

SUB 
1 7 

1!, . I ) 

15 Pitch 
No. 

2221 
2222 
2221 
1224 
122- 

Price 
CO 78 
£1 00 
5026 
(0.21 
£0 36 

Peek 
No. 

51 
52 
S3 
S4 
S5 
06 

SLIDER PAKS 
Oth, 

6 Slider potentiometers mixed values 
6 Slider potentiometers. all 470 ohms 
6 Slider potentiometers. all 10k lin 
6 Slider potentiometers all 224 tin 
6 Slider potentiometers all 47k fin 
6 Slider potentiorneters all 47k log 

Order No. Price 

16190 
16191 
16192 
16193 
16194 
16195 

'£0.60 
'(0.60 
'£0.60 
TO 60 
'(0.60 
'£0.60 

CERAMIC PAKS 
C Cornarerng a range of lust qua) ty miniature ceramic capacitors 
Unrepeatable value 

MC1 24 miniature ceram,c capacilurs , of each 
value - 22pí 27pí 33p1 39p1 47p1 68p1 
82pí 

MC2 24 miniature ceramic capacitors 3 of each 
value 100pí 120p1 150p1 180pí 
22091 33Opt & 390pí 2 /Opt 

MC3 24 miniature ceramic capacitors 3 of each 
value 470pí 560pf 6809E 820p1 
1000p1 1500p1 2200pf & 3300p1 

MC4 24 miniature ceramic Lapacnors 3 of each 
value - 470ppI 560p1 680pí 820pí 
100091 1000pf 2200p1 & 33005E 

Order No Price 

15160 '(0.80 

16161 '50.60 

16162 '(0.60 

15163 '(0.60 

ORDERING 
Please word your orders 
exactly as printed not 
forgetting to'llclude our 
part number 

V.A.T. 
Add 1217 to prices 
marked a Add 81/2% to 
others excepting those 
)narked t these are 
Zero 

PLUGS AND SOCKETS 
PLUGS 

No. Price 
PI DIN , 1 -pin speaker 1689 '50.08 
P2 DIN t pic 1690 '£0.12 
P3 DIN : pin 1691 '(0.16 
P4 DIN 5 pin 180 1692 '50.14 
P5 DIN 5 -pin 240 1693 '£O.15 
176 DIN 6 par. 1694 '50.20 
P7 DIN 7.p. 1695 '(0.20 
PB Jack ., 1 5mm screened 1696 '£0.12 
P9 Jack Plug 3 5mm plastic 1697 50.10 
P10 Jack Plug 3 5mm screened 1 698 '(0.15 
P11 Jack Plug mono plastic 1699 '(0.14 
P12 Jack Plug mono screened 16100 '(0.28 
P13 Jack Plug stereo screened 16101 '(O.32 
P14 Phono 16102 '(0.10 
P15 Car aerial 16103 '(0.16 
P16 Coax free TV 16104 '(0.16 
P17 Right angle jack 16105 '(0.12 
518 Jack 2 5mm plastic 16106 '(0 12 
P19 Jack stereo plastic 16107 '(O.20 
P20 Phono free screened 16108 '50.14 
P21 D C 2 1 plug 16109 16109 'E0.12 
P22 I) C 2 5mm plug 16110 '50.12 
P23 2 -pin AC plug U S type 16111 '50.18 
P24 AM aerial 16112 TO 13 
P25 Cassette mains plog 16113 '£0.15 
P26 FM 300 ohms plug 16114 'EO 13 

INLINE SOCKETS 
No Price 

lb)' '50.10 
167, '5018 
1614 '5017 
1675 '50.18 
1616 '(0.08 
1677 '(0.08 
1678 '5014 
1679 'EO 28 
1680 '50.20 
1681 'EÚ.42 
1682 '/0 12 
1683 '50.22 
1684 '5040 
1685 _,. 1 

1686 50.21 
1687 TO 12 
1688 'EO 24 

S1 DIN speaker 
S2 DIN 3 p i 

S3 DIN 10 

S4 DIN'.. .0 
S5 Jack in . 5mm 
66 Jack mime 3 5mm 
SI Jack ''s ,vino plastic 
S8 Jack '4" mono Chrome 
S9 Jack stereo plastic 
610 Jack stereo Chrome 
Sl1 Phono screened 
1512 Car aerial 
513 Coax television 
S14 Coax hack.back 
S16 2 pin AC connector US 
S17 Phono plastic 
S 1 B Back hack phono 

CHASSIS SOCKETS 
No. Price 

(-SI DIN '. 0 ' pin loudspeaker 
1652 '50.08 

0152 DIN 91 1653 '(0.10 
1.03 DIN 51 

- 
30 1654 'EO.10 

('S4 DIN 5,i 1'40 1655 '(0 -12 
7:55 Jack Jr., 1656 '(0.06 
C56 Jack 1 Smm 1657 '(0.06 
CS1 Jack Mono .witrbed 1658 '£0.15 
(.58 Jack Stereo switched 1659 '(O.18 
CO9 Phono single 1660 '(0.08 
('S 10 Phono double 1661 '50.10 
C511 Coax surface 1662 '(O.21 
CSI 2 Coax flush 1663 '£0.25 
CS13 Jack switched Mono 1664 '£0.20 
C 014 Jack socket °PDT switch 1665 '£O.32 
01515 Car aerial 1666 'KO.10 
r'516 AC mains US type 1067 TO 16 
CSI 7 Phono 4 way 1 668 'KO 16 
3018 D C power 1 669 '£0 18 
1.519 AC switched 1670 '£0 -32 
':520 Phono 8'way 1671 'CO 32 

CARBON RESISTOR PAKS 
100,6 paks 

, ,1edio t he lull ineyAg "1 
,,i Rms.-hots 

Rlo 60 mixed kee., tlll,uhms 820ohnis 
Order No 16213 'EO.60 

fio mixed r w 1K m i. uhs -8 2Kohn 
Order No 16214 '£0.60 

a , 60 mixed '78W r OKOhms 826ohms 
Order No 16215 '£0.60 

60 mixed ,e w 100xohrns. 820Ko11n,. 
Order No 16216 'C0.60 

40 mixed w 1r0ohms 820uhn,. 
t Order No 16217 '£0.60 

Ph 40 rnix ed w 1 Kiihms 8 2Kohms 
Order No 16218 '£0.60 

P / 40 mixed 
t 

' 11Kohms 821(or 
Order No 16219 '£0.60 

PH 40 mixed ''ow ohms- 820KOhnis 
Order No 16220 '(0.60 

Pu 60 nixed e w 1 Meg l9Megohn', 
Order No 16230 '£0.60 

I': 10 40 mixed w 1 Meg - 1 OMegohnis 
Order No 16231 '(0.60 

WORLD SCOOP! 
JUMBO 

SEMICONDUCTOR PACK 

st 
s Ger and Silicon Rechhers Diode. 

s 

Thynslors I C s and Zeners ALL NEN. 
4N° CODED Approx 100 Pieces 011enng nie 
meteor tentastic bargain PAK and an 

mous s aving Identification and data sheet in 
y pak 

OR:)FR Ni) lr.. 2 £2 25 

,/iii 11,íy0 St, ksi 

SEE OUR 
1977 CATALOGUE 

1 21, li.l,p's Iii kart d. !1 

ORDER NOW 
ONLY 5Op 

Postage and Packing add 25p unless 
otherwise shown Acid extra for 

airmail Minimum order E1 00 

1PAK 
P.O. BOX 6, WARE . HERTS 
SHOP 18 BALDOCK ST WARE HERTS 

AT OPFN Q u, 30 Mon ' Sat 
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High quality modules for stereo, mono and 
other audio equipment. 

OUR PRICE ONLY. 

£20.45 

PUSH -BUTTON 

STEREO 

FM TUNER 
Fitted with Phase Lock -loop Decoder 

The 450 Tuner provides instant program selection at the touch 
of a button ensuring accurate tuning of 4 pre -selected stations, 
any of which may be altered as often as you choose, by simply 
changing the settings of the pre -set controls. 
Used with your existing audio equipment or with the BI -KITS 
STEREO 30 or the MK60 Kit etc. Alternatively the PS12 can 
be used if no suitable supply is available, together with the 
Transformer T538. 
The S450 is supplied fully built, tested and aligned. The unit is 
easily installed using the simple instructions supplied. 

STEREO PRE -AMPLIFIER 

A top quality stereo pre -amplifier 
and tone control unit. The six 
push- button selector switch pro- 
vides a choice of inputs together 
with two really effective filters for 
high and low frequencies, plus tape 
output. 
MK. 60 AUDIO KIT: Comprising 

.x AL60's. 1 x SPM80. 1 x 2_BTM80. 
1 x PA100. 1 front panel 

and knobs. 1 Kit of parts to include 
on /off switch, neon indicator, 
stereo headphone sockets plus 
instruction booklet. COMPLETE 

PRICE £29.55 plus 85p postage. 

TEAK 60 AUDIO KIT: 
Comprising. Teak veneered cabinet 
size 163/4"x111/2"x33/4", other 
parts include aluminium chassis, 
heatsink and iront panel 
bracket plus back panel 
and appropriate sockets 
etc. KIT PRICE £10.70 
plus 85p 
postage. 

*. FET Input Stage 
* VARI -CAP diode tuning 
* Switched AFC 
* Multi turn pre -sets 
* LED Stereo Indicator 

Typical Specification: 
Sensitivity 3i volts 
Stereo separation 30db 
Supply required 20 -30v at 
90 Ma max. 

Frequency Response + tdB 20Hz 
20KHz. Sensitivity of inputs 

1 Tape Input 100mV into 100K ohms 
2. Radio Tuner 100mV into 

100K ohms 
3 Magnetic P U 3mV into 

50K ohms 
P U Input equalises to R1 AA curve with 
1dB from 201-le to 20KHz. 
Supply - 20 -35V at 20mA. 

Dimensions 
299mm x 89mm e 

35mm 

PA100 
£13OUR 

PRICE 

.75 

AL -30 

MPA 
30 

Enjoy the quality of a magnetic cartridge with 
your existing ceramic equipment using the new 
M.P.A. 30, a high quality pre -amplifier enabling 
magnetic cartridges to be used where facilities 
exist for the use of ceramic cartridges only. 
It is provided with a standard DIN 
input socket for ease of connection. 
Full instructions supplied. 

AUDIO AMPLIFIER 
MODULE 

The versatility of the design 
makes it ideal for use in record 
players, tape recorders, stereo 
amplifiers and cassette and car- 
tridge tape players in the home. 

SPECIFICATION: 
Harmonic Distortion Po =3 watts f =1KHz 02.5% 

Load Impedance 8 -16ohm Size: 75mm x 63mm x 25mm 
Frequency response ±3dB Po= 2 watts 50Hz -25Hz 

Sensitivity for Rated 0/P - Vs =25v. RL =Bohm f =1KHz 75mV.RMS 

ÁL30 10w R.M.S. £3.45 

A L 60 25 Watts (RMS) 
I 

POSTAGE & 
PACKING 
Postage & Packing add 
25p unless otherwise 
shown. Add extra for 
airmail. Min. £1.00 

STEREO 30 
COMPLETE AUDIO 

7+7 WATTS 
R.M.S. 

P&P45p 

£16. 
The Stereo 30 comprises a complete stereo 
pre -amplifier, power amplifiers and power supply. This, 
with only the addition of a transformer or overwind will 
produce a high quality audio unit suitable for use with a 

wide range of inputs i.e. high quality ceramic pick -up, 
stereo tuner, stereo tape deck etc. Simple to install, 
capable of producing really first class results, this unit is 

supplied with full instructions, black front panel knobs, 
main switch, fuse and fuse holder and universal 
mounting brackets enabling it to be installed in a record 
plinth, cabinets of your own construction or the cabinet 
available. Ideal for the beginner or the advanced 
constructor who requires Hi -Fi performance with a 

minimum of installation difficulty (can be installed in 30 
mins). 

TRANSFORMER £2.45 plus 62p p &p 
'TEAK CASE £5.25 plus 62p p & p. 

PAl 
NEW PA12 Stereo 
Pre -Amplifier com- 
pletely redesigned 
fer use with 
AL 30 Amplifier 

Modules. Features include on /off volume. 
* Max Heat Sink temp 90C * Frequency response Balance, Bass and Treble controls. Complete 

20Hz to 100KHz * Distortion better than 0.1 a{ 1 KHz * Frequency Response 2014,20K Hz with tape output. 

10 
Supply voltage 15 -50v * Thermal Feedback * Latest 
Design Improvements * Load - 3,4,8, or 16 ohms * 
Signal to noise ratio 80db * Overall size 63mm. 105mm. 
13mm. 
Especially designed to a strict specification Only the 
finest components have been used and the latest 
solid -state circuitry incorporated in this powerful little 
amplifier which should satisfy the most critical A F. 

enthusiast 

1-3dB1. Bass and Treble range, 
12dB. Input Impedence 1 meg ohm. 
Input Sensitivity 300m V. Supply 
requirements 24V .5mA. Size 152mm 
x 84mm s 33mm. 

£4.35 PSi 
Stabilised Power Supply Type SPM80 
SPM80 is especially designed to power 2 of the AL60 Amplifiers, 
up to 15 watts (R.M.S.) per channel simultaneously. With the 
addition of the Mains Transformer BMT80, the unit will provide 
outputs of up to 1.5A at 35V. Size' 63mm. 105mm 30mm. 
Incorporating short circuit protection. 
Transformer BMT80 
'£2.60 + 62p postage £3.15 

Power supply for AL20/30, 
PA12, SA450 etc. 

Input voltage_ 1 5 -20v A.C. Output voltage 22 -30v D C. OUR PRICE 
Output current 800 mA Max. Size 6Ömm x 43mm x 26mm £1 30 Transformer T538 £2.30 

SHOP 
AT 

KP.O. BOX 6, 
WARE, 
HERTS. 

18 BALDOCK ST , WARE, HERTS 
OPEN 9 to 5.30 Mon /Sat 

www.americanradiohistory.com

www.americanradiohistory.com


94"a reatáeaqumx 

Marshall's 
Our range covers over 7,000 items. The largest selection 
in Britain. Top 200 ICs, TTL, CMOS & Linears 

(;A3020A 
CA3028A 
CA3028B 
CA3030 
CA3036 
CA3045 
C43046 
CA3048 
CA3049 
CA3052 
CA3053 
CA3080 
CA3080A 
CA3086 
CA3088 
CA3089 
CA3090 
CA3130 
LM301A 

M301N 
LM304 
LM307N 
LM308N 
LM 309K 
LM317K 
LM318N 
LM323K 
LM339N 
LM348N 
LM360N 
LM37oN 
LM371 N 

LM 372N 
LM373N 
LM374N 
LM377N 
LM378N 
LM379S 
LM380.8 
LM380N 
LM381A 
LM38 1 N 

2.29 
1.01 
1.29 
1.24 
0.97 
1.40 
0.89 
2.23 
1.99 
1.62 
0.60 
0.68 
1.66 
0.61 
1.99 
2.62 
3.80 
0.94 
0.65 
0.44 
2.49 
0.65 
1.17 
2.10 
3.00 
2.26 
6.40 
1.75 
1.91 
2.75 
3.00 
2.25 
2.15 
2.25 
2.25 
1.75 
2.25 
3.95 
0.90 
0.98 
2.45 
1.60 

LM382N 1.25 
LM384N 1.45 
LM386N 0.80 
LM387N 1.05 
LM388N 1.00 
LM389N 1.00 
LM702C 0.75 
LM 709C 0.05 
LM709N 0.45 
LM710C 0.60 
LM710N 0.60 
LM723C 0.86 
LM723N 0.75 
LM741C 0.65 
LM741N 0.50 
LM741-8 0.40 
LM747N 0.90 
LM748-8 0.50 
LM748N 0.90 
LM 1800 1.76. 
LM1808 1.92 
LM1828 1.75 
LM3301 N 0.85 
LM3302N 1.40 
LM3401N 1.90 
LM3900 0.75 
1M3905 1.60 
LM3909 0.68 
MC1035 1.75 
MC1303 1.47 
MC1305 1.85 
MC7306 1.00 
MC1310 1.91 
MC1312 1.98 
MC1327 1.54 
MC1330 0.92 
MC1350 0.75 
MC1351 1.20 
MC1352 0.97 
MC1357 1.45 
MC1458 0.91 
NE555 0.53 

NE556 1.05 
NE565 1.30 
NE566 1.65 
NE567 1.80 
SAS560 
SAS570 
SO42P 
76001N 1.57 
76003N 2.55 
76008K 2.50 
76013N 1.70 
76013ND 1.57 
76018K 2.50 
76023N 1.70 
76023ND 1.57 
76033N 2.55 
76110N 1.46 
76115N 1.87 
76116N 2.06 
76131N 1.30 
76226N 1.94 
76227N 1.51 
76228N 1.75 
76530N 0.91. 
76532N 1.50 
76533N 1.30 
76544N 1.44 
76545N 2.09 
76546N 1.44 
76550N 0.41 
76552N 0.65 
76570N 2.08 
76620N 1.10 
76650N 1.10 
76660N 0.60 
76666N 7.8I V. 
TAA310A 1.50 
TAA320A 1.15 
TAA350A 2.48 
TAA521 1.00 
TAA521 1.90 
TAA550 0.60 

T AA 560 1.60 
TAA570 2.30 
TAA611B 1.85 
TAA621 2.15 
TAA661B 1.32 
TAA700 3.91 
TAA930A 1.00 
TAA9306 1.05 
TAD100 1.95 
TBA120 0.65 
TBA400 1.50 
TBA500 2.21 
TBA5000 2.30 
TBA510 2.21 
TBA5100 2.30 
TBA520 2.21 
1885200 2.30 
TBA530 1.98 
TBA5300 2.07 
TBA540 2.21 
TBA5400 2.30 
TBA550 3.13 
TBA5500 3.22 
TBA5600 3.22 
TBA570 1.29 
TBA570Q 1.38 
18A6410 2.50 
TBA651 1.80 
TBA700 1.52 
TBA7000 1.61 
TBA7200 2.30 
TBA750 1.98 
TBA750Q 2.07 
TBA800 1.20 
TBA810 1.16 
TBA820 1.03 
TeA920 1.79 
TBA9200 2.99 
TBA940 1.62 
TCA160C 1.85 
TCA160B 1.01 
TCA270 2.25 

TCA280A 1.30 
TCA290A 3.13 
TCA420A 1.84 
TCA730 3.22 
TCA740 2.76 
TCA750 2.30 
TCA760 1.38 
TCA800 3.13 
UAA170 2.00 
UAA180 2.00 
CD4000 0.20 
CD4001 0.20 
CD4002 0.20 
CD4006 1.10 
C04007 0.20 
CD4008 0.97 
C04009 0.57 
C04010 0.57 
CD4011 0.20 
CD4012 0.20 
CD4013 0.57 
CD4014 1.01 
CD4015 1.01 
CD4016 0.56 
C04017 1.01 
DIL 
SOCKETS 
8 Pin 0.15 
14 Pin 0.16 
16 Pm 0.18 
22 Pm 0.30 
24 Pm 0.35 
28 Pon 0.45 
40 Pin 0.55 
TRIACS 
Plastic 
4A 400V 0.70 
6A 400V 0.75 
8A 400V 0.80 
10A 400V 0.90 
12A 400V 1.10 
16A 400V 1.60 

THYRISTORS 
Plastic 
5A 100V 0.35 
5A 200V 0.40 
SA 400V 0.49 
86 100V 0.43 
8A 200V 0.49 
88 400V 0.62 

BRIDGE 
RECTIFIERS 
W005 0.30 
W01 0.33 
W02 0.34 
w04 0.40 
WO6 0.50 
B7164 0.57 
B40C1500 0.48 
B40C3200 1.10 
BBOC1500 0.75 
B80C3200 1.15 

OPTO -ELEC- 
TRONICS 
LEDs 
3mm Red 0.18 
5mm Red 0.20 
3mm Grn 0.25 
5mm Grn 0.26 
3mm Tel 0.25 
5mm Ye! 0.26 

2101-2 4.14 
2102-2 2.90 
2111.2 4.14 
21122 4.14 
2513 8.00 
MM5204 32.30 
MM5214 26.95 

We also stock a comprehensive range of capacitors, 
resistors, switches, etc. 
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A. Marshall (London) Ltd Dept: WW 
40 -42 Cricklewood Broadway, London NW2 3ET 
Tel: 01 -452 0161/2 Telex: 21492 
& 85 West Regent St Glasgow G2 2QD Tel: 041 -332 4133 
& 1 Straits Parade Fishponds Bristol BS16 2LX Tel: 0272 
654201/2 
Call in and see us 9 -5.30 Mon -Fri 9 -5.00 Sat 
Trade and export enquiries welcome. Please enquire for types not 
listed. 
NEW 168 PAGE CATALOGUE WITH 500 NEW LINES 55p 
post paid (40p to callers) 

POPULAR SEMICONDUCTORS (A very small selection from 
our vast stocks, please enquire about devices not listed.] 
AF139 
AF239 
ASY28 
ASY55 
BC118 
BC154 
BC167A 
BC1678 
BC1698 
BC171B 
BC162 
BC182L 
BC184L 
BC212A 
BC214L 
BD135 
8E195 
3E484 
81(51 
BSY65 
25697 

0.69 
0.74 
1.20 
0.95 
0.16 
0.27 
0.12 
0.12 
0.12 
0.16 
0.11 
0.14 
0.14 
0.14 
0.16 
0.37 
0.13 
0.40 
0.39 
0.40 
0.30 

2N698 0.82 2N2923 0.14 
2N706 0.24 2N2924 0.15 
2N718 0.27 252926G 0.13 
2N914 0.35 21829267 0.13 
25929 0.25 753019 0.55 
2N930 0.26 2N3053 0.30 
2N1132 0.60 253055 0.70 
2N1483 1.20 2N3108 0.50 
2N1613 0.35 2N3133 0.45 
2N1711 0.37 253392 0.16 
251893 0.38 2N3393 0.15 
2N2060 5.00 253417 0.40 
252219 0.30 2N3439 0.88 
2N2221 0.22 2N3441 0.85 
252222 0.25 2N3553 1.05 
2N2222A 0.25 2N3565 0.15 
2N2366 0.25 2N3566 0.15 
2N2369 0.25 2N3567 0.17 
2N2646 0.75 2N3571 3.70 
252905 0.37 2N3572 3.00 
2N2906 0.28 253638 0.16 

2N3638A 0.16 
253662 0.23 
253663 0.26 
253702 0.17 
253703 0.15 
253/04 0.16 
253705 0.15 
2N37U6 0.16 
253707 0.18 
253708 0.18 
293709 0.18 
253710 0.16 
2N3711 0.18 
253771 1.85 
253773 2.90 
253794 0.20 
253819 0.36 
2N3854A 0.25 
2N3856A 0.25 
253859A 0.21 

2N3905 
253906 
7N3962 
254058 
254060 
254122 
254123 
254175 
2N4250 
?N4766 
254784 
,N4286 
254288 
2N4403 
254822 
254916 
255129 
255192 
2N5222 
2E15245 
255447 

It the 178e you require of listed please errqur e 
L ns is lust a very small part of oui range 

0.22 
0.22 
0.85 
0.20 
0.20 
0.25 
0.17 
0.17 
0.24 
0.20 
0.35 
0.20 
0.20 
0.18 
0.75 
0.20 
0.20 
0.75 
0.18 
0.34 
0.15 

255449 
2E15457 
255458 
255485 
25703 
2S702 
40232 
40311 
40363 
40673 
AC126 
AC127 
AC152 
AC153 
AC187K 
AC188K 
ACY22 
ACY30 
0106 
AF109 
4F115 

0.19 
0.32 
0.33 
0.38 
3.95 
3.00 
0.50 
0.45 
1.20 
0.73 
0.37 
0.44 
0.50 
0.49 
0.55 
0.55 
0.40 
0.60 
0.55 
0.75 
0.65 

A selection Iron, our range 

GR Pocket ITV £173.00 
1 702 Prom Simulator PP2 

E670.00 
S1 /112 Volatile Simulator E70.00 
517025 Non Volatile Smularor 

E97.00 
SP2 15V, Manual Programmer 

E194.00 
5P2 imams E226.00 
SEI 5 Prom Eraser E98.00 
1 SP 8A 5000 SC /MP Chu 

El 5.50 
INS 808A Chip £23.45 

_ 
1g 

Vero CPU Board E33.00 
£68.61 l -1Ig Vero Memory Board E32.00 

Vero Interphase Board E33.00 
SC MP Data Pack E1.50 

We now otter a comprehensive range of LCDS low cost developmrr.., 
Microprocessors and associated equipment` £350.00 
and components including the Fabulous _ WRITE FOR OUR SPECIAL 
National Semiconductor SC /MP Introkit and £65.84 PRODUCTS LIST 

Keyboard Kit. 
Prices cor act at 26 April but please add VAT. p&p 30p 

MARCONI TEST EQUIPMENT 
TF329G circuit magnification meter. £125 
TF455E Wave analyser. New. £135 
TF801 D RF signal generator. £195 
TF1101 RC Oscillators. £65 
TF9958/2 AM /FM generator. £425 
TF1041B V.T. Voltmeter. £65 
TF2200 Osilloscope. £225 
TF1100 Sensitivity v /voltmeter. £70 
TF1152A/1 RF power meter. £75 
TF890A/1 'RF test set. £425 
TF1417 200mHz frequency counter. £150 
TF144H /S signal generator. £325 
TF1370 Wide -range RC oscillator. £125 
TF2163 UHF attenuator DC -1GHz. £95 
TF2500 Af power meter. £135 
TF2606 Differential DC voltmeter. £205 
TF2604 Electronic voltmeter. £105 

ADVANCE Transistorised Inverter. 
24V DC -240V AC. 50 Hz. 150W £75 

MARCONI TF995B/2. AM /FM 
GENERATORS. 
200kHz- 220mHz in 5 bands. 
0.1 FLV- 200mV. Continuously variable 
FM in two ranges to 75kHz. Price and 
Full spec. upon request. £425 

EVER -READY NICKEL -CADMIUM BAT- 
TERIES. 
Size 'D tHP2) 1.25V, 3.5 AH. Only small quantity 
available at E2 + 1 Op post. 

CAPT POWER SUPPLIES. Stabilised 
and regulated 6V (variable) at 3A. 
Brand new £25 

i 

BECKMAN TURNS COUNTER DIALS 
Miniature type (22mm dram.) Counting up to 
15 turn 'Helipots'. Brand new with mounting 
instructions. Only £2.50 each 
FRACMO Geared motors 24v. AC.0.5RPM 
68A. Torque 401b. in Price including starting 
capacitor £ 10.50 
CENTRIFUGAL TYPE Blowers. 12V DC. 
Outlet dram. 7 cms. Overall diam. 15 cms and 
17 cms deep. Very powerful fans .... £9.50 

P. F. RALFE ELECTRONICS 
10 CHAPEL STREET, LONDON, NW1 

TEL: 01 -723 8753 

NOTICE. All the pre -owned equipment shown has been 
carefully tested in our workshop and reconditioned where 
necessary. It is sold in first class operational condition and most 
items carry our three months' guarantee. Calibration and 
certificates can be arranged at cost. Overseas enquiries 
welcome. Prices quoted are subject to an additional 8% VAT. 

HEWLETT PACKARD 432A. Power meter. 
BRANDENBURG 0-20KV EHT Gen 
AIRMEC 210A Modulation meter 3- 300mHz 
APT504 Power supply 0 -500V at 250mA E35 
BPL Capacitance decade 15) CD133 100pf -1 of £45 
HEWLETT PACKARD 431C power meter £125 
CABLE TEST SET CT491 Ito ih mile) £85 
FLUKE 891A DC Differential voltmeter. 
GERTSCH Frequency meter and deviation meter 

20.1000mHz E250 
GR Standard sweep frequency generator 400kHz- 230mHz 

£485 
ADVANCE SG63A AM/FM Sig Gen. £75 
BOONTON 230A power amplifier RF £325 
HEWLETT PACKARD. 208A. Battery powered oscillator 

5 -500 KHz E175 
HEWLETT PACKARD 6930 sweep oscillator.. £350 
MEDISTOR type A -75A Potentiometrrc 
not rovoltmeter E115 
PYE EHT scalamp voltmeter 0 -40KV £125 
RACAL 1 2mHz counter timer 6 Digits. SA5358 E85 
RADIOMETER Wave analyser type FRAM 
0 -16kHz E160 
SCHNEIDER type cf52 100mHz frequency 
counter .. .. £235 
SCHOMANDL Freruency meter type FD1 £125 
SOLARTRON Pulse generator type G01101 2 E65 
TEKTRONIX type 575 Transistor curve tracer. 
TEKTRONIX 585A oscilloscope with '82' P I DC -80mHz 
TEKTRONIX type 526 Vectorscope E580 
TEKTRONIX type 180A Time mark generator £110 

E 105 

ROHDE & SCHWARZ EQUIPMENT 
Midget crystal clock type XSZ. BN 15221 
Selective UHF v /meter, bands 4 &5. USVF. 
Selectomat. RF Voltmeter. USWV. 
BN 15221.£450 
Standard attenuator .0 -100db .0- 300mHz. 
DPR. 
UHF Sig. Gen. type SDR 0.3 -1 GHz. 
£750 
UHF Signal generator type SCH. £1 75 
UHF Test receiver type USVD. £325 
POLYSKOP SWOB I. £750 
POLYSKOP SWOB II. £1,100 
SBTF. T.V. Signal generator, vision -sound 
modulator and transmitter. 

ICL type 2640 Paper tape readers 250cps 
New £95 
Westrex 8 -hole paper-tape punches. £95 - 

Sound -proof case available £15 

MUFFIN INSTRUMENT COOLING FANS 
Made by Rotron Holland These are very high quality quiet 
running fans specially designed for the cooling of all types 
of electronic equipment Measures 4 5x4 5x1 5' 
1 1 5V AC 11 Watts The list price of these is over El 0 each 
We have a quantity available brand new for only £4.50 
each 

500V TRANSISTORISED INSULATION 
TESTER 
Lightweight small size i13x7xdcrosl Reads insulation 
from 0 2.100Mí.' at 500V pressure. Runs from 
standard 9V. PP3 Brand new £16.50 

AVO MULTI- METERS 
Type Multi -minor Mk 4 Light. small size rnstrument 
it 4x9x3Ci cmsi Measures volts AC. DC to 1 KV DC 1 

from 0 1 mA. 1 A Resistance ranges 10Kí! V DC. 
1 KE :. VAC Tested. and in excellent condition £8.50 

MUIRHEAD DECADE OSCILLATORS 
type 890A. 
1Hz-110kHz in four decade ranges. 
Scope monitored output for high 
accuracy of frequency. Excellent 
generator. £ 135. 

www.americanradiohistory.com
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LYNX ELECTRONICS (London) LTD. 
92 Broad Street, Chesham, Bucks. Tel (02405) 75154 
VAT 8% except * which are 121/2 % Return Post Service 
P &P 30p. Overseas 90p. Matching 20p per pair New Price List 20p 

Prices correct at 31st March. ACCESS WELCOME 

REGULATORS 
723 
7805 
7812 
7815 
7818 
LM3d4K 
LM340.5 
LM340-12 
LM340-15 
LM340-18 

0.45 
1.50 
1.50 
1.50 
1.50 
0.95 
1.36 
1.35 
1.36 
1.35 

OPTO ELECTRONICS 

DISPLAYS 
704 
707 
727 
728 
747 
750 

0.99 
0.99 
1.95 
1.95 
1.80 
1.80 

ED. 
2 Red 
2 Green 

2 Clear 

711209 

0.13 
0.20 
0.10 
0.10 

MODULE 
FCS8000 2.95 

CLOCK 
CHIPS 
MM5314 3.25 
MM5316 3.85 
AAY-5-1224A3.25 
AAY.5.4007D 

9.95 

IC SOCKETS 
8 Pin 0.13 

14 Pin 0.14 
16 Pin 0.15 
24 Pin 0.45 
40 Pm 0.80 

TRANSISTORS 
AC126 0.15 8C182 
AC127 0.16 BC1821 
AC128 0.16 8C183 
AC128K 0.26 BC1831 
AC141 0.2Z BC184 
AC141K 0.34 8C184L 
AC142 0.18 8C186 
AC142K 0.32 BC187 
AC176 0.18 BC207B 
AC176K 0.32 BC212 
AC187 0.18 8C2121 
AC187K 0.38 BC213 
AC188 0.18 BC213L 
AC188K 0.32 BC214 
AD149 0.90 8C214L 
AD161 0.36 8C237 
AD162 0.35 BC238 
AF114 0.20 BC300 
AF115 0.20 BC301 
AF116 0.20 BC302 
AF117 0.20 BC303 
AF118 0.50 BCY30 
AF124 0.25 BCY31 
AF125 0.25 BCY32 
AF126 0.26 BCY33 
AF139 0.35 BCY34 
AF239 0.37 BCY38 
AL102 1.45 BCY39 
A1103 1.30 BCV40 
AU107 3.30' BCY42 
40110 1.76' BCY54 
AU113 1,60' BCY70 
BC107 0.12 BCY71 
BC107B 0.12 BCY72 
BC108 0.12 80115 
BC108B 0.12 BD131 
BC109 0.12 BD132 
BC109B 0.12 B0135 
BC109C 0.15 BD136 
BC117 0.19' 130137 
BC119 0.25 BD138 
BC125 0.18' BD139 
BC126 0.20^ BD144 
8C140 0.32 BD157 
BC141 0.28 BD181 
8C142 0.23 130182 
BC143 0.23 BD183 
BC147 0.09' BD184 
BC148 0.09' BD232 

'13C149 0.09' BD233 
70C157 0.09' BD237 
8C158 0.09' 8D238 
8C159 0.09' 80410 
BC160 0.32 8DX32 
BC161 0.38 130010 
BC168 - 0.09' BDY11 

BC169 0.12' BDY20 
BC169C 6.14 130738 

0.11' BDY60 1.70 811133 
0.12' - BDY61 1.65 BU204 
0.10' BDY62 1.15 BU205 
0.10' BDY95 2.14 BU206 
0.11' 00796 4.96 BU208 
0.12' BD797 2.45 MJ480 
0.20' BF179 0.30 MJ481 
0.24' BF180 0.30 MJ490 
0.1r BF181 0.30 MJ491 
0.11' 13F182 0.30 MJE340 
0.12' BF183 0.30 MJE520 
0.12' BF184 0.20 MJE521 
0.14' 8F185 0.20 0C43 

0.10' 0C44 
0.15' 8F196 0.12' 0C45 
0.18' 13F197 0.12' 0C46 
018' 8F224J 0.15' 0070 
0.34 BF244 0.17' pC71 
0.32 BF257 0.30 0072 
0.40 BF336 0.36' 0084 
0.48 BF337 0.32' 0C139 
0.55 8F338 0.46' 0C140 
OSS 
0.50 

13FW30 1.25 IP2 0.30 9A 5 BFW9 0.56 TIP30A 
0.55 BFW60 0.38 TIP31A 

BFX29 0.26 0.50 
0.30 

TIP32A 

0.23 TIP41A 

0.26 TIP42A 

0.25 25404 
0.20 25696 

0.18 BFX88 0.20 ZNì06 
0.12 BFX89 0.50 251131 
0.15 8FY11 1.10 251132 
0.38 BFV18 0.50 251302 
0.40 BFY40 0.60 251303 
0.38' 

BFY50 0.20 251304 
0.39' 

BFV51 0.18 2N1305 
0.40' 251306 0.19 
0.48' 

BFY53 0.25 251307 
0.68' 

BFV64 0.35 251306 2.20 
0FV90 0.90 251309 0.80 251711 

0.88 00%19 0.18 252102 
0.92 BSX20 0.18 2N2217 
0.97 135%21 0.20 292369 
1.20 BSY52 0.28 2523694 
0.60 BSY53 0.39 252483 
0.48 05754 0.33 252484 
0.55 135755 0.74 252646 
0.80 BSY65 0.30 252711 
0.80 BSY95A 0.16 2N2712 
2.30 BU105 1.80' 2529044 
1.60 8U105/02 1.90' 2N2905 
2.00 BU108 3.00' 2529054 
0.80 BU109 2.50' 2N2906 
0.60 BU126 1.60' 2N2925 

0.14' Bye 94 

1 15 BFX30 

0.75 BFX84 

0.0 BFX85 

18o eFX86 

0.12 BFX87 

1.60' 
1.80' 

1.90' 
2.40' 

2.50' 
0.80 
1.06 
040 
1.15 
0.40' 
0.45 
0.55 
045 
0.32 
0.32 
0.20 
0.30 

0.35 
0.22 
0.40 
1.30 
1.30 
0.23 
0.44' 
0.62' 
014 
0.64 
0.68 
0.72 
0.40 
0.20 
0.20 
0.15 
0.16 
0.16 
0.40 
0.40 
0.45 
0.46 
0.50 
0.50 
0.60 
0.80 
0.24 
0.44 
0.30 
0.14 
0.14 
0.20 
0.18 
0.60 
0.20 
0.15 
0.20 
0.18 
0.22 
0.18 
0.14' 

2529260 
2N2926R 
2529267 
252926G 
2N3053 
253055 
253137 
253440 
253442 
253570 
253702 
2N3703 
253704 
253705 
253706 
253707 
253708 
253709 
253710 
253711 
253715 
253716 
253771 
253772 
253773 
253819 
2N4347 
254348 
254870 
254871 
2 ,94916 
254919 
254920 
254922 
254923 

0.09' 
0.10' 
0.05' 
0.10' 

0.20 
0.50 
1.10 
0.58 
1.20 
3.60 
0.10' 
0.10' 
0.10' 
0.10' 
0.10' 
0.10' 
0.09' 
o.09' 
0.10' 
0.10' 
1.70 
140 
1.60 
1.90 
2.10 
0.28' 
1.10 
1.20 
0.35' 
0.35' 
0.60' 
0.70' 
0.50' 
0.55' 
0.48' 

Biba' 
E24 8ie 

10ohm-10meg 
Yvsn 1.5 
h well 2.0p 

ca4aeciaere 
C280 Seeies 

01 4p 22 Sp 

015 4p 22 Sp 

022 4p 47 10p 

033 4p 68 14p 
047 4p1 0 17p 

068 5p 1 5 25p 
1 5p 2 2 299 
15 Sp 

CMOS- 
PLASTIC 

40006E 0.20 
40018E 0.20 
40028E 0.20 
4006BE 1.06 
40078E 0.20 
40088E 0.93 
40098E 0.52 
40108E 0.52 
4011BE 0.20 
40128E 0.20 
40138E 0.50 
40148E 
40158E 
40168E 
40178E 
40188E 
40198E 
40208E 
40216E 
40228E 
40238E 
40248E 
40258E 
40268E 
40278E 
40288E 
40298E 
40308E 
40418E 
40428E 
40348E 
40448E 
40468E 
40498E 
40508E 
40698E 
40708E 
40718E 
40728E 
40818E 
40828E 
45108E 
45118E 
45168E 
45188E 
45208E 

1.00 
0.95 
0.64 
1.00 
1.10 
0.50 
1.12 
1.03 
0.95 
0.20 
0.86 
0.20 
1.65 
0.82 
0.91 
1.10 
0.55 
0.80 
0.63 
1.00 
0.94 
1.32 
0.54 
0.54 
0.30 
0.50 
0.25 
0.25 
0.20 
0.28 
1.42 
1.50 
1.35 
1.25 
1.20 

Ales enrel4ble 

Polendonsebn 
end electrolytic' 

TTL 7400 SERIES 

7400 
7401 
7402 
7403 
7404 
7405 
7408 
7409 
7410 
7412 
7413 
7414 
7417 
7420 
7425 
7427 
7430 
7432 
7437 
7441AN 
7442 
7445 
7447AN 
7448 
7470 
7472 
7473 
7474 
7475 
7476 

OAS 
0.18 
0.15 
0.18 
0.18 
0.18 
0.15 
0./8 
0.18 
0.26 
0.40 
0.72 
043 
0.16 
0.30 
0.30 
0.16 
0.28 
0.30 
0.75 
0.65 
0.90 
0.61 
0.81 
0.32 
0.26 
030 
0.32 
0.47 
0.36 

7480 
7482 
7486 
7489 
749045 
7491AN 
7492 
7493 
7494 
7495 
7496 
74100 
74107 
74121 
74122 
74123 
74141 
74145 
74154 
74164 
74165 
74174 
74175 
74180 
74181 
74191 
74192 
74193 
74194 
74196 

0.55 
0.75 
0.32 
2.02 
0.49 
0.86 
0.67 
0.45 
OAS 
0.67 
0.52 
1.07 
0.35 
0.34 
0.47 
O.ss 
0.711 

048 
1.30 
0.53 
0.53 
1.40 
014 
1.09 
2.70 
1,33 
1.20 
1.35 
1.20 
1.64 

THYRISTORS 
PIE IA 35 

11051 ISIU4I 

200 0.35 0.50 
400 0.40 0.60 
600 0.65 0.85 

61106 01107 
E1.00 E1.60 

A 44 64 88 10A ISA 

IC 1061 1102201 1102201 1102201 1102201 10481 
0.45 0.40 0.58 0.60 0.68 1.14 
0.50 045 0.88 0.68 0.98 1.40 
0.70 1.09 1.19 1.26 1.80 

B1106 81109 61116 2113525 

(1.60 0.00 E1.00 E0.50 

TRIACS - Plastic TO -220 Package Isolated 
Tab 

WM 
no 
400v 

600V 

4A 65A 8.59 IoA I5A 

lal 161 111 IN Ial IN 01 91 91 PI 
0.60 0.60 0.70 0.70 0.78 0.78 0.83 0.83 1.01 1.01 

0.64 0.64 0.75 0.75 037 097 097 101 1.17 1.17 

0.77 0.79 0.50 0.53 0.97 1.01 1.13 1.19 1.70 1.74 
096 0.99 1.01 1.10 1.21 1.26 142 1.50 2.11 2.17 

N.B. Column lal without mternal Iner l6I wiln iMernal trigger 

LINEAR I.C.s 
301A 
307 
380 
381 
3900 
709 
741 
748 
NE555 
NE565 
NE566 
NE567 
CA3045 

0.40' 
0.88' 
040' 
1.80' 
0.70' 

0.27 
0.28 
0.35 
0.45 
2.00' 

1401 
2.00' 
0.55' 

CA3046 0.50' 
CA3130 0.75 
MC1304P1.90' 
MC1307P0.85' 
MC1310P1.18' 
MC1351P0.76' 

MC1352P0.76' 
MC1353P0.75 
MC1458P0.77 
MC1496L0.82' 
545560 2.25 
SAS570 2.25 
TAA300 1.61 
7443104 1.38 
744550 0.46' 
744611/312 

744861 0.65 
784530 11.66' 
TBA530Q 1.90' 
T8A560 2.80' 
TBA570 O.SB 
TCA270S0 

146' 

SPECIAL OFFER SECTION * * * 
SG309K E0.95 T17209 Red Led OCP 71 E1.15 
NPN TO -3 POWER 0.10 RECTIFIERS 00.4 
TRANSISTORS ITT BRANDED PACKAGE 
Fully tested but TRANSISTORS 10A 50V 0.80. 

unmarked Sunder Medium Volage Pleaasespec,fy 
to 253055 except High Gain Type 10A 100V 0.50. 

BVCED = 50+ BSY65 Polarity 
HFE gawp = 20+ Sunda, to 10A 200V 1.00 
at 3A VCE ßC107,8/9 Stud Cathode or 
SAT<I 3V at 3A 25 pcs E1.20 104 400V 1.20. 

