
Australia SA1.20 
Canada $1.50 
Denmark Kr. 11.00 
Finland Fmk. 6.20 
Germany Dm. 4.50 
Greece Dr, 45.00 
Holland Df I. 4,50 
Italy L. 900 
Malaysia ME3.25 
New Zealand ENS1. 40 
Norway Kr. 10.00 incl. moms 
Portugal Esc. 40.00 
South Africa R. 1.10 
Spain Ptas 80.00 
Sweden Kr. 6.90 Incl. moms 
U.S.A. E1.50 
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Until now 
£1995 bought only 

half the synthesized 
Signal Generator 

you wanted. 

modulstçyn output 
frequency MHz 

SYNTHESIZED 
SIGNAL GENERATOR 

o<dput `¢ 

,77J.j]Q 9001 

RACAL INSTRUMENTS' 9081. 
5 to 520 MHz 

Synthesized Performance -Analogue Tuning 

Channelised or continuous operation 
Stability ±3 parts in 10° per day 

0 Racal Instruments Limited, 
The Electronics Group Duke Street,Windsor, Berkshire, SL41SB Telephone:.Windsor 69811 Telex: 847013 

AM, FM and Phase Modulation 

Output automatically levelled 

£1995 
Write today for a copy of our Technical Brochure 

WW -001 FOR FURTHER DETAILS 
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Even if we didn't make it, 
well make it work. 

Bradley Services have the expertise and 
manufacturing capability necessary to 
make the most sophisticated electronic 
systems and electro-mechanical devices. 
However, equally important are the 
facilities we have for repair and 
calibration. We can handle virtually any 
type of instrument within the frequency 
range DC to 36 G Hz - irrespective of 
manufacturer. 

We also have a Post Design Services 
Group which provides every type of 

after-sales engineering support, from the 
provision of technical literature to the 
upgrading of complete systems. 

These facilities all approved to MOD 
Def. Stan. 05-21, have been developed 
over more than 20 years and during that 
time we've handled practically every 
type of instrument in use. So, if you've 
got a problem with some equipment, the 
chances are that, even if we didn't make 
it, we can still make it work. 

WVV - 097 FOR FURTHER DETAILS 

Bradley Electronics 
G Er E Bradley Limited 
Electral House, Neasden Lane 
London NW101RR 
Telephone : 01-450 7811 
Telex : 25583 
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TRANSI PACK® 
NO BREAK POWER 

SUPPLIES 
NEW 2000 SERIES - FOURTH 

GENERATION 
1 KVA TO 200KVA 

24 HOURS WORLDWIDE SERVICE 
2 YEARS' GUARANTEE AVAILABLE 

BRITISH MADE 
VISIT US AT HASTINGS AND SEE OUR 

STATIC INVERTER CENTRE 

TYPICAL TRANSIPACK 
NO -BREAK POWER SUPPLY 
AS DELIVERED TO C. E. G. B. 

TYPICAL 
TRANSIPACK U.P.S. 
FOR COMPUTER 
APPLICATIONS 

INDUSTRIAL 
INSTRUMEN 
LIMITED 
TRANlIPACIe 

TS 
Sales and Laboratories 
STANLEY ROAD 
BROMLEY BR2 9JF 
KENT. ENGLAND 
Telephone: 01460 9861/5 
Telegrams. TRANSIPACK, BROMLEY 
Telex. 896071 

Factory 
THEAKLEN DRIVE 
PONSWOOD INDUSTRIAL ESTATE 
HASTINGS, SUSSEX, ENGLAND 
Telephone: Hastings 427344 

WW - 026 FOR FURTHER DETAILS 
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150 'C 
5W 5 VI i.c 
\,+5 -50 -60 

-40 ., 

..._ n ..}.. 

i: T n 
` "ti9 

RELIABLE 

120 BASIC RANGES 

AC V, I & dB : 501V /500V fsd, 50pA/500mA fsd, -90dß/ +50dB mid scale. Acc. ±1 .5% fsd above 50011V & 500pA. 

Response 3Hz/200kHz above 5001.V and 500nA. Input R = 100MS2 on volts. 

DC V, I & NULL . 1501.+V/500V fsd, 150pA/500mA fsd, polarity reversible. Acc. +1 .5% fsd above 500NV & 500pA. 

Input R = 100Mí2 on volts. 5 Null ranges have centre zero lih /log scale covering ±4 decades. 

RESISTANCE : 0.252/10GQ in 7 ranges, polarity reversible. Low test voltage for solid state circuits. 
LEAKAGE at 3V : Uses 3V source with current ranges to test capacitors, diodes and resistance up to 100GO. 
VOLT DROP at 10mA : Uses 10mA source with voltage ranges to test diodes, LED's and resistance down to l Omit. 

30 OPTIONAL RANGES 
RF VOLTS : 0.5V /500V fsd, 10kHz/1GHz, using RF Probe. Price £20 + VAT. 

HIGH VOLTS . 1 .5kV /50kV fsd, AC /DC, using HV Probe. Price £14 + VAT. 
HIGH CURRENT : 1 .5A /50A fsd, AC /DC, using Current Shunt. Price £14+ VAT. 

TEMPERATURE . -150 °C / +500 °C fsd in 7 ranges using Temperature Probe. Price £36 + VAT. 

The instrument operates from a 9 volt battery, life 1000 hrs., or, AC mains when optional Power Supply Unit is fitted. 
Size is 240mm x 150mm x 80mm. Weight is 1.75 kg. Meter scale length is- l40mm. Leather case is available at £12 + VAT. 

ELECTRONICS LTD. 

MOXON STREET, BARNET, HERTS., ENGLAND, EN5 5SD. 
TEL: 01- 449 5028/440 8686 

WW - 007 FOR FURTHER DETAILS 
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once is enough! 

The snail moves slowly and steadily. Bad think! 
The weight of the shell that the snail carries is 
two to three tiaras the weight of its own body; 
this is equivalent to a 175 pound Haan walking 
steadily forward with a 4(X) pound weight 
on his shoulders. 
Such steady performance under hard use conditions 
is also characteristic of Otari products. 
Years of continuous service is common, 
and the response of professional users shows 
how much they value this steady, precise 
performance under hard use. 
We don't have to claim our machines are sturdy- 
the machines, and their satisfied users, 
speak for themselves. 

Trust through experience- one encounter 
with OTARI equipment and from then on, 
You will trust the OTARI name. 

MX- 5050 -8SD MK -11 

Performance comparable to 1 inch, 8 channel 
unitHigh S N ratio eliminates need for noise 
reduction mechanizmDC direct drive servo 

OTARI CORPORATION: 981 Industrial Road, San Carlos, California 94070, U.S.A. Phone: California 415-593-1648 Telex No. 259103764890 OTARICORP SCLS 
OTARI ELECTRIC CO., LTD. 4-29.18, Minami Ogikubo, Suginami-ku, Tokyo, 167 Japan Phone: (03) 333 -9631 Cable: OTARIDENKI TOKYO Telex: J26604 OTRDENKI 

WW - 022 FOR FURTHER DETAILS 
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/) Our Dome Tweeters have reached 

the pinnacle of success... 

KK 7 DOME TWEETER 

The latest addition to the range. For use in 

systems up to 40 watts RMS and available in both 
4 and 8 ohm versons. 

KK 8 DOME TWEETER KK IO DOME TWEETER 

Two models are available, suitable for 
use with systems up to 50 watts or 
alternatively, 80 watts. 4 or 8 ohm models 
can be supplied. 

Isophorí have been manufacturing loudspeaker 
drive units for over 50 'years and regard their 
dome tweeters as one of their biggest success 
stories. Loudspeaker manufacturers in countries 
throughout the world now incorporate one of 
the above dome tweeters in their system 
designs. 

Similar to the KK 8 but with narrower 
sound dispersion angle. Available in both 
50 watt and 80 watt versions, with 
4 or 8 ohms impedance. 

For further information on these dome tweeters and 
other loudspeaker drive units manufactured by 
Isophon, complete the coupon and post to 
HAYDEN LABORATORIES LIMITED, 
Hayden House, Churchfield Road, 
Chalfont St. Peter, Bucks, SL9 9EW. 
Tel: Gerrards Cross (02813) 88447 
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The Experimenter. 
The Experimentor is 
not so much a new 

breadboard, practically 
a new way of life!, 

Says Ronald J. Portugal 
( President, 

Continental Specialities Corporation.) 

Two Versions. 

Experimentor 600. 
The world's first breadboard 

specially designed for 0.6 pitch 
devices. It gives you all the 

fan -out you need for complex 
MSIs, Micro- processors, 

Memories, Displays etc., (40 pins 
or more) with plenty of room for 

other components alongside. 

No soldering. 
No spoilt devices. 
No fuss. 
No fiddling. 
No wasted time. 
Now you can put circuits together as 

quickly as you think them up. 
Just plug your devices in, pull them out, 

plug them in again, as many times as you want. 

Us Patent Design No2:45554. 

Experimentor 300. 
This one is designed to be 

ideal for 0.3 pitch DILs, any kind, 
from 6 pins up. Excellent fan -otit. 

(You can also use it for 0.6 
devices, though for these the 

600 version is recommended.) 

TOP BOTTOM 

Easy to Buy. 
There's no problem buying from USA. 
Just send name; address (block letters please), quantity of 

each required, and a perfectly normal UK bank cheque, made 
out in Pounds Sterling, to Continental Specialities Corporation. 

Or you can use an International Money Order, from any 
Post Office. We also accept your American Express Card or 
Access number. 

Then we post by return airmail, and you should receive 
the goods within 2 -3 weeks. 
Dealer enquiries invited. Note that any UK taxes or duties 
chargeable are solely the responsibility of the buyer. 

Apart from ICs, both versions take TO -5 transistors, 
diodes, LEDs, capacitors, resistors; any component with lead 
size between .015 and .032 inch diameter. And for inter- 
connections you use standard solid hook -up wire. 

Unique Construction. 
Each version of the Experimentor gives you 94 five - 

contact terminals, arranged in two rows of 47, plus two integral 
bus - strips for Ground and Power, with 40 contacts on each. 

That's 550 contacts in all! (See diagram). 
All terminal strips are recessed into the bottom of the 

plastic body, and covered with a stick -on vinyl backing, so you 
have no insulation problems. 

The contact rows are numbered 1 -5 -10 etc. and A- B -C - - -J 

lengthways, so each position is clearly defined. The bus -strips 
are labelled X -Y, each end. 

The plastic body is rigid, strong and longlasting, with a 

recessed screw -hole at each corner, and all four edges have 
a special quick -locking lip so that you can build rigid arrays of 
two or more boards. 

The Domino Theory. 
See how the Experimentor boards fix together, side by 

side, end to end, or at right -angles, to give unlimited scope for 
circuit building, planning, extending, rearranging. 

You can mix 0.3 and 0.6 DILs in any arrangement 
you like. 

And all your displays can face the way you want them. 
And look at these prices! 

Experimentor 300, £6.85, Experimentor 600, £7.50. 
All made to top CSC professional quality, and every one is fully 
checked before dispatch. 

Free Catalogue! 
Page after page of fascinating CSC products. Just write 

and ask. 

II Name 
Address 

Please send me (qty). Experimentor 300 @ £6.85 each, 
and (qty). Experimentor600 @ £7.50. 
1 enclose cheque/imo for £ (total). 
Amex /Access No 

=01= 
J 

Continental Specialities Corporation. 44 Kendall St.. PO Box 1942, New Haven, Conn. 06509 USA. Telephone:203 -624 3103. 
WW -039 FOR FURTHER DETAILS 
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Once upon a time 
Britain made the 
best industrial 
cathode ray tubes in 
the world. 

7 

Surprise. 
They still do 

Engineers looking for quality industrial cathode ray 
tubes look to Brimar. Our tubes are made to the highest 

quality, standard with a personalised sales and 
technical advice service to match. Our range 

extends from 1 -inch instrument to 24 -inch 
data display /monitor tubes and includes 

double gun tubes, radar tubes and flying spot scanners. 
Our catalogue is over 1 inch thick - ask for it.* 

Thorn Radio Valves & Tubes Limited, 
Mollison Avenue, Brimsdown, Enfield, Middlesex, EN3 7N S. 

Telephone : 01- 8041201. 

*Price £2. FREE to bona fide trade enquirers_ 

WW-012 FOR FURTHER DETAILS 
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66 Where can I get a universal Bridge 
that's good enough forthe Iabs,simple 
to use and tough enough for the shop 
floor and doesn't cost a fortune?,, 

"Here AVO's Universal Bridge B150 Mk. 3 gives you 
measurement of resistance, capacitance, inductance 
accurate to 1 %, can be used anywhere, it's battery powered. 
And anyone can use it, connections are simple and readings 
easy to take -with no calculations thanks to the mechanical 
irr -line digital display and interlocking units selector. 

The B150Mk. 3 -for use in production, quality control, 
development labs -even at goods inwards. Tough metal 
cabinet, and the AVO guarantee of reliability, serviceability 
and accuracy, all at a price that's a pleasant surprise. From 
good distributors everywhere. 

Ring us for the name of your nearest stockist or for 
fuller details of AVO's Universal Bridge B150 Mk. 3. 

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

1 Thorn Measurement Control and Automation Division 

WW -040 FOR FURTHER DETAILS 

diroommismomor 

(--A completely flexible personal mobile 
which meets todays need for high 
power person to person communication 

Nolton 

Personal Mobile 
COST EFFECTIVE COMMUNICATION 
FOR YOUR USE IN THE FIELD... 

on the shoulder... 
on the motorway... 

in the hand... 
in the office... 
in the car... 

Please send details of the Nolton Sabre Personal Mobile 

Name__ 
Address __ 

Nolton Communication/ ltd ; . Radiotelephone Division Fieldings Road Cheshunt Hertfordshire EN89TX . 
Telephone Waltham Cross 33555 Telex 28952 

WW-011 FOR FURTHER DETAILS 
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The new Mapi i n Catalogue 
is no ordinary catalogue... 
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Projects section 
includes complete 
construction details of a profes clonal quality MULTI -CANNEL 

MIXER wth modular sections or complete 
flexibility. 

- xt ̂ emely low noise and distortion 
AND low cost. 

I 

:yam 
4g ffti 

Just one of the hundreds of new lines in the 

new section. A new rang 
e of FULLY 

INTERLOCKING 
PUSH BUTTON SW ITCHES - 

high quality - low price - large range. 

11'® 

I 1 ,147Q. 

Catalogue includes a very wide range of 
components: hundreds of different capacitors; 
resistors; transistors; I.C's; diodes; wires and 
cables; discotheque equipment; organ components; 
musical effects units; microphones; turntables; 
cartridges; styli; test equipment; boxes and 
instrument cases; knobs, plugs and sockets; 
audio leads; switches; loLdspeakers; books; tools - 
AND MANY MANY MOFE. 

- 0 R CATALOGUE 
COPY OF 

HIS COUPON 
FOR YOVND 

NO MONEY U NOW. uethe 
7 catalog 

Please 

A PROVme Price 5oP our brand neletel7satisfied that it is 
am ' 

me a copy completely f receipt. 
Please rue d.Onlynd 50P within 14 days 14 days 

instant it is publishe 
ue to you 

every penny, will l send 
catalog not Purchase worth a return nd that 1 need it. 

satisfied,) 
may 

understand 1 choose not atio should 
I without obligation. s 

anything 
from your 

1 NAME 
ADDRESS H,wz 

3,Raleigh.Esse 
IiesP gox 

' ¡aplin Electronic 
SupP - Owing to 

delay in completion of larger 
warehouse, catalogue will be 

delayed by up to four weeks - so there's still 
time to order before publication and get your pack of ten 

super special offer coupons, giving big discounts on ten different 
popular items. YOU COULD SAVE PDUNDS! - SO DON'T DELAY - 

FILL IN AND POST COUPON NOW! 

1 

1 

Our bi- monthly newsletter keeps you up to date with latest 
guaranteed prices - our latest special offers (they save you 
pounds) - details of new projects and new lines. Send 30p 
for the next six issues (5p discount voucher with each copy). 

mown 
ELECTRON C SUPPLIES 
P.O. BOX 3, RAYLEIGH, ESSEX SS6 8LR 

Shop: 284, London Road, Westcliff-on -Sea, Essex 
(Closed on Monday) Telephone: Southend (0702) 44101 

WW -021 FOR FURTHER DETAILS 
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BARR & STROUD 
Barr & Stroud are pleased moDuLAR 
to announce a further 
advance in the continued 
development of their 
acclaimed EF3 Electronic FILTERING 
Filter System. The new 

EF3 -01 High Pass 
Cut -off frequency variable from 0.01 Hz to 10kHz 

EF3 -02 Low Pass 
Cut -off frequency variable from 0.01 Hz to 10kHz 

EF3 -03 HighPass 
Cut -off frequency variable from 0.1 Hz to 100kHz 

modules 05 and 06 so 
extend the capabilities of 
the system that it could 
well meet all your 
filtering requirements. 

Now 6 Modules for the EF3 
Write for technical literature 

giving full specifications. 

EF3 -04 Low Pass 
Cut -off frequency variable from 0.1 Hz 
to 100kHz 

EF3 -05 High Pass 
Cut -off frequency variable from 1 Hz to 1 MHz 

London & Glasgow 

Barr & Stroud Limited 
1 Pall Mall East, London SW1Y 5AU 

Telephone 01- 930 1 541 Telex 261877. 

WW 053 - FOR FURTHER DETAILS 

EF3 -06 Low Pass 
Cut -off frequency variable from 1 Hz to 1 MHz 

AMCRON POWER AMPLIFIERS 
The AMCRON range of DC- coupled power amplifiers are used by Government, and University Research 
Departments as well as by Industry for a variety of applications ranging from Shaker, and Vibrator driving, to 
driving both AC and DC Motors, providing variable frequency power supply, or high voltage material testing. All 
models are DC- coupled throughout, with Intermodulation, and Harmonic Distortion below 0.05 %, damping 
factor of at least 400 from DC to 1 kHz, and the ability to operate into load impedances from 1 ohm to infinity even 
into highly reactive loads. 

RMS power out 

M600 

750 watts into 8 ohms 

DC 300A D150A 

1,350 watts into 4 ohms 500 watts rms into 2.5 ohms (1 chan) 200 watts into 2.5 ohms (1 chan) 
Power bandwidth DC to 20 kHz + 1 db -Odb DC -20kHz + 1 db -0 db DC -20 kHz + 1 db, -0 db 
Phase response +0'- 15' DC - 20 kHz +0, - 15' DC to 20kHz + Or, - 15' DC to 20 kHz 
Slew rate 16 V /usecond 8 volts per microsecond 6 volts per microsecond 
Hum & noise 120 db below 600 Watts At least 1 10db below 150 watts At least 115 db below 90 watts 
Dimensions 19" std rack, 83/4" H, 16Y2" Deep 19" Rackmount, 7" High, 93/4" 19" Rackmount, 51/4" H, 83/4" D. 

Deep 

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

MACINNES FRANCE 
45 Rue Fessart 
Paris 75019, France 
Tel: 203 -30 -01 

WW - 023 FOR FURTHER DETAILS 



How every hi -fi dealer can 
increase lis sales 

and improve his service 

The Ferrograph RTS 2 is a 
complete. single -unit audio 
analyzer. Used by leading 
manufacturers and dealers 
throughout the world. it is the only 
single equipment available that can 
run exhaustive checks on hi-fl- 
including amplifiers. tape recorders. 
equalisers and mixers - remaking t 
an invaluable aid to sales and 
service. 
Increase your sales! 

By using the RTS 2 in your hi -fi 
store. your salesman can quickly 
prove to customers that the hi -fi 
system he is demonstrating is as 
good as it sounds. In a matter of 
seconds. up to ten different tests 
can be carried out. using just one 
pair of leads. (The push - button 
operation is so simple. even 

unskilled staff can make accurate 
measurements.) 

Result? The customer is 
reassured. confident he is getting 
value for money. So you sell more. 
more easily. 
Improve your service! 

But the RTS 2 is much more than 
a cost -effective sales aid. Used in 
yourservice department. it quickly 
identifies faults. making your 
after -sales back -up more efficient. 
And more profitable. You don't 
need a variety of incompatible test 
gear -so there are fewer 
connections. no hum -loops. no 
time -consuming frustrations: All of 
which means you save money 

Ferrograph RTS 2 
the complete, single -unit audio test set. 

The RTS 2 unbe3lab; acmonSUtllCu 
:!'s SC) SIR7pie1 Ar)C7 as [es; t'í ¡ullJr77Cv)[. 
,11t7n,4 h01r7_hcd liSi"I 

; rrYeS' O[ S('.WaÍ cis 

Ri',117;r7("1 

Wilmot Breeden Electronics 
Ferrograph Rendar Wayne Kerr 

0 Send me more information about the RTS 2 audio test set. 
O I would like a demonstration. Phone me to arrange an appointment 

Name Address 

Company 

Tel. No. ww 

Wilmot Breeden Electronics Limited. 
Durban Road. South Bersted. 
Bognor Regis West Sussex. P022 9RL. 
Telephone Bognor Regis 25811 
(STD Code 02433) 

Ask us for a demonstration of the Ferrograph RTS 2 before your customers ask you. Send off the coupon today! 
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I 

FAST RESPONSE STRIP CHART RECORDERS 

Specification 

Made in USSR 

Type H3020-1 
Single pen 

Basic error 2.5% 

Sensitivity 8mA F.S.D. 

Response 0 2 sec. 
Width of each channel 80mm 
Chart speeds, selected by 

push buttons 0.1-0.2-0.5-1-2.5 - 
-5- 12.5 -25mm /sec. 

Chart drive 200 -250v 50Hz 

Type H3020 -3 
Three -pen 

Recording: Syphon pen directly attached 
to moving coil frame, 
curvilinear co- ordinates 

Equipment: Marker pen, Timerpen. Paper footage 
indicator, 10 rolls of paper, connectors. 
etc. 

Dimensions: 

Available for immediate delivery 

H320 -1: 285x384x 16.5mm 

H320 -3: 475x384x 16.5mm 

PRICE: H320 -1 £ 108.00 

H320 -3 £ 160.00 

Exclusive of VAT 

Z & I AERO SERVICES LTD. 
44A WESTBOURNE GROVE, LONDON W2 5SF 

Tel. 01 -727 5641 Telex: 261306 

WW -050 FOR FURTHER DETAILS 

Ed icron 
For Quality 
and Reliability 
Edicron Limited 
Redan House 1 Redan Place 
London W2 4SA 
Tel : 01 -727 01 01 
Telex : 265531 
Cables : Edicron London W2; 

TV Picture 
Tubes 

EXPORT INDUSTRY WHOLESALE 
NvW - 034 FOR FURTHER DETAILS 
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GRAMPIAN REPRODUCERS LTD. 
HANWORTH TRADING ESTATE, FELTHAM, MIDDLESEX, 
ENGLAND. TEL: 01 -894 9141 

Grampian introduced the modular plug -in concept for building multi facility 
sound installations, together with solid state audio switching over three 
years ago. Since then many hundreds of complex installations have been 
supplied and have set a standard for reliability under the most stringent 
conditions. All equipments are built to a necessary engineering standard 
and not down to a price with its ultimate high cost of ownership. 
All amplifying equipments supported by an extensive range of manufac- 
tured microphones, loudspeakers and all items required for sound 
installations by the firm of forty years standing in the sound business. 

X222 WW -065 FOR FURTHER DETAILS 

FREQUENCY COUNTERS 
1/10 Hz to 1.2GHz 

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

RvtirAL(>vLN 
()PI-:RAIING h1ANl'Al. 
rWl )1'ONf. BI.I'r. CASE £670 i .2 GHz 
Sensitivity 10mV. Stability 5 parts 10. 1" 

Resolution ± 1 Count 
301M 32MHz 5 Digit £85 401 32MHz 6 Digit £125 
501 32MHz 8 Digit £178 701A 80MHz 8 Digit £195 
801A /M 300MHz 8 Digit £305 901M 520MHz 8 Digit £375 
801B /M 250MHz 8 Digit £265 1001M 1.2GHz 8 Digit £670 

Start /Stop versions plus £12 Memory versions available if not 
suffixed M £25 extra 

Type 101 1MHz 100KHz 10 KHz Crystal Standard £85 
Type 103 011 /Air Standard £85 

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

R.C.S. ELECTRONICS 
6 WOLSEY ROAD, ASHFORD 

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

53661/2 

WW - 016 FOR FURTHER DETAILS 

ANEW DIMENSION 
IN SOLDERING 

Iso -Tip Cordless 
Soldering Iron 

Ideal for factory, field servicing, 
laboratory or home, the !so -Tip 
Cordless offers a great advance in 

soldering. It is completely portable, 
heats in 5 seconds and recharges 
automatically in its own stand. 

The 'so-Tip is powered by 
long -life nickel cadmium batteries 
giving tip performance up to 50 
watts with a temperature of 370 °C. 
Tips are available in five different 
sizes ranging from Micro to 
Heavy Duty to meet all soldering 
requirements. 

Greenwood Electronics 
Portman Ru, Redding RG3 'NE, Engldn(: 
Telepho,re: Reading (0734) 595844. 
Telex: 848659. 

WW - 033 FOR FURTHER DETAILS 
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when is aboxnotabox? box 
Instrument boxes are often sold in standard sizes- not always the most practical sizes for your needs. 

When bought they take up a lot of storage space. 

WIDNEY DORLEC Series 3 is a new, simple 
constructional system for building cases, boxes, chassis, 

frames, drawers etc. etc. Just 3 basic extrusions and 3 simple 
brackets- available as components for DIY, kits, 

Northern Stockst 
Widney Dorlec (Northern) Ltd. 

181a Bramhall Lane, 
Stockport. 

Telephone: 061- 4801333. 

or fully finished products to your design. 
Custom made cases at prices you pay for standards. 

Ideal for Laboratories, Universities, small workshops. Call Cyril 
Vaughan on 021 -359 3044 for more details. 

widney 
dorlec 

P.O. Box 133, 
Birmingham B4 7BD. 
Telephone: 021 -359 3044 
Telex: 338054. 

WW -014 FOR FURTHER DETAILS 

nie WORLD'S 
LOWEST COST 

FIBRE OPTIC 
RECORDE R 

Introduced to meet the demand for a simple, high 
quality, FOR for those who do not require full recording 
oscilloscope capabilities; the FOR -7 has a rectangular 
CRT which provides strip chart, X -Y plot and single 
frame recording on low cost paper. 

WIDEBAND BRILLIANCE MODULATION 
-for video imaging with good grey scale 

HIGH FREQUENCY DEFLECTION AMPLIFIERS 
-for trace recording with faithful transient response 

VARIABLE SENSITIVITY AND POLARITY REVERSAL 
-for easy interfacing with displays and systems 

BENCH, RACK OR BUILD -IN VERSIONS 
-for general purpose laboratory or OEM applications 

For further information or a demonstration of the FOR -7 
or any other Medelec unit please contact: 
MEDELEC LIMITED . Woking . Surrey GU22 9JU 
Tel: Woking (048 62) 70331 Telegrams: Medelec Woking 

-ron- -he headers in 

Hbíe Optic Record ng 
medelec %4.11 

WW 049 - FOR FURTHER DETAILS 



Wireless World, December 1976 

ELECTRONIC 

INDUSTRIAL THERMOMETER 

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 1" 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 °ó EXTRA) 

Write for further details to 

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

('Phone 01 -837 7937) 

wW -027 FOR FURTHER DETAILS 
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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 
Radio Clubs Retail Outlets Distributors 

BOSS INDUSTRIAI MOULDINGS LTD 
Higgs Industrial Estate, 2 Herne WILL Roao, London, SE24 OAU, England 
Telephone 01 -737 2383 Telex 919693 

Doram kits contain everything down to 
Sf 1111111 111 

LJ',;ú1i 

By LARSHOLT 

Picks up UHF signals from the transmitter and relays this through your hi -fi equipment. 

* Ilium. tuning scale and 

signal meter. * 5 pre -set 

tune and scan tune. * Mute 

control and MPX. * Sensi- 

tivity of 1 pV for 26dB 

quieting * No alignment 

required. 

m PLEASE PRINT BLOCK CAPITALS 

WW/12/76 

DORAM ELECTRONICS LTD 

P.O.Box TRB, 
Leeds LSI2 2UF. 

NAME 

ADDRESS 

I enclose 250 peau send me 0v rilurn my new Dorm kn 
brochure Overseas order eaCIDI for N Ireland peaty odd 
lOp for post and pocking surface only 

CUSTOMERS ORDERING KIT BROCHURE 
TOGETHER WITH THE DORAM EDITION 3 

CATALOGUE CAN OBTAIN THE PAIR FOR 
/1,. AND RECEIVE TWO 25p VOUCHERS FREE 

POST CODE 

An Electrocomponents Group Company 
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AMBIT international (dept 85) 
The Dynamic Twosome: Signalmaster /Audiomaster 
After long and thorough deliberation, we are proud to 
announce a new unit from Larsholt - the Audiomaster. 
As ever, the instructions are designed to lead the unwary- 
and the inexperienced- through point -to -point steps that 
culminate in a professionally styled and finished amplifier 
to complement the Signalmaster FM tuner. Price £79.00 

> . - - Power: 25 +25W RMS 
- -. ,. THD: Less than 0.3% 

' 9 Dynamic range: an - _ ' ._ .- exceptional 80dB 
. - fi. ' 

/`-T ü. .. (Signalmaster shown on top 
of the Audiomaster) 

The Signalmaster Mk.8 is equally simple to assemble, and 
results reflect the superb Scandinavian styling and careful 
electronic engineering. £85.00. 

Mt: , International Mk.2: 
A choice of tuners 
for the more exper- 

"-..Z Wii-VV inced constructors. 
A chassis, cabinet and front panel designed to be used with 
a variety of electronics inside. The standard set, with the 
Larsholt 7253 varicap FM tunerset, plus all necessary parts 
to complete costs £65.00. Alternative modules for the signal 
processing stages are available for the more advanced F.M. 
radio enthusiast /constructor. (EF5800/7030/91196) 

7030 

f ..P â.. 

EF5800 91196 

left to right, the EF5800 6 circuit varicap FM tunerhead. Two 
MOS RF stages, both with AGC control, and an ultra stable oscillator. 
Next the 7030 Linear Phase 10.7MHz IF. Distortion 0.08 %, muting , 

AGC, meter, auto stereo switch outputs. Finally the new 91196 mpx 
decoder and combined birdy filter. Mono THD 0.05 %, stereo sep. 
55dB at 1kHz, 42dB at 10kHz - the best decoder module yet. 
EF5800 £14.50 7030 £10.95 91196 £12.99 (Built). 
Overall performance of the three modules when correctly assembled: - 
30dB S/N at 0.85uV input. 60dB at 5uV. THD 0.09 %. AFC holds 
THD below 0.2% over 400kHz if required. AGC effective over a 
90dB range. Image rejection -90dB. Noise floor -73dB. 

Components: Coils, ICs Filters, etc. 
Radio ICs: (and modules) Coils and filters: - 
CA3089E/HA1137W FM 1.94 AM IFTs TOKO 
CA3090AQ mpx 3.75 YRCS /YHCS types(lOmm)0.30 
MC1310/KB4400 mpx 2.20 7MCS types (7mm) 0.30 
HA1196 mpx 4.20 FM I FTs:- 
HA1197 AM radio 1.40 KACS /KALStYpes(lOmm)0.33 
TBA120AS FM IF 1.00 94A types (10mm) 0.30 
TBA651 AM radio 1.81 AM filters: - 
uA720/CA3123E AM rad 1.40 CFT types ceramic (455) 0.55 
LM380N 2W Audio 1.00 CFU type ceramic (470) 0.60 
TBA810AS 7W Audio 1.09 SFD470 types (470) 0.75 
TCA940 10W Audio 1.80 FM filters: - 
TDA2020 20W Audio 2.99 CFS/SFE ceramic (10.7) 0.50 
LM381N stereo preamp 1.81 SFE6MA (TV sound) 0.80 
LM3900 Quad amp 0.68 3132 linear phase 2.25 
78M12 -20 -24 volt reg ea:1.20* MPX 19 &38kHz notch 
NE550A variable reg 0.80* BLR3107 (4k7 imp) 1.75 
TAA550B varicap reg 32v0.50* BLR2007 (3k3 imp) 1.75 
NE560 /2B PLL IC ea :2.50 23 or 36mH chokes 0.33 
NE561B PLL IC 3.50 Tunerheads: (& tunersets) 
NE565A/567V PLL ea:2.50 EF5600 5 gang varicap 12.80 
810k kit for TBA810 amp2.75 EC3302 3 gang varicap 5.50 
2020k kit for 2020 amp 9.35 8319 (Larsholt) 12.00 
92310 kit for mpx decoder5.35 7252 tunerset complete 26.00 
7020 kit for 3089 FM IF 6.65 7253 stereo tunerset 26.00 
971197 kit for varicap AM Standard transistors also kept in 
radio tuner 9.65 stock - see lists for further detail 
7700 built TV sound tuner27.00 and price information. 

Terms: Vat extra, 12.5% unless marked *, which is 8 %, all 
complete tuners require £3.00 for packing and carriage. The 
standard P &P rate remains at 22p per order. Catalogue 40p. 
Phone (0277) 216029 (After 3pm please). SAE for free price lists. 

Write to: 37a High Street 
Brentwood, Essex : C M 14 4RH 
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r !RADFORD 

AUDIO LABORATORY INSTRUMENTS 
or the professional 

LDO3 Low Distortion Oscillator 
A continuously variable- frequency laboratory oscillator with a range 
10Hz- 1.00kHz, having virtually zero distortion over the audio frequency 
band with a fast settling time 
LDO3.B Low Distortion Oscillator, balanced output. 
A LDO3 but fitted with an output amplifier and screened balanced 
transformer providing a 600 ohm floating / balanced output, and 150 
ohms unbalanced output. 
DMS3 Distortion Measuring Set (Illustrated) 
Measures total harmonic distortion down to 0.001% speedily and 
accurately. Direct reading from calibrated meter. 
HSV1 High Sensitivity Voltmeter 
An accurate voltmeter with 16 ranges, 10µV -300V f.s.d Average 
responding. 
HSV2 High Sensitivity Voltmeter. 
As HSV1 but true r.m.s. reading. 
ANM1 Audio Noisemeter 
An accurate voltmeter and noisemeter with 16 ranges, 10NV -300V f.s.d. 
Fitted weighting characteristics: Wide band. DIN Audio Band, IEC /DIN 
Curve .A', and CCIR. Average responding. 
AN M2 Audio Noisemeter 
As ANM1 but true r.m.s. reading. 
ANF1 Audio Noisefilter 
An active filter to CCIR weighting characteristic for use with external 
voltmeter. (Ref. Dolby Laboratories Inc., Bulletin No. 43, Mar. 76). 

Full descriptive leaflets available from: 
RADFORD ELECTRONICS LTD. 
Laboratory Instruments Division 

Ashton Vale Road, Bristol, Avon BS3 2HZ Tel. 0272 662301 

WW 056 - FOR FURTHER DETAILS , 

STEREO POWER AMPLIFIERS 
(from 100 watts to 500 watts) 

Professional Stereo Power Amplifiers designed and 
manufactured to the very highest standard. 
TURNER POWER is setting a new standard in the studios 
for ultra -clean monitoring, and with bands on the road for 
ruggedness and reliability. 
Customers include: Air Studios, Wessex Studios, 
Gooseberry Studios, Lansdowne Studios, Decibel Studios, 
Queen and leading hire companies. 

TURNER ELECTRONIC INDUSTRIES LTD. 
175 Uxbridge Road, London W7 3TH 
Tel. 01 -567 8472 

WW -031 FOR FURTHER DETAILS 



Wireless World, December 1976 

AO 

17 

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

DANAVOX (OT. 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." 

S'IV- 
. 

I P 
LIGHT a IGHT 

HEADSET 

STANDARD & 
SUB -MINOR 
EARPHONES 

2,5 mm and 3,5 mm 
JACK PLUGS & 

SOCKETS 

NASONIC 
INDUCTION AUDIO 

LOOP 
RECEIVER 

WW - 062 FOR FURTHER DATAILS 



Aft 
or %cx.m I..' 

18 Wireless World, December 1976 

F. M. TUNER MODULES BY 
These modules are fully assembled, tested and guaranteed 
units, as featured in our tuner. Designed by experts in 
integrated circuit technology and applications, they 
represent the finest available modules, ideal for 
incorporation into top quality home built systems. 

M1 MAIN TUNER MODULE 
including ten turn manual tuning pot 

M2 STEREO DECODER 
including L.E.D. indicator 

M3 PUSH BUTTON PRE -SELECT UNIT 
six channel & provision for manual tune 

M4 REGULATED POWER SUPPLY 
20v, 100mA output, 240v input 

M5 TOUCH TUNE PRE -SELECT UNIT 
A touch switched replacement for M3 

n 
The Electronic Design Specialists 

£25.30 

£6.36 

£14.50 

£6.25 

WATCH FOR FURTHER 
£17.54 ADDITIONS TO OUR RANGE 

All items (except M5) are available in kit 
form, or as individual I.C.s, P.C.B.s, etc. 

Full metalwork and teak cabinet is also 
available to complete the finest tuner on 
the market today. 

Fully illustrated leaflets describing the above modules are 
available for the asking. 
A booklet is available for 50p (post tree U.K.) Fully 
describing the completely updated tuner. Prices subject to 
12.5% VAT 

Write for full lists today 

To: 

Yedri 
33 Restrop View 
Purton, WILTS 

SN5 9DG 

EXPO DRILLS 
Illustrate: - 
A TITAN DRILL mounted in a MULTI PURPOSE STAND 

This drill is a powerful tool running on 12v DC at approx. 
9000 rpm with a torque of 350 grm. gm. 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 DC, torque 35 grm. cm. Capacity 2.4 m /m. 

TITAN DRILL 
ONLY Cat. No 175 

£9.61 + 35p p & p inc VAT 

RELIANT DRILL 
ONLY Cat. No 0150 

£5.64 + 18p p & p inc VAT 

MULTI -PURPOSE STAND 
ONLY Cat No 0200 

£11.44+ 75pp &pinc VAT 

ADAPTOR COLLAR 
FOR RELIANT DRILL 
Cat. No 0201 

£0.43 + 1 1 p p& p inc. VAT 

These are only two 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 S.A.E. (foolscap) for full details to main distributors. 

A. D. BAYLISS & SON LTD. 
Nora Works, Redmarley, Glos GL19 3JU 

Tel: Bromesberrow (STD 053 181) 273 and 364 
Stockists Richards Electric Worcester and Gloucester Hoopers of Ledbury 

Hobbs ul Ledbury D& E) ModlI, H.i, lord 

WW - 059 FOR FURTHER DETAILS 

Read RF Watts Directly. 
0.45 -2300 MHz, 1- 10,000 watts 5 °0, Low 
Insertion VSWR - 1.05. 

Unequalled economy and flexibility. Buy 
only the element(s) covering your present 
frequency and power needs, add extra 
ranges later if your requirements expand. 
QUICK- CHANGE Connectors mate with N, 
UHF, C, SC. LC, HN, LT, BNC, TNC, GR -874. 
r /e" and 15i8' EIA flange. no adaptors needed, 

UK REPRESENTATIVE FOR BIRD ELECTRONIC 

aspen electronics limited 

t 
12 KILDARE CLOSE EASTCOTE MIDDLESEX HA4 9UW 

Tel 01 868 1188 Telex 8812727 

ww - 036 FOR FURTHER DETAILS 
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BLOB BOARDS 
Circuit diagram to circuit board in minutes. Layout circuit plan on .1" graph paper. 
Select Blob Board, lay components out with leads on copper strip. Blob of solder onto 
lead and your circuit is complete. Blob Boards normally half price of competitive boards. 
Roller tinned to solder components directly. No drilling or mounting. Modifications in 
seconds. Blob Board is re- usable. 

Blob Boards are circuit boards designed exclusively for the home constructor and proto- 
type engineer and are normally half the price of competitive boards. Blob Boards are 
roller tinned for ease of soldering, most require no cutting or breaking of contact rails. 
HALF PRICE AND RE- USABLE. That is NEW! 

Blob Board .1" or .15" 1 off 3 off Dip Blob Boards 1 off 3 off 
All approx. inch sizes 
ZB1V2.5x5 £0.30 £0.75 ZB11C4.5.x3 £0.36 £0.90 
ZB2V, 2.5 x 3.75 £0.23 £0.57 ZB21C 4.8. x 3.2 £0.40 £0.96 
ZB3V 3.75 x 5 £0.46 £1.14 ZB41C 4.75 x 7.5 £0.85 £2.13 
ZB4V10x6 £1.51 £3.78 ZB81C9.5x7.5 £1.70 £4.26 

Discrete Blob Board 1 off 3 off 
Sample pack: 1 off ZB1V + 1 off ZB8D + 

1 off ZB21C normally £2.32 only £2.00 + 
ZB5D 3.6 x 2.4 £0.20 £0.51 free Blob Board. 
ZB6D 2.4. x 7.3 £0.42 £1.05 Many other sizes and patterns available add 
ZB7D 4.9 x 7.3 £0.69 £1.75 30p post + 8% VAT to all orders. 
ZB8D 9 x 7.5 £1.62 £4.05 

S -DeC 
Take an S -DeC, take a small 
stock of components. Plug 
components into S -DeC, no 
soldering, make a radio 
receiver, light operated switch, 
3 stage amplifier. When circuit 
is made unplug components 
and use them again to make a 

morse practice oscillator, LC 
oscillator, binary counter and 
any other discrete circuitry. 
See Practical Wireless for new 
series of S -DeC projects. 
S -DeC + step by step instruc- 
tibns to build above projects 
and 3 more + which compon- 
ents to use + free control 
panel for mounting switches, 
lamps etc. + free Blob Board. 
S -DeC only £1.98 + 37p (VAT 
+ post) send only £2.35. 

DRILLSAW 
GRIND-BURR 
BRUSH-POLISH 

PB announce a precision British built drill for the home constructor. 
Works better than most bigger drills and can be used for fine detailed 
work. Drills through any circuit board, need to break copper strip 
simply grind it off. 
9000 RPM Drill + 20 Assorted tools £11.20 ( +VAT + post) 
Send £13.00. 
9000 RPM Drill only £5.22 + post + VAT send £6.00. 
Multi- purpose Drill stand £10.60 + Post + VAT send £12.00. 

c 

PB Electronics Scotland Ltd. 
57 High Street, Saffron Walden, Essex. CB10 1 AA. 
For leaflets and further information please 
send stamped addressed envelope. 

T -DeC 
If you are using IC's to build 
circuits use T -DeC for 1 chip 
circuits and U -DeC A for 2 
chip circuits. Draw circuit on 
graph paper, plug IC into 
Adaptor and plug into DeC. 
No soldering, no bent leads, 
no wasted IC chip. Lines on 
DeC show contact rails, plug 
discrete components in. Cross 
overs, connections are made 
using different coloured leads. 
Circuit completed and working 
unplug components and use 
for next circuit. No soldering, 
no damage to components. 
Use your DeC and small 
stock of components over and 
over again. T -DeC send £4.30. 
U -DeC "A" send £4.60. 
Adaptor send £2.30. 

POT LUCK 
Off cuts of fibre glass 
circuit board 5 sq. ft. 
Double sided fibre glass p.c.b. 5 sq. ft. 
Ferric chloride 5 litre mix 
Negative developer 1 litre 

Add £0.75p. to all above for 
Post + VAT. 

£1.50. 
£2.00. 
£2.00. 
£1.50. 

rc 
ac \0 

. 

WW -013 FOR FURTHER DETAILS 
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MADE IN BRITAIN? 
You could be forgiven for being 

surprised. 
After all, the market is flooded with 

Japanese equipment. 
But now, for the first time, a tape deck, 

with full solenoid transport function is 
available from a British manufacturer. 

It's the MK 7S from Brenell. 
A sturdy machine of studio quality, 

that includes features like front panel bias. 
accessibility and dual standard 
equalisation. 

It can be seen and heard at our demo 
studio. Pembroke House, Campsbourne 
Road, Hornsey, London N8. 

Or for more information call Andrew 
Stirling 340 3291 

Also available -a complete range of 
multi- channel recorders, to customers 
own specifications. 

briwII 
WW 082 - FOR FURTHER DETAILS 

RADFORD 
HIGH PERFORMANCE AMPLIFIERS 

for the enthusiast and professional 

ZD22 Stereo Pre -amplifier Control Unit 
A stereo pre -amplifier of virtually zero distortion. Inputs for disc, tuner, and 
two tape machines, providing comprehensive recording and reproducing 
facilities. Sensitivities: Disc 1 mV, and Auxilliaries 50mV., for IV output. 
Exceptional signal /noise ratio. Output at clip level 18V r.m.s. 

ZD50 Power Amplifier 
A stereo power amplifier of all aluminium construction. Output of 110 
watts per channel into 4 ohms and 70 watts into 4 ohms at typically less 
than 0.002% distortion. 

ZD100 Power Amplifier 
A stereo power amplifier of all aluminium construction with high thermal 
mass and designed for continuous operation at high output level. Provides 
150 watts per channel into 4 ohms and 90 watts per channel into 8 ohms 
at virtually zero distortion. 

ZD200 Power Amplifier 
Characteristics as ZD 100 amplifier but provides an output of 250 watts per 
channel into 4 ohms and 150 watts per channel into 8 ohms. 

HD250 Stereo Integrated Amplifier 
Uses ZD22 pre- amplifier with a power amplifier having a power output in 
excess of 50W per channel into 4 -8 ohms. Distortion: less than 0.02% at 
rated power, typically less than 0.01 %. True complementary symmetry 
output. Headphone output. Inputs: Disc, tuner, and two tape machines. 
Sensitivities: Disc 1 mV. Auxilliaries 50mV for 20W output. 

Full descriptive leaflets available 'from. 
RADFORD ELECTRONICS LTD. 

Audio Division 
Ashton Vale Road, Bristol, Avon BS3 2HZ. Tel: 0272 -662301 

WW 057 - FOR FURTHER DETAILS 

new automatic mod meter 

* Frequency range 1.5GHz to 2GHz 

* A.M. and F.M. measurement over full range 

* Automatic tuning and level setting 

* Positive indication of lock and level 

* Psophometric 'A', 75045 de-emphasis and standard 
audio weightings 

* Remote control of all functions 

* Mains /battery version available (AMM -B) 

* Rackmounting option (AMM -R) 

Details from:- 

traeti 

knell 
FARNELL INSTRUMENTS LTD. 
SANDBECK WAY.WETHERBY 
WEST YORKSHIRE LS224DH 
TEL 0937 3541 TELEX 557294 

wW -068 FOR FURTHER DETAILS 
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The ARA1 Test Set quickly gives you 
accurate traces of audio system frequency 
responses. In just a few seconds, this 
self- contained instrument clearly displays 
response as a gain /frequency plot on a 
long- persistence CRT. Outputs are 
provided for operating an XY plotter. 
Whether you use the internal sweep oscil ator. 
or an external signal, the ARA1 
requires no synchronisation and adjusts 
automatically to the incoming frequency. t 
covers 20Hz to 200kHz, with resolution dawn 
to 0.1dB over a very wide dynamic range. 