5 pcs £1.00 100 pcs E3.50 Stud Anode 
25 pcs £4.00 TO -3 HARDWARE Ideal for Power 
50 pcs E7.50 Mica. Washers, Supplies. Inverters. 
100 per £13.00 Solder tag, Nuls. etc 

BOW * * * 50 sees for 650 * * * 

MEMORES 

21024 -6 3.50 
2112A -4 4.76 
6508 7.95 
2102 2.60 

2107 10.00 

2112 
2513 

2602 

4.60 

S.10 

2.60 

DIODES 
ßY206 0.15 8Z %61 Series 
87207 0.20' 0.26 
137%36- 8ZX83 Senas 

300 0.12 0.11 
600 0.15 BZY88 Serles 
900 0.15 0.11 

1200 0.21 045 0.50' 
87X38- O410 0.40 

300 0.50 0485 0.12 
600 0.55 0A90 0.0$ 
900 0.50 0A91 0.08 

1200 0.66 0A200 0.09 

N914 
54001 
N4002 
N4003 
N4004 
N4005 
N4006 
54007 
N4148 

0.04' 
0.04' 
0.05' 

0.08' 
o.07' 
0.08' 

0.09' 
0.10' 

0.04' 

i =I= 
I!FIIUIJ!!i 
EIECTRf11C5ir 

58.60 GROVE RD 
WINDSOR,BERKS. 
SL4 1HS. 
TEL. 54525 

ADD 8 ̂c VAT TO PRICES MARKED * 

.ADD 124 TO ALL OTHER PRICES, 
OR AS CURRENT VAT LEGISLATION 
SEND C.W',O.I I- :XC1iPT GOV'T IIIiPT) 

POST & PACKING 20P FOR THE U.K. 
BARCLAYCARD & ACCESS BY POST. 
OR C5 MIN ON TELEPHONE ORDERS, 
NEW CATALOGUE LIST FREE S.A.E. 
IONEY BACK IF NOT SATISFIED, 

NORMALLY 2.1 (HOURS 

ON EX STOCK ITEMS 

SEVEN SEGMINT LED DISPLAYS 
BRIGHT ÚL707 CO11 ANODE & 
DL704 ('OM ÇATI1. 0.3- Cl* 
ÚL747 0, ú"0I'11130 ('.A 01.2* 

DIGITAL ('LO('K I(' 51: - 

wE';n'; STRnIII Trlu; 

ßE0 FEOS IMP. 
LIEN :209 STYLI 0.19. 

., ,...' DIA, NO (TIP 10n' 

[1.209 RID !ED & CLIP 12p* 
. 0.2" RI I, 1111, & " 14p* 

EN OR Op.A1.:. I,I:1)S 29p* 
'.I'12 ,7 'OCP71 341* 

TRAMPJS 
THE GREAT 
BRITISH 
DISTRIBUTOR 

INDUSTRIAL, E91 Á71OAAL,TRADI 
EXPORT SAPPI, 1:0, SENTI FOR 

OCR FREE CATALOGNE: I.0S'I SAI: 

MANUFACTURERS EXCESS STOCK 
PI1R('HA SETI. U I SI I L'NTS 10 °c OFF 
100 top. 157 OFF 1000 up.... 

Ala 

TOP DISCOUNTS. 
INTEGRATED CIRCUITS 

55 TIMER 34p* 
556 2 x 555 90p* 
703 RF/IF AMP 29p 
709 T099 or DIL26p* 
710 1)I1.14 35p* 
723 Regulator 14p* 
711 DI. Spin 21p* 
711 DIL 1lpin 31p* 
711 T099 33p* 
747 DUAL 741 09p* 
718 DIL 8 pin :32p*. 

7805 5VIA,regt1,:35* 
7812 & 7815eaC1.40* 
7601:3 úW ,AF £1.50 
AY51224 CLOCK 04 * 

CA3046 54p* 
ICLR038 S1gen C4 * 

LM300ß Cl * 

LA1301.A Dil 8 33p* 
LM309K 5V reg 12 * 

LM30911 'fOSi can 01* 
LM31R 70VusOPA 53* 

cilios 
4000 11p* 
4001 15pe 
1002 l6p. 
4007 lop* 
1009 50p" 
1011 lop* 
1012 17p* 
4049 50p* 
1069 20p* 
1501 26p* 
451101.05* 
4528 Cl* 
1543 02e 

4553 05* 

L51380(r074,) El 

LM381 Preamp C2 
L113900 4xOPA 5:Sp* 
11C1303 2xPre 02 
MC1310 stereoC2 
\1C'1312P SQ 01,70 
VIC1330 75p 
VC1339 PreampC2 
1IFC40003 ;IV 72p 
11FC6030 CI 

NE536 FETOPA C2* 
NE540 or 550 C2* 
NE555 TIMIiR 34p* 
1E:556 2x555 90p* 
NE:560/1/2/5/0/703 
5N72711 as 741 
5170660 IF 71p 
SN76011 IF Cl 

TI3A800 5W AF 84 p 
'II3A810 71V AF 94p 
7,N119 Radio 01,19 
NEW 1466/69 C4 

TEL 
7400 12p* 
7401 13p* 
7102 lip* 
7401 l9p* 
7408/10 I8pe 
7413 29p* 
7440 16p* 
7411 71p* 
7442 72p* 
7117 79p* 
7470/72 27p* 
7 -173/74 31p* 
7.175/30 35p. 
7480 :35p* 

A 

7490 39p* 
7491 75p* 
7492/93 45p* 
7495/91 72p* 
74100 01.25* 
79107 
79121 
7412:3 
71141 
74145 
71117 
74151 
74154 
74196 

:32p* 

29p* 
09p* 
7.1p* 

85p* 
02,50* 

75p* 
01,90* 
C1..50* 

DIL SOCKETS PIROFESSIONAI.. QUALITY 
8pSn,14pin & 16pin ALL 12piea * 

SOLDERCONS 100 49p. 1000 03.95* 

NEW LOW PRICES. Full spec devices 
TRANSISTORS AND DIODES 

IDA L C INS BUSH SET Sp ea 
MATCHI:,G . ̂ .Op Pr 
AC127/8 176 15p* 
A3101 /1532 ea:30p* 
ßC107 Sp* 
BC107B 13p. 
BC1o8 8p* 
011080 or C 13p* 
ßC109 9p* 
BC109B or C 12p. 
ßC147/8/9 8p 
ßC157 /8/9 llp 
ßC1107/8/9 12p 
ßC177/8/9 lop 
ßC182 /3/47,`:10p 
BC212/3/411112p 
13CY70/1/2 15p* 
ID131/132ea 30p* 
13FY50/51 15p* 
BFY52/ 53 16ps 
BSX 19/20/2178p" 
I3ZY88 ZENE:R 1Op 
C106D SCR 54p* 
MJ2955 1103 99p* 
IJE2055 99p" 
!1JE3055 65p* 
0481/91 5p 
TIP29 & 30 10p" 

TIP31/32 50p* 
TIP31c32c68p* 

TIP41/42ea 66p* 
TIP41c42c"01,50 
TIP2955 69p* 
TIP3055 65p* 
TIS43 UJT 26p 
11914/4148 4p 
11.1001/2 4p* 
114001 5p* 
114007 7p* 
25706/8 14p* 
212646 UJT 40p* 
252904/5pnp29p* 
212926 ory 7p* 
21:305:3 17p* 
213055 90W 33p* 
21:3055 115w95p* 
213614 T03 Cl* 
2N3702/:3/4 lOp 
213705/6/7 9p 
213708/9 9p 
253710/11 15p 
213819 &23e17p 
213820 PFET40p 
213904/5/0 15p 
215457 FET 32p 
BRIDGE:1A50 20p* 

BARGAIN PAKS FULL SPEC 
PAK .A: 11 RED LI.DS full spec Cl. 
PAN 15:5 711(' 8 PIN OP AMP Cl. 
PAK C:4 213055 0l* D 12 13C109 Cl* 
PAK E: 11 8('182 CI F 11 213704 Cl 
PAK G: 7 ISFY51 01* II 8 213819 Cl 
PAK J: 6 253053 C1* K 40811914 Cl 
PAK 11: :3 T090 3055 C1 *N 25 OA91L1 
PAK P: 20 PLASTIC ßC109 TYPEnpnE1 

10 -36IPF TUNER,SINGLE GANG FOR 
MET) /SHORT NAVE, XTAI. SET. etc Cl* 
SET3 /IF CANS 155/470KHZ TOKO C* 

PIT: ITCH KIT :3 ITEMS C:." 

ETCH RESIST PEN 2TIPS 75p" 
FEC ETCH PAK TUB 600gm Cl. 
6x-1 SHOP 45p *NYLON F /001" 

SCR AND TRIACS BR100 25p' 
TAG 1A400V 501 *1A000V 09p* 
1A50V 371 *.C100D 44400 60p' 
TRIACS:SC146D 10A400V Cl* 
DISCO TRIAC 15A-100V 02* 

AUDIl31.E: WARNING (BLEEPER 
12V33mA 01.20010 off Cl* 

CAPACITORS 22pf - .ol 5p 
ELECTROLYTIC IN 10 & 25V 
1/2/1(150/100 7p 50V lop 
200 /500 I Op, 1000/25 20p 

POTENTIOMETERS AB etc20p 
PRESETS Op ;:]RESISTORS 2p 
REATSINKS TOI or 18 7p 
TOS llp,T03 4-finned 50p 
DIN:PLUGS all 15p,Sock lop 
SWITCHES SPST 20p Ilpdt 29p 

GAS DETECTOR TGS 308etcC4* 

vere 
VERO 0,1" PITCH COPPE:RCLAD 

3,..x5., 45p* 

2i- x33 "36p* 3; "x31- 40p* 
3x17-1 02 FACE CUTTER 65p* 
DIL IBRI- ADI3OARD 2 -81- Cl or 
6"x4" E2.VERO PINS 36 :30p* 

BLACK PLASTIC CASES 42rr1mx 
80x60 50p *100x75 60p*99x 
120 70p,DESOLDER BRAID 50p 
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Ba' ut t,''- E: 
ORCHARD WORKS, CHURCH LANE, WALLINGTON, SURREY SM61NF 

MAIL ORDER DIVISION OF SEMICONDUCTOR SUPPLIES CROYDON/ LTD. 

For Semiconductors Capacitors Resistors I/C Sockets L.E.D's and 
y.C125 20 BC1UBB 12 }BC173 i 

15 BP257 30 teu133 t 95 TIP31A 
AC126 20 BC108C 13 TgC173A 16 Hi-Fi Accessories BF258 40 }BU2D5 200 TIP310 
5C127 20 BC109 13 18C1738 16 

18C212L 15 TBC307A 16 BCY58 22 BF259 42 iBU206 2.30 TIP31C 
AC127K 30 801098 13 18C1730 .16 

18C212LA 13 }B03078 16 BCY70 17 8F271 40 18U208 245 71P32 
AC128 18 BC109C 14 18C174 16 10C212LB 13 1BC3070 16 80Y71 18 18F273 30 BY126 16 TIP32A 
AC128K 26 }BC113 12 BC177 17 tBC213 12 18C308 12 8CV72 14 TBF274 34 8V127 16 TIP32B 

AC141 20 180115 15 8C1778 18 1052134 12 1803084 14 80175 60 BF336 32 
BV164 40 TIP33C 

40141K 30 180116 15 BC178 17 TBC213B 12 T563D8B 14 BD121 90 BF337 33 

AC142 20 1B6116A 15 BC178A 18 T8C213C 14 1803080 15 80123 90 8F338 34 BVX10 14 TIP03A 

AC142K 25 TBC117 18 BC1788 18 i8C213L 14 1BC309 14 80124 86 íBFR39 26 MJE2955 140 71P338 

AC151 24 18C11B 10 BC178C 18 
186213LA 14 1603094 16 80131 42 

tBFR41 32 OA53055 
90 

TIP34C 

AC15IK .34 BC119 28 5C179 18 180213L8 14 1863098 16 80132 42 tBFR41 

27 TBC125 16 BC1798 19 180213L6 15 1563096 18 BD133 65 iBFR79 

ii 

OA10 62 TIP34A 

AC153K 37 18C126 20 BC179C 19 
1BC214 15 teG317 11 18D135 37 1BFRBD OA47 '0 

TIP34C 

AC176 22 TBC128 25 18C182 11 16C214B 14 iBC317A 12 feD136 39 TBFR81 
OA70 3p 

7IP35 

AC176K .18 18C132 .14 18C182A 12 tB62146 20 18C3178 12 18D13) .44 
B10 

OA79 30 71P35A 

AC187 22 1BC134 14 1BC7828 12 1B6214L 18 i8C318 10 }BD138 47 BFW11 
OA81 .30 TIP358 

4C187K 27 156135 14 tBC182L .11 
156214LA 15 180318A 11 1BD1:9 54 BFX12 24 

AC188 20 iBC136 16 186182LA 11 f862/4L5 .16 
1BC318C 12 

16D140 58 
BFX19 

Q 
55 0490 08 TIP360 

AC188K 27 180137 16 
18C183LB 10 TBC237LC 15 iBC319 11 18D155 

25 
BF%29 26 0491 08 7IP36A 

AD149 70 gC138 28 1B 18D165 43 BFX30 25 OA95 08 iIP368 

AD161 92 BC139 35 f 01834 .10 180237A 16 
16 iBC319C 12 80232 1 00' BF%38 a 25 OA200 09 71P36C 

AD162 8C140 .30 1B01838 .10 f f TIP41 

AF114 24 BC141 32 iBC183KC 10 18C235 14 18C320 13 180X32 
22 BF%40 28 OC202 2 20 TIP41A 

AF115 24 BC142 .22 18C183L .10 1802384 .15 T86320A 14 BDV20 p.. 

AF116 24 BC143 28 1BC1eaLA 10 7862388 15 TBC320B 14 BF1t5 22 BFX48 3g OC25 98 71P41B 

AF117 24 iBC147 .10 i8C183LB 10 TB623B6 15 180321 
BC321A 

13 18F152 20 
BFX84 + 22 OC29 1 10 TIP42C 

0035 

1 10 

AF118 70 tBC147A 11 15C1831C .10 TBC139 .12 1 18F153 24 96 TIP424 

AF124 30 1BC1478 11 180184 11 TBC239B 13 f563218 14 18F154 20 BFX85 O 28 
OC36 96 71P428 

AF125 30 1BC148 08 18C1848 .12 TBC239C 13 1BC321C 15 8F156 25 O 
AF126 28 1BC148A .09 7BC184C .13 TBC257 20 tBC322 14 BF157 26 BFX86 21 OC41 80 71P42C 

AF127 28 18C148B 09 }BC184L 11 tB62$B 20 1863225 15 1BF158 20 BFX87 N 24 OC42 90 71P2955 

AF139 34 iBC148C 09 TBC764LB 12 1BC259 20 1603220 15 18F159 26 BF%88 W 22 0043 230 7153054 

Af178 1.20 1B6149 10 18C184LC 13 80261 17 1e0327 20 fBF160 20 BFV50 26 
0C45 60 UC7345 28 

AF179 L20 1801498 12 80186 25 02618 18 90337 18 18 BF167 21 BFY52 
lJJ 

58 OC71 56 1Z1X107 B02614 18 

AF180 1.20 iBC149C 12 BC187 26 
802610 18 18C338 16 BF173 20 BFY53 O 20 OC72 60 íZTx108 

AF181 1.20 18C153 18 iBC204 15 
BC262 17 BC461 35 BF177 24 BFY56 CL 28 OC73 1 00 iZTX109 

AF186 1.20 180154 18 tBC204A -16 602824 17 }BC547 14 8F178 .24 BFV64 Q 27 OC74 62 1ZTX300 

AF239 37 180157 .11 
BC2048 16 

8C262B 17 iBC$47A 15 BF179 25 BFV72 27 OC75 67 f71X301 

9S126 40 1BC1$7A 12 18C205 14 
802620 17 1805478 15 BF180 30 Z OC77 1 20. 

12TX3D2 

ASY27 45 1861578 12 1BC205A 15 
ggC2fifi 17 TBC548 12 8F181 30 BFY75 17 fZTx303 

ASY28 40 160158 10 íBC2058 15 BC266A 18 }B654BA, 13 BF182 34 BFY76 c 17 
0081 70 1ZTx304 

qg129 45 1801584 11 
t50205 15 B02665 18 1805485 13 BF183 34 8SW66 G 65 0082 67 1ZTx3/0 

ASY67 140 1101588 11 iBC206A' .15 5C267 17 180549 14 BF184 25 8SW67 70 
0084 74 

f1TX311 

ASZ21 200 180159 .11 TBC2066 15 8C267A 17 tBC5498 15 BF185 28 BSW68 85 711x312 

}BA145 15 18C1598 13 18C207 10 802678 17 18C557 .1118F194 10 BSX19 23 
OC170 62 1Z7%313 

1gA148 _ 
15 iBC159C 13 iBC207A 11 BC268 17 TB65$B 12 teF195 .10 BS%20 23 OCP70 1 68 1ZT%314 

óA155 12 TBC168 12 TBC2088 10 
BC268A 17 7BC559 1218F196 12 BSX2L 26 

OCP71 1 75 tZ7%3210 '138154 10 180167 13 

0C171 

BC268B 17 BOY30 90 }BF197 12 85x27 27 7 

8'156 13 18C169 14 í8C2084 11 BC2680 17 80131 98 8F200 38 85929 23 
ORP12 80 fZTX33p 

BÁX12 11 i6C170 11 t8C208B .11 6C269 17 BCY32 1 20í5F244 32 BSX66 23 1tIP29 42 íZT%331 

847(13 07 180171 14 i8C208C 11 BC287 28 BCY33 8018F244A 37 BSX67 30 J1IP29A 47 1ZTX337 
BC209 12 BC300 27 BCY34 90 BF244B. 37 BSV95 24 

JT1P298 53 1ZTX338 
BA%16 07 1561714 14 

18C209B 13 BC301 26 BCV38 100 18F244C 37 BSV95A 24 T7IP29C 57 iZTX341 
BC107 12 1801718 75 f 1 71P30 50 ZTX342 
e01074 12 150172 14 160209C 13 6C302 26 80139 3 40 18F245 42 iBU105 2 00 f T 

SC1078 15 7801725 15 180212 13 BC303 .30 BCY40 1 25 18F245A 40 7511105-02 iTIP30A Sfi fZTX500 

BC108 11 1801728 J5 1802125 .13 BC304 27 60542 28 15F2458 40 ¿25 iTIP308 63 1ZTX501 

BC108A 11 1BC172C 15 
18C2128 13 TBC307 15 8CV43 25 TBF245C iBU1p8 2 50 171P3oC 78 1ZTX502 

Items marked thus 1 carry higher rate of V A T otherwise B n Please sencf SAE for new issue 3 catalogua T1P31 51 1ZTX503 

57 

64 
79 
.60 
67 
76 
94 
84 
94 

1.05 
1 31 

1 00 
1.13 
1.26 
1 59 
237 
2 61 

280 
320 
302 
331 
3 63 
4 10 
.60 
67 
75 
94 
72 

80 
90 

1 10 

97 
50 
48 
60 
14 
12 

14 
15 
16 
18 

20 
23 
14 
15 
17 
19 
24 
19 

18 

21 

22 
17 

15 

20 
22 
17 
18 
20 
21 
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fZTX504 25 251671 1 50 1253638A 16 1254304 44 

171X510 16 251671A 160 12N3641 17 f254410 50 

1ZTX530 23 2N16718 1 80 1253642 17 2N4416 70 

1ZTX531 23 251711 30 1253643 17 1254416E 40 
121X537 20 251889 34 7253644 18 1254871 50 
1ZTX538 18 251890 34 12N3645 18 1255126 18 

tZTX541 20 251893 28 1253646 17 1255127 19 

'121X542 25 251990 58 1253691 16 1255128 16 
1ZT%550 20 252102 50 1253692 15 12N5129 17 
fZTX551 21 2N2160 90 1253693 .17 1255131 17 
N914 06 252192 40 1253694 17 1255132 17 

N916 07 2521924 44 1253702 11 1255133 n 
N4001 07 2N 2193 35 1253703 .14 1255135 18 
N4002 07 2521934 40 1253704 14 1255136 18 
N4003 07 252194 35 J2N3705 14 f2N5137 18 
54004 08 2521944 40 1253706 14 f255139 17 
N4005 09 252218 30 1253707 14 1255142 16 
N4006 10 2522184 33 1253708 11 1255143 16 
54007 11 252219 30 1253709 34 
N4009 06 3522194 33 1253710 15 1255172' 16 
N4148 06 2N2220 20 1253711 11 255294 50 
N4149 08 252221 20 253771 2 00 255296 50 
N5400 13 252221A 21 253772 2 10 255298 50 
N5401 14 252222 20 253773 3.10 1255401 52 
55402 16 2N222Á 21 253789 3.00 1255457 40 
55403 18 252368 20 253790 3.30 1255458 40 
N 5404 20 252369 25 2N3791 3.10 í2N5459 42 
N5405 .24 25236 A 26 2N3792 3.80 255490 65 
N 5406 28 25264 50 1253793 36 255492 68 
55407 35 2N2647 85 1253794 34 255494 65 
N5408 40 2N2904 30 1253819 38 2N5496 60 
S44 06. 2529044 33 1253819E 32 1256027 61 
S920 
5921 . 

07 
08 

252905 25 
2M2905Á 28 

1253820 
253821 

48 
73 

1256028 74 
35141 90 

S922 09 252906 25 253822 64 40361 50 
5923 10 252906Á 27 253823 58 40362 50 
25404 1 10 2N2907 23 1253823E 26 40363 1 14 
25456 80 252907A 26 253824 52 40411 2 60 
25456A 90 í2N2923 22 253866 95 CMOs 
2N457 1 20 1252924 23 1253903 13 4000 20 
2N457A 1 30 5252925 24 1253904 14 4001 20 
25458 1 30 t2N2926Brn 11 12143905 14 4002 20 
254584 1 40 1252926 Red 12 1253906 14 4006 1 90 
25525 1 10 1252926 Org 254030 46 4007 20 
2N696 30 13 254031 46 4008 108 
25697 30 1252926 Tel 14 254032 48 4009 80 
25706 20 1252926 Grn 254033 40 4010 80 
25706A 22 15 254036 40 4011 20 
25708 22 253053 30 254037 34 4012 20 
25711 
257114 

75 
77 

253054 60 
253055 80 

1254058 
1254059 

16 4013 56' 
1 

'100 25718 22 253440 55 1254060 12 4015 

257189, 27 253441 96 1254061 12 4016 56 

25743 
2N744 

20 
20 

253442 1 35 
2N3525 90 

1254062 
1254124 

14 

20 8 0 
25753 
25910 

22 
72 

1253563 16 

1253564 17 
1254125 
1254126 

20 
20 

0 
00 .08 

:44:02792 :.:00 
25914 24 1253565 14 1254248 01 0 
25916 
25918 

28 
33 

1253566 17 

1253567 17 
1254249 
1254250 

20 
22 4023 20 

25929 22 1253568 17 1254256 34 4024 80 

25930 
251131 

22 
30 

1253569 17 
253576 20 

1254286 
f254297 

24 
27 

20 
4025 1 90 

251132 30 253611 30 í2N4288 ¿5 4027 60 

251302 36 253612 40 í2N4289 27 4028 90 
251303 36 2N3613 50 1254290 24 4029 1 30 

2N1304 50 253614 60 12ryg291 ¿7 4030 65 

251305 45 253615 70 í2N4292 28 4031 240 
251306 54 253616 80 }254293 32 4032 100 
2N1307 54 253617 90 1254302 44 4033 160 
251308 60 253618 2 20 1254303 44 4034 500 
251309 
251613 

50 
30 

2N3632 560 
1253638 15 ALL PRICES EXCLUDE VAT 

Signal chokes 
Miniature low -cost precision inductors 
for radio, TV, calculators, filters etc. 

7BA __ 8RB 

( 

7BA: luH to 1mH 8RB: 0.1mH to 33mH 

I ORB I ORA 

/ORB: 1mH to 120mH 10RA: 1mH to 80mH 
TO KO (UK) Ltd. Ward Royal Pde., Alma Rd., 
Windsor,Berkshire . (07535- 54057) 
Ambit International, 37a High St., Brentwood, 
Essex. (0277- 227050) for ex -stock values. 

WW --076 FOR FURTHER DETAILS 

DETECKNOWLEDGEY 
DETECKNOWLEDGEY? 
Not a spelling mistake, but a new publication from AMBIT that sets out to 
explain some of the basic theory that surrounds metal location techniques. 
It is an explanation, that builds up from first principles, why iron sometimes 
reacts like a non -ferrous metal, what determines detector range, what the 
shortcomings are, how to avoid them. In fact, it explains about BFO, IB, 
VCO and Pulse Induction techniques, as a result of research carried out to 
produce our range of locators, and why we chose the methods we used. As 
a general purpose reference work for designers, constructors, users etc., we 
think you will find it unique. £1.00 inc. postage. 

Bionic Ferret Metal Locators 
As a result of our investigations, we offer you three metal locators now: The VCO 4000, 
the IB phase angle meter, and the 'Pulsedec' pulse induction metal locator. It is impossible 
to catalogue the relative virtues of each type here, so please send an SAE for details. 

Components for 
Linear ICs 
CA3089E KB4402 
MC1310/KB4400 
TBA120/SN76660 
uA753 
HA1137W 
CA3090A0 
HA1196 
uA720/CA3123E 
HA1197 
TBA651 
LM380N 
LM381 N 

LM3900 
TDA2020 
TCA940 
TBA810AS 
MC1312 
7805UC 

Wireless: ICs, Coils, 

1.94 
2.20 
0.75 
1.80 
2.20 
3.75 
4.2 
1.40 
1.40 
1.81 
1.00 
1.81 
0.75 
2.99 
1.80 
1.09 
1.50 
1.55 

78M12 /TDA1412 1.20 
78M20 1.20 
78M24 1.20 
uA723CN 0.80 
TAA550B 0.50 

ICL8038CC 
NE5§5V 
NE565/6/7 
NE560B 

Ceramic & Mechanical Filters, trimmers etc 
Tuner modules /TOKO arts 

4.50 EF5800 6 cct varicap head 14.00 
0.70 EF5600 5 cct varicap head 12.95 
2.50 EC3302 3 cct varicap head 7.50 
3.50 7030 linear phase FM if system 10.95 

91196 high spec mpx decoder 12.99 
other types in catalogue 
91197 varicap MW /LW tuner 11.35 
7701 Mkt double conversion TV 
UHF off air sound tuner board 27.00 
Larsholt Signalmaster Mk 8 complete 
FM tuner for all levels of experience 
in electronics (kit) 85.00 
Larsholt Audiomaster 25 +25W superb 
audio amplifier kit 79.00 
Ambit Int. Mk 2 series: all the pieces, 
case / chassis /hardware /panel /PSU /presets 
etc. for you to present your FM tuner 
in a stylish unit. 33.00 
NEW NEW NEW NEW NEW NEW 

Discrete denies 

40673/MEM616 0.57 
EM680.! .. 0.75 

MEM614 0.38 
BF256L /S 0.34 
MVAM115 varicap 0.95 
MVAM125 0.90 
MVAM2 1.35 
BB104 0.45 
88105 0.32 
BA102/BA121 0.30 
ZTX/BC107/8/9 0.14 
ZTX /BC212/4 0.17 
BC413 0.18 
ZTX451/551 0.18 
BD609 0.70 
BD610 1.20 
more in price list 

Stiron soldering irons, made in UK to 
meet all known safety specs, thermally 
regulated with stand, also pro tools for 
PCB construction: SAE for leaflet pse 

PLEASE NOTE: Vat is extra, at 12.5% except where marked ' (8 %). PP 22p per order. 
An A5 size SAE for free current price lists, or 40p for the complete catalogue. Write to:- 

37a High Street, Brentwood, Essex. CM14 4RH. (tel. 0277 -216029) 

ombit international 
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TTLs by 
7400 16p 
74H00 28p 
74S00 63p 
74LSOO 30p 
7401 18p 
7402 18p 
7403 18p 
7404 23p 
74H04 36p 
7405 25p 
7406 43p 
7407 43p 
7408 25p 
7409 27p 
7410 18p 
74H10 28p 
7411 24p 
7412 25p 
7413 36p 
7414 75p 
7416 33p 
7417 36p 
7420 18p 
7421 40p 
7422 22p 
7423 37p 
7425 30p 
7427 37p 
7428 36p 
7430 18p 
7432 36p 
7437 36p 
7438 38p 
7440 19p 
7441 75p 
7442 70p 
7443 140p 
7444 140p 
7445 120p 
7446 100p 
7447 85p 
7448 80p 
7450 18p 
7451 20p 
7453 20p 
7454 18p 
7460 18p 
7470 36p 
7472 30p 
7473 34p 
7474 34p 
7475 45p 
7476 36p 
7480 50p 
7481 95p 
7482 90p 
7483 90p 
7484 110p 
7485 120p 
7486 34p 
7489 320p 
7490 40p 
7491 85p 
7492 55p 
7493 40p 
7494 90p 
7495 70p 
7496 84p 
7497 340p 
74100 120p 
74104 85p 
74105 65p 
74107 36p 

TEXAS 
74109 89p 
/4110 55p 
74111 90p 
74112 96p 
74116 200p 
74118 84p 
74120 120p 
74121 32p 
74122 54p 
74123 76p 
74125 73p 
74126 70p 
74128 75p 
74132 70p 
74136 75p 
74141 75p 
74142 320p 
74145 90p 
74147 190p 
74148 160p 
74150 140p 
74151 72p 
74153 85p 
74154 150p 
74155 90p 
74156 90p 
74157 90p 
74158 140p 
74159 190p 
74160 120p 
74161 120p 
74162 120p 
74163 120p 
74164 120p 
74165 220p 
74166 160p 
74167 340p 
74170 250p 

'74172 720p 
74173 160p 
74174 120p 
74175 85p. 
74176 120p 
74177 100p 
74179 160p 
74180 1 /0p 
74181 298p 
74182 82p 
74185 150p 
74186 920p 
74190 160p 
74191 160p 
74192 120p 
74193 160p 
74194 120p 
74195 95p 
74196 120p 
74197 120p 
74198 250p 
74199 250p ' 

74221 160p 
74251 140p 
74265 90p 
74278 290p 
74279 140p 
74283 190p 
74290 150p 
74293 150p 
74298 200p 
74365 150p 
74366 150p 
74390 200p 
74393 225p, 

C -MOS I.Cs 
CD4000AE 20p 
CD4001AE 20p 
CD4002AE 20p 
CD4006AE 95p 
CD4007AE 20p 
CD4009AE 61p 
CD4011AE 20p 
CD4012AE- 20p 
CD4013AE 55p 
CD4015AE 90p 
CD4016AE 50p 
CD4017AE 100p 
CD4018AE 110p 
CD4019AE 52p 
CD4020AE 120p 
CD4022AE 100p 
CD4023AE 22p 
CD4024AE Bop 
CD4025AE 22p 
CD4026AE 170p 
CD4027AE 65p 
CD4028AE 98p 
CD4029AE 120p 
CD4030AE 55p 
CD4040AE 120p 
CD4042AE 90p 
CD4043AE 100p 
CD4046AE 140p 
C04047AE 100p 
CD4049AE 63p 
CD4050AE 57p 
CD4054AE 120p 
CD4055AE 140p 
CD4056AE 135p 
CD4060AE 130p 
CD4069AE 27p 
CD4071AE 27p 
CD4072AE 27p 
CD4073AE 30p 
CD4081AE 21p 
CD4082AE 27p 
CD4093AE 95p 
CD4510AE 130p 
C04511AE 160p 
CD4516AE 112p 
CD4518AE 130p 
CD4528AE 120p 
MC14553 525p 

TEXAS 75 SERIES 
75107 160p 
75450 120p 
75451 72p 
75452 72p 
75453 72p 
75454 72p 

TEXAS DTLs 
930 36p 
936 40p 
946 40p 
955 bop 
962 36p 
963 

MEMORIES p 
1 702 EPROM 1100p 
2102 RAM 250p 
2104 RAM 1000p 
2107 RAM 1000p 
2112 RAM 450p 
2513 ROM 850p 
2602 RAM 250p 
X887 ROM 1600p 

OP. AMPS 
1458 Dual Op Amp. Int Comp 8 pin OIL 
301A Est Comp. 8 pm OIL 
3130 COSMOS/Bo -Polar MosFet 8 pm DIL 
CA3140 BIMOS 8 pm DIL 
3900 Quad Op. Amp 14 pm OIL 
5367 FET Op Amp TO -99 
709 Eat Comp. 8 '14 pm DIL 
741 Int Comp. 8:14 pin DIL 
747 Dual 741 14 pin OIL 
748 Eat Comp 8 /14 pin DIL 
776 Programable Op Amp 10.5 

70p 
36p 

i000p 0p 
70p 

275p 
30p 
22p 
70p 
36p 

140p 

LINEAR I.C.s 
*4Y-1-0212 
*CA3028A 
ICA3046 
*CA3048 
*CA3053 
CA3080E 

*CA3089E 
*CA3090 

ICLB038CC 
*LM380 
*LM381 
*LM389N 
*M252 
*MC1310P 
*MC1351P 

MC1495L 
*MC1496L 
*MC1596 
*MC3340P 
*MFC4000B 
*NE540L 

NE555 
NE556 
NE561 
NE562 
NE565 
NE566 
NE567 
2567 
5572710 

*SN72733 
*SN76003N 
*SN76008 
*S11 760135 
*5576018 
*5N76023N 
*S8760338 
*T446214 
*TAA661B 
*TBA641B 
*TBA651 
*TBA800 
*TBA810 
*TBAB20 
*TDA2020 

XR2240 
*ZN414 

Tone Generator 
Doff Cascade Amp. 
5 Transistor Array 
Quad Low Noise Amp 
Diff. Cascade Amp 
Op Transcond Amp 
FM IF System 
FM stereo Multi Dec 
VCO Fun Gen 
2W Audio Amp i 

Stereo Preamp 
Aud Amp +é Trs Array 
Rhythm Generator 
FM Stereo Dec 
Lim /Del Aud Preamp 
Multiplier 
Bal Mod /Demod 
Bal Mod. /Demond. 
Electronic Anenuator 
I /4W Audio Amp 
Audio Pwr driver 
Timer 
Dual 555 
PLL with AM Demod 
PLL with VCO 
PLL 
PLL Fun Gen. 
PLL Torre Dec 
Dual 567 
DOT Comparator 
Video Amp 
Pwr Aud Amp with int HS 
10W Amp in 4 ohms 
Pwr Aud Amp with mt HS 
IOW Amp in 8 ohms 
Pwr Aud Amp with mt HS 
Pwr Aud Amp with int HS 
Arid Amp for TV 
FM IF Amp -Limiter /Del 
Audio Amp 
Tuner & IF Amp 
5W Audio Amp. 
7W Audo Amp 
2W Audm Amp 
20W Audio Amp 
Prog Timer /Counter 
TRF Radio Receiver 

16 pin OIL 
705 
14 pin DIL 
16 pin DIL 
705 
8 pin DIL 
16 pin DIL 
16 pin DR_ 
14 pin DIL 
14 pin DIL 
14 pm DIL 
18 pin DIL 
16 pm OIL 
14 pin OIL 
14 pin DIL 
14 pin DIL 
14 pin DIL 
TO/ DIL 
8 pin DIL 
PCB 
7099 

8 pin DIL 
14 pm DIL 
16 pin DIL 
16 pin DIL 
14 pin OIL 

8 pin DIL 
8 pm DIL 

16 pin DIL 
14 pin OIL 
14 pin OIL 
16 pin DIL 
5 pit Masao 
16 pin DIL 
5 pit Plasec 
16 pm DIL 
16 pin OIL 
QIL 
OIL 
OIL 
16 pin OIL 
OIL 
OIL 
OIL 
OIL/ OIL 
16 pin DIL 
TO -18 

Basic data sheets on above at 20p each + S. A E 

800p 
95p 
8Op 

200p 
70p 
90p 

225p 
400p 
340p 

99p 
175p 
180p 
800p 
190p 

97p 
450p 
loop 
300p 
160p 

90p 
14Op 

40p 
10op 
425p 
425p 
20op 
200p 
200p 
37op 

SOp 
120p 
245p 
2S0p 
140p 
25Op 
140p 
230p 
225p 
120p 
250p 
200p 

90p 
100p 

SOP 
325p 
370p 
11op 

OPTO- ELECTRONICS 
Phototransistors L D Ro 
OCP70 90p ORP12 70p 
OCP71 120p ORP60 90p 
2N5777 45p ORP61 90p 

LEDS 0.2" Red 18p 
TIL209 Red 16p Green 20p 
711211 Green 36p Yellow 36p 
TIL32 Infrared 75p Tri -state Red / Green /. 

Off 160p 

SEVEN SEGMENT DISPLAYS 
3015F 0.3" 160p 
DL704 0.3" Red 140p 
D1707 0.3" Red 140p 
DL747 0 3" Red 225p 
Driven: 75491 84p 

Xenon: 
0.3" Green 
0.3" Green 
0 6" Green 
75492 

160p 
160p 
225p 
96p 

AC125 25p 
AC126 IOp 
AC127 20p 
AC128 18p 
AC141 20p 
AC142 20p 
AC176 20p 
AC187 20p 
AC187K 25p 
AC188 20p 
AC188K 25p 
AD149 49p 
AD161 38p 
40162 36p 
AF114 20p 
AF115 20p 
AF116 20p 
AF117 20p 
AF127 26p 
AF139 43p 
>F239 48p 
BC107 If 9p 
BC108 B 9p 
BC109:8 10p 
BC109C . 12p 

*BC117 22p 
*BC147 Sp 
*8C 148 
*8C149C lOp 
*BC157 11p 
*BC158 lOp 
*9C159 11p 
*8C169C 12p 
*8C172 1 1 p 

BC177 16p 
BC178 17p 
BCn9 lip 

49C182 12p' 
*BC183 12p 
*9C184 13p 

BC187 30p 
4BC212 1 1 p 
*9C213 lOp 
8C214 14p 
8C46 36p 
9C4 76. 30p 
BCY70 1Bp 
8CY71 22p 
B0124 130p 
B0131 43p 
BD132 43p 

*60135 48p 
*80136 50p 
*60139 52p 
*80140 58p 

80120 125p 
80156 200p 
BF-115 22p 
BF167 23p 
BF170 23p 
BF173 25p 
5E177 26p 
BFI 78 28p 
BF179 33p 
BF180 33p 
0E184 22p 

r8Ft94 10p 
*BF195 Sp 
*BF196 14p 
*9F197 15p 

BF200 32p 
BF257 32p 
8E258 36p 

*8F839 30p 
*BFR40 30p 
*BFR41 30p 
*BFR79 3Op 
*BFR80 3Op 
*BFR88 30p 
BFX30 34p 
BFX84 30p 
BFX85 30p 
BFX86 3op 
BF X87 30p 
BFX88 3op 
8E750 16p 

TRANSISTORS 
811 ' 150 

16p 
Bfr 9u 120p 
BRY39 45p 
BSX19 20p 
BSX20 20p 

*BU105 14Op 
811108 250p 

*MJE340 45p 
MJ2501 225p 
MJ2955 120p 
MJE2955 130p 
MJ3001 225p 
MJE3055 70p 

*MPSA06 30p 
*MPSA12 5Op 
*MPSA56 32p 
*MPSU06 82p 
*MPSU56 78p 

0C28 75p 
0C35 75p 
0C35 75p 

*OC71 20p 
*R20088 200p 
*R20106 200p 
*TIP29A 40p 
*TIP29C 55p 
*TIP30A 48p 
*TIP30C S0p 

TIP31A 52p 
TIP31C 52p 
TIP32A Sip 
TIP32C 82p 
TIP33A 90p 
TIP33C 115p 
TIP34A 115p 
TIP34C 160p 
TIP35A 225p 
TIP35C 290p 
TIP36A 270p 
TIP36C 340p 
TIP41A 65p 
TIP419 70p 
TIP41C lip 
TIP42A 70p 
TIP428 76p 
TIP42C 82p 
TIP2955 78p 

*TIS93 30p 
*Z7X108 1op 
*Z75300 13p 
*ZTX500 15p 
*ZTX502 18p 

254574 190p 
25697 22p 
25698 45p 
25706 20p 
25708 20p 
25918 40p 
25930 /8p 
2N1131 18p 
281132 18p 
251304 65p 
281305 65p 
2N1306 75p 
251307 75p 
2N1308 SOp 
251309 SOp 
2N1613 25p 
2N1711 25p 
2N1893 30p 
2N2102 559 
2N2219 20p 
2N2222 20p 
252369 14p 
252484 30p 
252904 A 25p 
'2N2905 A 25p 
2N2906 

926R 
2 A 4p 

*2N2 7p 
*2529268 7p 
*2529260 tOp 
*2N29261 12p 
*2N2926G 12. 
03053 18p 
253054 65p 

2N3055 65p 
2N3439 87p 
2N3442 140p 

*2N3565 30p . 2N3702 12p 
253703 12p 

*253704 12p 
*253705 12p 
*253706 12p 
*253707 12p 
*283708 12p 
*283709 12p 

2N3773 250p 
253866 90p 

*2N3903 18p 
*253904 16p 
*253905 20p 
*2N3906 16p 
*2N4058 l5p 
*254059 10p 
*254060 13p 
2N4123 22p 
254124 22p 
254125 22p 
*2N4126 22p 
*254289 20p 
*254401 27p 
*254403 27p 

254427 90p 
*285089 27p 

2N5296 55p 
*285401 

256034 160p 
256107 SSp 
256247 190p 

(Comp to 2530551 
256254 130p 
256292 65p 
40360 40p 
40361 45p 
40362 45p 
40364 12Op 
40409 Sip 
40410 85p 
40411 300p 
40636 130p 
40594 iip 
40595 97p 

FEU 
*BF244 
*BF 256B 

MPF102 
U1PF103 
M4PF104 
*M PF 105 
*2N3819 
*2N3820 
283823 

*2N5457 
2N5458 
*255459 
*2N548' 

25p 
70p 
40p 
40p 
40p 
40p 
25p 
50p 
57p 
40p 
40p 
40p 
40p 

MOBFET* 
35128 96p 
35140 95p 
35141 95p 
35187 180p 
40603 63p 
40673 63p 

WT* 
*T1543 34p 
252160 95p 
252646 45p 

*2N4871 54p 

PUJT 
2N6027 up 

DIODES 

.SIGNAL 
ÚA47 9p 
0481 20p 
0A85 20p 
0490 7p 
0491 7p 
0495 7p 
08200 Bp 
00202 10p 
15914 4p 
15916 9P 
154144 4p 

RECTIFIER 
*BY100 25p 
*01126 12p 
*81127 lOp 

54001 Sp 
N4002 Sp 
54004 Sp 
N4005 Sp 
54007 7p 
N5401 13p 
N5404 18p 
N5407 23p 

2ENER 
27Vto33v* 
*400mW 9p 
*1W 1ap 

NOISE 
*Z5J 110,, 

BRIDGE 
RECTIFIERS 

*14 50V 22p 
*14 100V 24p 
*14 7005 28p lA 400V 30p 
*1A 600V 38p 
*24 50V Sop 
*2A 100V 35p 
*2A 200V 40p 
*24 400V 45p 
*3A 200V 60p 
*3A 600V 72p 
*44 100V 84p 
*4A 400V Sop 

6A 50V 90p 
6A 100V 96p 
6A 200V 108p 
64 400V 12op 

IOA 400V 27pp 
25A 400V 40(111 

TRIACS 

Amp Volts 
3 400 851, 
6 400 9911 
6 500 107p 

10 400 12op 
10 500 140p 
15 400 160p 
15 500 180p 
40430 130p 
40669 130p 
DIAC 
8R100 30p 

VOLTAGE REGULATORS - FIXED - PLASTIC 
1 Amp Positive 1 Amp Negative 

5V 7805 140p 5V 7905 200p 
12V 7812 140p 12V 7912 200p 
15V 7815 140p 15V 7915 200p 
18V 7818 140p 18V 7918 200p 
24V 7824 140p 24V 7924 200p 
EM309K 1 Amp 5V T03 140p LM323K 3A 5V 700p 
LM309H 100mA 5V TO5 75p 
TBA625B 12V 0.5A T05 120p 
VARIABLE VOLTAGE REGULATOR 
723 2V to 37V 150mA 14 pin DIL 45p 
DUAL VOLTAGE REGULATOR 
1468 ! 15V 100mA 16 pin GIL 300p. 
(Adjustable by resistors from ± 8V to 20V) 

LOW PROFILE OIL SOCKETS BY TEXAS 
8 pin 13p, 14 pin 14p, 16 pin 15p, 18 pin 36p, 22 
pin 40p, 24 pm 50p, 28 pin 60p, 40 pin 75 

SCR -THYRISTORS 

IA 50V 705 40p 
FA100V TO5 42p 
1A400V 705 45p 
1A600V 705 70p 
3A100V Stud 65p 
3A400V Stud 75p 
7A100V T05 +HS 84p 
7A400V T05 +HS 90p 
8A 50V Plastic 130p 

12A400V Plastic 16Op 
16A100V Plastic 160p 
16A400V Plastic 180p 
16A600V Plastic 220p 

Minimum Order [2 
P &P 20p 
Please add VAT to total 

BT106 
1A /700V Stud 110p 

C106D 
4A /400V Plastic 63p 

*MCR101 
0.5A/15V TO -92 25p 

2N3525 
5A /400V TO-66120p 

2N4444 
8A /600V Plastic 185p 

*2 N5060 
0.8A /30V TO -92 34p 

*2N5062 
0.8A /100V TO -92 37p 

*2N5064 
O.8A /200V TB -92 40 

NEW CMOS - MOTOROLA'S 31/2 DIGIT A/D CONVERTER 
A high performance. low power LSI unit combining digital and linear 
circuits on a single IC. Requires 4 external passive components to work as 
a converter Other features include auto polarity. auto zero. single positive 
voltage reference, on-chip oscillator. up to 25 conversions /sec, over and 
under range signals. LED and LCD compatible and accuracy of -0.05% 
- 

1 Count 
Suitable for low cost Digital Volt Meter. 
Other applications DPM. Digital Scales. A/ D control systems 
MC14433P 24 pin DIL £13 with data Data 50p +SAE) 

VAT RATES. All items at 8% EXCEPT where 
marked* which are at 1 2'Y2 %. 