ö 

c 6 8 9 IflKNz 

Switched attenuators for output 
level and input sensit vity ensure 

fast and precise evaluation of all audio devices, 
whether having nominally fiat resaonse or a 

steep -cut characteristic. You can adjust the 
sweep rate, set upper and lawer I mits 
independently, and use one-shot or repetitive 
sweeps triggered electrically or manually. 

The Ferrograph P-ofessional ARA1. 

Fast. A =rate. And easy tc use. 
Send for full information today. 

FERROGRAPH PROFESSIONAL ARAI. Wit-not Brenden Electronics 
hcrr ,graph 2ndar Wayne Kerr 

Please send me information about the Ferrograph Professional ARAI . 

Name 
Position 
Company 
Address 

Telephone 

Wilmot Breeden Electronics Limited, Durban Road, South Bersted, Bognor Regis, West Sussex. 
England. Telephone: Bognor Regis 25811 (STD Code 02433). ww72/76 
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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 -024 FOR FURTHER DETAILS 

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 RANNO Tring 
Telex 82362 
A/B Batelcom Tring 

WW - 018 FOR FURTHER DETAILS 

single source makes 

six way sense 

® CONSERVES O SOLVES BUFFER 
YOUR CASH. STOCK PROBLEMS. 

© SAVES TIME. OSIMPLIFIES 
ORDERING. 

® A PROTOTYPE NO ORDER TOO 
SERVICE. ' SMALL. 

So make United-Carr Supplies 
your SINGLE SOURCE for:- 

CINCH Electronic Components 

Some examples:- Barrier terminal strips. Printed circuit board 
edge connectors. D Subminiatures. Multi way plugs and sockets. 
Audio sockets. 

United -Carr Supplies Ltd., 
112 Station Road, Ilkeston, Derbyshire, DE7 5LF 
Tel: Ilkeston 328711 (STD 0602 328711) Telex 377117 

wW - 017 FOR FURTHER DETAILS 
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PHILIPS 

The Generation Gap 
Fill your Generation Gap with these 5 generators. You will then ensure that your workshop is the 
most efficiently equipped and that your service engineers' home visits are the fastest and most 
effective. Good service means more sales so make yourself the most successful TV businessman 
and get these Philips instruments now. You won't find better value for money. 

1 PM5501 PAL TV Pattern 
Generator 
Extremely light portable instru- 
ment for service in customer's 
home. Five different test patterns 
for colour and black /white in- 
stallation and service. RF output 
switchable : VHF Band Ill or UHF 
Band IV. 1 kHz tone for sound 
performance checks. 

2 PM5509 PAL TV Pattern 
Generator 
The ultimate in pattern genera- 
tors. Full IF coverage; band I, Ill, 
IV and V. Electronic tuning with 
preset channels. 10 test patterns 
(colour and black /white). Adjust- 
able chroma burst and HF- 
amplitude. Special sync. video 
and VCR outputs 

4 3 PM6456 FM Stereo 
Generator 
Has stereo transmission started in 
your area ? The PM6456 gives a 

complete stereo signal, LER 
signal. Internal L. F. modulation : 

1 and 5 kHz. External stereo 
modulation possibility. X -tal con- 
trolled pilot. Adjustable multiplex 
signal 

4 PM5324 HF Generator 
Frequency range 100 kHz - 110 
MHz. X -tal calibration. Special 
band spread ranges. High fre- 
quency stability. Electronically 
stabilised output max. 50 mVrms 
in 75o. Facilities for internal and 
external AM and FM modulation. 

1 2 

3 

J 

5 

Pye U n ica m Ltd 
Philips Electronic Instruments Dept. 
York Street Cambridge England CB1 2PX 
Tel : Cambridge (0223) 58866 Telex : 817331 

WW -077 FOR FURTHER DETAILS 

5 PM5334TV 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. 
Signal frequency is accurate and 
thermally stable. Stabilised output 
into 75o load. 

6 Write today for a 16 page fully 
illustrated brochure and price list 
on the whole range of Philips 
instruments for radio and TV 
service. And remember. All the 
instruments in the Philips range 
are endowed with the 'Philips 
Plus', the quality of design, speci- 
fication and appearance - parti- 
cularly in terms of human 
engineering - of every instrument. 
A total test and measuring range 
capability which includes'scopes, 
meters, counters, pulse genera- 
tors, power supplies, recorders 
and generators. The ability to 
supply all your needs from a 

single source. 
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nowadays that's easy to use, reliable, 
robust but not too expensive ?" 

"Here' -AVO's new HF135 -a really useful professional 
RFgenerator ideal for repair bench or test lab. 

Wide frequency range -eight bands from 100kHz to 
240 MHz. Calibration accuracy conservatively rated at i-.1% 
right across the range. Output level from 1 pV to 100mV 
(-_ 6 dB). AF Signal source facility (1 kHz). Input for external 
modulation. All wrapped up in a tough metal cabinet with 
ergonomically designed front panel and complete with 
connectors, crocodile clips and the AVO guarantee of 
reliability, serviceability, and accuracy at a sensible price. 

For descriptive leaflet and name of your nearest stockist, 
phone or write: 

Avo Limited, Archcliffe Road, 
Dover, Kent. CT17 9EN. 
Tel: 0304 202620 Telex: 96283. l Thorn Measurement Control and Automation Division 

WW -095 FOR FURTHER DETAILS 

Switching problems? 
Rely on Zettler. 

Producing 30 basic types 
of relay and 15.000 variants 
with regard to contact 
stacks, terminals, energizing 
current and contact 
material, Zettler is among 
the largest manufacturers 
of electro- mechanical 
components. 

Our product range 
comprises: 
Low profile (flatform) 
Timing Miniature Low 
contact capacity Herme- 
tically sealed Stepping 
Mains switching Latching 
Contact stacks Solenoids 

Miniature Relays 
AZ 420 ... 439 
International standard relay. 
2, 4, or 6 change -overs. 
Plug -in type saves maintenance costs. 
Coil voltages: 1.2 to 180 Volts D.C. 
6 to 240 Volts A.C. 
Life expectancy to 100 million 
operations. 
Balanced spring -held armature allows 
operation in any mounting position. 
Relay extends only S" from PC board 
when used with right -angle socket. 

J 
We resolve your switching problems rapidly and expertly. Please 
contact us for further details. 

ZETTLER UI' Division 
Brember Road 
Harrow, Middx. HA2 8AS. Tel. (01) 422 0061 

A member of the worldwide ZETTLER electrical engineering group, est 1877 

WW -085 FOR FURTHER DETAILS 

American 
Beauty 
An Ultrasonic Cleaner specially designed to 
accommodate long objects. 
Cleaning long, narrow items in a bench -top ultrasonic cleaner is simp- 
lified with the introduction of American Beauty's Model S -80. This unit 
has a stainless steel tank 193/4" x 53/4" x 6 Laboratory glassware, motor 
shafts, long printed circuit boards, machine components and surgical 
instruments can be cleaned without the use of secondary containers. 

Like all American Beauty units, the S -80 is self- contained and self - 
tuning. All circuitry is solid state. Lead zirconate titanate transducer is 
virtually indestructible. No fans or other moving parts. Operates on 
240V AC, 60Hz, has 3 -wire cord, NEMA plug. Stainless steel cover 
included. Trays, timers and other accessories available. 
Also available for operation on 120 volts AC. 

Full details of complete range of cleaners available on 
request. 

SPECIAL PRODUCTS DISTRIBUTORS LTD 
81 Piccadilly, London W1V OHL 
Tel: 01 -629 9556 Cables: Speciprod London W1 

WW004 FOR FURTHER DETAILS 
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Fully professional Studer quality 
at affordable prices 

The new generation of professional STUDER 
tape recorders is designed for the use in 
broadcasting, television and recording studios 
as well as theatres and scientific laboratories. 
The low -cost STUDER A67 includes a wide 
range of modern features: 

3 servo controlled AC motors - Crystal con- 
trolled capstan servo - Variable tape speed 
(21/2" ... 221/2 ") with external frequency - 
Tape tegsion control during all operating 
modes - Control logic with memory - Illumi- 
nated push buttons - Remote control of all 
tape transport operating modes - Automatics 
for continuous program - Mechanical 
counter, indicating Min £t Sec - AC -Mains 
supply 50 or 60 Hz, 110 ... 250 Volts - 
Opto electronic end of tape sensor - Head 
block with aluminium die -cast frame - 

Tape lifter, may also be operated manually - 
Long life heads - Audio electronics module 
with plug -in cards in front of tape deck - 
Playback, record and bias amplifier boards 
have all necessary adjustments accessible 
from the front of the recorder - Switcfiable 
for equalization CCIR or NAB - Optional: 
VU- Meter /panel with peak indication (LED) - 
Head phone jacks - Available with or without 
VU- panel, as portable or console version or 
as chassis for 19" rack mounting - 1/2 -inch, 
4 track version in preparation. 

STUDER 
STUDER INTERNATIONAL AG 
Professional Audio Equipment 
CH -5430 Wettingen, Switzerland 

F.W.O. BAUCH LTD. 49 Theobald Street , Boreham Wood, Hertfordshire WD6 4RZ Telephone: 01953 0091 

WW -07,9 FOR FURTHER DETAILS 
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Jack -of -our -trade 

Half the size of Bantam Jacks, the new PCB Jacks 
are only 1-25" long, 0435" high and 0365" wide. 
Mount directly on PC Boards wherever access is 
required. Normal through -jack configuration allows 

ADC Products 
DIVISION Or MAGNE r'C CONTROLS COMPANY 

PATENT PENDING 

splitting or isolating the signal for test, monitor or 
patch. 
Available in single or dual configuration. 
Interfaces with Bantam telephone plugs. 

Following the success of our range of Bantam 
Components and Jackfields, we have now 
introduced on the U.K. market the first -ever 
Jack designed specifically for PCB mounting. 

Six colours available for coding purposes: red, white. 
blue, orange, yellow and black. 
For further information on the above, and our range 
of Telephone -type Components, Jack Panels and 
Prewired Assemblies, contact: 

COMMUNICATION ACCESSORIES 
AND EQUIPMENT LIMITED 
70-80 Akeman Street, Tring, Herts, HP23 6AJ 
Telephone Tring10442821 4011 Telex 82362 
Ans. Back Batelcom Tring. 
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GROOVAC 
vacuum record cleaner 
and 
anti -static brush 

It 
Groovac Ill overcomes the problems associated with 
dust and static, problems which otherwise interfere 
with the faithful reproduction of your records. 
Groovac Ill offers complete record and stylus care in 
one highly efficient unit. It tracks in like a second 
pick -up arm and operates while your record is 
playing. 

"Highly recommended" by John Peel in Hi -Fi 
Weekly, 18th September. For further details contact: 

R,x AUDIO Kernick Road, Penryn 
Cornwall TRIO 9DQ, England 
Telephone: Penryn 72753 

WW -042 FOR FURTHER DETAILS 

PRECISION PETITE LTD. 
119A HIGH STREET, TEDDINGTON, MIDDX. 

TEL: 01 -977 0878 
(24 -hr. telephone enquiry service) 

Now with the: 

NEW MK. II DRILL 
10,000 r.p.m., 120 

cmg. 

"MORE 
POWER - 

MORE 

TORQUE" 
12v. - 14v. DC 

DRILL ONLY £8.79 
(p &p 35p) 

STAND £4.40 
(p &p 35p) 
Incl. VAT 

(Together 50p p &p 

SAE for illustrated 
leaflet and order form 
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SHEET 
METAL 

PUNCHES 
for quick,clean holes 

Easiest and 
quickest way of 
punching holes in 
sheet metal (up to 
1.625mm) 

Simple operation 

100% British 
Burr -free holes - 
no jagged edges 

57 Metric 
and Linear 
sizes (Lists on 
application) 

Used by Government services and most industries 
Wholesale and Export enquiries to: 

"OMAX" ( ELECTRONICS) LTD 
44 PENTON STREET LONDON N190A Tel 01.2782500 

WW - 060 FOR FURTHER DETAILS 

STANDARD STABILISED q 
POWER UNITS 

o 

o 1 
# 4 

B" ,n., .1.. :. 2 

1 

1 MULTIRAIL 
5V 5A, 15V 1A & 

1 24V 1A (SMOOTHED) 
£65.00 

1 

1 
CHASSIS SINGLE 24V 2 AMP £31.80 

Also many other specs including laboratory and smoothed only 
supplies 

I. 
VER CONTROLS (ST. ALBANS) LTD. , 

27B TOWNSEND DRIVE, ST ALBANS HERS 1 
ST ALBANS 54113 y/ /// / / /ArmAr ////// / /I, 

WW -006 FOR FURTHER DETAILS 

TTL & LOGIC 
DUAL 5 - 15V 500mA 

£25.00 
SINGLE 5V 1 AMP 

£15.75 

CARD DUAL 9 -15V 250mA£15.00 
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AUDIO 
MODULES 
A NEW APPROACH TO QUALITY HI -FI 

Cliffpalm Ltd. introduce a flexible range of high quality modules to enable a 

sophisticated hi -fi system to be built up from simple beginnings. 
An initial 20W r.m.s. + 20W r.m.s. stereo with standard controls can be expanded to 
give a 40W + 40W system with (in addition to the normal bass, treble and balance 
controls) a further range comprising "rumble" and "hiss" switchable controls with a 

range of frequencies; and a stereo image width control. 

STEREO PRE -AMP: CP -P1: 

Specification 

PRICE £13.30 
+ VAT ti 1 66 

Input Sensitivity Signal/Noise Impedance 
Magnetic 3mV > 70dB 47K 
Tuner 100mV 70dB 10K 
Tape 100mV > 70dB 10K 
Auxiliary 1 -100mV 60dB -70dß 200K, 

Magnetic i/p overload 33dB; 
Distorsion 0.04% at 1 KHz; Output 1v r.m.s. into 
10K; 
Supply voltage ±18v nominal; 
Tone controls, Bass - ±12dB at 100 Hz; Treble . 12dB at 10KHz. 

Description: This is a general purpose 2-channel pre -amplifier suitable for use with 
gramophone, tape microphone or tuner inputs. It requires no external components other 
than the potentiometers for the bass, treble, balance and volume controls and the input 
selector switch. The unit is internally protected against accidental reversed supply 
connection 

AMPLIFIER: CP2 -15 -20 

40W r.m.s. single. 
20W r.m.s + 20W r m . stereo 

Specification: 
Power output; 40W r m.s. into 8, 1 channel 
or 30W r.m.s. into 15, 1 channel 
or 20W r.m.s. + 20W r.m.s. into 4, 2 channel 
or 15W r.m.s. + 15W r.m.s. into 8, 2 channel 

Input Sensitivity 1v r.m.s.; Frequency response 
20Hz- 20KHz. at -3dB; Distortion 0.04% at 15W; 
Supply Voltage +18v nominal; Size 5.1 x 4 x 1.25 
inches. 130 x 102 x 32 mm. 

PRICE:£12.85 
+ VAT f1.61 

Description: This module is designed to give either a 20W + 20W stereo amplifier or 

alternatively a 40W single channel. It has built -in protection against accidental reversed 
supply connection and it incorporates a thermal shut -down facility to prevent 
over- dissipation. No external components are required. 

FUNCTION GENERATOR: CP -FG1 
PRICE £11.75 

+ VAT 01.47. 

For those requiring a wider range of facilities. this module provides bass and treble filter 
controls, comprising switchable cutoff frequencies for "rumble" and "hiss" reduction. 
Also included is a stereo separation control. The unit is complete except for the 

potentiometers and switches. 

POWER SUPPLY: CP -PS 18/20 PRICE £5.75 
+ VAT 72p 

This is suitable for one 20W + 20W complete system. For a 40W + 40W system. two 
power supplies are required. 

Full application notes are provided Post and packing are free on all orders. All units are 

guaranteed for two years 

Cliffpalm Ltd. 
Dept. H F /WW 
13 HAZELBURY CRESCENT 
LUTON LW 1DF, BEDS. 
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The easy to use, 
easy to buy, 
general purpose 
scope the D61a 

Versatile -that's our scope 

D61a dual trace 
Lightweight 
Oscilloscope 

The to \IHz 'scope that makes others scene 
expensive at any price! 
It took years of Telequipment experience and 
intensive design effort to arrive at that unique 
combination of effortless higher performance 
and remarkable low cost Nvhich makes the D6Ia 
so outstanding for general purpose duties in 
the laboratory, the classroom and the 'I'V 
service department. 
Who else offers an oscilloscope \yith two IomV 
vertical channels with a full toll Hr band 
width, PLUS automatically switched, chopped 
or alternate display modes, PLUS automatically 
switched "I'V line or field triggering, PLUS an 
8X to cm display driven at 3.çkV and the 
choice of single trace, dual trace or X -V 
presentation ? 

And who will send you full details on request ? 

Who else but Telequipment 

Tektronix U.K. Limited, 
P.O. Box 69, Beaverton House, Harpenden, Herts. 
Tel : Harpenden 63 r¢r Telex: 25559 

( TELEQUIPMENT 

WW 084 - FOR FURTHER DETAILS 



wireless 
world 
Electronics, Television, Radio, Audio 

DECEMBER 1976 Vol 82 No 1492 

Contents 

31 WARC talk 
32 Digital event timer by P. A. Birnie 
35 Re- invention - how often? by F. G. Canning 
37 Designing battery chargers by Thomas Roddam 
41 Circuit ideas 

Linear /logarithmic sweep generator 
Two -phase v.c.o. 
Peak reading r.f. probe 

44 News of the month 
Switched liquid- crystal prism 
Air traffic control advances 
Britain ahead in X -ray astronomy 

48 Acoustic noise units by James Moir 
52 Letter to the editor 

Citizens' Band 
Future of television 
Magnetic pick -up preamplifier 

55 Mobile radio communications - 2 by D. A. S. Drybrough 
59 Remote -control servo by J. H. Cook 

60 Announcements 
65 Earthing, shielding and filtering problems - 2 by R. C. Marshall 

66 H.F. predictions. Literature received 
67 Optical fibre communication - 2 

by M. M. Ramsay, A. W. Horsley and R. E. Epworth 
71 Digital angle modulation by R. Thompson and D. R. Clouting 

76 Announcements 
77 Weather satellite picture facsimile machine by G. R. Kennedy 
81 Sixty years ago 
82 New Products 
86 Real and imaginary by "Vector" 
130 APPOINTMENTS VACANT 
144 INDEX TO ADVERTISERS 

Price 35p (Back number, 50p, from Room I I. Dorset House. Stamford Street, London Sill 91.1 ) 

Editorial & .Aderti,ínL office,: Dorset Iloup.c. Stamford Street. London SEI 91W. 

Telephone,: Fditoricl 01 261 8620: Advertising 01 261 8339. 

Tcleerant, Telex, Wi\orld Bi,ne,pres 225137 London. Cables. `Fìthaworld, London SEI." 

Subscription rate,: i year: C7 .IIU l K ano overseas ($18.20 USA and Canada). Student rate: 1 year, C3.50 

UK and overseas ($9.111 L ;SA and Canada). 

Distribution: 40 Bowling Circeo Lane. London LC I R ONE. Telephone 01 837 3636. 

Subxrption,: nakfield Hou,c. Pcrrçmount Rd. Hav . wards Heath. Susses RHI6 3Dl Telephone 

(1444 591~8. Subscriber, aro requested tu omitv a change of address_ 
c I.P.C. Business Press Ltd,, 1976 

Front cover shows an impres- 
sion of the CV3 Superscreen 
colour television projector 
marketed by Speywood Com- 
munications. The three separ- 
ate Schmidt optical systems are 
mounted in line and use 75mm 
tubes. 

IN OUT NEXT ISSUE 

Distortion in audio 
amplifiers is discussed by 
Professor Matti Otala in a 

paper on static and dyna- 
mic non -linearity distortion. 

Logic design. The first in a 

series of articles on logic, 
this part dealing with the 
use of Boolean algebra. The 
series will cover a range of 
topics, from basic, combin- 
ational logic to micropro- 
cessors. 

Identification of Euro- 
pean TV stations consists 
of a series of photographs 
of test cards from contin- 
ental stations, together with 
brief notes about the trans- 
mitters. 

(ibpaI ABC 
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For every viewpoint. 
EEV makes a vidicon. 

If you use closed circuit TV, you 
need EEV vidicons. 

Our tubes ensure reliable round - 
the- clock operation, and cover all 
TV pick -up applications. 

In mono or colour. For most 
cameras. In electrostatically 
focused and magnetically 
focused types (separate or 
integral mesh). With a 
range of photosurfaces. 

And special rugged types 
are made to withstand shock 

or vibration. 
EEV makes the dependable, 

high quality vidicons you need. 
At attractive prices. For quick 

delivery now. 
Contact your local EEV agent or 

write for data and price lists to 
Camera Tube Sales at Chelmsford, 

England. 

EEVand M-OV know how 
Members of GEC- turnover £1902 million 

ENGLISH ELECTRIC VALVE CO LTD. Chelmsford. Essex. England CM1 2QU Tel 0245 61777. Telex: 99103. Grams: Enelectico Chelmsford S8C g 
WW -064 FOR FURTHER DETAILS 
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world 
WARC TALK 
At the Communications '76 conference in Brighton this summer, Professor 

James Merriman, senior director of development at the Post Office, emphasized 

the responsibility which lay on the British delegates to the 1979 World 

Administrative Radio Conference in Geneva: "It seems obvious," he said, "that 
the processes of creating the briefs for that conference . . . should give ample 

opportunity for open debate for appeal and for resolution of conflicting claims." 

The need for open debate does not seem obvious to the Home Office, which 

will be responsible for presenting our case at that conference, the first in 20 

years. Two years ago it entrusted an engineer at the Radio Regulatory division 

with the preparation of a series of reports intended as a basis on which to brief 

delegates as to the "British view" about the reallocation of radio frequencies. 

Two reports, on broadcasting and mobile radio, have been prepared and a third 

is being written, but they are secret. A formal request by Wireless World to see 

the documents has been refused. So although the Home Office has invited 

comments on them from a small coterie of discreet trusties the delegates will' 

otherwise go to the conference armed, not with the results of a full public debate 

conducted among all those interested enough in radio to put forward a point of 

view, but with the politically preordained baggage of a small number of 

self -interested bureaucrats. 
That those who wish to perpetrate this misuse of their influence are 

well -meaning men who believe they act honourably is not in doubt. Neither is it 

relevant. There are many others in and out of the communications industry who 

are concerned, for example, that BBC is not obliged to relinquish any of the 

frequencies its self -avowed poverty prevents it from using efficiently, that it and 

the IBA continue to hold on to Band I and III frequencies no longer needed 
anywhere but on the edges of the British Isles, and that the Home Office should 

prepare a secret report on broadcasting before the Annan Committee has 

finished its work. The man in the street wonders whether any serious thought 
has been given to growing demands for greater public use of radio. Or will the 
functionaries have nothing more in their minds as they fly to Geneva at his 

expense than closing the loophole in the 1969 Post Office Act that allows the sun 

to communicate to him, by electromagnetic means, the time of day. The man in 

the street may have something worthwhile to say on such matters, the readers of 

this journal certainly so, yet they continue to be taxed too much and told too 

little. 
We are determined that, for once, something which affects us will be widely 

discussed in advance; lamentations in the face of a fait accompli carry a certain 
futility. No discussion which takes place after the British delegation leaves 

Heathrow can have any effect. If that discussion does not begin now the sickness 
that grips so much of the administration of British life will have overtaken radio 

and telecommunications, and our leaders' recent absurd protestations that the 
only alternative to themselves is totalitarianism will be seen, after all, to have 

been trailing all too far behind events. 
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Digital event timer 
A versatile and compact c.m.o.s. design 

by P.A. Birnie 

This timer is intended to replace the 
expensive mechanical stop watch 
counterpart by offering a small size of 
around 100 x 70 x 25mm, about 600 
hours of continuous operation from a 
set of inexpensive mercury cells, and 
several facilities including two timing 
channels. Discrete i.cs are used, 
instead of an I.s.i. device, because 
they reduce the cost and increase the 
number of facilities. 

When the design of this stopwatch 
commenced, I expected that an 1.s.i. 
integrated circuit would be used with a 
few discrete i.cs added to increase the 
number of facilities. Several designs 
were constructed using a commercial 
stopwatch /counter i.c. driven from a 
100kHz crystal oscillator, and an I.e.d. 
display. These were functionally satis- 
factory but suffered from high power 
consumption, the need for two different 
supply voltages, small display size and 
poor legibility in mild sunlight. The 
circuit was also difficult to adjust due 
to the critical monostable elements. 

Calculation showed that c.m.o.s. 
devices, driving a 41/2-digit liquid crystal 
display from a 5V supply, would require 
only a few hundred microamps and 
could give over 600 hours continuous 
use. The final design allows timing of 
two events with simultaneous start 
times, and displays up to 19min 59.9s. 
After this time the tens of minutes 
stays at 1 and the units cycle through 0 
to 9. A split facility enables the display 
to be temporarily held while individual 
events are timed independently from 
the two channels which continue to 
count. Cumulative timing of several 
consecutive events on one channel is 
also possible and remains independent 
of the other channel, which can be 
timing a continuous event. The design 
can be modified to increase or decrease 
the number of facilities as required. A 
block diagram of the circuit is shown in 
Fig. 1. 

Accuracy of the stopwatch is 
determined by the characteristics of the 
crystal oscillator components, and in 
the prototype a 100kHz Statek device 
was used because of its small size. This 

Buttons 

Button 
logic 

1 

I100kHz 
oscillator 

and divider 
0- 
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Counter chain 
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Data selector 
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display decode drive 
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Counter chain 
Y 

4%2 Digit display 

i 
Fig. 1. Block diagram of the stopwatch. Total power consumption for this circuit is 
between 200 and 300µA. 
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Fig. 2. Crystal oscillator and dividers. A standard Pierce circuit is used with the 
crystal, C2, and input capacitance of the gate acting as the feedback network. 

type of crystal is stable and rugged, 
with an initial setting accuracy of 
±0.02% and a temperature coefficient 
of +0.0075 to -0.032% from 0 to 70 °C. 
If required a trimmer may be used in 
the oscillator circuit for more accurate 
tuning of the resonant frequency. 
Variations in supply voltage are kept 
small by using mercury batteries, and 
the effect of these variations is 
minimized by selection of the feedback 
resistor R7 in the oscillator circuit of 
Fig. 2. The crystal oscillator output is 
divided in two dual decade counters to 

provide a 50Hz drive waveform for the 
display and a 10Hz timing signal. Four 
buttons control two 41/2-digit counter 
chains which count up to 19m 59.9s, and 
a 2:1 data selector is used to route one of 
these chains to the decoder drivers. The 
button logic and the main circuit 
diagram are shown in Figs. 3 and 4. 

Circuit operation 
The crystal is used in a standard Pierce 
oscillator circuit with one gate of IC18 
acting as an inverting amplifier. The 
crystal, C2 and the input capacitance of 
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RESET 

SPLIT 

+5V 

ENABLE Y 

IC18 

1C1e 

1019 

ENABLE X 

IC19 

SELECT X 

SELECT Y 

Operation Timing function 

Run Resets all logic and starts counters 

Split While depressed, the display is 

3 held without interfering with 
timing functions 

c 

Ñ X Stops channel X and displays 
content. When the button is 

released the channel can be 
restarted by operation of Run. 
without affecting channel Y. 

Z -I m z 
m rn 
rri 

Stops timing of channel Y. Subse- 
quent depression of Run resets all 
logic. 

Fig. 4(a) Button logic, (b) timing 
function for the buttons. 

o 
m 
o 
3 ° the gate act as the feedback network. 

zz Care has been taken to limit the crystal 
v r drive voltage to below 2V pk -pk for 

z o o operation. A physically larger 
crystal has been tried in the circuit and, 

with the addition of a 3 -30pF trimmer 
from the gate input to ground, proved to 
be entirely satisfactory. The manu- 
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facturers of the specified crystal do not 
recommend the use of such a trimmer. 
A decoupling capacitor, C6, of 0.01µF 
should be placed across the supply and 
as near to IC18 as possible to prevent 
100kHz appearing across the supply 
lines to other devices. If an oscilloscope 
is used to check the oscillator a 10:1 or, 
better still, 100:1 probe is necessary to 
prevent significant loading of the 
circuit. 

The oscillator output is applied to the 
clock input of an up decade counter, % of 
IC17, and the D output is fed to the 
enable input of the other half of the 
device. This produces a 1kHz waveform 
on the second D output which is fed to 
the enable input of IC16 which also 
divides by 100. Use of the enable inputs 
rather than the clock ensures that a 
negative -going edge is only produced 
after 100 x 100 input pulses when the 
two devices have been reset. The second 
stage of IC16 produces a 50Hz square 
wave for driving the display, and a 10Hz 
waveform for timekeeping purposes. 

When the "run" button in Fig. 4 is 
depressed, the bistable NAND gates are 
set which makes the enable X and Y 
lines go low. A negative -going pulse is 
therefore applied to IC18 via CI which 
produces a high reset pulse for a short 
period, determined by the time constant 
C1R1. Because two parts of the circuit 
require a negative -going reset pulse, a 
gate of IC19 is used to generate the reset 
function. The reset pulses act on all of 
the divider and counter stages in the 
circuit. When these pulses end, division 
and counting begins. 

Because both clock inputs of ICI are 
low, the first 10Hz falling edge to arrive 
at the enable inputs of ICI causes one 
increment of the X and Y counters. If no 
buttons are depressed at this time the 
select X line will be high and the select Y 
will be low which causes IC5 to accept 
data from the Y counter. This data is 
passed to IC9 where it is decoded and 
used to drive the display. Subsequent 
negative -going 10Hz clock edges cause 
further incrementing of the counters in 
ICI until negative -going edges at the 
two D outputs cause incrementing of 

Back plane 

L D 

Segment off Segment on 

D4056 

Fin 
50 Hz drive 

voltage 

I I I I 

Data Strobe 

Fig. 5. Generation of the alternating 
drive voltage. Voltage doubling and 
cancellation causes the segments to 
turn on and off respectively. 

the X and Y counters in IC2. This 
process continues until a further button 
depression displays the contents of the 
Y counters. The gates in IC15 are used to 
modify the count sequence so that IC3 
counts from 0 to 5 and then resets. This 
circuit uses the reset pulse at the start of 
a timing sequence. Gates IC14 forms two 
edge- triggered bistable circuits which 
are set when the D outputs of IC4 
produce a negative -going edge. Because 
IC3 counts up to 5, IC7 only has to select 
a 3 -bit word. The spare selector is used 
to choose the X or Y output from IC14. 
The last- mentioned circuit therefore 
stores the state of the Vz digit used to 
indicate tens of minutes. 

Depression of the "split" button 
disables the data inputs of the decoder 
drivers and the internal data latches in 
these devices hold the information until 
the split button is released. The X 
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Fig. 6. Liquid crystal display 
connections. 
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button has two functions. Firstly, IC19 is 
reset which produces a high on the, 
enable X line to disable the X counter 
input in IC1. This prevents further 
incrementing of the X counter chain. 
Also, while this button is depressed, the 
select X line is kept low and the Y line 
high which allows IC5 6, 7, 8. to display 
the X counter information. When the 
button is released the Y counter 
information is again displayed. The Y 
button resets IC18 and produces a high 
on the enable Y line. This disables the Y 
counter in ICI and stops further incre- 
menting of the Y counter chain. Note 
that until the Y button is depressed, the 
reset pulse is not operated if the run 
button is used. This feature allows 
cumulative timing using only the run 
and X buttons. 

Display 
A reflective field -effect display was used 
in the prototype, which can be powered 
from 3 to 10V. An alternating drive 
voltage prevents degradation of the 
display cell and the circuit arrangement 
for producing this is shown in Fig. 5. The 
50Hz square wave is a compromise 
between a minimum frequency set by 
flicker, and a maximum set by increas- 
ing display dissipation due to the charge 
and discharge of display segments. The 
CD4056 display driver produces anti - 
phase square waves for segments which 
are to be displayed, and in -phase signals 
for segments which are turned off. 
These waveforms are relative to the 
square wave on the backplane so 
voltage doubling and cancellation 
occurs. Display corrections are shown 
in Fig. 6. 

Components List 

Integrated circuits 
1 , 2, 3,4,1 6,1 7 

5,6, 7, 8 
9,10,11,12,13 
18,19 

Resistors all 1/10 W 
1 -5 
6 
7 

8, 9 
10 

Capacitors 
1 

2 
3, 4 
5 
6, 7, 8 

CD4518 
CD4019 
CD4056 
CD4011 

1MS2 
22MS2 
150kS2 

1 MO 
1kS2 

100pF polystyrene 
10pF silvered mica 
100pF polystyrene 
47µF 6.3V tantalum 
10µF ceramic 

Display - LXD 7545 (Transworld Scientific, 
High Wycombe, Bucks) 

Crystal - SX- 1V'A'S, 100kHz (Interface 
Quartz Devices, Crewkerne, Somerset) 

Battery -4 X RM675H mercury cells 

Printed circuit boards 
Two double -sided p.c.bs will be availa- 
ble for this design. The boards, which 
are based on the author's layouts to be 
described next month, are priced at 
£6.00 for the set and are available from 
M. R. Sagin at 11 Villiers Road, London 
N. W.2. 
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Re- invention -- how often? 
Why does engineering history repeat itself with such uncanny 
accuracy? 

F. G. Canning F.Inst.R.E.E.(Aust) Consulting Electronics Engineer 

Anyone like myself, whose personal 
experience covers almost the same time 
interval, must have found Wireless 
World's feature "Sixty Years Ago" a 
stimulant to long- dormant memories. I 

wonder if such readers may have been 
reminded, as I was, of the frequency 
with which certain inventions or deve- 
lopments, well -known and even com- 
mercially exploited in those distant 
days, have seemingly sunk into oblivion 
only to be re- discovered or even claimed 
as new inventions after the passage of 
relatively few years. 

Musing over such things, one must 
wonder how far these duplications may 
be due to chance, to national insularity, 
to conscious plagiarism, or (more 
seriously, perhaps) to inadequate 
familiarisation with prior art at the 
educational level. Illustrations of all 
these causes could probably be cited, 
but the last- mentioned seems to me the 
most serious and intractable problem, 
given the breakneck and accelerating 
pace of development in the electronics 
and allied fields. How can time be found 
in an undergraduate course to trace the 
historical development of even a limited 
sector - e.g. radio transmission of 
intelligence - from, say, the beginning 
of this century? How many of today's 
engineers -in- training have ever been 
told, for instance, how an electric' arc 
can be, and was, used commercially for 
long- distance radio transmission? Ob- 
solete the method may be, but the 
principle underlying it is still valid and 
further use may yet be found for it, 
perhaps in a very different context. 
'Later, I will mention one similar case 
within my own knowledge. 

Permeability Tuning 
One day late in 1939 my managing 

director said "what are we going to do 
about this ?" He handed me a letter from 
a gentleman in the USA (no names, no 
pack -drill) claiming retrospective 
royalties for several years' use, in 
broadcast receivers, of "his patent 
covering the tuning of radio -frequency 
circuits by movable iron -dust cores." 
The claim was, of course, laughable to 
anyone acquainted with European 
activities, but memory stirred in its 

Whether through ignorance, insu- 
larity, chance, plagiarism or some 
other cause, inventions and ideas 
that once held great hope are 
abandoned then resuscitated, 
often without any credit being 
given to the originator. The author 
offers a few case histories and 
leaves us to draw our own 
conclusions. 

sleep and suggested a really resounding 
anticipation of this "invention." Refer- 
ence to the local public library produced 
the files of Wireless World for the years 
1919 and 1920 and in the issue of 
February 1920, pages 672/673, we find 
some details of the Marconi Amplifier 
Type 55B, then in commercial produc- 
tion, and also mentioned a year earlier 
in the issue of February 1919. This was a 
radio -frequency amplifier intended for, 
roughly, the 200 -600m wave -band, 
having six radio -frequency amplifier 
stages and a detector, with ganged 
permeability tuning of the r.f. stages 
using a single control! The tuning cores 
were, admittedly, crude, consisting of 
fine iron filings dispersed in cores of 
hard wax mounted on a single control 
handle and the tuning was broad, but no 
one could dispute the anticipation of the 
principle. This gives some indication of 
how far Capt H. J. Round and his 
Marconi engineering team were ahead 
of their time in certain directions at that 
period. 

Cone Loud -speakers. 
The moving -coil speaker with cone - 

shaped diaphragm is nowadays gener- 
ally credited to Rice and Kellogg in the 
USA and indeed they probably pro- 
duced the first commercially -successful 
design. But how many people realise 
that this design was really little more 
than the wedding of two features, both 
derived from Europe, which were 
already many years old? 

The cone diaphragm, in principle very 
much as it is used today, first came to 
my notice in the remarkably efficient 
"Type A" headphones of S. G. Brown in 

England. I do not know their year of 
origin but they were already well -es- 
tablished when I first wore a pair in 
1918. The original diaphragms in those 
headphones were exactly analogous to 
today's cone speaker - a very light 
cone, of spun aluminium in this case, 
suspended by a ring or "surround" of 
very thin and flexible parchment paper 
between its edge and a more substantial 
cylindrical aluminium support which 
carried the whole assembly in proper 
relation to the magnetic drive system; 
this latter was, not a moving coil, but a 
tuned steel reed attached to the apex of 
the cone. The paper surround ring was . 

later found unduly susceptible to mois- 
ture and failure of the glueing and was 
replaced by a flexible aluminium sur- 
round integral with the cone. I know of 
at least one pair of these remarkably 
sensitive headphones still perfect and in 
regular use. 

As for the moving -coil drive, that 
certainly goes back at least to a patent' 
of Sir Oliver Lodge of much earlier date 
and perhaps even further. Once, when 
attending a lecture on loudspeakers 
where I mentioned this patent, I was 
called to order by someone who pointed 
out that it was for a moving -coil relay 
and had nothing to do with loud- 
speakers. Granted; all the same, anyone 
who has ever dissected one of the first 
commercial moving -coil speakers (a 
Magnavox model with metal diaphragm 
and gooseneck horn, circa 1916) is likely 
to suspect the origin of the idea. The coil 
and its attachment to the metal diaph- 
ragm might have been made directly 
from one of Lodge's patent sketches. 
Coincidence, perhaps? 

Compressed air and the loud- 
speaker 

A fair example of re- invention seems 
to have occurred here. Around 1921 

there appeared in England what may 
have been the world's first loudspeak- 
ing gramophone, the "Stentorphone," 
whose source of sound was compressed 
air rather than a vibrating diaphragm. It 
was, I believe, a brain -child of Mr. 
Gaydon, at that time Chief Engineer of 
the Creed Printing Telegraph Co. of 
London. It was a large cabinet -type 
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instrument whose tone -arm carried, not 
the conventional sound -box with 
diaphragm but a clever spring -balanced 
comb -type valve whose motion, when 
displaced laterally by the stylus, 
released a proportional amount of 
compressed air at around five pounds 
per square inch into the tone -arm and 
thence to a large horn built into the 
cabinet. A small motor -driven com- 
pressor in the cabinet base supplied the 
air. By the simple action of a by -pass 
valve in the air line the volume of sound 
could be controlled smoothly from zero 
to an overwhelming roar. I fancy that 
anyone who ever heard a Stentorphone 
in full cry will clap his hands over his 
ears at the mere memory. I have a clear 
recollection of an occasion when Caru- 
so's top note in "O Paradiso," from 
"L'Africaine," drove us pell -mell into 
the street and brought the neighbour- 
hood running to the scene of the 
supposed crime. Yet in skilled hands 
and with delicate adjustment of the 
comb valve the quality of reproduction 
was ahead of its time. 

Time passed and by 1926 or so the 
Stentorphone might never have been, 
so completely did it seem to slip from 
public ken. However, in the mid- 1930's 
the identical principle re- appeared in 
the USA with a blare of publicity as an 
American invention intended primarily 
for the exhortation of mere groundlings 
by announcers in slow- cruising aero- 
planes. "The Voice from the Sky" was, I 
think, ostensibly aimed at traffic control 
and military uses, but it was speedily 
enlisted in the eternal struggle to sell 
more of so- and -so's soap and like 
commodities and in this capacity it soon 
became such a day -long public pest that 
within a short time it was made illegal in 
Australia and other countries and 
disappeared from current knowledge. 
But it re- appeared, once again as a 
nominally new invention, during the 
39 -45 war, this time as a maritime 
loudhailer and no doubt for other good 
uses. By that time, presumably, the 
air -valve was being operated by a 
transducer driven by an amplifier from 
a microphone. 

The Quenched Spark Gap 
I am not sure in what year the 

quenched gap went into service com- 
mercially in radio transmitters, chiefly 
through the painstaking work of the 
Telefunken Company in Germany, but 
by the early 1920's it was well- estab- 
lished in many countries, including 
America, as possibly the best device for 
spark transmission (when properly 
maintained) and was in wide -spread use 
in ship -to -shore telegraphy. Its operating 
principle was by no means as simple as 
it looked and was worthy of study. Used 
in the primary, high -voltage circuit of a 
spark transmitter, it aimed to give a 
very rapidly- quenched spark discharge 
consisting of only one or two oscillatory 
cycles, thus providing, in effect, pulsed 
excitation of the tuned secondary and 

aerial circuit which was then left to 
oscillate at its own frequency. Reflec- 
tion of energy back to the primary 
circuit was prevented by the open -cir- 
cuit at the gap. The result was a 
sharply- tuned, highly efficient spark 
transmitter with a beautiful note, at the 
receiving end, of 800 to 1000 Hz, but this 
depended heavily on proper operation 
and maintenance. The "gap" consisted 
of a number of finned air -cooled spark 
gaps in series, of a number just suffi- 
cient to be broken down by the availa- 
ble primary voltage; one gap too few 
could spoil the quenching action some- 
what and broaden tuning, while one too 
many would sometimes give sparking at 
half the proper frequency, i.e. on every 
second cycle. The theory of the device 
involved the combined quenching 
effects of rapid cooling, magnetic 
blowout by the radial field surrounding 
the discharge, and the difficulty of 
maintaining an arc between pure silver 
surfaces in an atmosphere of nitrogen. 
The effect aimed for was a single spark 
per cycle as nearly as possible - not a 
continuing arc. If the silvered gaps were 
made absolutely air -tight, a period of 
operation would burn out all oxygen 
and thereafter quenching could be 
almost perfect. 

However, the early twenties saw the 
rapid development of the thermionic 
valve in continuous -wave transmission 
and by 1925 or so the spark transmitter, 
of whatever type, was on its way out 
and presumably was no longer men- 
tioned in engineering education. So 
when, around 1943, a Government - 
owned laboratory, manned mostly by 
the cream of recently -graduated elec- 
tronics engineers, was working on a 
specialised radar transmitter and decid- 
ed that a spark discharger was the 
simplest quickly -available device for 
use with a pulse- forming line, effort was 
concentrated on a rather simple and 
crude version of the Marconi rotary 
spark gap, a type never notable for very 
good quenching. Enquiry produced the 
surprising information that no one 
involved had ever heard of the 
quenched gap and they were glad to be 
told about it, though it was already too 
late to be of use for that project. 

So it seems that a highly developed 
and commercially effective device had 
disappeared from engineering training 
and knowledge in the space of little 
more than fifteen years; it was not even 
known as a historical fact. 

En passant, Telefunken was respon- 
sible for many other design features of 
high efficiency, especially in radio 
reception. We tend to think of small, 
totally -enclosed and robust signal rec- 
tifiers as a very modern product of the 
semiconductor age, but I have not 
forgotten my astonishment when, in 
1920, I saw the radio operator of a 
German -built ship pull the crystal 
detector of his receiver out of its 
two -pin socket and nonchalantly drop it 
into his pocket prior to going ashore. 
And this was not even the relatively 
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robust but insensitive carborundum 
rectifier of those days - it was a galena 
crystal, quite the most delicate and 
tricky detector then in use, which 
normally responded only to infinitely 
careful and breathless searching with 
the point of a long wire "cats- whisker" 
and could become insensitive at the 
lightest jar. 

Telefunken's insistence on air dielec- 
tric tuning capacitors when competitors 
were mostly committed to solid - and 
lossy - dielectrics, their careful use of 
ceramic insulation in radio -frequency 
circuits, their introduction of "Litzen- 
draht" (specially stranded) conductors 
in tuning coils to reduce r.f. resistance 
and their use of the low -capacitance 
"bank- winding" in these coils to further 
reduce r.f. losses, all testified to their 
recognition that in those days the only 
signal you heard was one that deve- 
loped enough r.f. voltage to operate a 
rectifier, unaided by any amplification 
whatsoever except that of the "Q" of 
tuned circuits. I wonder how many 
engineers could bank -wind a coil now, 
though the method is still a sound one 
for raising coil efficiency at the lower 
radio frequencies. 

Negative -resistance Oscillators 
In the very early 1920's some interest 

arose in amateur radio ranks over what 
became known as the "Numans" oscil- 
lator. At that time the Dutch Philips 
concern had made available what was 
possibly the first valve having two 
concentric grids. The application of a 
modest positive voltage to the extra grid 
partially neutralised the space charge 
and so enabled the anode voltage to be 
reduced to, I think, something under 
20V, very low for those days. Mr. 
Numans, a Dutch radio amateur, used 
one of these valves (by means which 
were probably not then understood by 
anyone) to produce what I recall as a 
two -terminal oscillator with no obvious 
means of feedback _ and a good 
frequency -stable oscillator too. I no 
longer have a record of the actual 
circuit, but looking back it does seem 
possible that Mr. Numans may have 
independently invented, and perhaps 
forestalled, the Dynatron negative - 
resistance tube of Dr. L. M. Hull, of the 
General Electric Co., USA. However, I 
cannot be sure of the relative dates and 
have not tried to confirm them. Later, of 
course, other specialised negative - 
resistance valves were designed and, to 
a limited extent, produced; for example 
the "Negatron" of J. Scott -Taggart 
which was, I think, used in certain 
marine receivers. 

These reminiscences may or may not 
be relevant to the initial question of how 
far, if at all, historical survey of prior art 
should rightly have a place in engineer- 
ing education. But few as my examples 
are, I rather think that most of them will 
be unfamiliar to the present generation 
of active engineers. If they stimulate 
any thinking on the subject, that might 
perhaps be no bad thing. 
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Designing battery chargers 
Difficult -to -find design curves and an 
over -charging protection circuit 

by Thomas Roddam 

Have you ever seen a simple account of 
how to design a battery charger? It was 
with some surprise that I realised 
recently that I could not recall any 
description at all of the design 
characteristics of a transformer- recti- 
fier system for pumping energy into a 
battery. Yet we are all using batteries 
nowadays. In my earliest days there was 
a dimple procedure: you seized the 
leather strap, and headed for the local 
bicycle shop. Later there was the great 
array of cells in a battery room: two lots 
at 13 volts and two at 24 volts. Fred, in 
permanent attendance, living in a 
permanent sulphuric atmosphere, spent 
all his day charging and discharging 
'his' batteries. Now we have float 
"aeration and if we are very rich, 
sensors for cell temperature, electrolyte 
specific gravity, the F.T. index, and a 
small computer to decide just what 
current to deliver. 