Mail Order Only TECHNOMATIC LTD. 
Govt., Colleges, etc. orders accepted. 54 SANDHURST ROAD, LONDON, NW9 

Tel- 01 -204 4333. Telex 922800 

COMPUTER APPRECIATION 
86 High Street, Bletchingley, Redhill, Surrey RH1 4PA. Tel: Godstone (088 384) 3221 

PRIME 200 COMPUTER, 16K MOS Memory & complete with ASR 33. Options 
include High Speed Reader; Punch/ Printer interfaces and ROM loader. Honeywell 316 
compatible software includes BASIC E4750 00 (Current list price of this configuration 
exceeds El 3,000 
POP 8 SYSTEM comprising 4K Processors. High Speed Reader/ Punch KSR 35 
Heavy -Duty Teletype. £850 00. 
MUIRHEAD FACSIMILE Transmission and Reception Equipment, P 0 A 
MINICOMPUTER. GRI Model 909. 8K x 16 bit machine similar to PDP11 / 20 Price 
includes two serial interfaces, expander box and a complete spare set of processor cards 
Also included are software loaders and an assembler and details of an audio cassette 
interface (available from the manufacturer) £575 00 
TELETYPES. Most models available. e.g. - 
NEW DATA DYNAMICS: ASR 390. £675.00 
ASR 33 £375 00 KSR 35, £200.00 
PDP 8L, 12K x 12 bit memory with TTY INTERFACE. Software Includes 2 versions of 
BASIC & FOCAL 
GENERAL AUTOMATION SPC 12 MINICOMPUTER with 4K memory On two 
cards, E225 00 
VIATRON Model 2111 COMPUTER TERMINAL. System includes VDU with full 
edit facilities, keyboard, 7 -track type unit. & Philips -type cassette station, all operating 
under microprocessor control. Price includes a large number of spare cards & a serial 
interface, £395 00 

TALLY Model 420 60 c p s Paper Tape Punch BRAND NEW E125 00. 
DATEK Model 40 40 c p s Paper Tape Reader BRAND NEW £28 00. 
ICL Model 2640 High speed tape Reader. £78 00 
DRI Model 31 12 megabit disc unit These units post 1974 & in immaculate condition. 
E595 00 
LYNWOOD High Speed Tape READER with TTL outputs Has seen developmental 
usage only. E125 00 
DURA Model 10 automatic paper tape GOLFBALL Tyewriter, £225 00 
FLEXOWRITER Model SPD paper tape typewriters from £120 00 
IBM Model 735 I/O Typewriters from £100 00. 
MEMORIES, 16 bit x 41( complete with all electronics & schematics, £75.00 
EKCO 6 digit counter -timers. £48 00 
SAGEM ELECTRONIC TELEPRINTERS with serial interlace Suitable for low -cost 
micro processor output. £35 00 (These devices dated 1 969) 

PLEASE NOTE - 
* Prices exclusive of VAT & carriage. 
* Callers very welcome - but by appointment please 

WW- 085.FOR FURTHER DETAILS 

www.americanradiohistory.com

www.americanradiohistory.com


110 

FAIRCHILC1 

AT YOUR FINGERTIPS 
Included in this new Databook * Power Transistor Selection Guides * Industry Cross Reference List * Full Technical Specifications * Chapters on Reliability, Packaging 
and Heatsinking, Safe Operating Area 

Price £2.00 each incl. P & P 

Wireless World, June 1977 

Available from any of our distributors 
Barlec 
Celdis 
Comway 
Eurocom 
ITT -ESD 
Macro 
Most 

East Grinstead (0342) 24383 
Reading (0734) 585171 
Bracknell (0344) 24765 
High Wycombe (0494) 36146 
Harlow (0279) 26777 
Burnham (06286) 63011 
Manchester (061) 831 7672 

OTHER DATABOOKS AVAILABLE INCLUDE: 
LINEAR. MOS /CCD, BIPOLAR MEMORY, 
MACROLOGIC, LOW POWER SCHOTTKY 
TTL, F8 MICROPROCESSOR, DISCRETE. - 

ASK YOUR DISTRIBUTOR FOR DETAILS 

When you're already unique in your field 
-why bother to be better? 

BECAUSE it's the only way to keep pace with 
Europe's fast -expanding electronics industry. 
That's why there are some major changes in 
Electronics Weekly Apart from more pages and a 
new look throughout. you'll find : 

MORE NEWS in each department. 
MORE COVERAGE especially of innovations. 
MORE COMMENT on developments behind the news. 
MORE TECHNICAL SURVEYS. 

imimismommommommommil 
g Order your own copy by using this form 

To Electronics Weekly, Room 218, Dorset House, 
Stamford Street, London SEA 9LU 
I wish to take out a one -year subscription to Electronics 

u Weekly. Remittance enclosed for £6.00 (U.S.A. /Canada 
si 5.60). Cheques made payable to 

g IPC Business,Press Ltd. 

NAME 
(Please print) 

e 
e 

Address 

Ff es into I Registered in England No 677128 
Regd. Office, Dorset House, Stamford Street, London SE1 9LU 

ALL PRICES INCLUDE V A T 

CARRIAGE & PACKING add 25p U K 

ADD EXTRA FOR OVERSEAS 
CASH WITH ORDER ONLY - 
QUART ITT DI$COUNT 

ELECTROLYTICS 
uf 16r 25r 40v 63v 

I 22A 20 20R TOA 

Z2 22A 22A 20A 20A 

39 22A 22A 20A 20R 

4.7 22A 22A IBA 16A 

6.8 22A 21A 18A I8A 
lD 22A 2u '16A 10A 

zz 21A 2011 14A BA 

33 20A 20A 1 I A BA 
67 IBA 17A BA W 
68 IBA 17A BA 5A 

100 IIA I6A 6A M 
150 14A 12A SA 34 
220 IIA 9A 5A 3A 

330 9A 8A 4A 

470 BA 1A 4A 

680 7A 6A 3A 

1000 6A 5A 3A 

2200 5A 4A 

4700 211 

16v 
lul-15M2eR SIEB Mrs El 

WOW-4700W I off each value E1.60 

25r 
Iut1001112 oft MP vals E1 

ISOuI-2200ut2 ell OCR value Cl.SO 

00v 
Iu147uI2pN Bich value El 
68411000ut 1 Alf each Moe f 1.50 

63r 
Iri22u12olleachvalueEl 
47uF220u11 oll each value fl 

vS R PAK 
92 GODSTONE ROAD 

WHYTELEAFE SURREY CR3 OEB 

Q7Y PAN 

ZN2366 A 

2N2666 B 

262904 A 

2113053 A 

263054 A 

03055 A 

2N3440 A 

213702 I A 

2E3704 I A 

2N3705 I A 

2N3707 I A 

2N3710 I A 

263819 A 

2N3906 A 

21 3906 A 

264058 A 

2N1062 A 

CMOS 

4000 5 A 

-4001 5 A 

4002 5 A 

4011 5 A 

4013 2 
A 

4016 2 A 

4020 I A 

4020 2 B 

4025 5 A 

4027 2 A 

4030 2 A 

4033 I B 

4040 I A 

4042 2 8 

4049 2A 

OTY PEE 

4054 I A 

4066 2 A 

4069 2 A 

4081 5 A 

4093 2 B' 
4507 3 C 

4528 I A 

LIMEAR 

300 i B 

30 1A-8 3 A 

380 14 1 A 

5558 3 A 

709.14 2 A 

710.14 3 A 

71114 3 A 

72316 2 A 

7418 4 A 

74114 5 A 

7417099 Z A 

747.14 Z 8 

3045 2 A 

3900 2 A 

7805 6 

7815 B 

]905 C 

7912 C 

7915 C ill 
7400 6 A 

1101 6 A 

7402 6 A 

7403 b 

UV PAK 

' 7404 6 A 

74 10 6 A 

7412 4 A 

7413 3 A 

7414 3 C 

7420 6 A 

7430 6 A 

7431 3 A 

7442 3 G 

7d47 2 B 

1450 6 A 

7472 3 A 

7479 5 A 

7474 3 A 

7475 2 A 

7476 2 A 

7486 4 8 

7490 2 A 

7492 2 A 

7493 2 A 

7486 2 B 

74121 3 A 

74123 3 C 

74141 2 B 

74150 I B 

14153 2 B 

7415d I B 

7d157 2 8 

74161 1 p 

74180 1 A 

74 181 I. 
74185A I B 

74190 1 8 

74193 16 

THREE AKSIZES 
*APAKE1.00*BPAKE1.50 
*CPAKE2.00 
Example - 12A = 12 devices RN L1 00 
4C = 4 deVlce4 tor E2.00 TR PAX 

8A2 I6 20 A 

BC107 12 A 

52 In 12 A 

2C109 11 A 

BC147 11 A 

BC148 11 A 

BC149 II A 

BC] 57 I A 

BC158 1 A 

- BCI59 ' I A 

BC] 82 1 A 

B61B21 I A 

8CIB3 I A 

BCIB3l I A 

BC 184 1 A 

BC 1841 I A 

BC212 A 

BC2121 A 

BC213 A 

BC213l A 

BC214 A 

BC214L A 

BC170 A 

13071 A 

BCE 72 A 

80131 if 

077 PAX 

60132 B 

8fx85 A 

BFR61 A 

BIM A 

8F750 A 

BF751 A 

BFYS2 A 

BSAI9 A 

BSA21 A 

MJE340 8 

MPSUOI A 

MPSU51 A 

0A47 1 A 

OA79 1 A 

DA90 I A 

OM I A 

OC26 I . 
OC35 1 A 

OC36 1. 
TIP29A 2 A 

TIP29B 2 A 

TIP30A 2 A 

TIP30B 3 = 

11PJ1: t 
11P318 3 C 

I1PJ2A 4. 

OTY PAn 

TIP326 2 8 

11P416 3 C 

1IP42A 2 
B 

1IP426 
2, 

111.3055 3 C 

10107 10 A 

10304 5 A 

N914 16 A 

N4001 20 A 

64002 18 A 

114003 16 A 

N4004 13 A 

114005 11 A 

114006 10 A 

N/001 9 A 

N4141 20 A 

115402 fi A 

5920 15 A 

26696 7 A 

0706 5 A 

ON 1306 3 A 

2113D1 3 A 

2M2219 S A 

262222 5 A 

2N2222A 5 
A 

DISCOUNTS over CS lese S'*. 
u.e 10less IJ uvel i251ess 15'* 

BEAD TANTALUM 
I.22.3347.661u135v all values 10 A 

2.2334.7uí35r all ralues 9 A 

b.B1M25rMwMews 8 A 

22uf I6r 8 A 

33uIIDr 7 A 

47uf6.3r 7 A 

68100u13r bola Moos 7 A 

CARBON FILM RESISTORS 
wan 10-IMf12series 

10 each any 8 values A Par 

1110 o1 any one relue A Pan 

I.C. SOCKETS 
II on 9 A 

14 ,mn 8 A 

16 pn I A 

REO IEDS 
.125" 10 A 

.Y' II A 

600mal 2ENERS SCR'S 
2.7vd3u 7 amp 100v2 A 

any mix IZ A ib.mp IDOr I A 

150 amp 100v Mid recnlierlA dud mode 
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RADFORD HD250 
High Definition Stereo Amplifier 

A new standard 
for sound reproduction in 
the home! We believe that no other 
amplifier in the world can match the overall 
specification of the HD250. 

Rated power output: 50 watts ay. continuous per channel into any impedance 
from 4 to 8 ohms, both channels driven. 

Maximum power output: 90 watts ay. per channel into 5 ohms. 

Distortion, preamplifier: Virtually zero (cannot be identified or measured as it is 
below inherent circuit noise.) 

Distortion, power amplifier: Typically 0.006% at 25 watts, less than 0.02% at 
rated output (Typically 0.01% at 1 Khz) 

Hum and noise: Disc, -83dBV measured flat with noise band width 23 Khz (ref 
5mV); -88dBV "A'" weighted (ref. 5mv) 

Line -85 dBV measured flat (ref 100v) 
-88d BV "A" weighted (ref 100v) 

Hear the HD250 at 

SWIFT OF WILMSLOW 
Dept. WW, 5 Swan Street, Wilmslow, Cheshire 

(Tel: 26213) 
Mail Order and Personal Export enquiries: Wilmslow Audio, Swan Works. Sank 
Square, Wilmslow (Tel. 29599) 

Now available ZD l0Ó power amplifier and ZD22 pre -amplifier 

WW - 025 FOR FURTHER DETAILS 

Better instruments. 
Better service. 

We have established a nationwide network of approved 
service organisations to deal with the repair and 
maintenance of our instruments. Every repair is backed 
by a full 12 monthguarantee. Here's where to find them. 

ENGLAND London Instrument Repair Centre, Acton Lane, Chiswick, 
London W4 5HJ. Trade Reception: Cunnington Street. Tel 01 -995 9212 
London Instrument Repair Centre, Archcliffe Road, Dover, Kent. 
Tel: Dover (0304) 202620 
Farnell International Instruments Ltd.,Sandbeck Way, Wetherby, 
West Yorkshire LS22 4DH. Tel Wetherby (0937) 3541 
T.E.R. Instrumemnts Ltd., Peel Lane, Astley, Manchester M29 7JH. 
Tel: Atherton (05234) 2275 or 5611 
Midlands Instrument Repair Centre, Thorn Automation Ltd., 
Armitage Road, Rugeley, Staffs. Tel: Rugeley (08894) 5151 

SCOTLAND Falcon Electronics, 92 High Street, Johnstone, Scotland 
Tel Johnstone (0505) 23377 

WALES Electro Services, 25 Chepstow Road, Newport, Gwent NPT 86X 
Tel Newport (0633) 211243 

EIIIII4STARIFUMENT 

CÉPNTRE 

me manufacturers' Joint service organisation. 

WW - 049 FOR FURTHER DETAILS 

CA TRON/CS WW * 
111 

TELETEXT 
DECODER 

Our kit contains all the printed circuit boards and compcnents necessary to build the 
complete decoder. The power supply and video switching circuitry are normally installed 
within the television cabinet and the main decoding control and memory circuitry in a 

separate cabinet positioned on top of the television. 

PRICES (INCLUDING VAT) ARE AS FOLLOWS: 
Standard version New version Post & 

using 2513 with Texas X887 Packing 
Set of 5 PCBs £20.70 . £20.65 30p 
Component Ka Incl PCBs) £122.35 £133.70 £1.50 
Add -on Unit for lower case PCB £2.70 - - 

Component Kit find. PCB) £14.15 - 
Cabinet £14.85 £14.85 £1.00' 
PLATED-THROUGH hole PCBs are available for TEXAS version only at additional cost of 

£27.00. 
A reprint of the series of articles available @E1.50 + large 14p SAE (incl. free in complete 

kit) 
COMPON ENTS ALSO AVAILABLE SEPARATELY - SAE for_price list. 

READY BUILT & TESTED DECODERS 
also available at £241.87 + £5 Carr. 

TEXAS x$87 CHARACTER GEOWATOR, 
£18.00; 2513, £9.25: 2102, £275 

These prices include VAT, Add 20, 

7400 SERIES ICs 
7400 19p 7421 28p 7486 35p 74164 £1.38 
7402 19p 7427 34p 7490 58p 74165 £1 70 
7403 19p 7428 47p 7492 60p 74174 £1 19 
7404 24p 7430 21p 7493 65p 74175 £1 30 
7406 44p 7432 38p 74107 52p 74177 £ 1 .40 
7408 26p 7442 84p 74121 43p 74180 E1.30 
7410 22p 7474 36p 74123 E1.05 74221 £1.55 
7411 22p 7475 56p 74150 £2 49 74H04 44p 
7412 27p 7483 1.00 74153 90p 74H10 39p 
7420 19p 7485 E1.33 74157 90p 

Quantity discount on 7400 series only 25 -99 less 10 %. 100 or more less 20% 
A I above prices include VAT. Min. P &P charge - 20p 

Export orders welcome - Write for list 

CATRONICS LTD DEPT. 626) 

a ronics COMMUNICATIONS HOUSE 
20 WALLINGTON SQUARE 

WALLINGTON. SURREY 
TEL 01-669 6700 

WW - 626 FOR FURTHER DETAILS 

A full frequency range graphic equaliser 

For JUST £38.85 plus VAT 
You can t' ne out all unwanted 
noises at seven different fre- 
quencies! 
Bring all your recordings, P,A., 
discos, lead guitar, bass guitar, 
organ, anything amplified to life 
at the touch of a slider ! ! 

No more annoying amplifier 
noises - just clear, true sound ! 

Frequencies from 60 Hz to 10 kHz! 
Cut or boost each frequency by 
maximum of 15 dB ! 

Hi and lo gain inputs. 
Powered by just two PP3 batter- 
ies which last for ages. Or mains 
powered unit available. f49.95 
plus VAT. 
Try it and you'll buy it - it will 
change your concept of sound. 
Trade enquiries welcomed. 

YOU can afford ! ! 

Condensed Technical Spec 
Max. output: terminated to 60051,, 

10 dB> 1.6 volts peak to peak, 
2.5 volts R.M.S. 
Signal to noise ratio: input ter- 
minated with 47K resistor. All filters 
at max. better than -70 dB. 
Frequency response: All filters at 
central better than i- 2 dB. 
Filter slope: Better than ±13 dB 
per octave. 
Filter ranges: Max. i 15 dB at 60, 
180, 480 Hz, 1, 2 4, 5 and 10 kHz. 

To: E.S. Electronics, 2 Upper 
Fant Road, Maidstone, Kent. 
Please send me I, 2, 3,1=]4, 5 
of your Graphic Equalisers. 1 enclose 
cheque or postal order for £ 
having added CI.50 for p. & p. on each 
item ordered and M.A.T. I understand 
that two batteries are included. 
Name 
Address 

Tel. 

WAN' -t3h FOR FURTHER 1)1 I All 5 
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A range of communications 
amplifiers having power 

ratings from 15 to 200 watts, 
plug -in input facilities ensure 

individual requirements can 
be provided. 

range 
amplifier 

Manufacturers of Station Road, Wenden 
sound systems Saffron Walden 

(13 Li El 
and electronics Essex CB11 4LG 

Saffron Walden 
(0799) 40888 

...titer Natural C/o.ce/ 
at £ 26ri590' 

NATURAL The NATURAL 
HANDLING CHOICE for YOU 

for further details or a 
demonstration please 
write or phone 

Scopex Instruments Ltd. Rxmore Industr 
Pixmore Ave. Letchworth. Hens SG6 1JJ 
phone Letchworth (04626) 72771 

GUARANTEED 
PERFORMANCE 

DC -25 MHz over 
FULL Display 
Area 

3'. Measuring 
Accuracy 

Signal Delay for 
Leading edge 
investigation 

al Estate. 

Regd Trade Mark of Scopex Instruments Ltd 

WW - 075 FOR FURTHER DETAILS 
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"We thinkyour British speakers 
are iustwonderful 

The Americans think that, along with 
our policemen, our British loudspeaker 
technology is just wonderful. Probably 
the best in the world. 

And who more than Celestion has 
contributed towards this international 
recognition? 

Our famous Ditton and UL series give 
you everything you want for the price 
you are prepared to pay to get the best 
out of your hi -fi system. 

From the small compact bookshelf 
loudspeaker up to the big Ditton 66, 

whatever you choose you get the 
ultimate in speaker experience with 
Celestion. 

Ask any hi -fi enthusiast and he'll 
confirm our claim. But first have a look 
for yourself at the sound we're selling. 
Send for our literature or visit your local 
stockist. 

Celestion 
Celestion loudspeakers bring home the world 

Fla Celestion Limited, Ditton Works. Foxhall 
Road, Ipswich, Suffolk, IP38JP. 
Telephone: Ipswich (0473) 73131 
Cables: Voicecoil Ipswich. Telex:98365. 

Name 

Address 

of sound 

07.08.06 
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Pad; Price 
I. Abrglast printed-circuit burl ter power amp £1.15 

2. Sat el redden. capaciten. pre -sets for power amp 

E2.5f1 
3. SM of semiconductors for power imp 

CO 
£6.50 

4. Pak of 2 trilled. tinned heal sinks £1.10 
.±-3 5. Fibregtau prided-ckcu0 board ter pre -amp El .90 

6 Set of low melee resisters. capacitors. pre-sets-for 
pre -amp £4.10 

7. Sal el low soles. high gels sedweducters Ior 
Fee. E2.40 

8. Set of potentiometers (including mains switch( E3.50 a) 
9. Sel it 4 posh -bufoe switches. rotary mode 

switch £5.40, 
10. Tortldei treestormer templet We magnetic 

tereea /bouHHgg 0 117-234 V: secondaries: 
33-0-331.-1510-25 9 £10.95 

Wireless World, June 1977 

Zambia Gibraltar Chile Spain United Arab Emirates Singapore New Guinea Israel 

POWE R T R A N INCORPORATING 

ELECTRONICS ÀBIEN1ACOUSrICS 
HI -FI NEWS 75W /CHANNEL AMPLIFIER 

ey J. L. Linsley Hood 

U 
a) 
0) 

c 
C 
co 

o i 

Peck Price 
11. Rbreglass prieted-circuit baud for power supply. 

E0.85 
12. Set of rU1110fs, capacitors. secondary lures. 

semi -conductors or power supply E5.40 
13. Set et misconanmes parts loch dtag DIN skis. moles 

bpd ski fuse holder. iMUCUUCOeg cable, nitro] 
knobs E6.20 

14. SO of metalwork parts isleding silk screen printed 
lascia panel and all brackets. fixing parts. etc 

E8.20 
15. Handbook (free with complete kill £0.30 
16. Teak elided 18.3" x 12.7" x 3.1" E10.70 

2 each of packs 1 -7 f ctestae are required for complete 
dens system. Total eut of IMIvMeelly perckud 
packs £90.80 

Designed in response to demand for a tuner to complement the world -wide 
acclaimed Linsley Hood 75W Amplifier, this kit provides the perfect match. 
The Wireless World (Skingley and Thompson - April. May 1974) published 
original circuit has been developed further for inclusion into this outstanding 
slimline unit and features a pre -aligned front end module, excellent a.m. 
rejection and temperature compensated varicap tuning, which may be 
controlled either continuously or by push button pre -selection. Frequencies are 
indicated by a frequency meter and sliding LED indicators, attached to each 
channel selector pre -set. The PLL stereo decoder incorporates active filters for 
"birdy " suppression and power is supplied via a toroidal transformer and 
integrated regulator. For long term stability metal oxide resistors are used 
throughout. 

Tack Price 
1. Ringlau printed beard ter beat old IF strip, 

deudrM. MC mil We Wits £2.15 
2. Sd of metal oxide resisters. WNW. capecnera. 

eared preset fer moamOmg m pack I E4.80 
3. Set el banisters. Medal. L£0. IMegnled clrc 

is ter 
4. Pre-Sped freu ed models. cell assembly. three 

actin ceramic filter £8.50 
5 Fibreglass added circa hoard for stereo deader 

E1.10 
6. Sd el metal oxide resistors. capacitors corms! 

Frew) tor dada £2.80 
7. Sol el I anistors LED. integrated circuit for decoder 

£2.90 
8. Set el compuuts for channel selector switch 

module Imbibes fibreglass prided circelt board. 
vest-button switches. knobs. LEDs. preset adjusters. 
etc. E9.40 

g. Function switch. 10 tun tuning potentiometer. knobs 
E5.80 

10. Frequency meter. meter drive comments. fibreglass 
printed circuit hoard E10.35 

In Hi -Fi News there was published by Mr. Linsley -Hood a series of four. 
articles (November, 1972- February, 1973) and a subsequent follow -up 
article (April. 1974) on a design for an amplifier of exceptional 
performance which has as its principal feature an ability to supply from a 
direct coupled fully protected output stage. power in excess of 75 watts 
whilst maintaining distortion at less than 0.01 % even at very low power 
levels. The power amplifier is complemented by a pre -amplifier based on a 
discrete component operational amplifier referred to as the Liniac which is 
employed in the two most critical points of the system, namely the 
equalization stage and tone control stage, positions where most 
conventional designs run out of gain at the extremes of the frequency 
spectrum. Unusual features of the design are the variable transition 
frequencies of the tone controls and the variable slope of the scratch filter. 
There is a choice of four inputs, two equalized and two linear, each having 
independently adjustable signal level. The attractive slimline unit pictured. 
has been made practical by highly compact PCBs and a specially designed; 
Toroidal transformer. 

FREE TEAK CASE WITH FULL KITS 

KIT PRICE ONLY £ 7 9 8 0 
WIRELESS WORLD FM TUNER 

Pack Price 
11. liojdil transformer with electrostatic screen. 

Primary. 0 -117y 234V E4.90 
12. Sat of capacitors. rectifiers. voltage regulator for 

power supply £2.10 
13. Sol of mtacellseeeas pans. including sockets. fuse 

holder. fuses. inter -connecting wire. etc. E2.05 
14. Set el metal work porta including silk screen printed 

facia panel. acrylic silk screen printed tuning 
indicator panel insert. internal screen. living parts, 
etc. £8.30 

15. Construction notes )Ires wilt complete kit) £0.25 
16. Teak cabine) 10.3" s 12.7" x 3.1" El 0.70 

One each of packs 1 -I6 inclusive are required fer complete 
stereo FM tuner. Total cost of individually purchased 
packs E81.15 

Published in Wireless World (May, June, August 1976) by Mr Linsley -Hood, 
this design, although straightforward and relatively low cost nevertheless 
provides a very high standard of performance. To permit circuit optimization 
separate record and replay amplifiers are used, the latter using a discrete 
component front -end designed such that the noise level is below that of the 
tape background. Push button switches are used to provide a choice of 
equalization time constants, a choice of bias levels and also an option of using 
an additional pre -amplifier for microphone use The mechanism used is the 
Goldring -Lenco CRV. a unit distinguished in its robustness and ease of 
operation. Speed control and automatic cassette ejection are both 
implemented by electronic circuitry. This unit which is powered by a toroidal 
transformer and uses metal oxide resistors throughout offers an excellent 
match for the Wireless World Tuner and the Linsley -Hood 75 Watt Amplifier. 

PRICE STABILITY 
Order with confidence! Irrespective of any changes we will honour all' 
prices in this advertisement for two months from issue date provided that this 
advertisement is quoted with your order. E &OE VAT rate changes excluded'. 
All components are brand new first grade full specification devices. All resistors 
(except where stated) are low noise carbon film types. All printed circuit boards 
are fibre -glass, drilled, roller tinned and supplied with circuit diagrams and 
construction layouts. 

FREE TEAK CASE WITH FULL KITS 

KIT PRICE only £ 70.20 
LINSLEY -HOOD CASSETTE DECK 

Value Added Tax not included in 
prices. 

EXPORT ORDERS. No VAT charged. Postage charged at actual cost plus 50p 
documentation and handling. Please make payment by Irrevocable Letter of Credit 
E500 minimum.. Bank Draft. Postal Order. International Money Order in Sterling 
SECURICOR DELIVERY. For this optional service (U. K. Mainland only) add 
E2.50 (VAT INC ) per kit 
U.K. ORDERS. Subject to 121/2 °A* surcharge for VAT. Carriage free. 
MAIL ORDER ONLY (*or at current rate if changed) 

Pack Price 
I. Stereo PCB 'accommodates 2 rep. amps. 2 rec. 

amps. 2 meter amps. bias /erase etc. relay1E3.35 
2. Stereo tel of capitol's. M.O. resistors. 

potentiometers for above E9.80 
3. Stereo set of semiconductors for above E8.50 
4. Miniature relay with socket E2.90 
5. PCB. all components for solenoid. speed control 

circuits E3.80 
6. Golding lenco mechanism as specified. £21.95 
7. function switch. knobs E1.90 
8. Dual VII meter with illuminating lamp £8.70 
9. Toroidal transformer with E.S. screen prim. 

0-117V. 234V. Sec. 15V £4.90 

SPECIAL PRICE FOR 
COMPLETE KITS 

Pack Price 

10. Set at capacitors. recliners. I.C. voltage regulator 
for power supply )Powertran design) ... £2.00 

11. Set of miscellaneous parts. including sockets. fuse 
holder. lases. interconnecting wire. etc.. E3.40 

12. Set of metalwork including silk screened facia 
panel internal screen. Inning parts. etc.. E7.10 

13. Construction notes £0.25 
14. Teak cabinet 18.3" e 12.7" i 3.1" E10.70 
One each of packs 1 -14 inclusive are 

required for compete stereo cassette 
deck. Total cost of individually pur- 
chased packs £90.05 

£85.90 
Further details of above given In our FREE CATALOGUE 

EXPORT CUSTOMERS. Please send five INTERNA- 
TIONAL REPLY COUPONS OR E0.50 for catalogue to DEPT WW4 be sent by airmail. 

POWERTRAN ELECTRONICS 
PORTWAY INDUSTRIAL ESTATE 
ANDOVER, HANTS SP10 3'NN 

Arabia New Zealand Norway Iceland /ndonesia Brazil 'Switzerland Canada Saudi Sweden 
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Guernsey Cyprus Belgium Uganda Brunei Trinidad South West Africa Italy Java 

AUDIO KIT SUPPLIERS TO THE WORLD 

Pea 120 130 Pock 

I. Sm of low noise resistors 1.60 1.70 8. Toroidal transformer - 240V prin. 

2. Set of small capacitors 2.60 3.40 e.S. screen 

'3. Set of power supply capacitors . 220 2.50 9. Rbreglass PCB 

4. Set of miscellaneous parts 3.50 3.50 10. Set of metalwork. fixing parts 

5. Sel of Mide. mains. P.B. switches .. 1.50 1.50 II. Set of cables. mains lead 

b. Sel at pats. selector switch 2.80 2.80 12. Handbook [free with complete kill 
7. Set of semiconductors. ICs. skt$.... 7.25 7.25 13 Teak cabinet 154" x 6.7" x 2.8" 

2 MATCHING TUNERS! 
WW SFMT II 
-Following the success of our Wireless World FM Tuner kit we are now 
pleased to introduce our new cost reduced model, designed to 
complement the T20 and 130 amplifiers. The frequency meter of the 
more advanced model has been omitted and the mechanics simplified, 
however the circuitry is identical and this new kit offers most exceptional 
value for money. Facilities included are switchable afc, adjustable, 
switchable muting, channel selection by slider or readily adjustable pre -set 
push- button controls and LED tuning indication. Individual pack prices in 
our free list. 

115 

T20 + 20 and our new T30 + 30 
20W, 30W AMPLIFIERS 

Designed by Texas engineers and described in Practical Wireless the Texan was an immediate success 
Now developed. further in our laboratories to include a Toroidal transformer and additional 

. improvements slim . the line 120 + 20 delivers 20W per channeThf true Ffi -Fi àt éxceptlônällÿ lów cost. 
The design is based on a single F /Glass PCB and features all the normal facilities found on quality 
amplifiers. including scratch and rumble filters, adaptable input selector and head phones socket. In a 

follow up article in Practical Wireless. further modifications were suggested and these have been 
incorporated into the T30 + 30 - These include RF inieiTerence filters and à tape monitor facilitÿ 
Power output of this new model is 30W per channel 

120 130 1. 

5.60 7.20 
3.50 3.90 
5.20 6.20 
0.40 0.40 
0.25 0.25 
4.50 4.50 

KIT PRICE 

£47.70 
POWERTRAN SFMT 

KIT PRICE This easy to construct tuner using our own circuit design includes a 
pre-aligned front end module, PLL stereo decoder, adjustable. switchable 
muting, switchable afc and push- button channel selection. As with all our, 
full kits, all components down to the last nut and bolt are supplied 
.together with full constructional details. £35.90 

SPECIAL PRICES 
FOR COMPLETE KITS! 

T20 +20 
KIT PRICE only 
T30 +30 
KIT PRICE only 

£ 34.20 
£39.50 

cn 
zi ; 

CONVERT NOW TO QUADRAPHONICS! 

SQM1 - 30 

With loos of titles now available no longer is there any problem 
over suitable software. No problems with hardware either. Our 
new unit the SQM1-30 simply plugs into the tape monitor socket 
of your existing amplifier and drives two additional speakers at 
30W per channel. A full complement of controls including 

I volume, bass, treble and balance are provided as are 
comprehensive switching facilities enabling the unit to be used 
for either front or rear channels, by- passing the decoder for 

£ 40.7 5 
stereo-only use and exchanging left and right channels. The SG 

KIT PRICE 
wtrelese World Amplifier Designs. Full kas ire riot evadable I'M these projects bur 
component packs and PCBs are stocked for the highly regarded Barley and 20W class AB 
Linsley Hood designs. together with an efficient regulated power supply of our own 
design. Suitable for dnving these amplifiers is the Bailey Burrows pre -amplifier and our 
circuit board, for the stereo version of it features 6 inputs. scratch and rumble filters and 
wide range tone controls which may be either rotary or slider operating For those 
intending to get the best out of their speakers. we also offer an active filter system 
described by D. C Read. which splits the output of each channel from the pre- amplifier 
into three channels each of which is fed to the appropriate speaker by its own power 
'amplifier. The Read /Texas 20W, or any of our other kits are suitable for these. For tape 
systems a set of three PCBs have been prepared for the integrated circuit based. high 
performance stereo Stuart design Details of component packs are in ow litre catalogue 

'30W Bailey Amplifier . 

BAIL Pk 1 F /Glass PCB E1.00 
BAIL Pk. 2 Resistors, Capacitors, Potentiometer set E2.35 
BAIL Pk. 3 Semiconductor sat E4.70 
20W Linsley Hood Class AB 

1tfAB Pk 1 F /Glass PCB E1.05 
LHAB Pb 2 Resistor. Capacitor. Potentiometer set E3.20 
LHAB Pk. 3 Semiconductor set ........ E3.35 
Regulator Power Supply 
60VS Pk. 1 F /Glass PCB E0.55 
60VS Pb . 2 Resistor. Capacitor set £2.20 
60V5 Pk. 3 Semiconductor set E3.10 
60V5 Pb . BA Toroidal transformer (for use with Bailey) E8.80 
60VS Pk. 68 Toroidal transformer )for use with 20W LC) E7.25 
Bailey Burrows Stereo Pre -Amp 
BBPA Pk 1 F, Glass PCB ,steieoi E2.80 
BBPA Pk 2 Resistor. capacitor semiconductor set ,stereo, E6.70 
BBPA Pk 3R Rotary Potentiometer set ,Stereo, E2.85 
BBPA Pk 35 Slider Potentiometer set with knobs iS tereo. E3.10 

..Active Filter 
FILT Pk, t F /Glass PCB E1.40 
FILT Pk, 2 Resistor. Capacitor set (metal oxide 2 %. polystyrene 2th %) £4.20 
FILT Pk 3 Semiconductor set . E2.25 
2 off PM 1. 2 3 rqd for stereo wave filter system 

Read /Texas 20W Amp 
READ Pk. 1 F /Glass PCB E1.00 
READ Pk. 2 Resistor, Capacitor set E1.20 
READ Pk. 3 Semiconductor set E2.30 
6 off pits 1. 2, 3 required for stereo active filter system 

Steen Tape Recorder 
TRAP P1 1 Replay Amp F Glass PCB connu E1.30 
TRRC Pk 1 Record Amp F - Grass PCB Stereo E1.70 
TROS Pk 1 Bias, Erase Stabiirer F Glass PCB ,siereo. E1 .20 

Further details of above and additional packs given in our FREE LIST 

,matrix decoder is based upon a single integrated circuit and was 
'designed by CBS whilst the power and tone control sections are 
'identical to those used in our 130 + 30 amplifier which the 
SQM1 -30 matches perfectly. Kit price includes CBS licence fee 

Bpafil offer b T20 + 20 and Texan 
o mart[ 
Owners of 120 + 20 and Texan amplifiers, 
which have no tape monitor putlet, 
,purchasing an SQM 1.30 will be supplied 
on request. a free conversion kit to fit a tape 
mortitonng facility to the existing amplifier. 
The makes simple the oennectien to the 
highly adaptable SQM 1.30 quadrophonic 
decoder/rear channel amplifier. 

SQ QUADRAPHONIC DECODERS 
Feed 2 channels (200- 1000mV as obtainable from most preamplifiers or amplifier 
tape monitor outlets) into any one of our 3 decoders and take 4 channels out with no overall signal level 
reduction. On the logic enhanced decoders Volume, Front -Back. LE-13F balance. LB -RB balance and Dimension 
controls can all be implemented by simple single gang potentiometers. 

These state-of-the-art circuits used under licence from CBS are offered in kits of superior quality with close tolerance 
capacitors, metal oxide resistors and fibre -glass PCBs designed for edge connector insertion. All kit prices include 
CBS licence fee. 

Ml. Basic matrix decoder with fixed 10 -40 blend. All components, PCB £5.90 
Ll Full logic controlled decoder with "wave matching'' and "front back logic" for enhanced channel separation All 

components PCB E17.20_ 
L2A. More advanced full logic decoder with variable blend" for increased front back separation. All components 

PCB £22.60 
L3A. Decoder similar to L2A but with discreet component front end with high precision 6 -pole phase shift networks for 

increased frequency response. All components (carbon film resistors), PCB E25.90 
Also available with M.O. resistors, cermet pre -set - add £4.20 

SEMICONDUCTORS 'as used in our range of quality audio equipment 

2N699 
.251613 
253055 
'2N3442 
253711 
253904 
253906 
2Ñ3087 
255457 
255459 
255461 
255830 
40361 
40362 
BC107 

EXPORT NO PROBLEM 
Tunisia Germany Nauru Hong Kong 

L0.20 
E0.20 
E0.45 
Ct.20 
E0.09 
E0.17 
£0.20 
£0.25 
C0.45 
E0.45 
E0.50 
EO35 
£0.40 
E0.45 
E0.10 

BC108 
BC109 
BC109C 
BC125 
BC126 
BC182 
BC212 
BC182L 
BC184L 
BC212L 
BC214L 
BCV72 
BD529 
00530 
BDV56 

E0.10 BF257 
E0.10 8F259 
E0.12 BFR39 
00.15 8FR79 
E0.15 BFY51 
£0.10 8FV52 
E0.12 CA3046 
£0.10 LP1188 
(0.11 MC1310 
E0.12 MC1351 
E0.14 
E0.13 

MC 
MFC40117410 

CG 

E0.56 
£0.55 MJ491 
E1.60 MJE521 

MJ481 

E0.40 
E0.47 
E0.30 
E0.30 
£0.20 
E0.20 
£0.70 
£8.50 
E2.20 
E1.05 
£0.65 
C0.95 
s1 .20 
E1.45 
C0.60 

MPSA05 
S.PSA12 
MPSA14 
MPCA55 
MPSA65 
MPSA66 
MPSU05 
SBA750A 
SL301 
513045 
SN72741P 
SN72748P 
TIL209 
TIP29A 
TIP30A 

£0.25 
£0.35 
E0.30 
10.25 
£0.35 
£0.40. 
£0.50 
£1.90 
El 30 
E1.20 
E0.40 
C0.40 
£0.20 
£0.40 
E0.45 

TIP29C 
TIP30C 
TIP41 A 
TIP42A 
TIP41 B 

TIP428 
15914 
15916 
15920 

£0.55 
E0.60 
£0.70 
£0.60 
£0.75 
E0.90 
C0.07 
E0.07 
E0.10 

FILTERS 
FM4 E1.00 
SFJ107MA E1.50 

r- 
X 
CD 

3 
Our Export Department will be pleased to advise on postal costs to any country in Q` 
the world. Some of the countries to which we sent kits in 1976 are shown o 
surrounding this advertisement. ?C 

`Q Australia Eire Gambia Denmark France Muscat & Oman 
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B 

7A GLO 

EN 
COR 

TLEY AC 
PORATI 

UCESTER 
ALL PRICE 

L 
ES SHOW 

6L7(M) 0.60 
6L12 0.39 
6L18 0.60 
6L19 2.00 
6/.012 0.40 
6LD20 0.80 
6N7GT 0.70 
6PL12 0.40 
6P15 0.34 
6Q7G 050 
6Q7GT 050 
6Q7M 0.65 
6R7G 0.70 
6R7(M) 1.80 
6547 035 
6SC7GT 0.75 
65G7 9.50 
6SH7 055 
65.17 9.00 
6SK7GT 0.55 
6SQ7 0.00 
6U4GT 0.80 
6U7G 

ÓÁ2 0.85 6AX4 0.75 
082 0.40 6B8G 0.35 
0C3 0.50 6846 0.40 
OZ4 0.55 6BC8 0.90 
143 0.60 6BE6 0.40 

.lASGT 0.55 6BG6G 1.00 
lA7GT 0.60 6BH6 0.70 
IB3GT 0.55 6BJ6 0.85 
1C2 1.00 6BK7A 0.85 
1D5 0.75 6BQ5 034 
1G6 1.00 68Q7A 0.60 
IH5GT 0.80 66127 1.00 
1L4 0.25 613128 1.25 
ILD5 0.70 61357 1.70 
1LN5 0.70 6BW6 1.70 
IN5GT 0.75 66W7 0.85 
1R5 0.50 6BX6 0.29 
154 0.40 6BY7 038 
155 0.35 6BZ6 0.00 
1T4 030 6C4 0.40 
I U4 0.70 6C5G 0.80 
IU5 015 6C6 0.45 
2D21 0.55 6C9 2.00 
2GK5 075 6C10 0.71 
2X2 0.70 6CB6A 0.50 
3A4 055 6C12 0.40 
387 0.55 6CD6G 1.60 
3136 0.40 6CG8A 0.90 
3Q4 0.80, '6CL6 0.75 
3Q5GT 0.70 6CLeA 0.85 
354 0.45 6CM7 1.00 
3V9 0.80 6CS6 0.45 
4CB6 0.75 6CU5 0.90 
4GK5 075 603 0.75 
5CG8 0.75 6DE7 0.90 
5R4GY 1.00 6DT6A 0.85 
5T4 1.00 6EW6 0.85 
5U4G 0.60 6E5 1.00 
5V4G 060 6F1 0.80 
5Y3GT 0.55 6F6G 0.60 
5Z3 1.00 6F12 0.50 
5Z4G 048 6F14 0.90 
5Z4GT 055 6F15 0.85 
6/3012 0.79 6E16 0.75 
6A8G 1.40 6F18 0.60 
6AC7 0.55 6F23 0.65 
6AG5 0.35 6F24 0.80 
6AG7 060 6F25 1.00 
6AH6 0.70 6E26 0.36 
6AJ5 070 6F28 0.74 
64J8 Q90 6F32 0.70 
6AK5 045 6G6G 0.60 
6AK6 070 6GH8A 0.80 
6AK8 0.40 .6GK5 0.75 
6A15 0.20 6GU7 0.90 
6AM6 0.50 6H6GT 0.30 
6AM8A 0.70 6J5GT 0.61 

6AN0 0.70 6J6 0.35 
6AQ5 0.68 6J7G 0.35 
6AQ8 0.39 6J7M 0.65 
6AR5 180 6.11.184 0.90 
6AS7 1.90 6K7G 0.35 
6AT6 9JN 6K8G 0.50 
6AU6 0.40 6K8GT 0.55 
6AV6 050 6L1 2.50 
6AWKA 0.84 6L6GC 0.85 

6 
6X4 
6X5GT 045 
6Y6G 0.95 
6Y7G 1.25 
7A7 1.00 
786 0.80 
767 0.80 
706 2.00 
7F8 2.00 
7H7 0.80 
7R7 2.09 
7V7 2.00 
7Y4 0.80 
7Z4 010 
8D2 050 
808 0.45 
9BW6 090 
9D7 0.70 
9U8 0.45 
10C2 0.70 
10C14 045 
10D1 0.85 
IODE7 0.80 
10E1 0.67 
10F9 0.65 
10E18 0.65 
10L14 0.45 
IOLDII 0.75 
IOLDI2 0.45 
10PLI2 0.45 
10713 0.80 
101214 2.50 
10718 0.54 
1246 0.65 
12AC6 0.80 
I2AD6 0.80 
124E6 0.80 
12AT6 0.45 
I2AT7 0.34 
124U6 0.50 

ITTLEHA 
N INCLUD 

12AU7 0.34 
12AV6 0.60 
12AX7 0.34 
12AY7 1.00 
12846 0.50 
128E6 0.55 
12BH7 055 
120Y7 0.85 
12E1 350 
12J5GT 0.40 
1217GT 0.70 
12K5 150 
I2K7GT 0.50 
12K8 0.75 
12Q7GT 0.50 
12SA7GT 175 
12SC7 0.50 
12SG7 0.55 
12SH7 0.50 
12SJ7 0.60 
12SK7 0.80 
12SMGT 0.75 
12SQ7 080 

GT 080 
SR7 0.73 

14H7 0.75 
14S7 1.00 
18 1.25 
19AQ5 065 
19BG6G 1.00 
19G6 6.50 
19H1 4.00 
19Y3 140 
20D1 0.70 
2004 2.50 
20F2 0.85 
20L1 1.20 
2oPl 1.00 
20P3 1.00 
20P4 0.84 
20P5 1.S0 
25A6G 0.70 
25L6G 0.70 
25Y5 0.80 
25Z4G 0.50 
25Z5 0.75 
25Z60 0.80 
2807 2.00 
30A5 0.75 
30C1 040 
30C15 0.77 
30C17 0.77 
30F5 0.70 
30L1 039 
30L15 0.75 
30L17 0.70 
30P4MR 098 
30P12 0.74 
30719/ 
3074 0.90 
30716 0.37 
30718 0.50 
30PL1 1.00 
30PLI2 0.40 
30PL13 1.00 
3071,14 1.29 

OU 
ON L 

STIC 
TD. 