I just want to charge my batteries, 
though I may add a cut -off device. How 
do I choose the transformer and the 
rectifier. The essential conditions really 
boil down to the following. If the mains 
voltage is high, and the battery voltage 
is low we must not overheat the 
transformer or overload the rectifiers. I 

assume we are not in a mad panic to get 
the battery charged again, so that we 
are well below the safe charging current 
of the battery. If the mains voltage is 
low and the battery is not particularly 
low we want to go on feeding energy 
into the battery. 

There is a G.E. application report 
which can be used to guide the designer, 
although I found, when I tried to use the 
equations provided, that I fell rather 
quickly into confusion. The alternative 
method which I have now adopted 
involves some guess and try, but does 
provide a very simple approach. The 
starting point is a very useful set of 
curves for the design of rectifier circuits 
with capacitor input filter which are out 
of print in the original publication and 
which are reproduced in Fig. 1. 

To use these curves we consider what 
happens when we charge a battery. The 
charging current is, or so the, meter 
says, a direct current, while the terminal 

inexpensive 

voltage remains nearly constant. This is 
very much the behaviour of a parallel 
capacitance and resistance. The only 
difference is that instead of thinking of 
a load current we must now think of a 
charging current. The battery capaci- 
tance is very large, so that we can replot 
the ratio curves as a single graph for 
uCR large, with simply output voltage 

Fig. 1. Edc /Frlmax, % as a function of 
wRLC for full -wave circuits. C in farads 
and RL in ohms, w =2'rf. 
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as a function of the ratio of source 
resistance to load resistance. This is 

what we have in Fig. 2. 

Let us assume that we are dealing 
with a nominal 24 -volt battery, with 12 

cells. The float level of this battery will 
in practice be 2.25 volts per cell, giving 
27 volts. The reason for operating at 2.25 
volts per cell is that this is the point at 
which we have the maximum energy 
storage combined with the longest 
possible life. When a battery has been 
used it is not uncommon to boost it up 
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Fig. 2. Characteristics of full -wave 
rectifier forWCR large, as is the case in 
battery charging. 

to 2.6 to 2.7 volts per cell. I am not sure 
why, but it may be to make sure that all 
the cells are fully charged. This can 
bring us to a terrifying 32.4 volts, when 
lamps and transistors start to pop. 
Actually, the terminal voltage falls back 
once the charging current is cut. 

Let us allow a meagre 1.2 volts drop in 
the rectifier bridge and our extreme 
condition corresponds to a direct 
voltage of 33.6. For the purpose of this 
analysis I shall assume that on a day 
when the mains input is 6% low it will 
take forever to reach 2.7V per cell. I 

shall therefore have road = 0, so that 
Road_oo and Rs /RL =O. For a peak 
voltage ET of 33.6 we must have 
Enns =23.8V. This, however, is for a low 
mains input, and the nominal value 
must be 6% higher, or 25.3V r.m.s. We 
have thus defined the turns ratio of the 
input transformer. 

When the mains are 6% high we shall 
get = 26.8V, and E,. = 3'7.8V. Now we 
must subtract, say, 1.3V for the recti- 
fiers, and we have an effective ET of 36.5 
volts. . 

It must be accepted that if you are 
sharing a battery, the other users will 
run it down to 1.8 volts per cell. When at 
last you can switch on the charger the 
terminal voltage will be only 21.6 volts. 
Sooner or later this condition coincides 
with the high mains input and we 
must consider the condition where 
Ede /Er = 21.6/36.5, which is pretty close 
to 60 %. 

This max -min -max -min rate gives us 
our entry point to Fig. 2. We find that 
we must have a value of Rs /RL =27 %. 
Let us say that to save money, not time, 
we have a nominal charge rate of 6 
amps. For this current, and 24 volts, the 
value of RL is 4 ohms. Immediately we 
see that we must make Rs 1 ohm. This 
includes the resistance of the trans- 
former secondary and the primary 
resistance as seen at the secondary. 
Usually we can simply take twice the 
secondary winding resistance as a 
reasonable approximation. The trans- 
former is, roughly, a 150W size, and will 
certainly not have 36 watts of copper 
logs: a physical resistor will be needed. 

We do not know if this design is even 
roughly right, however. Let us go to 
design centre conditions. We shall then 
have a nominal 23.5V r.m.s., giving 
Er = 33.2, from which we take off 1.2V 
(the exact figure is chosen to get round 
numbers) to get ET(max) = 32V. The 
battery voltage is assumed to be at the 
2.25 volts per cell level, or 27V so that 
Ede/ET= 85%. Returning to Fig. 2, we 
find Rs /R1. =4 %, to that RL must be 
about 25 ohms. At the float level, then, 
the charging current is only a little more 
than 1 amp. We probably need to 
change something. What has happened 
is that we have been overcautious with 
our boost condition, but I shall stick 
with this transformer for a moment 
longer. 

I do not work with a simple float 
system, because it is really too noisy and 
although it does not affect the way my 
equipment works, it gives a fuzzy trace 
on the oscilloscope. Now a battery 
which is roughly 20 to 80% fully charged 
is operating fairly close to 2 volts per 
cell. Under these conditions, when the 
battery is being topped up at lunch- 
time, for example, Ede /ET = 24/32 = 75 %. 
This means that Rs /RL = 10%. If we take 
a desirable charging current as 4 amps, 
this will make RL = 6 ohms, and so 
Rs = 0.6 ohms. My guess for the effective 
copper loss resistance of the trans- 
former is 0.2 to 0.3 ohms. We then have 
the possibility of putting in an external 
resistor to give the extra 0.3 to 0.4 ohms, 
with an additional 0.4 ohms which is 
switched into circuit to limit the current 
under flat battery conditions. We could 
Fig. 3. The ratio r.m.s. rectifier 
current /average current per rectifier 
plotted against n,iRLC. C in farads, R, 
in ohms. n=1 for half -wave, n= 2 for 
full -wave and n = 0.5 for voltage 
doubler. 
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have changed the resistance to suit 2.25 
volts per cell, but then we should have 
needed to check the 2.0V condition. 
However, let us see what happens at 
2.25 volts per cell with 0.6 ohms. We 
have Rs /R, =4 %, so that RL must be 15 
ohms. The charging current has fallen 
from 4 to 1.8 amps. At a rough guess, I 

should say this was about the right size 
of float unit for a system in which the 
load varied from, say, 1 to 3 amps. 

It is quite easy to work out the 
charging current at various values of 
Ede, an invented regulation characteris- 
tic for the charger. If the current is 
found to be excessive, a new value of Rs 
must be used, and we can choose to 
switch this into circuit. There are 
advantages in putting this resistance on 
the primary side. In our example the 
transformer will be roughly 10:1 for 240 
volts working. It is much easier to find a 
33 -ohm resistor than a 0.33 -ohm unit. At 
6 amps the dissipation will be about 12 
watts. An inductor, in the a.c. part of the 
circuit, can be used. A ImH inductor 
will give 0.3 ohms effective impedance 
at 50Hz, and will reduce the amount of 
heat generated - at a price. 

Rectifier circuits 
A figure for rectifiers in the ordinary 
power supply is shown as Fig. 3. Again 
we just use the right -hand edge of this 
set of curves. We had a condition of 6 
amps average with Rs /RL =27 %, and 4 
amps average with Rs /RL = 10 %. For use 
in Fig. 3 we need to take Rs /2k, 
because the rectifier is full -wave, and so 
we have either (2.1 x 6)/2 or (2.5 x 4)/2 
as our criterion. It boils down to a 
rectifier r.m.s. current of 6 amps as our 
design figure. The reverse peak voltage 
follows the usual rule of being either ET 
or 2E.r but everyone is conservative 
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Fig. 4. The ratio repetitive peak 
current /average current per rectifier, 
plotted against nwRLC. C in farads and 
RL in ohms, co =211' and fis line 
frequency. n=1 for half -wave, n = 2 
for full -wave and n= 0.5 for 
voltage -doubler. 

when it comes to the choice of rectifier 
and step -down circuits are notoriously 
sensitive to mains spikes. 

It is useful to check the rectifier peak 
circuit, using Fig. 4. There is no single 
inrush problem with a battery, as it is a 
charged capacitor when it starts. Under 
running conditions we shall get a ratio 
of I /Io of about 6.5 or a current of 
about 13A. The rectifier designer has 
usually taken this into account, but this 
figure enables us to guess an order of 
magnitude for the ripple voltage. A 

battery will have an internal resistance 
in the region of 10 milliohms, though it 
is not easy to get more than a rough 
number. But 10 milliohms will give 0.13 
volts peak -to -peak ripple on the battery. 
It is a spiky ripple, as the peak -to -aver- 
age current ratio indicates and is 

acoustically more of a nuisance than the 
numerical value indicates. 

The use of half -wave rectification for 
battery charging was quite common at 
one time. Whether this was simply an 
economy measure in the days when 
copper was cheap and rectifiers were 
expensive, or whether it was the result 
of a mildly magical belief that the 
battery needed 15 milliseconds rest after 
a 5 millisecond current injection it is 

hard to know. Half -wave circuits have 
been used recently with thyristor 
controllers and it is useful to have on 
record the essential design curves, even 
if only to use them for their original 
purpose. Fig. 5 is the half -wave version 
of Fig. 1 and, as before, we can construct 
Fig. 6 to cover the very- large- capacitor 
or battery application. The regulation is 

seen to be even worse than the regula- 
tion of the full -wave system. The curves 
for the rectifier requirements are appli- 
cable to both modes of operation, so 
that we have a complete basis for the 
design of the half -wave system. 

Information about the transformer, 
and all those odd factors which appear 
as utilisation factors, can be found in 
any reference book and in a good many 
rectifier catalogues. It is hardly neces- 
sary to repeat them here. One detail is 

worth mentioning, however, because it 
does sometimes get designers confused. 
If we use a half -wave rectifier we 
naturally have current flowing in the 
transformer secondary only for, say, the 
positive half -cycles. This means that a 
meter will show d.c. flowing through 
the winding. We all know that if you 
have d.c. in an iron -cored coil you will 
probably need to provide an air gap in 
the core. The unwary designer thinks of 
his transformer secondary as an induc- 
tor carrying d.c. and arrives at an 
unnecessarily large structure. The 
conditions in the core are set by the 
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applied voltage: the flux density is the 
time integral of the voltage, with turns 
and area as factors, and the voltage is 
symmetrical. The use of half -wave 
rectification does not produce any flux 
offset under any normal operating 
conditions. The high Ir11s /Idc ratio makes 
the transformer pretty inefficient 
anyway, but there is no advantage in 
making it even worse. 

The full -wave rectifier circuit was 

(u) R1 C 

20 

25 

30 
35 

40 

50 

60 
70 
80 
90 
100 

i r,iul i i i i ,ul 
100 1,000 

designed as an example to show the use 
of the design curves and with the 
criterion that it should just haul the 
battery up to the 'boost' voltage, 
combined with a maximum current at 
the start of charge, we found that the 
charging current fell smartly as charg- 
ing progressed. We should call this 
'taper charging' if we wanted to sell a 
cheap charger with this performance, 
and would point out the essential safety 
of the drooping current characteristic. 
Some users, however, do not want to 
wait forever, to get a really full charge 
into the battery. 

Examination of Fig. 2 shows that the 
curve is pretty close to 
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Let us choose to have 6 amps charg- 
ing at 21.6 volts, which makes RL 3.6, 
and 4 amps charging at 27 volts, the 
normal float level, which makes RL 6.7. 
We can then write 

and 

Er 3.6+2Rs 
21.6 3.6 

Er 6.7+2Rs 
27 6.7 

It is a quick step to get Er = 37.2 volts 
and Rs = 1.3 ohms. 

We can, if we wish, construct a full 
regulation characteristic, but the resis- 
tor is now going to be rated at, in 
practical terms, 48 watts. This charger, 
left on indefinitely, will try to bring the 
battery up to just over 3 volts per cell. 

Over- charging protection 
It is not expensive to provide some 
protection against over -charging. The 
cost starts to rise if we write a very tight 
specification. At one time the method 
was to use a voltage- sensitive trip 
circuit, but it is probably cheaper to use 
solid -state switching, and we can make 
the system fully automatic. This means 
that it will be permanently connected to 
the battery. The disadvantage is battery 
noise, but in many applications the 
equipment must be designed to put up 
with this, anyway. 

The circuit is shown in Fig. 7. Ignore 
D2 and R4, which are simply there to 
provide 50 to 100 mA trickle into a 
charged, idle battery, and possibly some 
lamps. The main charging path is 
through the thyristor Th,. If Th2 is not 
conducting, Th, will start to conduct as 
soon as point P rises enough above the 
battery voltage to get triggering current 
through R, and D1. For a BTY79, which 
can be obtained easily, and which will 
carry the 6 amps of d.c., we might make 
R, 100 ohms, and D, a small half -amp 
rectifier diode. 

As soon as the voltage at P reaches 
about 3 to 4 volts above the battery 
voltage the thyristor triggers and 
current flows into the battery. 

Now let us operate Th2. The cathode 
of Th, is at not less than 21.6 volts, while 
P will peak up to 37.2 + 6%, say 40 volts 
under worst mains conditions. We can 
make R2 = R,, and the gate of Th, will 
only be 20 volts above the negative line, 
so that Th, will not trigger. The current 
through R, + R2 will be, at its peak, 
40/200, or 200 mA, which makes Th2 a 
small device and R, and R2 conveniently 
3 -watt resistors. A suitable cheap device 
(£0.50) for Th2 is the BTX18, which 
needs up to 5mA to trigger it, and which 
may trigger at anything from 0.5 to 2 
volts. The trigger current is provided by 
the capacitor, C, which is only needed to 
be, say, a 5 -volt unit and can be 10 to 
100µF. Resistor R3 is needed to let C leak 
away, and 1000 ohms is as good a value 
as any. 

The choice of P,, the resistor in series 
with it, and the zener diode are pretty 
arbitrary. For a 24 -volt battery it seems 
reasonable to choose a 10 or 12V zener 
diode. Value of P, is conveniently 1000 
ohms, and the series resistor should be 
worked out so that the slider of the 
potentiometer is fairly near the top. 
Indeed, it is probably better to use a 500 
or 200 -ohm potentiometer and put 
resistors both above and below it, to 
limit the range of adjustment. 

There are three phases of the control 
operation. If the battery is low, Th, fires 
but Th2 does not. As the critical region is 
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approached, after Th, has fired, the 
ripple voltage across the battery will be 
enough to tip Th2 on, although as Th, 
has already fired this does not matter. 
When the battery voltage is high 
enough for the necessary few milliamps 
to be flowing through the zener diode, 
Th2 will fire as soon as its anode volts 
permit. This is before Th, has reached 
the trigger point, and the firing of Th2 
cuts off the trigger supply to the gate of 
Th,. Charging, except through D2 and 
R4, stops. 

The circuit can be set up fairly quickly 
if a large capacitor and, say, a 6.ohm 
resistor are used in place of the battery. 
The low current through the zener 
diode and the range of values for the 
trigger conditions of Th2 make it 
impossible to calculate the exact set- 
ting. In practice a unit of this kind will 
have a transition region of about half a 
volt, which is good enough for general 
applications. The use of an operational 
amplifier or comparator, in a control 
section of the style shown in Fig. 8, will 
give a very high precision, but such 
precision is meaningless when the ripple 
voltage is greater than the setting 
accuracy. 

Perhaps the only justifiable improve- 
ment is to go the whole hog. The 
equipment is supplied from a stabilised 
power supply and the battery is merely 
a stand -by system. The problem we 
have considered is basically different 
from, and simpler than, this. The design 
curves are the necessary aids to its 
construction. 

Fig. 7. Automatic charger control. 
Circuit can be simply set up by using a 
large capacitor and suitable resistor in 
place of battery. 

Fig. 8. Use of precision control section 
is only meaningful if ripple voltage is 
less than required setting accuracy. 



Wireless World, December 1976 

Circuit 
Ideas 

TWo -phase v.c.o. 
The standard method of obtaining an 
oscillator that will deliver a two -phase 
output (i.e. sin and cos) is to follow a 
conventional oscillator by a phase - 
locked loop, thus generating the quad- 
rature signal. This has the disadvan- 
tage that, if a variable frequency is 
required, the capture range of the p.l.1. 
may be exceeded, or there could be a 
large phase error. 

This oscillator is based on the above 
approach, but is a symmetrical version 
which does not have a restricted range 
or phase error. The circuit consists of 
two v.c.os, and pin connections are 
shown for the 8038 which gives a 
sinusoidal output. The i.cs are driven 

10k 
f - adjust 

3V3 

ZTX300 

1k5 

Z TX500 

10k 

Voltage divider 
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When working with i.cs it is often 
necessary to have positive and negative 
supplies, and it is desirable that each 
supply remains steady with changes in 
load current. This circuit has been a 
useful addition to an adjustable 0 to 15V 
stabilized supply. For +5 and -5V, 
potentiometer R1 is set to the mid 
position and the current through the 
output transistors is set to 20mA by R2. 

Voltage difference between the non 
inverting input and the output earth 
varies by about lmV when the input 
voltage is adjusted between 4 and 15V, 
or if the current from one half is 
changed from 0 to 100mA. 
C. H. Banthorpe, 
Northwood, 
Middx. 

from a standard NE5596 multiplier 
circuit via a low pass filter. The two 
oscillators are locked together in fre- 
quency and 90° apart in phase by taking 
their triangular outputs to the multi- 
plier inputs. A 90° phase difference 
between them causes equal d.c. collec- 
tor voltages, and any deviation from 90° 
produces a voltage difference across the 
collectors which restores the phase. 

Frequency of the oscillators is väried 
by producing a common -mode output 
voltage in the multiplier. This is 

achieved by altering the bias current. 
Thus, the oscillator is tuneable over a 
wide range, with nominally zero phase 
error. 

The frequency adjust potentiometer 
and resistors are set to give the required 
range, but the potentiometer can be 
eliminated if v.c.o. operation is required. 
If sinusoidal outputs are not needed the 
cheaper 566 type of v.c.o. can be used. 
J. M. Worley, 
Colchester, 
Essex. 
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Peak reading r.f. probe 
This peak- reading r.f. probe has no d.c. 
offset adjustments, does not suffer from 
temperature instability, and is capable of 
measuring r.f. levels from lmV to about 
4V. It is designed to be an add -on circuit, 
for a multirange meter, and measures 
frequencies in excess of 100MHz. A 
CA3046 is arranged as two symmetrical 
d.c. Darlington pairs, and the maximum 
output offset was found to be 700µV. 
The temperature coefficient is (accord- 
ing to the CA3046 data) 1.11.iV /deg C, 
and the input impedance is 50kS2 in 
parallel with 3pF. To maintain this low 
capacitance the circuit must be con- 
structed in a small screened case with a 
short probe tip and no i.c. socket. 
Current consumption is under 1mA. 

6 

9V 

screen of device rf input 

T- 
10n 

o o 
d.c. output 
to meter 

tOn 

82k 

Linear /logarithmic sweep generator 
This circuit provides a logarithmic or 
linear sweep facility for the Intersil 8038 
function generator i.c. In the linear 
mode Tr3 acts as a constant current 
generator which charges Cf almost 
linearly. Transistors Trf and Tr2 reset 
the capacitor as the voltage across it 
reached about 1 /3V +0.9V. In the 
logarithmic mode, positive feedback 

+Vcc o 
9 to 15V 

R1 
3k3 

R2 
6k8 

allows exponential charging of the 
capacitor. Capacitor C2 shunts the 
narrow spikes that may occur from the 
circuit, and R3 sinks a low starting 
current without affecting the sweep 
characteristic. D1 improves the stability 
of frequency versus temperature but 
can be omitted with R4 to extend the 
range of the output waveform. Point A 

has a short positive pulse which may be 
processed to reset the 8038 capacitor, 
and to sync an oscilloscope. Voltage at 
point B must be set experimentally, and 
is dependent on Vcc. An overall fre- 
quency control may be achieved by 
making R5 variable. 
Sergio Villone, 
Turin, 
Italy. 
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Waveforms -in- quadrature 
generator 
Phase locked loop systems used for the 
detection of a.m. signals require either a 
two -phase signal or a two -phase local 
oscillator, the phases being rr /2 radians 
apart. The Signetics a.m. phase locked 
loop i.c. requires the signal to be split 
into two phases, which causes the 
lagging phase to be attenuated. If the 
system is to be tuned over a range of 
freqúencies, the phase relationship is 
only correct at one frequency. However, 
sufficient information is present to 
extract the other phase from the local 
oscillator signal without using any 
time- sensitive components. In addition, 
it is possible to make a circuit using the 
same configuration of transistors that 
would use this principle to detect a.m. 
The additional element required 
is' NE510 and a block diagram is shown 
in Fig. 1. It is not possible to make a 
connection to the input of the second 
multiplier in the p.1.1. because it is 
internally connected to the output of 
the Schmitt trigger. Therefore an 
external connection is used. 

When making a p.1.1. from scratch, 
t.t.l. can be used to obtain quadrature 
signals as shown in Fig. 2. To obtain two 
waveforms in quadrature, information 
is required at twice the repetition rate of 
the output. A Schmitt trigger is used to 

(d) 

square a sinewave oscillator at twice 
the required frequency or as a v.c.o. Its 
output is inverted by the second 
Schmitt trigger in the i.c. Waveforms at 
either side of this inverter are shown 
in above. These waveforms are 
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divided by two using the 7474 flip -flop. 
Output waveforms from the flip -flops 
are at half the input frequency and in 
quadrature. This system has only one 
time sensitive component which makes 
tuning over a large range possible. High 

Out put 
o 

D 

output 
9(i 

speed circuitry such as e.c.l. can also be 
used to extend frequency range of the 
quadrature signals. 
John de Rivas, 
Harlow, 
Fssex. 
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Line -powered 
microphone pre -amp 
In this circuit the usual collector 
resistance R, is built into an existing 
amplifier. The rest of the circuit can be 
fitted into the microphone case. 
W. H. Jarvis, 
Rannoch School, 
Perthshire. 
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North Sea communica- 
tions mess 

Some of those responsible for North Sea 
communications have been guilty of 
ineptitude if the word of Plessey 
subsidiary EAE Group Ltd's telecom- 
munications director, Mr Laurie' But- 
triss, is to be believed. Speaking at the 
World Offshore Oil Conference in 
London on October 5 he accused 
Government, oil companies and equip- 
ment manufacturers of lack of 
organisation and foresight. The weak- 
nesses, he said, were that essential and 
sensible regulations had taken too long 
to be compiled and issued, government 
departments had been slow to set up 
facilities onshore to cope with either 
traffic of different kinds or back up 
engineering, oil companies had been 
slow to invest in equipment, and major 
manufacturers had been slow in deli- 
very and had taken too long to recog- 
nise the oil field as a source of sales, 
failing to produce the necessary specia- 
lised equipment in time. 

Mr Buttriss would not name the 
companies or departments involved, 
but he told Wireless World that he 
could back up everything that he had 
said. EAE was formed in 1970 as a 
dedicated company to supply a service 
for North Sea oil development. In that 
capacity they bought in equipment and 
built a range of communications equip- 
ment for barges and oil rigs. They had 
about 30 such h.f. radio stations in the 
North Sea, he said, and, excluding 
more sophisticated equipment of the 
tropospheric scatter type, this repre- 
sented about 80% of the market. During 
the last few years, Mr Buttriss said, "no 
preference was given to the oil field by 
manufacturers. The Americans expect 
immediate attention and good service, 
and it's only in the last two years that 
any attention has been paid to the needs 
of the North Sea oil producers. In the 
past we have been let down on many 
many occasions by poor deliveries." 

He emphasised, however, that his 
remarks had not been aimed at the 
people supplying sophisticated systems, 

such as tropospheric scatter equipment. 
As to the government departments 
mentioned, the criticisms could also 
apply to the Post Office. All, he said, 
"were generally slow on the uptake ". 

As to the regulations needed, one 
difficulty was that vessels which were 
not self -propelled could not be classed 
as merchant navy vessels, and the 
regulations governing oil rigs and other 
towed vessels should have been made 
clear 10 years ago. 

In his paper to the World Oil Confer- 
ence Mr Buttriss contended that the use 
of satellites for the European oilfields, 
while initially expensive, is an attractive 
proposition for the future. "Starting 
with a survey to be carried out in the not 
too distant future by a major British 
company, I believe we can look forward 
to European oilfield satellite systems 
operational in the early 1980s." 

Here he was referring to a report that 
Marconi has been asked by the Euro- 
pean Space Agency to conduct a survey 
of satellite communications in the 
North Sea. 

Who's recording 
profits? 

In their annual report, Decca say they 
made increased profit from records and 
tapes, although depressed conditions in 
the home market meant that television 
contributed hardly anything. On the 
consumer side, turnover was down by 
£1 million to £81,800,000, producing a 
profit before tax on the year to March 
31, 1976 of £5.8 million compared with 
£6.7 million in 1975. According to 
Decca's report, "Sales of consumer 
products in the current financial year to 
date are lower than last year." Profits on 
capital goods increased, however, with 
Navigator and Decca Radar going up by 
an unspecified amount and profits in 
Decca Survey decreasing. Total tur- 
nover in capital goods increased by 
£6.7M to £88.2 million, making a profit 
of £10.5 million, an increase of nearly 
17 %. 

Usually the entertainment industry 
does quite well in a recession but sales 
of records and tapes have been 
depressed for two years now. According 
to a report in The Times record sales are 
steady or increasing in the under -25 age 
range, but older people find recorded 
music easier to go without. The top 20 
accounts for something like half the 
total record sales, which at retail prices 
were worth about £250 million last year 
and are expected to reach £273 this, an 
increase largely due to price inflation. It 
has been suggested that the industry 
would have benefited from the slump 
but for the illegal copying of records; 
last year 25 million blank cassettes were 
sold, and they can't all have been used 
to record birdsong. 
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Switched liquid crystal 
prism 

Two scientists at the Royal Radar 
Establishment have devised an 
electrically switched optical prism 
which uses liquid crystals to deflect a 
laser beam. Angular deflections up to 
±20° have been obtained with a layer of 
liquid crystal 1mm thick, according to a 
statement issued by the National Re- 
search and Development Corporation, 
who backed the project, but owing to 
electromigration effects the device only 
works with an alternating field. Until 
now the only comparable deflections 
have been those obtained using revolv- 
ing mirrors. The Kerr cell, a device 
which rotates the plane of polarisation 
according to an applied potential, gives 
deflections of only a fraction of a 
degree, and acousto -optic methods also 
give less than 1° deflection. It consists 
of a cell 1 to 2mm thick and 3 to 4mm 
wide containing a positive nematic 
crystal. The crystal molecules can be 
aligned parallel to the cell walls by 
applying a transverse alternating elec- 
tric field using four electrodes. In this 
state a polarised beam will pass through 
undeflected since the device acts as a 
uniaxial crystal with its optic axis 
parallel to the cell wall. If, however, the 
ratio of electrode potentials is altered 
the optical axis can be curved, and the 
light will follow a curved path through 
the cell. The effect is to alter the 
refractive index electrically instead of, 
as with a conventional device, altering 
the thickness of a material with a 
constant refractive index. "The angle 
through which the bearp is deflected 
depends on the cell dimensions, the 
optical anisotropy of the liquid crystal 
and the ratio of the electrode potential. 
The absolute values of the electrode 
potentials determine the speed of the 
deflection only." The angle of deflection 
varies across the cell since the optical 
path length is constant. 

An obvious application of the device 
is in scanning, but the region producing 
maximum deflection, say the NRDC, is 
that in which switching produces 
turbulence in the crystals, so contin- 
uous scanning is not possible at maxi- 
mum deflection. In this region the 
device is still capable of optical switch- 
ing. At 1kV the beam can deflect full 
scale and return is less than lms, though 
return is faster than deflection. Losses 
due to absorption and scattering are 
greater than half. 

Possible uses, say the NRDC, include 
laser beam deflection in computer 
storage, image modulation for pyro- 
electric devices; coherent or incoherent 
light torches for hazardous environ- 
ments; as an artificial horizon for 
instrumentation; and as an optical 
waveguide switch. The inventors were 
Dr D. Jones and Mr A. Fray of RRE, now 
RSRE, Malvern. 
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Air traffic control 
advances 

The United States' Federal Aviation 
Administration has placed a $1.5 million 
contract to revise and redesign its 
Enroute air traffic control system. 
Enroute is the computer based system 
which gives control information during 
the bulk of an aeroplane's journey, the 
beginning and end of the flight being 
handled by Terminal Area computer 
systems. It is a real time central 
monitoring system used by air traffic 
controllers in 20 centres to store and 
manipulate information about cross - 
country flights. 

The contract, placed with Computer 
Sciences Corporation, is to add equip- 
ment to compare all flight plans for 
times and places of "potential conflict" 
between flights; to compute and display 
for air traffic controllers several alter- 
natives to predicted conflicting 
demands for air space; to speed delivery 
of routine messages through tele- 
printers or computerised voice termin- 
als; and to compute and improve the 
timing of aircraft arrivals at busy 
airports. The equipment will be inter- 
faced with existing automated terminal 
systems, and its installation is expected 
to take about three years. 

The announcement of the contract 
comes at a time of great activity in ATC 
circles, much of it stimulated by the 
recent mid -air collision over Zagreb. In 
September pilots, airline representa- 
tives and aircraft manufacturers met in 
Washington to see if they could agree 
on a system that would make mid -air 
collisions less likely. There are two main 
computer -based alternatives, the Bea- 
con -based Collision Avoidance System 
(B -CAS), a secondary radar system 
which involves putting a computer 
aboard each aircraft and allowing the 
pilot to make the decisions necessary to 
avoid a collision, and the Conflict Alert 
system, which is also a secondary radar 
system but which allows a computer on 
the ground to make the pilot's decisions 
for him. Primary radar systems are 
entirely ground based, and provide only 
white dot displays on the traffic con- 
trollers radar screen, making no dis- 
tinction between one plane and 
another. Secondary radar labels each 
dot with the help of information from a 
radar source on each plane. 

The B -CAS system is on test in the 
United States, but the British Civil 
Aviation Authority is thought to favour 
the ground based conflict alert system. 
It may be significant that Computer 
Sciences Corporations statement 
announcing the order places emphasis 
on the need to make better use of 
existing computers and avoid the 
expense of new equipment, and on the 
requirement to interface with existing 
automated terminal equipment. 

Although the Zagreb tragedy has 
focussed attention on air traffic control 

A radio 
frequency test on 
Marisat 3 in the 
anechoic 
chamber at the 
Hughes Aircraft 
Company plant 
in California. 
Launched on 
October 14, it 
supplements 
Marisats 1 and 2 
launched in 
February and 
June and will be 
in stationary 
orbit over the 
Indian Ocean. 
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problems a feeling has grown steadily 
over the last few years that ATC 
secondary radar systems will need to 
adapt to the growing volume of traffic. 
At the moment beacons at the airport 
send out interrogatory pulses on 
1030MHz and a transponder replies at 
1990MHz, shutting off for 100ms or so. 
With the number of radar signals 
reaching aeroplanes the transponder 
may be unable to shut off, and radar 
signals emanating from other aircraft 
would complicate the problem. If. 
B -CAS systems are to be acceptable 
they will have to overcome the diffi- 
culties caused by information satura; 
tion, and the US and the UK each have a 
different proposal for such a system. 
Work is now under way, however, to 
devise a compatible system combining 
the merits of the two. 

Radio research move 

Responsibility for radio propagation 
research at the Appleton laboratory 
under the auspices of the Science 
Research Council has been transferred 
from the SRC's Astronomy, Space and 
Radio Board to the Engineering Board, 
who will now decide the level of 
expenditure and the programme. Ac- 
cording to thé' SRC's annual report, 
"Measurements have been made in 
collaboration with the Royal Signals 
and Radar Establishment, Malvern, of 
optical scattering by water vapour. At 

relative humidities above 95% the 
scattering is greater than that corre- 
sponding to a linear dependence on 
water vapour pressure, a result which 
provides further evidence of the pre- 
sence of molecular complexes at high 
values of relative humidity." 

The laboratory has also investigated, 
with the Post Office, the effect of 
precipitation (rain) on microwave links 
in the waveband 8mm to 3cm. Analysis 
so far of the investigation, finished at 
the end of 1975, has shown that for links 
operating over distances of a few km or 
more, the effects of multipath propaga- 
tion in areas such as Suffolk, where 
conditions favour this type of propaga- 
tion, are at least as important as the 
effects of precipitation. 

The possibility of changing responsi- 
bility for such work was first mooted in 
mid -June and has since been confirmed 
by the council. The decision may have 
been the result of a feeling that, while 
astronomy and space research were 
moving closer together, the best exam- 
ple of this being Ariel 5, research on 
such matters as Post Office links was 
much more an engineering matter than 
the purer science being conducted by 
the ASR Board. Radio research funded 
by the SRC in British Universities has 
been under the control of the engineer- 
ing board for some time, and the change 
merely brings all the work under the 
same umbrella. Although responsibility 
for the work at Appleton will change 
once enough time for the takeover to 
take effect has elapsed, the work itself 
will carry on there. 
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Britain ahead in X -ray 
astronomy, for how 
long? 

Ariel 5, the first satellite dedicated to 
X -ray astronomy and described by the 
director of the Appleton Laboratory, Dr 
Saxton, as "the UK's most successful 
scientific satellite ", may continue in full 
operation for another year and limited 
operation for perhaps another year after 
that. When the satellite was launched 
two years ago on October 14 it was 
expected to produce good results for 
only a year. "It has put this country 
right in the forefront of this new and 
very important branch of astronomy," 
Dr Saxton said. But he added: "It may 
also be the last. Funds for space and 
astronomy are being eroded, and thef e 
is little possibility of another satellite of 
this kind." 

There are many reasons why Ariel 5 is 
considered a success. The satellite 
carries six experiments all of which, say 
the Science Research Council, who 
funded the project, have produced 
outstanding results, partly because they 
were so complementary and so well 
co- ordinated. Five of the experiments 
are British, Imperial College London's 
experiment is a scintillation telescope, 
Leicester University has two, including 
a sky survey experiment supported by 
another experiment conducted by 
NASA's Goddard Space Centre all -sky 
monitor, and Birmingham University 
and the Mullard Space Science Labora- 
tory of University College 
London collaborated on a rotation 
modulation collimator experiment, 
Mullard also having a proportional 
counter spectrometer aboard. 

The last four experiments point along 
the spin axis and together form an X -ray 
observatory pointed by ground com- 
mands from Appleton's Ariel 5 control 
centre to various points in the sky. The 
commands go via NASA data links to 
ground stations at Quito, Ecuador, or 
the Ascension Islands, where they are 
radioed up to the satellite as it passes 
over once every 90 minutes. At the same 
time data is taken from memories 
aboard the spacecraft giving informa- 
tion gathered from the experiments in 
the preceding 90 minutes. 

The attitude of the craft is altered by 
propane jets, and one of the limits of 
the life of the craft is set by the amount 
of fuel the craft has left. At the moment 
70 per cent has been used, and some 
problems have been caused by the 
corrosion of the reducing valves con- 
trolling the gas. Sun sensors used to 
determine a position reference have 
also failed but a reserve set has been 
brought into use. 

Ariel 5 has updated the catalogue of 
162 X -ray sources produced by its 
predecessor, UHURU, launched four 
years before it. Ariel has added some- 
thing like 60 new sources, and, just as 
important, failed to confirm another 30 

sources previously catalogued. The 
most exciting finds have been the 
"burster" and "transient" sources. The 
transient sources turn on rapidly and 

'then decay, reaching a pitch of bright- 
ness in a few days and dying over the 
next few hours, days or weeks. Since 
they are so difficult to observe, only 
four had been detected before Ariel 5, 
but the spacecraft has enabled observa- 
tion of 14 over the last two years. "They 
probably occur at a rate of about 100 a 
year," said Professor Willmore of 
Birmingham University, the project 
scientist. Two more transients were 
found to be modulated with periods of 
6.75 and 1.73 minutes. Mullard Labora- 
tories, who also have an experiment 
aboard the Copernicus satellite, 
subsequently found six more such stars, 
the modulation being caused by slowly 
spinning neutron stars. 

Bursts and black holes 
Even more important, possibly, are 

the burst sources, which emit isolated 
bursts of X -rays at intervals, usually of 
several hours, though one emitted 
bursts every 15 to 20s. A possible 
explanation of the phenomenon is that 
material, emitted by the companion star 
in a binary system in which that star 
orbits a neutron star, collects in the 
atmosphere of the neutron star. The 
neutron star has a gravitational pull 1013 

times that of earth, and when the 
material cascades down on to the star's 
surface a burst of X -rays is emitted, and 
material begins to collect for the next 
burst. 

The possible significance of the burst 
sources provided an interesting illus- 
tration of conflict between scientific 
schools of thought. Imperial College 
suggest that X -ray bursts and cosmic 
gamma ray bursts are connected, and 
go on from this to say that most of the 
evidence for the existence of "black 
holes" in space, areas so dense that not 
even light can escape from them, has 
come from X -ray astronomy. The 
experiments on Ariel 5, they say, tend to 
confirm the existence of black holes. 
When B. A. Cooke of Leicester Univer- 
sity was asked whether he would agree, 
however, he remarked wryly: "It 
depends how anxious you are to have a 
black hole there." Those for and those 
against the black hole theory tended to 
stretch the available evidence in either 
direction to suit their case, he said. 

Professor Elliot, chairman of the 
Astronomy, Space and Radio Board of 
the SRC, was asked if the Ariel 5 
satellite or the information it was 
transmitting would be put to any 
military use. He replied that he didn't 
think so. "This is a purely scientific 
project which produces knowledge and 
information, although like other know- 
ledge and information it usually can be 
put to some military use." The SRC's 
statement notes that their agents for 
the procurement of the spacecraft were 

the Ministry of Defence, and that the 
research and development authority 
was the Royal Aircraft Establishment at 
Farnborough. 

Typical of our current obsession with 
national housekeeping to the exclusion 
of almost anything else, most of the 
questions at the press conference, as at 
the one launching the SRC's annual 
report a few days later, were concerned 
with the cost effectiveness of such 
research. Professor Elliot, asked to say 
of what benefit the Ariel project would 
be, said, "We are not the richest country 
in the world, but we are not the poorest. 
The future of technology and the wealth 
that flows from that is dependent on 
work like this and it is incumbent on 
those nations that do have the 
resources to uncover the basic laws of 
nature on which the future of man 
depends. In this respect we have been 
pulling our weight compared with other 
nations. Another benefit is the impor- 
tance of these activities in the training 
of our people. Universities are always 
being accused of training people who 
are pure scientists with no knowlege of 
the outside world. Projects such as this 
help students to know industry and how 
it works and the need to produce things 
to a time scale and so on, to see how 
things work outside." Another 
advantage was that technology tended 
to act as an accelerator to progress, the 
best example being the US space 
programme. Ariel 5 offered the oppor- 
tunity to do basic physics one couldn't 
do in terrestrial conditions. It was no 
good trying to decide which science you 
could afford and which you couldn't: 
"Science can only advance on a broad 
front," he maintained, "or it doesn't 
advance at all." 

Although the SRC has had to make 
extensive cuts in its forthcoming pro- 
gramme - the annual report points out 
that by 1980 the council's budget in real 
terms will be at least one sixth less than 
it was in 1973 - plans for Ariel 6 are so far 
advanced, and the project has such high 
priority, that it is unlikely to be 
cancelled. In any case it largely replaces 
the aborted Skylark mission. Ariel 6, 
however, will carry only a limited 
number of X -ray experiments, and is not 
expected to produce anything like the 
information about this branch of 
science that Ariel 5 did. 

In his opening remarks Dr Saxton 
defended expenditure on space research 
by pointing out that the money spent on 
Ariel 5, between £4 million and £6 
million depending on how you work it 
out, came to two or three gin and tonics 
per family. The total spent on astron- 
omy was "one or two per cent of the cost 
of feeding the dog population. I find it 
personally hard to believe," he contin- 
ued, "that people would wish to see our 
scientific pre- eminence thrown away." 
It was no good saying we could leave 
such projects and pick them up again 
when the nation was in better shape. 
"Once the edifice crumbles it is difficult 
to re- erect." 
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Any energy you like - 
as long as it's nuclear 

None of the studies of geothermal and 
solar alternative energy sources made 
so far by the UK Atomic Energy 
Authority has indicated that they would 
make any significant contribution by 
the year 2000. This announcement was 
made by Sir John Hill, chairman of the 
UKAEA at a press conference on 
publication of the UKAEA's annual 
report. His rather unsurprising conclu- 
sion was that it was therefore essential 
to continue with the nuclear pro- 
gramme. 

"The world energy situation is no 
better now than it was in 1973 -4: it is 
just that we have forgotten about it." 
Pointing out that the world's largest 
user of energy, still mainly derived from 
fossil fuels, the United States, was still 
increasing its demands, and that what 
we could produce from the North Sea 
would barely keep up with America's 
annual increase in demand, his deputy, 
Dr W. Marshall, said that we would be 
in serious difficulty long before the 
world's oil ran out: "It is when the 
amount of energy available stops 
increasing that the trouble starts - not 
when you have used the last drop of 
oil." 

The method of reviewing alternative 
energy sources reveals a serious lack of 
intent on the part of the Energy 
Department. The studies to which Sir 
John referred have been carried out by 
the UKAEA's Energy Technology Sup- 
port Unit, which the Department set up 
in April 1974 to liaise with international 
organisations, such as the EEC and the 
International Energy Agency, on 
energy matters and to assist the De- 
partment of Energy to review and 
develop alternative sources of energy. 
Until now the assessment of these 
alternative sources of energy has been a 
major part of the ETSU's work but it is 
now gradually taking over the manage- 
ment of some research projects and will, 
for example, be spending £1 million over 
the next two years on a feasibility study 
of wave power. 

So far the ETSU has already submit- 
ted to the Department of Energy reports 
on geothermal and wave power, both of 
which have been published, and a 
submission on solar energy is in the 
course of publication. A spokesman for 
the department of Energy said they did 
not intend to commission a full -scale 
feasibility study on tidal power as this 
would be too expensive, but they would 
be examining both barrage closing and 
the effect of such closure on tidal 
regimes. Studies of wind -power, the last 
of the five with which they were 
immediately concerned, "are at an early 
stage." Another part of the Study Unit's 
work is to report ways in which 
consumption of energy, from whatever 
source, can be cut down, and to this end 

the unit is about to publish a separate 
report on energy conservation. The clash 
of interests between ETSU and the 
UKAEA is, or should be, intense, yet 
ETSU is not only responsible to the 
UKAEA, it is even based at Harwell. 

Wireless World asked the Authority 
how objective its assessments of other 
energy sources could be. Dr W. Mar- 
shall, Deputy Chairman of the UKAEA, 
replied: "A high proportion of the 
growth in ETSU is made up of people 
who have not been concerned in the 
reactor research programme in the 
past." They would be "pretty dispas- 
sionate," he said, and in any case the 
studies would be published so that 
people could judge for themselves how 
objective the studies were. He added 
that a considerable amount of work was 
being done elsewhere on alternative 
energy sources, of which the Energy 
Department would be aware. "We will 
make our own assessment from our 
own study of the facts without being 
influenced by the work done by these 
other groups." The way to alternative 
energy sources would be "an iterative 
process." 

Dr Marshall, as well as being deputy 
chairman of the UKAEA, is chief 
scientist of the Department of Energy. 

SITE successor 

The Indian government is constructing 
ground transmitters in the six village 
"cluster" areas served by the Satellite 
Instructional Television Experiment to 
resume the educational television pro- 
grammes in early 1977. 

SITE, now concluded, was described 
by Jack Dinsdale in onr September 
issue. Because of their limited range the 
new transmitters will reach only about 
40% of the villages covered previously, 
but other villages near the transmitters 
will be added to the audience, according 
to NASA. The Indian Space Research 
Organisation is also defining an opera- 
tional satellite system for the whole of 
India which could be operating by 1980. 
ISRO will have finished evaluating the 
results of SITE by the middle of 1977. 
Already, however, some beneficial 
effects have been noted. The popularity 
of children's programmes, for example, 
increased school attendance. A teacher 
in Mahya Pradesh village said he 
thought moving pictures of distant 
places made . a lasting impression in 
Geography lessons. Other examples 
were the preparation of more nutritious 
food as a result of the programmes and 
the insistence on betterhygiene. 

"One year of experimental television 
is not going to change the face of our 
villages said the director of ISRO's 
space applications centre in Ahmeda- 
bad, Professor Yash Pal, "but it has had 
many wholesome effects." 

According to a report in Forbes 
Magazine in September, the Russians 
are considering a competitive interna- 
tional system to be called Intersputnik. 
The system would compete with Intel- 
sat, and the Russians are said to have 
approached the Indian Government to 
see if it is interested in using 
Intersputnik for rural educational tv, 
the service provided until now by the 
American ATS -6. 

Traffic information 
experiment 

A system of traffic -information broad- 
casting, which has been in use in West 
Germany since June 1974, is being 
tested in this country for one month. 
The system, known as ARI (automotive 
road information), was developed by 
Blaupunkt Radio, the West German 
company, owned by Robert Bosch 
Limited. ARI decoding equipment has 
been fitted to thirty journalists', police, 
and other public representatives' vehi- 
cles to help them tune to radio LBC on 
97.3MHz v.h.f. /f.m. or 261m medium 
wave whenever traffic information is 
broadcast. The system works as follows: 
before each traffic- information broad- 
cast the radio station transmits a single 
almost -inaudible 2.35kHz tone, fre- 
quency modulated with a 123Hz 
squarewave, from a prerecorded tape. 
This tone triggers the decoder and one 
second later the message is broadcast. 
On manual receivers the tone triggers 
an audible note overriding the tuned 
station and a pilot light. This indicates 
to the listener that their traffic infor- 
mation is about to be broadcast and he 
can then manually tune to the only 
audible station, which will be the LBC 
station. On automatic receivers the ARI 
station will be tuned in automatically. 
At present the decoder does not facili- 
tate the automatic return to the initial 
station, but this refinement is expected 
within a year. If the radio is switched off 
the decoder may be arranged to switch 
the radio on for the duration of the 
traffic information broadcast only. The 
decoder, which will cost -£10 -£28, may 
also be used to switch a cassette player 
in and out for reception of the traffic 
information broadcast. When the sys- 
tem was first developed in Germany it 
was used with long and medium wave 
receivers, but was modified for 
v.h.f. /f.m. when it was later introduced 
to some European countries. Yugosla- 
via also use the system for their tourist 
information services. It is hoped that if 
the system tests, which are taking place 
from October 19 to November 18, are 
successful other commercial stations 
throughout Britain will follow LBC's 
lead to provide the motorist with a more 
widespread ARI service. Hitachi, Grun- 
dig and Philips already manufacture the 
decoders for the European markets. 



Acoustic noise units 
A pathway through the decibel jungle 

by James Moir, FIEF. 