MPTON, SU 
E V.A.T. AT 12'/2 % 

30PLI5 1.00 CV988 025 
35A3 0.75 CYIC 1.00 35C5 0.80 CY31 0.70 35D5 0.90 DI 050 35L6GT 0.80 D63 0.30 35W4 0.55 DAC32 0.80 
35Z3 0.80 DAF91 0.35 35Z4GT 0.70 DAF96 0.60 35Z5GT 0.80 

DC90 170 50B5 0.95 DD4 0.80 5005 0.70 
DF33 0.75 50CD6G 1.20 DF91 0.30 

50EH5 085 DF96 0.60 
50L6GT 1.00 DH63 0.50 
66KU 0.52 DH76 0.50 
72 0.70 DH77 0.50 
77 0.45 DH81 0.80 
85A2 0.75 DK32 010 
85A3 0.75 DK40 0.70 
90CV 2.80 DK91 0.50 
108C1 0.40 131492 1.00 
150B2 1.00 DK96 0.70 
150C2 0.85 DL63 0.70 
2155G 0.60 0132 0.80 
302 1.20 DL92 0.45 
303 1.20 DL94 0.80 
305 1.20 DL96 0.60 
807 1.10 DM70 0.80 
956 050 DM71 1.75 
1625 2.50 DW4/350 1.15 
1821 1.00 DY5I 2.00 
5702 1.20 DY87/6 0.35 
5763 1.65 DY802 0.45 
6057 1.00 EBOCC 2.50 
6060 1.00 EOOCF 5.00 
6067 1.00 E80F 2.20 
6146 3.50 E83F 1.60 
6463 2.00 E88CC 1.20 
7025 1.50 E92CC 0.70 
7193 0.60 E18OCC 0.80 
7475 1.20 EI80F 1.15 
9002 0.55 E182CC 3.00 
9006 0.45 EIB9CC 2.50 
A1834 1.00 E280F 5.00 
A3042 6.00 E1148 0.60 
AC2PEN ISO EA50 0.40 AC2PENDD 0476 130 

AC6/PEN 0.60 
EABC80 040 

AC/P4 ISO 
EAC91 0.55 

AC/PEN(7) 
EAF42 0.70 

1.20 
EAf801 
EB34 0. 

0.10 75 

AC/THI L00 EB91 0.20 
AI/30 1.20 EBC4I 0.75 
ARP3 0.80 EBCeI 0.45 
ATP4 0.50 EBC90 OSO 
AZI 0.50 EBC91 0.50 
AZ3I 0.80 08E80 0.40 
AZ4I ' 0.50 EBF83 0.45 
B36 0.75 08E89 0.40 
B719 0.39 EBL21 2.00 
B729 0.79 EC52 1.00 
BL63 2.00 EC53 1.00 
CL33 1.75 EC54 1.00 
CVO 0.60 EC86 0.84 
CV63 1.00 EC88 0.84 

SSEX. Tel. 6743 

EC92 0.55 
EC97 075 
ECC32 1.00 
ECC33 2.00 
ECC35 2.00 
ECC40 9.90 
ECC81 034 
ECC82 0.34 
ECC83 0.34 
ECC84 0.35 
ECC85 039 
ECC86 125 
ECC88 0.51 
ECC9I 0.35 
ECC189 0.80 
ECC804 0.79 
ECC807 2.00 
ECF80 O.M 
ECF82 0.50 
ECF86 OJiO 
ECH2I 2.00 
ECH35 1.00 
ECH92 0.71 
ECH81 0.40 
ECH83 0.50 
ECH84 9.50 
ECL80 045 
ECL82 050 
ECL83 0.74 
ECL84 0.85 
ECL85 070 
ECL86 0.64 
EF22 1.00 
EF40 0.78 
EF4I 0.75 
EF73 1.75 
EF80 0.29 
EF83 1.25 
EF85 038 
EF86 045 
EF89 0.42 
EF91 0.50 
EF92 0.50 
EF93 0.40 
EF94 0.40 
EF95 0.45 
EF97 0.90 
EF98 0.90 
EFI83 042 
EFI84 0.42 
EF804 1.75 
EH90 0.45 
EK90 0.40 
EL32 0.60 
EL34 1.00 
EL35 3.00 
EL37 3.00 
EL4I 0.57 
EL81 0.65 
EL83 0.70 
EL84 0.34 
ELS6 0.80 
EL90 0.68 
EL95 0.87 
EL360 1.80 
FI.506 1.20_ 

EM80 0.55 
EM8I 0.60 
EM83 0.60 
EM84 0.45 
EM85 1.20 
EM87 1.10 
.EMM801 250 
EY5I 0.45 
EY8I 0.45 
EY83 000 
EY86/7 037 
EY88 0.55 
EY91 0.50 
EZ35 0.45 
EZ40 0.52 
EZ4I 0.52 
EZ80 032 
EZ8I 040 
EZ90 0.45 
FC4 1.00 
FW4/500 110 
FW4/800 110 
GY501 095 
GZ30 0.48 
0132 0.00 
GZ33 1.80 
GZ34 0.75 
GZ37 1.60 
HABC80 080 
HLI3C 0.80 
HL23 0.70 
HL23DD 0.80 
HL41 1.00 
HIAIDD I1D 

HL42DD IJD 
HN309 1.70 
HVR2 1.00 
HVR2A 100 
HY90 0.55 
KT2 0.90 
KT8 3.00 
KT32 1.00 
KT41 1.00 
KT44 1.00 
KT63 0.00 
KT66 1.00 
KT7I 1.00 
KT81 2.00 
KT88 875 
KTW6I 150 
KTW62 1.50 
KTW63 1.20 
L63 0.50 
LN119 0.45 
LN152 0.45 
LN309 0.49 
12319 0.40 
LZ329 0.40 
M8162 1.00 
MHL4 1.00 
MHLD6 0.99 
MKT4 1.20 
MU12/14 1.15 
MX40 110 
NI50 657 
N308 0.98 
N339 1.25 
N379 0.50 
N709 0.34 
P61 0.80 
PABC80 0.45 
PC86 0.82 
PC88 0.62 
PC92 0.55 
PC95 0.70 

PC97 0.75 
PC900 0.40 
PCC84 0.39 
PCC85 0.47 
PCC88 0.61 
PCC89 0.49 
PCC189 0.52 
PCC805 0.75 
PCC806 0.70 
PCF80 0.40 
PCF82 0.45 
PCF84 0.70 
PCF86 0.57 
PCF87 0.77 
PCF200 1.20 
PCF201 1.00 
PCF800 0.77 
PCF801 0.49 
PCF802 0.54 
PCF806 0.53 
PCH200 1.00 
PCL82 0.40 
PCt83 0.49 
PCL84 0.46 
PCL86 0.65 
PC1.88 1.29 
PCL800 1.00 
PCL801 1.00 
PCL805/85 

0.60 
PEN4DD 200 
PEN25 1.00 
PEN45 1.00 
PEN45DD 1.00 

PEN46 0.60 
PEN453DD 

2.00 
PENA4 1.00 
PENDD/ 
4020 1.00 
PFL200 0.70 
PL33 1.00 
P1.36 0.60 
71.81 0.49 
PL81A 0.53 
PL82 0.37 
PL83 0.45 
PL04 0.50 
PL302 0.90 
PL504/500 

0.90 
PL505 2.00 
PL508 1.30 
PL509 2.20 
P1.519 2.80 
71.801 074 
PM84 0.75 
PY3I 0.50 
PY33/2 0.50 
PY80 0.50 
PY8I 040 
PY82 040 
PY83 0.44 
PY88 0.40 
PY301 050 
PY500 1.35 
PY500A 1.35 

PY800 040 
PY801 0.40 
PZ30 0.50 
QP2I 1.10 
QQV03/10 

2.00 
QS75/20 1.10 
QS95/10 1.00 
QSI50/15 1.80 
QV03/12 1.85 
QV04/7 300 
QV06/20 3.50 
RII 1.00 
R16 200 
R17 1.00 
R19 0.75 
R20 0.60 
R52 0.48 
RK34 1.00 
SP4 150 
SPI3C 0.75 
TH4B 1.00 
TH233 1.00 
TP2620 1.00 
TP22 100 
TP25 1.00 
UABC80 0.45 
UAF42 0.70 
UBC4I 0.50 
UBCOI 0.55 
UBF80 0.50 
UBF89 0.39 
UB121 2.00 
UC92 0.50 
UCC84 0.90 
Ucc65 0.45 
UCF80 0.80 
UCH21 2.00 
UCH42 0.71 
UCH81 0.51 
UCL82 0.58 
UCL83 0.57 
UF4I 0.70 
UF42 0.80 
UF80 0.40 
UF85 0.50 
UF89 0.45 
UL41 0.70 
UL46 0.70 
UL84 0.54 
UM80 0.60 
URIC 1.00 
UU5 1.15 
UU9 0.52 
UUI2 0.40 
UY41 0.50 
UY42 0.50 
UY85 0.35 
UIO 1.00 
U12/14 1.15 
U16 1.00 
U17 1.00 
U18/20 1.80 
U19 4.00 
U22 0.85 
U25 0.71 
U26 0.60 

U31 0.50 
U33 1.75 
U35 1.75 
U37 2.00 
U45 1.20 
U47 0.71 
U49 0.60 
U50 0.55 
U52 0.60 
U76 0.70 
U78 0.45 
U81 0.80 
U150 0.52 
U153 0.40 
.U191 0.50 
U192 0.40 
U193 0.40 
U251 1.00 
U281 0.75 
U282 0.70 
U291 0.50 
U301 0.55 
U329 1.00 
U339 0.50 
U381 0.35 
U403 0.90 
U404 0.75 
U709 0.40 
U801 0.80 
U4020 0.75 
VLS492 9.50 
VP2 1.50 
VP4(5) 2.00 
VP13C 0.80 
VP23 0.85 
V P41 0.90 
VR105 0.50 
\?61 A 0.75 
VU111 1.00 
VU120 1.00 
\'UI20A 1.00 
VU133 1.00 
W76 0.50 
We1M 1.20 
W107 0.75 
W719 038 
W729 1.20 
WD709 0.40 
XE3 0.80 
XFYI2 0.00 
XHI5 0.80 
XSG15 1.20 
X41 1.00 
X6I 1.80 
X63 1.40 
X65 1.60 
X66 1.60 
X76M 0.75 
X119 0.45 

1749 
Z759 

Transistors 
and Diodes 
I N 1124Á 
1 N47444 
1 N4952 
214404 
2N966 
2N1756 
2742147 
2N2297 
2N2369 
2N2613 
2N3053 
2N3121 
2N3703 
2N3709 
2N3866 
2N3980 
2S323 
AA119 
AA120 
AA129 
AAZI3 
ACIO7 
ACII3 
AC114 
AC126 
AC127 
AC128 
ACI32 
AC 154 
ACI56 
AC157 
AC165 
ACI66 
AC167 
AC168 
AC169 
ACI76 
AC177 
ACYI7 
ACY18 
ACYI9 
ACY20 
ACY21 
ACY22 
ACY28 
AD140 
ADI61 
AD162 
AF102 1.04 
AFI06 058 
AFII4 0.30 
AF115 0.30 
AF117 0.23 
AF121 0.35 

0.65 
5.85 

0.61 
0.18 
0.58 
0.21 
0.01 
0.58 
0.99 
0.28 
0.18 
0.45 
0.38 
2.90 
0.23 
023 
1.18 
.58 
58 
.18 
.18 
.18 
.21 
.18 
.30 
.47 
.14 
.20 
23 
.23 
.30 
.23 
.30 
.30 
.30 
.89 
.44 
38 
.84 
.32 
.30 
.23 
.21 
.21 
.23 
.18 
.21 
.42 
.53 
.51 

AF124 0.36 
AF125 0.50 
AF139 0.76 
AFI78 0.79 
AF180 0.56 
AFI86 0.64 
AF239 044 
ASY27 0.50 
ASY28 038 
ASY29 0.58 
BA102 0.53 
BA' 15 0.16 
BAI16 0.21 
BA129 014 
BA130 0.12 
BA153 0.18 
BCY10 0.53 
BCY12 058 
BCY33 023 
BCY34 0.26 
BCY38 0.26 
BC107 014 
BCI08 014 
BC109 0.14 
BCI13 030 
BCII5 0.18 
BC116 030 
BC118 026 
8F154 030 
BFI58 0.21 
8E159 0.30 
8F163 0.23 
BF173 0.44 
8F180 035 
8E181 0.47 
8E185 0.47 
,BFY50 0.20 
BFY51 0.21 
BFY52 0.23 
BTX34/400 

2.31 
BY100 021 
BY101 0.18 
BYI05 0.21 
BYII4 021 
BY126 0.18 
BY127 0.21 
BYY23 1.16 
BYZIO 0.30 
BYZII 0.30 
BYZI2 0.30 
BYZ13 0.30 
BYZI5 2.03 
CGI2E 0.23 
CG64H 0.23 
FSYIIA 026 
FSY4IA 0.26 
GD4 0.38 
GD5 0.32 

GD6 0.32 
GD8 0.23 
GD9 0.23 
UDII 0.23 
GD12 0.23 
GD14 0.58 
GDI5 0.47 
GD16 0.23 
GET I13 0.23 
GET 118 0.23 
GETII9 0.30 
GET573 0.44 
GET587 0.50 
GET872 1.11 
GET873 0.18 
GET8O2 0.58 
GET887 0.26 
GET889 0.26 
GE1896 0.28 
0E1/897 0.28 
GET898 0.26 
GEX113 0.21 
GEX36 0.58 
GEX45 0.38 
GEX55 0.87 
GT3 0.30 
MI 0.18 
MATI00 0.45 
MAT 101 0.50 
MAT120 0.45 
0A9 0.14 
0A47 0.12 
0A70 0.18 
0A73 0.18 
0A79 0.11 
0A81 0.11 
OAFS 0.11 
0486 0.23 
0490 0.14 
0491 0.11 
0A95 0.11 
04200 0.11 
04202 0.12 
OC19 1.46 
0C22 0.44 
0C23 0.44 
0C24 0.44 
0C25 0.44 
(K:28 0.69 
OC29 0.73 
0C36 0.50 
OCSg 0.50 
0C41 0.58. 
0C42 0.73 
0C43 1.37 
0C44 0.12 
0C45 0.13 
0C46 0.18 
0C'65 1.31 

0070 0.14 
0071 0.13 
OC72 0.13 
0074 0.26 
0075 0.13 
0076 0.18 
0077 0.32 
0078 0.18 
OC78D 0.18 
0079 0.47 
0081 0.13 
OC810 0.13 
00O2 0.13 
t7C82D 0.13 
0083 0.23 
0089 0.28 
OC 123 0.26 
OC140 1.11 
OC169 0.50 
OC171 0.40 
0C172 0.41 
00200 0.55 
00201 0.53 
OC204 0.50 
(1C205 0.50 
OC206 1.05 
ORP12 0.61 
5E7237 0.50 
SM1036 0.58 
ST1276 058 
SXI/6 0.21 
U 14706 0.30 
XZ30 0.30 
Y543 0.21 
Y728 0.21 

ALL 
PRICES 

INCLUDE 
Y.A.T. 

NOTHING 
EXTRA 

TO 
PAY 

X142 0.71 
X150 0.71 
X719 0.40 
Z145 0.87 
Z152 0.29 
Z329 0.70 
Z719 0.29 
Z729 045 

MATCHED TRANSISTOR SETS 
LPI5 (ACII3, AC154, ACI57 AAI20). 6Ip per pack. 
1 /0081 D and 2/0081, 50p. 
1 /0044 and 2/0045, 50p. 
1 /00820 and 2/0082, 56p. Set of 3/0083, 76p. 
I watt Zenners. 2.4v. 2.7v, 3v. 3.6v, 43v, 4.7v, 5.Iv. 13v. 15v. 
16v, I8v, 20v. 24v, 30v, 12p each. 

All goods a e unused and subject to the manufacturers' guarantee. 
Terms of business. Cash o cheque with order. Despatch charges: - Orders below 015 in value. add 
25p for post and packing. O dens over f 15 post and packing free of charge. All orders cleared same day. Any parcel insured against damage in transit for 5p extra per parcel. Conditions of sale available on request. Many others in stock too numerous to list. Please enclose S.A.E. for reply to any enquiries. 

Special offer of FF50 valves. .oiled but new and tested. Cl each 

** ** * * ****** * * * * * * * * * * * * * * * * * * * * * * * *** * * * * ** R * * ** l4 * * * * * * * * * * * ** * * * * * ** 

could you :Newt * * 
* 

6 

What more 

k ? . saìiîìia 

MODEL SU We are confident 
you can't do better 

than to incorporate ALPS Panel Meters in your next project 
whether it be Original Equipment Manufacture, Educational or 
the Replacement of an Existing Instrument. 

* SUPERB QUALITY AND SCALE PRODUCTION 
* ATTRACTIVE MODERN STYLING 
* EX STOCK DELIVERY FOR STANDARD RANGES 
* RAPID PROTOTYPE SERVICE 
* PRODUCTION FOR SPECIAL REQUIREMENTS 
* REASONABLE DELIVERY OF PRODUCTION QUANTITIES 

available as:- True VU METERS 
DC MICROAMMETERS AC & DC VOLTMETERS 
AC & DC MILLIAMMETERS AC & DC AMMETERS 

* SERVO AUTOTESTERS: -A range * of four types of instrument 
* to measure auto /mobile currents and 
4( voltages dwell angle engine speed, etc. * Details from:- 

* SERVO AND ELECTRONIC SALES L ( Tel. LYD 
TD. 

D 20252 
4( 24 HIGH STREET, LYDD, KENT TN29 9AJ TLX 965265 
* *** F*****i * * * * * * *** * * * * ** * * * * * * * ** * * * *** * * *** * *** * * * * * ** * * * * * * * * ** 

ww - 079 FOR FURTHER DETAILS 

THE MULTIMETER TO 
MAKE YOUR TESTER 
OBSOLETE! 
The fabulous LCD900 
incorporates a liquid 
crystal display only of the 
range to which the meter 
is switched 
7 DC voltage ranges ±1 -1000V 

at 50K 0/V 
5 AC voltage ranges 10 -1000V 

at 10K 0/V 
4 DC current ranges 

0.3 -300mA 
1 AC current range 3A 
4 resistance ranges 1 K -1000K 
Basic movement 17.5uA 

* 
If * * * * * * * * * * * * * * * * * * * 

PRICE 
£58.25 * 

(+ £1 P &P) 
exc. VAT * 

*** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
* Also shortly available the VS -100 ultra -safe industrial * * tester. * 
* For full details on these and 24 other standard instruments in * 
* the sanwa range contact. * 

QUALITY ELECTRONICS LTD. * 24 High Street, Lydd, Kent TN29 9AJ * 
* Tel. Lydd (0679) 20252, TLX 965265 * * 
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The QUARNDON 
MICROCOMPUTER SYSTEM 

The Only Complete 
MNEMONIC WORKING 8080 MICROCOMPUTER 

Available for less than £900 (ex VAT) 

DIRECT ASSEMBLER PROGRAM TRACE SINGLE STEP 

TEL. QUARNDON ELECTRONICS LTD. 
(0332) 32651 

SLACK LANE, DERBY DE3 3ED 

WW - 109 FOR FURTHER DETAILS 
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The SECOND-USER Cl R 
Computer 
Specialists ,V` 
Mini - Computer 

Exchange 
PROCESSORS: 
PDP8E 16K PDP11 /05 8K & 16K 
PDP8M -ML 8K PDP11 /20 24K 
PDP8I 8K & 20K NOVA 1200 4K 
PDP9 8K NOVA 3/12 48K 
PDP11 /04-FD 8K ALPHA LSI -2/20G 8K 

PERIPHERALS 
DEC RT02 Alphanumeric Data Entry Terminal 
DEC TU55 Tape Deck 
DEC DF32 Disk Drive & DS32 expander unas 
DEC TU60 Dual Cassette Drive 
9 -TRACK MAGNETIC TAPE DECKS, 800 & 1600 BPI 
CALCOMP DIGITAL INCREMENTAL PLOTTERS, 12" 
& 30" drums 
TALLY 420 60cps Paper Tape Readers, Panel- Mounted 
ELLIOTT table- mounted high -speed photo -electric 
readers. from 200 cps 
PAPER TAPE WINDERS, electric (115V DC). table - 

mounted 
DYNAMCO Data Logger System 

DEC 
MODULES: 

Many other modules 
PDPB, PDPBI. PDP9 

OUR STOCKS 
GING - please 

Add 8% VAT to all 
picas shown. 
Carriage extra 
details on request. 

DK8EA Real Time Clock 
DR8EA Parallel Interface 
KA8E Positive I/O Bus 
KDBE Data Break 
KK8E Processor Module Set 
KL8E Serial Interface 
KM8E Memory Extension Module 
KP8E Power Fail /Auto Restart 

in stock or on early call -off, including 
& PDP12 boards. 

ARE CONSTANTLY CHAN - 
phone for latest availabilities. 

Systems , Peripheral 
Equipment & 

Components for 
Data Processing 

TERMINALS - LARGE STOCKS AVAILABLE. ASR33 Teletype 
from E500.00. KSR33 Teletype from E325.00. ASR35 Teletype 
from E750.00- _IBM731 .0 Golfball Typewriter from E275.00 

SPECIAL OFFER 
Cossor DIDS 401 2A Visual Display Units. 13 lines a 80 characters 
(81/2x41/2" screen) 64 character repertoire with detachable ASCII 
keyboard (Control device required) Sereeln Mow E145.190 
Also available Coseor DIDS 402.2A. as above but incorporating 
control logic. Price E285.00. 
FOR ISM 360 USERS. Sanders 720 Data Display System consisting 
of six VDUs. control unit anc communications buffer. Complete with 
connecting cables and technical documentation Mee E2,750.00. 
MINIATURE MATRIX PROGRAMME BOARDS: Brand new X-y 
Matrix boards, with 3mm grating. 3x10 positions I134"x1") E4 00 
P &P 40p. 
Single plane core memory deal for experimental and instructional 
applications. 42x52 cores storage capacity with 230 OA10 
diode- loaded buffer Price E2.00 plus 40p P &P plus 8% VAT (Send 
E2 59) 
NAB-seem. metal 1 tape .pool.. 101/2" die in plastic canister 
Min order quantity 5 for £6.25 + E2 50 P &P + 8% VAT (Send 

.E9 451 

Ke boards 
LARGE STOCKS 
OF A WIDE 
RANGE OF 
KEYBOARDS 
ALWAYS 
AVAILABLE 

KB6: Sb meui ASCII coded TIL onnpahbie 4 bank alpha a -numeric 
Keyboard standard Teletype layout 7 -bit ASCII code (no parity) with 
:i«iM en,oder chip two key rollover and debounce suppled 

mplete with circuit diagrams pit connections and code chart then 
repeat existing text from Power supply to stabilise Price 
E35.50 + E1 P &P + 8% VAT Send E43 741 

KBS: 36- station Baudot -coded TTL- compatible 3 -bank alphanumeric 
keyboard standard Telex layout stroberl output Supplied complete 
with cvrcuit diagram.. pm connections and code chant Price E20.00 
+ E1 P &P + 8 %VAT (Send E22 681 

DXS CRT 96 station A SCI 16 coded tt L- comparable 4-bank 
alphanumeric keyboard, 8 bit code upper and lower c 

s 

alpha 
%iutput plais separate numeric pad Delayed .strobe and 2 key rollover 
Mounted in attractive box overall dimensions 20': x 7 x. 3'e" 
Pria E65.00 o i 3 carriage o 8 - VAT Send E 73 44 

55SW3 -1 54 station BCD coded 4 bank alphanumeric keyboard 
Hall effect switches Input 5VDC negarme logic and s robed 

ioutput two -key rollover Set attractive panel incorporahng 5 
iid,ratnr lamps and on off , Dimension, 15 .x5'. x2'>' 
Price E39.50 o 2 P &P r 8 WVAT Send f 44 82 

18 -Key push -button calculator keyboard. N,rne, als (1 9 dec. 
K - 

- 
Mounted on PCB cwerall dime", 

. r Price E4.00 S,Il P &P . ri Ar Sind 

ELECTRONIC BROKERS LIMITED ( Comp puterSales &ServlcesDlvlslon) y 49 -53 Pancras Road, London N W1 2618. TeI:O1 -837 7781 

Callers welcome - 

Monday to Friday 9 a m 
to5pm 

VI./W-11 t FOR FURTHER DETAILS 

NEW FROM 
iI 

w a 

" q 

l 

Also available 

FAIRCHILD 
TIMEBAND TC441 
LCD. 5 +4 functions. 

spy BAT 
TERY 
Constant 

HATCH 
HI a 

. 

. 

VOU- 
CHER FOR FREE RE- 
PLACEMENT BATTE- 
RY. Chrome case 1 

5/16'r dia. 5/16" 
thick approx. 

with battery hatch and voucher 
Round watch on strap: 

art TC41 1 Chrome £24.95 TC410 Gold £27.95 
Oval face on integral bracelet: 
TC413 Chrome E28.95 TC41 2 Gold £31.95 

TIMEBAND C500 DIGITAL ALARM 
CLOCK (Illustrated). Can be set to the 
exact second. Will display last minute ., i 
digit and seconds. Solid state silence 
Nine -minute snooze feature, Other - sophisticated features. Ht. 31/e x Wth l II. 33/4 X Dth 33/3 ins. LI ....,1),..... 
BLACK OR WHITE £ 14.35 
C6110 £15.90, C590 (Lamp) £23.25 

N EW IBICO QUARTZ ANALOGUE 
WATCH. High technology Swiss 1000 -day 

:. module. Four basic functions. Sweep second hand l - Stepping motor. (Don't settle for anything less 1 

Electronic second corrector. - High speed alteration of Time and Calendar. 
' Tritium luminous markings. 

I : ` Water resistant to 3 atmospheres (100 ft.). 
3 -year battery life. Mineral glass face. 

£34.50 Model 700 Analogue 
ouperb CASIO CASIOTRON. arguably the best watches in the world 
CASIO CQ -1 . Clock, Stopwatch, Alarms, Calculator. £29.95. 

Send 10p for our Illustrated Catalogue of over 30 watches 
Prices include VAT. P & P. Credit Cards or C.O.D welcome or send 
cheque, P 0 to. 

t WW 
19 -21 Fitzroy Street 
Dep 

Cambridge, CBI 1 EH US Telephone 0223 312866 

i 
WW - 089 FOR FURTHER DETAILS 

INTRODUCING 
THE NEW 

CROFTON Cl 
CCTV CAMERA 

The Cl Camera is a completely new 
design offering a high specification CCTV 
Camera suitable for both professional and 
amateur use 
The design offers high sensitivity with 
good signal to noise ratio by incorporat- 
ing an F.ET. front end. Wide range and 
stable automatic sensitivity control circuit 
allows camera to be operated in a wide 
range of lighting conditions All controls 
are internal and once set remain stable 
over long time periods. 
Small size and weight make this a most 
versatile camera for general usage. 
Special one off Retail price including 
Vidicon (Less Lens) E140.59 inclusive. 
Kits also available 

Send s a e for information 
CROFTON ELECTRONICS LTD. 

Dept. E, 35 Grosvenor Road, Twickenham 
Middx. Tel. 01 -891 1923 

Secondhand cameras and monitors 
always available 

WW -105 FOR FURTHER DETAILS 

buy, lease or rent: 
Teletype 33 and DO 390 (locos) printer terminals 

DECWRITER LA36 and DD303 (daps) printer terminals 

a OKIDATA 110(661pm) and Teletype 40 (30olpm) high -speed printers 

Lear Siegler ADM 1,2 and 3A video keyboard display 

Teletype 40 (7200 baud/ asynchronous and synchronous displays 
DD Paper tape punch range lup to 110 cps( 

for prompt delivery 
telephone London(O1) 848 9781 

Edinburgh (031) 226 6201 
Manchester 1061) 224 3306 

telex 935429 

WW -039 FOR FURTHER DETAILS 
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MARCONI TF675F WIDE 
RANGE PULSE GENERATOR 
+ / - variable outputs up to 50V. 
Optional delay. Small compact unit 
£18 ea. 

ROYAL INVERTORS manufac- 
tured USA. 28V. DC Input. Output 
1 1 5V AC 400HZ up to 2KVA. Brand 
new. Crated £12.50 ea. 

MARCONI NOISE 
GENERATOR 

TF987/1 
4 Ranges 0 -5; 0 -10; 0 -1 5; 0 -30. 
Due to large purchases now priced at 
£15 ea. 

AVO TRANSISTOR 
ANALYSER CT446 

Suitcase style 
NOW £27.50 each 

FOR THE VDU BUILDER. New stock of Large 
Rectangular Screen 30 x 20cm tube. Type M38 at 
the ridiculous price of £4 each. And also still 
available the CME1 220, 24 x 15cm at £9 ea. Base 
connections for both tubes supplied. 

WE ARE BREAKING COMPUTERS 
UNIVAC /HONEYWELL /ICL 1900 etc. 

Boards, Power Supplies, Core Stores are available 
CALL AND SEE 

EDWARDS HIGH VACUUM PUMPS 
Type 1 SC30 @ £55 each. Type ES35 @ £45 

each 
Carriage E2.50 

HONEYWELL MAGNETIC TAPE UNITS 
Self -contained, complete with heads, magnet. 

tape, leads, etc. 
Tested. Carriage paid £57.50 

SPOOLS OF 1 /z" MAG 
TAPE 

APPROX. 2000ft 
50p ea. P &P £1 ea 

COMPRESSOR /VACUUM PUMP 
Twin Cylinder opposed with Integral '/2H .P. 50HZ 
Single Phase Motor Tested & Checked. 
110 Volts models only E15 ea. 
V2 H.P. Motor 110V £10 ea. 

R &S DIAGRAPH & GENERATOR 3- 300MHZ. Very nice condition £440. 
PHODE & SCHWARZ ADMITTANCE METER BN3511 As new £65. 
POLARAD RECEIVER Model FIM -B2 Complete 1 -10GHZ £375. 
MARCONI OSCILLATOR TFt 101 20HZ- 20KHZ. Nice condition Special price £50. 
MARCONI Wide Range Oscillator TF1370. Freq. range 10HZ to tOMHZ. Sine Wave 10HZ 
to 100KHZ. Square Wave. High outputs up to 31 6V. Fantastic value at £90 ea. 
MARCONI ADAPTOR TM61 13 for TF2700. TF13 t 3, TF86688 £20 ea. 
AIRMEC 4 trace scope Type 279. Large screen £95. 
MARCONI TF142F DISTORTION FACTOR METER giving percentage distortion on a 

directly calibrated dial and includes an spurious components up to 30KHZ £29.50 ea. 
MARCONI PORTABLE FREQUENCY METER TF1026/ 11. 100 to 160MHZ. Very fine 
condition £25. 
DECCA NAVIGATOR DISPLAY UNIT. Very impressive E12.50 ea. 
COURTENAY MAJOR Mk. 2. 250 joules, 5 outputs. Can be combined - 1250 joules. 
No heads. £30. 
MARCONI SIGNAL GENERATORS. TF8018 from £140; TF801D £240. Usually 
available ex -stock 

JUST IN 
GENERAL RADIO Transfer Function and Imminence Bridge 1607A. 
COHU DC Voltage Standard Models 303B & 304. 
TEKTRONIX Square Wave Generator 106 
TEKTRONIX Constant Amplitude Signal Generator 191. 
BRADLEY Oscilloscope Calibrator 156 
BRADLEY Oscilloscope Calibrator 192. 

RHODES & SCHWARZ POWER METER. BNRD- BN2412/50 £50. 
MARCONI RF POWER METER. TF 1020A/ 1 50 ohmn £65. 
HEWLETT PACKARD 11 Channel Numerical Printer £30. 
I.C. TESTER by SCHLUMBERGER. Model TCL232 - tests 741, 709. etc Dual n Imes, 
flat packs or TOs £65 ea. 

AIRMEC MODULATION METER 210 £95. 
HILGER & WATTS SPECTROMETER H 11 70 £240 
RHODE & SCHWARZ Tunable Indicating Amplifier UBM £75 
TEKTRONIX 180A Time Marker Generator £55 
S.E. Labs Oscilloscope Type 102 £220. 
GENERAL RADIO PULSE SWEEP & TIME DELAY GENERATOR Type 1391B E120 

SPECTRUM ANALYSER by NELSON ROSS. Plug-in for TEKTRONIX 
Oscilloscopes 561 / 506 etc. Freq 0- 500KHZ £225. 

SOLARTRON CD1212 SB 40 meg. £85. DB 24 meg. twice £120. Many other types 
available. 
Ex- Ministry OSCILLOSCOPE. CT436 Double beam DC 6MHZ £95 ea. 
*TELEPHONES. Post Office style 746. Black or two -tone grey £6.50 ea. Modern style 
706. Black or two -tone grey £4.50 ea. P &P 75p each Old black style £1.50 ea. P &P 75p. 
TELEPHONE EXCHANGES. eg. 15 -way automatic (exchange only) from £95. 
MODERN FANS. 43/4 o 434. x 11/2". 240 Volts. Superbly quiet. b blades. £4.50 ea. P &P 
75p. 
PAPST Model 240V available at £7.50 ea. P &P 75p. 
PHOTOMULTIPLIER Type 931A £4 sa. P &P 75p. Other types available. 
*POTENTIOMETERS - All Sp ea. P &P extra. Metal bodied AB Linear, PCB Mount. Brand 
new. 10K, 100K ganged, 250K ganged, 100K ganged, concentric shafts. 
*BEEHIVE TRIMMERS 3 /30pf. Brand New 10 off £40p P &P 15p; 100 off £3.50, P &P 
75p 500 off £15, P &P £1.25, 1,000 off £25, P &P E1 50. 
LARGE RANGE OF ELECTROSTATIC VOLTMETERS. From 0 -300V 2" £3, to 20KV 
Max General guide 5KV 31/2" £5. Thereafter £1 per KV. P &P 75p. 
VARIACS 240V input 0 -240V, output 8A £18 ea. 20A £30 ea. Carr. £2.50. 
E.N.T. TRANSFORMERS 20KV 2KVA £70 ea. Many other EHT transformers and EHT 
Capacitors available. 
DON'T FORGET YOUR MANUALS. S.A.E. with requirements 
TUBE Type DB7/ 36 -- Replacement for Telegwpments S31 £11 ea. P &P E1.50. 

r 

PICK -A -PACK- 50 PENCE A POUND 
FROM OUR "'PICK -A- PACK" AREA WEIGH UP YOUR OWN COMPONENTS 

NO RESTRICTIONS ON WHAT YOU TAKE 

SUPERB PROFESSIONAL VDU CASES, size 23" x 16" x 27" on stands. 
Hammer grey. BRAND NEW 

SCHLUMBERGER Surplus E35 each Carriage £2.50 

EX- DYNAMCO Oscilloscopes INVERTORS 
30V Input 6KV Output. Size 2" x 41/2" X 11/2" 

Complete with circuit £10 each. P &P £1 

LINE PRINTERS - VARIOUS MODELS 
£100 each. Carriage £1 5 

Size approx. 4' 4" x 3' x 4' high 

MINIATURE - OXLEY PATCH PANELS - BRAND 
NEW 

EX- DYNAMCO 
10 x 10 complete with pins. £8 each. P &P 50p 

C.D.C. DISK DRIVE. Complete with electronics 
power supply (single phase), etc. Fine condition 
with 50 Disk Packs. £250. Carriage El 5. Siz, 
approx. 2' x 2' 10" x 3' 5" high. 

A LARGE QUANTITY OF MIS- 
CELLANEOUS TEST GEAR, 
CHASSIS, UNITS, etc., on view 
at LOW COST. 

SURPLUS - BRAND NEW - REPLACEMENT TUBES 
FOR DYNAMCO 7100 SERIES OSCILLOSCOPES TYPE 

BRIMAR D13 -5IGH 

Mesh P D A Tians,stor Scan Wide Bandwidth 60MH7 + 
Rectangular 6 e 10cm - 1KV EHT X Sensitivity 15V /CM Y 

Sensitivity 6V /CM Standard heaters. Length 131/2" 
THIS IS A MUST AS A SPARE FOR THE DYNAMCO 7100 
SCOPE OR IDEAL FOR THE HIGH QUALITY TRANSISTOR 

SCOPE BUILDER 
At £65 each Carriage E2 50 

To Tube purchasers only Numeral Shields at L 2 50 
ALSO AVAILABLE TUBE TYPE BRIMAR D10-21 OGH ' 32 

Rectangular 7 x 5cm Mesh P D A Short 91/ ". 30MHZ+ 
Sensitivity a 14V /CM, Y 10V /CM BRAND NEW at £70 each 

Carriage E2 50 

DATA LOGGER 
by DYNAMCO 
These are BRAND NEW 
not finished - DATA 
LOGGERS BY 
DYNAMCO 

They are completed but for the plug -in boards. The case with hinged lid is quite superb and 
extremely adaptable. It contains as well as the mother board an equally superb Power Supply 
with the following voltages +28V; +15V, +5V 12 5A) - this supply is crowbar protected 
--5V; --14V; --20V; --24V; --48V and other supplies including auto 110V. This unit supplied 
in its original cardboard box complete with original manual and must be of serious interest to 
the professional constructor and anyone considering the construction of a micro processor 
system. Unit size 71/2" high x 19" wide x 23" deep. 

Price £45 each. Carriage £2 50 

PICK -A -PIECE - 50 PENCE EACH 
FROM OUR "PICK -A- PIECE AREA 

PICK -A -METER - £1 EACH 
A LARGE SELECTION OF BRAND NEW AND EX -EQ. METERS 

Mr. tih 4xx- 

Minimum Mail Order £2. Excess postage refunded. Unless stated - please add £2.75 carriage to all units 
VALUE ADDED TAX not included in prices - Goods marked with *121/2% VAT, otherwise 8% 
Official Orders Welcomed. Gov. /Educational Depts., Authorities, etc., otherwise Cash with Order 

Open 9 a to 5.30 p m Mon. to Sat. I'IILF- A LTD 
7/9 ARTHUR ROAD, READING, BERKS (rear Tech. College, King's Road). Tel. Reading 582605 

C}--,\ 1___. ''/ 
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15 
HY5 
Preamplifier 

HY30 
15 Watts into 80 

HY50 
25 Watts into 80 

HY120 
60 Watts into 80 

HY200 
120 Watts into 80 

HY400 
240 Watts into 40 

POWER 

SUPPLIES 

240 Watts! 
The HY5 is a mono hybrid amplifier ideally suited for all applications All common input functions 
(mag Cartridge. tuner. etc) are catered for internally, the desired function is achieved either by a 
multi -way switch or direct connection to the appropriate pins. The internal volume and tone circuits 
merely require connecting to external potentiometers (not included). The HY5 is compatible with all 
I LP power amplifiers and power supplies To ease construction and mounting a P C connector is 
supplied with each pre -amplifier 
FEATURES: Complete pre -amplifier in single pack - Multi- function equalization - Low noise - Low 
distortion - High overload -- two simply combined for stereo. 
APPLICATIONS: 11-Fi - Mixers -- Disco - Guitar and Organ -- Public address 
SPECIFICATIONS: 
INPUTS Magnetic Pick -up 3mV Ceramic Pick -up 30mV; Tuner 100mV: Microphone 10mV: 
Auxiliary 3- 100mV; input impedance 47k0 at 1 kHz 
OUTPUTS Tape 100mV; Main output 500mV R,M S 

ACTIVE TONE CONTROLS Treble ' 12dB at 10kHz: Bass T at 100Hz. 
DISTORTION 01 %at 1kHz, Signal /Noise Ratio 68dB. _ 

OVERLOAD 38dB on Matnetic Pidlaup: SUPPLY VOLTAGE T 16 50V 
Price E5.22 + 65p VAT P &P free 
HY5 mounting board B1 48p + 6p VAT P &P free. 

The HY30 is an exciting New kit from I. L P . it features a virtually indestructible I. C. with short circuit 
and thermal protection The kit consists of I C , heatsink. P C. board. 4 resistors, 6 capacitors, 
mounting kit. together with easy to follow construction and operating instructions. This amplifier is 
ideally suited to the beginner in audio who wishes to use the most up -to -date technology available. 
FEATURES: Complete kit - Low Distortion - Short, Open and Thermal Protection - Easy to Build. 
APPLICATIONS: Updating audio equipment -- Guitar practice amplifier -- Test amplifier -- Audio 
oscillator. 
SPECIFICATIONS: 
OUTPUT POWER 15W R M.S Into 80. DISTORTION 0 1% at 15W 
INPUT SENSITIVITY 500mV FREQUENCY RESPONSE 1OHz -16kHz -- 3dB. 
SUPPLY VOLTAGE ' 18V 
Price E5.22 + 65p VAT P& P free. 

The HY50 leads I L P 's total integration approach to power amplifier design The amplifier features an 
integral heatsink together with the simplicity of no external components. During the past three years 
the amplifier has been refined to the extent that it must be one of the most reliable and robust High 
Fidelity modules in the World. 
FEATURES: Low Distortion -- Integral Heatsink -- Only five connections -- 7 Amp output transistors - No external components 
APPLICATIONS: Medium Power Hi -Fi systems -- Low power disco -- Guitar amplifier 
SPECIFICATIONS: INPUT SENSITIVITY 500mV 
OUTPUT POWER 25W RMS in 8Q LOAD IMPEDANCE 4.160. DISTORTION 0.04% at 25W at 
1kHz 
SIGNAL /NOISE RATIO 75dB. FREQUENCY RESPONSE 10Hz -45kHz - 3dB. 
'SUPPLY VOLTAGE ' 25V SIZE 105 50.25mm 
Price £6.82 + 85p VAT P &P free 

The HY120 is the baby of I L. P's new high power range, designed to meet the most exacting 
requirements including load line and thermal protection, this amplifier sets a new standard in modular 
design. 
FEATURES: Very low distortion -- Integral Heatsink -- Load line protection - Thermal protection -- 
Five connections -- No external components. 
APPLICATIONS: Hi -Fi - High quality disco - Public address -- Monitor amplifier -- Guitar and 
organ 
SPECIFICATIONS: 
INPUT SENSITIVITY 500mV 
OUTPUT POWER 60W RMS into 80 LOAD IMPEDANCE 4 -160 DISTORTION 0 04% at 60W at 
1 kHz 
SIGNAL /NOISE RATIO 90dB. FREQUENCY RESPONSE 10Hz -45kHz -3dB. SUPPLY VOLTAGE 

35V. 
Size 114 x 50 x 85mm 
Price (15.84 + £1.27 VAT P &P free. 

The H5200 now improved to give an output of 120 Watts. has been designed to stand the most 
rugged conditions, such as disco or group while still retaining true Hi -Fi performance. 
FEATURES: Thermal shutdown - very low distortion - Load line protection -- Integral Heatsink -- 
No external components. 
APPLICATIONS: Hi -Fi - Disco -- Monitor - Power Slave -- Industrial -- Public address 
SPECIFICATIONS: 
INPUT SENSITIVITY 500mV 
OUTPUT POWER 120W RMS into B0 LOAD IMPEDANCE 4 -160 DISTORTION 0 05% at 100W at 
1kHz 
SIGNAL %NOISE RATIO 96d8 FREQUENCY RESPONSE 10Hz -45kHz -- 3dB SUPPLY VOLTAGE 

45V 
SIZE 114 x 100 x 85mm. 
Price E23.32 + £1.87 VAT P &P free. 
The HY400 is I.L -P.'s "Big Daddy" of the range producing 240W into 40! It has been designed for 
high power disco or public address applications If the amplifier is to 6e used at continuous high power 
evels a cooling fan is recommended The amplifier includes all the qualities of the rest of the family to 
lead the market as a true high power hi- fidelity power module 

FEATURES: Thermal shutdown - Very low distortion - Load line protection - No external 
components. 
APPLICATIONS: Public address -- Disco -- Power slave -- Industrial 
SPECIFICATIONS: 
OUTPUT POWER 240W RMS into 4Q LOAD IMPEDANCE 4 -16Q. DISTORTION 0 1% at 240W at 

1 kHz 
SIGNAL/ NOISE RATIO 94dB FREQUENCY RESPONSE 10Hz -45kHz - 3dB SUPPLY VOLTAGE 
- 45V 
INPUT SENSITIVITY 500mV SIZE 114 e 100 x 85mm 
Price E32.17 + E2.57 VAT P &P free. 

PSU36 suitable for two HY30 s E5.22 plus 65p VAT Pr P free 
PSU50 suitable for two HY50 s £6.82 plus B5p VAT P/P free 
PSU 70 suitable Ica 2 HY 120 s E13.75 plus E1 10 VAT P/P free 
PSU90 suitable for one HY200 £12.65 plus Et 01 VAT P/P free. 
PSU180 suitable for two HY2000 s or one HY400 £23.10 plus 1.1 85 VAT P/P free 

B1 48pplus oy vAi 

I.L.P. Electronics Ltd 

Crossland House 

Nackington, Canterbury 
Kent CT4 7AD 

Tel (0227) 63218 

TWO YEARS" GUARANTEE ON ALL OF OUR PRODUCTS 

Please Supply 
Total Purchase Price 

I Enclose Cheque El Postal Orders Money Order 
Please debit my Access account Cl Barclaycard account 
Account number 
Name & Address 

Signature 
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Strobes,Tachos, Meters, Generators and Telecommunications Test Equipment 

NEW FUNCTION 
GENERATORS! 

G432 is a source of sine, square 
and triangle signals, 1 Hz to 
1 .1 MHz 2-5V into 500, via 

attenuator. 
Also independently 
5V into 6000 fixed 
level. Variable d.c. 
off -set. 

G430 (illustrated) provides Sine - 
wave (0-1 OVrms) and Square - 
wave (0 -20V p -p) from 6000, 
continuously variable, via 0 -60dB 
step attenuator. Frequency range 
1 Hz to 1MHz. 

£115 

£95 
Send for 
details of our 
complete range 

Add Boa VAT to all 
prices shown. 
Carriage extra 
details on request 

NEW WIDE -RANGE 
MULTIMETER UM -11 

Features 38- colour -coded ranges 
with high input impedance." 

NEW PULSE GENERATOR 
Model 70 (illustrated above) 

Compact, low -cost pulse and square -wave generator, 
featuring' 

P.R.F. 4Hz to 400kHz, gated or free -running. 
0/P 10v peak from 500, also synch. 0/ P. 

Pulse width 1 Sec to c. 

Delay 1 uSec to 100mSec. Sec. £94 Pulse mark /space inversion. 
TTLiCMOS Hl LO gating facility. 

d.c. Volts, 
1 50mV to 
1500V f.s.d. 
at 100k0/V. a.c. Volts, 
1.5V to 1500V f.s.d. at 31.61(0/ v. 

d.c. Current, 1011A to 1 5A. 
a.c. Current 15A.. 
Other star features include mirror -scale, 
rugged taut band suspension, dB scale, 
diode and fuse protection. 
Supplied complete with test -leads and 
leather 
carrying 
case. 39.50 

=4 ELECTRONIC BROKERS LIMITED (New Products Division) 
49 -53 Pancras Road, London N W1 2616. TeI:O1-837 7781 

See inside back 
cover for details 
of ICE Super 
range of multi - 
meters! 

Callers welcome - 
Monday to Friday 
9 a.m. to 5 p.m. 

WW - Il4 FOR FURTHER DETAILS 

ANTENNA DESIGN 6 PRODUCTION 

We are specialists in the 
design, development and 
production of all types of 
antennas and controls, 
including those to military 
specifications. 

We invite your enquiries 

STRINGER CLARK ANTENNAS LTD. 
CHILD OKEFORD DORSET DT118EH 
Telephone : 025886-8293 

WW - 052 FOR FURTHER DFTAII S 

sr -Aï 
ULTRA 

MINIATURE 

LOW 
FREQUENCY 

QUARTZ 
CRYSTALS 

INTERFACE 
AUDIBLY SUPERIOR POWER AMPLIFIER MODULES 

A power amp. built with C E modules will be audibly comparable to the very best amps. 

commercially available, but at a much reduced cost.T.h.d. is typically 015 by the use of 

output triples & moderate feedback, while t.i.d. is no worry with a slew -rate limit of 

16v /ps (only 9v /ps is required for the power bandwidth of CE 1008).Settling time < 15ps. 

*S /N >11odB *12ox8ox25mm.* Fully protected* 250mv /56kn*12H1- 35kHz,- 3dB *14Trs,4D, 

Power Supplies: Featuring high quality Toroidal transformers with 120 - 

CPS 1 For 2 x CE 608 or 1x CE 1004 £1255 240v primary &screen; 
2 large capacitors; 

CPS 2 For 2x CE 1004 or 2 or4 x CE 608 £1455 rectifier; fixings. 
CPS3 For 2rCE1008 £1585 
Power amp. modules; 
CE608 6oWrms /8n, ±35v, £14 55 

CE 1004 100 W rms /4n. ±35v, £1755 

CE 1008 10OWrms /8n, ±45v, £21.55 

H /soks:50mm.85p;H /duty 100mm.£1 50 

*Ipe1tH1cwrtr' CRIMSON ELEKTRIK 
S.A.E rar full details 74 STATION ROAD, 

ens -5,0553 -s118211 RATBY; LEICESTER. enooe . Dome:,. heat :sex 5Dmm. 

WW -040 FOR FURTHER DETAILS 

World -wide exporters of crystals & filters 
Manufacturers of DIP crystal oscillators 

from 10kHz to 20MHz 

sole agents for 

RONETICS LC & crystal filters from 10Hz to 1 00M Hz )FILT 
STATEK Ultra miniature low frequency crystals 

ELECTRO DYNAMICS) High volume timing crystals 

29 Market Street, Crewkerne, Somerset England TA18 7JU 
Telephone (0460) 74433 Telex 46283 inface g 
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SINTEL chooses the ZILOG Z80 
SINTEL offers you the world's most advanced 8 -bit microprocessor, designed by the 
'team who created the 8080. The Z80 is manufactured by Zilog (backed by Exxon, the 
world's largest corporation) and by Mostek - the world's leading memory 
manufacturer. 

Here are some of the features which will warm the expert's heart 

158 instructions. including all 78 of the 8080A 
Automatic dynamic RAM refresh. Superb set of 
addressing modes, 4 -bit rotates for BCD 
multiplication, loop counting and exit with single 
instruction. Great interrupt handling. 12 general 
purpose registers. 

Single +5V power supply static 
operation single, simple clock 1.6 
-:sec. cyclic time Block move instruc- 
tions. Two index registers. 

Z80/MK3880 from SINTEL now only £29.50 
plus VAT & P &P 

Send for free Sintel Z80 Newssheet 

Coming in a few months 

THE SINTEL Z80 

COMPUTER 
In kit form and ready -built 

We think it's worth waiting for 

Zilog Z80 data available from Sintel 
Zilog Z80 - CPU Technical Manual, 80 pages E5.60 
Zilog Z80 - CTC Product Specification. (Four channel programmable 

Counter Timer Circuit) 7 pages . £0.80 
Zilog Z80 = P10 Technical Manual (Programmable two port input 

output device) 25 pages £3.30 
Zilog Z80 Data sheet E0.75 

HIGH QUALITY 

KITS 
ACK 

£27.80 

ATTRACTIVE SIX DIGIT ALARM CLOCK KIT 
Six red 0 5" digits White case Touch switch snooze Battery backup Crystal umebase plus other 
features Size h. 40mm. w 205mm. d. 140mm Complete less mains cable. plug and battery. 
Order as ACK + MK + XTK E34.33 Available without crystal control and battery backup. which can he added later. 
Order as ACK 

FOUR DIGIT MANTLEPIECE OR OFFICE CLOCK 
Four bright green 0 5" digits White Case Battery backup Crystal control 
Size h 40mm, w. 154mm. d 85mm Complete less mains cable, plug and 
battery 
Order as OCK + OBSK + XTK E19.85 
Available without crystal control and battery backup. 
Order as OCK E14.40 

SIX DIGIT CAR CLOCK WITH INDEPENDENT JOURNEY -TIMER 
Crystal controlled Shows time or elapsed time in HRS. MINS SECS Runs off 
car 12v supply Nine push buttons for Start- StopReset, selecting display to show 
time or elapsed time All controls functional irrespective of display mode Size 
h. 40mm. w. 205mw. d 14Omm 
Order as CCK E42.00 

FOUR DIGIT CAR CLOCK 
Four red 0.5" digits White case Battery backup Crystal control Suitable 
for all 12v negative eanh cars Size h 40mm. w 1 54mm. d 85mm Complete 
less battery 
Order as AUT -CK E17.55 

50HS CRYSTAL TIMESASE KIT 
Use to improve accuracy of your digital clock As a 501-iz source in a clock with 
battery back -up Accurate to within a few seconds a month Sue h 14mm, w 
64mm. d 49mm. 
Order as XTK E8.23 

E27.30 

1111.11=11 

FAST SERVICE. We guarantee that Telephone Orders for goods in stock, 
received by 4.15 p.m. (Monday- Friday) will be despatched on the same day 
by 1st class post (some heavy items by parcel post) and our stocking is good. 
Private customers should telephone and pay by giving their Access or 
Barclaycard number, with a minimum order value of E5. Official orders, no 
minimum. 

Wireless World, June 1977 

Components from 
Leading Manufacturers only 

SINTEL INDUSTRIAL MODULE KITS 
Using only the highest quality components -Fibreglass roller.trnned PCBs -ICS and Displays 
direct lmm "Blue-chip" Manufacturers 

KITS FOR TTL LATCHED COUNTER MODULES 
Each kit includes a set of displays (0.5" Red LED type TIL321 / FN0507) and two PCBs. one 
each per digit of 7447. 7475 and 7490 plus brackets. resistors. capacitors, a single m -boo 
plug and socket. nuts, screws, washers, instructions, etc Sockets are NOT included and we 
recommend that you order Soldercon Pins separately (112 for a 2 digit module. 224 for a 4 
digit module and 336 for a 6 digit moduler 
Each module consists of one vertical PCB holding the displays used by two brackets to a 
horizontal PCB, which holds the remaining components 

Full Kit for 2 digit TTL Counter with Latch Order as 526412 E12.60 
Full Kit for 4 digit TTL Counter with Latch. Order as 857412 E22.90 
Full Kit for 6 digit TTL Counter wrh Latch Order as 721412 E32.50 

721412 857412 528412 

KIT FOR SINGLE PCB CMOS COUNTER MODULE WITH 
LATCH. A complete kit for building a 2 digit, single PCB. CMOS 
Counter Module with Latch Includes PCB. 2 x TIL322 or 
FND500, 2 o 4511, 1 a 4518. Rs, socket pins, etc Size h. 
67mm, w 71mm. d 18mm. 
Order as 142 -289 E6.80 

SETS OF JUMBO DISPLAYS WITH DISPLAY HOLDING PCB 
Each kit consists of the appropriate number of 0.5" red LED displays (either common anode 
TIL321 /FND5075 or common cathode TIL322TFND500s) and a display holding PCB 
OPTIONS. PCBs wired for multiplexing or non -multiplexing. clock format or counter format 

TYPE COMMON ANODE COMMON CATHODE 
Non- MWtiplssed Part No. Price Part No Price 

2 digit Counter 574 -822 E3.37 446 -822 E2.97 
4 digit Counter 777 -822 E6.63 128 -822 E5.83 
6 digit Counter 684 -822 E9.89 271 -822 E8.69 

MuNip.s.d 

4 digit Clock 801 -822 E9.68 262 -822 E5.86 
6 digit Clock 417422 E10.15 452 -822 E8.95 
8 digit Counter 119422 E13.09 515 -822 E11.49 

LOW COST IC SOCKETS 
Soldercon Pins are the ideal low cost method of providing sockets for TTL, CMOS. 
Displays and ICs. Simply cut off the lengths you need. solder into board and snap 
off the connecting carrier. A single purchase of Soldercon Pins gives you any socket 
you may need, and at low prices. 
100 pins for 50p. 1,000 for E4. 3,000 for £10.50. 

COMPONENTSSend for 
CLOCK CHIPS MPU KIT 
Ay51202 3.10 INTRO KIT 
Ay51224 3.50 ISPBK/200E 
MK50253 5.50 88.81 
FLAT CABLE TRANSFORMERS 
20w lm 1.00 LEDTRF 1A5 lOm for 8.00 5LTRF 1.95 
VEROCASES 
75141OJ 3.38 DISPLAYS 
751411 D 4.10 FND500 1.30 
751237J 2.50 TI1321 1.50 
751238D 3.00 TI1322 1.49 
751239K 3.58 5LT01 5.80 
CRYSTALS XTALL TIME- 
32 768kHz 3.50 BASE 
5 12MHz 3.60 MODULES 
MEMORIES 671-50 50HZ 
9131 (Newt 19.50 2.10 
2102A-6 3.10 821-100100HZ 
2112A-4 4.10 740 
6508 8.05 
SUNDRIES VEROBOARDS 

CA3130 0.94 
.:A741 0.40 103/P16 x 2PK 

78L12WC 0.77 1.12 
4 7" 1 7 9" 2022 Cutter 0.74 126(Pí6 2.56 MPU. 

6800 24.84 VEROPINS 
SC /MP CPU is 200) 
ISP8A / 500D 14.50 Veropms -Pkt ' 1,15 

Catalogue cóáózeó.iá CD4052 
1.78 CD4053 C M OS 

CD4027 0.68 COd054 
Main/yRCA CD40280.92 C04055 

- CD402g 1 18 CD4056 
CD4000 0.17 CD4030 0.68 CD4059 
CE/4001 OIS CD4031 2.30 CD4060 
CD4002 0.17 CD4032 1.02 CD4063 
CD4006 1.20 CD40331.44 CD4066 
CD4007 0.15 CD4034 1.97 CD4067 
CD4008 1.00 0D4035 1.22 C04068 
CD4009 0.55 CD4036 3.29 CD4069 
CD4010 0.55 C04037 0.98 CD4070 
CD401 t 0.20 CD4038 1.10 CD4071 
CD40120.23 CD40393.20 CD4072 
CD4013 O.SB CD4040 1.11 CD4073 
CD4014 1.04 CD4047 0.88 CD4075 
CD4015 1.04 CD4042 O.tB C04076 
CD4016 0.55 C04043 1.01 CD4077 
C134017 1.04 CD4044 0.96 CD4078 
CD4018 1.03 CD4045 1.45 CD4081 
CD4019 0.55 CD4046 1.37 CD4082 
C04020 1.25 CD4047 1.04 CD4085 
CD4021 1.04 CD4048 0.55 CD4086 
CD4022 0.54 CD40490.58 CD4089 
Cn4073 0.23 CD4050 0.55 CD4093 

0.94 
0.94 
0.94 

1.20 

1.35 
4.53 
7.75 
1 13 
0.83 
3.86 
0 23 
0.23 
0 .51 
0.23 

0.0.23 23 
0.23 

0.46 
0.23 
0.23 
0.29 
0.74 
0.74 
1.80 
0.52 

CD4094 1-f4 
CD4095 1.08 
CD4096 1.05 
CD4097 3.55 
CD4098 1.13 
CD4099 1.90 
CD4502 1.24 
CD4510 1.41 
CD4511 1.72 
CD4514 2.54 
CD4515 3.24 
CD4$I6 1.40 
CD4518 1.25 
CD4520 1.19 
CD4527 1.84 
C04532 1.39 
CD4555 0.90 
CD4556 0.90 
MC14528 1.22 
MC145534.48 
IM6508 5.05 

Some of the Books available from Sintel 
RCA CMOS and Linear IC Databook 
National Semiconductor Databook 
MOT CMOS Databook Vol 5 Series B 

8.70 
3.46 
3.50 

Offices at Link Property. 209 Cowley Road. Oxford. but please do not use this as a postal address. 

ORDERS: C W O add VAT ka B% + 25p P &P. TELEPHONE and CREDIT ¡Invoice) Orders add VAT 1 p% + 
50p P &P, and please see "FAST SERVICE." EXPORT Orders welcome. no VAT but add 1096 (Europe). 15% 
(Overseas) for Air Mail P &P For Export postage rates on heavy items - contact us firer. 

SEND YOUR 
ORDER TO 

SINTEL 
PO BOX 75C, OXFORD 
Tel. 0865 49791 

etil6 

10 OUTLET 
DISTRIBUTION 
AMPLIFIER 2 

One floating input 10 independent floating outputs 
at 600 ohms for general studio work or feeding 
multiple slave pa amplifiers Electronic input circuit 
which withstands mains or static voltages on the 
signal Imes 
Total Harmonic Distortion, all outputs loaded. at 
+ t 2d6V.7 
t KH, -86dB, 0.00596 
30Ilx.-2OKHz -6648, 0 05% 
Intenrreàal.tieo Distortion, 5011: + 7KHe 4 1 

Output +12d8V 7 -86dB, 0005% 
The unit meets the IBA signal path specifications 
and is available as a complete unir or as a set of ail 
parts excluding the case and XLR connectors 

STEREO DISC AMPLIFIER 2 
SUPERLATIVE PERFORMANCE FOR BROADCAST. 
ING DISC MONITORING AND TRANSFER 
Magnetic cartridge to balanced lines with HF and LF 
filtering Mains powered Meets IBA specification 
More specifications in March and May adverts 

PEAK PR_ OGRAMME 
MARS 
PPM2 Standard performance drive c cuit under 
licence from the BBC Reviewed Studio Sound 
September 1976 Ernest Turner meter movements 
642. 643 and TWIN stocked 

STABILIZER 
FOR HOWL REDUCTION, BALANCED AND 

UNBALANCED VERSIONS BOXED 
OI RACK MOUNTING 

IN 

+5Hz Rxed Shift Circuit Boards as WW 
July 1973 article but improved noise 
level. 
Small enough to be built inside the cabinets of 
many amplifiers. 
Complete lot and board E25 S iirai.lrrs DESIGNER 
Board krill and aipned E36 a..rerrli.r APPROVED 

SURREY ELECTRONICS 
The Forge, Lucks Green, Crenletgh 
Surrey GU6 760 (STD 048661 5897 

CASH WITH 
E DISa UKF AD VAT +. APRS STAND 88 

SINTEL 
TELERADIO SPECIALISTS IN DESIGNS by John Linsley Hood 

Example VERY LOW DISTORTION AUDIO 
OSCILLATOR 

An ideal instrument for checking Hi F, Amps 

ìINE AND 
SQUARE WAVE. 

1 v output 6000 

..r- r- 
Kit Puce E18 Ref. A0113 Macle £22. Tax 
Also available THO Analyser FM Sig Gen AC Millivnitmeter P 

Frequency Meter etc In additior we have amphhet ddslgnc he Bina' 
Linsley Hood Bailey Mollard etr 

Send S A f if.scap) tut comprehensive lists 

DIST. 02% 

10Hz - 100KHz 

TELERADIO ELECTRONICS 
325 Fore Street, Edmonton, London, N9 OPE 

Telephone: 01 -807 3719 Closed Thursdays 

WW -012 FOR FURTHER DETAILS 
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its got to be better. . . s 
LIKE OUR NEW LOW DISTORTION 

OSCILLATOR /FREQUENCY COUNTER. This versatile instrument has been designed to meet the exacting requirements of the professional audio engineering 

field. The integral crystal /referenced digital counter ensures precise measurement of frequency and typical output distortion is 0.006% THD @ 1 kHz. The unit 

covers the range of 10Hz to 100kHz in four pushbutton ranges, with eight preset frequencies from 10Hz to 20kHz to facilitate easy response checking of audio 

equipment. The output may be switched to give fast first -time square wave. The frequency- counter may be separately accessed via the COUNTER INPUT 

socket on the front panel. 

For further details contact: 
Trident Audio Developments Ltd. 
Sales Office: 112/114 Wardour St., London, W1 
Tel. 01 -734 9901. Telex 27782 Tridisc 'MAD 

Factory address: Shepperton Studios 
Squiresbridge Rd., Shepperton, Middx. 
Tel. Chertsey 109328) 60241 

WW -101 FOR FURTHER DETAILS 

MARKING PENS 
with fluorescent colour inks 

A range of marking pens is available in ten colours 
for permanent and removable markings. The inks are 
highly fluorescent, electrically non -conductive and 
can be used for marking metal, plastic, fabric or 
through an oily film. 

STANDARD PNEUMATIC MOTOR CO. 

20 High Street, Yatton, Bristol BS19 4JA 
England 

WW -115 FOR FURTHER DETAILS 

YOUR BREADBOARD 
SAVES YOU TIME. 
The new .1" matrix breadboards are a major time saver 

in prototyping, circuit design and experimentation. 

DON'T WASTE IT. 
Ramp Electronics' new breadboarding system saves 

more time, and costly breadboard space, in setting up 
frequently used circuit functions like displays, power 
devices and counters. 

Details of these, special breadboard 
connectors, and other interesting new 
items in our free catalogue. Write to 

ELECTRONICS Po BOX HH2, LEEDS LS8 4HG 

WW-097 FOR FURTHER DETAILS 

MAIL ORDER PROTECTION 
SCHEME 

(Limited Liability) 
II you order goods from mad order advertisers in Ms magazine. except for classified advertisements. 
and pay by post in advance of delivery. Wireless World will r o i drr you for compensation if the 

advertiser should become insolvent or bankrupt. provided 

I. you have not received the goads or had your money returned: and 

2. Pou write to the publisher of Wireless World explaining the position not earlier than 28 days Mom 

the day you sent your order and not later than 2 months from that day. 

Please do not wait until the last moment to talarm us. When you write. we will tell you how to make your 

claim and what evidence of payment is required. 

We parietal to met claims tram readers made in accordance with the above procedure es soon as 

possible :Wier. the advertiser has been declared bankrupt or Insolvent up to a limit of 

£3.550 per annum for any one advertiser on affected and up to E10.000 per annum in respect of all 

insolvent advertisers. Claims may be paid for higher amounts. or when the above procedure has not 

been complied with. at the discretion of Wireless World: but we do not guarantee to de no in view of the 

need to net some limit to this commitment and to learn quickly of readers' difficulties. 

This guarantee covers only advance payments sent to direct response to an advertisement in this 
magazine Ins£ tar example. payments made in response to catalogues. etc. received as e result of 

answering such advertisemenlsl. Personal advertisements are excluded. 
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SIGNAL SOURCES 
ADVANCE 
V H F Square w e Generator SG21 10 
KHz- 100MHz Max o/p 2V E35 
H1 Audio Signal Generator 1 5Hz -50K Hz 
Sine and Square £35.00 
E2 R F. Signal Generator 10KHz- 10OMHz £78.00 

HIE Audio Signal Generator Sme R Square Wave 
15Hz-50KH2 200 V to 20V (Sine) Drator,on 1'ví. 1 4m to 140V (Square) Brand new, condition E 70.00 

GENERALRADIO 
Unit Oscillator 1209C Freq 250.920MHz Accuracy 
1% Drift 0 2% O /pin to 50ohms= 150mW supplied 
with Power Supply Type 1201 -CQ E145 
HEWLETT PACKARD 
10515A Frequency Doubler Extends the useable 
frequency range of signal generators Operating on on 

frequencies 0 5MHz to 500MHz it provides e 
doubled output in the range of 1MHz to 1GHe The 
frequency response of this 50 ohm device is very flat 
N- A 2dB typcally) over the entire frequency range and 
undesired harmonics are well suppressed Brand 
211A Square Wave Generator IHz 1MHz £75.00 
FM AM Signal Generator 202H FM AM C W & 
Pulse coverage 54 to 2 1 6 MHz R F orp 0 1., V.0 2V 
50ohms Impedance £450 
Audio Signal Generator 206A 20Hz 20KHt 
accuracy Distortion e_ 1% £80 
612A -U H F Signal Generator 450- 1230MHz 
0 ITV -0 5V (50 ohms) A M internal & external Pulse 
mod facilities SUPERB CONDITION £1250.00 
MARCONI INSTRUMENTS 
TF1060 U H F Signal Generator 450- 1250MHz Sine 
wave and pulse a m £350.00 
TF867 Signal Generator 15KH, -30MH1 O p volts 
0 4pV. 4V £185.00 
TF2005R Two Tone Source The instrument comprises' 
Iwo identical low- distortion a 1 oscillators and a 
monitored attenuator umr, to form a compact test set 
for the measurement of inter modulation distortion 
using the methods recommended by S M P T E and 
C.C. I F Frequency range 20H, to 20KHr in sir bands 
each oscillator can be adjusted and used indepen. 
dently) Harmonic distortion Less than 0 05'%, between 
63Hz and 6KHz when using unbalanced output 
Generally less than 01% under other conditions 
Intermodulatron Below -80dB with respect to the 
wanted signal Amplitude Reference Level Up to 
+10dBm from each oscillator Output attenuator 
111d8 in O 1dB steps Output impedance 6000 
unbalanced or 60017 1501] or 750 balanced and 
centre tapped £485.00 
S H F Signal Generator 6180 2 8.7 60Hz -1% 50 
ohms £500 
F M /A M Signal Generator TF 9950'3S Ministry 
type No CT402 1 5MHz- 220MHz R F o p 
2uV -200mV Internal & External Mod Facilities V 
good cdnmbon £385 
FM /AM Signal Generator TF995A'5 1 5- 220MHz 
in 5 bands 0 I ..V -200nW F M up to - 120KHz from 
50He-15KH, A M up to 50%. from 100Hr -10KHz 
o/p (t) 2uV -200mV (2) with terminating 

t 
1 uV100mV Int mod fregs 400Hz 1KHz &1 5KHt 
Oistorion (t) on internal F M -25Hz (2) on internal 
A M 6% at 30% mod £300 to £450 
A M Signal Generator TF801D 1 Freq range 
10- 470MHz R F output 0 1 r -1 Piston attenuator 
50ohms Impedance Modulation Int A M 1KHz Est 
A M 30Hz-20KHt Low spurrous F M & drift 
V S W R 1 2 or less £400.000 
A M Signal Generator TF801 D /1S Military version 
10.485MHz £4504800 

R C Oscillator TF1370A 10Hz -10MHz Square Wave 
up to 100KHa Hrgh Outputs up to 31 6V E285 
Phase'A M Signal Generator TF 2003 

,G 4 -12MHz £1501 
AM Signal Generator TF 8018'35 12 485MHz 
01uV -1V £185 
R C Oscillator TF1101 Frequency range 
20H2- 200KHr Output Deect into 6000020V 
variable Attenuator 0 6dB m 10d8 steps Impedance 
6000 Distortion Via 1KHz Filter less than O 1' %., 
Direct or via Attenuator Less than 0 5% 5OHz-20KHz 
Less than 1% 20Ht-200KHz £120 -E150 
FM / AM Signal Generator TF937 1 CT320 
35KHz-t8 3MHz As seen condition £80 
Signal Generator TF144H 4 Late models in super 
condition E500 to £850 
TF99513r5 AM FM Signal Generator 
200KHa- 220MHz Narrow devatiun model for mobile 
radio resting 3 mod treys £875.00 
MARCONI -SANDERS 
Microwave Sweep Generator type 6600A c/w 6619 
plug m 1.700e -4 2GH, £2800.00 

MUIRHEAD L F Decade Oscillator 0880A 2 -phase 
0 01 HZ -1 1 2KHZ £295 
Decade Oscillator 0890D 1 Hz- I 1 2KHZ £280 
NEUWIRTH (WEST GERMANY) 
VHF Signal Generator MS4 'U Freq Range 9 6MHz to 
230MHz Turret Osc for each band Accuracy 1 2'% 
o/p 3OmV -1 uV Freq Dev 1KHz 100KHz Amp 
Mod 0-100% £175.00 
PHILIPS 
PM 5167 Function Generator Sine triangle squarn 
positive pulse negative pulse and ramp 9 1 and 19 
0 001 Hz to 10MHz (sawtooth and pulse up to mar 

1 MHO Output 40VIP -P) Impedance 50 ohms 
Variable DC Offset External sweep Single shot set 
phase Hold function Overange warning light Superb 
condition £815.00 
-FM6501 Colour bar generator Extremely light and 
compact instrument for mobile maintenance 5 
different rest patterns for colour and black white TV 
installation and service R F output signal swirchable 
VHF. Band III and UHF Band IV 1 KHz tone for sound 
performance checks (sine weve) £185.00 
50MHz Pulse Generator PM5712 £435.00 
Pulse Generator PM5775 £800.00 
Pulse Generator PM5776 £800.00 

Electronic Brokers Ltd. are one of the 
leading electronic instrumentation companies in 
the UK, providing a full range of services to 
Universities, Industry, Colleges and 
Governments both at home and overseas. 

We have the largest stocks of secondhand 
test equipment in Europe as well as a selected 
range of new products. These are on display at 
our London showrooms where customers can 
examine the equipment of their choice and see 
it working. 

Electronic Brokers Ltd. have fully equipped 
workshops on the premises to test and report 
on the majority of equipment we sell. 

SANDERS 
CT478 Microwave Signal Generator 

1 5GHt.4 5GHt £285.00 I 

RHODE & SCHWARTZ 
S H F generator SMCB -BN 41042 
1700- 5000 M Hz P.O.A. 
WAYNE KERR 
Video Oscillator 0 222. 7KHt-8KHt in 6 ranges £75 
WANDEL & GOLTERMAN 
U H F Power Oscillator LMS -68 c w plug In 
Oscillators 
Ìype L0.4 4- 41 MHz 
Type 10-40 40- 108MHz 
Type L0.170 1 70- 330MHz 
Type LO -610 610.960MHz 

MULTIMETERS 
AYO 
Test Leads L4.00 
Multiminor Mk 4 e w carrying case & loads £13.50 

OSCILLOSCOPES 
.DYNAMCO 
Type 7200 15MHz Dual Channel Ponable c/w Plug 
Ins 7201 & 7212. Solid State. 10mV /div to 5V /doe 
010 on channel 1 permits 1mV /div to 12.5V /div 
Calrbated Sweep Delay c/w bait pack £310.00 
GREENPAR 
Probe Kits 0E81600/ 1 - New £25.00 
HEWLETT PACKARD 
175A 50MHz Oscilloscope c w Plug. ins 17508 Dual 
Trace Vert Amp 50mV um 1780A Auxiliary 
Plug 

856 n1000 MHz Oscilloscope Sampling c.w 
Á0 

Plug 1 in 
188A or Plug -in '87C £395.00 
PHILIPS 
15MHz Portable double scope PM3226 £380.00 
SOLARTRON - 

Portable Scope OC -6MHz Double Beam C1436 £105 
Portable Scope CD 1400e- 15MHz Plug ins vallable 
CX1441 1443 1448 1571 

a 

£180 
TEKTRONIX 
Sampling Scope 661 c w plug Ins E450 
Scope Camera C -12 Superb tond & complete 

£190.00 
50MHz Model 546 c/w 1A1 plug -m £835.00 
tV Waveform Monitor 525 Freq response Flat -- 
within 1%. between 60Hz & 5MHr Low Pass - Passes 
stair steps eliminates H F High Pass - Passes H F 
eliminates stair steps IRE - meets IRE standards far 
level measurements Sensihvny - Deflection factor of 
the vert cal amplifier is 0 015V 'cm Vert Allen - 1 -x 
2-x 5 -x Keyed Clamp -type DC Restorer Gain stability 
wtthm 1 n- E125 
Differential Unit 10A1 Used on 647 Series £300 
585 c w Type 82 Plug-in Dual Trace 80MHz 
8 width Sweep Delay £750. Other plug ins acatable 
80 and 86 
Transistor Curve Tracer 575 Displays curves of NPN & 
PNP transistors and dynamic characteristics of a wide 
range of semiconductor devices P.O.A. 
Dual Beam Scope 551, 2 vertical deflection systems 
Accepts Amp Spect analyser Sampling and special 
purpose Plug ins DC-27MHz Price dependent on 
plug ins required P.O.A. 
-531A DC- 15M1-Iz Oscilloscope c -w K Plug -in Single' 
Trace 50mV -cm £195.00 
531A 15MHz Oscilloscope c.w CA Plug -m Dual 
Trace SOmV /cm £210.00 
544 DC 50MHz Oscrlloscope c w 1A4 Plug -in (4 
trace) £600.00 
544 DC 50MHz Oscilloscope c. w CA Plug -in Dual 
Trace 24MHz 50mV'cm £375.00 
549 Storage Oscilloscope (Mainframe) £810.00 

TE LEQUIPMENT 
Ú33R Osrtloscope min sensitivity 10mV div 
DC -6MHz £115.00 
D43 Oscilloscope £125.00 
WANDEL & GOLTERMANN 
BLS 218 Storage Ose ll osrope c w Power 
Supply £325.00 
PROBES (Nov) 
X1 Pan No 90 £8.50 
X10 Part No 91 £8.50 
X1 & X10 Iswitchablel Part No 95 £10.50 

MISCELLANEOUS 
ADVANCE 
Frequency Counter TC16 £110.00 
Recorder Calibrator HC20 £15 
Xy Plotter LR 100 - Further details on request 

£325.00 
Digital Panel Meter DPM302 (new) £45.00 
Drgrtal Panel Meter DPM301 (new) £60.00 
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AIRMEC 
Time Interval Meter 369 Mains operated transistorised' 
unit Time Intervals 100nsecs to 30msecs Superb 
condition £95.00 
&ECKMAN 

7580H DC -15GHe with counter 
7 5MHz -15GHz without c 

o 
unter Sensrlivny 100mV 

(R M S) SPECIAL OFFER E250 
&K 

Deviation Brrdae 1504 
SIRD 
Coaxial Resistor 8053 IOW RF coaxial load resistor . 

£20.00 
W ettmeter Termahne 6835 3 ranges 0-120/0-600 /0- 

1 200W 30- 500MH1 £425.00 
Wattmeter Termahne 67 3 ranges 
0.25 0100/0 -500W 30- 500MH1 £285.00 
B.P.L. 

Component Comparator Cí457 5 
GRUEL & KJAER 
Automat, Vibration Exciter Control 1018 £395.00 
DECCA 
Power Supply for Noise Source MW 61 P.O.A. 
FLUKE 
Industrial Counter Totaliser 1941A Freq Measure 
men m itiv 

e 

- 

5Hz -40MHz 4OV s nsity Totalise 
measurements to 999999 unIts Presettable display 
RPM measurement £150.00 
HEWLETT PACKARD 
Digital Recorder 560A E110 
Digital Recorder 56113 E140 
Directional detector 787D 1 9 -4 1Ghz E90 
Directional detector 788C 3 7.8 3Ghz Eß5 
UHF Attenuator 355C £90j 
HOUSTON 
XY Omnigraphrc Recorder type 6520 P.O.A. 
XY & XIV Omnigrephic Recorder type 6452 P.O.A. 
MARCONI INSTS. 
Attenuator TF 1073A. 25 £85 
Ovanbzatmn Distortion Tester TF2343 P.O.A. 
Probe Kit TM81 20 1r1 for use with valve voltmeter 
TF2600 Brand new £20 
A F Power Meter TF893A 20Hz -20KHt 1mW to 10 
Wens F S Z = 2 5 ohms to 20Kohms in 48 Steps 

£150.00' 
Out of Limits Indicator TF 2404 2M1 Checks 
readings from electronic counters and other digress 
rests Local and remote visual and electrical indcation 

suitable for use by unskilled personnel and with 
A T E P.O.A. 
Blank & Sync Mirer TF 2908 £90 
RHODE & SCHWARTZ 
Polyscop Swob II E1000 
Selektomat USWV £835.00 
Frequency Indicator FKN-BN 47051 £476 
TEKTRONIX 
Programmer 262 P.O.A. 
So Wave Gen 105 Riser me -- 13m secs Frog 
ange - 25Hz - 1 Me, rontinuous,y vanable Freq' 
Meter - Direct reading O P Amplitude 0.100V 
max £90 
TELONIC 
Band Pass Filter TBA 140 -60 5CC 1 5 Section TNC to 
INC connectors '4" trihnlar 60MHz bandwidth 

140MHz centre freq Brand new £20 
Sweep Generator Sm2000 c/w plug -ins 8 -3M and S 6 
and S4M 
WAYNE 

M 
KERR 

Current Ratio Transformer T 1Á2C 

VOLTMETERS 
ADVANCE - - - - - " -- - 
VM77D AC Millivodmeter £50.00 
GENERAL RADIO 
Electronic Voltmeter 1806A AC DC & OHMS 2" t. 
Accuracy Wrde Freq Range up to 1500 MHzH200.00 
HEWLETT PACKARD 
DC Vacuum Tube Voltmeter 412A tMV -1000V 
Accuracy Can also be used as Ohmmeter and Ammeter 

E75 
VTVM 40015 1mV to IT 315-V FS-6 12 ranges 1Hr to 
4MHz 2', accuracy Input Impedance 10Mohms 05 
VTVM 400L Logarithmic version of 4000 Reads RMS 
value of sine wave Log voltage scale O 3 to 1 & 0 8 to 
3 Linear dB scale Input Impedance 10Mohms £90 
Vacuum Tube Voltmeter 4009 Freq Range 
101-0 4MHz Volts 1 OmV -30OV P S 112 ranges) 
Accuracy 11^Tí (50Hz500KHr1 
120H,-1MHz) P.O.A. 
AC Voltmeter 400F & 400E £155 
Br, lad Band Sampl my Voltmeter 3406A £495.00 

ARCONI 
Sensitive Valve Voltmeter TF 1100 100uV-300V AC 
Freq zerege 10Hz -10MHz Meter has dB co scale' 
faahty Eß5 
Valve Voltmeter TF 1041B General Spec 0.300V Ac 
0.1 KV DC Resistance up to 500Mohms £80 /E95 
r)lectronic Voltmeter TF2604 £225.00 
Voltmeter No 3 CT 208 TF 958 AC IOOmV-150V 
multiplier rxtends AC range Iii 1 SK" DC 

ELECTRONIC 
49 -53 Pancras Road 
London NW1 2QB 
Tel: 01 -837 7781 
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On these pages you will find just the 
briefest selection from the vast range which we 
hold in stock at any one time. 

If you are seeking a specific item and it is 
not listed, it will pay you to ring us first - we 
believe we offer the best prices and the best 
service. 
WORLD WIDE EXPORT 

Enquiries and tenders welcome from any 
part of the world. 
HOW TO REACH US ... 

We are easy to reach, no matter where you 
live. Minutes away from Kings Cross or St. 
Pancras main -line stations, and a bus ride from 
Euston; only just over half an hour from 
Heathrow Airport. 

WAYNE KERR 
Radio Freq Badge 8601 E55 
R F Admittance Bridge B701 E55. 
COMPONENT BRIDGE 5521 (CT 375) 
Self -contained portable mains operated equipment 
designed to provide accurate measurements over an 
extremely wide range of resistance capacitance. 
inductance and impedance values Resistance 10 
ranges from Im ohm to 1000 M ohm Capacitance 10 
ranges from 50kuF to 500pF Inductance 10 ranges 
from 14F to 500 KO Capable of measuring 
components in s tu £105.00 

50mV -100V Freq Range 20Hz- 100MHz E55 
Valve Voltmeter TF2600 E175 
PHILIPS 
H F M,llwoltmeter GM 6014 Measuring Ranges 
1 mV -3OOr V in 6 ranges Accuracy at 30KHz at 3+, of 
FSD = Amplitude Char 1 KO, 30KHz flat within - 5'x- 

E55 
DC M,crovoltmeter GM6020 10.V- 1 KV current 
1OpA -10:.A Accuracy 5x, (FSD) 0100áV 3'w, (FSD) 
AU other ranges Recorder o/p facility E65, 

TRANSMISSION 
TEST EQUIPMENT 

AIRMEC /RACAL 
Wave Analyser 248A 5 -300MHz E250 to £300 
Wave Analyser 248 Freq range 
5MHz- 300MHz E145.00 
Modulation Meer 409 P.O.A. 
Type 210 Modulation Meter (earlier version of 210A) 

£85 -Eton 
Type 210A Modulation Meter 2 5 -300 MHz A M 
Range 0100% F M Range 0 to 100 KHz m 4 
ranges £155 -0245 

HEWLETT PACKARD 
Sweeping Local Oscillator 3595A Plug -in for use with 

3590A Wave Analyser Freq range 20Hz to 
62OKHz E550.00 
MARCONI INSTS. 
Dtstortion Facto, Meter TF 142F Fundamental Freq 
Range 100Hz -8KHz Ost mea. 

s 

ing ranges 0 -5% 
0 -50'v Measures all spurious components mponents up to 

30KHt E60.00- E80.00 
A.F. TRANSMISSION MEASURING SET. Model 
TF2332 Frequency Range 20Hz to 20KHz Accuracy, 

1 r,. 0 2Hz P.O.A. 
RADIOMETER 
Wave Analyser FRA 2 T3 Special version of FRA 2' 
with facilities for rntermodulation measurements and 
selective measurements of frequency respo ses Freq 
range 30Hz ta 16KHz Incremental Ireq 0Hz fo 

60Hz Selectivity 3 curves with following IdB points 
1 25Hz tit 12 5Hz, 63Hz and 60dB points ..404e 

130 Hz _ 350 Hz 
50 450 

Voltage range 100áV - I KV Aul,áry Uscillztor 
Range 0Hz to 16 KHz and 1 5 ro 1 6KHz o - 10V 
(EMF) continuously variable Impedance 1 Kohms 
16.,F E375.00 
WANDEL 6 GOLTERMAN 
Level Transmitter TFPS 42 10 KHo-14MHz Generator 
O p level O 8mV --2 5V FSD Lowest adlustabte 50:.V 
Synchronous tuning of generator and level meter 
possible Output impedance 150 75 70 60 50 and 
ohms - 25KHz Fine Tuning range E250.00 
Level Meter TFPM - 43 10KHz -14MHz 3dB 
Bandwidth (600Hz and 4KHZ) Selective measuring 
ange 8V to 40 (lowest readable 2uVo Swncheble 

bandwidth - 15KHz fine tuning High sensitivity Full 
speedtcation for the above on request £250.00 
Distortion Meter VZM 83 52 304 556 kHz This unit 
comprises e generator and receive ponton and operates 
according to the r ntermodulalron method This 
dis ea distortion msuring se 

t 

is mainly used tomeasure 
transmission distoruons occurring on FM radio link 
systems E190.00 
VZM2 Distortion measuring set fa, phase and 
amplitude mod For multichannel FM Harlin Systems 
up to 12MHz base bands E350 

TELEPHONE 
TEST EQUIPMENT 

SIEMENS 
Level Meier 3D 332 0 3 1200KHz 
Level Meter 3D 335 10KHz- I7MHz 
Level Oscillator 3W29 0 3. 1200KH, 
Level Oscillator 3W518 

CLEARANCE 
SALE 

A.C. CLAMP VOLT -AMMETER, TYPE U91. 
Reads alternating current without breaking the circuit 
Basic ranges 10. 25. 100. 250 and 500A f. s.d. Price 
complete with carrying case leads etc E12.50 

HIGH SPEED STRIP -CHART RECORDERS, TYPE 
H3020 SERIES. 
One. Three and Five channel instruments. equipped 
with two additional event -marker pens. these robust 
instruments are ideal for recording varying d c signals 
Natural 

r 

ant frequency 5Hz, sensitivity 8mA 
full -scale Wide choice of chart- speeds. push -button 
selected. from 0.1 to 25mm's c Supplied complete rn 

wooden transit cases. Complete with accessories and 
spare paper charts Limited stocks only at H 3020 - 1 

E89.50. H 3020 - 3 E145.00, H 3020 - 5 

E265.00 

MUTUAL INDUCTANCE BOX, TYPE P538. 
3 Decades. 0.10 mH, 0.1mH. 0.100..H and 
continuously variable dial -1 to 11 -H. accuracy 
0 3% Ideal for experimental use or as a comparison 
reference Few only E25.00 

OUTPUT POWER METER. TYPE MU984. 
Measures AF Power from 10mW to IOW f s d in 4 

ranges Addition Additional calibration indicates d8 
from -3 to +40 relative to 1 mW 
Frequency characteristics, -0 5dB from 20Hz to 

50k4z Accuracy at 1kHz. -05dß Choice of 40 
impedance values. switch selected. from 2.5 to 

Okohms E135.00 

WOWS FLUTTER METER, TYPE WF971. 
Designed to DIN and CCIR requirements measures 
Flutter from -0 1 %, -0 3% and 1% f s d and Drift 
to - 2% f s d Frequency range 3000 and 3150Hz 
internal oscillator, stability better than 01 %. Imput 
Impedance 10kOhms E295.00 

DISTORTION FACTOR METER, D5888. 
Measures noise and distorton from 0 03% to I00'y- 
for fundamental frequencies of 10Hz to 1 MHz May be 

used as a sensitive voltmeter from 1 mV to 300V Isd 

(12 ranges) from 10Hz to 2MHz t--.3d8 ai 

BMHZI E295.00 

NOTE: - 
ALL EQUIPMENT ABOVE IN NEW 

CONDITION. WARRANTY 90 
DAYS. 