The proliferation in recent years of 
Acts and Statutes setting limits to the 
level of acoustic noise inside and 
outside the home, in public places and 
in workshops, has resulted in an 
almost equal proliferation of units in 
which the noise level may be mea- 
sured. It is very difficult indeed to 
duplicate by objective measurements 
the brain's analysis of its pleasure or 
annoyance. Thus we now have a large 
number of units in which the "loud- 
ness" (using the word in its widest 
sense) of a noise may be measured, all 
of them attempting to achieve agree- 
ment between objective measure- 
ments and subjective impres- 
sions. This article is an attempt to 
present a coherent picture of the 
problem. 

The first sound level meter was merely 
a microphone, amplifier and indicating 
meter, the whole system having a 
repsonse that was substantially inde- 
pendent of frequency. The readings 
obtained were the mean (average) 
value of the input waveform, oxide - 
type rectifiers being used to convert the 
amplifier output to d.c. to operate the 
moving -coil meters. The parameter 
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measured was the average value of the 
sound pressure at the microphone 
diaphragm and, within the limitations 
of the microphones available at that 
time, the reading was independent of 
the acoustic frequency. 

To deal with the vast range of sound 
pressures met in nature, the system had 
to read over a sound pressure range of 
roughly 106:1 so a logarithmic unit, the 
decibel, was adopted from the telephone 
industry. Any logarithmic scale 
requires an empirically chosen zero 
point and this was fixed at a sound 
pressure level of 0.0002 dynes /cm2 (now 
20p newton /m2, 20p pascal.) At the time 
this was thought to be the minimum 
audible sound level but it is now known 
to be about 5dB higher. Using this base, 
sound pressure levels in dB are then 
expressed as: 

s.p.l. (dB) = 20 log10 P /Po 

where P0 is the reference pressure of 
0.0002 dynes /cm', and P is the mea- 
sured sound pressure. 

Early experience indicated that there 
was only moderate agreement between 
the objective readings taken with the 
meter and a subjective judgement of the 
loudness of the noise by a group of 
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observers. It was soon appreciated that 
the discrepancies were in part due to the 
sensitivity /frequency relation of the 
hearing system. Experiment indicated 
that not only did the sensitivity of the 
hearing system vary with frequency but 
that it also varied with the absolute 
intensity of the noise, particularly at the 
low- frequency end of the spectrum. 
Thus the hearing system has a substan- 
tially uniform frequency response to 
sound at high intensity but it is 
relatively bass deficient at low sound 
intensities. Fletcher and Munson, and 
later Robinson and Dadson, found that 
the frequency response of the hearing 
system to pure tones was as shown in 
Fig. 1. The Robinson and Dadson data is 
now an international standard. 

Decibels A, B, and C 
This change in frequency response with 
intensity was dealt with by adding a 
switch to the metering system to 
change the amplifier frequency 
response in the three steps shown in Fig., 
2. The response labelled 'A' was to be 
used when making measurements at 
sound levels below about 40dB, 
response 'B' when the sound level was 
between about 40 and 70 dB and the flat 
response, labelled 'C' used for all levels 
above about 70dB. The weighting used 
was indicated by adding the appropriate 
suffix to give, for example, dBA or 
dB(A). In practice the only safe course 
was to record the A. B, and C readings 
for every noise, for it was rarely clear 
which switch position should be pre- 
ferred. A noise with much of its energy 
in the low frequency range might well 
measure 35dBA or 60dBC and the 
correct switch position was then rather 
indeterminate. 

The use of a three -position switch 
was a logical decision in the light of the 
data then available, because it matches 

Fig. 1. Fletcher and Munson equal 
loudness contours . (Note that the 
loudness level of a sound is defined as n 
phons when it is judged to be equal in 
loudness to a pure 1000Hz tone with a 
sound pressure level of n dB above the 
standard reference pressure.) 



Wireless World, December 1976 49 

10 

o 

- 10 

dB 

- 20 

- 30 

- 40 - 

-50 
20 

'C' 

1 1 1 1 1 111 
100 

I I I I i 1 1 

1k 

FREQUENCY (Hz) 

Fig. 2. Weighting curves showing the 
significance of dBA, dBB, dBC and 
dBD. 

the frequency response of the meter to 
that of the ear at the sound level being 
encountered, but increasing experience 
began to suggest that the best agree- 
ment between meter readings and a 
subjective judgement of the "loudness" 
or "noisiness" of a sound was obtained 
by using the A weighting, quite irre- 
spective of the intensity of the noise. 
This has now been substantiated for 
many kinds of noise and in consequence 
noise level readings relating to 
annoyance are now almost always 
quoted in dBA. Indeed, many later 
versions of the standard sound level 
meter only include the A- weighting 
network. This apparent contradiction of 
the earlier data has been shown to be 
due to the assumption that the ear's 
reaction to a wide -band noise would be 
indicated by its reaction to pure tones. It 
is now known that the hearing system 
does not sum the energy in bands of 
noise in the way suggested by the 
Fletcher- Munson curves for pure tones, 
the summation /frequency response 
being more accurately indicated by the 
A- weighting curve at all intensity 
levels. 

Decibel `D' 
Though general experience and many 
investigations have shown that noise 
levels measured in dBA are in good 
agreement with subjective opinion of 
the loudness of most intruding noises, it 
appears probable that the agreement 
could be improved in a specific situation 
by the adoption of a special weighting 
curve for each type of noise. Kryter has 
shown, for example, that the noisiness of 
jet aircraft can be more accurately 
assessed by the adoption of a weighting 
curve that places greater emphasis on 
the higher frequencies and the relation 
shown in Fig. Z the D- weighting curve, 
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also known as the N curve in (ISO) 
Draft Recommendation 1761, has been 
internationally standardized for this 
purpose. However ISO Recommenda- 
tion No. 507 requires the noise level in 
the vicinity of an airport to be expressed 
in still another unit, the Perceived Noise 
Level (PNdB). This is to be obtained 
from measurements of the sound pres- 
sure level in octave bands and the 
perceived noise level determined from 
these readings by a summation process 
detailed in the Recommendation. 

In general, use of D weighting results 
in readings some 13dB higher than a 
measurement of the same noise using 
the A- weighting curve. The increased 
accuracy of agreement between objec- 
tive measurement and the subjective 
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Fig. 3. Noise criteria curves of Beranek 
for obtaining better agreement 
between measured values and 
subjective loudness of a complex noise. 
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opinion of the "noisiness" of the noise 
from jet aircraft is not thought to justify 
the confusion that has resulted from the 
introduction of D weighting. The envir- 
onmentalists in particular have often 
reached alarming conclusions by corn- 
paring aircraft noise measured using D 
weighting, or the deduced level in 
PNdB, with road traffic or similar noise 
measured using A weighting. Similarly 
alarming conclusions can be reached if 
the A- weighting noise level of an 
existing type of aircraft is compared 
with the D- weighted noise produced by 
Concorde. It is reasonably certain that 
agreement with subjective judgement 
could always be improved by adoption 
of a weighted curve appropriate to each 
type of noise source but the overall 
result would be mild chaos, for the noise 
levels of different sources could not be 
compared. 

Noise Criteria system 
In an attempt to obtain better agree- 
ment between measured values and 
subjective opinion of the loudness 
(noisiness) of a complex noise, Beranek 
introduced the Noise Criteria system, 
still widely used in the heating and 
ventilation field. Instead of taking one 
reading of the weighted average value 
of the sound pressure of a wide band 
noise (i.e. dBA), he proposed to take 
readings with a frequency selective 
meter at each of eight octave band 
frequencies and to plot these on special 
graph paper (see Fig 3). An NC (Noise 
Criteria) rating was obtained by quot- 
ing the NC reading on the right hand 
scale immediately above the highest 
octave band sound pressure level. Thus 
a noise having the frequency spectrum 
shown in Fig. 3 would be given a Noise 
Criteria rating of NC65, the curve 
immediately above the highest sound 
pressure reading in any octave band. 
This appears to be good common sense 
and the system is widely used. 

In Europe a slightly different set of 
contours was produced following the 
same basic approach but these were 
quoted as Noise Rating curves, the 
number obtained being quoted NR 
65. Except for special noise spectra 
there is no significant difference 
between the NC and NR numbers and in 
retrospect there appears to be no good 
reason for the existence of two sets of 
Noise Rating and Noise Criteria curves. 
In practice the situation was further 
confused by the appearance Of a third 
set of Noise Rating curves in the 1967 
issue of British Standard 4142. Exper- 
ience suggests that they have no real 
advantage over either of the earlier NR 
or NC curves. Indeed many users 
believe that they are not as useful as the 
earlier curves and that they have only 
served to add further confusion to an 
already confused situation. 

Though this curve fitting procedure 
should take into account the shape of 
the frequency spectrum of a complex 
noise, experience has shown that there 
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is a substantially constant numerical 
difference between the NC or NR value 
and an instrumental reading in dBA of 
the same noise, the NC or NR level 
being 5 units lower than the measured 
level in dBA. A determination of either 
the NC or NR level requires an octave 
band analyser to produce separate 
readings of the noise level in the eight 
octave bands and plotting of the data on 
special graph paper. Thus the technique 
can only be justified if experience shows 
it to have some considerable advantage 
over the single measurement of noise 
level in dBA, for this only requires a 
relatively simple sound level meter. 
Surprisingly, perhaps, experience 
appears to show that NR or NC 
numbers do not have any real advan- 
tage over the use of dBA to express 
noise levels, but the curves have 
considerable advantage when analysing 
noise data to obtain guidance on which 
part of the noise spectrum is responsible 
for criticism. 

The phon 
There are obvious advantages in having 
a unit that is an indication of the 
"loudness" of the noise and for this 
purpose the phon was originally 
proposed. British Standard 661 defines 
the phon as: 

"The loudness of a noise in phons is 
numerically equal to the sound pressure 
level of the 1000Hz tone that is judged 
to be equally loud." 

This apparently simple definition is 
the real reason for the failure of the 
phon to achieve widespread use. It 
requires a group of people to judge the 
level at which a locally -generated 1000 
Hz tone is considered to be as loud as 
the unknown noise being assessed. This 
is a subjective judgement and it is one 
that is extremely difficult to make even 
by a skilled observer. Thus as phons 
cannot be measured directly by a meter 
the phon has died. 

The sone 
Though the decibel scale is almost 
universally used for the measurement of 
sound intensity, its logarithmic struc- 
ture makes it difficult for the non -tech- 
nical to use or even understand. A unit 
so fashioned that a noise level of two 
units is twice as loud as a noise of one 
unit should have advantages in such 
situations. This requires units that 
express loudness on a simple arithmetic 
scale. Such a unit is the sone, defined by 
British Standard 661 as: 

"The unit of loudness on a scale 
designed to give scale numbers propor- 
tional to the loudness." 

The reference loudness of one sone is 
that of a 1000Hz note having an 
intensity of 40dB, the relation adopted 
being shown in Fig. 4. Thus a sound 
intensity of 2 sones corresponds to an 
intensity of 50dB and 10 sones to 73dB. 
Surprisingly perhaps the sone scale is 
not widely used, though the reasons for 
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Fig. 6. Recorded chart of typical 
aircraft noise. 

its neglect are not very obvious. There 
are no simple meters available that read 
in sones directly and as it is easy to 
remember that an increase in sound 
intensity of 10dB generally corresponds 
to a doubling of the subjectively judged 
loudness, the sone, if not dead, is not 
prospering. 

Time -varying noise levels 
Except in some industrial situations, 
noise is rarely constant, the more usual 
situation being one in which the noise 
level is varying continuously rather as 
shown in Figs. 5 and 6, charts of typical 
road traffic and aircraft traffic noise. In 
such a situation there is a real problem 
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in deciding on the objective level of the 
noise that is related to the level of 
subjective criticism. This is likely to 
depend not only on the noise in dBA but 
also on the fraction of the relevant time 
that the noise reaches or exceeds this 
acoustically effective level. 

There have been many attempts to 
define a single- number parameter that 
includes both the noise level in dBA and 
the length of time that the noise reaches 
or exceeds this level. The simplest is 
merely to specify the noise level that is 
exceeded for 10% of the length of time 
that is significant in the particular 
situation. Thus when dealing with the 
noise from road traffic it has been found 
from social surveys that the extent of 
criticism is related to the level that is 
exceeded for 10% of the 18 hours 
between 6 a.m. and midnight. In traffic 
planners' parlance, the significance 
noise level is the "18 -hour L 

Other aspects of a time -variable noise 
that are significant are the level 
exceeded for 90% of the 18 hours, 
effectively the minimum level, denoted 
by Lao, and the "average" level L50, the 
value exceeded for 50% of the 18 hours. 
Note that all these levels are measured 
in dBA. A statistical analysis of the 
time -varying noise level data is required 
to obtain L10, L50, Lgo etc., but analysers 
are now available that provide a 
continuous display of the required 
parameter over the period up to the 
time of display. 

Noise and Number Index 
Robinson has shown that the subjective 
annoyance aroused by an intruding 
noise is a function not only of the noise 
level but also of the extent of the 
excursions above the mean average 
level and the frequency with which 
these excursions occur. Much personal 
experience in other applications sup- 
ports this view: A client's bedroom 
having an ambient noise level of 20dBA 
with occasional peaks up to 40dBA was 
pronounced as "noisier" than another 
room in which the ambient level was 
around 38dBA, but with excursions of 
only about ±2dBA. To evaluate the 
noise climate around airports, Robinson 
first proposed the use of a "Noise and 
Number Index" (NNI) that takes into 
account both the average noise level in 
dBA, the extent to which the noise level 
rises on peaks and the number of times 
in twenty four hours that the peaks 
appear. This is the unit used in the 
Report on Noise by the Wilson Com- 
mittee. The Noise and Number Index 
can be calculated from: 

NNI = Average peak noise level 
+ 15log N - 80 

where N is the number of aircraft per 
day. 

On this basis a reasonable Noise and 
Number Index for the areas adjacent to 
an airport is around 50 during the day, 
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but probably around, 35 during the 
night. 

Noise pollution level 
At a later date, Robinson suggested 
another unit, the "Noise Pollution 
Level ", that also takes into account the 
effect of the variability in level on the 
nuisance rating of typical noises. This 
parameter can be computed from: 

LNp = Leq + 2.56e 

where a is the standard deviation of the 
instantaneous noise level and Leq is the 
equivalent noise level. There is sound 
justification for the use of this unit for it 
would appear to be applicable to all 
forms of nuisance noise and to allow the 
"noisiness" of different forms of noise to 
be compared. At present it is really 
waiting large scale confirmation of its 
value, for though noise experts are 
almost unanimous in approval, it has 
not been specified in any legislation. 

Traffic noise index 
The Building Research Station have 
also suggested a unit that is directly 
applicable to the specification of the 
"noisiness" of a noise of variable 
intensity, though it is primarily intend- 
ed for dealing with traffic noise. It has 
been shown by social surveys that there 
is a high degree of correlation between 
this Traffic Noise Index and the degree 
of dissatisfaction expressed by residents 
exposed to high levels of road traffic 
noise. The Traffic Noise Index is defined 
as: 

TNI = Lyo + 4(40 - Lyo) - 30 

and as this is likely to be used in 
legislation both here and in America it 
will presumably displace the other units 
suggested, although it does not appear 
to have such a sound theoretical base as 
LNP. Note that the noise levels used in all 
these units that combine level and 
variability are expressed in dBA. 

Hearing damage and Leq 
High levels of noise, 90dBA and above, 
are known to result in eventual damage 
to the hearing, the damage being 
approximately proportional to the pro- 
duct of noise level in dBA and duration 
of the exposure. In the simplest case 
where the noise level is constant, the 
damage to the hearing system is directly 
proportional to the length of exposure. 
However, this is not the usual condition, 
for in an industrial situation the noise 
level is fairly constant at one value for a 
few seconds (or minutes) and then 
changes to a higher or lower level which 
is only maintained for a short period. 

In such a situation an equivalent 
noise level can be defined that would, if 
held constant for the whole 8 -hour 
working day, result in the same damage 
to the hearing system as would have 
resulted from the noise of variable level. 
This is known as the equivalent noise 
level, Leq, and again is expressed in dBA. 

The Department of the Environment 
Code of Practice specifies 90dBA as the 
maximum permissible value for Leq in 
an industrial situation. 

Units and their application 
It will be seen that there are a bewil- 
deringly large number of units that can 
be used to indicate the "quantity" of 
noise present in a situation. A reasoned 
choice requires that we be sure that we 
know what we are trying to measure. If 
we are trying to measure sound inten- 
sity, i.e. power flow /unit area, then the 
sound pressure level in dBC is the 
appropriate unit. However, sound 
intensity is rarely the aspect that is 
really significant in a situation involv- 
ing human exposure to noise. More 
usually we are trying to measure 
something that might be described 
as the "loudness ", "noisiness ", 
"annoyance" or "intrusiveness" of 
the noise. 

Loudness, noisiness or the degree of 
intrusion are not always the same thing, 
though the noisiness or intrusiveness 
usually increases with increase of 
loudness, provided there is no change in 
the spectrum of the noise. If the noise is 
the subject of complaint and we wish to 
have a measure of the "noisiness" then 
the sound pressure level in dBA is the 
best of the current units, but this simple 
measurement of noise level in dBA fails 
as an indication of "intrusiveness or 
annoyance" if the noise being measured 
contains pure tones or is characteristi- 
cally irregular. At the moment irregu- 
larity in occurrence or the presence of 
pure tones requires the measured noise 
level in dBA to be empirically corrected 
by the addition of 5 or 10 dBA to the 
measured levels (see British Standard 
4142). This corrected level is then 
known as the "Corrected Noise Level" 
(CNL) and is expressed in dBA (CNL). 

However, the degree of annoyance 
aroused by a noise is a function not only 
of the intensity of the noise, but also of 
the duration of the noise and of the 
"time on /time off" ratio in the period of 
time that is significant, usually the day 
of 18 hours. The level of the ambient 
noise is then best indicated by 40, the 
level exceeded for 90% of the time, while 
the level of the intruding noise is 
indicated by a statement of L10, both in 
dBA. 

NC or NR ratings, though widely used 
at the moment, particularly in the 
heating and ventilating industry, do not 
appear to have any significant advan- 
tage over the simple measurement of 
sound pressure level in dBA when 
attempting to estimate annoyance and 
in consequence these units do not 
appear to have any future. 

Where the noise levels of individual 
aircraft are being compared, dBD or 
PNdB is the correct unit, but the 
semi- empirical addition of 13dBA to the' 
level measured in dBA gives a very good 
indication of the degree of annoyance or 
the intrusiveness of the noise from one 
aircraft. If it is required to have an 
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indication of the overall level of 
annoyance due to aircraft activity at an 
airport, then NNI or LnP (Noise Pollu- 
tion Level) are the proper units to 
employ, but LNP values are not yet in 
widespread use in spite of their basic 
merits. 

Where damage to hearing due to 
exposure to high noise levels is under 
consideration, there is in this country 
only one unit, Leq to consider. Other 
countries use different rates of 'trade- 
off' between time and noise level 
although using dBA units in which to 
indicate the noise level, so this may lead 
to some further changes in the unit of 
noise exposure to obtain a greater 
degree of international agreement. 

When assessing traffic noise, DBA is 
the appropriate indication of noise level, 
but it is now rarely that value read from 
a sound level meter directly. The quoted 
noise level is derived from a statistical 
analysis of the meter data, the quoted 
value being that exceeded for some 
specified percentage of the relevant 
time period, usually 18 hours in this 
country. Thus we have L10, Lam, and La° 
as the levels exceeded for the quoted 
fraction of the total time. 

Traffic Noise Index (TNI) or the Noise 
& Number Index (NNI) or LNp are met 
more infrequently and then chiefly in 
official publications, but this may 
change for they have real merit in 
indicating the nuisance value of a noise 
over an extended period. 

This discussion covers the majority of 
units now in use in measuring the 
loudness of acoustic noise but there are 
many others waiting to make their 
appearance. Annoyance as subjectively 
judged, is a difficult reaction to quantify 
and, though many of the present units 
achieve this fairly well, there is need for 
a unit that will allow widely different 
types of noise to be rated on a common 
scale of annoyance. 

Further reading 
Sound level meters 
Equal loudness con- 

tours for pure 
tones 

Airport noise meas- 
urement 

Noise rating curves 

Method of rating 
industrial noise 

Glossary of Acous- 
tical terms 

Housing and road 
traffic noise 

The Noise and 
Number Index 

Noise Pollution 
Index 

The Traffic Noise 
Index 

Hearing damage 
assessment 
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Letters to 
the Editor 

PHASE 

I have followed with interest the articles by 
Harwood and Moir on aural phase sensitivi- 
ty, and have seen very little in the subsequent 
correspondence which, I feel, importantly 
detracts from their viewpoint. I would not 
have prolonged the discussions, but it is one 

thing to describe Moir's review of the subject 
as "not good enough" (C. F. Coleman, his 

letter, September issue) and quite another to 
use false or ill- considered arguments in 

support of that opinion. 
The frequency proportional phases which 

Coleman so laboriously describes are, of 
course, steady -state quantities and are 

applicable when equilibrium has been 
reached, not during the transient response 
times of the systems (loudspeaker or room) 
under consideration. Perhaps it was these 
factors which deserved more consideratioin 
in the review. 

This is not to say that there is no evidence 
of the audibility of steady -state phase 
differences, introduced into periodic func- 
tions. Schroeder used a flat spectrum sint /t 
function of 10ms period, whilst I have used a 

tone -burst waveform, and varied the phase of 
the carrier or tone. It is true that upper 
frequency linear distortion from a loud- 
speaker can be easily detected, during the 
few milliseconds of its transient response to 
music spectra, or following each transition of 
a periodic transient test function, such as 

those described. This is so even when this 
response is greatly diluted by phase rando- 
mising room reverberation. 

Finally, I am not aware that a "linear 
phase" loudspeaker does not introduce phase 
errors which are not linear functions of 
frequency. The steady -stage phase distribu- 
tion of any loudspeaker does at least show 
that it is a dispersive system, exhibiting not 
only group -delay changes but many smaller 
deviations from a mathematically "smooth 
function" behaviour. 

The Quad electrostatic system, to which 
others have referred, is not a "linear phase" 
loudspeaker, it is a minimum -phase system, 
and in this respect may be likened to other 
designs, not just the "linear phase" types 
with their space- staggered baffles. At low 
frequencies, of course, a loudspeaker is 

designed to radiate usefully at its bass 

resonance frequency, and then (steady- state) 
acoustic phase distortion is inevitable. 
Roger C. Driscoll, 
Polytechnic of North Ldondon. 

I am sorry that Mr Coleman feels that I 

should have dealt more fully with the 

problem of defining phase shift in a circuit 
excited by a number of sine waves of 
different frequencies. It would require 
several issues of Wireless World to cover all 
the information we have on phase shift and 
its effects, but I doubt whether many readers 
would find it of sufficient interest to justify 
reading all that could be written. The 
definition of phase shift under conditions 
that are of no importance is clearly a subject 
of no great interest. 

The phase shift arising from a particular 
circuit configuration, or the phase shift that 
results in a stationary wave system can 
certainly be defined by the choice of a 

reference time to which all times are referred, 
but this is not of value in a circuit where the 
amplitudes, frequencies and phases of all the 
components including those that are not 
integral multiples of the basic wave are 
continuously changing as they do in any 
programme circuit. It complicates the issue 
without adding to our understanding. 

I do not invite anyone to believe that it is 

unnecessary to maintain wave shape to 
maintain the quality of the sound. Rather I 

invite everybody to test the suggestion for 
themselves, but I would say that after many 
years experience we cannot find any such 
requirement provided always that the 
differential time delays are inside the CCIR 
specified limits. The failure to find any effects 
are not due to the use of loudspeakers in 
lively rooms as Mr Coleman suggests, for the 
waveform distortions due to phase are no 
more obvious when the best available 
headphones are used. 

I am very familiar with Whitfield's work on 
the brain's reaction to waveforms, but it's a 

field in which there is a great deal of 
contradictory evidence. The work of Galam- 
bos, Whitfield and others have shown that 
there appears to be a constant phase 
difference between the applied acoustic 
wave and either the peak or the axis crossing 
at which the resultant nerve impulse appears. 
However this is an area in which only the 
most highly refined experiments will produce 
significant data, but it is not of real 

significance in considering the acoustic 
effects of phase and as I noted earlier it is 

impossible to include a discussion of every 
aspect of the subject in any one contribution. 

Instead of criticising all the experiments 
that apparently show that phase effects are 
of little significance I would invite the critics 
to suggest an experiment that shows it to be 

important. 
James Moir, 
Chipperfield, 
Herts. 

CITIZENS BAND 

There has been a lot of talk recently about 
Citizens Band, with articles appearing in 
many publications, The UKCBC (United 
Kingdom Citizens Band Campaign) was 
formed in the summer of 1975 after 
discussions with many interested persons 
and radio amateurs. Our format is based 
upon CB clubs abroad, with emphasis on 
27Mhz, although any frequency band 
allocated for a CB would be welcome. We 
were represented at the last European CB 
Convention in Elsbach, West Germany and 
we encouraged our members to take an active 
interest in 27Mhz by listening and exchang- 
ing "QSL" cards; in this way interest is 

extended and not lost after a time. We at 
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present have some 80 members, many of 
whom are licensed amateurs. 

There are many who say CB is a bad thing. 
Introduction in Germany recently (0.5W 
12chs. 27 Mhz) has been an enormous 
success, the model control fraternity have 
their existing channels, and equipment has 
to meet government (FTZ) approval to 
ensure non -interference. Many CBers go on 
to become radio amateurs. 

CB means company for the sick and 
disabled, for the old and infirm, for the 
motorist, for mountain rescuers and national 
disasters, and can be operated by citizens of 
all ages. Is it not time we had a secondary 
means of communication available to all in 
the United Kingdom? 
R. C. S. Withers, G8KZH, GCB009 
Secretary UKCBC 
Halesowen 

WAS BAIRD FOOLING 
THE PUBLIC? 

R. W. Burns comments at length in your 
issue of October 1976 regarding my letter 
(April 1976) arising from the article by Dr. 
Waddell, V. W. Smith and J. Sanderson 
(January 1976). Other letters appeared in 
Wireless World of June and August. 

Being well aware of the events, I do not 
choose the references to Baird publicity as a 
history of his achievement. Headings such as 
"Television Perfected (1926) ", "First public 
demonstration Selfridges' (1925), 'Television, 
first successful test of new apparatus' (1926), 
'Radio motion pictures, now we see by radio' 
(1926), etc., etc., belong to fiction rather than 
technical reporting. According to Mr Burns, 
as many as fifty Baird related articles can be 
found in Wireless World over the period or 
one each month. These were not, I think, 
descriptive articles of Baird's work, the 
absence of such reports being the cause of 
much complaint. An assurance that the 
Selfridge demonstration would make full 
disclosure, that questions would be ans- 
wered and photographs permitted proved to 
be a disappointment. Instead, the demon- 
stration stand was boxed in, maybe for light 
exclusion, though it was ascertained that 
but a single revolving shaft provided both 
scanning and viewing. There was no 
synchronizing, no phasing and no photo- 
sensitive device, the accepted essentials of 
the Baird elementary system. Members of 
the public, invited by posters to see 
television, came in their numbers. They saw 
images of thick black line drawings to the 
accompaniment of a machine -generated 
flicker. The audience was not impressed yet 
misguided into believing that this was 
television. Such is the history of one 
important event, typical of others of 1925 -28. 

Broadcasting was bringing new enter- 
prises into being. New capital issues to suit 
inventors and investors filled much space in 
the daily papers. Dr Waddell in his Wireless 
World article, tells us that Baird filed no less 
than 178 patents. These were made available 
for constructor use by licence issued 
through Television Press Ltd., a rather 
unpalatable idea to experimenters, whatever 
their interests. 

Obviously, neither the Post Office nor the 
B.B.C. would act in a way to support or 
condemn. To cite the names of experienced 
senior officials is inappropriate to the 
1925/28 situation. 

Mr Burns mentions photocell use. Selen- 
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ium was unsuitable. The practical caesium 
cell (G.E.C. and B.T.H.) was in common use 
for picture transmission, sound on film, 
alarm devices, etc. Baird, however, gave 
attention to the soft potassium cell 
(Cambridge SI Co) in uncertain combination 
with a three -valve ex- service C M. II 
amplifier. As early as 1926 Baird revealed his 
visual purple cell, first in confidence and 
later mentioned in print through a 
contributor. This biological cell shown in the 
form of a 2 oz. glass container with a 
colourless clear liquid is of no interest. It was 
a stupid notion that dispelled belief in 
genuine demonstration. 

I trust that Mr Burns will see that I have 
not consulted primary documents, unpub- 
lished and published, as he recommends that 
I should. So much was published yet so little 
is known of essentials. 
F. H. Haynes, 
Overleat, 
Bovey Tracey, 
Devon 

FUTURE OF TELEVISION 

With the recent increase in TV display 
sources, may I voice a plea for standardiza- 
tion before we are presented with the 
confusion that besets so many other aspects 
of electronics today. 

The television set is about to become the 
main display unit of a variety of new 
devices. To date the foremost is still off -air 
material, but already available are "games" 
of varying complexity; teletext decoders; 
v.c.r. and v.t.rs and cameras. In the 
foreseeable future we will also have the P.O. 
Viewdata, microprocessors and display 
memories (for short-term me §sages and 
notes ?); video synthesizers for use with 
stereo hi -fi for sound -to- visual displays; and 
gimmicks like 'phone and door -bell indica- 
tion on screen, baby -alarms, alpha- rhythm 
feedback, etc. 

May I therefore make the following 
suggestions: 
i) television sets as such be phased out in 
favour of tuners and monitors; 
ii) manufacturers adopt a standard video 
and audio signal level. Video is already fairly 
universal at IV p -p, 7:3 video to sync, 
earthed and unbalanced, negative sync. 

A modular approach has several advan- 
tages: expansion and improvements to an 
individual's equipment is simplified; servic- 
ing is easier and a faulty device will not 
incapacitate the whole system. 

May I further suggest a central video /audio 
switcher analogous to the contemporary 
hi -fi amplifier. A simple switcher would be 
mechanical, while a sophisticated unit may 
include a processing amplifier to clean up 
noisy signals, a simple colourizer for games 
and displays. This unit will route signals 
from tuner, v.c.r., memory, camera and 
synthesizer to a suitable monitor and hi -fi 
amplifer, or v.c.r., memory, etc. 

Should this modular approach be adopted, 
I would recommend manufacturers do so at 
once before further development of the 
"half- line" chassis type of power supply for 
colour TV sets. Already v.c.rs sport every 
conceivable combination of u.h.f. and video 
inputs and outputs on a bizarre array of 
plugs. Some games incorporate modulators, 
others not. The excellent sound broadcast by 
the television companies is still forced 
through "toy" loudspeakers on even top 
price colour sets. 

I should just like to register my plea for a 

little sane forward planning before the 
domestic TV begins to incorporate odd 
games or simple teletext and Dad still has to 
change leads behind the set when the kids 
want to play noughts and crosses with the 
home computer or Mum wants to check the 
microprocessed accounts. 
Mike Feeney, 
Morpeth, 
Northumberland 

In a recent letter by Dr D. A. Bell (October 
"Letters ") entitled 'The future of television', 
questions were asked regarding where and 
when 3D. colour television would appear. 
Mention was also made of discarded experi- 
ments in 3D. colour television colour: 
discarded by whom? 

The question is not where and when such a 

system will appear but rather when will it 
re- appear. The first demonstration of such a 

system was by John Logie Baird in London 
during 19281, 2. Professor Cheshire of 
Imperial College, President of the Optical 
Society of Britain stated in an article on 
Baird's system2, 'a man sitting at the 
transmitter was very clearly seen in the 
receiver in another laboratory in the same 
building, in perfect relief. A colour demon- 
stration with a c.r.t. receiver was given to the 
Lord Selsdon TV Committee in 1934 and 
colour television was given to cinema 
audiences in London from late 1937 until the 
outbreak of World War II. Baird, now 
reduced to two assistants, Mr W. Oxbow and 
Mr E. G. Anderson (still alive and well, in 
Hythe) and no income, produced and 
demonstrated in the garage of his bombed 
house at Sydenham no less than six different 
variations of 3D. colour television. Systems 
included to 1000 line definition, all electronic 
scanned, screen sizes to thirty inches by 
twenty -four inches and 3D. imaging with and 
without viewer glasses. 

Wireless World and other magazines 
favourably reported his demonstrations'. It 
was little wonder that a record attendance of 
over 600 attended Baird's lecture on 3D. 
colour television at the I.R.E. in London, 
November 1943. One article4 referring to 
Baird's images, stated, 'the images were in 
colour as natural as any colour film ... and 
the effect of distance on the screen was quite 
natural'. Baird was using the world's first 
multi -electron gun single c.r. tube receiver, 
the "Telechrome ". The bandwidth used by 
Baird was stated to be the same as that used 
by the BBC in 1939 and Baird's sets could also 
receive the normal black and white BBC 
images. 

Regarding holographic 3D. colour tele- 
vision, even with greatly reduced band- 
widths, it may prove to be a sledgehammer to 
crack a nut. Interesting military work on 3D. 
colour displays, of a non -holographic nature, 
is being presently undertaken and there may 
be a spin off into civil television. 

The Hankey Committee in their 1945 white 
paper, referring to 3D. colour television, 
clearly stated, 'vigorous research on such a 
system should begin immediately, staff are 
available etc., the adopted system should not 
embody any patented devices which might 
be prejudicial to the general interest of 
British manufacturers'. One wonders how 
that statement bears comparison with the 
existing state of affairs today. Since Baird, 
until late 1945, was the only person to 
publicly demonstrate such a system, the 
Hankey Committee were in fact endorsing 
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Baird's system as the proposed new British 
system. Baird's premature death in 1946 
removed all effective competition for 3D. 
colour television. 

Teletext is a descendant of Baird's 1944 
facsimile television. Video recording is 
descended from Baird's video recording on 
gramophone records (1926) and magnetic 
discs (1927) and Baird also demonstrated the 
first public colour television in July 1928. 

Eurovision was preceded by Baird in the 
Germany - Britain - Denmark - Holland link 
(1929 -1932), the Telstar satellite was preced- 
ed by Baird's transatlantic television of 
February 1928 and for the future with 
crowded bandwidths we should have tele- 
vision over fibre optics, again pioneered by 
Baird, of course, in 1926! 
Dr P. Waddell, 
East Kilbride, 
Glasgow. 
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CRYSTAL DETECTION 

It says a great deal for the regard in which the 
carborundum wireless detector was held 
ca.1915, that a ship's receiver was adequately 
equipped with this kind of detector alone, 
supposing its spares had not been stolen 
(Sixty Years Ago, Wireless World, October 
1976, page 81). 

I have started to assemble a history of the 
early years of the crystal detector, with 
particular emphasis on the carborundum 
detector because of its commercial impor- 
tance. The most curious feature that has 
come to my notice (K. Weedon, private 
communication) is that patent applications 
for crystal detectors (e.g. Dunwoody) and 
articles and papers on crystal detectors 
(Braun, Brandes, Pickard etc.) for use in 
wireless, only begin to appear (1906) after 
Fleming had publicly demonstrated the use 
of his thermionic diode as a wireless detector 
(Feb. 1905). 

If readers of Wireless World have pertinent 
information of any kind, particularly relating 
to the first decade of this century, that would 
amuse, instruct, or generally help to resolve 
the enigmas of this topic, I should be grateful 
if they would write to me. 
Dr. D. P. C. Thackeray, 
Dept. of Chemical Physics, 
University of Surrey, 
Guildford 

MAGNETIC PICKUP 
PREAMPLIFIER 

It appears that Mr Wolfenden, in his 
magnetic pick -up preamplifier design pub- 
lished in your September issue, has ignored 
the reason why designers have, in the past, 
avoided placing a stage with gain before an 
R.I.A.A. equalization stage, namely the 
problem of overload capability. 
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R.I.A.A. equalization initially boosts sig- 
nals at 20kHz by 20dB with respect to signals 
at 1kHz; these subsequently receive 20dB less 
gain than signals at 1kHz, in the preamplifier. 
For this reason, high frequency (20kHz) 
signals appear 20dB greater at the input and 
output and ICIA than 1kHz signals and 
therefore have 20dB less overload margin. 
This leaves an overload margin of only 20dB 
at 20kHz, which is not compatible with high 
fidelity reproduction. 
A. N. Barker, 
Bradford -on -Avon, 
Wilts. 

Mr Wolfenden replies 
Mr Barker appears to have only presented 
part of the story. An examination of the 
figures presented by S. Kelly (Wireless 
World, Dec. 1969) shows that the maximum 
theoretical velocity that a stylus with an 
effective tip radius of 0.25 thou can attain is 
approximately + 18dB with reference to 
5cm /sec (the chosen reference in my article), 
and this occurs at a frequency of approxima- 
tely 2kHz. Even this situation is unlikely to 
arise since the maximum velocity accepted 
by the recording industry is shown as being 
approximately +9dB, occurring at a fre- 
quency of about 3kHz. These peak levels are 
well within the capabilities of the preampli- 
fier and hence no overload problems should 
arise. 

This situation is born out by tradeability 
figures published for some pick -ups. For a 
Shure V15 in a SME3009 arm tracking at 1gm 
the figures quoted are 26cm /sec at 400Hz, 
38cm /sec at 1kHz, 35cm /sec at 5kHz and 
26cm /sec at 10kHz. These figures show the 
expected peak at frequencies around 1kHz, 
the maximum velocity being approximately 
17.5dB above 5cm /sec. 

It should be mentioned that this situation 
in no way precludes the use of the high 
frequency boost used during recording since 
the energy content of a musical signal 
declines rapidly above 1kHz and hence very 
large stylus velocities are most unlikely to 
occur. The use of pre- emphasis on recording 
and de- emphasis on playback in this way 
does, however, result in a reduction in noise 
at the frequencies where it tends to be most 
audible. 

DIGITAL FILTER DESIGN 

With reference to the article on digital filter 
design which appeared in the October 1976 
issue, there are one or two points which I 

would like to make. 
Firstly, there seems to be some confusion 

over the title, which is given in the contents 
as Use your pocket calculator as a digital 
filter" and in the article as "Programming a 
microprocessor to act as a digital filter ". If a 
calculator is to be used, then considerable 
dexterity will be needed to operate the filter 
program in real time! 

Secondly, it is not clear from the article 
that the two coefficients "a" and "e'°r" are 
constant and thus do not have to be 
calculated in real time. The algorithm for the 
first order low pass filter thus reduces to: 

y= Ax +BY -, I 
A =a 
B =' 

Where x and y are the input and output 
values at sample n and y , is the previous 
output value. Indeed, one of the virtues of 

this digital filter is that the calculation only 
consists of two multiplications and one 
addition per sample. 

Thirdly, the speed of the microprocessor 
must be carefully considered. If we take high 
quality speech with a bandwidth of 5kHz as a 
typical input waveform, Nyquist's sampling 
theorem requires a minimum sample rate of 
10kHz or a sample period of 100 microse- 
conds. This means that two multiplications, 
an addition and some housekeeping func- 
tions (input /output, storing the last output 
etc.) must be done in 100µs. The time problem 
is exacerbated by the use of double precision 
arithmetic to increase the resolution as the 
most common microprocessor wordlength is 
only eight bits. One particular microproces- 
sor takes 46µs to perform a subroutine jump. 
To be fair, this is the slowest but the example 
serves to illustrate that microprocessors are 
(with a few exceptions) really quite slow. 

We will not see the combination of 
microproc »ssors and digital filters until 
cheap processors and stores which are an 
order of magnitude faster are available. 
J. Brazier, 
Dept. of E.E.S., 
Univ. of Essex, 
Colchester. 

PHASE IN THE EAR 

I should like to comment on Mr Neate's letter 
in the October issue. He says that each fibre 
in the basilar membrane of the ear has its 
own natural frequency, responding only to 
that frequency. Hence he argues that the ear 
is not sensitive to phase. Also, he is seeking 
an explanation for how the ear can insert a 
missing fundamental when only the 2nd and 
3rd harmonics can be heard. 

The ear is a complex mechanism, but I will 
try to describe both its mechanism and its 
preceptiveness. Alternating air pressure is 
converted into movement at the eardrum 
and this is 'geared down' (i.e. amplitude 
reduced, force increased) by a system of 
small bones called ossicles, which move a 
membrane, the oval window in the cochlea. 
The cochlea is a helical tube filled with fluid, 
and is shaped like a snail, with 3 turns. The 
tube is divided along its length partly by a 
bony shelf and partly be the basilar mem- 
brane, but a small hole, the helicotrema of 
area 0.25mm2, which is situated at the centre 
of the "snail ", connects the two chambers. 
The basilar membrane carries the organ of 
Costi which has hair cells connected to the 
brain by several thousand nerves. 

Forces applied through the oval window 
set up wave motions in the fluid such that 
transverse displacement occurs in the basilar 
membrane. The position of maximum dis- 
placement of the membrane corresponds to 
the sound frequency, the position along the 
length of the membrane being logarithmicly 
related to frequency, with high frequencies 
causing maximum displacement near the 
oval window (i.e. at the wide end of the snail, 
but the basilar membrane is narrowest at this 
point, the remainder of the dividing wall 
being formed by the bony shelf). 

From the foregoing description it would be 
difficult to argue that the ear is similar to a 
large number of very sharply tuned resonant 
circuits. Measurements of the ear's ability to 
perceive sounds indicate a response time far 
less than that which would be obtained by 
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sharply resonant circuits. The circuits seem 
to be about criticially damped. The fine 
discrimination of pitch possessed by most 
people is achieved by analysis in the brain 
itself, but approximately 200ms is needed for 
accurate discrimination of pitch. The inten- 
sity of a sound is signalled to the brain by the 
number of impulses persecond (up to about 
300) along the nerves. Also, nerve fibres 
ending close to a given point on the basilar 
membrane have a range of sensitivities. 

Sounds reaching each ear will differ 
1) In intensity 

2) In time of arrival (transients) 
3) In phase (continuous tones) 

At a frequency of 700Hz, the spacing 
between one's ears is about 1/2 a wavelength, 
and below this frequency phase differences 
can be perceived, but such differences will 
decrease with frequency. 

Above 700Hz, the difference in intensity is 
an important factor in determining the 
location of a sound. Also, time differences of 
less than lms can be perceived. Just how we 
locate the direction of a sound is one of the 
mysteries of the brain itself, but it is believed 
that a process of cross- correlation takes 
place between the signals from each ear. It is 
interesting to note that frequencies below 
100Hz are signalled to the brain by direct 
modulation of the periodicity of nerve 
impulses. There is no doubt that phase 
information can be conveyed by this method 
of signalling. However, phase differences 
from a point source would be 25° or less at 
such low frequencies. 

From the above description of the hearing 
process the aim should be 
1) At frequencies above 700Hz, to 

concentrate on balancing the frequency 
response between the two (or more) 
channels 

2) At frequencies below 700Hz, to concen- 
trate on balancing the phase response of 
the channels 

These two aims are far more important 
than the overall frequency or phase response 
from microphone to loudspeaker. The ear is 
very poor at determining changes in the level 
of sounds, so an overall frequency response 
of ±2dB should be undetectable provided the 
various channels are balanced. 

The ear has a limited ability to perceive 
distortion products. For example a tone of 
1200Hz at a level of 60 phons raises the 
threshold of audibility of its 3rd harmonic by 
10dB. Allowing for the lower threshold level 
of these higher frequencies, this means that a 
sound pressure level of about 6dB of 3rd 
harmonic is required to overcome the 
masking effect of 60dB sound pressure at 
1200Hz. This means that low order harmonic 
distortion of 0.2% is only just audible. At 
higher sound levels the masking effect is 
even greater, and at lower sound levels the 
absolute threshold of hearing is the limit. 

However, high order harmonic distortion 
is more audible due to the decrease in the 
masking effect, and intermodulation differ- 
ence frequencies are also audible due to the 
rapid decrease in masking effect at fre- 
quencies below the masking tone. Hence a 
sound of 8dB pressure level at 500Hz could be 
heard simultaneously with a sound of 100dB 
pressure level at 1200Hz. 

Thus intermodulation distortion of only 
0.0025% could be heard under these circum- 
stances. Although the ear can itself produce 
distortion at high sound levels, the "Tartini" 
effect described by Mr Neate is probably an 
effect of the brain itself and not in the ear. 
D. T. Ovens, B.A.(Cantab), 
Havant, 
Hampshire. 
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Mobile radio communication 
Aerials, equipment and systems used in the UK 

by D. A. S. Drybrough, B.Sc., M.I.E.E., Drybrough Communications Ltd. 

All the mobile radio services use vertical 
polarization, basically because it is easy 
to obtain an omni- directional polar 
diagram with simple aerial configura- 
tions. The standard low -band mobile 
aerial is a quarter -wave whip, mounted 
on the roof of the vehicle or some other 
metallic ground plane as high as 
possible above ground. In the higher 
bands, collinear arrays or end -fed 
half -wave aerials are usual. Low -profile 
units, encased in tough plastic covers 
are available for use when height is 
limited. 

Aerials for base stations are open or 
folded half -wave elements, suitable for 
mounting on tubular masts or lattice 
towers. In the u.h.f. band, more gain is 
usually necessary and arrays of 
separate dipoles, mounted in a tapering 

Fig. 4. Block diagram of typical 
low -power a.m. mobile transceiver. 

* d isolators 
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fibreglass tube or individually, are then 
fitted. The last -mentioned may also be 
so mounted that gain is obtained in both 
horizontal and vertical planes. Direc- 
tional aerials, usually of the Yagi type,. 
are used for links and some discrimina- 
tion against unwanted signals may be 
obtained by using cross -polarization. 

Portable set aerials are limited in 
length by their environment and so 
helical types, about 0.1 wavelength 
long, are popular, despite their narrow 
bandwidth and low efficiency. Body 
absorption distorts the radiation pat- 
tern of aerials mounted close to the 
body and dips of 15 to 20db according to 
band, are normal. 

Attempts have recently been made to 
reduce the amplitude of signal fluctua- 
tions which are so evident when a 
moving vehicle is involved. Trials have 
shown that it is possible to reduce such 
fluctuations from peaks of over 27dB to 
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15dB or less. Such aerials with their 
associated circuitry are somewhat 
expensive but may well be justified for 
important long -range f.m. systems or 
where data signalling is in use. 

As systems multiply so the better sites 
are becoming more and more crowded. 
Some relief from the consequent maze 
of aerials is sometimes achieved by 
using multiplexing devices to combine 
several transmitters or receivers from 
one aerial. 

Typical equipment 
A block diagram of a typical low -power 
a.m. mobile transceiver is given in Fig. 
4. The receiver output signal to noise 
ratio is at least 8dB for an input e.m.f. 
of 1µV with 30% modulation and the . 
unmodulated transmitter output is 6W, 
averaged over the v.h.f. bands. All but 
the heavier components are mounted 
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on a single printed circuit board, 
alongside which is fitted the transmitter 
strip in a screened box. The whole 
assembly is mounted in an aluminium 
case with a plastic front bezel, flanged 
to protect the controls without consti- 
tuting a hazard in the event of an 
accident to the vehicle. The loudspeaker 
and microphone are connected to the 
main unit by multiway leads, the latter 
coiled to prevent it dangling round the 
feet of the operator. A pair of heavier 
leads connects the unit to the battery 
supply of the vehicle. 