OSCILLOSCOPE 
TEST EQUIPMENT 

TEKTRONIX 
Time Mark Gr 184 E250.00 
5nsec Pulse Generator Moder L r d 1 c loads d 

connectors P.O.A. 
Time Maik G,,ieiaior P.O.A. 
Pulses Model 110 E95.00 

DIGITAL VOLTMETER 
AND MULTIMETERS 

DYNAMCO 
D V M DM 20225 10..V-2KV Max reading 39999 
Accuracy 0 02% Resolution 1 in 40.000 Input 
impedance 25KMohms £255.00 
Digital Voltmeter DM 2023 C/w DC Ranging unit 
Cl Scale 99999 0 001% F S D DC Accuracy 
104,-1Kv DC E450.00 
D V M DM 2004 P.O.A. 

HEWLETT PACKARD 
DVM type 3430A 3 digit 5 ranges 100mV to 100V 
F S Input resistance 10Mohms Overload protection 

E145.00 

Digital Mulometer 347024 with Display 34740A 
4 digit display 4 ranges both AC S DC plus 6 

Images of ohms AC function covers 45Hz to 
100KHz Ohms ranges are 100ohms to 10Mohms 
F LED display. New condition. A much sought 
after device dill in current production 8400 

PHILIPS 
D M M TYPE PM2423 31/2 digit, DC Volts 2V -1 KV AC 
VOLTS 20 -350V R -200 ohms - 200 M.ohms 
Accuracy 0. I% of reading. Automatic range switching 
for all functions Automatic polarity indicator E140.00 
U M . TYPE PM2522. 39'y digit. DC Volts 0.2 -1 KV. 
AC Volts 02 -600 V AC/ DC Current O 2mA -2A. R 

200 ohms - 20 M ohms Accuracy 0.1 % - 0.1% of 
range DC Volts Full circuit protection. LED display' 

E150.00 
SIGN /ROGERS 
A F Voltmeter AM324 E50.00 
SOLARTRON 
A C Converter LM 1219 30mV -300V mean reading 
Freq range 10Hz -10KHz P.O.A.' 
D C Digital Voltmeter LM14202 25uV -1Kv in 6 
ranges 0 05% DC accuracy E235.00 
It V M Type LM 1420 2Ba DC true R M S and mean 
4 C sensing Accurate measurement irrespective of 
harmonic distortion accuracy _0 25% Freq 
.10Hz-20KHz £321 
OVM Type LM 144U 2 10..V -2Kv DC in 5 ranges 
Oven controlled zenerdiodo Accuracy 0033% FSD 

0005'x.. reading P.O.A. 
D V M LM 1480 3 Autoranging version of LM. 
1440 3 Max reading 39999 5..V -2KV DC Full 
spec o 

n 

request P.O.A.' 
D V M LM 1604 DC only 1 .V sensitivity 0 01% 

andracy 
Max reading 19999 1 ..V -- I KV Remote 

Autoranging 110dB series mode reject on No 
common Mode error P.O.A. 
D M M 7050 Iautoranginq) E245.00 
VIDAR 
Integrating D V M 520 6 ranges 10mV -1KV 
Guarded can be floated to n 500V High measurement 
speed with ultimate C M R No filters Up to 06 faster 
than most integrating DV M s Built -in calibrator 
Manual automatic and remote operation Wideband 
her] and period m standard tOmV 
F S range built-in eliminates ext 

are 
amp no loss of 

r' M R F on range IOH, ?MHr E525.00 

REMEMBER 
We also buy 

We are interested in 
providing quotations 
for the purchase of, 
good quality used 
and unused Test 
Equipment. 

E250 
E300 
E250 
E300 

BRIDGES 
MARCONI INST. 
TF936 Impedance Bridge E1 25.00 
Ûnwereel Bridge TF1313A E525 
L C R Bridge TF 8688 E115.00 
TF1245 CCT Mage Meter c w Osi t 

TF1246 E595.00 

BROKERS LTD 
Carriage and packing 
charge extra on all items 
unless otherwise stated 

Please note: All instruments offered are 
secondhand and tested and guaranteed 12 
months unless otherwise stated 
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Eddystone FSK Teleprinter 
Drive Unit 
Type 1529 
Please write for details 

A compact, cost -effective unit suitable for use 
with most professional communications equipment 

All solid -state 
* Self- powered 

Baud rates in 
excess of 200 

. Frequency shifts 85Hz -1100Hz * Integral teleprinter signalling 
supplies 

* Input 1 00kHz and 1.4M Hz 

- ..e- 
F 5K 

DEMODULATOR 
TYPE 1529 4. airs 

A4J i O . L 
OUTPUT ORIYE 

HOW At6.1 
ONr 

Eddystone Radio Limited 
Member of Marconi Communication Systems Limited 
Alvechurch Road, Birmingham B31 3PP, England 
Telephone : 021 -475 2231 Telex : 337081 
A GEC - Marconi Electronics Company 

WW-107 FOR FIJRTHF.RDFTAII.S 

a MARCONI 
TF 867 
SIGNAL 

GENERATOR 
Range 15KH, Io 
30MHz Output ` 04 Vto 4V 
Built in crystal 

£138. 

E.H RESEARCH LABORATORIES 
INC MODEL 
133A PULSE GENERATOR. t es Ultralm. 
car cop Nbe and tail dependeri r iy variable 
50v output into 50 ohms either polarity 
Automatic Overload protection Synchronous 
gating, all solid state E275.00 

MODEL 122 GENERATOR 
Features Rep rates to 200MHz Nanosecond 
Switching tomes synchronous gating Pulselop 
Baseline inversion. plus offset. all solid state. 
E285.00 

RHODE & SCHWARZ 
Zg DIAGRAPH TYPE /DU 30.420MHz 5012 
Directly measures mullrlerm :nal networks phrase 
shift phrase angle with complimentary POWER 
SIGNAL GENERATOR TYPE SHIM high trey 
resolution internal external mod up to 3v Out 
FREQUENCY SYNTHESIZER TYPE XUA. 
3OHe -30MH, wrlh FREQUENCY INDICATOR 
TYPE FKM 15.30MHz 30- 100MHe 

UHF POWER SIGNAL GENERATOR TYPE 
SLRD burn 275 to 2750 MHz Power up to 50W 
UHF SIGNAL GENERATOR TYPE SMLM 
from 30 to 303 MHz 
UHF SIGNAL GENERATOR TYPE SLED from 
300 to 300 -940 MHz 
FREQUENCY INDICATOR TYPE FKM from 30 
to 1000 MHz 
UHF SIGNAL GENERATOR TYPE SDR from 
300 to 1000 MHz in 8 ranges 
Prices on application 

HEWLETT -PACKARD 
AUDIO GENERATOR MODEL 206 -A. 
Freq. 20c to 20.000c. matching 
impedance 50. 150 600 ohms Price 
E85.00 

KAHN SSS ADAPTOR TYPE RSSB - 82 - 18. 
Designed for receivers with 455 500KHr IF at 100mV 
,max.) meut. C65. 
HR 23 TRIPLE DIVERSITY SSE RECEIVERS. Freq 
3.275MH, V F O at 6 Mal positions Reception of 
.dependent single or double ode band transceivers 
full spec on apploahon £350 

PLEASE SEND STAMP WITH 
ENQUIRIES 

TF 8010/1/S SIGNAL GENERATOR. Range 
10485MHz in 'i anges R F output O 1 V 1V 
Source C M 500 output impedance Internal 
modulation at 1 KHz al up to 90% 

MUIRHEAD 
PAMETRADA WAVE ANALYSER TYPE 
D- 489 -G. Freq range 19 c s -21 Kt s 

onlnuouslV variable rit nine ranges 19 90 c 

79.150 c 139 210 c s . 1 r 10 . 1001 
Freq accuracy r 1 and .10 ranges 0 0 3 ,. 

ANCILLARY EQUIPMENT: D326 -A LOW 
FREQ. MODULATOR. Freq. range 2 c/ 5-20 
C/s ¡down Io 1 C/s when analyser is used in 

High O Freq. Accuracy - 0 I c/s (providing 
supply freq. is first measured) Price E275.00. 
DECADE OSILLATOR D- 890-A. Frequency 
accuracy without cyrystal check facility X1 range 

2% or - 0.2c /s whichever is greater. X 10 
range - 0 4% (above lOkc /s). 249.00. 
SANDERS MICROWAVE SIGNAL GENER- 
ATOR CT 478 from 1 5 kMH, to 4.5MHz 
CT 480 from 7kMHz to 12kMHz 
DAWE INST LTD. SIGNAL GENERATOR 
TYPE CT 439 7 5Hz to 103kHa 0 to 3V E40.00. 
TF 144H Range from 1OkHz to 72MHz on 12 
bands Accuracy - 1% output 2uV to 2V Internal 
A M 400Hz and 1 KHz up to 80% 
NOISE GENERATOR CT 82 15khz- 160M Hz 

H.F. SIGNAL GENERATOR TYPE 201. Made lit 
Airmen Constant output level O 5 t,1E1 

e 30 MHz range Freq 30k Hz tu MHz r, 
7bands1 Stability better than 0 005`0 Price E65. 

CARRIAGE EXTRA FROM 
E3 to E6 according to cost 

LEVEL OSCILLATORS made by SIEMENS. 3 types 
variable 1 0 3 to 1100kHz 2 IOkH, to I /MHz 3 

0 3 to 1600kH, Phi es on request 
TF 934 DEVIATION METER. 250MHz E55 

500/250 MEDIUM WAVE BROADCAST 
TRANSMITTERS. Export only Price and details 

application 

TF 8017/2. Spec as for 801 D but minor rnum 
differences Few only left £150 

FREQUENCY ANALYSER D- 669 -A. 
Frequency range 30c s 30kt. s in h ranges 
Amplitude stability. - ldb £120.00. 

SINGER PANORAMIC SPECTRUM ANALYSER 
TYPE SPA 10 
Frequency range 10MHa- 43KMHz Full spec and 
price on request 

TF 1041 B VALVE MULTIMETER. DC voltage from 
300mV to 1.000V. AC voltage from 30omV to 300V at 
up to 1 .000MHZ Price E59. 
TF 1370 R.C. OSCILLATOR FOR SQUARE SINE 
WAVE. Frey -31 6V urns 10Hr 1MHz syunre want, 
U -73 24 IUH, 1005K, Apenuatur range 50ifB n. 
+ 10dB, impedance 75. 100. 6000 E145. 
TF 6600 SECONDARY PUWE UNIT 
TF 455E WAVE ANALYSER. Frey range 2V c > to 
16 kc s double tryslal filter gwes 4 i s pass band 
Envelope distortion less on r 1 rebuts up to 400 Mt s 

E98.00. 
RADIOMETER TYPE MS111 SIGNAL 
GENERATOR. High quality Dan,ah prudu nun 
10kH, 110MHz E200 
REDIFON SSB TRANSISTORISED TRANS- 
CEIVER GR41O. 2.16 c s 200 250V 4 channels 
100W p c p 

TEKTRONIX OSCILLOSCOPES MAIN 
FRAME ONLY 538A. Bandwidth DC lu t 5MHr 
at 30B depending c r plug -n unit Specil i rien, 
rid prit request ir 

545A. Bandwidth DC to 30MHr .Ile down at 
30Me,. '.dB depending nil plug -:n unit 
Spec ification and price on request 
551. 27MHe DUAL BEAM OSCILLOSCOPE. 
Accepts molli-trace ttillerennai Tripling ,nui 
spectrum aiyser plug.in units Specification and 
pit e on request 
PLUG -IN UNIT TYPE CA. For single r 

dual trace oper i each thannel i 

> 

own 
input elector a u gain and polarity Pr, 
£65.00. punning S taira ge I 1 9(1 

VALVES S TRANSISTORS. Telephone 
enquiries for valves, transistors etc retail 749 
3934. trade and export 743 0899 

VIBRATION /DISPLACEMENT METER TYPE B 
731 A ar Inur 0r iii Fnr, ,Iii ,.i. .min sr 

E195.00W 

SOLARTRON 
DIGITAL VOLTMETER. LM1426 1M1420 2BA 
LM142C LM1440 

VAT FOR TEST EQUIPMENT 
8 o PLEASE ADD 8% J 

PLEASE NOTE 
Unless offered as as seen 

ALL EQUIPMENT 
ordered from us IS completely 
overhauled mechanically and elec- 

trically In our own laboratories 
TF 995A/1 or A/2 or A /2M or AS SIGNAL 
GENERATORS. Very high class AM FM I SMH/ to 
nl0Mriz Clin i it 

r anti p, ,e e urt a {'ohm stun 

Please ask for technical 
details and prices of all 
equipment. 

TRIGGERED VACUUM SPARK GAP TYPE 211 
7512. Capable tir switcholu .sat 45KV 
E50.00 

LOW RESISTANCE HEADPHONES TYPE CLN 
E1.50. 40p t'nstii(li VA' 12 

AR88 D 6 LF SPARES. 
I,K writr Ihr isl 

RF METERS. r to rí ,10 0, USA. I,r,1,3 now 
E1.50 P&P 250 

TELEPHONE TYPE "J" tin0ii ai,eri 
IIt LINE MA(,NE TO SW IrCrrBIIAROS 

511 LINE AU TOMAI IC PRry A I/ I E,EPHUNE 
SWITCHBOARDS 

CABLE LAYING APPARATUS No 11. N.w 
Pmndurno,, P O 

FOR EXPORT ONLY 
RCA ET4336. ' 

Collins 231D ., .4 NIH, 

53 Transmitter 
62 Transceivers 
Mallard C11. nigh power ntsrallanirr I111111W. 

i i,i is and r i . available un ..queer 

COLOMOR 
[ELECTRONICS LTD .I 

170 Goldhawk Rd.. London. W.12 
Tel. 01 -743 0899 

Open Monday to Friday 
9- 12.30. 1.30 -5.30 p.m. 
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NEW' AMERICAN STYLE CRADLE, 

TELEPHONE AMPLIFIER 

NEW IMPROVED 

MAINS INTERCOM 
NO BATTERIES 

O WIRES, 

ONLY 

£14.95 
+ VAT E1.20 

Latest transistorised Telephone Amplifier 
is completely automatic with detachable 
plug -in speaker. Placing the receiver on 
to the cradle activates a switch for 
immediate two -way conversation with- 
out holding the hand -set. Many people 
can listen at a time. Increase efficiency 
in office. shop, workshop. Perfect for 
"conference" calls: leaves the user's 
hands free to make notes. consult files. 
No long waiting. On /Off switch. volume 
control. Model with tape -recording 
facility E16.95 + VAT E1.36. P. & P. 75p 
C.W.O. 10 -day price refund guarantee. 

ONLY 

£29.99 
per pair 

+ V A T. £3.75 
Made to British Safety and Telecommunica- 
tions Standards. The modern way of instant 
2 -way communications. Supplied with 
3 -core wire Just plug into power socket. 
Ready for use Crystal clear communications 
from office to office. Operates over th -mile 
range on the same mains phase. On /off 
switch. Volume control. Useful as office 
intercom, surgery and homes. between 
office and warehouse. No GPO licence 
required. Full price refund if returned in 10 
days. Six months service guarantee. P. 

& P. 90p. 

WEST LONDON DIRECT SUPPLIES (W/W) 
169 Kensington High Street, London W.8 

SURROUND SOUND KITS 

(PC 
Demodulator 
A new JVC 
improved 

CD4 

QS 
SQ 

T D M 29 Type A Variomatrix 
design with Decoder Synthesizer 

muting. (with or without SQ Option). 

PRICE LIST NAT in briskets: oversees customers neglect' 

Complete kit . 

PCB ICS: and coils only . .. .. 

Decoder 
Type 3A 
Type 5A 

£35.00+ l£4,381 
£18.00+ (£2,25) 
E32.00+ (£4.00) 
£36.00+ (4.50) 
£26 -50+ (3.31) 
£31.50+ (E3.94) 

£6.90+ (0.86) 
E9.50+ (£1 19) 
E2 -00+ (£0.25) 

Variomatrix Decoder Kit 
As above but with SQ option 

Type L3A Kit ... 
Type L5A Kit 
PCBs (for both types) 

Master Switch Kit 
4 Gang Potentiometer .. .... 

(Overseas Airmail E4 per kit) 

For details send SAE to 

COMPCOR ELECTRONICS LIMITED 
9 DELL WAY, LONDON W13 8JH. Telephone 01 -998 8221 

WW -063 FOR FURTHER DETAILS 

NEW COMPONENTS 
Resistors. 5% carbon E 1 2 2 7t) to 
10M. ' /aW 1p. 1W 2p. Preset Pots 
subminiature 0. 1W 1000 to 4M7 
Vertical 9p, horizontal 9p. Potentio- 
meters 0.25W 4K7 to 2M2 log or lin 
Single 24p, dual 75p. Polystyrene 
Capacitors E12 63V 22pf to 8200pí 
31/2p. Ceramic Capacitors, vert 50V E6 
22pf to 4700pf 3p. Mylar Capacitors 
100V vert .001, 002, 005 4p. 01. 
02, .025 4t /zp. Polyester Capacitors 

250V E6 vert 01 to 1 mf 51/2p. 1 5..22 
7p. .47m1 11p. Electrolytic. 50V 47. 
1. 2mí Sp. 25V 5, 10mí 5p. 16V 22, 
47mf Bp. 100mf 7p. 220mf 9p. 470mf 
11p. 1000mf 18p. Zener Diodes 
400mW E24 3V3 to 33V 81/2p. 

TV GAMES CHIP 
AY- 38500 - E11.50. Printed circuit 
and kit of extra parts £7.95. Add on 
colour kit P.0 A. Send sae for data. 

BATTERY ELIMINATOR BARGAINS 
3 -WAY MODELS 
With 4 -way multijack connector. Type 1 

3 /41/2/6V at 100mA E2.30. Type 2 

6/71/2/9V 300mA £2.90. 
100MA RADIO MODELS 
With press -stud connectors 9V £3.45. 
6V £3.45. 9 +9V £5.45. 41/2 +41/2V 
£5.45. 6 +6V £5.45. 
150MA CASSETTE MODELS 
71/2V with 5 pin DIN plug £3.65. 

- 

. MAINS TRANSFORMERS 
6 -0.6V 100mA 94p. 9 -0.9V 75mA 94p. 
12 -0 -12V 5OmA 94p. 0/12/15/ 
20/24/30V 1A E3 -65. 0,12/15/ 
20/24/30V 2A E4.95. 16V 1A £1.95. 
6 -0 -6V 1' /A £2.55. 9 -0 -9V lA £2.19. 
12 -0 -12V 1A £2.49. 15 -0 -15V 1A 
£2.69.30 -0 -30V 1A E3.39. 

BATTERY ELIMINATOR KITS 
100mA Radio Types with press stud 
battery tormrnals. 41/2V E2.10. 6V 
E2.10. 9V E2.10. 41/2V +4/V E2.50. 
6V +6V E2.50. 9V +9V £2.50. 
Stabilized 8 -way Types transistor 
stabilized to give low horn 
3/41/6/71/2/9/12/15/18V. 100mA 
model E3.20. 1 Amp model E6.50. 
Heavy Duty 13 -way Types 
41/2/6/7/8'h/11/13/14/17/21/25/ 

PRINTED CIRCUIT KITS, ETC.* 
Contains etching dish. 100 sq in of pc 
board, lib term chloride, etch resist pen. 
drill bit and laminate cutter £3.65. 1 lb 
ferric chloride 95p. 100 sq in pc hoard 
75p. Etch resist pen 75p. 

2$/ 34 /42V -- 1Áx 1A £4.96, £7.95. 
Car Convertor Kit. Input 12V DC 
Output 6/ 71/2/9V 1A regulated £1.95. - Stabilized Laboratory Power Kit. 
Switched 1 to 30V in 0.1V steps. 1 Amp 
E12 -45. 2 Amp £14.95. S -DECS AND T -DECS* 

S -DeC £1.94. ---= 
T -DeC £3.61. p C 

u -DeCB £6.97. r1 --c 
16 DIL IC car- -` - = / 
nets £1.91. - __ _LAY/ 

SINCLAIR IC20 
IC20 10W+ 10W stereo amp kit with 
printed circuit £4.95. PZ20 power supply 
for above £3.65. VP20 control and 
P'eamp kit £8.95. Send s a e for data 

JC12 AND JC40 AMPLIFIERS 
2 6W IC au- . 

dio amp with data 
and printed circuit 
£1.95. Also new \'NJ )\)t I, /r JC40 20W model 
with pcb £3.95. - - 

Send s a e for free leaflet 

SINCLAIR PROJECT 80 MODULES 
PZ5 £4.95. 240 £5.75. 
BI -PAK AUDIO MODULES 
S450 Tuner £20.95. AL60 £4.60. 
PA100 £14.95. MK60 Audio Kit 
£31.95. Stereo 30 E15.50. SPM80 
E3.65. BMTBO £3.32. 

FERRANTI ZN414 
IC radio chip £1.44. Extra parts and pcb 
for radio £3.85. Case £1. S e for data 

SINCLAIR MICROWONDERS 
Sinclair pocket TV £165. Cambridge 
scientific calculator £8.45. Oxford 
scientific £10.60. 

SWANLEY ELECTRONICS 
DEPT. WW, PO BOX 68, 32 GOLDSEL ROAD, SWANLEY, KENT BR8 8TQ 

Mail Order only No callers. Send s a e for free data on kits Post 30p on orders under 
£4.50, otherwise free Prices include VAT Official orders welcome Overseas customers 
deduct 7% VAT on items marked * and 1 1 % on others 
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TTL 7400 NEW LOW PRICES 
SERIES 
7400 £0.09 7441 £0.58 7486 £0.25 74156E0.69 
7401 0.09 7442 0.48 7489 1.45 74157 0.69 
7402 0.10 7443 0.48 7490 0.32 74158 0.69 
7403 0.10 7444 0.60 7491 0.55 74160 0.89 
7404 0.13 7445 0.70 7492 0.35 74162 0.139 
7405 0.13 7446 0.80 7493 0.35 74163 0.89 
7406 0.22 7447 0.65 7494 0.40 74164 1.05 
7407 0.22 7448 0.60 7495 0.45 74165 1.05 
7408 0.13 7450 0.12 7496 0.55 74166 1.05 
7409 0.13 7451 0.12 74100 0.89 74170 1.65 
7410 0.09 7453 0.12 74107 0.23 74175 0.85 
7411 0.16 7454 0.12 74121 0.23 74180 0.80 
7413 0.25 7460 0.11 74122 0.37 74181 2.00 
7416 0.22 7470 0.24 74123 0.45 74182 0.80 
7417 0.22 7472 0.21 74145 0.57 74192 0.95 
7420 0.11 7473 0.25 74150 0.75 74193 0.95 
7426 0.23 7474 0.25 74151 0.59 74194 0.85 
7430 0.11 7475 0.35 74153 0.69 74195 0.78 
7432 0.22 7476 0.24 74154 1.05 74198 1.20 
7437 0.25 7483 0.69 74155 0.69 74199 1.70 
7438 0.19 7485 0.85 

CMOS 4000 
4000A 4010 £0.36 4021 £0.65 4035 £0.75 

£0.14 4011 9.14 4022 0.14 '4042 0.55 
4001 0.14 4012 0.14 4023 0.65 4049 0.35 
4002 0.14 4013 0.36 4024 0.50 4050 0.35 
4006 0.75 4014 0.65 4025 0.14 4066 0.46 
4007 0.14 4015 0.65 4027 0.36 4069 0.15 
4008 0.65 4016 0.38 4028 0.59 4071 0.15 
4009 0.36 4020 0.75 4030 0.36 

W LINEARS W 
D LM300 T099 £0.45 
CO 

562 B DIP £2.45 D 
A DIP 1.40 t7 

301 V DIP 0.25 
302 T099 0.40 

565 
566 V DIP 1.40 

et(' 

4 304 10100 0.50 567 V DIP 1.55 Q 
I- 305 1099 0.45 709 A DIP 0.20 1- 
< 307 V DIP 0.38 710 A DIP 0.25 < 
o T099 0.45 711 A DIP 0.18 0 
W 308 A DIP 0.59 723 A DIP 0.38 la 
W 324 A DIP 1.07 739 A DIP 0.65 W 

339 A DIP 1.15 741 V DIP 0.22 l 
W 340T T092 1.25 747 (1456) A DIP 0.44 W 
5 380 A DIP 0.8Ó 748 'V DIP 0.24 CC 

0 381 A DIP 0.90 5556 (1456) V DIP 0.95 0 
IL 550 A DIP 0.55 5558 (1458) V DIP 0.45 II- 
0 555 V DIP 0.35 LM 3900 A dip 0.25 0 
2 556 B DIP 0.75 ICL8038 Funct. Gen. 2.80 2 
W 560 B DIP 2.45 8864 22 Pin 1.45 W 
{/1 N 

MEMORIES w /DATA 
1 101 256 Bit Ram Mos £0.75 
1103 1024 Bit Ram Mos 0.75' 

CALCULATORS & 
CLOCK w /DATA 

7489 (8225) 64 Bit Ram TTL 1.45 5002 Cal Chip £0.79 
82S23 Programmable ROM 1.95 5005 Cal Chip 0.79 
5260 1024 Bit Ram Low Pwr. 1.45 5725 Cal Chip 1.10 
5261 1024 Bit Ram L Power 1.56 5312 Clock Chip 2.50 
1702A 2048 Bit Ram 5.25 5316 Clock Chip 3.95 
2102 1024 Bit Status Ram 1.50 CT7001 Clock Chip 3.85 
V =Mini Dip A =14L Dip B =16L DIP TO99 8 -Pin Header 

TO100 10 -Pin Header 
Data sheets supplied on request. Add .20 ea. excepted as 
noted. 

DISCOUNTS: MIN. All Items 
Guaranteed by 

10% on orders over £10 ORDER DEMA 
15% on order over £25 £2.00 ELECTRONICS 

_RMS: PRICES LISTED ARE BRITISH POUNDS & PENCE. 
SEND CHEQUE WITH ORDER. ACCESS CARD, 
BANKAMERICARD, BARCLAY CARD ACCEPTED. 
(Card No. and expiration date requested). TERMS 
OFFERED TO SCHOOLS & INSTITUTIONS. 

POSTAL AND HANDLING CHARGES 
SHIPMENT VIA AIR MAIL 
under 4.99 add .45 £10 and over 
5.00 -9.99 add.35 No Charge 

DEMA ELECTRONICS 
INTERNATIONAL 

P.O. Box 407 
San Remo, CA 94583 USA 
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RE_LAYS-UNISELECTORS- 
SWITCHES 
MINIATURE PLUG -IN RELAYS (Siemans /Varley) 
with perspex dust cover and base. 
6- 12- 24-48v D.C. In Stock 
2 c/o 50p: 6 make 50p 
:4c /o7Sp:P &P10p 
S.T.C. MINIATURE (P.C. Mounting) 
with dust cover 
:2 C/o (18 / 24v) 45p P.P. 10p 
4 c/o (24/36v) 50p P.P. 10p 
6 c/o (36 / 48v) 75p P.P. 10p 
I.T.T. 240v A.C. Plug -In RELAYS 
(with perspex cover) 10 amp contacts 

c /o 75p P.P. 10p 
H.D. TIME SWITCHES )100 amp contacts) 1 on /off in. 
24 hrs. Excellent condition. 240v -50 hz £8.50 P.P. E1.00 
UNISELECTORS 25 WAY 
5 Bank Full Wipe 75 ohm £5.50 P.P. 50p 
6 Bank Full Wipe 75 ohm £6.25 P.P. 50p 
8 Bank Full Wipe 75 ohm 0.50 P.P. 50p 
12 Bank Half Wipe 88 ohm £S -50 P.P. BOp 
SMALL 12V UNISELECTORS 4 Bank 11 way £2.5b P.v. 
50p 
D.C. SOLENOIDS 24v (Cont. Rated) 
101b Pull .20 mm Stroke. Size 50 x 48 x 42 mm 
75p P.P. 15p 
H.D. HONEYWELL MICRO-SWITCH-(Contacts 2 N.0 /2 
N.C. 20 amp) 1/4 turn action complete with roller actuator. 
E2 P P. 35p 
DECADE INDICATOR SWITCHES with plus & minus 
Push Buttons. 6 mm digits 75p each P.P. 100 
Also m .D. 

KEY SWITCHES '1000' TYPE 
4 c/o each way locking 60p P.P. 10p 
6 make each way locking 60p P.P. 10p 
Bank of 4. 4 c/o each way. 1 biased E1.25 P P. 15p 
MAGNETIC COUNTERS 
MICROFLEX COUNTERS (HZ4OB6) 240v 50hz Switches 
off or automatically resets after pre -determined number of 
input pulses. Contact rating 15 amp. E10.00 P.P. £1.00 
3 DIGIT RESET COUNTERS (12v D.C.) £1.50 (Ex. 
Equip.) P.P 20p 
3 DIGIT RESET COUNTERS (240v 50 hz) E1.75 (new) 
P.P. 25p 
6 DIGIT RESET COUNTERS )24v D.C.) E4 (new) P.P. 
25p 
4 DIGIT NON -RESET (24v D.C.) £1 (New) P.P. 20p 
5 DIGIT NON -RESET (24v D.C.) E1 (Ex Equip ) P.P. 20p 
6 DIGIT NON -RESET (48v D.C.) £1.50 (New) P.P. 2Op 

MULTICORE CABLES 
4 CORE RIBBON (RAINBOW) CABLE 4 x 10/.2m m 
forming '/. in. wide strip 10m-75p: 50m -E3: 100m -E6. 
P.P. 1p per metre 
8 CORE RIBBON (RAINBOW) CABLE 
8 x 14/76 Forming Yin wide strip 
10m- £1.50: 50m- E8.50: 100m- £12.00 P.P. 1p per 
metre 
5 CORE H.D. CABLE 5 o 70/76151-/-. 
Black Outer P.V.C. 0.D. r in 
10m- E2.50: 50m -E12: 100m- E22.50 P.P. 2p per 
metre 
8 CORE ARMOURED 6 x 40/76 P.V.C. INS 

, Outer Sheath -Flexible Galvanised Tubing. 0.D. %in. 
10m -E3: 50m -E14: 1 OQm -E25. P.P. 2p per metre 
10 CORE CABLE 10 x 7/76 (10 colours) P.V.C. O.D. 
7m.m 
10m -£2: 50m- £8.50: 100m- f18._P.P. 2p per metre 
18 PAIR RIBBON CABLE 16 x 2 core P.V.C. double 
sheathed forming 55 m.m. wide strip. 10m -E3: 
50m -E25: 100m -f.40. P.P. 2p per metre 
EQUIPMENT COOLING FANS (100 C. F. M. ) 

PAPST- LUFTER 120x120x38 m 115v 50hz £5.75 
(New) P P 50,a 
PAPST 1 1 2r 1 t 2x55 m.m. 220v 50 hz £3.50 (Ex. Equip.) 
P P 50p 
MUFFIN TYPE 120xt20x38 m.m. £3 (Ex. Equip.) P.P.. 
50p 
SMALL TRANSFORMERS 240/115v 40p each 
WOODS EXTRACTOR 130x130x80 m m. 240v. 50 hz 
E3.50 (Ex Equip.) P.P. 75p 
PAPST (SQUIRREL CAGE) 9 Blade. Less Mounting. 
£3.50 (new) 240v 50hz P.P. 50p 

VARIOUS 
E.H.T. MODULES. Input i 90-260v 50 HZ. Output 13.7Kv1 
PK @ 0.50 m / a. (150 x 95 x 70mm) E12. P.P. Et. 
MYRIA MEGOHMMETER TYPE 35A. 20 -200K 
MEG /OHMS 500v test. Excellent condition. £45, carr. 
E2.50. 
SNCIiRÓNOUS GEARED MOTORS (Smiths) 2 r.p m. 
3 r.p.m: 30 r p.h- 20 rp.h. 6 r.p.h: 2 rp.h: all 240v £1.50 
ea P.P 25p 
P.C. EDGE CONNECTORS 
32 way (.1 pitch) finished ends 45p P.P. 10p 
56 way (.1 pitch) cuttable 85p P.P. 10p 
64 way (.1 pitch) cuttable 75p P.P. 10p 
Mounting Pillars for 56/64 way 15p pair 
Gold Plated Contacts 15p extra_ 
32 way (.l S pitch) bouble -Sided Gold Plate Contacts 50p 
P.P. 10p 
40 way (.15 pitch) Double -sided 50p P.P. 1 Op 
H.D. ALARM BELLS (Ext. /Int. use) 
4 in. Dome (Ext. Gong) 41/2/6v D.C. £2.50 P.P. £1.00 
6 in Dome (Ext. Gong) 6 /8v D.C. £2.75 P.P. £1.25 
6 in. Dome (Internal Gong) 12v D.C. £3.75 P.P £1.25 
to in Dome (Int. Gong) 24/48v D.C. £5.00 P.P. £1.50 
D.C. POWER SUPPLIES Input 240v A.C. 
TYPE 1 20v D.C. at 1 amp. Fully regulated 155 x 155 in 
mm totally enclosed EB P.P. 75p 

PLEASE ADD 8% V.A.T. 

J. B. PATTRICK 
191/193 LONDON ROAD 

ROMF0-11-6 SS-EX- RM7 9DJ 
ROMFORD 44473 

Wilmslow 
Audio 

THE firm 
for 

speakers! 
Baker Group 25, 3, 8. or 15 ohm 
Baker Group 35, 3, 8 or 15 ohm 
Baker Deluxe. 8 or 15 ohm 
Baker Major, 3. 8 or 15 ohm 
Baker Regent, 8 or 15 ohm 
Baker Superb, 8 or 15 ohm 
Celestron HF 1 300 8 or 15 ohm 
Celestion MH 1000 horn, 8 or 16 ohm 
Coles 400 1 G super tweeter .. 
Coles 400 1 K super tweeter 
Decca London and X over 
Decca DK30 and X over 
EMI 5" Mid range 
EMI 61/2" d /cone roll surr. 8 ohm 
EMI 8 x 5. 10 watt. d/c, roll /s8 ohm 
EMI 14" x 9" Bass 8 ohm 
Elac 59RM 109 15 ohm. 59RM 1148 ohm 
Elac 61/2" d 'c roll /s 8 ohm 
Fane Pop 15 watt 12" 
Fane Pop 33T 33 watt 12" 
Fane Pop 50 watt, 12" .. 
Fane Pop 55. 12" 60 watt 
Fane Pop 60 watt. 15" 
Fane Pop 70 watt 15" 
Fane Pop 100 watt, 18" 
Fane Crescendo 12A or B. 8 or IS ohm 
Fane Crescendo 15. 8 or 15 ohm 
Fane Crescendo 18, 8 or 15 ohm . 

Fane 8071 8" d c, rolls/s. 8 or 15 ohm 
Fane 801T 8" d / c roll is 8 ohm 
Goodmans 8PA 8 or 15 ohm ... 
Goodmans 10P 8 or 15 ohm 
Goodmans 12P 8 or 15 ohm 
Goodmans 1 2P -D 8 or 15 ohm 
Goodmans 12P -G 8 or 15 ohm 
Goodmans Audiom 200 8 ohm 
Goodmans Axent 100 8 ohm 
Goodmans Axiom 402 8 or 15 ohm 
Goodmans Twinaxiom 8" 8 or 15 ohm 
Kef T27 
Kef T15 
Kef 8110 
Kef 8200 
Kef B139 
Kef DN8 
Kef DN12 
Kef DN13 
Richard Allan HP8B 8" 45 watt 
Richard Allan CGBT 8" d /c roll /s 
Baker Major Module, each 
Goodmans Mezzo Twinkit, pair 
Goodmans DIN 20, 4 ohm. each 
Helme XLK35, pair 
Helme XLK40, pair 
Helme XLK30, pair 
Kefkit 1. pair 
Kefkit Ill, each 
Richard Allan Twinkit, each 
Richard Allan Triple 8, each 
Richard Allan Triple 12. each 
Richard Allan Super Triple, each 
Richard Allan RA8 kit, pair 
Richard Allan RA82 kit, pair 
Wharfedale Demon 2XP kir, pair 
Wharfedale Linton 3XP kit, pair 
Wharfedale Glendale 3XP kit. pair 
All Radford, Gauss. Castle, Jordan Watts, Eagle 

Peerless Tannoy units in stock 
Prices correct at 21 / 3/77 

E13.00 
£ 14.50 
E17.50 
£15.00 
£12.50 
£22.50 

£7.50 
-E13.50 

E5.90 
£5.90 

£38.45 
£25.25 
£3.50 
£3.95 
E3.95 

£12.50 
£3.50 
£3.95 
£5.75 
E9.95 

E12.50 
£ 16.95 
£19.95 
£21.75 
£33.95 
£42.95 
£54.95 
E75.95 

E5.40 
£9.50 
£ 3.50 
£6.95 

f16.50 
£18.75 
E17.75 
£14.95 

£8.50 
£22.00 
£ 10.60 

£8.50 
E10.75 
£10.95 
£11.95 
£24.95 
£2.75 
E7.25 
E4.95 

£12.50 
£7.95 

£18.00 
£51.95 
£15.75 
£26.75 
£38.50 
£21.95 
£59.50 
£56.00 
£13.95 
£20.75 
E25.95 
£29.50 
£37.80 
£59.40 
E23.25 
£34.25 
£49.50 

Lowther. 

ALL PRICES INCLUDE VAT 

FREE with all orders over E10- 
Hi-Fi Loudspeaker Enclosures Book 

Send stamp for free 38 page booklet 
"Choosing a Speaker" 

Cabinets wadding. Vynair, Crossovers etc. 

All units are guaranteed new and perfect 

Prompt despatch 
Carriage Speakers up to 1 2" 60p; 12" Cl ; 15" 
£1.75; 18" f2.50. Kits f1 each (£2 per pair). 

Tweeters & Crossovers 33p each 

WILMSLOW AUDIO 
Dept. WW 

Loudspeakers & Export Dept Swan Works, 
Bank Square, Wilmslow, Cheshire Sk9 1HF. 
Discount Hi -Fi, PA etc: 10 Swan Street, 
Wilmslow. Radio, Hi -Fi, TV: Swift of 
Wilmslow, 5 Swan Street, Wilmslow. Tel. 
(Loudspeakers) Wilmslow 29599, (Hi -Fi, etc.) 
Wilmslow 26213. 

Access and Barclaycard orders accepted by 
phone. 

WW -067 FOR FURTHER DETAILS 

IF YOU NEED 

Wireless World, June 1977 

JACKFIELDS . . . 

WHY NOT TALK 

TO THE 

SPECIALISTS ? 

Our new Bantam range gives a space 
saving of up to 50 per cent. 

PANELS AND ASSEMBLIES 
No supplier offers a wider range of panels, 
inserts and accessories for just about any 
configuration. And you can get them in 
any stage of assembly . . . individual 
components, sub -assemblies, or complete 
pre -wired and connectorised assemblies 
ready to install. 

JACKS AND PLUGS 
Singles ... twins ... back -to -back . . . 

2 -1 -1 ... patch and switchboard cords .. . 

most standard types are available for 
immediate off- the -shelf delivery. 

For information on these and our range 
of B.P.O. type components contact: 
COMMUNICATION ACCESSORIES and 
EQUIPMENT LIMITED. 

CAE LIMITED 
70/80 AKEMAN STREET, 
TRING, HERTS HP23 2PJ 

Tel. (044 282) 4011 

Telex: 82362 A/B BATELCOM 

WW -08 I FOR FURTHER DETAILS 
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Appointments 
Advertisements accepted up 
to 12 noon Monday, May 30, 
for the July issue, subject to 
space being available. 

DISPLAYED APPOINTMENTS VACANT: £7.50 per single col. centimetre (min. 3cm). 
LINE advertisements (run on): £1.10 per line, minimum three lines. 
BOX NUMBERS: 50p extra. (Replies should be addressed to the Box Number in the 
advertisement, c/o Wireless World, Dorset House, Stamford Street, London SEI 9LU.) 
PHONE: Eddie Farrell on 01 -261 8508 
Classified Advertisement Rates are currently zeró rated for the purpose of V.A.T. 

<; ::::............ ... 

Radio Officers -now you can 
enjoy the comforts of home. 

Working for the Post Office Maritime Services really 
makes sense. You still do the work that interests you, 
but with all the advantages of a shore -based job: more 
time to enjoy home life, job security and good money. 
To qualify, you need a United Kingdom Maritime 
Radiocommunication Operator's General Certificate 
or First Class Certificate of competence in 
Radiotelegraphy, or an equivalent certificate issued 
by a Commonwealth Administration or the Irish 
Republic. 

Starting salaries, at 25 or over, are £2905 rising 
to £3704 after three years service. Between 19 and 
24, the starting salary varies from £2234 to £2627 
according to age. In addition, a supplement of £312 

PI PCO 
(S aim/ SERVICES) 

For Electronic Engineers, Technicians 
& TV Service Engineers. 

26a High Street 
Hounslow, Middx. 
Tel: 01 -572 7363 

Telex Pipco Hounslow 935413 
(65521 

SERVICE/ 
CALIBRATION 

ENGINEER 
The Service Department of a small 
expanding Electronic / Computer Company 
requires an additional Service / Calibration 
Engineer. The work is varied and involves 
the calibration and maintenance of the 
complete spectrum of test equipment. A 
thorough knowledge of fault finding 
techniques and modern measurement 
methods is essential, also a basic knowledge 
of logic would be advantageous. 
The company is situated at Kings Cross. 
London, and the salary is negotiable 
according to age and experience 

For further details please contact 
Mike Jones, Service Manager 

49 -53 Pancras Road, London NW1 
20B 

Telephone: 01 -837 7781 
(72461 

Garnett College 

p.a. is payable. You'll also receive an allowance for 
shift duties which at the maximum of the scale 
averages £900 a year and there are opportunities to 
earn overtime. There's a good pension scheme, sick 
pay benefits and prospects of promotion to senior 
management. 

Right now we have a few vacancies at some of 
our coastal radio stations, so if you're 19 or over, 
preferably with sea -going experience, write to: 
ETE Maritime Radio Services Division ( L690), 
ET 17.1.1.2., Room 643, Union House, 
St. Martins -le -Grand, London EC1A 1AR. 

Post OofficoTollocornmu..iniicaLiions 

Closed Circuit Television 
(Video -Workshop) 
Engineer 
Applications are invited for this post at Garnett College which trains 
qualified, mature students for teaching careers in Further and Higher 
Education. Duties will include maintenance of television equipment in use 
throughout the college, production work and participation in training. 
Applicants should be qualified and experienced in the use and 
maintenance of CCTV equipment. 
Salary scale £3190 -£4702. 

Further details and application forms, returnable by 17 May, 
from the Chief Technician, Garnett College, Downshire 
House, Roehampton Lane, London SW15 4HR. 01- 7896533 

(7230) 

M 

CAP /rsi APPTS. 