The receiver is a single superhet with 
an i.f. of 10.7MHz, shaped by a multi - 
pole crystal.- A peak -clipping noise 
limiter precedes the dual -purpose audio 
amplifier which feeds the loudspeaker 
on receive or modulates the transmitter 
on transmit. Operating controls are 
limited to an on /off switch volume 
control, channel selector and mute level 
adjuster, all on the front panel of the 
main unit, plus a press -to -talk switch on 
the microphone. Current demand at 12 
volts is about 250mA on full receive and 
1.5A on transmit. 

Public radiotelephone mobile units 
are basically commercial high -power 
f.m. v.h.f. mobile units, modified to 
meet the requirements of the UK Post 
Office Radiophone service. They oper- 
ate in the upper maritime band in one of 
ten preset frequencies, one of which is a 
control channel to which it returns after 
a call. A mobile unit is simplex but the 
base station is duplex. The selective 
calling system adopted for this service is 
similar to the maritime C.C.I.R. system 
but with different tone frequencies for 
each digit of a five -unit code number. 

Point -to -point radio links may be 
employed by almost any type of service 
to interconnect control points to distant 
base stations when suitable telephone 
lines are not available or would be too 
expensive to install. The simplest instal- 
lations comprise outward and return 
links, using one radio -frequency chan- 
nel in each direction, and cartying one 
voice channel, possibly with some 
superimposed tone or control sig- 
nalling. These operate mainly in the 
v.h.f. and u.h.f. bands. More complex 
systems, using `1 + 1' multiplexing 
circuits to provide two speech channels 
or one speech channel plus many 
signalling and control tones, usually 
operate in the u.h.f. band, whereas 
larger- capacity multichannel installa- 
tions employ frequencies in the 
470MHz, 1500MHz or s.h.f. bands. 
Directional aerials confine radiations to 
the required direction, and powers are 
kept low in accordance with the type 
approval specifications for these sys- 
tems, which usually cover the perfor- 
mance of complete installations as well 
as of individual transmitters and 
receivers. Link transmitters, at least for 
the return path, usually radiate contin- 
uously to enable supervisory signals to 
be sent at all times to the control point. 
When more than one speech channel, or 

when speech combined with important' 
data or control signals are carried, the 
radio units are usually duplicated and 
operated from low- voltage d.c. power 
supplies, derived from storage batteries 
with float -charging fa cilities to safe- 
guard communication for at least the 
time needed by a serviceman to reach 
the base station and repair a power 
fault. 

In spaced -carrier systems, the control 
point has to feed signals in several 
directions simultaneously to its base 
stations. The link transmitter in such 
cases may have two or more parallel 
output stages feeding two or more 
directional aerials, arranged in such a 
way that failure in one section has little 
effect on the remainder. Except in 
special cases, the frequency stability of 
link transmitters and receivers need not 
be higher than for normal base station 
units but it is advisable for their audio 
fidelity to be as high as possible to 
minimise degradation of the signals 
carried by them. 

Paging systems 
Probably the most important services 
using the mobile radio bands but not 
strictly mobile radio are the paging 
services, in which one carries a receiver 
which alerts the wearer when called by 
a base station. There are many varia- 
tions on the basic theme, ranging from 
the fireman's call system, in which 
relatively large numbers of receivers are 
alerted by each call, to systems in which 
a few receivers are fitted to accept not 
only individual calls but also several 
different coded signals per call. In some 
systems a verbal message is permitted 
and in some a voice reply can be 
transmitted using a very low power v.h.f. 
or u.h.f. transmitter. Such systems are 
scarcely paging systems as a reply by 
radio is excluded in the C.C.I.R. defini- 
tion. 

In addition to the many private 
paging systems the Post Office is about 
to open a service similar to that in the 
Thames Valley area covering the Lon- 
don area. Up to 100,000 rented pagers 
will be catered for and calls will be 
possible from anywhere in the UK. The 
Home Office operates an extensive 
system of paging for firemen, whereby a 
selected crew can be called out for duty 
at any time if they are within the range 
of the high -band v.h.f. base stations 
fitted at fire stations. 

On- channel repeaters 
It sometimes happens that a small but 
important area within the nominal 
coverage of a base station is not 
adequately covered. By the use of 
on- channel repeater techniques such 
areas can be covered without involving 
extra frequencies and without the 
complication of the selective switch - 
ing-in of transmitters and receivers. The 
technique is based on achieving very 
good front /back ratios for two aerials, 
between which is interposed an ampli- 
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fier. So far, such systems have been 
confined to the u.h.f. band because of 
the problems in achieving sufficiently 
good isolation with small aerials in the 
lower bands. The aerial looking towards 
the main base station has high directi- 
vity to exclude unwanted signals and 
maximize pickup of the wanted signal. 
The other aerial is arranged to cover the 
required area which must overlap on 
the beam of the first. Beamwidths of up 
to 150° are practicable. A second set of 
similar aerials provides the return path, 
the signals traversing this link in the 
opposite direction. 

Working gains of up to 90dB are 
possible with a margin of stability to 
guard against changes in effective 
isolation between the aerials due to 
aircraft and other movements or 
changes to path losses. This gain, and 
the auxiliary control functions, are not 
readily obtainable by straight amplifi -' 
cation and a drift -cancelling fre- 
quency- changing system is used with 
most gain at an i.f. of about 21.4MHz. 
Great care is necessary in the design of 
amplifiers for both inward and outward 
paths. In the inward case, the input 
signal is fairly constant and at a good 
level, and the problems are to ensure 
that the output to the second aerial does 
not exceed the permitted power level 
and that it contains the minimum 
possible distortion products and noise. 
In the return amplifier, the input signal 
is variable and probably low in level, 
and it is necessary to avoid re- transmit- 
ting a very poor signal, or even just 
noise, and so the gain of the amplifier 
must not be allowed to rise so high that 
oscillation takes place. In both cases, 
spurious responses and emissions must 
be low in the presence of an on- channel 
signal. Repeaters may be used in 
tandem, and can be extended to cover a 
linear area such as a railway or a 
motorway when the numbers of vehi -. 
cles does not exceed the capacity of one 
radio channel. 

Selective signalling 
The average land -mobile radio system, 
consisting of a base station and 10 -12 
mobiles, is similar in essence to a party 
line in telephone practice. It therefore 
suffers from the same difficulties of lack 
of privacy, of lack of guaranteed 
immediate access and, to a rather 
smaller extent, of limitation to the 
numbers of subscribers who can share 
the circuit. One school of thought 
claims that the fact that all users in one 
channel hear all messages on the 
channel leads to very efficient use of 
that channel because the users natural- 
ly queue up and interject their messages 
in breaks in traffic as they occur. This is 
true if the users can all pay close and 
continuous attention to traffic on the 
channel for some time before making a 
call, but this is not always possible and 
could be time -wasting. A stream of 
messages of no direct concern to the 
listener can be very tiring to listen to 
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and leads to inattention or to irritation, 
with consequent action to reduce audio 
level to the extent that intended calls 
are missed. In such circumstances, and 
where the channel is exclusive to one 
user such as the power industries, 
selective calling can be of great benefit. 
The use of selective calling on shared 
channels is not encouraged because the 
calling tones could cause more irritation 
to users not fitting the system than the 
usual voice calling. 

A large number of selective signalling 
systems have been developed, and there 
has been little standardisation in the 
land services except that signals emit- 
ted when calling must not exceed the 
channel width allowed for speech. The 
tones used for the codes may be in the 
audio band or may be below it. When 
subaudio tones are used, the bandwidth 
available is narrow and so the spacing 
between tones in a system with suffi- 
cient code numbers for normal use has 
to be very small. In the American EIA 
system known as continuous tone -cod- 
ed selective signalling, two groups of 
tones are specified between 67 and 
250.3Hz, 33 in all, with a ratio of about. 
1.15:1 between successive tones in each 
group. 

Frequency stability of generators and 
of detectors must be good, and small 
reeds have been widely used to control 
their frequencies with minimum 
demands on space. This use of high -Q 
factor circuits prevents rapid keying of 
tones, and it is customary to switch the 
calling tone on for the duration of a 
transmission, so that it serves as an 
unlocking signal rather than a code call. 
This is specially useful when a mobile 
wishes to call one of a number of control 
points or base stations operating on the 
same frequency, or when control wishes 
to contact only one of several groups of 
mobiles. Because of the narrow band- 
width, modulation depth for the tone 
can be low, and it can readily be filtered 
out from the speech path. 

Where a large number of alternative 
codes are required, one of the many 
systems using in -band tones must be 
chosen, since there is little, if any, space 
above the audio speech band in 12.5 kHz 
channel systems. Popular choices are 
the multiple, simultaneous -tone sys- 
tems and the sequential tone systems. 
The signalling time rarely exceeds 2s 
and may be shorter than 0.5s and thus 
does not use up excessive channel 
airtime. In the maritime services, the 
sequential tone system specified by the 
CCIR is used both for v.h.f. and for m.f. 
and h.f. calling. 

This system is a sequence of five 
digits, each represented by a specific 
tone except when a digit is repeated in 
the number, in which case an eleventh 
tone is used to indicate second (repeat- 
ed) digit. Each call is repeated twice, 
and there is provision for the insertion 
of additional information, such as the 
identity of the calling station, between 
the repeats. An 'all station' call is 
possible by the transmission of the 

whole series of ten tones in rapid 
succession several times. In the inter- 
national aeromobile service, the stan- 
dard system consists of two pulses, each 
of two simultaneous tones (Selcal). The 
tones lie in the range 312 -1047 Hz and 
are modulated on the carrier to a total 
depth of at least 60% at peak. 

Area coverage systems and voting 
When the area to be covered by one 
v.h.f. or u.h.f. system exceeds that 
provided by one base station, special 
arrangements can be made to obtain the 
required result. One method is to 
provide selector switches for several 
base stations so that the operator can 
choose the station which he thinks will 
provide the best communication. As a 
refinement on these arrangements, the 
base -station receivers can be fitted with 
a signal -level assessor which transmits 
back to the operator a level- indicating 
signal. Next, automatic means can be 
provided at the control point for 
selecting the best signal from the 
outstations and switching it to the 
operator (voting system), usually with 
control of the associated transmitter. 
Time constants are made short enough 
to allow change from station to station 
when signal levels change but not to 
switch for normal fades lasting some 
tens of milliseconds. The next step is to 
activate all transmitters simultaneous- 
ly, especially where there is a need to 
reach all mobiles urgently. 

The first successful method, proposed 
by Brinkley in about 1946, was the a.m. 
spaced -carrier method in which all the 
transmitters operated in the same 
channel but their carrier frequencies 
were spaced by several kilohertz, a 
spacing so chosen that the beat notes 
produced in receivers when two or more 
signals were received simultaneously 
were at frequencies higher than the 
unwanted audio band and could be 
filtered out. This arrangement was 
widely adopted by the police and 
aeromobile services and is still in use 
today, although the channel widths of 
25 kHz now in force allow only three 
carriers, spaced 6 or 8 kHz apart and 
kept closely to these spacings by highly 
stable crystal oscillators at each trans- 
mitter. 

Alternative f.m. systems were also 
developed about the same time, using 
synchronous or quasisynchronous car- 
riers. Great care was taken to equalize 
phase shifts in the links from control to 
outstations and to make audio and 
modulator responses alike for all trans- 
mitters. In the early systems, the link 
frequencies were used as reference 
frequencies for the main area -coverage 
carrier frequency. The outgoing link 
carrier frequency was chosen to have 
some simple numerical relationship, 
such as 3/2, to the area -coverage carrier 
frequency and so could easily be 
translated to it by simple dividers and 
multipliers. 

Later systems have used rather less 

Base station assembly (Pye) 

exact relationships and a stable offset 
frequency has been added to obtain the 
required carrier frequency. In other 
schemes very stable crystal oscillators 
generate the desired carrier frequency 
at each outstation, and the oscillators 
are set to yield carrier frequencies 
within a few hertz of one another and of 
the nominal frequency. Good results 
have been obtained using such systems 
in 25 kHz channels, and satisfactory 
operation in 12.5 kHz channels has been 
demonstrated. 

Difficulties, in the shape of distorted 
signals, are met in some areas of overlap 
between coverage areas of two or more 
base stations, but radiated powers can 
sometimes be manipulated and aerial 
directivities chosen to position such 
poor areas where they cause least upset 
to the service. In all cases, the mainten- 
ance of equipment, once set up, must be 
of a high standard if good results are to 
be sustained. 

Under the aegis of the Home Office, 
the University of Swansea has carried 
out field trials of three alternative 
area -coverage systems, simultaneously 
in South Wales. The systems used were 
the a.m. and f.m. systems based on 
stable crystal oscillators and a similar 
system using double -sideband dimin- 
ished carrier (d.s.b.d.c.) modulation 
which was selected by the university as 
a likely alternative to the existing police 
50kHz systems, usable in 25 kHz or 
narrower channels. This system did 
show good results but the a.m. system 
was also acceptable and has been 
developed into commercial installations 
with good results. The work is continu- 
ing with more emphasis on independent 
sideband signals, especially for data 
transmission. 

Other simpler systems may be adopt- 
ed where the area to be covered is 
comparatively small. The on- channel 
repeater system is one such arrange- 
ment, and Fig. 5. shows one large 
system which uses several o.c.rs, in one 
case two in tandem, to help cover the 
Greater London area. 
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Where permitted by authority - and 
permission is generally restricted to 
thinly populated areas with a low 
density of radio systems - hill -top 
repeaters may be used to extend 
coverage for mobile -to- mobile working 
or for mobile to a 'fixed mobile' used as a 
control point. It is highly desirable that 
a specific unlocking code be provided 
for each repeater, since their high sites 
may be subjected to many cochannel 
interfering signals from distant instal- 
lations. ;Subaudio tones are often used 
for this - purpose. 

In future it is possible that satellites 
may be used by the more important 
services covering very large areas. Such 
satellites are already under intensive 
study for maritime and aeromobile- 
communication services. They will also 
provide navigational information and 
rescue facilities which will be of great 
value in these services. Frequencies in 
the L band, around 1500 MHz, have 
already been allocated for these satellite 
services. Designs for shipboard equip- 
ment are available, and operational 
systems are in an advanced planning 
stage. 

Cellular systems 
Public radiotelephone services require 
better than average coverage over wide 
areas. Once contact has been estab- 
lished between a mobile and a base 
station connected to the public tele- 

phone network it should preferably not 
be broken during the conversation, 
however far the mobile travels in that 
period. On the other hand, the maxi- 
mum number of conversations should 
be handled by the available channels. 
One system of achieving these ends is 
the 'cellular' system in which groups of 
cells, each tailored in area to suit local 
conditions, use a small group of fre- 
quencies which are repeated for other 
groups of cells not far removed geogra- 
phically. Base stations are of low power 
to reduce cochannel interference and 
cell sizes are very small, about 1.5 to 10 
km radius, to ensure capture within the 
cell by the local transmitter. Cell radii 
are chosen to cater for average 
journeys within them but a 'hand-off' 
system is provided, by computerized 
control of the base stations, so that the 
mobile is passed automatically from one 
cell to another when signals materially 
change in level. No system of this type is 
yet installed in the UK but its attractive 
frequency economy has made it the 
subject of recent study. 

Interrogating systems 
The power industry operates interro- 
gating systems for the collection of data 

Fig. 5. Typical use of "on- channel 
repeaters" in an area- coverage system 
for Greater London. 
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from outstations, some of which may be 
fixed and located at fairly inaccessible 
points and some, especially in other 
applications such as in public transport, 
may be mobile, e.g. in buses. A central 
base station sends out a selective call to 
each outstation in turn and receives 
from each the data stored in a memory 
at that point and sent, with an identify- 
ing code, back to base. A similar system 
is under study and experimental inves- 
tigation by the Home Office for the 
rapid transfer of data to and from police 
vehicles. 

Because these fleets of vehicles can be 
large, and rapid updating of information 
is desirable, fairly high data rates are 
necessary, and systems working at 
around 1200 bauds are under test. Such 
systems would feed into automatic 
displays and recording systems at the 
control point and into the police 
computer. One of the facilities under 
study is the provision of a vehicle -loca- 
tion map, kept constantly up to date by 
signals from each vehicle according to 
data entered by the driver, possibly on a 
gridded touch map of the area. 

Other systems 
Data transmission. Although a mobile 
radio system is very far from the ideal 
medium over which to transmit data 
signals, pressure on the available radio 
spectrum is high and the saving in time 
to be achieved through the use of data is 
too great to be ignored. Equipment and 
systems specifically designed for data 
transmission have therefore increased 
greatly in numbers in recent years and 
are proving their value in all but the 
simplest schemes. Problems of flutter 
and noise are still not fully solved and 
signal levels higher than could be used 
for speech signals are often necessary to 
guarantee reliable results. Some sys- 
tems manage to combine speech with 
data signals by inserting the latter in a 
slot filtered out of the speech band, but 
data rates are then necessarily slow. 
Automation is also being applied in 
another area, that of base station 
control. The choice of the best signal 
and the best transmission path can be 
made by computer instead of by an 
operator, leading to economies in 
systems in which a number of people 
may wish to contact mobile stations. 

Leaky -cable systems Recently, a partial 
answer has been found to the problem 
of transmitting radio signals down 
tunnels or in severely screened areas. It 
has been found that the signals leaking. 
from a cable laid along the tunnel can be 
received by portable sets of standard 
design up to a few metres from that 
cable. Transmissions from the portable 
sets is also transmitted by the cable to a 
receiver coupled to it at a suitable point. 
Tunnels many kilometres long can be 
covered by using several cables in 
series, possibly with a return link by 
telephone line above ground. 

(To be continued) 
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Remote control servo 
An alternative design to that proposed in M. F. Bessant's article 
on multichannel proportional control 

by J. H. Cook 

In a time- division multiplex system, the 
command to an individual servo ampli- 
fier has to be expanded so that the 
motor current will be sustained in the 
interval between commands, which in 
this case is approximately 20 
milliseconds. 

In the original design' this expansion 
is realised by charging CE during the 
control pulse and maintenance of this 
charge keeps the motor turning. In 
practice, the charge leaks away after 
about 5 milliseconds. This causes the 
motor to turn slowly, since it is not 
supplied with current for most of the 
cycle time. Another disadvantage is 
that, as the servo nears its end point the 
pulse charging CE becomes narrower; 
hence, there is less charge on CE and the 
servo movement is even slower. In- 
creasing the value of CE to 4.7µF. causes 
the servo to move faster but then the 
dead space becomes impractically wide 
and renders small, accurate movements 
of the servo impossible. 

New design 
The present circuit completely separ- 
ates the mechanisms which set the dead 
space and which ensure that the motor 
is driven hard even when it is near its 
end point. It can be seen from the circuit 
in Fig. 1 that it is developed from the 
original and I2, G9 and G10 in Fig. 1 are 
equivalent to I, GI and G2 in the original. 
G5 and G6, G7 and G8, GI, and G12, G13 

and G14 form set -reset latches, while I, 

and GI, I4 and G3, I5 and G4 give 
negative -going pulses on a positive -go- 
ing edge2. I3 and G2 are similar but the 
pulse length is longer and variable. This 
pair acts as a monostable which is used 
to set the dead space time. 

It is necessary for G15 and GIs to be 
open -collector gates and one package 
can be saved by also making G9 and GI0 
open -collector gates, providing them 
with 1kS2 resistors at their outputs. 
These four gates are in an SN7401N 
package. The rest of the gates are in 

Fig 1. Circuit of improved servo design. 
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Fig 2. Waveforms when servo is sta- 
tionary. 

SN7400N packages and the inverters 
are an SN7404N. 

Channel X is the channel currently 
controlling the servo and channel X -1 
is the previous channel. If X is the first 
information channel, then X -1 is the 
synchronizing pulse. 

The functioning of the servo circuit 
can best be followed by study of the 
waveforms at the points marked in 
lower case letters in Fig.l. These 
waveforms are shown in Figs. 2, 3 and 4 
for different states of the servo; b, g, h, 
and i are shown longer than they 
actually are for clarity. Pulse b is 
derived from a as explained above and 
resets all the set -reset latches, while c is 
the control pulse for the servo. 

Fig. 2 shows the waveforms when the 
servo is stationary. For the motor to 
turn there must be a negative going 
pulse at either m or 1 to set one of the 
latches G11, G12 or G13, G14. In the 
conditions as in Fig. 2 neither of these 
things happen. It is arranged that k 
becomes logic O before d becomes logic 
1. If both these are switched "simultan- 
eously," there is sufficient propagation 
delay through the gates for a momen- 
tary pulse to be present at m, enough to 
set G11, G12. It is also arranged that d 
reverts to logic O before k becomes logic 
1, again to ensure no pulse at m. (The 
same applies to e, j, i, G13 and G14.) 
Hence both q and r remain at logic 1 and 
the motor does not move. 

Fig. 3 shows the waveforms when the 
input pulse length at c is shorter than 
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Fig 3. Waveforms when input pulse 
length at c is shorter than the output 
pulse length from the monostable 
SN74121N. 

the output pulse length from the 
monostable SN74121N. In this case, j 
will revert to logic 1 before e becomes 
logic O. Therefore a negative -going 
pulse will appear at I. This will set the 
G13 G14 latch, which will cause n to go to 
logic 1 and r to become logic O. This will 
turn on the motor, which will turn until 
the conditions in Fig. 3 prevail, when 
the motor will stop. 

It can be seen that once the set -reset 
latch is set it will remain set for nearly 
the whole cycle time (20 milliseconds). 
It does not matter how short the pulse 
at I is, which means that the motor 
speed is independent of the distance 
from the end point. 

Fig. 4 shows the waveforms when the 
output pulse from the monostable 
SN74121N plus I3G2 is shorter than the 
control pulse at c. In this case the servo 
is driven in the opposite direction, in a 
similar manner to that described above. 

The dead space is adjusted by setting 
the 220 ohm trimmer to as small a value 
as possible compatible with the servo 
not hunting. 
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Fig 4. Waveforms when the output 
pulse from the monstable SN74121N 
plus 13C2 is shorter than the control 
pulse at c. 

Announcements 
Repairing semiconductors 
On page 52 of the November 1976 issue we 
published a letter from a reader who had 
found it possible to remove the protective 
casings from some defective transistors and 
effect repairs. We have since received a 
number of letters pointing out that many 
semiconductor devices contain poisonous 
substances. The danger of beryllium oxide 
poisoning particularly concerned readers. It 
appears that semiconductor manufacturers 
are aware of this and other dangers - 
beryllium oxide is only one of many toxic 
substances used in semiconductors. At least 
one manufacturer, concerned about his 
liabilities under the Health and Safety at 
Work Act, wrote to his customers in October 
to point out that the dangers from breakage 
in use and disposal, though small, did exist 
and were worthy of the customer's attention. 
The equipment maker is responsible for any 
such danger and would normally be obliged 
to label the product accordingly. In the case 
of semiconductor components, however, 
there is usually no room for a label. 

In view of all this we must strongly advise 
against any tampering with the packaging of 
transistors. We thank those who drew our 
attention to the problem. 



Wireless World, December 1976 61 

New portable DMMs. 

Only Fluke make them- 
only ITTsell them. 

New Fluke DMMs Fluke have 
introduced two new digital 
multimeters. That is big news in 
itself, because when you are already 
producing the best selling 
instruments on the market, how do 
you bring off another success? 
The answer has been to take an 
outstanding specification and shrink 
it into a truly portable instrument. 

True RMS a.c. This is the most 
important feature - especially when 
you realise that it is incorporated 
in a battery operated instrument that 
measures less than 6 x 5 x 21r2in. and 
weighs only 2' 2 lb. It means that you 
can take lab. quality measurement 
out in the field, free from the shackles 
of size, weight and power points. 

Two versions - 8030 & 8040 
Both models offer five ranges over 

five measurement functions and 
include autozero. The 8030 is a 3''2 
digit instrument with a useful diode 
test facility. The 8040 has 412 digits 
and incorporates autoranging. 

The only way to buy Both 
these briefcase sized DMMs are 
available from ITT Instrument 
Services; and from nobody else, not 
even from Fluke. Which brings 
together the best sellers among 
portable DMMs and the biggest 
name in the instrument distribution 
business. That means no -delay 
telephone ordering, streamlined 
internal processing, and delivery 
from stock. 

Ask for a spec. sheet now. Or 
better still, get ITT to arrange a demo. 
You will be more amazed by the 
performance than the price! 

ITT 

' Fill in this coupon for your copy of ' 

the data sheet on the 8030 and 
8040 and send it to 
ITT Instrument Services. 
Edinburgh Way, Harlow, Essex. 

Nnme 

Company _ 

Address _ 

Tel No J 
instrument services 

The only way to buy. 
Harlow (0279) 29522. 
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Motorola introduces 
POLYVALENT 
Development System. 

A brand new low- budget, multi -purpose micro- 
processor development tool, complete with CRT. 

Ideal for serious experimentation and systems 
development. 

Acts as a terminal for the EXORciser. 
Developed in Europe for the markets of 

Europe. 

Why Polyvalent? 
1. Its modular. 

Buy only the part you need and add to it. 

2. It has many uses: - 
a. To evaluate the M6800 family. 
b. As a total development system. 
c. As the multi -terminal. 

3. 8 components available in several combinations, 
or separately:- 

Stand -alone computer on a single board. 
Display interface module (unique interface with 

a TV system). 
Internal connecting cable sets. 
5" display monitor. Medium speed printer (not 

shown) at a separate cost of £611' 

Bus system card. 
Minibug. 
Input /output supervisor. 

Price for this Autonomous Development System (all 
components, except medium speed printer) £771.* 
For further details, contact us today. 

MOTOROLA Semiconductors 
Motorola Ltd., Semiconductor Products Division, 
York House, Empire Way, Wembley. Tel: 01 -902 8836. 
UK DISTRIBUTORS 
Celdis Limited, Reading. Tel: (0734) 582211. 
Cramer Electronics, Ealing. Tel: (01) 579 3001. 
GDS (Sales) Limited, Slough. Tel: (75) 31222. 
ITT Components, Harlow. Tel: (0279) 26777. 
Jermyn Industries, Sevenoaks. Tel: (0732) 50144. 
Lock Distribution, Oldham. Tel: (061) 6520431. 
Semicomps Limited, St. Albans. Tel: (61) 24522. 
'Recommended resale price. Subject to currency change. VAT extra. 

WW - 106 FOR FURTHER DETAILS 
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Motorola offers 
a complete 

Microprocessor 
library for 
just £1350 

Three books for the price of two. 

This library cornprises:- 

1. 

1. M6800 Microprocessor 
Programming Manual 
( worth £3.75.) 

2. M6800 Microprocessor 
Applications Manual 

2. (worth £9.50.) 

3. Understanding 
Microprocessors 
(worth £2. 75.) 
as published 
in Electronics 
Weekly. 

440k1Stata,a 

With Motorola's complete MPU library at 
your disposal you're equipped to make your 

next move into Microprocessors 

Please send me: and invoice my company. 
THE COMPLETE LIBRARY £13.50* 

M6800 Programming Manual only £3.75* 
M6800ApplicationsManua only £9.50' 
Understanding Microprocessors only £2.75 
'( p &p extra) 

Name 

Company 

Address 

Tel. No 

E 
MOTOROL A 
Semiconductors 

Motorola Ltd.. Semiconductor Products Division. 
York House, Empire Way, Wemley. Tel. No: 01 -902 8836 

WW - 088 FOR.FURTHER DETAILS 

How to make 
the most of your 

free time. 
Heathkit 

"make the world's 
largest range of 

electronic kits. 
Including hi -fi, 

amateur radio, test 
equipment and general 

interest kits. 
Every one of which comes to you 

absolutely complete -right down to the last 
nut and bolt. 

You'll also get a very easy to understand 
instruction manual that takes you step by 
step through the assembly. 

So, besides making an attractive, useful 
piece of equipment,you'll also 
have the makings of a 
satisfying, rewarding hobby. 

To find out more, post 
the coupon we'll send you 
our latest catalogue. 
Heath (Gloucester) Ltd., 
Dept.WW- 126,Bristol Rd. 
Gloucester, GL2 6EE. 
Tel: Glos (0452) 29451. 

HEATHKIT 
BETTER BUILT BECAUSE YOU BUILD IT YOURSELF 

IThe new Heathkit catalogue.Out now FRET] 
ITo: Heath (Gloucester) Ltd., Dept.WW -126, Gloucester, 

GL2 6EE Please send me my Heathkit catalogue. 
I enclose an llp stamp for postage. r,.71.1 

Schlumberger 

Name 
IAddress 

1 Postcode 

Showrooms at 233 Tottenham Court Road. 
London and Bristol Road, Gloucester. 
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We have the right contacts 
In fact we think one can never do enough 

to be near customers. That's why we 
Always do our utmost to 
make our distribution 5G5 1 
network tighter, more efficient 

Both through our sales 
office - for the larger 
supplies - and through our franchised 
distributors. The following is a list of 
our contacts with you in the U.K. and Eire. 

Distributors: Distronic Ltd. 
50/51 Burnt Mill, Harlow, Essex. 
Tel: (0279) 32947. 

Electronic Component Supplies Ltd. 
Thames Avenue, Windsor, Berks. 
Tel: (07535) 68101 
24 Broughton Street, Manchester. 
Tel: (061) 831 -7428 
192 Moulsham Street, Chelmsford, Essex. 
Tel: (0245) 69543 

Hawnt Electronics Ltd. 
Firswood Road, Birmingham. 
Tel: (021) 784 -2485 

SGS -ATES 
(UNITED KINGDOM) 

I ),I 

ITT Electronic Services Ltd. 
Edinburgh Way, Harlow, Essex. 

Tel: (0279) 26777 
© 30 Denmark Street, Bristol 

Tel: (0272) 290125 
142 Phibsborough Road, Dublin. 

Tel: Dublin 307522 
62 High Street, Johnstone, 

Renfrewshire. Tel: Johnstone 24357 
56 Welford Road, Leicester. 

Tel: (0533) 548292 
110 Corn Exchange, Manchester. 

Tel: (061) 834 -7827 
Quamdon Electronics (Semiconductors) Ltd. 

Slack Lane, Derby. 
Tel: (0332) 32651 

And that's why 
SG5- Hilmal 
SGS -ATES (U.K.) Ltd., Aylesbury, Tel: (0296) 5977. 

It# 

t.* 

WW -066 FOR FURTHER DETAILS 
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Earthing, shielding and filtering 
problems 
4- Magnetic pickup problems 

by R. C. Marshall, M.A., M.I.E.E. Xerox Research (UK) Ltd. 

Problems resulting from ineffective 
or insufficient grounding, shielding or 
filtering are not easily anticipated or 
understood, yet this is one of the 
least- taught aspects of the electronic 
engineer's art. Difficulties arise from 
components not shown on circuit 
diagrams, modes of operation not 
contemplated by the designer and, 
worst of all, several such modes 
operating at the same time. Cure of 
one mode may not eliminate the 
symptom - only when all spurious 
couplings are removed at the same 
time will correct operation occur. 

Magnetic coupling is a problem in 
low frequency, low impedance sys- 
tems. The relevant distinctive design 
techniques are discussed in this, the 
last article of the present series. 

Current flow around one circuit 
induces a voltage in series with another 
circuit in accordance with the laws of 
electromagnetism. The effect exceeds 
electrostatic couplings only in low 
impedance, low frequency circuits. 
Power supplies, dynamic microphones 
and industrial magnetic transducers 
are commonly involved. White" has 
concluded that for frequencies below 
100kHz, magnetic coupling will be 
dominant if the product of the impe- 
dance of culprit and victim circuits is 
less than 300ohm2, and electric coupling 
will be the major effect if the impedance 
product exceeds a value of 10,000ohm2. 
The exact breakpoint depends on the 
circuit geometry. 

Case 8 

Situation: Two circuits running adja- 
cent to one another as in Fig. 8(a). 
Symptom: Signal transferred from one 
circuit to the other, despite non- ferrous 
shielding. 
Problem: Inductive coupling (that is, 
transformer action) between current 
flow in the source circuit loop and the 
receiving circuit loop14. 
Cures: Reduce the area of either loop, 
thus reducing the flux generated or 

( a) 

( b) 

linking the receiving loop. This can be 
done by careful layout particularly of 
printed circuit boards, by avoiding 
ground returns and by twisting 
together go and return conductors15 
see Fig. 8(b). 
Separate power and signal cables into 
distinct bundles. 
Re -route cables. 
Enclose ground and return conductors 
together in one magnetic shield, such as 
steel conduit or a lapping of high -per- 
meability magnetic tape. 

Case 9 

Situation: Two circuits adjacent to one 
another, one involving a transformer, 
motor, saturable reactor, relay, or 
electromagnetic transducer. These may 
be physically separate from each other. 
Symptom: Signals, particularly at 

supply frequency, are transferred from 
one circuit to the other, despite 
non -ferrous shielding. 
Cures: Reduce loop areas. Separate or 
shield cables as in case 8. 
Shield transformer with magnetic 
material1e. Attenuation of 30 to 60dB 
at 50Hz is normal. Copper or alumin- 
ium boxes only provide such 
attenuation at 10kHz and above, but 
will be useful for high -frequency power 
transformers and line -scan components 
for cathode ray tubes. 

To be effective, magnetic shielding 
boxes should be made of high permea- 
bility material, and be of small physical 
size. They are therefore best used 
around signal transformers rather than 
power transformers. To preserve the 
high permeability, these shields should 
not be bent, cut or drilled after 
annealing. Joins should be overlapped. 

Two concentric magnetic shields are 
much less prone to poor performance 
caused by leakage at joints. One shield 
will also protect the other from satura- 
tion, allowing the use there of a very 
high permeability alloy. 

Provide a thick copper shading ring 
around the whole transformer, coaxial 
with the windings. Unlike a magnetic 
material, this cannot be saturated, but 
attenuation is limited. However, the 
technique is used in American TV 
receivers. 

Were there are transformers in each 
circuit, orient them so that there is 
minimum coupling. Likewise, in the 
vicinity of cathode ray tubes trans- 
formers should be so positioned that 
their stray field is along to the electron 
beam. 

Often the transformers will be in 
different pieces of equipment and this 
technique cannot be used. (Try stand- 
ing an audio pre -amplifier on top of a 
large constant voltage transformer!). 
Use a uniformly -wound toroidal trans- 
former or a balanced construction such 
as the double- bobbin transformer of 
Fig. 9. 

Avoid the use of signal transformers 
by using amplifiers with balanced 
inputs. 

Concluded on page 66 
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Avoid the use of saturating power 
devices such as megnetic amplifiers and 
constant -voltage transformers. 

Conclusion 

The four articles are a brief survey 
of a wide subject, intended to ease 
design synthesis and problem solving. 
Sometimes this seems a black magic 
subject, but the magic lies in being 
methodical and considering all sources 
of interference, abd being careful to 
solve one problem without causing 
another. 

Where a design comes close to the 

limits of what is possible, reference 
should be made to the bibliography. 

References 

13. EMI control methods and tech- 
niques, in Electromagnetic Interference 
and Compatibility Series, vol. 3, D. R. J. 
White, Germantown, Maryland, 1973. 

14. Interference coupling attack it 
early, R. J. Mohr, EDN July 1969, p.33. 
Theoretical treatment of unshielded 
cable coupling, for short cables over a 
ground plane. Bibliography. 
15. Shield grounding and circuit 
grounding effectiveness in interference 
reduction in the 15kHz frequency 
region, G. M. McDonald and G. R. 
Taylor. IEEE Trans. vol. EMC8 no. 1 

March 1966. In shielded twisted -pair 
systems no single - shield grounding 
scheme is optional for all circuit 
grounding schemes. Balancing a circuit 
gives about a fold improvement. 
16. Magnetic Shielding, publication 
T28/1274/DP Telcon Metals, Crawley, 
Sussex. 

Literature 
Received 

A wall -chart of U.S. minicomputer makers 
and their equipment available in the UK is 
being distributed free. Forty companies are 
listed and the tabular information is con- 
cerned with c.p.u., I /O, main memory, 
software, peripherals and prices. The chart 
can be obtained from Computer Automation, 
Hertford House, Denham Way, Maple Cross, 
Rickmansworth, Herts WD3 2XD .. WW401 

Voltage regulators are the subject of a 
booklet, sent to us by Lambda. Devices are 
available in TO -100, TO -23 or chassis - 
mounting package, covering the range 
150mA -30A and up to 30V. The address is 
Lambda Electronics Ltd, Abbey Barn Road, 
High Wycombe, Bucks WW402 

A c.m.o.s. data book, part of Motorola's 
Semiconductor Data Library, is now availa- 
ble. In 566 pages, the book gives full 
specifications of 13 series components and 
includes information on reliability and han- 
dling. It is obtainable from Motorola fran- 
chised distributors at £2.50. 
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f.p.l.as. Rapid Recall Ltd, 9 Betterton Street, 
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The Newport series of electromagnets are 
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ments in a new brochure, NEM10. The 
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ODX WW407 

High- reliability devices is the title of a data 
book from RCA, which describes c.m.o.s. and 
bipolar integrated circuits, m.o.s.f.e.t. 
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transistors, thyristors and triacs for applica- 
tions where reliability is essential and appli- 
cation note abstracts are included. The book 
is available from RCA Ltd, Solid State 
Europe, Sunbury-on- Thames, Middlesex. 

Linear transducers of both potentiometric 
and differential- transformer types are made 
by Penny and Giles, who describe the range 
in a new publication. Full mechanical and 
electrical information is included. Penny and 
Giles Ltd, Mudeford, Christchurch, 
Dorset WW408 

BSI has just published BS 5394 Radio 
interference limits and measurements for 
lighting equipment: Part 1 Luminaries for 
tubular fluorescent lamps. This is another in 
the series of specifications dealing with the 
abatement of radio interference. It is divided 
into three parts, Part 1 dealing with radio 
interference from fluorescent lighting equip- 
ment. The other two parts are still under 
consideration. BS 5394 may be obtained from 
BSI Sales Department, 101 Pentonville Road, 
London N1 9ND. Price £2.40. 
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(HF predictions 
As previously reported there were first signs 
of a new sunspot cycle in September and 
October of 1975 but no further evidence 
appeared until March 1976. The new cycle 
does now seem to be firmly established. 
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Optical fibre communication -2 
Transmission equipment for field demonstration 

by M. Ramsay, A. W. Horsley and R. E. Epworth Standard Telecommunication Laboratories Ltd 

The introduction of an optical -fibre 
communication system into an exist- 
ing network is possibly a more 
far -reaching step than any that has 
been taken since the inception of 
these networks. Because of this, a 

great deal of engineering confidence 
has still to be established. A large - 
scale field demonstration could 
achieve this, but many sub -systems 
must be engineered before this can be 
held. With careful design, such a 

demonstration will assist in determin- 
ing the targets to be set for a field 
triai. 

This article (part 1 appeared in the 
November issue) describes work 
being carried out to produce the key 
sub -systems which will enable realis- 
tic field demonstrations to be mount- 
ed, thus paving the way to field trials 
of optical fibre communication sys- 
tems. 
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Fig. 3. CW laser output versus drive 
characteristic shows almost linear 
relation for an l.e.d. and abrupt 
threshold for laser. 

03 

Optical transmitter 
The drive requirements for I.e.ds and 
lasers differ considerably; 1.e.ds have a 
light versus current characteristic that 
is nominally linear, whereas lasers 
produce little light until the current 
reaches a threshold. Above that current 
the light output increases very rapidly 
for a small increase in current, full 
output being obtained with typically 
about 20mA additional current (Fig. 3). 
The laser threshold might typically be 
150mA; therefore such a laser would 
require 160 ± IOmA direct modulation 
current. On the other hand, l.e.ds are 
simpler to drive but require a high 
modulation current. 

When lasers are modulated at high bit 
rates, it is very important that the laser 
never be allowed to fall below threshold, 
e.g. during the zero level in a binary 
signal. The reasons are twofold. Firstly, 
lasers exhibit a turn -on delay of several 
nanoseconds when driven from below 
threshold and this would cause consi- 
derable intersymbol interference, parti- 
cularly for a non -return-to -zero (n.r.z.) 
codev. Secondly, when low dispersion 
fibres are used, material dispersion 
becomes significant. This is a function 
of source spectral width, and lasers 
driven from below threshold with short 

Fig. 4. Variation of spectral width of 
laser biased just above threshold (a) 
and just below (b) (after Selway & 
Goodwin, see ref. 28). 

"-kJ 
1nm I 
(a) 

pulses exhibit spectral widths of 3nm or 
so, whereas biasing above threshold en- 
sures spectral widths of only 0.5n 
and thus minimizes material dispersion 
see Fig. 4. 

If the laser bias is set too high there is 
the possibility of damage due to the high 
optical power levels. Also, operation at 
high power levels is often associated 
with excessive laser noise. The range of 
operation of the laser must be tightly 
controlled if its advantages are to be 
used to full effect. The laser threshold 
increases with temperature and life, and 
varies from device to device, so it is 
essential in any practical system to 
provide optical feedback to control the 
laser bias. This can be done by moni- 
toring a fraction of the light from the 
laser with a photodetector, and corn- 
paring the output with a reference 
which sets the demanded light output, 
then feeding back to increase or 
decrease the bias current accordingly. 
Thus the bias current is made to track 
any variations in threshold. A current 
limit may be incorporated to prevent 
excessive current being drawn and to 
allow the signalling of incipient laser 
failure towards the end of its life. 

The same variations that occur in 
laser threshold also apply to the laser 
slope efficiency. These can also be 
corrected by a second feedback loop in 
which the modulation depth is mea- 
sured, compared with a reference and 
the error signal fed back to adjust the 
modulation current appropriately (Fig. 

(b) 
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Data in 
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Fig. 5. Feedback from laser output 
ensures correct laser bias despite 
variations in threshold due to 
temperature effects and ageing. 

5). This second loop requires a wide - 
band detector and amplifier to the 
monitor, whereas the first loop alone 
would only require a slow detector. One 
detector can provide the monitor signal 
for both feedback loops. The end result 
is an optical transmitter with a normal- 
ized output level, analogous to the 
normalized output voltage of the con- 
ventional cable driver circuit. 

Optical receiver 
Avalanche photodetectors have been 
chosen for the field demonstration as 
they offer higher sensitivities than p -i -n 
diodes at high bit rates, for the reasons 
outlined in part 1. A further advantage 
is that the amplitude of the electrical 
signals at the amplifier input will be 
larger than with a p -i -n diode, resulting 
in increased immunity to electrical 
pickup and crosstalk. 

Avalanche photodiodes have two 
main disadvantages: first, they may 
exhibit tailing, i.e. the frequency 
response may not be flat, and this will 
require equalization. There are 
"reach- through" a.p.ds 29 in which the 
tailing problem has been overcome but 
these are more expensive. The second 
disadvantage is the need for a high 
voltage supply. Typical a.p.ds require a 
bias voltage in the range 100 to 500volts 
for optimum operation which varies 
with temperature. 

There is a great reluctance to use high 
voltages in FIT systems, but a closer 
consideration of the requirements sug- 
gests that there should be no problem. 
The diode requires only a few 
microamperes of current and this can be 
provided by a small, low consumption 
d.c. converter. This, together with a 
temperature- compensated voltage 
regulator and the diode itself, could be 
mounted in a sealed module (Fig. 6). 
Such a module could contain the 

Monitor 
detector 

J 
following amplifier and the detector 
equalization and therefore becomes a 
complete optical receiver module. 

The avalanche gain characteristic is 
such that the bias can be varied to 
control the gain thus enabling manual 

Fig. 6. Optical receiver could include 
d.c. converter and temperature 
compensation in sealed module. 
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or automatic gain control (Fig. 7). In its 
simplest form, the bias supply has a 
high source resistance Rs (Fig. 8). When 
more light falls on the detector, the 
current increases, the bias voltage drops 
and hence the gain falls, decreasing the 
current. Conversely, whèn the optical 
power decreases, the gain increases. If 
RS is infinite, the a.p.d. is biased with a 
constant -current source. This could be 
set to le = Ipmin 'tom where is the 
primary photocurrent (A = 1) produced 
by the minimum optical signal, and Aapt 

. 

is the optimum avalanche gain. Such a 
biasing technique will produce a flat 
a.g.c. response over the range of the 
avalanche gain, the two limits being the 
point at which the gain falls to unity on 
larger signals (the diode will saturate 
unless clamped with a diode) and when 
the optical power falls to zero in which 
case all the current will be produced by 
microplasmas. 

One novel means of providing this 
current source is to use a second 
photodiode, with no avalanche effects 
over the range of voltages considered, 
placed between the bias supply and the 
a.p.d. and illuminated with an adjust- 
able light source (Fig. 9). 

Throughout this discussion it has 
been assumed that there is no back- 
ground illumination. In practice this 
ambient illumination can be eliminated 

d.c. 
converter 

BIAS VOLTAGE (relative) 

Fig. 7. Avalanche photodiode 
characteristic allows manual or 
automatic gain control by bias 
variation. 
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Fig. 8. Gain control of a.p.d. using high 
source resistance gives flat a.g.c. 
response. 
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but there may be some detector leakage 
which must be taken into account. 

The choice of low noise amplifier 
design depends on the information 
transmission rate. The photodetector 
basically looks like a current source 
shunted with junction capacitance. This 
capacitance can be made very small as 
the detector area required is extremely 
smajl,Trans- impedance bipolar ampli- 
fiers offering a low input impedance are 
suitable for higher bit rates, whereas 
high impedance f.e.t. amplifiers and 
variouspre-emphasis/post-amplifica- 
tion de- emphasis techniques are suit- 
able for lower bit rates. 

If required, equalization of detector 
tailing can usually be achieved with a 
simple RC network but this may have to 
be tailored to the individual photodiode. 

The performance achieved by several 
optical receivers for binary transmis- 
sions is already close to the theoretical 
limits set by the Poisson distribution of 
photon arrival time; therefore it is 
unlikely that there will be any dramatic 
performance improvements in this area. 
It is more likely that the high -sensitivity 
laboratory receivers of today will be 
refined to make them suitable for use in 
real systems. 

Device packaging 
A stripe geometry laser, such as 
would be used in a system operating at 
bit rates higher than 50Mbits /s, has a 
source size of about 20 by 0.2µm and a 
corresponding beamwidth of 6 and 
30° half- angle. The multimode fibre 
core diameter can be anywhere be- 
tween 30 and 100 µm, the acceptance 
angle of the fibre typically varying 
between 10 and 20 °, depending on the 
system. It is evident that for efficient 
launching of light into the fibre, posi- 
tioning of the laser -fibre will need to be 
accurate to a few microns. 

There are two means of laser -fibre 
coupling, one a simple butt joint, the 
other a lens coupling. The butt joint will 
require a small spacing of a few µm 
between the laser and the fibre to 
prevent mechanical damage to the front 
face of the laser. The lens coupling 
enables us to modify the polar diagram 
of the laser to optimize the launch 
efficiency, but involves additional 
reflection losses and presents consider- 
able difficulties in alignment of the 
lens elements. Lasers are being deve- 
loped which will more closely match the 
fibre, i.e., the beam angle in both axes 
will match the fibre acceptance angle30. 

There is also the requirement for an 
optical monitor, as discussed. This can 
be provided by using the light from the 
rear face of the laser. It is possible to. 
build a monitor photodetector into the 
same package; but the choice of detec- 
tor type predetermines the application 
for the resulting package, and electrical 
crosstalk can be a problem. It is more 
satisfactory to.make use of the available 
optical isolator by placing the monitor 
photodetector outside the package. 

( 
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Fig. 9. Novel method of providing 
current source for biasing uses second 
photodiode, illuminated with 
adjustable light source. 

This results in a package with one 
electrical input and two optical outputs. 
One of these can be an optical fibre for 
coupling into the system and this fibre 
can also provide the hermetically sealed 
window. The monitor output can be a 
light guide such as a fibre or a simple 
glass window. 

The electrical connection needs to be 
of low inductance to enable the laser to 
be used at very high bit rates and this 
can be provided either by a stripline or 
by some kind of pill package. Environ- 
mental conditions necessitate the her- 
metic sealing of the package to prevent 
laser degradation due to contamination. 
The optical fibre butt joint must be 
aligned with the front face of the laser 
and may be combined with hermetic 
sealing. Two such packages are shown 
in Fig 10 (a) and (b). These packages are 
of course also suitable for l.e.ds. 

The photodetector package is much 
less of a problem because the sensitive 
area is usually many times that of the 
fibre core which illuminates it; also it 

Fig. 10. Hermetic sealing of laser diodes 
prevents degradation due to 
contamination. Both stud type (a), 
cibove, and planar type (b), right, can 
also be used for l.e.ds. 
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has a very wide acceptance angle and so 
is comparatively insensitive to the 
direction of illumination. A package 
developed to meet the laster require- 
ments would be suitable for a detector 
without much modification. On the 
other hand, a cheaper simpler solution 
might make use of an existing win- 
dowed package but with the addition of 
an external lens to focus the light onto 
the sensitive area. 

Detector junction capacitance may 
be dominated by the capacitance of the 
connections to the package. If the low 
capacitance made possible by the small 
detector area required is to be used to 
most advantage, it may be preferable to 
mount the detector in the same package 
as the following low -noise amplifier. 
This could lead to a hybrid package 
containing the a.p.d., a high -voltage 
temperature- compensated regulator, 
low -noise amplifier and possibly the 
detector tail equalizer, the complete 
hermetically sealed package having a 
fibre input or lens coupling. 

Coder /decoder 
A suitable code for the field 

demonstration should have the follow- 
ing properties and capabilities: it should 

have sufficient timing content to 
satisfy the timing extraction circuit 

remove the d.c. component to enable 
the receiver to be d.c. coupled and to 
minimize dissipation fluctuation in the 
source 

permit in- traffic error rate monitor- 
ing at the terminals and possibly also at 
the repeaters so that faulty repeaters 
can be located 

make adaptive equalization possible 
make efficient use of the information 

capacity 
permit the use of simple repeater 

circuitry. 
Discrete pulse -position modulation 

with its high peak -to -mean ratio is 
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attractive for optical systems because of 
the square -law sensitivity of the ph oto- 
detector, but is only suitable if the 
available channel bandwidth is not fully 
used. Redundant binary coding, in which 
a block of bits is coded into a longer 
block, is a possibility (e.g. 5B6B), but it is 
a compromise between increased trans- 
mission bit rate and higher circuit 
complexity of coders, decoders and 
error detectors. Errors can be detected 
by looking for unallowable codes in the 
regenerated data. Scrambled binary has 
all the required properties except for the 
error monitoring and this can be 
provided by the insertion of a parity bit. 
The extra redundancy can be very 
small, but again it is a compromise with 
circuit complexity at the repeaters. 

For a field demonstration a scram- 
bled- binary- plus -parity check seems 
most appropriate as it will permit 
evaluation of the optical system 
without a heavy commitment to a 
particular code. A field demonstration 
itself would provide much information 
from which to choose an ideal code for 
a future optical field trial. The particular 
code chosen is one in which a parity 
check bit is inserted after every 17 bits. 
This increases the bit rate by 18/17. The 
reasons for this choice are the small 
increase in bit rate against the minimum 
number of integrated circuits required 
to implement the logic at the regenera- 
tor. The parity bit improves the timing 
content by ensuring the presence of a 1 

in a sequence of 17 zeros, and one zero 
in a sequence of 17 ones. Phase -locked 
loops would be used at the send and 
receive terminals to increase and 
decrease the clock rate respectively. 

Dispersion equalizer 
Equalization is necessary primarily to 
correct for distortion introduced by 
fibre dispersion, although additional 
equalization may be necessary to 
correct for photodetector deficiencies. 
If the dispersion is small compared with 
the bit period, then little or no equali- 
zation will be required as may be the 
case at low bit rates. If the dispersion is 
comparable with the bit period, or 
greater, then it must be equalized out 
with a resulting power penalty. 

The ideal output pulse from the 
equalizer should reach a peak at 
time t=70and pass through zero at all 
instants t = mT where T is the bit period. 
The signal can then be reconstituted 
with zero intersymbol interference by 
sampling at times t =mT. This will 
result in an optimized eye diagram. A 
good open eye is necessary to ensure 
low error rates. 

Equalization can be performed either 
by an RLC filter or a transversal filter or 
a combination of the two. The trans- 
versal equalizer on its own is unsuitable 
when the dispersion has a long tail, 
since it would require a large number of 
delay elements. 

The main problem of equalization is 
the varying degree of equalization 
required. It may vary between samples 

of fibre and will certainly vary with 
distance between repeaters. In con- 
trast, specifications on electrical cables 
are very tight due to the close depen- 
dence on skin effect and the many years 
of development which have taken place.' 
There is also a direct dependence of 
dispersion on cable length and this, 
together with the knowledge of 
launched signal levels, enables equali- 
zation to be derived from the attenuta- 
tion. This is not possible with present 
day fibres as no similar dispersion - 
attenuation relationship exists. 

It seems therefore that the first 
equalizers must be flexible to allow for 
these variations. The ideal solution 
would be some kind of adaptive equal- 
izer. Such a device could follow slow 
variations of dispersion with time, such 
as might occur due to temperature 
effects, and would avoid complex 
setting -up procedures. Implementation 
of this equalizer would require suitable 
coding to enable the dispersion to be 
measured by the equalizer. 

A possible adaptive equalization 
scheme is as follows: using a rando- 
mized coding technique such as the 
scrambling technique chosen, it is 
possible to predict the spectrum of the 
received signal for the zero fibre length 
case where no dispersion occurs. If we 
measure the spectrum of the received 
signal at the end of a dispersion length 
of fibre and compare the two, we have 
an error signal as a function of fre- 
quency which can be fed to an adjusta- 
ble equalizer to minimize the error, thus 
equalizing the dispersion. In practice it 
should not be necessary to measure the 
entire spectrum but merely compare the 
output from a small number of fixed - 
frequency filters spaced through the 
band. If the nature of the dispersion 
variations is fairly predictable then as 
few as two filters may be required, one 
as a reference at a comparatively low 
frequency and one near the bit rate. 
Outputs from the filters would be 
envelope detected with a long averag- 
ing time to avoid fluctuations due to 
data variations and the imperfect 
randomisation. 

A more elegant method of adaptive 
equalization, also possible with a 
scrambling technique, makes use of the 
fact that a comparatively error -free 
replica of the undispersed transmitted 
waveform is available at the output of 
the regenerator. It is possible to cross - 
correlate between the received signal 
and the regenerated signal to obtain a 
direct measurement of intersymbol 
interference at integral numbers of 
bit -periods delay. These measurements 
are integrated over a sufficient period of 
time to remove any sensitivity to data 
and fed to the adjustable equalizer to 
minimize the intersymbol interference 
which is of course the object of 
equalization. The transversal equalizer 
represents a particularly suitable equal- 
izer as the cross -correlation measure- 
ments at t = 1, 2, 3 ... bit periods are 
simply fed to the appropriate tap 
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adjustments on the equalizer. This 
method similarly can be simplified 
considerably if the nature of the disper- 
sion variations is known, perhaps to the 
extent of only requiring a single inter - 
symbol interference measurement at 
one bit delay. This cross -correlation 
method should allow adaptive equali- 
zation at quite high error rates. 

Regenerator 
The function of the regenerator is to 
remove noise and jitter from the 
received signal and thus produce a 
regenerated replica of the original 
signal prior to transmission. Main 
components of a regenerator are auto- 
matic gain control to compensate for 
variations in received signal level; 
timing extraction, to generate a coher- 
ent clock, and a threshold detector, 
which is sampled by this clock, Fig. 2. 

Timing extraction is achieved by 
narrow band filtering of the component 
of the signal at the clock rate. This 
spectral line will always be present if the 
coding is chosen appropriately. Filter- 
ing can be performed by a high -Q tuned 
circuit or a phase -locked loop. 

The tuned circuit method is simple 
but temperature effects limit the usable 
Q to 100 or so and this imposes some 
constraints on the coding. Good a.g.c. is 
particularly required for this kind of 
timing extraction if timing jitter is to be 
minimized. 

The phase- locked loop method allows 
very much larger effective Q values to 
be obtained, relaxing the coding 
requirements, but is more costly and 
consumes more power. 

The sampling gate is the decision 
making circuit which decides whether 
the received signal is a one or a zero. It is 
usually some form of comparator which 
is sampled at the clock frequency, thus 
retiming the regenerated data. 
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Digital angle modulation 
Frequency and phase modulation techniques used in the 
transmission of digital data 

by R. Thompson, M.I.E. E., and D. R. Clouting, Ph.D., B.Sc.(Eng.) 

The term "angle modulation" covers 
those systems which convey informa- 
tion by altering the instantaneous 
phase of a carrier. In normal broadcast 
systems conveying analogue informa- 
tion, these forms of modulation are 
described as f.m. (frequency modula- 
tion) or p.m. (phase modulation). The 
difference between f.m. and p.m. in 
such systems is often minimal, since 
one form of modulation can be 
converted to the other with the use of 
differentiation or integration on the 
analogue information. In digital 
systems, the same similarities exist, 
since frequency is the differential of 
phase, but differences in implementa- 
tion tend to be more marked. 

Although digital signals are a simple 
form of analogue information the 
modulators and demodulators 
employed are normally more complex 
than those used in analogue systems. 
This occurs because the digital links 
are usually employed where high 
performance, in terms of spectrum 
occupancy and noise performance, is 
required. In these situations it is 
normally economic to incorporate 
comparatively elaborate and expensive 
circuits rather than accept the system 
penalties involved with simpler ones. It 
should also be appreciated that digital 
modulation techniques suitable for 
data transmission at low frequencies, 
say by line, are not always satisfactory 
for radio links. This is not necessarily 
because of transmission characteristics 
such as bandwidth and group delay but 
more usually because of equipment 
practical limitation such as frequency 
stability and spurious responses. The 
modems which are discussed in this 
paper are presented in terms of their 
suitability for radio links. 

The description "shift- keyed" is often 
used in association with digital modu- 
lation and follows from the simpler 
form of modulators which simply select 
one of a number of possible frequencies 
or phases. As a result of this termino- 
logy, digital frequency modulation is 
normally referred to as f.s.k. and digital 
phase modulation as p.s.k. It will be 
seen later that with many modulators 
"shift- keyed" is slightly misleading 

The first part of a two -part article on 
the use of angle modulation for the 
transmission of digital data over radio 
links. In this part, methods of 
generating and detecting angle -mo- 
dulated signals are described. 

because of the gradual transition 
employed in the modulation. However, 
the term remains a convenient way of 
indicating digital rather than analogue 
modulation. 

In conveying digital data it is 
possible for a particular change in 
frequency or phase to represent any 
number of digits. The simplest system 
is binary or two- level, where each 
change conveys one of two possibi- 
lities, a 1 or a O. In a four -level system 
each change conveys one out of a 
possible four combinations of two 
digits, 00, 01, 11, or 10. The period 
allowed by the system for a change of 

Fig. 1 Two kinds of frequency 
modulator. The variety shown at (a) 
simply selects one of two constant 
frequencies, while the 
voltage -controlled oscillator at (b) is 
varied by the data. 

Oscillator 

f.s.k. 
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f2 
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f.s.k. 
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î1 

frequency or phase to occur is called a 
"symbol" period. 

In binary f.s.k. a data 1 may select an 
instantaneous frequency of the carrier 
frequency plus an increment, ff + f, 
while 0 selects fe-f. The selection of f 
requires consideration of the available 
bandwidth, noise performance and 
implementation problems. A case of 
particular interest is narrow -band f.s.k. 
where 2f, the frequency deviation, is 
about 0.7 times the bit rate of the data. 
Premodulation shaping of the data is 
usually employed in order to restrict the 
tails of the spectrum of the transmitted 
signal. This, in turn, minimizes the 
"cross talk" between channels which 
are adjacent in frequency. The adja- 
cent- channel rejection of a system is a 
factor of considerable importance when 
seeking efficient use of available fre- 
quency bands. 

P.s.k. is the phase -modulation equi- 
valent of f.s.k., with the phase of the 
modulated signal conveying the gigital 
information. As in f.s.k. it is desirable 
that the width of the transmitted 
spectrum is restricted. There are two 
different approaches to this problem 
and these have been classified as p.s.k. 
and p.e.k. (phase exchange keying). 

P.s.k. systems employ premodulation 
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shaping which enables the constant - 
amplitude feature of the modulated 
signal to be retained. The disadvantage 
of this method is, however, that strict 
band limiting of the modulated signal 
cannot be achieved and finite energy is 
spread over an infinite frequency band. 
Some of this energy will therefore fall 

(a) 

Shaping 
Data filter 

(b) 

Data Shaping 
1 filter 

into adjacent channels and cause 
interference. The p.e.k. approach to 
spectrum control is that by using a 
linear modulation process direct control 
of the spectrum of the modulated signal 
can be achieved by passive filtering of 
the baseband modulating signal. The 
disadvantage of this method is that it 

f.s.k. 
signal 

Ref 

f.s.k. 
signal 
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Variable 
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Carrier 
frequency 
selection 
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Repeated message correction 

Fig. 2. The v.c.o. of Fig. 1 can be 
included in a phase -lock loop as in (a) 
to increase the accuracy of control. In 
the variation at (b) the variable divider 
enables the phase comparison to take 
place at the low reference frequency. 
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Fig. 3. An f.s.k. modulator using 
sideband cancellation. 
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causes amplitude modulation to be 
introduced into the modulated signal. 
This means that when it is passed 
through a practical power amplifier 
spectrum spreading occurs due to the 
amplifier non -linearities. In practice, 
therefore, it is not possible to achieve a 
strictly band -limited signal. 

This paper is concerned with p.s.k. 
and p.e.k. systems where the informa- 
tion is extracted from the modulated 
signal by measuring the change in 
phase between symbols rather than the 
absolute phase of the signal. Such 
systems are called differential p.s.k. or 
p.e.k. and this is abbreviated to d.p.s.k. 
or d.p.e.k. Four -level forms of d.p.s.k. 
and d.p.e.k. have received considerable 
attention during the past few years 
because of their suitability to radio links 
between mobile stations. 

Frequency and phase modulators 
Two common forms of frequency 
modulator are shown in Fig. 1. In (a) the 
data simply selects one of several 
available frequencies which are each 
continuously generated. The arrange- 
ment has disadvantages for radio links 
at high r.f. If the frequencies are 
generated directly at r.f., high -stability 
crystal oscillators will be required and it 
will therefore be difficult to alter the 
channel frequency. If the frequencies 
are generated at a fixed intermediate 
frequency then a frequency translation 
process is necessary which can lead to 
difficulties if low spurious levels are 
required. Another disadvantage of this 
arrangement is that the transition in 
frequency is abrupt, resulting in a wide 
output spectrum. 

Arrangement (b) offers a solution to 
these problems. A voltage- controlled 
oscillator is used to generate the 
instantaneous frequency demanded by 
bandlimited data. Although bandlimit- 
ing the data does not produce an equally 
bandlimited f.s.k. signal it does result in 
a significant narrowing of the output 
spectrum. The oscillator can be 
designed to operate directly at the 
transmission frequency and this trans- 
mission frequency "channel" can readi- 
ly be altered over a wide band. How- 
ever, there are difficulties since the 
oscillator sensitivity, in kHz /volt, will 
depend on the part of the band in which 
the oscillator is being operated. It is also 
a problem to achieve a "carrier" 
frequency directly at r.f. with sufficient 
stability. 

In Fig. 2. (a) the voltage -controlled 
oscillator of the previous modulator has 
been included in a phase- locked fre- 
quency- control loop. The output fre- 
quency of the v.c.o. is phase compared 
against a reference and an "averaged" 
correction voltage generated. In this 
way the "carrier" frequency can be 
accurately controlled. The low -pass 
filter prevents the loop responding to 
the variation in frequency due to the 
modulation. However, if the data pro- 
duces long sequences of the same 
frequency deviation the loop will even- 
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tually cancel this frequency offset. This 
can be a problem in some circum- 
stances. 

The modulator in Fig. 2 (b) shows an 
extension of that in (a) in which the 
phase comparator is run at a frequency 
substantially lower than the "carrier" 
frequency. A variable divider is used to 
bring the "carrier" down to the refer- 
ence frequency. By simply varying the 
division ratio the carrier frequency can 
be altered. Also, in some situations the 
division ratio can be altered by the data 
so that repeated message frequency 
offsets are not cancelled by the loop 
correction action. 

Fig. 3. shows an interesting form of 
f.s.k. modulator which employs the 
sideband cancellation techniques used 
in some single -sideband modulators. 
The "carrier" is generated indepen- 
dently of the modulator and this can be 
a useful feature. The required frequency 
deviation of ± f is generated at low 
frequency and hence can be accurately 
defined. Two balanced modulators are 
used and these are fed with signals 
which are identical apart from the 
phasing. The data switches the low 
frequency signals, f, between the two 
mixers. With a data 0 the balanced 
modulators produce double -sideband 
suppressed- carrier signals and the 
phasing of the f signals is such that 
simple addition results in a cancellation 
of fe -f, leaving a signal fc + f. Similarly, 
with a data 1 and the f signals 
exchanged between modulators an 
output signal of fe-f is generated. 

This form of modulator is very 
suitable for generating accurate fre- 
quency deviations directly at carrier 
frequencies and operating over a wide 
bandwidth. The lack of perfect rejec- 
tions of the carrier and the "unwanted" 
sideband is not as severe a problem as it 
is in s.s.b. situations. This is because the 
modulator output spectrum is symme- 
tric about the carrier, since the data 
causes the frequency to hop between + 
and - f about the carrier. It is not 
necessary to generate a radiation -free 
band on one side of the carrier as in 
s.s.b. 

Fig. 4 shows a more general form of 
the previous modulator. The two 
balanced modulators are fed as before 
with quadrature- phased carrier signals. 
Depending on the sign and magnitude 
of their "baseband" input signals the 
output signal phase can be controlled. 

By choice of suitable baseband sig- 
nals the resultant output can be a 
constant -amplitude signal whose phase 
can be altered by altering the baseband 
signals. To achieve this the amplitude of 
the two baseband signals must be 
sine /cosine related. A versatile sine /co- 
sine function generator for this type of 
modulator is shown in Fig. 5. The 
multistage ring counter has the ability 
to circulate a logic 0 backward or 
forwards round the ring at a rate 
determined by the clocking frequency. 
Each stage in the ring produces a 
weighted output when the logic 0 is in it. 

Sine/cos 
function 

generation 

Required frequency 
deviation 

Fig. 4. General form of the modulator 
shown in Fig. 3. 

Sine 

H 

Fig. 5. Sine /cosine generator for the 
modulator of Fig. 4. 
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Data 

The number of stages and the weight- 
ings are chosen such that if the ring is 
clocked regularly in one direction the 
output of the "sine" weighted circuits 
produces a synthesised sinewave of the 
form shown. By connecting a similar set 
of weighted circuits to the ring but 
rotated several stages round the ring a 
"cosine" output is achieved. Therefore, 
however the ring is clocked the instan- 
taneous amplitude of the two outputs 
will always be sine /cosine related. To 
produce a suitably modulated wave the 
data selects the appropriate counter 
direction and clocking rate. The two 
" baseband" signals produced are fed to 
the two balanced modulators of the 
previous circuit to generate the appro- 
priate frequency deviation of the car- 
rier. Shaping of the frequency transi- 
tions and multiple level deviation are 
readily achieved simply by operating on 
the counter clocking frequency. 

This form of modulator provides 
accurate control of a "carrier" phase 
and this has been used to produce f.s.k. 

signals. It is of course also a modulator 
very suited to phase modulation. As in 
f.s.k. applications, it is possible to 
generate "multilevel" signals and spec- 
trum control can be achieved by 
time-domain shaping of the phase 
transitions. However, as in the case of 
time -shaped frequency transitions the 
output spectrum cannot be strictly 
bandlimited by this technique. This 
form of modulator therefore produces 
p.s.k. type modulation. 

Strictly bandlimited phase modulated 
signals of the p.e.k. type can be 
generated by the methods shown in Fig. 
6, in which a binary modulator is shown 
at (a). The balanced modulator pro- 
duces two possible output phases, 180° 
different, depending on the sign of its 
baseband input. The balanced modula- 
tor provides a linear modulation action 
and, if fed with bandlimited baseband 
signals, will produce strictly bandlimit- 
ed output signals. The binary data is 
therefore bandlimited, producing 
changes in amplitude which occur 
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Fig. 6. Binary p.e.k. modulator A 
producing band- limited output signals 
is shown at (a) while (b) shows a 
four -level p.e.k. modulator. 

Signal I Frequency 
discrimination 

Signal ---mss 

Resonator 
ft 

F 1 na 

F- J 
DQ aZ 
D - o 
oN 

0 

w +90° 

á -90°- 

90 
45 

r 
a 

o 

45 

90 

1 O 0 1 1 0 1 1 

Fig. 7. F.s.k. demodulator, with 
strobing to achieve increased 
noise -immunity. V 

, I Regenerated 
timing 

Decision 

Resonator 
f2 

A 

Quench 

l 

Regenerated 
timing 

Fig. 8. Quenched- resonator type of 
fs.k. demodulator. 

Envelope 
detector 

IEnvelope 
detector 

I »Data 

Decision 

f1 

1"2 

Data 

I Data 

sample 

mI111111111n m1111111111Uu uqll 

mIIIIIIIilllllu., .mlll) m1nIIII1111 

Wireless World, December 1976 

slowly and take about one digit period 
to change from 0 to 1 or vice -versa. As a 
result of this, the output amplitude of 
the balanced modulator will vary as 
shown. It can be seen that in this case 
bandlimiting the signal results in abrupt 
phase transitions occurring when the 
signal amplitude is zero. 

The combination of amplitude and 
phase variations is a characteristic of 
very narrow band angle modulation. 

A modulator for bandlimited four -level 
p.e.k. is shown at (b). The r.f. portion of 
the modulator is in the form used in the 
f.s.k. modulator shown in Fig. 4. It 
provides the ability to vary the phase of 
the "carrier ". However, in this case the 
baseband signals do not originate in a 
sine /cosine function generator. Instead, 
the data is first arranged in pairs, each 
pair of digits forming a symbol which is 
associated with one shift in phase. The 
required phase is produced by suitable 
amplitude signals at the two baseband 
inputs. These are generated in the 
encoder as abrupt amplitude changes at 
the start of each symbol. The signals are 
then passed through bandlimiting filters 
before reaching the modulators, to 
produce a bandlimited r.f. output signal. 
However, since the two baseband signal 
amplitudes are not always instantan- 
eously sine /cosine related, the output 
amplitude will vary depending on the 
message content. The illustration 
shown is for a form of p.e.k. called 
symmetric differential p.e.k. 

Demodulators 
Demodulation in radio equipment is 
usually carried out at some convenient 
intermediate frequency. Filtering of the 
signal may be carried out before or in 
the demodulator. The filtering referred 
to here is the narrow band filtering 
designed to optimise the link noise 
performance. Wider filtering of the type 
occurring in r.f. stages does not usually 
affect link noise performance. In the 
following demodulators, where filtering 
is not shown it is assumed that optimum 
filtering is carried out before the 
demodulators. 

One form of f.s.k. demodulator is seen 
in Fig. 7. The frequency discriminator 
generates baseband signals from the 
frequency modulated input and may be 
any of the types frequently used in 
analogue systems such as the Foster - 
Seeley or pulse counter circuits. 

In order to achieve the lowest error 
rate in regenerating the data, it is 
essential to sample the baseband signal, 
with its noise, at a time in each symbol 
when the instantaneous signal -to -noise 
ratio has reached a maximum. To 
achieve this a timing regeneration 
circuit is required. This is normally 
some form of very narrow band filter 
tuned to the symbol rate. Because of its 
narrow bandwidth it is able to regener- 
ate fairly steady symbol timing even at 
very poor signal to noise ratios. All the 
following demodulators use regenerat- 
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ed timing to strobe the decision circuits 
which produce the data output. 

Fig. 8(a) shows an f.s.k. demodulator 
which employs quenched resonators for 
detection. The resonators are tuned 
circuits having very high Q, approach- 
ing infinity, and are often LC circuits 
employing Q multipliers. One resonator 
is provided for each of the frequency 
possibilities. These frequencies are 
usually chosen such that when the 
output from the required resonator is a 
maximum, the output from all others is 
zero. 

The operation of the demodulator is 
illustrated in Fig. 8(b). During the first 
symbol the received frequency is f1 and 
the f1 resonator integrates the received 
signal during symbol period. The ft 
resonator also responds to the signal; 
the fact that it has infinite Q and is not 
tuned to f1 does not prevent this. 
However if suitable frequencies are 
used its output will be zero at the end of 
the symbol period. The resonator out- 
puts are envelope detected and sampled 
to regenerate the data. The resonators 
are then quenched, that is all stored 
energy is dumped, and the process 
repeated on the second symbol. 

Coherent and differential binary 
phase demodulators are shown in Fig. 9. 

In a coherent demodulator the 
unmodulated carrier phase is regener- 
ated from the received signal. There are 
several ways of doing, this, most of 
which employ very narrow band filters 
tuned to the carrier (as it appears at i.f.). 
The regenerated carrier and the signal 
are compared in a phase comparator. 
This may be a balanced modulator (or 
some other device providing a multipli- 
cation operation) with a low pass filter 
on the output. The phase difference 
between the regenerated carrier and the 
signal is then sampled in a decision 
circuit to produce the data. 

In a differential demodulator the 
process is identical except that the 
regenerated carrier is replaced by a 
delayed version of the modulated signal. 
This is usually obtained by a delay line 
of delay time equal to one symbol 
period. The phase comparator output is 
therefore a measure of the phase 
difference between two adjacent sym- 
bols. As before the data is regenerated 
by sampling this phase measurement 
every symbol. 

For four level differential phase 
modulation, the form of demodulator 
shown in Fig. 10 can be used. The circuit 
shown is specifically for the "symme- 
trical" type of differential phase modu- 
lation. Each symbol will be different 
from the preceding one by either ± 45° 
or ± 135 °. The delay and top half of the 
circuit form a differential detector 
identical to that in Fig. 9(b). The 
detection criteria for it can be repre- 
sented as shown in Fig. 10(b). Phase 
changes between symbols which fall 
between 0 and ± 90° generate negative 
phase detector outputs and are read as 
O. Changes of 180 ° ±90° generate posi- 
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differential phase modulation. 
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tive outputs and are read as 1. The lower 
half of the circuit is similar to the top, 
apart from the 90° rotation of the 
delayed signal. This causes a 90° 
rotation of the decision thresholds of 
that channel as indicated in Fig. 10(b). 
The combination of these two decisions 
in each symbol provides the informa- 
tion to produce the single stream of 
regenerated data. The delays used in 
this demodulator have to provide very 
accurate time delay of i.f. signals. A 
small time error here produces a large 
phase error at the phase comparator. 
Where long symbols are used, that is 
greater than about 100µs, the accuracy 
requires the use of expensive quartz 
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delay crystals. It may in fact be 
impossible to get suitable accuracy. 

Fig. 11 shows a very simplified 
representation of another form of 
demodulator which does not employ an 
i.f. delay line. This employs a non - 
phase- locked i.f. reference to make the 
phase measurement. Two baseband 
signals are generated by phase detec- 
tors fed with quadrature- related refer- 
ences. At the end of symbol 1 the two 
baseband signals are sampled to give an 
instantaneous measure of the signal 
phase with respect to the reference. The 
angle is handled in two parts. One is an 
entirely &gital number defining the 
angle quadrant: as shown it is `0 0'. The 
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Fig. 11. A further type of demodulator not using a delay line. 
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other is an analogue signal representing 
the arc angle within the quadrant. This 
information is stored for one symbol 
period, at the end of which the baseband . 

signals are again sampled. The differ- 
ence between the old and new quadrant 
number, modified by the change in arc 
angle, gives the change in angle and 
hence the required output data. 

The virtue of this form of demodula- 
tor over the type using a delay line is 
that it is substantially cheaper. The 
detailed processing, which I have not 
detailed here, involves mostly digital 
circuitry which, when integrated cir- 
cuits are used, is extremely cheap. 

The second part of this article will 
compare performances of various 
modulation systems, including aspects 
such as noise performance, spectrum 
occupancy and sensitivity to equipment 
design tolerances. 

Surround -sound broadcast 
The Radio Clyde experiment in sur- 
round- sound reported in our September 
issue (page 46) was "a little disappoint- 
ing", as far as off -air listening in the 
quadraphonic mode was concerned, 
according to John Lumsden, chief 
engineer of the commercial station. 
"But in view of the separation quoted 
for QS and other systems, it is not 
surprising - something for nothing 
being impossible to achieve" he adds. 
Off -air stereo monitoring, in the 
absence of a direct comparison, was 
difficult but "our impressions were that 
the compatibility was more than satis- 
factory. This was borne out by the 
general consensus of opinion from my 
colleagues and the listeners them- 
selves". As recorded in our September 
note, off -air mono "provided the biggest 
surprise in as much as subjective mono 
compatibility seemed to be better than 
the normally achieved during normal 
stereo." The live performance, as moni- 
tored from the four microphone chan- 
nels, "was excellent and considerable 
realism was noted due to the additional 
dimension. The impression of the actual 
shape of the Kelvin Hall and the 
audience location was also evident." 

The experiment necessitated the use 
of Post Office lines to link the signals 
from an outside broadcast vehicle to. 
Radio Clyde. "Here lay our first obsta- 
cle: although the Post Office supply 
good music -quality circuits, they at 
present do not supply stereo circuits, i.e. 
circuits which are phase equalized." But 
they can sometimes supply co- routed 
circuits and usually good phase compa- 
tability results. "We obviously required 
four circuits and the Post Office were 
very helpful indeed and supplied the 
circuits co- routed." In spite of this, 
phase non -compatability existed 

between the front and rear pairs, and 
had to be eliminated with phase -cor- 
rector circuits. 

During the initial listening, mike 
problems were evident. To achieve good 
stereo, the mike arrangement (four 
AKG414's) was moved closer to the 
orchestra than normal. "This resulted in 
poorer quad, since the rear mikes picked 
up a larger ration of the direct orchestra 
sound than the acoustical reverberant 
sound. To hold the front pair 'tight' and 
achieve a good separation on the rear 
pair, a system of baffling was employed 
between front and rear, and also 
between the two mikes making up the 
rear pair. This was built of dense 
chipboard and covered with thick 
rubber- backed carpet in an effort to 
reduce the reflection at mid frequencies. 
The arrangement worked well and no 
phasing effects of the mid frequencies 
were evident." 

"The broadcasts were undoubtedly a 
success" concludes Mr Lumsden. 
"However, in quad, we seemed to suffer 
from an impairment of the signal -to- 
noise ratio. This was manifest in the 
rear speakers when facing forward and 
in the front speakers when facing 
rearward. It would therefore appear 
that the human ear is more sensitive, or 
less tolerant, to noise (hiss) from the 
rear. Unfortunately, the problem is 
aggravated further by the generally 
lower signal level from the rear' 
speakers. The problem might not have 
been so evident had the "surround" 
mode been used rather than the "hall" 
mode. 

Radio Clyde would like to continue 
these experiments and hope that in the 
near future, with I.B.A. and Home Office 
approval, "we will be able to broadcast 
'surround' mode pop quadrophonics." 

The Association of Public Address Engin- 
eers has organised four exhibitions for 
November, one each in Bristol, Gateshead, 
Leeds and Renfrew. The Bristol exhibition 
will be held at the Unicorn Hotel on the 23rd, 
that at Gateshead at the Five Bridges Hotel 
on the 18th, that at Leeds at the Windmill 
hotel on the 25th, and the Renfrew exhibition 
will be held at the Normandy Hotel on the 
16th. The joint title of the exhibitions, which 
will be open from 10 a.m. to 6 p.m. on those 
days and for which admission will be free, is 
"Circuit 76." The organisers say visitors will 
be able to see traffic control and crime 
detection equipment, closed circuit television 
services, electronic timing devices and 
scoreboards for sporting events as well as 
sound reinforcement, internal communica- 
tion and other sound equipment. 

The electronics component show will be 
held at Olympia from May 17 to 20, 1977. The 
organisers note that lower cost bench 
displays without stands, on offer at £200 each 
for the first time, have not sold well, even 
though the innovation was suggested by 
exhibitors at the last show. 

The 1977 Audio Fair will be held at Olympia 
from September 12 to 18. 
The inaugural journey of British Rail's 
high speed train at the end of September 
should also have been the occasion of the 
first live television transmission from a 
moving train. Protracted negotiations 
between ASLED, the locomen's union, and 
the British Rail Board, however, meant that 
the final go -ahead for the service took place 
too late for arrangements to be made 
between British Rail, the Post Office and the 
BBC. The broadcast will now wait until 
another time, possibly when the London to 
Edinburgh Route opens in 1978. 
In our September issue on page 45 we 
showed a photograph of the Miranda mobile 
microwave intercept system. We omitted 
to say that this was designed at Mullard 
Research Laboratories and is now being 
developed by MEL Equipment Co Ltd. 
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Weather -satellite picture 
facsimile machine 
Hard -copy cloud rover pictures from APT, SR and WEFAX 
transmissions 

by G. R. Kennedy 

In order to produce permanent pictures 
of weather- satellite -viewed cloud cover 
without the aid of a professional 
facsimile machine, some form of photo- 
graphy must be used. Photographs 
taken from an oscilloscope screen have 
poor definitions because the spot size is 

relatively large compared with the total 
screen diameter. Screen persistence, 
dispersion and refraction within the 
glass face also reduce the definition-. If 
a large television type c.r.t., having a 
smaller spot size and larger dynamic 
range of phosphor than an oscilloscope 
tube, is used the definition will be better 
but the picture edges will be distorted. 

This means that for example, suc- 
cessive ATS -3 Mercator projection 
maps cannot be mated together due to 
the curved edges of the map grids. A 
light- sensitive rotating drum facsimile 
machine does not suffer from these 
particular drawbacks because there is 
no glass layer between the picture and 
the photograph, no phosphor problems 
and the picture linearity is good. This 
electro- photomechanical device is not 
ideal: it requires fine engineering to 
build it, needs a dark -room environment 
in its simplest form and, if bought 
commercially, is very expensive. A 
scanning galvanometer facsimile 
machine is generally a better device but 
beyond the engineering. skills of most 
electronic workshops. 

The machine described here is a basic 
design specifically for producing APT 
pictures from ESSA -8, whilst still 
transmitting, SR pictures from the 
NOAA satellites in the ITOS series and 
from the Russian METEOR satellites, 
and WEFAX computer- derived weather 
maps and orbital written data from 
ATS -3 and the SMS /GOES series. It is 
manually controlled, no attempt having 

he author 
Gerry Kennedy is a Higher Scientific Officer 
with the Science Research Council at the 
Appleton Laboratory, Chilbolton Observa- 
tory. His private project (ref. 4) was started 
in the Falkland Islands with Nimbus 3 ice 
cover pictures. This work was continued on 
his return to the UK to encompass more 
recent satellites. He is a radio amateur with 
the call signs VP8LZ and G30GK. 

This article describes a prototype 
rotating drum facsimile machine for 
producing weather satellite automa- 
tic picture transmission (APT), scan- 
ning radiometer (SR) and weather 
facsimile (WEFAX) transmission pic- 
tures. With the dimensions given in 
the text, prints approximately 22cm 
square, with a line width of 0.25mm, 
can be produced, of sufficient quality 
for meteorological work. Three mag- 
nifications are available for SR 
pictures by simple switching. All 
electronics are solid state with the 
exception of the light source, which is 

a cold- cathode device. The article 
offers a basic design for further 
developments and should be read in 
conjunction with a previous article 
entitled "Weather Satellite's Ground 
Station" published in Wireless World 
November, December 1974, January 
1975. 

Fig. 1. Cloud cover picture production. 
This principle requires dark -room (red 
light) conditions. Traverse, drum 
rotation and modulation are 
synchronized to weather satellite 
transmissions. 
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been made to automate the processes. 
Nevertheless, considerable effort was 
needed to produce a reliable machine 
with a modest budget in mind. 

The principle of a rotating drum 
facsimile machine is not new: for many 
years the world's press agencies have 
used radio and wire drum picture 
printers and, more recently, amateur 
machines using valve circuitry have 
been described t 2, 3 

The older press "wire photo" 
receivers used heat or pressure sensitive 
paper but amateur and general service 
machines and the newer press machines 
use photographic materials. The ma- 
chine described here uses fast -bromide 
enlarging paper which can be handled 
and used in a reasonably bright red 
safelight. Cut film can be used, but this 
adds the problem of working in total 
darkness to produce a picture. 

The picture is produced as illustrated 
in Fig. 1. A sheet of photosensitive paper 
is wrapped around a drum which can be 
rotated by a motor. A light source is 

mounted on a traverse platform 
together with a lens arrangement to 
focus a light beam onto the paper. The 
platform is driven slowly along parallel 
to the rotating drum axis so that the 
spot of light describes a fine helix on the 
paper. The light beam is made brighter 
or dimmer by a modulating signal 
waveform such that when the paper is 

removed from the drum and developed, 
it has a picture on it made up of fine 

Light sensitive 
paper Drum 

Drum 
motor 

Traverse 
assembly 
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lines, dark or light according to the 
original scene; the lines being very 
slightly off -square relative to the edge 
of the picture, but all parallel to each 
other. The drum motor, traverse drive 
and modulating signal are all synchro- 
nised. If the picture is to be produced 
in real time, the drum rotation speed 
should be identical to the line rate of the 
original picture. The light- source 
luminous flux, drum rotation speed, 
drum diameter and paper sensitivity or 
photographic "speed" are all interde- 
pendent. Also, the writing speed of the 
beam must be sufficient to cause an 
effect on the paper at whatever rate it 
happens to be travelling along the paper 
surface. Further constraints on the 
system are that the traverse must move 
smoothly without sticking, that the 
drum motor responds rapidly without 
overshoot to synchronising signal rate 
changes, and that the drum mass is 
large enough to give some flywheel 
effect to prevent bearing chatter show- 
ing on the print, yet small enough to 
allow the drum motor to change speed 
rapidly. In addition the drum must be of 
constant diameter to prevent de- focus- 
ing of the spot of light. The most 
stringent requirement is that the light 
source must be capable of being modu- 
lated at the input signal rate. Lastly, the 
paper must be held firmly on the drum 
to avoid focus variations, yet must be 
removable without damage for pro- 
cessing. 

Fig. 3. Detailed block diagram of 
machine. 

2.4kHz 
video 

Video 
detector 

Clock -rate 
detector 

Strobing 
switch 

Wireless World, December 1976 

Light 
source 

Lens 

Light & lens 
traversing 

motor 

Fig. 2. Basic block diagram of machine. 

Block diagrams 
Fig. 2 shows the basic block diagram for 
the machine. The 2.4kHz video input 
signal, which may be taken directly 
from the receiver or from a tape 
recording, is applied to both a video 
detector and a clock -rate detector. The 
output signal from the video -detector is 
amplified and used to modulate a light 
source, while the clock signal is used to 
produce a gating or strobe waveform, 
which turns the light source on and off 
when SR pictures are being produced, 

Video chain 

Drum 
rotation 
motor 

and to drive the drum and traverse 
motors synchronously. 

Fig. 3 shows the complete block 
diagram for the machine. The input 
signal is split after the input potentio- 
meter into signals for deriving the clock 
rate, for detecting the video, and 
optionally for auto -starting ESSA -type 
APT pictures. The clock chain 
comprises a limiter /filter, a phase -lock 
loop and an output buffer. The voltage 
controlled oscillator (v.c.o.) signal from 
the phase -lock loop is used as the clock 
signal and is buffered out by a Schmitt 
trigger. This part of the system is not 
critical and a zero -crossing detector or 
Wien bridge, followed by a gate or an 
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emitter follower, could be used. The 
clock signal, which has a square wave- 
form phase -locked to the satellite 
sub -carrier frequency, is divided to 
produce a sync signal to trigger the 
strobe generator. This sync signal may 
also be used externally. Pulses from the 
strobe generator, which can be disabled 
and monitored externally, switch an 
amplifier in the video chain on or off. 

The video chain comprises a contrast 
expander, a logarithmic amplifier, 
which is used mainly for SR pictures 
and can be bypassed, a sample- and -hold 
detector, the strobe pulse controlled 
amplifier, which is solely for SR pic- 
tures, and a power amplifier which 
drives the light source. The sampling 
pulse for the detector is derived by the 
,pulse generator from the clock -rate 
signal, which is also divided and ampli- 
fied by a protected power amplifier to 
give the drum and traverse motor a.c. 
supply at one of three frequencies 
determined by the line divider. This is 

used in producing SR pictures of 
various magnifications corresponding 
to 1/3, 1/4 or 1 /5th of a complete line 
width. The drum can also be run from a 
separate oscillator, for picture edge 
positioning, and its rotation sensed by a 
magnetic transducer and amplified to 
give an externally -available drum posi- 
tion pulse. 

Circuit details 
Some of the circuits used in this 
machine were described in a previous 
article' and the reader is referred to this 
for details of the clock -rate, start sync, 
divider and APT /SR switching cir- 
cuitry. (Experience has shown that, in 
Fig. 23b of this article, C93 in the clock 
phase -lock loop should be switchable in 

steps of 0.1, 1.0 and 3.3µF Mylar to 
accommodate both live and tape -re- 

Fig. 4. SR expander. 

corded signals). The expander is the 
same as the Baylis and Brush contrast 
expansion processor described in their 
papers, but the feedback resistor values 
have been altered to utilize standard 

Meteor 25 picture. Visible 
light scanning -radiometer 
picture from the Russian 
Meteor 25 satellite 08.36Z 
on 28th June 1976, 
revolution 619 south to 
north path. Part of Swe- 
den and all of Denmark 
can be seen in the north, 
with Italy, Sicily and the 
North African coast in the 
south. Note the sun glint- 
ing off the sea near 
Greece. Satellite was at a 
height of approximately 
900 kilometres (560 miles). 

values. After SR signals have been 
expanded it is advantageous to com- 
press the white portion while allowing 
the darker levels to be fully expanded. 
This is done by the logarithmic ampli- 
fier (see ref. 6 and Fig. 5). Signals from 
the expander are full -wave rectified by 
the pi- connected bridge rectifier D3, and 
applied to the operational amplifier IC3. 
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Components list 
Resistors (YW 20% unless otherwise stated). 

3 
4 
5 

6 

7 

8 
9 

10 
11 

12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 

10k 
10k 38 100k 
220 39 1k 1W 
22k 40 1k 
22k 41 1k 
220 42 10k 
10k 43 100 

3.3k 44 820 
3.9k 45 3.9k 

15k 46 220 
10k 47 1k 
15k 48 1k 

1k 49 390 
2.2k 50 220 
15k 51 12k 
15k 52 470 
22k 53 4.7k 
15k 54 4.7k 

4.7k 55 47k 
47k 56 47k 
15k 57 1k 

1k 58 100k 
8.2k 59 82k 

47 60 4.7k 
100k 61 100k 
5.6k 62 10k 
8.2k 63 4.7k 
10k 64 1M 
470 65 1k 
47k 66 100 
100 67 5.6k 1W 

4.7k 68 1k 
100 69 15k 

10 70 1k 
10 71 150 1W 

Variable resistors (all 10 -turn presets unless 
otherwise stated) 

1 

2 

3 
4 
5 

6 
7 

8 
9 

10 
11 

12 
13 
14 
15 

1k 
1k 

25k 
50k 
50k 
50 

25k 
5k 
1k 
1k 

10k 
10k 
25k 
25k 
25k 

Integrated circuits 
1 SN72741N 
2 SN72741N 
3 

4 
5 

6 
7 

8 
9 

10 
11 

SN72741L 
SN72741L 
SN72741 L 

SN74121N 
SN74121N 

NE562B 
SN 7492 N 

SN7490N 
SN7490N 

-any preset 
-any preset 

-10 -turn wirewound 
(with turns counting 
dial) 

-wirewound 
-any preset 

12 SN7490N 
13 SN7492N 
14 
15 
16 J -K flip -flops 
17 (See text) 
18 
19 
20 
21 SN7413N (Y) 
22 SN74121N 

Capacitors (µF unless otherwise stated) 

1 2.2 Mylar 19 0.015 +680p 
2 0.1 20 0.068 
3 0.01 21 0.01 
4 680p 22 0.47 
5 330p 23 1.0 Mylar 
6 0.15 24 80/25V 
7 0.033 25 100/50V 
8 0.001 26 6.8 Mylar 
9 0.05 27 See text 
10 100/12V 28 25/25V 
11 50/50V 29 2/25V 
12 0.1 30 0.01 
13 0.05 31 2/25V 
14 0.001 32 4700p 
15 100/12V 33 100/25V 
16 0.068 34 0.22 
17 0.47 35 11 Mylar 
18 0.068 36 100/25V 

Inductors 
1 V.h.f, choke 100 
2 Tape head 60052 or similar 

Switches 
1 3 pole 9 way wafer 
2 2 pole changeover toggle 
3 2 pole 3 way wafer 
4 1 pole make /break toggle 
5 1 pole make /break toggle 

Transformers 
1 Mains 3V subminiature, 

RS Components Ltd 
2 ILV -857, Mains 2 X 25V 

Gardners Transformers Ltd 

Transistors 
1 2N2333A 
2 2N3702 
3 2N3704 
4 2N3704 
5 2N3819 
6 BFY51 
7 BFY51 
8 BF258/BF259 
9 BU105 

10 2N3704 

11 BFY51 
12 BFY51 
13 2N3704 
14 BFY51 
15 2N3055 
16 2N3055 
17 2N3704 
18 2N3704 
19 2N3704 

Diodes 
1 1N914 8 0A91/1N270 
2 1N914 9 10V400mW 
3 RS REC70 zener 

or similar 10 0A91/1N270 
4 0A200 11 1N914 
5 0A200 12 RS LED 3 

6 0A200 or similar 
7 0A200 13 0A200 

14 5.1V400mW 
zener 

Expander feedback resistors 
Switch position 

1 

2 

3 
4 
5 

6 

7 

8 
9 

Ref 
82k 
82k 
56k 
47k 
33k 
33k 
27k 
27k 
27k 

Re2 
2.7k 
2.7k 
4.7k 
8.2k 
15k 
22k 
33k 
39k 
68k 
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A1'S -3 picture. Ground computer pro- 
cess chart of NOAA -4 scanning- radio- 
meter visible data transmitted from the 
geosynchronous satellite ATS -3 when 
on station at 75 degrees west. Blank 
areas are where the computer has not 
received data in time for the scheduled 
broadcast from ATS -3 (black) or poor 
data was received (white). This print 
was obtained at 4 degrees elevation, 
slant range 41,000 kilometres (25,500 
miles). Satellite has now drifted to 105 
degrees west, out of sight from Great 
Britain. 