FREE LISTS 
I 01 Design - Development 

and Test Jobs. 
Permanent and Contract 

To £6,000 

elk 

4E 

ó37sssJdot, SSO Ol36eve 

ELECTRONIC 
ENGINEER 

We are looking for a young elec- 
tronics engineer to join a small 
energetic company just starting up. 
This is a golden opportunity for a 

self- motivated engineer with an 
enthusiasm for electronics to grow 
with this company, working with the 
most up to date technologies. A 
good salary and fringe benefits are 
the rewards to the person we feel 
will be able to work with us on all 
aspects of the company's work. 
Apply, stating experience and 
qualifications to 

E. Crockford, Grovemart Ltd. 
The Market House 

High Street, Uxbridge, 
Middlesex (72361 
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H.M.G.C.C. 
has vacancies for 

ELECTRONIC ENGINEERS 

to work in fields of 

a. VHF /UHF communications 
equipment design 

b. General circuit design analogue 
and digital 

Qualifications 
Candidates should have one of the following 
academic qualifications: 

i Degree in Science or Engineering 
ii Degree standard membership of 

a Professional Institution 
HNC or HND in a scientific or 
engineering subject or equivalent 
qualifications. 

Experience 
For the grade of Higher Scientific Officer the 
following post -qualification is also required, 
2 years for candidates with 1st or 2nd Class 
Honours degrees and 5 years for other 
candidates. 

Salaries 
Scientific Officer (under age 27) 

£2462 -£3840 
Higher Scientific Officer 

£3567 -£4767 

A pay supplement of £313.20 per annum is 
included in the above salary scales. An 
additional supplement of 5% of total 
earnings subject to a minimum of £1 30.50 
per annum and a maximum of £208.80 per 
annum is also payable. 

Application forms may be obtained from: 

The Administrative Officer 
HM Government Communications Centre 
Hanslope Park 
Hanslope 
Milton Keynes MK19 7BH 

7239( 

Wireless World, June 1977 

RADIO 
TECHNICIANS 

Government Communications Headquarters has vacancies for Radio 
Technicians. Applicants should be 19 or over. 
Standards required call for a sound knowledge of the principles of 
electricity and radio, together with 2 years experience of using and 
maintaining radio and electronic test gear. 
Duties cover highly skilled Telecommunications /electronic work, 
indluding the construction, installation, maintenance and testing of 
radio and radar telecommunications equipment and advanced 
computer an analytic machinery. 
Qualifications: Candidates must hold either the City and Guilds 
Telecommunications Part I (Intermediate) Certificate or equivalent 
HM Forces qualification. 
Salary scale from £2,230 at 19 to £2,905 at 25 (highest pay on 
entry), rising to £3,385 with opportunity for advancement to higher 
grades up to £3,780 with a few posts carrying still higher salaries. 
Pay supplement of £313.20 per annum. 
Annual Leave allowance is 4 weeks rising to 6 weeks after 27 years' 
service 
Opportunities for service overseas. 
Candidates must be UK residents. 

Further particulars and Application forms available from 

Recruitment Officer 
Government Communications Headquarters 

Oakley, Priors Road 
CHELTENHAM, Glos GL52 5AJ 

Tel. Cheltenham 21491 Ext. 2270 
(STD 0242-21401) 

(7219) 

ELECTRICAL & 
RADIO TRADING 

The above long established weekly trade magazine has a 
vacancy for a 

NEWS 
REPORTER/ 

WRITER 
Ideally the candidate should have had reporting and 
writing experience within newspaper, public relations or 
related areas. The position calls for someone with a 
quick and active mind who may well have an interest in 
radio and domestic electrical appliances. The latter is not 
so important as the ability to present stories in a bright 
and imaginative way to the readers of its industry. 

Apply to the Editor, Alfred Sorkin, who will forward on 
an application form. Telephone 01 -261 8621. Electrical 
& Radio Trading, IPC Electrical -Electronic Press Ltd., 
Dorset House, London SE1 9LU. 

(7229 
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ELECTRONIC DESIGN/ 
DEVELOPMENT ENGINEERS 

FERRANTI OFFERS YOU FREEDOM 

freedom to create. Over the years leading design and develop- 
ment engineers have been attracted to Ferranti by our reputation for truly 
innovative engineering and together they have formed specialised teams 
involved on a variety of sophisticated projects related to the Tornado, Sea 
Harrier, Jaguar, Nimrod 2 and other front line aircraft. 

We now require additional engineers to join these teams engaged 
on the creative work of designing and developing airborne radar, laser and 
inertial navigation systems and their associated test equipment. 

Engineers are required in the following technical fields: - 
Digital and analogue electronic circuitry design. 
Design and application of small digital computers. 
Microwave and laser techniques. 
Advanced instrument design including gyroscopes of inertial 
quality. 
Design of small mechanical structures and analysis of stress. 

In addition to the above we have vacancies for production engineers 
with either electrical or mechanical backgrounds in these fields. 

Applicants should have some design development experience to offer 
in avionics and a desire to expand their experience to project leader level. 

Edinburgh, with its outstanding facilities for education, housing, sport 
and entertainment, is one of the ideal cities in Europe in which to live, work 
and bring up a family. And to make moving here easier, we pay realistic 
relocation expenses. Salaries are negotiable and the Company operates 
a contributory pension and life assurance scheme. 

Apply in writing, with full details of experience and 
qualifications to 

Staff Appointments Officer, 
Ferranti Limited, 
Ferry Road, 
EDINBURGH, EH5 2XS. 
Please quote Ref. WW/3 
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GEC COMPUTERS LTD., Europe's largest and most experienced company specialising in 
real -time computer applications are expanding their activities and are seeking the following staff 
for their engineering hardware development department: 

SENIOR SYSTEMS ENGINEERS 
SENIOR LOGIC DESIGNERS 
ELECTRONIC ENGINEERS 

INTERMEDIATE /JUNIOR LOGIC 
DESIGNERS 

SENIOR SYSTEMS ENGINEERS AND LOGIC DESIGNERS are required for advanced 
processor design. Applicants must have a relevant degree or equivalent qualification and have 
had several years' experience in the computer field including design of complex digital 
equipment. They must have the ability to understand sophisticated central processor design and 
be able to play a significant and creative role in this activity. 
ELECTRONIC ENGINEERS are required for the design and development of computer 
memories, power supply units, displays, processors and peripheral equipment. Applicants must 
have a relevant degree or similar qualification, e.g. HND, and a minimum of 1 -2 years' practical 
experience. 
INTERMEDIATE /JUNIOR LOGIC DESIGNERS are required to work on either the 
development of computers and associated equipment or the design and development of special 
purpose equipment. Applicants must have a relevant degree or other suitable qualification, e.g. 
HNC, ET5, etc., and have had some practical experience of digital design. Simple programming 
experience would also be an advantage, although this is not essential. 
Starting salaries are dependent upon qualifications and experience. 

Those interested should apply in writing to Mr D. F Watts, Personnel Department, GEC 
Computers Limited, Elstree Way, Borehamwood, Herts. . 

GEC Computers Limited Sae 
(7199) 

1 

J 

I Radiomobile 
I Britain's Car Radio 
I Specialists 

I 
I 
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Electronics 
is this you? 

ßLOCATion 
EXPENSES 

1 Do you have a good qualification in electronics? 
2. Are you interested in the design of sophisticated modern 

receivers for car entertainment systems - AM and FM 
stereo radio, stereo cassette players, signal- seeking tuners 
and the like? 

3. Do you have the right character and sufficient experience 
of receiver design for volume production to be able to 
design this type of equipment right up to the production 
stage? 

If your answer is 'YES' to all three, and if you would like to 
work in a modern laboratory near Hemel Hempstead with 
first -class amenities, telephone or write to: 
John Lawrence, Design Manager 
RADIOMOBILE LIMITED 
Eaton Road, Hemel Hempstead, Herts. 
Tel Hemel Hempstead 6351 1 

Radiomobile is a subsidiary of Smiths Industries 

1 

I 
1 

I 
I 
1 

I 
I 
I 
I 

I 
I 
I 
I 
I 
1 
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MEDICAL 
PHYSICS 

TECHNICIAN 
Required to work in the electronics section 
of our Physics Department. The work 
involves the design, development and 
manufacture of a wide range of medical and 
research instruments. Experience with both 
digital and analogue integrated circuits is 
very desirable. 
Salary scale will be Medical Physics 
Technician lI or Ill, i.e. E3,597- £5,147 
inclusive of all allowances, subject to age. 
qualification or experience. Minimum 
qualifications are ONC or equivalent but an 
HNC in Electronics or an allied subject 
would normally be expected. 
Further details may be obtained from Mr. D. 
Ritchie. Chief Technician, ext. 399. 

Application forms and job description are 
obtainable from 

Mr. B. L. J. Sorrell 
Personnel Assistant 

St. George's Hospital 
Blackshaw Road, London SW17 

Tel. 01 -672 1255, ext. 121 
Closing date for applications: 1st June, 
1977 

CAN YOU 
WRITE 

AND SELL? 
We are looking for a rare combination. 
Someone who can help produce technical 
catalogues, and sell our range of products. 
That means he or she will have to be a 
good, lucid writer, with an understanding of 
electronics. and also proficient at talking 
technical language with our customers, who 
range across industry. local government. 
schools and universities, at home and 
abroad. 
We are Europe's biggest sellers of second 
user electronic test equipment, and we have 
also established a New Products Division. 
So of you want to progress with a company 
that is going places, this is the job. Salary 
paid will be based on experience. 

Write with full details to 
The Managing Director 

ELECTRONIC BROKERS LTD. 
49 -53 Pancras Road, London NW1 

2QB 

(72471 

TEST ENGINEER 

Required for fault finding on our 
range of oscilloscopes. This is an 
interesting and rewarding post for an 
engineer with a sound knowledge of 
semi -conductor circuits. 

For your chance to join a market 
leader, write with full details to. 

The Chief Test Engineer 
SCOPEX INSTRUMENTS LTD. 

Pixmore Industrial Estate 
Pixmore Avenue 

Letchworth 
Herts 

1'511 

CAPITAL 
APPOINTMENTS LTD. 

FREE JOBS LIST 
for 

FIELD SERVICE ENGINEERS 
BASIC SALARIES TO 

£5,000 + CAR 

34 Percy Street. London. W1 
01 -637 5551 
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TEST AND 
COMMISSIONING 

ENGINEER 
Servotest Limited, leading manufacturers of 
electro- hydraulic servo equipment, have 
vacancies for competent engineers to work 
in testing, commissioning and servicing. 

Some travel is involved, both in the U.K. 
and abroad. The successful candidates will 
have a sound practical and theoretical 
electronics background with a knowledge of 
several of the followigg: 

Analogue circuits using integrated and 
discrete components: operational ampli- 
fiers, simple digital circuits, servo systems. 
hydraulics. 

Appropriate qualifications would be HNC. C 
& G Radio and Television, etc. The ability to 
work without supervision and to deal with 
customers at all levels is essential. 

Applicants must hold a current driving 
licence. Salary up to £4,000 p.a. 

Telephone Mr Crabtree on 01 -998 1552 
for further information or write to 

SERVOTEST LIMITED 
Sarefield Road, Perivale 

Middlesex UB6 7AA 

7238) 

REW AUDIO VISUAL CO. 
require 

SALES ENGINEER 
Due to expansion, we have a vacancy 
for experienced person to design. 
estimate and commission video studio 
installations, CCTV, etc. 

Self- motivation, ability to negotiate at 
all levels and enthusiasm are the 
qualities required. 
Excellent salary, negotiable, company 
car plus expenses. 

Please write or telephone for an 

application form or send résumé of 
career to date in strictest confidence. 
M. Murray, Managing Director, 
Rew Audio Visual Company Ltd., 
10/ 12 High Street, Colliers Wood, 
SW19 2BE. 01 -540 9684/9. 

DESIGN TEST 
FIELD SERVICE 

Immediate vacancies exist in most 
areas for engineers qualified to 
BSc /HNC /C &G with analogue, 
digital or R.F. experience. 
Phone or write 

APEX PERSONNEL 
800 FULHAM ROAD 

LONDON S.W 6 

01-731 4353 
(71 55) 

APPOINTMENTS 
IN 

ELECTRONICS 
Take your pick of the 
permanent posts in: 

MISSILES - MEDICAL 
COMPUTERS- COMMS 
MICROWAVE - MARINE 
HARDWARE - SOFTWARE 

For expert advice and mimed' 
ate action on career improve 
ment, 'phone, or write to. 

Mike Gernat BSc. 

`Technomar& 
11 Westbourne Grove 

London W2.01229 9739 
f f3 

a 
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Only the most talented 
electronics designers 

can improve our 
performance 

ariPerfecting the quality of sound 
under difficult conditions is the 
challenge of designing in -car 

entertainment systems -- and at 
Radiomobile, we've risen to that . 

challenge. developing the science and the 
art of "mobile sound" well beyond the 
competition. 

To maintain our impressive technical 
and market lead in the UK. we need the 
best receiver designers we can get: men 
and women whose interest in perfection 
goes right through to the production stage 
and who are capable of inspiring junior 
engineers as well as producing inspired 
designs themselves. 

The range of products is wide and 

Th ) r Ì ri 
:.,1-.11 -11 i 

_ _. __ 
-1 -1 -1 -1 -1 

advanced enough to challenge the most 
experienced and well -qualified engineer: 
AM and FM stereo radio, stereo cassette 
players, signal- seeking tuners. and 
quadrophonic sound. 

This is a senior post, based at our 
Design Centre in Hemel Hempstead. 
Carrying an attractive salary and very 
good career prospects. There are 
excellent fringe benefits, including 
assistance with relocation to the Hemel 
Hempstead area. 

Telephone for an applicai icn form or 
send C.V. to Miss I. S. Thom, Pei simnel 
Manager, Radiomobile Limited, 
Goodwood Works. North Circular Road, 
London NW?. Tel 01 -452 3333 ext 4340. 

Radiomobile 
Radiomobile Limited 

7255 

ITA are expanding their manufacturing and 
service departments and require 

ENGINEERS 
familiar with tape recorders or electro- 
mechanical assemblies. Pleasant working 
conditions and attractive salaries are offered 
together with the right prospects for the 
future Apply to The Chief Engineer, ITA, 
1 -7 Herewood A Marylebone 
Road, London NW1. Tel: 01 -724 2497. 

(7225) 

CONTRACTOR /INSTRUMENT Maker 
required to produce 1,000 unipivot 
Pick -up arms monthly. Box No. 

(7198) 

VACANCY FOR SCHOOL 
LEAVER 

in Essex Area whose interests are in 
Electronics. 
Opportunity for Apprenticeship with 
old- established company. 
All replies will be answered. 
Applicants must give details of their 
INTERESTS 

Apply to: Box No. WW 7251 
7241) 
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Ro s -Royce Limited 

Electronic/ 
Instrumentation 
Draughtsmen 
The Experimental Department based in Derby has 
vacancies for the post of Electronic Instrumentation 
Draughtsmen. 

Candidates (male or female) must have completed a 

formal drawing office training and ideally should 
possess at least an ONC (Electrical). They should have 
experience in electronics, instrumentation and printed 
circuit design. 

The work is concerned with design and detailing of 
specialist electronic equipment for use on Test Beds. 
Rigs, Instrumentation and Process systems 
throughout Rolls -Royce. It includes: - 

(a) Drawing circuit /logic diagrams, wiring 
schedules and routing diagrams. 

(b) Mechanical design of small mechanisms. 
cabinet and chassis work. 

(c) Printed circuit layout and design and the 
production of relevant artwork. 

Salary will be paid according to age, qualifications and 
experience. 
The Company operates a Staff Pension Scheme. 

We should be pleased to discuss re- location expenses 
with the candidates who are invited for interview. 

Enquiries should be sent to:- 
ROLLS 

RP 
ROYCE \ 

Mr J A J Clarke, Senior Personnel Officer 
Rolls -Royce Limited 
PO Box 31 Derby DE2 8BJ 
Telephone: Derby 42424 Extension 109 

7201 

Design and 
Development Engineers 

Flow Measurement Luton 
Here at Kent Instruments Limited, 

one of the world's foremost companies 
involved in process control 
instrumentation, we need talented men 

and women to join our expanding 
multidiscipline development teams. 

Electronic 
Development Engineers 

You will be responsible for systems 
and circuitry design /development on a 

new generation of products which 
make full use of advanced 
measurement techniques. These 

challenging positions, in a dynamic 
department, call for innovative, 
graduate -level engineers, aged 25 plus, 
with a minimum of three years' 
experience in analogue or digital circuit 
design. 

Physicists /Mechanical 
Development Engineers 

You will joina team of professional 
engineers responsible for the design of 

precision electro- mechanical 
mechanisms and transducers for our 
comprehensive range of flow 
measurement devices. The team's 
activities will provide the kind of setting 
which will appeal to HND /degree 
engineers, aged 25 plus, with at least 

three years'design /development 
experience in a high technology 
environment associated with fluid 
dynamics. 

Appointments will be made at 

various levels dependent on experience 
and qualifications. We offer four weeks 

holiday, good pension /life assurance/ 
sickness pay schemes and relocation 
expenses where appropriate. 

Please telephone or write for an 

application form to Mike Hopkins, 
Personnel Officer, Kent Instruments Ltd., 

Biscot Rd., Luton, Beds. LU31AL. 
Tel: Luton (0582) 24558 - 
anytime day or night. 

IL the GEORGE KENT group 
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:: 
:: SENIOR 

ENGINEER /SECTION 
LEADER 

i 

:r 
i 

Required to work on cable television systems. 

The candidate should hold a degree or 
equivalent qualification and have some 
knowledge of either HF, video, or modula- 
tor /demodulator circuit design. 

A knowledge of the circuitry of colour TV 
receivers and basic digital systems should 
also be an advantage. 

Salary will be commensurate with qualifica- 
tions, age and experience. 

If you are seeking a responsible position in R 
& D write giving details of your career to 
date, or telephone: 

Dr. G. O. Towler, B.Sc., Ph.D. (Manager) 
Research & Development Establishment 

BRITISH RELAY LTD. 
Cleeve Road, Leatherhead 

Surrey KT22 7NN 
Telephone: Leatherhead 76056 

BRITISH 
RELAY 7 

Electronics Engineer 
Telemotive U.K. Limited is a Company in association with a major 
U.S.A. manufacturer with world leadership in the radio control of 
industrial machines, systems, and processes, in collision 
prevention, in remote positioning, and in other industrial 
electronics activities. 

Our principal products are founded on the Near Field Induction 
Effect and on other inductive techniques in the 300 kHz band. No 
other U.K. Company has a comparable product line, and our 
business therefore offers engineering experience of unusual 
interest. Training in our techniques is provided. 

Our current requirement is for a young engineer with versatile 
abilities because at different times the work will involve application 
engineering, testing, commissioning of systems on customers' 
sites, field and base service, the anglicisation of designs originating 
in other countries, and a measure of production control. In each of 
these fields there is scope for personel engineering contributions. 

The position involves some travelling within the U.K. and will take 
the engineer into a wide variety of industries. 

Telemotive is a good employer. It only employs people who are 
exceptional in their particular job, and it treats them accordingly. 
The salary will depend upon the capability of the chosen applicant. 

Please forward personal details to: 

Telemotive U.K. Limited 
TELEMOTIVE HOUSE, 100 HIGH ROAD 

BYFLEET, WEYBRIDGE, SURREY 
BYFLEET 47117 

172531 
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CIRCUIT DESIGN 
ENGINEER 

in Cambridge 
We wish to appoint an enthusiastic engineer with 
several years' experience of semi conductor circuit 
design to develop a series of active processing 
modules for incorporation into a comprehensive 
range of audio mixers, distribution systems and 
switching equipment 
The successful candidate should be qualified to 
degree or H N D/H NC standard and possibly have a 

background in audio engineering or related fields, 
but proven circuit design capability with a 

knowledge of integrated circuits, thick film and 
digital techniques are the main criteria. 
Join a successful and continually expanding 
company in the field of international broadcast 
engineering. For further details write or telephone : 

Mr. D. Barnicoat, Pye TVT Limited, PO Box 41, 
Coldhams Lane, Cambridge CB1 3JU. 
Telephone Cambridge 45115. 

PyeTVT Limited 
The Broadcast Company of Philips 

A nantler,il the Ave ,r Ca'rYrdge Gruu' 

OVERSEAS 
APPOINTMENTS 

ELECTRONICS 
TECHNICIANS 

Petty -Ray is one of the leading companies in the field of oil 
exploration and due to our ever increasing work load 
require young single personnel, preferably aged between 
21 -25, who are looking for a varied and interesting career 
working overseas. 
You should be educated to HNC /ONC in Electronics or C 
and G Radio and TV Technician level, and on appointment 
you will be assigned to one of our field crews either in Africa 
or the Middle East for on- the -job training in the operation 
and maintenance of digital siesmic recording equipment. 
Candidates must be in possession of a current driving 
licence. 
We offer a good starting salary which is tax free, food and 
accommodation will be provided and rest leaves are 
generous. 

If you would like to have more information about these 
vacancies why not write, giving brief career details to 
the Personnel Officer: 

Petty -Ray Geophysical Division 

GEOSOURCE UK LTD. 
3 -5 The Grove, Slough, Berks 

(7221) 

135 Appointments 
EMI 

Opportunities in 
Electronics 

Development 
Pantak (EMI) Limited, one of the world leaders in industrial, 

security and medical X -ray equipment have important career 
opportunities for personnel to join our expanding electronics 
development team working on exciting new projects. As a result 
of this expansion, we are now looking for:- 

:=,-. 

::_-, ,_.... Senior 
,. 
,... 
_____ 

,_._. 
__,. 

Development . Engineers 
.... 
,.___ 
,____ 

..-=-,- 

To report to a Project Engineer and be responsible for the work of 
's junior engineers. 

Responsibilities will include the developing, testing and recording of 
various projects as required. You will also deal personally with outside 
technical contacts, document the work of your team and ensure that 

's worldwide regulations and standards are met. 
Ideal candidates for these key positions will be aged 30 plus and 

have a degree or HND qualifications. We are looking for experience in 

analogue and digital circuit techniques. A knowledge of high frequency 
inverters, control and power supply systems will be an advantage. 

_....... Development 
.:_____ 

--,.. 

.._. Engineers 
,______ 

..., ,____ 

Reporting to Senior Development Engineers, you will be required to 
develop prototype equipment involving technical studies and 
modifications through to the final pre -production stage. 

You will hold a degree, HND or HNC (Electronics) or equivalent. 
Some previous development knowledge will be an advantage. 

,-_--- z_..___ 

2 Prototype 
Electronic . I 

Wiremen/Women 
To join the development team working on interesting new projects in 

close liaison with all levels of development staff. You should be able to 
work from prototype engineering information and from this be capable of 
preparing and using schedules and running lists. 

Benefits 
Excellent salaries 
Career opportunities 

4 weeks holiday 
Top overtime rates 
(where applicable) 
First class Pension Scheme 
with free Life Assurance 

we offer include: 
Staff sales discount on 
EMI products 
Pleasant well equipped 
working conditions in premises 
within easy reach of M4 
Generous assistance towards 
removal expenses where 
applicable 

We'll cover the expenses for your interview so male and female applicants 
ring Geoff Smith, Technical Manager now on Windsor 1075 35) 55611 or write 

to him at: Pantak (EMI) Limited, Vale Road, Windsor. Barks SL45JP 

Pantak 
A member of the EMI Group of companies 

International loaders in music electronics and leisure 
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There are opportunities for versatile Laboratory 
Technicians at the BBC, Equipment Dept., 
Chiswick, to do interesting and varied work, 
testing BBC designed equipment, newly manu- 
factured in small batches. This equipment covers 
most aspects of colour television and stereo 
radio broadcasting and includes techniques in 
audio video, digital and radio frequency. 
Suitable technicians will have had at least one 
year's experience of testing small batches of 
electronic equipment and will be qualified to 
Final City and Guilds or O.N.C. standard. 

Starting salary will be in the range £2,992 to 
£3,214, rising by annual increments to £3,547 
plus 5% pay supplements. Less qualified tech- 
nicians may start at a training grade. 
Request for application form to the Engineering 
Recruitment Officer, BBC, Broadcasting 
House, London W1A IAA, quoting reference 
77.E.4028/WW and enclosing foolscap envelope. 
Closing date for completed application forms is 
fourteen days after publication. 

7248 

Electronics 
Technician 

GRADE III 
required for the Area Works Department based initially at 
Copthorne Hospital South, attached to the Cardiological 
Respiratory Function Laboratory. 
Qualifications: H.N.C. /O.N.C. ELECTRONICS. 
Responsible to: Area Engineer. 
Salary scale: £2,931- £3,834 + £312 p.a. supplement. 
Experience required: Candidates must possess a wide 
experience of electronic equipment together with appreciation 
of the safety aspects of such equipment. 
The position offers the opportunity to be involved in a very 
rewarding aspect of electro- medical engineering and he /she 
will be under the control of the respective clinician within the 
above departments for all clinical responsibilities appertaining 
to his /her duties. 

For job description and application form write to Area 
Engineer, Area Works Department, Shrewsbury Hospi- 
tal, Copthorne South, Shrewsbury, Salop. Tel: Shrews- 
bury 52244 ext. 3273. 
Closing date 27th May, 1977. nzfzl 

Salop 
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' Radiomobile 
Britain's Car Radio Specialists 

Technical 
;Assistant 

(In -Car Entertainment Service Centre) 

The successful applicant will be required to deal with a 

general and technical correspondence, telephone enquiries 
on repairs and suppression. 

He /she will be required to assist in compiling technical 
bulletins and service manuals, guarantee analysis and 
service records. . As the job involves a lot of telephone work, a good 
command of the English language and a clear speaking 
voice are essential. 

City & Guilds Telecoms / Servicing preferred. 

A knowledge of radio servicing and /or car radio 
suppression would be an added advantage. 

This is a Monthly Staff position. Salary will be negotiable, 
and fringe benefits are those associated with a large and 
progressive organisation. 
Write or telephone for Application form and Job 
Specification to: 

Miss I. S. Thom 
Personnel Manager 

Radiomobile Limited 
Goodwood Works 
North Circular Road, London NW2 
Tel. 452 3333, ext. 4518 

a subsidiary of SMITHS INDUSTRIES LIMITED 

(7249) 

AREA WORKS ORGANISATION 

ELECTRONIC 
TECHNICIANS 
(3 Posts) 
Three Electronic Technicians are required to join a small team 
in maintaining sophisticated equipment in use in the Health 
Service. 
1. Technician Grade II required to specialise on equipment 

used in a Bio- Chemistry Laboratory, including 
computers - Analysers, etc., to be based at the Hull 
Royal Infirmary. 

Salary starting at £4,063 rising by increments to 
£5,101. 
Qualifications required - O.N.C. H.N.C. or H.N.D. or 
equivalent. 

2. Technicians Grade Ill required to specialise mainly on 
maintenance of X -Ray equipment: 
One to be based in the Beverley District 
One to be based at the Hull Royal Infirmary 
Salary starting at £3,405 rising by increments to 
£4,353. 
Qualifications required - O.N.C., H.N.C. or H.N.D. or 
equivalent. 

Job descriptions and application forms may be obtained 
from the Area Personnel Officer, Humberside Area 
Health Authority, Springfield House, Springfield Way, 
Anlaby, Hull. To be returned by 31st May, 1977. 

Hull District 
Humberside Area Health Authority 
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Electronic 
Test Engineers 

IA 
Pye Telecommunications of Haverhill has immediate 
vacancies for Production Test Engineers, of either sex. The y work entails checking to an exacting specification VHF /UHF 
radio -telephone equipment before customer delivery; 
applicants must therefore have experience of fault finding bi and testing electronic equipment, preferably communica- 
tions equipment. Formal qualifications, while desirable, are 
not as important as practical proficiency. Armed service ki experience of such work would be perfectly acceptable. 

Pye Telecommunications is a major exporter of radio -tele- M phone equipment, and there are good opportunities for 
promotion within the Company. 

111 
Relocation assistance is available and there is also the 
possibility of obtaining local authority housing. 

Write or telephone without delay for an application 
form to: Miss C. M. Dawe 

PR 

PR 

PR 

PR 

PR 

P I 

lb P Telecommunications Ltd 
Colne Valley Road (opposite Mount Road) 
Haverhill, Suffolk c89 8DU. Tel. Haverhill 4422 

....,. 177311 !'o Is [ [ [ Is [ [ [ 

Radiomobile 
Britain's Car Radio Specialists 

Electronic 
;Engineer (A.T.E.) 

The Company has invested heavily in automatic testing 
equipment, and consequently requires an energetic engineer to 
assist in its introduction on the full range of the Company's in -car 
entertainment equipment. 
Would you like to work with a minimum of supervision, and join a 
team of young and enthusiastic engineers? Qualifications should II be ONC /HNC level. 

Starting salary will be negotiated, and fringe benefits are those 
associated with a large and progressive organisation. 
Telephone or write for application form and job specification to; 

Miss 1. S. Thom 
Personnel Manager 

Radiomobile Limited 
Goodwood Works 
North Circular Road 
London, N.W.2 
Tel: 01-452 3333 Ext. 4518 

. asubsidiaryol SMITHS INDUSTRIES LIMITED 

1141 

1-71 
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Marconi Instruments 

Professional Electronics 

In St Albans 
Development Engineers 
Designing state of the art r.f. and digital circuitry as 
members of small project teams. 

Components Engineer 
To specialise in the analysis of new components used in 
electronic equipment manufacture. 

ATE Field Service Engineers 
Servicing Automatic Electrical Inspection Systems 
throughout the UK. 

Advanced Test Engineer 
To develop test methods in particular programming 
systems in new generation instrumentation that utilize 
microprocessors and state of the art logic. 

Export Engineer 
Based in St.Albans,travelling the world selling the 
Company's range of r.f.and digital test equipment. 

Technical Author 
Compiling instruction manuals on communications test 
equipment and ATE. 

Test Technicians 
Commissioning a wide range of batch produced test 
equipment eg. Spectrum analyses, signal generators and 
modulation meters. 

Technician Engineer 
Working within a Test Gear Maintenance Department 
repairing a very wide range of modern, commercial and 
special to type test equipment. 

In Luton 

Test Engineers 
Servicing customer owned equipment in the largest 
communications test equipment maintenance 
organisation in W. Europe. 

Further information may be obtained from John Prodger: 
Marconi Instruments Ltd., 
Longacres, 
St. Albans, Herts. 
Tel: St.Albans 59292. 

A GEC -Marconi Electronics Company. 

mi 
17252, 

LECbROSOIVIO 
S E LONDON 

MICROPROCESSORS £4000 to £5000 
ANALYST /PROGRAMMER is required to become part of our 
application team using 8080 Hardware in real time Audio 
Visual Systems. 
Several years' experience of assembler code in real -time 
projects is sought and experience of Coral would be an 
advantage. 
This is an opportunity to enter an expanding field in an 
expanding company. 

Applications to 
Mr. R. D. Naisbitt, Personnel Director 

ELECTROSONIC LIMITED 
815 Woolwich Road, London SE7 8LT 7265 
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Test Equipment - 
Development Engineer 

For the leaders in electronics 
Our position as leaders in the electronics field, and our committment 

to research and development makes us an attractive proposition for a 

young, ambitious Engineer looking to gain experience in a professional and 
sophisticated environment. Experts in advanced technology, we need to 
add to our engineering teams, and are therefore looking for a person who 
can respond to the challenge we offer. 

We currently have a vacancy for a Test Equipment Development 
Engineer. The position involves designing and developing special purpose 
electronic test equipment for 'in house' usage. More specifically, we are 
looking for someone capable of circuit design, producing diagrams, 
building equipment and drawing up calibration and maintenance 
instructions. 

You should be aged at least 25, with approximately four or five years' 
development experience, together with an HNC in Electronic Engineering, 
or an equivalent qualification. Also, you should have knowledge of digital 
circuitry, measuring techniques and construction. 

We are offering a competitive salary which will reflect age and 
experience, together with the full range of company benefits including 
four weeks holiday, pension scheme, staff restaurant, and active sports 
and social club. 

For further information and an application form please contact: 
Barry Page, Personnel Department, EMI Ltd., 135 Blyth Road, Hayes, 
Middlesex. Telephone 01 -573 3888 Ext. 639. Or Record -a -Call anytime 
on 01 -573 5524. 

EMI EMI Limited 
The international music, electronics and leisure Group. 172111 

r 

L 

GEC Computers Limited Invite applications to fill the following vacancy within their 
Engineering Department: 

ELECTRONIC COMPONENT 
SPECIALIST 

The position involves detailed participation in the design of a wide range of commercial and 
military computer projects and involves liaison with the Production, Quality, Purchasing 
Departments and component suppliers. 
The successful applicant should have a degree in electronic engineering or similar qualification 
and must have a thorough knowledge of semiconductor technology and be familiar with a wide 
range of semiconductor devices and their applications including RAMs, ROMs, microprocessors, 
display devices and electronic components in general and be capable of leading a small team of 
engineers engaged in component evaluation and related tasks. 

Every encouragement will be given to the successful candidate to increase his general 
knowledge both in computing and advances in component technology. 
Starting salaries are dependent upon qualifications and experience. 
Those interested should apply in writing to Mr D. F. Watts, Personnel Department, GEC 
Computers Limited, Elstree Way, Borehamwood, Herts. 

GEC COMPUTERS LIMITED .96C 
'200) 

Wireless World, June 1977 

CITY OF LONDON POLYTECHNIC 
LIBRARY AND LEARNING 
RESOURCES SERVICES 

Applications are invited for the post of 

ELECTRONICS 
ENGINEER 

in MEDIA SERVICES. 
This is a challenging position for someone 
who is interested in the applications of 
television in teaching and learning and who 
will be keen to play a part in this developing 
field. 
The successful applicant will have at least 
five years. experience (preferably in the 
CCTV field), and will be capable of 
maintaining a wide variety of TV equip- 
ment, including cameras, VTRs, monitors 
and sound and vision systems. He /she will 
also be expected to design and modify 
equipment to the special needs of the 
Service, and to help the production of films 
and video tapes. 
Salary: £3,156 up to £3,762 + London 
Weighting £465 + Pay supplement £2.50 
or 5% up to a maximum of £4.00 per week. 

For further details and application forms, 
please write to 

Assistant Secretary 
City of London Polytechnic 

111.119 Houndsditch 
London EC3A 7BU (7261) 

TRAINEE 

AVIONICS 
ENGINEER 

REQUIRED 
Day release given. Pleasant 
working conditions. Apply: 

Chief Radio Engineer 
Express Aviation Services 

Ltd. 
Biggin Hill Airport 

Kent 
Telephone: Biggin Hill 72233 

72621 

ELECTRONICS ENGINEER. c54,500. 
Northern Home Counties. Our 
client, a small progressive subsid- 
iary company of an engineering 
group, require an Electronics En- 
gineer to translate sales require- 
ments Lo manufacturing instruc- 
tions and liase with production 
staff. 

Aged between 28 -35 you will be 
able to create printed circuit de- 
signs for production from first prin- 
ciples and in line with current 
technology. Expeience in batch pro- 
duction and an appreciation of 
effective quality control and re- 
liability will be required. For fur- 
ther details please contact Graham 
Ince, on Luton (0582) 417562, PER, 
56 -62 Park Street, Luton. (7222 

ARTICLES FOR SALE 

VALVES RADIO - T.V.- Industrial- 
Transmitting. We dispatch valves 
to all parts of the world by return 
of post, air or sea mail, 2,700 types 
in stock, 1930 to 1976. Obsolete 
types a speciality. List 20p. Quota- 
tion S.A.E. Open to callers Monday 
to Saturday 9.30 to 5.00. Closed 
Wednesday 1.00. We wish to pur- 
chase all types of new and boxed 
valves. Cox Radio (Sussex) Ltd., 
Dept WW, The Parade, East Wit - 
tering, Sussex P020 SBN. West Wit - 
tering 2023 (STD Code 024366). 

(5392) 

TELEPHONE ANSWERING Machines 
for Salle. New £120. Answers and 
Records. Plus 2 -way Conversations 
and Dictation. Free Accessories and 
guaranteed 1 year. Oaflsaver. - 
C.R.V. Electronics Ltd. 01-249 0416, 
01 -580 1800. 30 Goodge Street, Lon- 
don Wl. 

CASSETTE HEADS AND MECHAN- 
ISM. Three -headed cassette system; 
allows off -tape monitoring: Four - 
in -line cassette record /play head; 
Fernite record /play stereo head; 
top loading stereo cassette mechan- 
ism wih piano key controls. For 
technical data send s.a.e. Box No. 
WW 7139. (7139 

60KHz NSF Rugby Receiver. BCD 
TIME OF DAY OUTPUT. High per- 
formance, phase locked loop radio 
receiver. 5V operation with 1 

second LED indication. Kit com- 
plete with tuned ferrite rod aerial 
£14.08 (including postage and 
VAT). Assembled circuit and cased - 
up version also availablie. Send 
for detaf0b Toolex, Sherborne 
(4359), Dorset. (21) 
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SITUATIONS VACANT 

Electronics 
Engineers 
Exciting new projects 

in Radio Communications 
South Coast (Hants /Sussex borders) 

Plessey Avionics and Communications at West Leigh, Havant, is a leader in the design, 
manufacture and development of advanced radio communications equipment and 
systems. 
We are looking for electronics engineers, at various levels, to work on the design and 
development of a range of sophisticated new products for both civil and military applica- 
tions. These are ground floor opportunities to become involved in original design and 
there is considerable scope for career progress. We are currently building up development 
teams for projects in these areas: 

HF /VHF Military Radio 
Successful candidates will be involved in the design 
of new products using advanced miniaturisation 
techniques. Experience of digital systems and RF 
techniques at HF and VHF would be particularly 
valuable. These appointments will be of particular 
interest to designers willing to work against short 
time scale development plans on products mainly 
for the export market. 

HF Receiving Systems 
Engineers to work on HF receivers, their remote 
control and digital interface, and on related 
equipment design. Digital, analogue or RF aptitudes 
would all be appropriate. 

UHF /SHF Radio Relay 
Engineers to work on the design of transmitters and 
receivers at UHF and SHF, IF amplifiers, and 
baseband amplifiers for multi -channel radio relay 
equipment. 

Radio Relay Systems 
Engineers for the design of overall radio relay 
systems, the development of sub -equipments and 
systems evaluation. Previous experience in the 
design and /or commissioning of radio communi- 
cations systems is desirable. 

Candidates should be educated to degree level or equivalent and have at least two years' experience. 
Situated in a semi -rural environment near Portsmouth, Chichester, the South Downs and several 
seaside resorts, we are well placed for housing, shops, school and recreational amenities. Relocation 
assistance will be given where appropriate and there is a comprehensive range of large company 
benefits. Attractive salaries will be negotiated in line with experience and qualifications. 
Please write with brief career details or telephone for an application form. L. Wise, Recruitment 
Manager, The Plessey Company Limited, Martin Road, West Leigh, Havant, Hants. Tel (07012) 6391 . 

Applications are invited from either sex. 

PLESSEY 
ARTICLES FOR SALE 

*MANUFACTURERS* 
* WHOLESALERS* 

WE STOCK A COMPREHENSIVE 

RANGE OF ELECTRICAL AND 

ELECTRONIC COMPONENTS. 
INCLUDING CABLES AND FLEXES. 

AT VERY COMPETITIVE PRICES 
Phone or wale for quotation, 

ELECTRONIC EQUIPMENT CO. 

Springfield House 

Tyssen Street 
London E8 2ND 

01 -249 5217 

TV CRT TUBE REBUILDING equip- 
ment, training, supplies from The 
Experts'. Faircrest Tubes, THE 
name in TV today, for rebuilt TV 
tubes. Guaranteed 2/4 years. 
Vacuum Degassing Outfits for sili- 
cone rubber, etc. Transformer im- 
pregnation equipment, low cost 
vacuum units. General vacuum 
quipment, new and secondhand 
pumps, plant, coaters. ovens, etc. 
Barretts, Mayo Road, Coydon, CRO 
2QP. 01.684 9917. (7180 

300,000 NULLARD C280 & C281 for 
sale, values from Oluf to above luf 
250/400 v /w, price per mixed pack, 
100 /£1.50, 500/16.00. P&P (export 
50p). Electronic Mailorder Ltd, 
Ramsbottom, Bury, Lancs. (7172 

WAYNE KERR TYPE 022D Video 
Oscillator 10KHZ -20MZ £45. The fol- 
lowing American Test Equipment 
Tektronix Type 'K' Oscilloscope 
plug in Unit f35. Advanced meas- 
urement Inc Type 400 Deviation 
Meter 20 -1000 MHZ £90. Audio Sig- 
nal' Generator Type T53820 /U 20HZ- 
200KHZ in transit case £42. Hickok 
Valve Voltmeter Type 1600B £25. 
Sin Portable A.C. Voltmeter 15 -750V 
in 6 ranges 110. 6in Weston model 
901 Mirror scale centre zero Milli - 
voltmeter lab type 50- 0 -50mV £12. 
Electroni: Multimeter TS -505 B/U 
1 -1000 M Volts AC. DC 2.5-1000V 
£15. All equipment in good work- 
ing order. Carriage by appointment. 
E.M.A. Electonic Engineers. Monday 
Lane, Orford, Woodbridge, Suffolk. 
Tel Orford 328. 7204 

Cr stol ÿ y 
AURATE 

RELCCIABLE 

Private encores send an In snardps tor brochure 

HE QUARTZ CRYSTAL CO. LTD. 
Q.(.(. WORKS, WELI.IN(;1 (1N CRESCENT 

NEW MALDEN, SURREY 01- 9420334 & 2988 

SEMICONDUCTORS. Knobs, meters, 
resistors, capacitors. SAE for price 
list. - R, B. Electronics, 24 Spring- 
field Park, Holyport, Maidenhead 
39798. (7148 
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SITUATIONS VACANT 

Designs 
Department 

A number of posts are available in Central 
London for enthusiastic and forward thinking 
young students to train as Technicians in the 
laboratories of the BBC's Designs Department. 
Their work will include assisting engineering 
and laboratory staff in the development, con- 
struction and testing of units of sound and tele- 
vision broadcasting equipment. 
The successful candidates will probably be aged 
18 -20 and have a keen interest in, and possibly 
some experience of, electronics. They will have 
some ̀ O' levels - two preferably will be scientific 
- and they will be either .ecently qualified to 
O.N.C. or City and Guilds part II (T4) standard, 
or have recently commencea the final year of 
such a course. 
Salary according to qualifications in the range 
£2514 -£2706 (plus from £10.86 to £17.38 p.m. 
pay supplement according to earnings under 
current Incomes Policy). Excellent oppor- 
tunities for promotion. Summer leave arrange- 
ments honoured. 
Requests for application forms to The Engin- 
eering Recruitment Officer, BBC, Broad- 
casting House, London W1A IAA, quoting 
reference number 77.E.2164/NM and enclos- 
ing addressed foolscap envelope. Closing 
date for completed application 
forms is 14 days after 
publication. 

7233 

ARTICLES FOR SALE 

RECHARGEABLE NICAD BAT- 
TERIES. 'AA' (HP7) £1.26. 'Sub 
C' £1.29, ''C' (HP11) £2.38, 'D' 
(HP2) £2.92, PP3 £4.98. Matching 
chargers respectively £4.48, £4.48, 
£5.24, £5.24, £3.98, all prices include 
VAT. Add 10% post & package. SAE 
for full list, plus if wanted 50p for 
'Nickel Cadmium Power' booklet, 
Sandwell Plant Power Ltd., 1 Den - 
holm Road, Sutton Coldfleld, West 
Midlands, B73 i3PP. Tel No. 021-354 
9764. (6554 

ELECTRONIC INSTRUMENTATION. 
If you are interested in the buying 
or selling of good quality used 
Electronic Test Instruments, ring 
Reading 51074, Martin Associates 
and converse with our Sheila 
Hatch who will deal promptly 
with your enquiry. 

(6758) 

JAMES MOIR is replacing a large 
number of instruments in his lab- 
oratory and has the existing equip- 
ment for sale. These include a 
Gruel & Kjaer 2305 level recorder. 
B & K 2107 analyser. Marconi 4550 
harmonic analyser, Marconi TF 
144G signal generator, Marconi TF 
2604 HF voltmeter. Marconi wide 
range audio signal generator, Ad- 
vance Type 5663E signal generator. 
Advance sound level meter plus 
octave band analyser. Dawe vari- 
able bandwidth filters, Dawe 1481 
analyser. All these instruments are 
in good working order. - Offers 
to 16 Wayside, Ohipperfield, Herts. 
Tel. Kings Langley 62955. (7216 

OSCILLOSCOPE Philips 3M 3232 
current model, 10MHZ double beam 
as new £325 o.n.o. T.V. sweep gen- 
erator. Philips PM5334, new model 
8 ranges. 3MHZ to 860 MHZ as 
new, £365 o.n.o. Compass Electro- 
nics, 106 Putney Road, Hansworth. 
Birmingham B20 3PU. Tel. 021 554 
8162. (7227 

Y 
Yorkshire Television 

Broadcasting 
Electronics 
Engineer 

Vacancies exist in Yorkshire Television's 
Engineering Department for two Engineers. 
Duties, within this small group, will include 

system planning and installation and design and 
construction of specialised equipment. 