NOAA -4 picture. Infra -red scanning 
radiometer picture from the NOAA -4 
satellite, 19.25Z 21st November 1975 
revolution 4647 south of north path. 
Typical 'milk bottle' distortion of 
unlinearized SR pictures can be seen 
here by the cloud alignment at the 
picture edges. Cold is white, warm is 
black. Norway, the Swedish lake, most 
of Great Britain and France can be seen. 
Note the white (cold) Alps and 
Pyrenees. The log detector and an 
unsteered omni antenna were used in 
reception. 
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A static bias of + 1.0V is derived from 
the potential divider R10, R11 and 
summed with the video signal at the 
inverting input of the amplifier. Tran- 
sistor Tria is placed in the feedback line 
of ICE. For small forward potentials, the 
base- emitter voltage characteristic of a 
transistor is the logarithm of the 
current, within certain constraints. One 
of these is temperature, so a second 
similar transistor, Trlb, feeds the logging 
transistor under similar thermal condi- 
tions, and maintains a temperature - 
corrected current into the logging 
transistor via operational amplifier IC4. 

Diode D4 prevents excessive drive to the 
transistors under transient conditions, 
and the potential divider R14, R15 

provides bias for Trib. Although a dual 
transistor is shown on the circuit 
diagram, a pair of almost any n -p -n 
transistor type may be used. For the 
best temperature stability, the two 
transistors should be physically close 
and in the same thermal environment. 
For example, if two 2N3704 transistors 
are used they may conveniently be 
cemented together with epoxy. The 
accuracy of the logging process, which 
should have a dynamic range of 20dB or 
so using the circuit given, is set by the 
value of the bias voltage fed into ICE. 

The small output voltage is amplified by 
operational amplifier IC5, and the gain 
and zero level adjusted by preset pots 
RV4 and RV3 respectively. For linear 
video signal printing, the log amplifier is 
bypassed by switch S2. 

To be continued. 

Fig. 5. Logarithmic amplifier. 
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Sixty Years Ago 

Atomic clocks and digital data transmission 
were many years in the future in December, 
1916. The simple operation of providing a 
time signal in the Panama Canal entailed 
transmission by cable from Washington to 
Key West, from where it was transmitted by 
wireless to Darien. The procedure at Darien, 
where the signal was transmitted by cable to 
port captains was as follows: 

"The signal is sent from Key West in a 

series of dots. Five minutes before noon the 
wireless begins counting off the seconds by 
dots. After the twenty- eighth second there is 
a pause, the 29th dot being omitted; similarly 
there is a pause from the 54th to the 60th 
second. The count is resumed exactly on the 
minute. This procedure is kept up until 10 

seconds before 12 o'clock, when there is a 
pause followed by a long dash at exactly 12 

o'clock. The aerial transmission is recorded 
at Darien by a current too slight to permit 
ordinary relaying. Consequently an operator 
with a wireless receiver at his ears sends dots 
through an ordinary telegraph wire to the 
port captains. With practice he can strike the 
dots on his sending key in almost perfect 
synchronism with the dots received. The 
principal difficulty is in sending the final dash 
after a wait of 10 seconds. Here the tests 
show that the lag is between two- tenths and 
three -tenths of a second. By making 
allowance for this lag the chronometers in 
the Canal Zone can be adjusted to within 
about one -tenth of a second of the correct 
time.' 
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'New 
Products 

Switch modules 
Spectradil is a range of single -throw 
laterally- operated dual -in -line module 
switches, available from Erg Compon- 
ents. The switches have arrow -shaped 
sliders, coloured in accordance with the 
international colour code, and are 
available in 2, 4, 6, 8 or 10 -pole modules, 
from 5 to 25mm in length. Gold- plated 
spring -loaded wiping contacts are used, 
enabling the switches to be used for 
microvolt and low -power switching. 
Specifications claimed include a typical 
resistance of 10mg, with a repeatability 
of less than 1mS2 over several hundred 
operations, and a life of 10,000 opera- 
tions at the full IOVA rating. Erg 
Industrial Corporation Limited, Luton 
Road, Dunstable, Bedfordshire, LU5 
4LJ. 
WW301 for further details 

Packaged mixer 
A low -cost double- balanced mixer, 
designed for r.f. signal processing 
applications, is packaged in a four -pin 
TO -5 can measuring only 0.3in high x 
0.4in diamèter. The M105 mixer, intro- 
duced by Merrimac Industries, is totally 
r.f. shielded and complies with 
MIL -STD -202, within an operating 

temperature range of -55 to + 100°C, 
and the environmental specifications 
MIL- E- 16400F Class 1 and MIL- E -5400L 
Class 2. The mean time -before -failure is 
rated at 650,000h for ground fixed 
equipment and 100,000h for airborne 
equipment (to MIL -HDBK- 217B). Spe- 
cifications include a frequency range 
from 1 to 500MHz, typical losses of 6dB 
from 1 to 200MHz and 7.5dB from 200 to 
500MHz, minimum isolation 30 to 40dB 
at 1 to 50HMz and 18 to 25dB at 50 to 

OÔMHz, a noise figure within ± IdB of 
the loss, and a maximum input power of 
50mW. Merrimac Industries Inc., 41 
Fairfield Place, West Caldwell, N.J. 
07006, U.S.A. 
WW302 for further details 

Microwave sweep 
oscillator 
The Model 554 is a compact sweep 
oscillator providing a power output of 
greater than 10mW c.w. over the 
frequency range 8.0 to 12.4GHz. 
Frequency limits of the sweep can be set 
to the nearest 10MHz by two digitally - 
calibrated and independent thumb - 
wheel controls on the front panel. The 
sweep oscillator may be operated at 
fixed frequencies using the manual 
scan, or in slow single or fast automatic 
sweep modes, depending on the display 
used. An external voltage may be 
applied to the oscillator, via an external 
connector, to remotely control or phase 
lock the output frequency. The oscilla- 
tor is YIG- tuned, features low noise 
(e.g. in the c.w. mode residual f.m. is 
typically 15kHz peak at 10kHz band- 
width, with filter) and provides an r.f. 
output of spectral purity. An isolator is 
fitted to avoid frequency pulling by 
output loading, and a low -pass filter is 
included to suppress harmonics. Flann 
Microwave Instruments Ltd, Dunmere 
Road, Bodmin, Cornwall, PL31 2QL. 
WW303 for further details 

WW301 
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Toggle and rocker 
switches 
Switches in the 7100 series, from 
Roxburgh Electronics, are designed for 
direct mounting to p.c.bs. The toggle 
and rocker switches have contact 
ratings of 0.4VA at 20V a.c. or d.c., 
maximum contact resistances of 10m52, 
minimum insulation resistances of 
1000M2 and dielectric strengths of 
1000V r.m.s. Their contacts are made of 
gold on nickel -plated brass. Both sin- 
gle -pole double -throw and double -pole 
double -throw versions are available in 
these switches, which are designed to be 
vertically supported by means of separ- 
ate brackets which extend parallel with 
the terminals. The terminals are also 
designed for direct soldering to the 
p.c.b. Five terminal lengths are availa- 
ble giving the switch a height ranging 
from 0.46in to 0.95in from the shoulder 
of the switch to the p.c.b. Roxburgh 
Electronics Limited, 22 Winchelsea 
Road, Rye, Sussex. 
WW304 for further details 

Op -amp power supply 
A low -profile power supply module, 
designed for energizing operational 
amplifiers or other devices requiring a 
balanced dual rail supply, comprises a 
single printed circuit board assembly, 
carrying all the components, with a 
metal cover that also serves as the 
heatsink. The Weir op -amp power 
supply operates from an a.c. mains 
input in the voltage range 100 to 130 or 
200 to 260V and delivers a balanced d.c. 
output which is adjustable over the 
range ± 12 to ± 15V by means of a 
preset control. Maximum load current is 
250mA on each rail, with both load and 
line regulation better than 0.02%. For 
accurate load voltage stabilization, 
provision is made for external voltage 
sensing with sense -lead lengths up to 1 

WW304 
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metre without the need for compensa- 
tion. External control of the d.c. output, 
separate control of voltage and current 
using external resistors, and remote 
programming by external control vol- 
tages may also be facilitated. The unit 
measures 100 X 160 x 55mm. Weir 
Instrumentation Limited, Durban Road, 
Bognor Regis, Sussex. 

WW 305 for further details 

Low -cost oscilloscope 
A dual -trace 10MHz oscilloscope, from 
Scopex Instruments Ltd, has an accur- 
acy of ±3% on both time and voltage 
measurements and is priced at only 
£150. The model 4D10A, as it is called, is 
an improved version of the model 4D10 
oscilloscope. This improved perfor- 
mance has been obtained by using 
stabilized power supplies throughout, 
enabling mains supply variations of 
± 10%, and by redesigning the attenua- 
tor to allow measurements up to 
50V /cm. Other changes include the use 
of Glarecheq non -reflective filters with 
reverse side graticules, for low parallax 
error, and a re- designed trigger to 
include a mode allowing triggering from 
composite video waveforms at TV field 
rate. In addition, the use of aluminium 
panels instead of steel has given a 
weight reduction of 25%. Cost savings 
were made by bulk- buying precision 
components and by replacing many of 
the electrolytic capacitors by circuitry. 
Scopex Instruments Limited, Pixmore 
Industrial Estate, Pixmore Avenue, 
Letchworth, Herts. SG6 1JJ. 

WW306 for further details 

Resistance bridge 
A precision a.c. resistance bridge, from 
J. J. Lloyd Instruments, has a calibra- 
tion accuracy of 5 p.p.m. and a discri- 
mination better than 0.1 p.p.m. for 
resistance values up to 44452. The 
instrument is especially useful for 
calibration and measurement with 
resistance thermometers, strain gauges 
and other in cases where very precise 
observation of relatively low resistance 
values is required. A multi -dial trans- 
former ratio system compares the 
unknown resistor with a built -in stan- 
dard, giving a stable direct read -out of 
resistance value, or deviation. A four - 
terminal pair network minimizes errors 
due to lead resistance without the need 
for a dummy load, and the use of 
relatively low frequency (320Hz), 
together with automatic feedback of 
the quadrature signal from the built -in 
detector, eliminates any need for man- 
ual balance of the non -resistive ele- 
ment, ensuring that precision measure- 
ment is achieved easily and quickly. 
Low power dissipation, both in the 
resistor under test and in the high -sta- 
bility low- temperature- coefficient 
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metal -film reference standard, mini- 
mizes the effect of self- heating. An 
off -limit indicator is available as an 
optional extra, which gives lamp indi- 
cation of deviation in three pre -set 
bands above and below the nominal 
value, and which also increases the 
resolution by a further factor of ten. 
Reed relay outputs are provided to 
operate sorting systems or data record- 
ing equipment. Outputs are available 
both from the decade switches and the 
detector of the main instrument to 
facilitate external recording either 
digitally or on a chart recorder. J. J. 
Lloyd Instruments Limited, Brook 
Avenue, Warsash, Southampton, SO3 
6HP. 
WW307 for further details 

Meter calibrators 
Two meter calibrators, the model 25A 
for r.f. milliwattmeters and the model 
26A for r.f. millivoltmeters, have been 
introduced by Boonton Electronics. 
Both instruments provide accurate, 
stable 1MHz output signals with rotary 
switches selecting levels to conform to 
full -scale readings, and separate push 
buttons for selecting incremental steps 
within each range to check meter 
linearity. Output ranges of the instru- 
ments are -69 to + 20dBm in 1dB steps, 
accurate to 0.05dB, for the model 25A 
and 60µV to 3V in 10% full -scale steps, 
accurate to 0.5%, for the model 26A. 
Euro Electronic Instruments Ltd, Shir- 
ley House, 27 Camden Road, London 
NW1 1YE. 
WW308 for further details 

Soldering bits 
Stiron soldering bits are designed to 
give long trouble -free life in any iron 
taking interchangeable bits in Vs, Yes, 

'/4, 3i6 %in and 14mm diameters. The 
design accommodates a variety of tip 
forms, and the iron -plating ensures low 
deformation throughout the working 

life. These bits, which are pre- tinned, 
are chromium plated (except where 
tinned) to prevent solder creepage. 
Screwdriver bits in the three larger 
diameters can be supplied tinned on 
one side only, to prevent damage to 
adjacent solder joints. Stiron bits were 
developed to the requirements of the 
Swedish Post Office and Ericson Tele- 
phones and are now available in the 
U.K. for use with many makes of iron. 
Tele- production Tools Limited, 28b 
Hamlet Court Road, Westcliff -on -Sea, 
Essex. 
WW 309 for further details 

Diagnostic servicing aid 
Usijet is a small, light universal signal 
injector made in the form of a pen for 
clipping into the pocket. The circuit 
consists of two signal generators, one 
operating .at audio frequency and the 
other at radio frequency. The impulse 
waveform derived from a blocking 
oscillator -type circuit, produces a signal 
with a wide range of harmonic fre- 
quencies up to 500MHz. This instru- 
ment may be used to trace breaks and 
component failures by injecting the 
signal at various points in circuits and 
may be applied to fault finding in a.f., i.f. 
and r.f. amplifier stages, l.w., m.w., s.w. 
and f.m. wavebands and TV v.h.f. and 
u.h.f. channels up to 500MHz. The 
fundamental frequencies are 1kHz and 
500kHz, with an output voltage of 20V 
pk -pk, and the maximum permissible 
direct voltage at the probe tip is 500V. 
Usijet costs £7.50 + v.a.t., is powered by 
a 1.5V cell and has a current consump- 
tion of about 25mA. Precision Instru- 
ment Laboratories, Instrument House, 
212 Ilderton Road, London SE15 1NT. 
WW310 for further details 

Receiver protection unit 
A range of receiver protection units, 
designed to protect the inputs of m.f. 
and h.f. radio receivers from the effects 
of r.f. voltages and currents induced in 

W W308 
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the antenna, has been developed by 
Callbuoy Marine Electronics. One of the 
principal needs for such a unit is in 
marine applications where radio energy 
from the vessel's own transmitter can 
induce high voltages and currents in the 
receiver antenna. The units, models 
RPU250, RPU500, RPU100 /75 and 
RPU100 /50, protect receiver inputs 
against 250V, 500V and 100V r.m.s. 
respectively. The two 100V models are 
low loss units matched to 7551 or 502 
feeders. All models operate over the 
frequency range 0 to 30MHz, with a 
minimum of insertion loss at normal 
signal levels, measure 200 x 55 x 50mm 
and weigh 1.1kg. Callbuoy Marine 
Electronics Limited, 6 Somerset Road, 
Cwmbran, Gwent NP4 1QX. 
WW311 for further details 

Switch seals 
Amiseals are one -piece seals for toggle, 
push- button and rotary shaft switches. 
The seals are moulded to hexagonal 
nuts and are claimed to provide com- 
plete dust -proof and water -tight pro- 
tection for switch actuators, and also 
seal the panel holes. The hexagonal nuts 
are available in a range of thread sizes 
to allow use on switches of various 
manufacturers. These seals are manu- 
factured in the U.S.A. and meet the 
requirements of MIL specifications 
B5423. A. F. Bulgin & Co. Ltd, Barking, 
Essex. 
WW312 for further details 

High- brightness l.e.ds 
A Tl- packaged l.e.d. lamp, the RL -2000, 
has a typical luminous intensity in 
excess of 3.5mcd. The lamp is designed 
for panel mounting with either rear or 
front mounting clips and provides 
radiation with a wide viewing angle. It 
may be driven from existing i.c. cir- 
cuitry, requiring no additional power 
supply, and offers the user the choice of 
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either extremely high intensity opera- 
tion or low power consumption at lower 
brightness levels. A typical 
characteristic of the RL -2000 is a 
luminous intensity of 3.5mcd at 100mA 
and a peak inverse voltage of 3V. 
Litronix, 24 Sun Street, Hitchin, Herts 
SG5 1AH. 

WW313 for further details 

Scanning motors with 
mirrors 
A range of scanning motors fitted with 
mirrors has been produced by Techma- 
tion Ltd for electronic, optical and 
medical applications such as raster 
generation and pattern generation, as in 
visual evoked response. These motors, 
in the S4 range, are based on the proven 
MFE miniature galvanometers and are 
tangent -corrected, exhibiting a lineari- 
ty of up to 0.5% with 0.05% repeatability. 
The motors give mirror deflections of up 
to 30° pk -pk and work at frequencies up 
to 100Hz or more. Four motor sizes are 
available, each with a one -wavelength 
flatness mirror. Techmation Limited, 58 
Edgware Way, Edgware, Middx HA8 
BJP. 

WW314 for further details 

Electronic ice -point 
An electronic ice -point, available from 
Ancom Limited, is built into a thermo- 
couple connector and is powered from a 
self- contained battery. The Omega MCJ 
(miniature cold junction), which is 

compatible with any thermocouple 
quick- disconnect connector, is claimed 
to give 2500 hours continuous operation 
from one battery. The standard refer- 
ence temperature setting is 0 °C, with a 

compensation accuracy of ±0.5°C from 
15 °C to 30 °C, and the output impedance 
is less than 20052. Internal balance 
adjustment is provided for high accur- 
acy requirements. Ancom Limited, 
Devonshire Street, Cheltenham GL50 
3LT. 
WW315 for further details 

Data -communications 
test set 
On display at the Virginia Electronics 
Exhibition, held in the U.S. Trade 
Centre in October, was a test set from 
Dynatech Laboratories Incorporated. 
The TC -100 is a programmed test set for 
locating and defining faults in data 
communications systems. It is claimed 
to simulate and test all components in 
the data network including the com- 
munications circuits, modems, termin- 
als and computer ports - both the 
hardware and software. Tech -lit Ser- 
vices Incorporated, 1519 Highwood 
Drive, Arlington V.A. 22207. 
WW316 for further details 

Tantalum chip capacitors 
A high -reliability range of Tantalum 
chip capacitors, available from Waycom 
Limited, are manufactured to 
MIL- C- 55365A standards and are 
intended for direct substrate mounting 
in high -quality thick and thin film 
assemblies. The BNS series covers the 
capacitance range 0.1 to 100µF, for 
working voltages up to 50V. The solder 
mounting terminals are claimed to be 
shock and vibration proof and the body 
has an insulating coating of inert 
polymer to avoid contaminating tran- 
sistors or other sensitive components 
on the same substrate. Tolerances of 
±20 %, ± 10% and ± 5% are available, 
and the capacitors may be worked over 
the full military temperature range 
-55 °C to +125 °C. Waycom Limited, 
Wokingham Road, Bracknell, Berks. 
WW317 for further details 

Solid State 
Devices 
Names of suppliers of devices in this 
section are given in abbreviation after 
each entry and in full at the end of the 
section. 

H.f. transistor 
The MRF905 n -p -n silicon high -fre- 
quency transistor, from Motorola, is 
designed for low -cost radiosonde ser- 
vice and microwave communications 
relay links. It is an oscillator transistor 
which is emitter ballasted and has the 
collector connected to its TO -46 metal 
can. Typical characteristics include low 
current density, a current -gain band- 
width product (fj) of 2500MHz, and an 
output power, measured at 1.68GHz, of 
500mW. The maximum collector -emit- 
ter voltage (VcEO) is 20V, collector 
current is 150mA and power dissipation 
at 25 °C is 2.5W. 
WW318 Motorola 

Low -noise f.e.ts 
A family of gallium- arsenide Schottky 
barrier f.e.ts, designated as the model 
HFET -1000 series, is now available from 
Hewlett- Packard. The transistors offer 
a 14.5dBm linear 25mW power output at 
10GHz. At this frequency the transistors 
have typical noise figures of 3.6dB with 
6.9dB associated gain, and maximum 
available gains of 11.0dB. These chips, 
which are intended for use in low -noise 
amplifiers in the 2 to 12GHz range, have 
1 by 500 micrometer gates. 
WW319 Hewlett- Packard 
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High -voltage rectifiers 
A low -cost high voltage rectifier range, 
the 1N5181 -84 series, has been intro- 
duced by Semtech. Peak inverse vol- 
tages range from 4 to 10kV, the average 
rectified current is 100mA (at 55 °C), the 
maximum forward voltage drop is 10V, 

and the maximum reverse current at 
25 °C is 1µA. The cylindrical rectifiers 
have axial leads and operate over a 
temperature range of -65 to + 175 °C. 
WW320 Bourns 

Microwave transistor 
A range of low -cost high -power 
microwave transistors, from Mi- 
crowave Semiconductor Corporation, 
operate in the frequency range 1.5 to 
2.3GHz. The devices, designated as the 
Impac series, are input matched. Output 
powers range from 5 to 30W with an 
option of 24 or 28V. Applications for 
these transistors include satellite up and 
down links and missile telemetry. Prices 
range from £15 to £50. 
WW321 Tranchant 

Low- resistance switching 
transistors 
Complementary p- n- p /n -p -n silicon 
epitaxial switching transistors with low 
inverted dynamic- saturation resis- 
tances (typically 42) are available from 
Crystalonics. Other characteristics 
include typical collector /base and 
emitter /base leakage currents of 0.5nA, 
Vcs of 20V,, VBE of 30V, and an offset 
voltage of 0.7mV. Collector /base and 
emitter /base capacitances are 6pF and 
5pF respectively. The transistors, 
which operate over a temperature range 
of -65 to *200°C, are packaged in a 
TO-46 can. 
WW322 GEE 

Suppliers 
Bourns (Trümpot) Ltd, Hodford House, 
17/27 High Street, Hounslow, Middlesex 
TW3 1TE: 
G.E. Electronics (London) Ltd, 182/4 
Campden Hill Road, Kensington, Lon- 
don W8 7AS. 
Hewlett -Packard Limited, King Street 
Lane, Winnersh, Wokingham, Berk- 
shire RG 11 5AR. 
Motorola Limited, Semiconductor Pro- 
ducts Division, York House, Empire 
Way, Wembley, Middlesex HA9 OPR. 
Tranchant Electronics (UK) Ltd, 100a 
High Street. Hampton, Middlesex TW12 
2ST. 
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'Real and 
Imaginary 
by "Vector" 

J 

BAIRD ON TRIAL 
ONE of the many strange phenomena of 
our time is the growth of nostalgia. 
Victorian bric -a -brac, not so long ago 
the object of derision, is now eagerly 
sought after. And the stuff needn't be so 
old at that. A nameplate of a steam 
locomotive scrapped only a couple of 
decades ago can now command 
upwards of £5,000 in the market place. 
Bits and pieces from axed branch lines 
change hands at fantastic prices. Tram 
tickets can be worth their weight in 
gold, while anyone who has in his loft a 
1923 valved radio in mint condition 
is probably sleeping under a platinum 
mine. 

The 'twenties phase has also hit the 
journal's correspondence columns with 
the John Logie Baird controversy - 
not, I'm thankful to note, that hardy 
annual as to whether or not he is indeed 
the Father of Television, but whether he 
was fooling the public. This has stirred 
up a rare old ding -dong, with many 
revered names cutting and thrusting in 
the best traditions of the late Mr Errol 
Flynn, including, I see, a former editor 
añdáñ assistant editor of WW. 

But, with the utmost respect to all 
participants in the story so far, it seems 
to me that to attempt to solve the 
question primarily by studying the 
business and technical aspects of 
Baird's 30 -line activities is to create a 
cart- before- the -horse situation. Surely 
the initial approach should be to 
examine Baird's psychological makeup 
to see whether he was inherently 
capable of chicanery? 

Ideally, I suppose, only unbiased 
witnesses who knew Baird intimately 
would be in a position to judge his 
integrity, but although there are many 
living who knew him well, hardly any, I 
imagine, could be completely objective. 
Failing that, one must turn to the 
literature, such as "John Baird," by 
Sydney Moseley, one of Baird's friends 
and business associates. 

His account of Baird's pre -television 
days is illuminating. Baird, it seems, had 
a horror of poverty, yet no over - riding 
ambition towards riches. His early essay 
into diamond manufacture when he 

mounted terminals at the ends of a 
carbon rod, immersed it in a bucket of 
concrete and then connected the output 
of a power station (where he was an 
employee) across the terminals, isn't 
one to engender confidence in his 
technical abilities and judgement. Baird 
anticipated the sack by getting out of 
electrical engineering in a hurry and 
plunged into a series of one -man 
business ventures. The Baird Under - 
sock, "Medicated, Soft, Absorbent. 
Keeps the feet warm in winter and cool 
in summer" was the first. These were 
ordinary socks, sprinkled with borax; 
Baird promoted their sale by means of 
"carefully prepared home -made testi- 
monials" (his own words). 

Next there was a disastrous excursion 
into jam- making in the West Indies, the 
climax of which came when he returned 
to England with kerosene tins full of 
mosquito -ridden jam which he was 
unable to sell until a sausage maker 
bought it to mix into his products. Other 
abortive ventures followed, including 
"Baird's Speedy Cleaner" a soap which 
Baird himself described as rubbish, but 
which sold well. Glass razor -blades and 
pneumatic soles for shoes were his first 
inventions - both abysmal failures. 

We now move on to June 1923, by 
which time Baird had somehow latched 
on to Nipkow's apparatus and, with the 
aid of a selenium cell and valve ampli- 
fiers, had made it work to the point 
where it would transmit shadows. Still 
broke and needing more money for 
components, he inserted the advertise- 
ment in The Times: 

"Seeing by Wireless - Inventor of 
apparatus wishes to hear from someone 
who will assist (not financially) in 
making working models ..." 

This, according to Sydney Moseley, 
was a "con." Eventually it brought a 
financial backer to the tune of £200. 
That soon vanished - not into Baird's 
pocket, but into equipment - and for 
some time afterwards he lived hand - 
to -mouth until investment by relatives 
eased matters a little. 

The next incident, in terms of Baird's 
integrity, concerns the morning after 
the celebrated demonstration to 
members of the Royal Institution in 
January 1926, when Baird's premises in 
Frith Street were beseiged by pressmen. 
The press (says Moseley) were cour- 
teously received and "were told only 
what Baird and Hutchinson (another 
associate) chose to tell them ". 

In 1927 a company was formed; 
thereafter Baird's personal finances 
were considerably easier and he had 
considerable sums at his disposal for 
research. But in one major respect his 
problems multiplied. He was no longer a 
lone inventor, responsible only to 
himself. He had shareholders - specu- 
lators who wanted a return on their 
investments as early as was possible. 
Baird had to whip up public interest to a 
point where a television service could 
be started. Only then could his company 
sell Televisors. Accordingly Baird 
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plunged into an orgy of demonstrations 
while Moseley, an ex -Fleet Street jour- 
nalist and completely non -technical, 
whipped up enthusiasm in the 
newspapers and banged the big drum. 
In record time Baird demonstrated 
colour television stereoscopy, and 
Noctovision as well as long- distance 
30 -line transmissions. All held consider- 
able experimental interest. None of 
them had entertainment value. 

Which brings us to the question 
before the meeting. Did Baird employ 
any degree of rigging in staging his 
demonstrations? Certainly the 
temptation must have been great. He 
had been first in the field with a moving 
picture containing a degree of light and 
shade, but only by a short head. By this 
time others were demonstrating; more- 
over, he had no master -patent to 
protect the overall system, so it was 
essential that he should be seen to be in 
the lead. At the same time, however, he 
must not give away too much technical 
detail to rivals. 

When in 1930, the BBC rather 
reluctantly permitted Baird the use of 
two Brookman's Park transmitters - 
one for vision and one for sound - for 
limited experimental broadcasts, the 
Baird Televisor was launched in two 
forms; a complete model and a con- 
structor's kit. I have a copy of the 
original brochure. It contains no salient 
technical information. No mention 
(naturally) is made of the "hunting" 
problem which still existed. It contains 
such phrases as "perfect reception is 
guaranteed ", "see the world from your 
own fireside" and "The day is not far off 
when owners ... will be able to witness 
a whole film performance ..." (Six 
years, as it transpired - but not with 
the 30 -line system!). 

If it transpires that Baird did cons- 
ciously fool the public (and he certainly 
seems to have had an amoral approach 
in his earlier life) it may well have been 
with the best of intentions. Most 
inventors have a blind spot concerning 
the deficiencies of their brain -children; 
Baird had a sublime belief in his system; 
he was convinced that in the end 
mechanical scanning would provide a 
100% entertainment medium and so he 
might have argued that the 
employment of any means was justified 
in order to win through. And, before we 
dismiss him as an unqualified crank 
who stuck obstinately to mechanical 
scanning, let's not forget two things. 
One is that his early experiments 
triggered several large organizations 
into television research and their highly 
qualified engineers all followed the 
mechanical road for some years. The 
other is that in the famous trial against 
the Marconi -EMI system, Baird's 
240 -line Nipkow disc system was 
defeated not so much on picture quality 
as on being less flexible in operation. 

I've sometimes wondered how Baird 
would have fared if he had lived in the 
days of NRDC. But that's another set of 
conjectures altogether! 
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British Central 
Electrical Ltd. 
Briticent House 
172 Honeypot 
Lane 
Stanmore 
Telephone. 
01- 204 9111 
Branches at:- 
Slough 28616 
Mitcham 
01 -640 9121 
Cosham (07018) 
83621 
Yeovil 5596 
Twickenham 
01 -894 7561 
Chingford 
01 -529 3715 

D.T.V. Group Ltd 
126 Hamilton Road 
West Norwood 
London SE27 
Telephone: 
01 -670 6166 

Farnell 
Electronics Ltd 
Canal Road 
Leeds LS12 2TU 
Telephone: Leeds 
(0532) 636311 

Lock Distribution 
Neville Street 
Middleton Road 
Oldham 
Telephone: 
061 -652 6166 

Spenco 
Electronics 
(Phoenix) Ltd 
79 Carron Place 
Kelvin Industrial 
Estate 
East Kilbride, 
Scotland 
Telephone 
East Kilbride 
(C3552) 36311 
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Your nearest phone will solve your 
encapsulant problems. Immediately. 

Whatever your encapsulant, potting or 
sealant requirements, your local specialist Dow 
Corning distributor is able to supply you immediately. 
Wherever you are, there is a local Dow Corning 
silicone trained 
electrical/ 
electronics 
product expert 
to help you. 

DOW CORNING 
DOW CORNING 

WW -086 FOR FURTHER DETAILS 
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itcirru 
IT,AM 805 (8TRACK) 
MASTER RECORDER 

Fully modular elec- 
tronics using plug 
in PCB's through- 
out. Separate sync 
and replay amps 
give identic31 

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 
modular electron- 
ics, variable speed 
Toptionál), relay - 
solenoid operation 
Compact presenta- 
tion for easy porta- 
bility. 

£1790 + VAT Full console optional extra.. 

Compatible 8- output Mixer available 
£1260 + VAT 

OTARI DP -4050 
CASSETTE COPIER 

I 

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 delivc, 

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

lndustrïal Tape Applicationsff 5 Pratt Street, London N W 1 OAE 
.Telephone: 01 -485 6162. Telex: 21879 

WW -094 FOR FURTHER DETAILS 

1 

BULK ERASURE PROBLEMS? 

LR71 
MAX REEL SIZE 111/2" 

LR70 
MAX REEL SIZE 81/4'r 

If it's personal we can only advise a diet or joining weightwatchers. 
If its 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 of tape up to a maximum reel size of 1 11/2" 
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 -032 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 lia Thorn Measurement Control and Automation Division. 

WW -044 FOR FURTHER DETAILS 

J ES AUDIO INSTRUMENTATION 

Si451 £60.00 
Comprehensive Millivoltmeter 
350p Volts 20 ranges 

Illustrated the Si452 
Distortion Measuring 
Unit low cost distor- 
tion measurement down 
to .01% £48.00 

Sí453 £60.00 
Low distortion Oscillator 
sine - square RIAA 

prices plus VAT 
J. E. SUGDEN & CO. LTD. Tel. Cleckheaton 10274) 872501 

CARR STREET. CLECKHEATON, W. YORKSHIRE B19 5LA 

WW -046 FOR FURTHER DETAILS 
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'YES SIRs_1st CLASS POST TONIGHT' 
we specialize in high spec components with 
express service for phone customers r. .......1.11.1.1 m. 

10% discount orders over £15 
II High spec components 

FAST same -day turn round 
Agents for Vero. Antes. Bib Mulhcore Solder / 
S.A.E. for stock list including Pots, presets. I.C.'s 7400 and COMS. Capacitors, plugs. sockets 
switches. cable. etc. 

Post free envelope for your next order Super Express phone service Shop at keen prices 6 days a 
week Late night -Friday. 7.10 pm. 

TMNSISTORS + 200 OTHER TYPES IN STOCK 
.20p BC147B .10p' BD139 .54p' 0C44 30p IAC125 

AC126 .20p BC148 .Bp' BD155 .75p' 0071 25p 
AC127 .20p BC148B .10p BF158 .20p' ORP1 2 65p 

.20p BC149B .11p SF184 .25p TIP29A 47p' IAC128 
AC151 .35p BC149C .11p BF185 .28p TIP30A 
AC153 .35p BC154 .1Sp' BF194 .1Op 11P3 A 57p p 

.20p BC157B .12p'. BF196 .12p' TIP41 A 67p IAC176 
AC187 .20p BC177 .17p BF197 .12p TIP42A 50p 
AC188 .20p BC178B .19p 8E199 .15p 11543 35p 

.68p BC179B .19p BF200 .38p ZTX300 13p' ,AD149 
AD161 .42p BC184B .12p' 9F338 .34p ZTX302 lBp' 
AD162 .42p BC184L .11p' BEW11 .68p ZTX500 76p' 
MCH/PR1.04p BC187 .26p BFX29 .26p ZTx502 lSp' 
AF116 .24p BC212A .13p' BFX84 .22p 1N914 5P 
AF117 .24p BC212L .15p' BFX88 .22p 1N4001 SP 

IAF124 .30p 8C2138 .12p' BFY50 .17p 1N4002 Sp 
AF239 .46p BC214 .15p BFY51 .16p 1N4005 Sp 
AU113 1.509 BC2141. .17p' BFY52 .16p 1N4006 lOp 

,BC107 .11p BC262A .15p BV164 .40p 1N4148 SP 
BC1O7A .12p BC287 .20p ME0401 .18p' 2N2219 2OP 

.10p BC300 .35p MR/411 18p' 2N2646 40p '8C108 
CIL108 . Sp BC301 .34p ME4001 .10p' 2N29260 13p' 
8C1088 .11p BC303 .35p ME4101 .11p' 2N2926G 16p. 

.12p BC338 .tSp' MPF102 .32p' 2N3053 lSp IBC108C 
BC109 .11p BC557 . Sp' 0A47 . Sp 2N3055 bOP 
BC109B .12p BCY71 .18p OA90 . 5p 2N3702 1 / p' 

.13p BCY72 .14p OA91 . 49 2N3703 1Op' I8C109C 
8C117 .16p' 80123 .90p 0A200 . 6p 2N3704 13p' 
BC142 .24p BD124 .90p 0C28 .90p 2N3705 lOp' 
Bc143 .249 50131 .36p 0C29 .56p 2N3707 12p' 
BC147A . 119' B0132 .311p 0C35 .800 2N3819E 25p' 

ILED TB 209/0125 0 2" RESISTORS 1 lap TRIAC 
Red 20p 20p each 400V 6A 92p 
Grn 29p 29p 'h WATT E12 (5 %) 400V 8A 1.50p 

Clips for above 1p 1 ohm - 10m ohm DIAC BR 100 25p , 
, 
, 
, 
o 

DIODES 
50v 3A .13p 1 100V 3A .15p 

200V 3A .18p 
400V 3A .21p , 
BRIDGES 
100V IA 
200V to 

.28p 

.30p , 
400V to .32p 

' 
LINEAR 1/C's 
741 .339 
LM380 SL60745 

.1.29' 
LM3900N .69p 
NE555 
SN76013ND 1.60' 
SN76013N 1.75' 
SN76023N 1.75' 
TBA800 1.35' 
TBA81OS 1.49' 
TBA820 1.20' 
ZN414 1.35' 

2ENERS(40omw) 
BD( 83 
3V, 3V3. 5V1. 5V6. 
7V5. 91/1. 10V, 12v 
18V, 22V. 30V 

All at 1211' each 

DIL SOCKETS 
8 Pm 13p 

14 Pin 15p 
16 Pin 17p 

o 

VERO 0.1 Matrix , 
THYRISTORS VOLTAGE 2 5" . 1" 12p 

60V 1A 20p REGULATORS (TO3) 309 
600V IA 60 5" p TAG 1 600 h amp 1 amp 3 7 x 3.75" Up 
700V to 1.20 BT106 5v E1.35 E1.75 3.75" x 5" 61p 
400V 4A 6Sp C106D1 12V E1.35 E1.75 2.5" x 5" 46p 
500V 61/2A 1.25 BT109 15V E1.35 E1.75 4.7" x 17 9" 2.34p 

8.4" e 1.5" 44p 
Post 6 Packing 25p per order VAT please add to total 121/2%. rest 8% 

ORCHARD ELECTRONICS 
FLINT HOUSE, HIGH STREET. WALLINGFORD. OXON, 0 %10 ODE Telephone 0491 35529 t - - - - - - - - - - _ _WM 

WW - 061 FOR FURTHER DETAILS 

Solis Stato Colour 
Television Circuits 

G. R. WILDING 

The book contains, firstly, a clear and concise explanation 
of how the various semiconductor devices used in solid - 
state receivers function, and how they are utilized in the 
complicated and often highly ingenious arrangements of 
modern designs. Secondly, concentrating on the most 
modern c.t.v. designs, explanations are given of how these 
circuits operate, providing excellent back -up material to the 
manufacturers' service manuals, which can contain only the 
minimum of 'circuit notes' to aid fault diagnosis. 
The information covering the most up -to -date innovations 
in c.t.v. design in major British, European and Japanese 
receivers will be useful to service engineers, technicians and 
students and to amateur enthusiasts as a lucid exposition of 
the modern design of colour television receiver. 

CONTENTS: Devices and Principles. Power Supplies. Time - 
base Circuits. Sync Separators. Convergence and Degaussing. 
Tuners and I.F. Amplifiers. Luminance Circuits. Chromi- 
nance Circuits. Burst Gates and Reference Oscillators. 
Demodulator and PAL Switch Circuitry. Signal Amplifying 
and Output Stages. Beam Limiters. Index. 

1976 208 pages 252 x 160mm 0 408 00228 X £5.75 
Ol/ 

Order from your bookseller or, in case of difficulty, 
from 
NEWNES -BUTTERWORTHS 
Borough Green, Sevenoaks, Kent, TN15 8PH 
Telephone 0732 884567 

89 

METER PROBLEMS? 

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

Full Information from: 

HARRIS ELECTRONICS (London) 
138 GRAYS INN ROAD, W.C.1 Phone: 01/837/7937 

WW - 028 FOR FURTHER DETAILS 

HOW DO YOU MEASURE UP 
CAPACITANCE' vA- .i 111" 

TC14 Digital Capacitance Meter 
1 pF to 1 pF in two singes. 4 volts reverse bias for selection of varicap 
diodes. + or - 0.5% + or - 1 digit. LED displays. 120/240 volt mains 
or 9 to 12 volts DC neg. earth. £108.00 + 8% VAT. 
FREQUENCY? - Why not use the 

TC12 Digital Frequency Counter 
--DC" to 240MHz typical 200MHz min. Choice of filament or LED displays 
with leading zero suppression optional. Standard model stability + or - 
5ppm 0 to 60C. £130.00 + 8% VAT. 
High stability model + or - 0.5ppm 0 to 60C £145.00 + 8% VAT. 
Further details and delivery schedules, quantity prices and export 
quotations are available free for the asking. please do- 

TELFORD COMMUNICATIONS 
78b High Street, Bridgnorth, Salop, WV16 4DS - Tel 074 -62 4082 

WW -015 FOR FURTHER DETAILS 
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Audio versatiliy ay TWEED 
The Tweed Twin -100 Monitor Power 
Amplifier - designed for a high peak 
output capability, this robust amplifier 
delivers 100 watts per channel into 8 
ohms. Full performance specification on 
request. 

If you require superb quality, top performance, proven 
reliability and electronics designed with music in mind, 
write or phone: 

TWEED AUDIO 
ROSEWOOD INDUSTRIAL ESTATE. '<EIS(' 

ROXBURGHSHIRE. SCOTLAND MOW nn STD MIu 

Specialists in Audio Control Equipment for the Broadcast and Sound Recording Industries 
WW -089 FOR FURTHER DETAILS 

PROJECT 80 AUDIO MODULES 
PZ5 £4.95. PZ6 £8.70. Z40 E5.75. 
Project 8050 £18.95. 

SINCLAIR CALCULATORS AND 
WATCHES' 
Cambridge Scientific E8.95. Oxford 300 

BI -PAK AUDIO MODULES £13.30. Mains adaptors £3.20 
S450 tuner E18.95. AL60 E4.33. Programmable Scientific with free mains 
PA100 £13.45, MK60 Audio Kit unit £24.95. Grey watch + bracelet 
£27.20. Teak 60 £10.95. Stereo 30 E16.45. 
E15.95. SPM80 £3.35. BMT80 £3.50. 

SINCLAIR IC20 PS12 E1.80. 1538 £2.95. Send sae 
for free data. IC20 10W+ 10W stereo amp kit with 
JC4O AMPLIFIER - printed circuit £4.95. PZ20 Power supply 
New integrated circuit 20W amplifier for above £3.95. VP20 Control and 
chip with pcb and data £4.45. preamp kit £7.95. 

FERRANTI ZN414 
IC radio chip £1.44. Extra parts and pcb 

JC12 AMPLIFIER c ( 
e 6W IC audio amp ' 

for radio £3.65. Case 90p. Send sae for 
free leaflet 

with free data andIL /'` printed circuit 
BATTERY ELIMINATORS £2.25*. 
STABILIZED POWER UNITS DELUXE KIT FOR JC12 
Millenia series. Switched 1 to 30V in Volume and tone controls and extra parts 
0.1 V steps l A output. Ka £11.45. Kit + for the pcb. Mono E2.33. Stereo E4.95. 
case £14.40. Built £18.40. JC12 POWER KIT 
2A output: Kit £13.95. Kit + case Supplies 25V 1Amp E3.55. 
E16.90- Built £20.95- JC12 PREAMP KITS 6-WAY 

Type 1 for magnetic pickups, mics and SPECIAL 
Switched output . 

of 3, 41/2. 6, 71/2, 

tuners. Mono E1.50. Stereo E3.00. Type 
2 for ceramic or crystal pickups. Mono n'sta P' 

9. 12V at 500mÁ BBP Stereo £1.76. 
SEND SAE FOR FREE LEAFLET 

FULLY STABILIZED MODEL S-DECS AND T -D ÇS* 
Switched output of 3/6/71/2 /9V stabi- S -DeC £2.24 
lazed at 400mA £5.45'. T -DeC £405 3-WAY MODELS* ,fer 

u -DeCA 60.45 With switched output and 4 -way u -DeCB E7.85 i--.r - 
muhijack connector. Typo 1: 3 / 41/2 / 16 dil IC carriers_ 
6V at 100mA E2.94. Type 2: 6 / 7'% / with sockets E2.05 _ - 9V at 250mA E3.10. 
RADIO MODELS BATTERY ELIMINATOR KITS 50mA with press -stud battery connectors 100mÁ radio types with press stud for radios etc. 6V £3.45. 9V £3.25. 
41/2+41/2V £5.45. 6 +6V £5.45. 9 +9V 
£5.45. Also 9V 300mA £3.95. 

battery terminals. 41/2V 0.95. 6V E1.911. 
9V £1.95. 4''V +4'/ V £2.60. 6V +6V 

CASSETTE MAINS UNITS E2.80. 9V +9V £2.60. 
7' /:V output with 5 pin DIN plug. 50mÁ 100mÁ casette type: 71/21./ din plug 

model E3 -45. 300mA model £3.95. £1.95. 
CAR CONVERTORS - 

Stabilized 8 -way typas: transistor 
Input 12v DC Output 6, 71/2 9V DC 1A stabilized to give low hum. 3 / 4'h / 6/ 
regulated E5.10 *. 7'/ / 9/ 12 / 15 / 18V 50mA model 

£3.15. 1 Amp model E6.50. 
Heavy duty 13-way types: 41/2 / 6 / 7 / PRINTED CIRCUIT KIT* 

Make your own printed circuits. Contains 81/2 / 11 / 13 / 14 / 17 / 21 / 25/ 28 / 
etching dish, 100 sq ins of copper clad 34 / 42V 1A £4.95. 2A £7.55. 
board, 1Ib ferric chloride, etch resist pen, 
drill bit and laminate cutter £3.95. 

Car convertor kit: Input 12V DC. Output 
6 17'1 ' 9V DC lA regulated £1.95. 

SWANLEY ELECTRONICS 
DEPT. WW, PO BOX 68, SWANLEY, KENT BR8 8T0 

Post 30p on orders under f2 23 otherwise free Prices include VAT (Overseas customers 
deduct 7% on items marked *, otherwise 1 1 %). Official orders welcome 

ELECTRONORGTECHNICA 

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

EX -STOCK 

£48 OF ONE 90 VALUE 
Contact John Gingell 

IAERO SERVICES LTD. 
44A Westbourne Grove 
London W2 55F 
TEL 01 -727 5641 TELEX 261306 Z& 

PLUS 
V.A.T. 