Experience of digital techniques would be an 
advantage. 

Applicants should be qualified to at least HND or 
equivalent or have several years relevant training 
and experience in TV broadcasting engineering. 
Salary in the region of £4,000 with promotion 
prospects to Senior Engineer within two years. 

Applications in writing please giving brief details 
of qualifications and experience to: 

Personnel Executive 
Yorkshire Television Ltd 

The Television Centre, Leeds LS3 1JS 

ARTICLES FOR SALE 

NEW COMPONENTS FOR SALE at 
greatly reduced prices. Redundant 
stock. Large or small quantities. 
All manner of items. Send S.A.E. 
for price list. D.J.J. 2 Eddystone 
Road, Down Thomas, Wembury, 
Plymouth PL9 OAR. (7284 

BARGAIN PACK 1,000 assorted nuts 
and bolts 2, 4, & 6 BA. New cad- 
mium plated. Value at least £12. 
Only £4 inc. p & p. CWO (UK 
only). Refund if not delighted. 
A.P., 171 Great Brays, Harlow, 
Essex CM18 6DT. 7263 

SMALL PCB PLANT READY for im- 
mediate (small run or prototype) 
work £500 o.n.o. "Harpum," 82 
Shrubcote, Tenterden. Kent. (7242 

PROFESSIONAL TV TUBE RE- 
BUILDING PLANT designed and 
manufactured with 20 years' exper- 
ience of tube rebuilding. Also all 
associated supplies including 
Electron guns. Regular training 
courses. Western - Whybrow Engin- 
eering, WE'CO Works, rPenaance, 
TR20 9QT (073676) 2265. (6542) 

WE INVITE ENQUIRIES from any- 
where in the world. We have in 
stock several million carbon resis- 
tors }th, 1. E and 1 watt. } million 
wire wound resistors 5 and 10 watt - 1 million capacitors - 1 million 
electrolytic condensers - 1} million 
transistors and diodes, thousands 
of potentiometers, and hosts of 
other components. Write. phone or 
call at our warehouse. - Broad - 
fields and Mayco Disposals Ltd., 
21 Lodge Lane, North Finchley, 
London, N.12. 01-445 0749, 445 2713. 

(5907) 

THE TTL DATA 
BOOK FOR 

DESIGN 
ENGINEERS 

By Texas Instruments 
PRICE: £5.50 

RADIO, TV & AUDIO TECH- 
NICAL REFERENCE BOOK 
by S. W. Amos. Price £24.70. 
MICROPROCESSOR / 
MICROPROGRAMMING 
HANDBOOK by B Ward. 
Price £4.00. 
WORLD RADIO TV HAND- 
BOOK. J M Frost. Price 
£5.50. 
BUILD YOUR OWN WORK- 
ING ROBOT by D. L. Heiser- 
man. Price £3.70. 
THE RADIO AMATEUR'S 
HANDBOOK 1977 by 
A.R.R.L. Price £6.60. 
THE MEMORY & MICRO- 
PROCESSOR DATA BOOK 
FOR DESIGN ENGINEERS 
by Texas. Price £3.40. 
TOWERS' INTERNATION- 
AL TRANSISTOR SELEC- 
TOR by T. D. Towers 1977. 
Price £5.00. 
SOUND RECORDING 
PRACTICE by Borowick, J. 
Price £16.60. 

* Prices include postage it 

THE MODERN BOOK CO. 
SPECIALISTS IN SCIENTIFIC 

& TECHNICAL BOOKS 
19 -21 PRAED STREET 

LONDON W2 1NP 
Phone 723 4185 

Closed Sat. 1 p.m. 
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ARTICLES FOR SALE 

EXCLUSIVE OFFER 

WORLD -WIDE RANGE 

NEVER BEFORE OFFERED 
PHILCO HC -150 POINT -TO -POINT STRIP 
RADIO HF RECEIVERS 2/30 m, 

c 
s. Ten fully 

tuneable channels to 0.5 kcs withsynthesisers. 
Single and diversity reception on ISB, DSB. SSE 
with 4 sub/bands to each channel. Full details and 
pnces on application. 

HIGHEST QUALITY 19" 
RACK MOUNTING CABINETS 

& RACKS 
I RUM 5 to 9 IIIUH 

FROM LIE to 05 
PLEASE SEND FOR STOCKLIST 
Also Twin. Tnple, etc., Consoles 

AUDIO AND INSTRUMENTATION- 
TAPE RECORDER-REPRODUCERS 

Plessey ID33 Digital Units, 7 track ' i 

Plessey M5500 Digital Unit. 7 tracks 
Ampex FR1100, 6 speeds, stereo , 

Ampex FR600. 4 speeds, 7 teas ks': 
D.R.I. RM1, 4 speeds, 4 tracks 
EMI TRW 2 speeds, I track ii 
EMI BTRI, I speed, I track':! 
EMI R301G. 2 speeds. 2 tracks 
EMI RE321 1" 71/2" I track 
Fimrd IA Y. 14. ", 7'n I track 
Mincom CMP.104 6 speeds. 7 tracks'.. I 

Leevers Rich DA.2P, 2 speeds, 2 tracks 
Leevers Rich Console 2 track r. 2 speeds 

Prices of above £70 to £500 

Also Transport Decks only available 

We have a large quantity of "bits and pieces" we 

cannot list - please send as your requirements. we 

can probably help - all enquiries answered. 

Ali our aerial equipment is 
professional MOD quality 

Airmec 761 Frequency Standards £32.0 
Gloster Digimasters £90.00 
Davian Logic Testers.. £20.0 
General Radio Strobotacs 030.00 
Data Efficiency Respooler. 240v £28.00 
Belling Lee 100 Amp Interferance Filters £76.00 
Airmec 201 Sig. Gen.. 10 KC3 30 MCS £70.00 
l'alradio Inverters 12\ DC 240V AC 500W_ £42.00 
Oscilloscopes Gen. purpose 3" £35.00 
Solartron CD 71152 D/U Oscilloscopes £110.00 

0 Airmec 702 Sig Gen. 30/30KCS £75.00 
0 -216 Power Supply Units . 015.00 
10ft Lightweight Masl sections. 6 ,Idi', 014.00 
Oscilloscope Trolleys front 012.00 
I.B.M. Video Display Units 4 col E48.00 
3AZP /2 C.R.T5 ... £18.00 
Venner 5336 Counters E40.00 
Autophon VHF Receivers 20. 126eno .. £140.00 
Solartrun CD 524 Oscilloscopes £90.00 
100 amp Belling Lee Interference Fillers C75.00 

Marconi TF2331 Distortion Meters £160.00 
AVO \' T Voltmeters CT-471A E75.00 
Solartron Digital Voltmeters LM 1420,2.... £120.00 
Racal MA197B Pre -Selectors 05.00 
Marconi TF -888 Receiver Testers £80.00 

Collins 500 watt 2/18 mcs. Transmitters E1000.00 
Collins KWTB SSB 500w Transceivers 01250.00 
Collins KW'r6290 m/w AM Transceivers £750.00 
ST'C Rx5 2/25 mcs Receivers Diversity £140.00 
Rack Mounting Operator Tables £10.00 
Gaumont Kalee 564 Flutter Meters £75.00 
Hewlett Packard 61813 Sig. Gen..3.8, 7.2 Gila E120.00 
Rohn 95ít masts lattice 12- sides.... P.U.R. 

E55.00 
05.00 
P.U.R 

075.00 
P.U.R. 
025.0 
(75.00 

£400.00 
£35.00 
£55,00 

30ft Lattice Masts. 14 sides 
15ft Lattice Mast sections, 12' sides 
120ft Lattice Masts. 15" sides 
75/9001 Sky Towers, selfsupporting 
Heavy Aerial Rotators 
Racal SA 504 Voltage converters 
Elliot Recording M/A Meters 
7513 Aluminium Lattice Masts, 20ft sides 
Plessey peak distortion meters 
Polarad Microwave power meters 
Rhode & Schwarz SBR sag gen. I.R. 2.4 gene.. £70.00 
Large Aerial Turning Units P.U.R. 
45 feet Untradia 4 Coax 50 ohms E2.00 
Baluns Professional Exterior 6W. 75 ohms £8.0 
Addu 5.8 Track -[ape Punches £48.0 
Quality Weather Vanes 8 contacts (unused) £25.0 
Racal MA -175 I.S.O. Modulators (new) £45.00 

r Imshde Cabinet Shell Sliders £3.00 
DG.7.32 or D67,5 C.R T's 03.0 
Tally 5,8 Track Tape Readers W cps E48.0 
Tally 5/8 track rape Readers I rack Spooling 045.0 
Cawkell FU 4 Band Pass Filter Festers 080.0 

We have a quantity at Power I ranslormers 250 
watts to 1510. A ai voltages up to 40K \'. Best 
quality at low prices. Lists available. 

Racal RA.63 SSB Adaptors. new E70.0 
Racal RA -237 LW Conveners, new £70.0 
Racal RA -298 I.S.B. Transistorised Convectors 

(new) E120.0 
400 Channel Pulse Height Spectrum 
Analysers E600.90 

We have a ned assortment of industrial and 
professional Cathode hay rubes available. List un 
request. 

PLEASE ADD CARRIAGE AND 
V.A.T. 

P. HARRIS 
ORGANFORD-DORSET 

BH16 6BR 
BOURNEMOUTH (0202) 765051 

1331 

141 Classified 
SITUATIONS VACANT 

JOIN ONE OF BRITAIN'S MOST SUCCESSFUL ELEC- 
TRONIC COMPANIES 
SE Labs is part of the rapidly expanding and highly successful Medical Electronics 
Division of the EMI group. At our recently- opened factory in Frimley, our employees 
are engaged in the manufacture of sophisticated display equipment associated with 
the revolutionary EMI -Scanner computerised X -ray examination system. Right now 
we are looking for people to fill the following vacancies. 

DESIGN ENGINEERS 
Experienced Design Engineers are required in the Technical Services 
Department. 

The job involves, designing production test equipment both analogue and digital, 
investigating text methods, liaison with our design team, and be responsible for 
the subsequent manufacture of all test equipment. 
The successful candidates will also be required to write analogue and digital test 
programs for computer based automatic test equipment. (The Company is an 
established user of A.T.E.) 
Applicants should have an HNC or a Degree in Electronics, and have at least two 
years' experience of working in an industrial environment. Familiarity with both 
analogue and digital circuits is essential, plus versatility to adapt to any new 
product developed by the Design Laboratory. A knowledge of mini -computers 
would be an advantage. 

TEST ENGINEERS 
For these positions, applicants must hold a minimum of C &G Full Certificate in 
Electronics Technician Engineering, or ONC /HNC, together with two years' 
general industrial experience. 
Duties will include testing computer display units for the EMI -Scanner. 
Experience of digital testing and use of mini -computers is advantageous, plus a 
thorough working knowledge of current digital and analogue electronics 
circuitry. Other duties involve the use of automatic test equipment for PCB 
testing, and using mini -computers at final test stages. 

Being closely allied to a reputable and successful international organisation, we are 
able to offer job security, plus excellent working conditions such as four weeks 
annual holiday, pension scheme, sickness scheme, etc. Attractive starting salaries, 
plus a sound. policy of internal promotion for our employees, are just a few of the 
added benefits. The factory is located in a pleasant area, being two minutes drive 
from Exit 4 on the M3. 

For further details and application form, please contact 
Phil Pope, Personnel Officer 
SE Labs (EMI) Limited 
Lyon Way, Frimley Road 
Camberley, Surrey GU16 5ET 
(Telephone Camberley 63401) 
A member of the EMI Group of companies 
ntcl nauonai leaders in music. electronics and leisure 

EMI SE Labs 1721 8) 

ARTICLES 'FOR SALE 

SOWTER TRANSFORMERS 
FOR SOUND RECORDING AND 
REPRODUCING EQUIPMENT 

We are suppliers to many well -known companies 

,'studios 
and broadcasting authorities and 

stabl,shed In 1 94 1 Early deliveries Competitive 
u ices Large or Small quantities Let us quote 

SOWTER TYPE 3678 
recent release 

MULTITAP MICROPHONE TRANSFORMER 
Primary windings for 600 ohm. 200 ohm and 60 
ohm with Secondary loadings from 2K ohm to IO K 

ohm Frequency response plus /minus 'hd8 20 H, 
Io 25 KHx. Contained in well finished Mumetal box 
33mm diameter by 22mm high, with colour coded 
and leads. low distortion DELIVERY (small 
quantities) EXSTOCK HIGHLY COMPETITIVE 
PRICE POLL DETAILS ON REQUEST 

E. A. SOWTER LTD. 
Transformer Manufacturers and Des,gners 

7 Dedham Moe, Fore Street 
Ipswich IP4 1.IP. Tel. 0473 52794 6042 

ENAMELLED COPPER WIRE 
LA, g 1lb reel V lb reel 

10 to 19 E2.95 £1.60 
20 to 29 £3.15 £1.80 
30 to 34 E3.45 £1.90 
35 to 40 E3.65 £2.10 

All the above prices are inclusive of postage 
and packing in UK 

COPPER SUPPLIES 
102 Parrswood Road, Withington, 

Manchester 20 ' 
Telephone 061445 8753 

MAGNETIC MICROPHONE 
SPEAKERS 

4T Inserta, ideal io, all sound speaking and 
siening applications. Very rugged. DC res. 20 

ohms. 
Sise: 1 ye" doe 4" deep. 
4op ea + 10p P &P 
6 for E2.20 + 20p P &P 
12 for 64.60. P &P free. 

S A E. for list. Many other items Trade enquiries 
welcome 

B.6. SUPPLIES, 141 She d Strom 
Ne. CANTERBURY. Kent 

el et 
CT4 7Q7 

Ib;9 

SUPERTYPER Advocate IB'M Golf - 
ball typewriter with paper tape 
punch and reader- E280 or offers. 
Details Basingstoke 22406. (7206) 

FOR DISPOSAL: - Quantity of tin- 
ned brass turrtt tags (standard) 
Epsylon one inch record/playback 
heads, and assorted relays. Det- 
ails Box No. (7207) 

AVO TRANSISTOR CT. 537 Test 
Set, List £365 as new f65. - 021 -427 
2283. (7232 

QUARTZ CRYSTAL 
UNITS from 

10410 N01 

FAST DELIVERY 

11160 STAOIUfY 

TO DEE 0271# 

TEL.HYTHE 848961 
STD CODE 0703 

WRITE FOR 

LEAFLET AT 1 

McKNIGHT 
CRYSTAL Co. Ltd. 
88000v INDUSTRIAL 

ESTATE, MYTHE. 

SOUTHAMPTON 504 81V 

(6044) 

SURPLUS STOCKS. High stab. 
Welwyn Electrosil Resistors. Wire 
wounds for 1 watt -50 watt Morgan - 
ite i, }, 1 watt. Morganite poten- 
tiometers, single switched. Dual 
D/P concentric D /P. R.S.P. Electro- 
nic, 53 Barton Street. Gloucester 
GL1, 1PY. Tel: 0452 23607. (7224 
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ARTICLES FOR SALE 

PRECISION 
POLYCARBONATE CAPACITORS 

M Nigh Stability - extremely Low Leakage 

440V A.C. RANGE 
Value Diem- Price 

I.,9 lions Imml each 
L D 

0.1 21 2.7 68p 
0.15 27 2.7 80p 
0.22 33 6 86p 
0.25 33 6 92p 
0.33 33 6 99p 
0.47 33 9 £1.I0 
0.3 33 9 £1.16 
0.68 509 9 £1.25 
1.0 50.8 9 £1.37 
1.5 50.8 25.4 £1.64 
as 50.8 25.4 £1.95 

63V O.C. RANGE 
Value (NR Tol. 

O.ol a 
DI 
0.22 
0.33 
0.47 
0.68 
IA 
1.5 

22 
3.3 
4.7 
6.8 
10 

15 

22 

11.28 

2'6 =5% 

75p 501. 
f1.32 17p 51p 
£1.32 77p 5Ip 
EI.32 77p 5Ip 
E1.44' 84p 56p 
£1.56 91p 60p 
EI.74 E1.16 67p 
£1.98 11.32 75p 
£2.40 11.60 99p 
E2.82 E1.88 £1.23 
£3.48 g.32 £1.47 
£4.98 f3.32 £2.01 
£7.14 f4.76 £2.88 
E9.66 6.44 £3.90. 

4ANTALIIM BEAD CAPACITORS-Valve ABahle: O.I. 0.22. 0.33, 0.47: 
0.511. 1.0. 22. 3.3. 4.1. 6.8 f at 154/259 r 35V: 10.0.4 al I1311/20V er 
259: 22.0 uF M 611/10V r I6V: 33.0 uF at 6V or 10V:17.0 eV at MI or 6V: 
IoO.ouf LI 3V. All al 12po sack ICI he EI.10o. 50 lar E5. 100 tor 
UM. 

TRANSISTORS L.C.'s 

IIC107/e/9 
BCn/ 
BCl/1/ /9 
roC153 
BC154g/9/9 
11CIt2/1821. 
'KIM/1831 

:pC1e4/IML 

tp"BC212/212L 
14 'BC213/213L 
IOp B2214/2141 
Ip MI91/5 
12p BF1'50/1/2 
Ilp AF17B 

I l p A1219 
12p 2113702/4 

12p 
I 1 p 

I 1 p 
12p 

bp 
38p 
Ilp 

283055 
02711 12p 
.11555 timer 61p. 

741 Opio DR 

18414 E1.1 
SN76013110 £1.50 
S1175023110 £1.500 
TBA810A3 £1.42 

POPULAR DIODES -119914 p. 8lor 45p. I8 for 90p: 111916 14.6 for 
45p. 141or O pi 1544 p. 11 Or BOp, 24 Par El.00. 144141 Op. 6 for 
27p. 12 Or 48p: 1114001 5'hp: 002 p: 803 61hp, D04 7p: 005 7' -,p: 
006 p: 007 S'np. 

LOW PRICE rENER DIODES-400eW. TM. 51, al 5a9. 3V:373:3116: 
447:5VI:546:692:599: 795:8V2: 9111:101/:112:1211 13V:13.54:157: 
IBY: 1817 2011: 22V: 24V: 27V: 3011: 33V. All at 7p sack 51or 33p. 10 An 
0Sm50 Ir 23.12. SPECIAL OFFER: 100 Zuara Ion Ila eixedl tir 

RFSISTOILS -1011 tnMllly. Mw ans canon Ole 59 !hW n 10° C.158 
e 7O C. E 12 ornt only -hoe 2.2(710 22/10 . ALL it lie oak. po fr 
10 al sty am 00100. 70p Ir 100 of un a0 velum. SPECIAL PACK: 10 e 
ad nWa 2.20 0 220 (730 ranaknl £5 

SN16ON PLASTIC RECTIFIERS -1.5 ,.p. wee ended 0027: 100 

P.I.V. 7p Nkr 2p1: 400 P.I.V. p N for 30p1. 

IRIDse RECTIFIERS -2, amp 2001140p; 350V 4511: 6004 55p. 

SIRANIATURE VERTICAL PRESETS-0.1W alp All at p sack: 

50. lath 220: 470: 600 0911: I K: 2K2: 497:15K8: 10K: 158 228 4711. 478 
I00K: 220K: 580K. I M. 2MS.. 5M. 

PLEASE ADO 20p POST ANO PACKING ON ALL OR01RS. EXPORT -Apo CAST 

OF SEA /AIRMAIL. Add 8t VAT to all items accept thou e.rkmd with 
whisk ors 12'r . 

Sad SAE. for nditioael stock lists. 
WMisses price lids u il,lis to los fide commies. 

MARCO TRADING (Dept P5) 
Ta OM School E4lvsta.. We.. Sleopalfiro 

Tor. Wkull 464/465 IUD 091 8121 

[Propre. /119X14( Tridio, Ltd.I 

/ MTV 
Best choice for used TV 
. Largest stock and selection of colour 

and mono TV in Britain. 
1976 exports exceeded 250,000 sets. 

Trade enquiries ro: 

Midland TV Trade Services, 
Worcester Road, Kidderminster DY101HY, 

England. Tel. Kidderminster 61907 or 67390. 
Telex 337993 171301 

TV SOUND kit including drilled 
PCB to build the Hi -Fi News TV 
sound isolator. Enables TV sound 
to be played through a hi -fi system. 
Only £3.75 Inc P &P. TVS Electronics, 
95c Ardwell Avenue, Barkingside, 
Ilford, Essex. (7256 

VHF MONITOR RECEIVERS, air. 
marine or business radio bands, all 
crystal controlled, £60 to £200. Send 
10p PO, not stamps. Radio Com- 
munications Ltd., St Sampsons. 
Guernsey, C.I. (7237 

CAPACITORS ERIE 680µ 25v P.C.B. 
upright mounting £1,00 for 10. inc. 
P. & P. QUANTITY discount avail- 
able. F,N.P.E., 33 Westminster 
Drive, Grimsby, South Humberside. 

(7234 

SCOPES general purpose 3in 
bench scopes single beam for use 
on 200/250v 50c /s ex ministry Y 
amp range 10 Mill /V to 100v per 
Cm bandwidth 300Kc.T.B. range 
10c /S to 5Kc in 3 ranges, standard 
controls fitted also provision for ext 
X & Z I /Ps size approx 12x9ix23in 
supplied tested with copy of circ 
& handbook, £35. SOLID STATE 
SWT fully isolated reqs I/P of 15v 
dc at 1 ma to swt on will handle 
3 amps at 240v or 13 amps when 
mounted on h /s, opto coupled triac 
okay for sound to light units. 
£2.40. BLOWERS single ended ap- 
prox 50 cfm for 240v outlet 2x1 }in 
quite running new by Woods, £6.40. 
TRANSFORMERS isolation prig 230v 
sec 26v ct at 13.5 amps C core 
fitted in neat case size 10x7x7in & 
fitted ammeter new unused, £17.80. 
AIRCRAFT H.F. Rx type R4187 & 
C /Bx these are a crystal controlled 
covering 2.8 to 18Mc /s in 3 bands 
provision for 24 channels, double 
conversion with 16 min values also 
BFO.CW & RT Filters etc req 24v 
& 19v dc or 200 & 19v dc sup- 
plied with handbook & mod details 
for putting onto 20/40 & 80 meters, 
£18.30. PWR TRANSIS type DT6106 
new £3.50. HELIPOTS 5K lOtr small 
type by Bournes new £1.65. 
CONDS H.V. 2uf 7.5Kv £5 & 2uf 
12Kv, £6.50. SWT H.D. rotary 6p 
c/c ratel 600v ac 10 amps. £4. 
VIDICONS type P 849D, £9.50 & 
£6.50. VHF PWR TRANSIS type 
2N3375 stud type 28v 7.5w at 
100Mc /s 3w at 400Mc /s new, £1.80. 
REMOTE TX /RX crystal selector 
(Pye spares) 6 than with 6xBC108 
dxtrimmers coils etc new, £1.80. 
H.T. TRANS pria 230v sec 1125- 
0- 1125v at 565 Ma new, £10.80. 
SELSYNS for 230v 50c /s £25 per 
pair. AERIALS yogi 8 element ap- 
prox lift for 183.Mc /s new £21.60. 
IFF TRANSFORMER for use on 
1KM /c band contains tunable tx & 
rx cavities, I.F. strip, blower. H.V. 
components, filters, trans & large 
number of mist parts. Note these 
are less valves & ext soiled Ameri- 
can surplus with circ, £10.80. IN- 
FRA RED T.S. used for testing 
image convertor tubes & sights 
contains mains p.u. giving 24v dc, 
eht p.u. giving 12Kv from 24v do 
I /P, 100 ua meter, infra red 
source, photo cell, cable etc in 
neat case new cond recent manu- 
facture, £15. Also available a qty 
of Tannoy high power transis amps, 
control units & speakers, Magneta 
100w value amps with c/u & qty 
of horn speakers for callers. Ameri- 
can ground UHF equip 225/400Mc/s 
100w a.m. inc Tx.Md & Rx for 
115v 50c /s single chan. PRICES in- 
clude post /Carr & VAT. goods ex 
equip unless stated new. Carriage 
charges apply mainland only, SAE 
for list or enquiry. A. H. Supplies. 
122 Handsworth Rd. Sheffield S9 
4AE. Ph 444278 (0742). 

GLASS FIBRE BREAD BOARDS 
size 6in x 4inu, to take up to 16 
I.C.s 970 holes drilled 1mm, £1.90 
Inc. VAT + 30p P & P. Phototech- 
niques (Ref JW), 11 Old Witney 
Road, Eynsham, Oxford. (7244 

REED RELAYS, 700 coil, 8v working 
3 make contacts, PCB mounting 
24- x lin 30p each. C. Foy, 1 Cape 
Road, Warwick. (7243 

VINTAGE RADIO: Receivers. valves, 
components, service, data and his- 
torical research 1920 to 1950. S.a.e. 
with enquiries and for monthly 
news- sheet. Full 1977 catalogue 70p. 
Tudor Rees (Vintage Services), 64 
Broad Street, Staple Hill, Bristol 
BS16 5NL. Tel: Bristol 565472. (7235 

RECEIVERS AND AMPLIFIERS 

HRO RxSs, etc., AR88, CR100, 
BRT400, G209, S640, etc.- etc., in 
stock. R. T. & I. Electronics, Ltd., 
Ashville Old Hall, Ashville Rd., 
London, Ell. Ley 4986. (65 

SIGNAL Generators, Oscilloscopes, 
Output Meters, Wave Voltmeters, 
Frequency Meters, Multi -range 
Meters etc., etc. in stock. R. T. 
& I. Electronics, Ltd. Ashville Old 
Hall, Ashville Rd., London, E.11. 
Ley 4986. (64 

COLOUR, UHF AND TV SPARES 
NEW COMBINED COLOUR BAR. 
GENERATOR PLUS CROSS HATCH 
KIT (4K4) UHF Aerial input type. 
Also gives R -Y, B -Y, Luminance 
combinations, Grey scale etc, Push 
button controls, Battery operated, 
£35, Case £1.80, battery holders 
7SP, P/p 85p 
CROSS HATCH KIT, UHF aerial 
input type, also gives peak white 
and black levels, battery operated, 
111, p/p 45p. Add -on Grey Scale 
kit £2.90 p/p 30p. Add -on Colour 
Bar kit (Mk3) £25, cases £1.40, p/p 
85p. 
CEEFAX parts shortly available, 
details on request 
"Wireless World" TV Tuner and 
FM Tuner Projects by D. C. Read. 
Kits of parts available. CRT Re- 
activator kit for colour and mono, 
£18, pp £1. Signal Strengh Meter 
kit £18, p/p 85p. 625 TV IF Unit, 
for Hi -Fi amps or tape recording 
£6.80 p/p 65p. Decca Colour TV 
Thyristor Power Supply Unit, incl. 
H.T., L.T., etc. Incl. circuits £3.80 
p/p 95p. Bush CTV 25 Power Sup- 
ply Unit incl, H.T., L.T., etc. £3.20 
p/p £1.20. Bush CTV 25 Conver- 
gence panel plus yoke, blue lateral 
£3.60 p/p 80p. Philips single stand 
convergence units complete, incl. 16 
controls, £3.75 p/p 75p. Colour 
Scan Coils, Mullard or Plessey £6 
p/p 90p. Mullard AT1023/05 Con - 
verg. Yoke £2.50 p/p 75p. Mullard 
ur Plessey Blue Laterals 75p p/p 
30p. BRC 3000 type scan coils £2 
p/p 80p. Bush 'CTV 25 Scan Coils 
£2.50 p/p SOp. Delay Lines: DL20 
£3.50. DL40 £1.50 DL1E, DL1 85p 
p/p 40p. Lum. delay lines 50p p/p 
30p. Bush /Murphy CTV 25 3/174 
EHT quadrupler £8.50 p/p 85p. 
G8 Tripler £6, BRC 3000 £6.60 pp 
75p others available. Philips 
CS Panels, part complete. sur- 
plus /salvaged: Decoder £2.50. T. 
Base £1 p/p 70p. CRT Base 75p 
L' /p 30p. GEC 2040 Decoder panel 
for spares £3.50 p/p 70p VARICAP 
TUNERS. UHF: ELC 1043 £4.20, 
ELC 1043/05 £5, VHF; ELC 1042 
£4.40, Philips VHF £3.80. Salvaged 
UHF & VHF Varicaps £1.50 p/p 
35p. SPECIAL OFFER: RBM 6 psn. 
Varicap control unit £1 p/p 35p. 
UHF Tuners transd. incl. slow mo- 
tion drive £3.80. 4 Psn, and 6 Psn. 
push button ransd. £4.20 2.p /p 85p. 
Helical pots 100K, 4 for £1.20, p/p 
20p. Thorn 850 dual stand, time 
base panels 50p. Philips 625 IF 
panel incl. cct. 50p. p/p 75p. VHF 
Turret tuners AT 7650 for KB Fea- 
theriight, Philips 19TG170, GEC 
2010, etc. £2.50- Fireball tuners, 
Ferguson, HMV, Marconi 80p p/p 
all tuners 75p. Mullard Mono scan 
coils for Philips, Stella, Pye, Ekco. 
Ferranti, Invicta £2 p /.p 75p. Large 
selcetion LOPTs FOPTs available for 
most popular makes MANOR SUP- 
PLIES, 172 West End Lane, London. 
N.W.6. Shop premises. Callers wel- 
come. Thousands of additional 
items available not normally ad- 
vertised- (Nos. 28, 159 buses or 
West Hampstead Bakerloo Line and 
British Rail)- Mail Order: 64 Gold - 
ers Manor Drive, London, N.W.11 
Tel.: 01 -794 8751. V.A.T. Please 
ADD ;22.% TO ALL PRICES (EX- 
CEPT WHERE MARKED V.A.T. 
8 %). (60) 

ARTICLES WANTED 

WE PURCHASE ALL FORMS 
OF ELECTRONIC 

EQUIPMENT AND 
COMPONENTS, ETC. 

SPOT CASH 

CHILTMEAD LTD. 
7, 9, 11 Arthur Road 

Reading, Berks. 
Tel. 10734) 582 605 

USED OR SURPLUS "Lektrokit" 
parts. Philips video cassetttes (any 
condition) lin TP audio tapes. JDR. 
Roydonbury, Harlow CM19 5DU. 

7202 

HIGH PERFORMANCE 
POWER SUPPLY KIT 

ZERO 28v 
SMA 1 5A Current limit 

O /P Resistance <1m (at board o / p) 
Noise/ Ripple < 1 mV Very Sharp Current 

Limit 
Ideal Lab. Standard P.S.U. 

Generally idiot proof 
Kit of parts (F /G. Tinned Board. Toroidal 

Transfor components. Controls, Wire) 
£11 +8 %. Schools. Colleges £10 

Tape Readers GEPTR 661A 
8 Channel Optical Reader. Max. Stepping 

Speed 150 c. p.s. Asynchronous Stepping 
£25 +8 %. P &P E1 20 

TRANSFORMERS 
1 7v 5A ex. egpt. £3 (65p). 12v 10A CS 
(90p). 18e 1A £1.50 (35p), 9v 3A £1.60 
(60p), 12v 100mA £0.80 (20p). 
'Electrolytics. 4700./ 40v 80p (15p), 
4700.: 63v 80p (25p), 2200.: 63v 40p 
(15p). 
Paper. 1.25.: 360v AC 60p (150 2.5. 
800v RMS 80p (25p). 
Papst Fans 41/2 x 41/2 x 2in. 100 c.f.m. ex 

egpt. £3.60 (65p) 
Humidity Switches Adjustable 80p (15p) 
Mains Latching Relays 80p (20p) 
Mains Coil 3p c/o Relays ex. equiot. 11 pin 

75p (15p) 
P. T.F. E. egpt. Wire Yellow 7/0 2mm . . 

E30 /1000m 
25p (1 Up) 
35p (10p) 

MPU131 Prog Unit 
'E5567 (TIS43) 
1 1 5v Fans Open Chassis 

2 for £2.50 (60p) 
Bead Thermistors NTC 60p (10p) 
Res. at 200C 250R. 1k2. 2k. 20k. 220k, 

1m4 IBM 735 1/0s little used, few only 
£175 

P&P shown in brackets, min. order E2 

Add 121/2% VAT to items marked ' others 
8% 

KEYTRONICS 
332 KEY STREET 
ILFORD, ESSEX 

Shop opened Mon -Sat. 9.30 -2 it re 

Telephone 553 1883 
(7254) 

ARTICLES WANTED 

TOP CASH AVAILABLE 
for 

NEW SURPLUS COMPONENTS 

All details to: 
SKYWAVE ELECTRONICS 

01 -568 1331 

WANTED, all types of communica- 
tions receivers and test equipment. 
Details to It. T. & I. Electronics 
Ltd., Ashville Old Hall, Ashville 
Rd., London, E.11, Ley 4986. (63 

SURPLUS COMPONENTS Equip- 
ment and Computer panels wanted 
for cash. Ring Southampton 772501. 

(16) 

WE BUY new valves, transistors 
and clean new components, large 
or small quantities all details, 
quotations by return. - Walton's, 
55 Worcester St., Wolverhampton. 

(62 

B -D ELECTRONICS offer prompt 
settlement for your surplus com- 
ponents. Our main field of interest 
is consumer electronics. Please 
telephone our Miss Hughes, Peter- 
borough (0733) 265219. (22 

WILL BUY ANYTHING, any quan- 
tity if price is right ring Stan 
Willetts, West Bromwich, 021 553 
0186. (6815) 
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ARTICLES WANTED 

WANTED! 
all types of scrap and 

REDUNDANT 

ELECTRONIC & 

COMPUTER 

MATERIALS 

with precious metal content 

TRANSISTORS 
& PRINTED 

CIRCUIT BOARDS 
TO COMPLETE 
COMPUTERS 

THE COMMERCIAL 
SMELTING & 

REFINING Co. Ltd. 
171 FARRINGDON ROAD 

LONDON, EC1R 3AL 
Tel: 01 -837 1475 

Cables: COMSMELT, EC1 110051 

Works: FLECKNEY, Nr. LEICESTER 

WANTED: TEST AND 
COMMUNICATION 

COMEQUIPMENT 
single items or quan- 

tities also RF plugs. 

Call or phone 
sockets and connectors. 

170 Goldhawj Road, London. W.12 
01 -743 0899 (7006) 

EQUIPMENT WANTED 

BROADFIELDS AND 
MAYCO DISPOSALS 

21 Lodge Lane, N. Finchley 
London, N12 8JG 

Telephone: 
01-445 2713 

01-445 0749 01- 958 7624 

WE ARE INTERESTED IN 
PURCHASING ALL KINDS OF 
RADIO, T.V. AND ELEC- 
TRONIC COMPONENTS AND 
EQUIPMENT IN BULK 
QUANTITIES. 
WE PAY PROMPT CASH AND 
CLEAR MATERIAL BY 
RETURN. (46) 

CAPACITY AVAILABLE 
SMALL BATCH PRODUCTION 
wiring, assembly to sample or 
drawings. Specialists in printed 
oircu)t assembly. Rock ElectromiCS, 
41 Silver Street, Stansted, Essex. 
Tel. Stansted (0279) 33018/814006. 

(19 

PRINTED CIRCUIT BOARDS - 
Qudck deliveries competitive prices, 
quotations on request, roller tLn- 
nings, drilling, etc., speciality small 
batches, larger quantities available 
Jamltesonls lAutomatics Ltd, 1 -5 
Westgate, Bridlington. N. Humber- 
side, for the attention of Mr J. 
Harrison. Tel: (0262) 4738/77877. 

(18 

AIRTRONICS LTD. for coil winding. 
Large or small production runs. 
Bobbin - Layer - Wave - Bitìlar - Miniature - Toroidals. Airtron- 
ics Limited, Gardner Industrial 
Estate, Kent House Lane, Becken- 
ham, Kent BR3 7UG. Tel. 01 -659 
1147. (7158 

PRINTED CIRCUIT ASSEMBLY to 
sample /drawings. Fast profession- 
al work at lowest prices. Glen - 
tronics (Chesham) 34. Glenister 
Road, Chesham, Bucks. Phone 6005. 

(7205) 

DESIGN, ARTWORK, development, 
test and production of electrical 
equipment. Powerline Electronics, 
High Street, Bognor Regis, Sussex 
P021 lEZ, Telephone B.R. 25689. 

(7062 

MINICOMPUTERS 
PERIPHERALS 
INSTRUMENTATION 

For fastest, better CASH offer 
Phone: 

CHILTMEAD LTD. 
Reading (0734) 586419 

* MINICOMPUTERS 
* PERIPHERALS 
* INSTRUMENTATION 

For fastest, best CASH offer, phone 

COMPUTER APPRECIATION 
Godstone (088 384) 3221 

TAPE RECORDING ETC. 

YOUR TAPES TO DISC. Mono or 
Stereo Cutting. Vinylite Pressings. 
Sleeves/'Labels. Top professional 
quality. S.A.E. for photo leaflet 
DEROY Records, " Eastwood," 
Cove Dunbartonshire, Scotland. 

(82) 

BOOKS 

"VINTAGE CRYSTAL SETS 1922- 
1927". Just published by Wireless 
World, contains 128 pages. Chap- 
ters on the first days of broadcast- 
ing. The Crystal Set. Vintage Wire- 
less Trademarks. Also catalogue 
sections listing and describing 
crystal sets together with their 
original prices in £:s:d. A book for 
the collector or those interested in 
nostalgia. Available from main 
bokshops or direct from us. Please 
send £2.80 inclusive to IPC Busi- 
ness Press Ltd., Room 11 Dorset 
House, Stamford Street, London. 
SEl 9LU. (6125) 

BOOKS BY POST. Specialist, tech- 
nical and general postal book 
service. - Book Bureau Dept. T. 
6 -8 Emerald Street, London WC1. 

(7220 

SERVICE AND REPAIRS 

AMATEUR 
COMPUTER 

CLUB 
For details send SAE to: 

ACC, 7 Dordells 
Basildon, Essex 7191 

LABELS, NAMEPLATES, FASCIAS 
on aluminium or plastic. Speedy 
delivery G.S.M. Graphic Arts 
Ltd., l -5 Rectory Lane, Guis - 
borough (02873 -4443), Yorks, U.H. 

(13) 

ARTWORK LAYOUTS by experien- 
ced draughtsman, manufacturing 
facilities available to every require- 
ment. For all enquiries please write 
to H. C. B. Artwork Designs, 3 

Roden Street, Ilford, Essex. (7726 

TV REPAIRS SIMPLIFIED. Full re- 
pair instructions any British TV 
for £4.50. Circuit Diagram on re- 
quest; details unique books, e.g. 
Every mono British TV cire- diag./ 
layout £9.50, Also colour. Aus + 
wW, 76 Church Street, Larkhall, 
Lanarks, 7217 

143 
Classified 

COURSES 

pci 
The Polytechnic of Central London 

MSc Degree 
in Communication Systems 
A new two -year part -time course specially prepared for 
engineers in industry keen to gain the analytical' and design 
skills needed for keeping pace with rapid technical advances in 
the communications field. Participants study a balanced 
programme emphasising both theoretical aspects of statistical 
communication theory and practical implementation consider- 
ations for classical and newly- emergent microcomputer -based 
digital communication techniques. 
The course begins September, 1977 
For information contact: The Registry of Engineering and 
Science, The Polytechnic of Central London, 115 New 
Cavendish Street, London W1 M 8JS. Telephone: 01-486 
5811, Ext. 6239. (7213 

RADIO and Radar M.P.T. and 
C.G.L.I. Courses. Write: 
Nautical College, Fleetwood, 

Principal, 

8JZ. (25 

MICROCOMPUTER T R A I N I N G 
COURSES. THEORY & PRACTISE. 
TEL. 01 -794 4890 evenings only. 

7203 

SERVICE AND REPAIRS 

EURO CIRCUITS 
Printed I rc Boards - Mast er 
layouts - Photography - Legend 
printing - Roller tinning - Gold 
plating - Flexible films - Convention- 
al fibre glass - No order too large or too 
small - Fast turnround on prototypes. 
All or pan service available NOW .. 

EURO CIRCUITS TO. 

Highheld House 
West Kingsdown 
Nr. Sevenoaks, Kent. W82344 

Intensive course on 

LOGIC, INTERFACES 
& MICROPROCESSORS 

4 to8July, 1977 

at the Southgate Technical College 
London N14 

A five -day course with tutorials. 
conducted by Prof. D. Zissos 

The aim of the course is to enable,designers 
and users of digital control and computer 
systems to work out andjmplement designs 
to their own requirements, and attain control 
over the behaviour of their systems. The 
course. with an independent assessment of 
the state of the art, should be of value to 
people in a wide variety of Technical 
disciplines and experience. 

Details and reservations from the organisers. 
INTERPROJECTS LTD. Technical Servi- 

ces 
29 Church Street 

Edmonton, London N9 9DY 
Tel: 01- 803 6896 (7278! 

FOR 
CLASSIFIED 

ADVERTISING 

RING 
EDDIE 

FARRELL 
ON 

01 -261 H50ß 
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TWICE the in forma 
I.C.E. MULTIMETERS .C.E. 

. 

fion in HALF the size 
The I.C.E. range of multimeters provides an 
unrivalled combination of maximum performance within minimum dimensions, at a truly 
low cost. Plus, a complete range of add -on accessories for more ranges, more functions. 
All ICE. multimeters are supplied complete with unbreakable plastic carrying 
case, test leads, etc., and a 50 -plus page, fully detailed and illustrated Operating and 
Maintenance Manual. 
Now available from selected stockists. Write of phone for list. or for details of direct mail -order service. 

Supertester 680R 
(illustrated) 
'20k'.?, V - 1 % fsd on d c 

4kt?!V, - 2% fsd on a c 
'80 Ranges - 10 Functions 
'140 x 105 x 55mm 

£25.25 + VAT 

NMI 

Supertester 680G 
'20k4 /V, - 2% fsd on d.c 
40/V, -2% fsd on a c. 
'48 Ranges - 10 Functions 
'109 x 113 x 37mm 

£19.95 + VAT 

Microtest 80 
'20k0/V, t 2% fsd on d.c. 
4kt) /V, t2% fad on a.c. 
'40 Ranges -8 Functions 
'Complete with case - 
only 93 a 95 x 23mm 

£14.95 + VAT 

Electronic Brokers Ltd. 
49 -53 Pancras Road, London NW1 2QB 
Tel. 01 -837 7781 

WW -I10 FOR FURTHER DETAILS 
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Cause for celebration for those 
who think there's nothing to touch Omron relays. 

Now you will get the world famous range of 
Omron relays from IMO. 

This is the result of rationalisation that puts 
the whole Omron component range conveniently 
under the same roof. And that means the same 
consistent; reliable and helpful IMO service. 

We shall be able to offer immediate delivery 
on most types of relays, because there will be over 
half a million in stock at any one time. 

IMO. Now most people know 

Omron relays and IMO relays together offer 
the widest possible selection for every conceivable 
form of control circuit. From micro -amps to heavy 
duty switching in miniature and subminiature 
form, including the original snap- acting switch 
relay and four in line types. 

Omron and IMO now cover every relay need. 
Yet another cause for celebration. 

!To: IMO Precision Controls Ltd.. 
349 Edgware Road. London W2 IBS. Tel: 01- 723 2231. 

Please send me full details on IMO and Omronfelays. 

WW 6/777 

Name 

Position 

Company 

Address 

WW-002 FOR FURTHER DETAILS 
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"There's a lot more to Multicore 

Multicore Fluxes, Chemicals, Pre- 
servatives, Cleaners and Con- 

formal Coatings. For 
highest quality 

soldering. 

Multicore Oxide -free Solder Creams. 
For microcircuits and P.C.'s. Also 

a wide variety of pre -forms for 
repetitive solder- 
ing operations. 

Multicore Solid Solders. In Bars, 
Ingots, Sticks, Wire or Pellets. 
For all dip and wave-soldering. 

Multicore now solders the 'impossible'. 
ALU -SOL 45D solders most types of 
aluminium and has a good corrosion 

resistance. Arax 96S for diffi- 
cult stainless steels, beirg 

non -toxic and 
bright. 

Multicore Solderability Testers. 
MK Ill - Tests components semi- 
automatically. New PTH - tests 

plated- through -holes in 
P.C. boards auto- 

matically. 

r `The name that stands for quality and quantity, 
Please write on your Company's letterhead for further details on your particular application. 
Multicore Solders Limited, 
Maylands Avenue, Hemel Hempstead, Herts HP2 7EP. Tel Hemel Hempstead 3636. Telex: 82363. 
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