WW 052 - FOR FURTHER DETAILS 

INSTANT SINAD MEASUREMENTS 

tólfl8il{3aikr 

with the 

Serf sibcfclobi; 
The SINADDER is specialized 
distortion meter for Sinad 
Measurements. Just connect it 
to the audio output and read 
SINAD directly. No adjustments 
to make. Automatic circuitry 
does the level setting for you 

£120 + p. & p. Et VAT 

LYONS INSTRUMENTS 
Hoddesdon Herts EN11 9DX Tel 67161 Telex 22724 

A Claude Lyons Company 

WW 010 FOR FURTHER DETAILS 
of 

COMPUTER APPRECIATION 
86 High Street, Bletchingley, Surrey RH1 4PA, Tel: Godstone (088 384) 3221 

DIGITAL COMPUTER CONTROLS 0112 
MINICOMPUTER SYSTEM comprising 4K Processor, 32K disc unit, 
high speed paper tape reader /punch, ASR 33 Teletype & Software 
including BASIC. FOCAL & FORTRAN; £1550. 
IBM 1130 COMPUTER SYSTEM comprising 4K e 16 Processor, I/O 
'golfball' typewriter, high speed paper tape reader /punch, communications 
unit and an additional printer. Software includes diagnostics and an 
assembler. A modern compact machine designed for scientific applications; 
£695. 
PDP 8/S 4K MINICOMPUTER with TTY interface and software; £385. 
DF 32 disc unit suitable for interface to PDP 8 /S: £295 
IBM I/O TYPEWRITERS, BRAND NEW; £280. 
IBM 1053 RO Golfball printers. £49. 
IBM Model 1056 CARD READERS. Very compact; £68. 
IBM Model 1058 (24 Series) printing CARD PUNCH with adapter for 
on -line use; £225. 

ASR 33 TELETYPE with 20 mA current -loop interface; £325. 
Other ASCII coded TELETYPES from El 50. 
ASR 35 TELETYPE - as ASR 33 but heavy -duty and with extended control 
functions; £350. 
EKCO 6 -digit TTL counter -timers. NEW, but untested, £38. Tested, £48. 
EKCO FIELD RATEMETER, NEW; £48. 
BRPE High Speed TAPE PUNCHES; £78. 
ICL High Speed TAPE READERS; £78. 
DATEK 40 c.p.s. TAPE READERS, mechanically (not brush) operated, 
NEW and boxed: £28 (substantial reductions for quantities). 
COSSOR VDU with keyboard; £95. 
HONEYWELL printing card punches /verifiers: from £50. 
DURA paper tape golfball typewriter; £225. 
PLESSEY 16K x 13 core memories without electronics; £27. Case 
mounted alpha- numeric keyboard with 200 ch. buffer and display; E17.50. 

WW -078 FOR FURTHER DETAILS 
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HI 
The Hi -Fi Year Book is more than just a handy 

reference. It is a sensitive instrument enabling you 
to pinpoint and track down the finest Hi -Fi items 
on the market. There ai.e 500 pages of products, 
photos and expert articles to help you in your 
choice. Separate illustrated sections cover every 
major category of equipment- telling you what 
each item does, what it costs, who makes it and 
where to buy it. What's more, there are 
authoritative articles on the latest developments 
and how to apply them. Order your copy today, 
before it sells out... and you'll be tuned in to the 
finest in Hi -Fi all through 1977! 

HI FI YEAR BOOK 
1977 
Available direct from the publishers @ £3.40 
inclusive or from leading booksellers and 
newsagents price £3.00. 

PIC -UP 

r 
1 ORDER FORM 

To IPC Business Press Ltd., Room 11, 

Dorset House, Stamford Street, 
London SE1 9LU. 

Please send me copy /copies of 
Hi -Fi Year Book 1977 @ £3.40 a copy 
inclusive, remittance enclosed. 

Cheque'P.O. should be made payable 

I 

Eagle. 

Everything from a jack plug 
to a receiver. 

1 

1 

1 

1 

1 

1 

to IPC Business Press Ltd. 

Name 
(please print) 
Address 

Registered in England No. 677128 
1 Regd. Office Dorset House, Stamford 
1 Street, London SE1 9LU. 

QUARTZ 

CRYSTALS 

-fASI! 
sei 

(EL AEL CRYSTALS LIMITED 
Gatwick House, Motley, Surrey, England RH6 9SU 
Telephone: Harley 1029341 5353 Telex: 871161An000n 1lorleyl 
Cables: Awomn Telex Hurley 

WW -083 FOR FURTHER DETAILS 

* * * * * * * * * * * * * * * * * * * * * * * * * * * * 

Wilkínsons RELAYS P OAND 600 
00 

r * 

BATTERY CHARGERS. Input 200/250 v. A.C.. output 6 v; 15 amps with Ammeter 
fuses, regulated by a 4-position switch and sliding resistance £15 each. ifr 

* GEARED MOTORS. 1 r.p m or 3 r.p. m. 4 watts, very powerful, reversible 24v A C 

£3 each, can be operated from 230 v with our transformer £2.50 * L. WILKINSON (CROYDON) LTD., LONGLEY HOUSE, LONGLEY ROAD, 
CROYDON, CRO 3LH Phone: 01 -684 0236. Grams: WILCO CROYDON 

it K * , 4 + 4 . . * * * * * * * * * * * 4 * * * * * 
WW -069 FOR FURTHER DETAILS 

BUILT TO YOUR SPECIFICATION. HIGHEST 
QUALITY AT COMPETITIVE PRICES WITH 
QUICK DELIVERY SERVICE. QUOTATIONS 
BY RETURN HOME AND OVERSEAS 
HIGH SPEED RELAYS. Single and Double 
Pole various resistances. RESISTORS 
P.O. Type 9 and 12, and complete RELAY 
SELECTOR UNITS available now at 
competitive prices. 

PLUNGER KEY P.O. No. 308 with 3 C/O contacts 40p each 
LAMP JACK. P.0 type for tubular wedge bulbs 30p each 
LEDEX DC OPERATED SOLENOID OPERATED WAFER SWITCHES 24 Pole 11 
Way and Off and 54 Pole On /Off 9 Wafers, both types E10 each 

MULTI- INDICATORS 0 to 9, or A to K, or L to Z %in. characters, dimensions 1 

in wide 3- 5 /16in deep, 1 -5 / 16in. high, Illuminated by 28v single contact 
midget flanged lamps 08 amps £2 50 each, can be assembled in banks of five to 
your own specification for E10. 

Understand electronics. 
Step by step, we take you through all the fundamentals 

of electronics and show you how easily the subject can be 

mastered using our unique Lerna -Kit Course. 

(1) Build an oscilloscope. 

(2) Read, draw and understand 
circuit diagrams. 

(3) Carry out over 40 experi- 
ments on basic electronic 
circuits and see how 
they work. 

- - - - - - - 
Brochure, without obligation to: 

BRITISH NATIONAL RADIO & 

ELECTRONICS SCHOOL, 

P.O. Box 156, Jersey, Channel Islands. 

NAME 

IADDRESS 

- - - - - - - - 
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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 LENCO CRV CASSETTE MECHANISM 
High Quality, robust cassette transport for Linsley Hood Recorder. Features fast forward. such an excellent performance we feel that it is not sensible to sacrifice fast rewind, record, pause and automatic cassette ejection facilities Fitted with 

this potential by designing a kit down to a price. We have therefore Record/ Play and Erase Heads and supplied complete with Data and extra cassette 
spent a little more on professional hardware allowing us to design a ejection spring for above horizontal use. Ex -stock £19.10 + £2.38 VAT. 

very advanced modular system. This enables a more satisfactory 71x Complete set of parts for Master Board, includes Bias oscillator, 
electrical layout to be achieved, particularly around the very critical Relay, Controls, etc. £9.83 + £1.23 VAT. 
input areas of the replay preamps. These are totally stable with this 72x Parts for Motor Speed and Solenoid Control for Lenco CRV Deck. 
layout and require no extra stabilising components. Many other £3.52 + 44p VAT 
advantages also come from this system which has separate record and 73x Complete set of parts for stereo Replay Amps and VU Meter 
replay amps for each channel plugging in to a master board with gold Drive. £8.02 + £1 VAT. 
plated sockets. The most obvious is the reduction of crosstalk and 74x Complete set for Stereo Record Amps. £6.64 + 83p VAT. 
interaction which could cause trouble on a single plane board, with our 175x Complete set of parts for Stabilised Power Supply including 
modular system the layout is compact but there is no component special Low Hum field Mains Transformer. This unit is a separate 
crowding. Testing is very easy with separate identical modules and 3.5" x 5" PCB designed so that the motor control board fits above 
building with the aid of our component -by- component instructions is it to save space. £8.29 + £1 .03 VAT. 
childishly simple, but the finished rekult is a unit designed not to 700M. VU Meters Individual high quality meters with excellent 
normal domestic standards but to the best professional practice. ballistics and built -in illumination. £6.48 + 81p VAT PER PAIR. 

ALL PARTS ARE POST FREE 
Please send 9 x 4 SAE for lists giving fuller details and Price breakdowns. 

A suitable Metalwork and Front Plate will be available soon 

Penylan Mill, Oswestry, Salop 
Personal callers are always welcome, but please note we are closed all day Saturday 

co WEST HYDE 

1100111111116 
Instrument cases 

All dimensions aie Widlh,Height,Depth 
PRICES 1 oil Inc. P & P but nul VAT 

MOO.3 l,nclud,ng chassis) C 4 5 10x 6 5" 8.59 
301 7,3 45'4" 6.75 D 9 3x 6 5" 8.59 
302 7x4' %,x51:" 6.17 E 9 lx 65" 9.50 
303 7,6 x5'4" 7.87 F 9 10, 6 5 11.20 
.104 11,3 x5," 7.09 G 13 3, 65 9.50 
.305 1144'4,5'4" 8.39 H 13 7, 6 S" 11.20 
306 11x6 x5," 9.68 1 13 10x'65" 12.66 

CONTIL TEXTURED 
J 18 3, 6 5" 11.20 

Oiler Instrument manufacturers low.cost cases exslock. Blue PVC coated 755 7,5x5" 7.98 K 16 7, 6.5" 16.43 Mud 2 c, es ov i 24 sir s Front and v. +a ,. I,,, of is yit y l'VG Aluminium 
steel strength and dit PVC aluminum grey front and rear L 18 10. 6.5" 17.06 

g rigidity y gr panels are 867 ex7x6" 8.48 ,a 45 3x16. 702 chasses included Packed flat Outil casing blue PVC steel of up to site L 

removable PCB and PSU mounting system available Also available nt 975 9,5x7" 9.48 
N 4.5 7,13" 9.60 also avalable en wood grsen and black Puce as for next price higher le A 

black, 301 
1277 7e 10A2 

price of 302, Bk 302 303, 6k 304 305. 1277 unpainted 1.11 D 4.5 10,13" 12.85 Rl lick Is B pHrvl. 
15127 I6x 7x 12" 16.05 

P 9 3,13" 9.60 

191010 19.10x10" 20.68 O 8 7,13" 12.66 
H 9 10x17 15.43 

ELF CASES Grey Zinc. chass,sl S 13 3x13 12.65 
EII 6,4x4" 2.40 T 13 7x13" 15.43 
Bare EN Mess lt. ch, pun 1.95 

11.71 

13 10x13" 19.06 
Giant Elf 8x5 ":,5" 3.60 18 3,13" 15.43 
Long Elf 9x4.3" 2.90 W 7x13" 19.06 
Jumbo Elf 101/4)(5% ,5`/4" X 18 10,13" 22.39 

'5.25 MPS cornet al 1 Dec. '76 
MOD.2 CASES Mod 2 in Woodar a,n nr Brack 
lincludrng chassrsl finish in sixes Al E N. There tough little cases add 
A 45,3x6.5" 6.05 Privas as fo, one price up on alumen,u m pa th protichvo coat Elf cases are available in 4 sires ill dough, 
B 4.5, 7x 6.5" 7.02. Mod. 2. e.g. Mod 2A Woodgrun moulded iii g,ey glass polyester, all panels, heel and chasses includrsl 

pr Black ei as Mod 2B. 

WEST HYDE co 
oidlianer 

Carta 
A .,, ,,.L., nw c<>t, in blue textured acrylic Front panels normally 
whin. revel PVC'alurninium, also available unpainted up to 1277 size 
Ai,i,niniui i, es 20p exva up to 16127 only 

very little to he cost of a kola Front panel 

A..0,st Hyde cases are avallable wiihsubstantla ldiscounts for quan nues Most eases have discounts at 5 off and 25 off w. hd,scounts up to 25 "..ai 100 off Prices P P and aro collected on fast three or ce breaks on cases nal , 

BUY A CASE FROM A SMALL RANGE, YOU GET A CASE -BUY A CASE FROM A BIG RANGE, YOU GET A SOLUTION 

Instrument cases 

A prestige 
supplied I...., 
in rack or halt wldlls assemble,: 

BHIGHTCASE MAO« II SAMOS 
HC211 3 " F H.,.. 18.07 ';I IOU. bo.bUrn i 

BC222 13 r, Hall H.,,.. 16.59 52 100,100.50ii,e, 
BC3I215'4" FAAI Hai), S3 100.150,5011mi 
1íC322 15':." Hall Rm.) . 18.07 54 125, 50.75m,íí 
Rick Biackets,iva,lable 55 I2Sx100x7bmni 
No e.rra lot Louvre, add L 56 175,150. /5nini 

57 125,200. 75nini 
MINOS 
M2 65x100,5Onim 
M3 100.170x50mm 

clal polystyrene pack for sale postage M2 Baie 
M3 Bar. 

MINOS SSW la 
Smart miniature ABS cases in lough rigid high gloss black From panels 
either ali or PVC steel. Burltin slots for PC cards, dividers etc Chassis or 

PC hoards con be supported on 'P' clips from internal pillars 

THE Ir I9TRUMENT 

.67 HEAVY DUTY CASE 

.85 8. 8,5" 
;44 10,10,7" 
,50 12,10,7" 

1.24 
1.42 
1.58 
1.78 
2.04 
2.39 
2.65 

14.18 
16.76 
19.96 

OVER 250 DIFFERENT 
CASES IN STOCK -SIZE RANGE 

OVER 5000:1 IN VOLUME 

Send for catalo ue 

WEST HYDE 
DEVELOPMENTS LIMITED 

Ryerel9 Cfa, Mtr111aed H6M, Ntlr9twss4, Middx., NMI INN 
TtM99er: NerM1rs6 24M1/211732/27011 

taw: I13231 Wert HyM NMatL . 

WW-067 FOR FURTHER DETAILS 

rapipp - 

SAMOS 
in blue and white PVC sl, " A.,,1111 ,11 ri e. 

I., +. h, ' , I, 2 screws allow the cover to h,.i:l. 01 C,is,', _ n, 

10 l,x, PC foil are available to hold up la 4 PC boards h er, .nn sully 

Available in 3 sI Heavily constructed in zintec steel, welded corners 
with heavy hinges 2 screw firings and foam around the door hi the hose 
..i grand plate wllh n, l roil , hu,,,s H,Ili .isus I i,rt, d 

cA8E SmcrALIirTS 
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Join Nie 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 81/4" and contains 60 pages packed with informattotl, 
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 
surface 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. 

I 4 volumes: 20 1. Basic ic Computer Logic 
2. Logical Circuit Elements 
3. Designing Circuits to 

Carry Out Logical Func- 
tions 

4. Flipflops and Registers 

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 Digital 
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, St. Ives, Huntingdon, Cambs. PE17 4BR 
"Please send me .... set(s) of Design of DigitèTSystems at £7.00 each, 
p & p included 

`or set(s) of Digital Computer Logic and Electronics at 125.00 each. 
p & p included 

or combined set(s) at E10.50 each, p & p included 

Name 

Address 

1 

'delete as applicable 
No need to use a stamp - just print FREEPOST on the envelope. 

WW12J 

"Ampex and 
WHAT ?...' 

The 
JAMES SCOTT 
Mhinrnent Units 
forliR. and F.M. 
Multi - Channel 
Tape Recorders. 

The F.M. Alignment 
Unit Type FMU /1 illustrated was designed at 
the Royal Radar Establishment, Malvern, to suit 
Ampex Recorders working on the IRIG intermediate 
band specification (using ES 100 Electronics) e.g. Model 
Numbers FR 1200, FR 1260, FR 1300, FR 1800L, FB 400, PR 500 

If you have a sophisticated Ampex Recorder - 
Align it to the Manufacturers specification 
using our Alignment Units for D.R. & F.M. 
Systems. 

Speedy and inexpensive 

For Further information and Technical Literature 
Write or telephone. 

JAMES SCOTTJ 

-(Electronic Engineering) Ltd 
CARNTYNE INDUSTRIAL ESTATE 
GLASGOW G32 6AB 
1fe1 0411.778 4206 

WW - 025 FOR FURTHER DETAILS 
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THE RADIO SHOP 
16 CHERRY LANE 
BRISTOL BSI 3NG 'Gzi4P0 

TELEPHONE 
0272 -421196 

OFFICIAL ORDERS WELCOMED GOVT /EDUCATIONAL DEPTS.. ETC 

TR IACS 
1.6 AMP PLASTIC 6 AMP ISOLATED TAB 10 AMP ISOLATED TAB 
NAS 0161w 100V .31 NAS 0651w 100V .88 NAS 1001w 100V .80 
NAS 0161x 100V .31 NAS 0651x 100V .68 NAS 1001x 100V .80 
NAS 0162w 200V .34 NAS 0652w 200V .72 NAS 1002w 200V .86 
NAS 0162x 200V .32 NAS 0652x 200V .72 NAS 1002x 200V .84 
NAS 0164w 400V .45 NAS 0654w 400V .80 NAS 1004w 400V E1.19 
NAS 0164x 400V .43 NAS 0654x 400V .78 NAS 1004x 460V E1.14 
NAS 0166w 600V 56 NAS 0656w 600V .97 NAS 1006w 600V £1.49 
NAS 0166x 600V .53 NAS 0656x 600V .86 NAS 1006x 600V E1.47 

3.5 AMP CLIPPED TAB 8 AMP ISOLATED TAB 15 AMP ISOLATED TAB 
NAS 0351w 100V .55 NAS 0851w 100V .76 NAS 1501w 100V E1.15 
NAS 0351x 100V .57 NAS 0851x 100V .75 NAS 1501x 100V E1.05 
NAS 0352w 200V .64 SAS 0852w 200V .86 NAS 1502w 200V E1.14 
NAS 0352x 200V Al SAS 0852x 200V .84 NAS 1502x 200V E1.12 
NAS 0354w 400V .76 NAS 0854w 400V .97 NAS 1504w 400V E1.66 
NAS 0354x 400V .74 NAS 0854x 400V .94 NAS 1504x 400V E1.63 
NAS 0356w 600V .95 SAS 0856w 600V £1.21 NAS 1506w 600V E2.07 
NAS 0356x 600V .92 NAS 0856x 600V E1.16 NAS 1506x 600V E2.02 

Devices with internal trigger have "W" suffix," 4 Denotes Standard Triac. 

THYRISTORS 
11.8 AMP TO5 4 AMP ISOLATED TAB 6 AMP ISOLATED TAB 
NAS 006p 50p'v .26 NAS 106p 50piv .29 NAS 206p 50pw .40 
NAS 006q 100piv .31 NAS 106q 100piv .33 206q 100piv .46 
NAS 006r 200piv .34 NAS 106r 200piv .40. 

,NAS 
.NAS 206r 200piv .55 

NAS 006s 400piv .44 NAS 106s 400piv .63. NAS 206s 400piv .85 
NAS 006t 600piv .57 NAS 106t 600piv .99 

8 AMP ISOLATED TAB 16 AMP TO 48 
NAS 306p 50piv .46 16A 50V .60 
NAS 306q 100piv .62 16A 100V .64. 
NAS 306r 200piv .85 16A 200V .70 
NAS 306s 400piv .93 16A 400V .85 

16A 600V E1.17 

Quantity Prices on Application SAE 

TRANSISTOR SPEAKERS 
2/" 0.3watt 8 ohms ... 
21/4" O.lwatt 75 ohms 

707 LED 3" Common Anode Display 
704 LED .3" Common Cathode Dispay 
747 LED 6" Common Anode Display 

Please add 121/2% VAT. Remainder 8 %. P&P 20p 
Phone in your Access or Barclaycard order Catalogue 20p. Callers welcome 

70p 
40p 

.90 
1.00 
1.85 

ANTFNNÁ DESIGN C PRODUCT/ON 

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 DT11 8EH 
Telephone : 025886-8293 

WW - 020 FOR FURTHER DETAILS 
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MINIMUM TID POWER AMPLIFIER MODULES 
WE BELIEVE OUR MODULES ARE UNEQUALLED IN SOUND 

QUALITY, OVERALL PERFORMANCE & VALUE FOR MONEY 

#S /N> 11048 #120x80x251/1111#ivllyprotei l.- .A.SOmv /56kn #13HC- . tr18 #14Trs4Di 
It les recently been shorn that an mplifier sill some traditionally aesireable features l,g.heavy feedback. wide 

bandwidths can actually sound worse than one with a 'poorer spec. This has been att 'srbuted 

to distortion caused by Iran :entsiT.10 ilarefully positioned compensation, a rise -time of )aps. 

settling -time of laps i6!';,1 ill and sleieg. rate nt 6v is ensare minimum T.LD. While T.gb is 

reduced to typically ,01 I.1.04mas 1 at 1410 by ultra - linear output triples, not by exuesslye 

I eedbaek.This approach has yielded one of the cleanest sounding 

amplir Ws avails ble, regardless of cost. 

CE608 60Wrnts /85. t35v. £ 14 55 

CE 1004 LOO W rns /4,,. ±35v. £ 17 55 

CE 1008 100Wrms/8n,45v, £2155 

H /sinks 50mm.85p:H /cluty 1OOmirt £1 50 

Dbeeae/ P.O. to: CRIMSON ELE KT RIK 
6.1.E. re, ran details 74 STATION ROAD. 
T`p`86SIi8211 RATBV; LEICESTER. 

WW -043 FOR FURTHER DETAILS 

Distributors for Plessey Remo 

Valves 
Type 

DY87 

DY802 

ECC82 

EF80 

EF183 

EF184 

EH90 

PC86 

PC88 

PC900 

PCC89 

PCC189 

PCF80 

PCF86 

PC F801 

Price (p) Type 

43 I 
PCF802 

43 PCL82 

44 

34 

39 

39 

40 

58 

58 

30 

46 

47 

41 

44 

46 

PCL84 

PCL85 

PCL86 

PFL200 

PL36 

PL84 

PL504 

PL508 
PL509 

PY88 

PY500A 

PY800 

Price (p) 

52 

54 

55 

57 

52 

65 

63 

30 

90 

85 

£1.35 

43 

£1.25 

47 

Integrated Circuits 
Type Price (p) 

MC1351P 70 

IEquiv. ETTR6016) 

Type Price (p) 

TA 7072P £1.53 
TA 7074P £1.34 

ML 2318 £4.20 TA7124P 73 

ML 2328 £4.20 TA7141AP £1.40 
SL 414A £1.68 TA 7171P £1.65 

SL 415A £2.20 TA 7172P £1.65 
SL 1310 £1.54 TA 7173P £2.20 
SL 3046 .73 TA 7176P £1.30 
SL 76544 £1.50 TAA550 32 

SN76003N £2.35 TAA 570 £1.30 
SN76013N £1.43 TAA 661B .81 

SN76013ND E1.25 TAA700 £3.80 

SN76023N £1.43 TBA1205 £1.14 
SÑ76023ND £1.20 TBA120AS 60 
SN76033N £2.15 TBA120SQ £1.00 
SN76110N £1.75 TBA480Q £1.40 
SN76226N £2.20 TBA520Q £1.75 
SN76227N £1.45 TBA5300 £1.75 
SN76532N £1.45 TBA5400 £1.25 
SN76533N £1.50 T8A550Q £2.30 
SN76544N £1.70 TBA560CQ £2.40 
SN76650N £1.15 TBA7500 £1.43 
SN76660N 60 TBA800 E110 
SN76666N 90 TBA9200 £2.90 
TA 7050P £1.13 TBA9900 £2.50 
TA 7051P £1.45 TCA270Q £2.90 

TCA 800 £4.60 

Semi Conductors 
Type 

AC107 

AC126 

AC127 

AC128 

AC128K 

AC141 

Price (p) 

25 

24 

20 

13 
24 

24 

Type Price (p) 

AC141K 29 

AC142 

AC142K 

AC151 

AC154 

AC155 

18 

31 

28 
18 

18 

Semi Conductors 
Type Price (p) 

AC156 28 

AC176 22 

AC176K 

AC187 

AC187K 

AC188 

AC188K 

AC193K 

AC194K 

AD140 

AD142 

ADI43 

AD149 

ÀD161 

AD161/2PR 

AD162 

AF114 

AF115 

AF116 

AF117 
AF118 
AF124 
0125 
AF126 
AF127. 

AF139 
AF178 
AF180 
AF181 
AF239 
AF240 
AL102 
AL103 
AU107 
AU110 
AU113 
BC107 
BC107B 
BC108 
BC109 
BC109C 
BC113 
BC114 
BC115 
BC116 
BC116A 
BC117 
BC118 
BC119 
BC125 
BC1258 
BC126 
BC132 
BC135 
BC136 

34 
20 
33 
18 
30 
36 

35 

65 

62 

65 

65 

47 

£1.00 

38 

25 

22 

22 

20 

52 

38 

2/ 

38 

38 

39 
69 
69 
69 
46 
20 

£1.46 
£1.36 
£1.35 
£1.20 
£1.05 

10 

15 

10 

12 

14 

15 

15 

17} 

17f 

25 

14 

15 

27 

17} 
18 

15 

15 

15 

16 

BC137 20 

Type Price (p) 

BC138 30 

BC139 28 

BC140 32 

BC141 28 

BC142 20 

BC143 25 

BC147 8 

BC147A 11 

$C148 9 

BC149 10 

BC153 20 

BC154 20 

BC157 11 

8C158 10 

BC159 11 

BC160 30 

BC161 33 

BC171 10 

BC172 10 

BC173 15 

BC178 18 

BC1788 20 

BC179 22 

BC182 11 

BC182L 12 

BC183L 12 

BC184 12 

BC186 25 

BC187 25 

BC204 14 

BC212 11 

8C212L 11 

BC213 11 

BC213L 11 

BC214 13 

BC214L 15 

8C237 11 

8C238 11 

BC301 30 

BC303 30 

BC327 13 

BC328 13 

BC337 12 

BC338 12 

BC546 13 

BC547 12 

BC548 12 

BC549 13 

BC550 14 

BC557 13 

BC558 12 

BCY72 16 

BD115 39 

80116 59 

BD124 75 

80131 35 

11:'11: *PRICE 
*QUALITY 
*RELIABILITY 
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low cost -top quality 
COMPONENTS 

Siemens A.E.G. Telefunken Teleng and Toshiba Components 
Semi Conductors 

Type 

BD132 

Price (p) 

39 

Type 

BF338 

Price (p) 

34 

BD133 45 BF355 50 

BD135 29 BF457 37 
B0136 33 BF458 37 
BD137 30 BF459 38 

BD138 33 BFT42 35 

80139 37 BFT43 35 
BD140 39 BFX29 29 
BD144 £1.99 BFX84 29 

BD160 £1.65 BFX85 30 

BD181 80 BFX86 28 

BD182 90 BFX88 25 

BD183 80 BFY50 19 

BD184 £1.10 BFY51 19 

80222 47 BFY52 20 

BD225 47 BFY90 £1.10 
BD232 50 BR100 32 

BD233 43 BR101 38 

BD234 49 BRC4443 80 
BD235 49 BRY39 38 

BD236 53 BSY52 30 

BD237 49 BT106 £1.20 
80238 55 87108 £1.50 
BDX32 £2.40 BT116 £1.25 
BDY20 80 BU105/02 £1.60 
BF115 38 BU108, £1.80 
8E152 20 BU126 E1.49 
BF158 20 BU204 £1.80 
BF160 35 BU205 £1.67 
BF167 24 BU206 £1.95 
BF173 25 BU208 £2.20 
BF178 33 BU208/02 £2.75 
BF179 38 BUY696 £2.50 
BF180 31 BUY69A £2.65 
BF181 35 E1222 38 
BF182 30 MJE340 45 
BF183 30 M1E520 44 
BF184 29 2N696 30 
BF185 30 2N706 15 
BF186 26 2N3053 20 
BF194 8 2N3054 65 
BF195 8 2N3055 55 

BF196 10 2N3702 12 

BF197 11 2N3703 12 

BF198 23 2N3704 10 
BF199 25 2N3705 10 
BF200 28 2N3706 10 

BF218 40 2N3819 38 
BF224 20 2N5296 40 
BF240 17 2N5496 53 

BF241 17 0071 29 
BF257 28 0072 29 
BF258 26 R20086 £1.90 
10259 30 R2Q10B £1AO 
BF336 37 RCA16334 80 
BF337 35 RCA16335 80 

Semi Conductors 
Type Price (p) 

S2802 E2.99 
S6080 A KIT 

£4.90 
TIP31A 52 

Type P 

TIP32A 
TIP41A 
TIP42A 
TIS91 

*20p or less. Minimum 5 i 

rice (p) 

62 
60 
75 
27 

tems 

Diodes 
Type Price (p) Type Price (p) 
BA115 9 0A47 8 

BA145 16 0A90 6 

BA148 16 0A95 51 
5A154/201 12 0A202 8 
BÁ155 15 IN60 /0A91 7 

BAX13 6 1N914 6 
BAX16 6 184001 4 

BY126 11 184002 5 

BY127 10 IN4003 5 

BY199 25 IN4004 5 

BY206 17 1N4005 5 

BY238 25 1N4006 6 
BYX10 14 1N4007 6 

1N4148 4 

*20p or less. Minimum 5 items 

EHT Multipliers 
Order 

Type Code Price 
Thorn 950 MK II 1400 D1O1P £2.07 
Thorn 1500 3 stick D102Y £1.98 
Thorn 1500 5 stick D103G E2.17 
Thorn 1590 Stick D104E £0.35 
ITT, Philips Mono 0105C 

Large Screen £0.61 
Rank Z 718 D106A £1.54 
Thorn 3000/3500 01071 £5.34 
Thorn 8000 D108H £1.98 
Thorn 8500 D109F £4.14 
Thorn 9000 D110Y £6.50 
Decca Doubler 0111G £2.74 
becca 30 Series 0112E £4.96 
Decca 80 Series D113C £5.30 
G.E.C. Hybrid D114A £4.96 
G.E.C. Solid State D1151 £5.30 
ITT CVC 1 -5 D116H £4.96 
ITT CVC 20 0117F £5.30 
Philips G8 0118D £4.96 
Philips 550 D1198 £496 
Pye 691/693 0120E £3.66 
Pye 731 D121C £4.92 
Rank A823 D122A £4.96 
Kocting 0125F £4.96 
Telpro /Carnival/ D126D 

Hamilton/ Steepletone £5.35 

Good people to deal with 

w Mono Tubes (110 

Screen Type 
12" Toshiba 

E2117A 

14" Toshiba 
M6529 FZP TMT 34/101 £17.15 

20" A50-140W CME 2013 £1530 
24" A61 -140W CME 2413 £17.30 

Equivalent Price 
TMT 31/101. 
A31/ 250W £17.75 

New Colour Tube (90 

Sagan Type Equivalent heia 
19" A49.191X, A49.192 and 

A49-120X E57.70 
20" 51001822, A51-110X E61.35 
22" A56/120X £61.50 

A rial Accessories 
Type 

Coax Plugs 

Standard Superverters 
Superverters with variable 

gam each £15.95 
Superverters with variable 

gain and frequency each £17.45 
Broad Band Amplifier each £16.56 I All Teleng products available 

through C.P.C. 

Price 
each 10.5p 

each E13.50 

SCOTLAND 

Elcomatic Ltd. 
Klrktonfield Road, 
Neilston, Glasgow GT8 3PL 
Tel. 041 -881 5825 

IRELAND 
Electronic Sales 
(Ulster) Limited, 
4 Tates Ave., Lisburn Road, 
Belfast BT9 7BY 
Tel. Belfast (0232) 668718 

LANCASHIRE 

Moorside Electrical Co., 
70 Moorside Avenue, 
Smith Ills 
Bolton. Tel. 0204 40918 

WALES 

Swansea Aerial Co. Ltd., 
Slloh Road, 
Lan dore, 
Swansea SA1 2NT 
Tel. Swansea 50393/54836 

WEST MIDLANDS 

Geetavislon 
as Fa' Gosford Street 
Cover try 
Tel. Coventry 56476. 503598 

EAST MIDLANDS 
Belva r TV 8 Audio 
Components, 
66 Mdl St., Melton Mowbray, 
Leice:.tershire LE 13 1 AZ 
Tel. 0664 5666 

CAMBS. BEDS. HERTS. 

Cambridge Electronic 
lomponents 
236 High Street 
Cottenham Cambridge 
Tel. 0954 50292 

EAST ANGLIA 

Norwich Electronic Components 
16 Denbigh Road, 
Norwich. NR2 3AA 
Tel. C603 28625 

S LONDON &S EAST 

Paul Electrical Ltd., 
250/252 Grand Drive, 
Raynes Park, 
Londor. SW20 
Tel. 01 542 6546 

AVON. GLOS. WILTS. 
Cheltenham Electronics Ltd , 

297,299 High Street, 
C ne Item ham, 
Gloucestershire 0150 3145 
Tel. 3242 3025t 

DORSET HANTS, I 0 W 

D. B. Components, 
1 Devonshire Street, 
Greenbank, Plymouth, Devon 
Tel. (0752) 24369 

SOUTH WEST 

Double0 Distributors. 
16 Hlghfield Road, 
Bournemouth BH9 2SG 
Tel. 0202 519562 

COMBINED PRECISION 
COMPONENTS LTD. 
C.P.C., Dept. W W 194-200 NORTH ROAD. PRESTON, LANCASHIRE, ENGLAND 

Phone: Preston (STD 0772) 55034. Telex 677122 

WORLD WIDE EXPORT SERVICE ask for ROBIN PRATT New price list 1.11.76 
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Wire ...S WO 
noise reducer 
LB 

Wireless World Dolbynoise 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 screws and nuts 

Typical performance 
Noise reduction: better than 9dB weight- 

ed 

Clipping level: 16.5d8 above Dolby level 
(measured at 1% third harmonic 
content) 

Harmonic distortion 0.1% 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. 

PRICE: £37.90+ VAT 
Also available ready built and tested Price £52.00 +VAT I 

Calibration tapes are available tor open -reel use and for cassette (specify which) Price £2.00 +VAT* 

Single channel plug-in Dolby PROCESSOR BOARDS (92 x 87mm) with gold plated contacts 
components 

Single channel board with selected fet 

Gold plated edge connector 

Selected FET's. 60p each +VAT, 100p +VAT for two, £1.90 +VAT for four 

Please add VAT at 12% unless marked thus', when 8% applies 
We guarantee full after -sales technical and servicing facilities on all our kits, have 

you checked that these services are available from other suppliers? 

are available with all 
Price £7.20 +VAT 

Price £2.20 +VAT 

Price £1.40 +VAT* 

INTEGRER LTD. 
Please send SAE for complete lists and specifications 
Portwood Industrial Estate, Church Gresley, 
Burton -on- Trent, Staffs D E 11 9 PT 
Burton -on -Trent (0283) 215432 Telex 377106 

E. 
master charge 



SOLID MAHOGANY CABINET I 

INTEGREH 
S- 2020TA STEREO TUNER /AMPLIFIER KIT 

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,I 
INTERSTATION MUTE, and phase -locked IC stereo decoder. LED tuning and stereo indicators. Tuning range) 
88- 104MHz. 30dB mono S/N 0 1 .2i. V. THD 0.3 %. Pre -decoder 'birdy' filter. 

PRICE: £53.95 +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 @ 0.750/. 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 

40.'""r1Mr'':. 

191111710.M,NIFIN.MIBIK 

Sens. 30dB S/N mono @ 1.24V 
THD typically 0.3% 
Tuning range 88- 104MHz 
LED sig. strength and stereo indicator 

Mono £29.15 +VAT 
With ICPL Decoder £33.42 +VAT 

With Portus- Haywood Decoder 
£35.95 +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: Mono £26.85 +VAT 
Stereo £29.95+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 60dIB. Radio input S/N 
72dB. Headphone output. Tape In /Out facility (for noise reduction unit, etc.). Toroidal mains transformer. 

PRICE: £31.95 +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 +VAT PHASE -LOCKED IC DECODER KIT . £4.47 +VAT 
PUSH -BUTTON UNIT £4.50 +VAT BASIC MODULE TUNER KIT (stereo) £16.75 +VAT 

PORTUS- HAYWOOD PHASE- LOCKED STEREO DECODER KIT £8.00 +VAT 



I *TRIACS I 

B I-PAN SEMICONDUCTORS 
TRANSISTORS 

BRAND NF:W. FULLY (il'ARANTEED 
TYPE PRICE TYPE PRICE TYPE PRICE TYPE PRICE 
AC1I7K *0.30 BC170 0.09 - H0271 *0,31 25930 021 
AC122 *012 BC 171 0.09 H0272 *0.81 241131 *0.16 
ACI25 0.18 13C172 009 BF273 0.36 251132 *0.16 
AC126 *014 B('173 0,09 13F274 0.36 2513112 .0.13 
ACI27 .0.11 11C'174 015 RFWI9 *0.61 2N13113 .0.15 
AC129 *0.11 R('175 *0.22 130 X29 *0.25 2513114 *11,16 
ACI32 *0.13 BC '177 0.16 10FX144 0.19 251395 0.10 
AC134 *0.15 BC 170 .0.16 HFX85 *0.25 251:01: *0.21 
ACI37 *0.15 HC179 *0.16 HFX66 *0.22 2N13117 *0.21 
ACI41 0.19 B('190 0.25 RFX67 *0.22 2513116 *11.24 
AC141K *0.00 BC 181 0.2S R1--X60 *0.22 251309 0.24 
AC142 .0.19 10CI82 0.09 HFYSn *0.13 251613 *11.10 

ACI42K *0.26 I('1821. 009 HFY51 0.13 251711 *0.10 
AC151 0.16 R('103 0.09 HFY52 .0.13 251169 *11.:42 

AC153K *0.24 B('1131. 0.09 HEY 53 *0.13 2510411 11.40 
AC154 *0.20 B('104 008 BSXI9 .0.16 2NI*93 01130 
AC155 *0.20 BC'1841. 0.09 HSX20 *0.16 252147 0.73 
AC158 .0.20 B(:186 01.29 110Y25 0.16 ZN2140 .0.3N 
AC157 .021 13C107 .0.29 0SY26 *0.16 252192 *0.36 
AC16.5 *0.20 B('207 0.11 0SY27 *0.18 252193 *11,36 

AC166 0.20 RC208 0.11 RSY24 .0.16 252151 00.36 
ACI67 *0.20 BC209 0.12 HSY29 0.16 252217 *922 
ACI6R *0.23 B('212 0.10 0SY30 *0.19 252210 *11.16 

AC169 *0.13 BC2121. 0.10 60139 *0,19 252210A *0.10 
AC176 *0.11 BC213 0.10 00Y40 .0.29 252219 .0.10 
ACI76K 0.26 0C'2137. 0.10 13SY41 *0.29 252220 *0.22 
AC177 *0.25 BC 214 0.10 03Y95 *0.13 2N2221 .0.16 
ACI71 .0.29 13("2141 010 HSY95A *0.13 252222 *0, IN 

AC179 *0,29 13('225 0.26 131'105 *1.90 252360 *0.16 
ACI60 *0.20 BC226 0.36 \1ATIO0 0.19 2N2899 *0.12 
ACIIOK .0.30 BC25I 0,10 M.AT101 0.20 2N2.369A *0.12 
ACIDI *0.20 BC301 0.28 MAT120 *0.19 252411 *0.23 
ACIOIK *0.30 00'302 .0,25 MAT 121 0,20 252412 *0,23 
ACl/47 .0.22 BC303 .0.31 M.IF'.521 *0.56 2N2646 .0.34 
ACIO7K *0.23 R(:304 .0.37 M.IE2955 080 252711 *0.21 
ÁCIMO .0.19 BC327 0.12 M.103055 .0.57 252712 *0.21 
ACI81K .0.23 BC328 0.12 \1.11(3440 *031 252714 *0.21 
ACYI7 *0.26 BC'337 0.12 MPFI02 *0.28 25290.1 0.14 
ACYIK 0.20 BC'3:8 0.12 \iPF104 *0.28 2529114A *0.04 
ACYI9 *0.20 BC'440 0,31 MPFI05 0.28 2529115 *0.18 
ACY20 .11.20 BC460 0.37 11C19 0.38 252911.5A *0,18 
ACY2I *0.20 B('Y10 0.23 1x'20 .0.80 252906 *0.12 
ACY22 *0.17 OC'Y31 0.27 1X'22 *0.47 252906A *0.14 
ACY27 *0.19 0('Y32 *0.31 18'23 0,49 252907 *11.15 

ACY2R *0.19 B('Y33 *0.22 (X'24 .0.57 21129117A *0.18 
ACY29 036 BC'Y34 .0.26 Ix'25 0.39 2N2923 0.13 

ACY30 *0.29 BCY70 0.13 1('26 .0.38 252924 0.15 

ACY3I *0.29 BCY71 0,20 (K'214 *0.60 252925 0.13 
ACY34 *0.21 BCY72 0.13 /8'29 .0.60 2520286 0.09 
ACY35 *0.21 BC'7,10 *0.20 (815 .0.45 252926Y 0.09 
ACY36 0.29 BC711 0.28 18'36 0.51 2529260 0.08 

. ACY411 *0.18 8('7.12 .0.26 18'41 0.20 25292612 007 
ACY4I *0.19 013115 007 10'42 .0.23 25292611 007 
ACY44 *0.36 BDII6 0.81 (('44 0.16 253010 *0.71 

' ADI30 0.39 BDI21 0,01 16'45 0.13 2N3011 .0.16 
AD140 *11.49 110123 *0.67 1x70 .0.10 253053 *0.13 
ADI42 *0.33 130124 070 (('71 0.10 253154 *040 
ADI43 *0.49 131)131 .0,36 (1C72 *0.15 253055 0,40 
A42149 *0.43 1373132 .0.40 18'74 *0.15 253391 013 
ADIfiI .0.36 130133 0.67 11'75 .0,16 2N3391.A 0.17 
AD162 .0.38 BDI35 0.41 18'76 0.16 253792 0.14 
ADM & 13D1:8 0.41 .8'77 *0.28 253.393 0.15 
ADI62(MP1 1311I17 0.46 //'81 0.16 2N:394 0.15 

0.69 BD 116 0.31 (0811) *0,16 2N3395 0.10 
ADTI4O *0.51 BD139 0.56 0012 0,10 253402 0.21 
AF114 *0.22 BD140 0.61 (('821) 0.16 2534(13 *0.21 
AF115 *0.22 BD155 .0.81 1x'R3 .0.20 253404 *0.29 
AFI 16 .11.22 BDI75 0,01 0(139 0.20 2\:1405 .0.45 
AFII7 *11.22 13D176 0.61 1K140 *0.20 253414 0.16 
AFIIO *0.32 60177 *0.07 (1('169 *0.26 253415 0.18 
AF124 *0,28 015178 0.67 1X'170 0.28 253410 0.29 
AF125 *0.21 BD179 0.71 (1('171 0.26 253417 0.29 
AFI26 .0.26 BD1NO 0.71 01'200 0.26 213525 *0.77 
AF127 0,28 111)165 *0.67 11'201 *0.29 253614 *0.69 
AF130 *0.31 073116 .0.67 18'202 *0.29 253615 .0.76 
AF 176 *0.51 BDIO7 *0.71 (0'2X3 *0,28 253616 0.76 
AF179 *0.31 013140 .0.71 (X'204 0.28 253646 *0.09 
AFIPO .0.31 BDI69 *0.77 (x'205 0.3* 253702 909 
AF101 *11.51 BDI90 0.77 (0'3(19 0.41 253703 0.09 
AFINfi 0.51 BDI95 .0.07 (8'P71 0.44 2537(14 0.118 

AF239 .0.30 1342190 *0.87 ORP12 253705 0.08 
A1.102 *0.73 BDI97 .0.92 NSL4931 0.40 253706 0.08 
AI 103 *0.75 873190 *0.92 I1098(1 0.41 253707 0.0N 

ASY26 0.28 130199 0.98 ORP61 0.41 253700 0.08 

ASY27 *0.31 1342210 .0.90 P20 *0.31 2N3719 0.011 

ASY2O *026 842205 1X81 P346A 0,20 253710 0.09 
ASY29 0.26 00208 0,81 P397 *0.43 253711 0.09 
ASY50 *0.28 111)217 *0900 0T140 0.13 253019 *0.29 
ASY5I *0.26 130216 *0.08 S7141 .0.10 253820 *0.51 
ASY52 *0,26 RDY20 1.02 TIP211 0.40 2N3821 *0.36 
.ASY54 *0.26 RF115 .913 TIP30 *0.43 253823 .0.29 
ASY55 0.26 BFI17 *0.46 TIP3IA 0.52 2N3903 0.29 
ASY56 *0.26 BFI IN *0.71 TIP32A 0.00 253904 0.31 

ASY57 *0.26 00119 w1.71 TIP41A 0,65 253905 0.29 
.ASYSO *0.26 BF121 0.44 TIP42A *0,72 2\'30I6 0.20 
ASY73 *0.26 BF123 0.51 11043 .0.23 254050 0.12 
ASZ21 *0.41 130125 11.46 1746 .0,20 254059 0.10 
11('1117 *0.08 130127 0.31 7.1X107 0.07 2X41R0 0.12 
BC'10M *0.08 BFI52 036 7.TXI09 0.07 2X4161 0.12 
RC109 *11.00 06133 ' 11.46 /1X109 0.07 254(162 0.12 
BC113 010 BF 154 11.48 /1X39 0,07 254264 0.18 
B('114 0.16 130155 *0.71 '/,TX500 0.09 254285 0.10 
ßC115 0.16 ßFI:6'i 11.49 7.N414 1.0 2\42/6 0.18 
001'116 0.16 110157 0.56 2(1301 .0.19 2\4287 0.18 
10C'117 0.19 BF] 56 0.56 26302 0,19 2542*0 0.18 
BC 111 0.09 00159 0.61 2G301 .0.19 2\4289 0.111 

BC 119 *0.31 1.10160 0.41 26181 .0.23 254290 0.11 
BC I20 *0.01 HFI62 0.41 2(1318 0.41 254291 O,IN 
0('125 0.12 H0163 11.41 26308 00.16 2\4292 0,16 
0C126 0.19 00161 0.41 26309 .0,37 254293 0.18 
13C132 0.12 B0163 0,41 2()339 0.20 255172 0.12 
11('134 0.19 00167 .11.22 26339A 0.17 255194 0.56 
10('135 0.12 110173 *0.13 26344 0.19 255294 0.36 
0('136 *0.16 110176 038 2549 0.20 255298 0:i6 
13(137 *0.16 B. 177 *036 2244A 01.29 2\'5457 0.32 
0C'139 *0.41 BFI76 *031 2552 4 0.43 253658 0.32 
B('141 .0.31 13FI79 0.31 25527 *0.10 253459 .0.41 
13C'141 *0.31 I3FI60 *0.31 25596 *0.4.f 250121 0.69 
0C142 .0.31 0F181 *0.31 25599 .0,40 25311 .0.51 
BC 143 *0.31 13F192 0.41 25896 *0.111 253112A 0.43 
RC145 0.46 BFI*i 0.41 25697 .(I.II 2á3(12 .0.43 
0C147 0.08 130184 *0.26 2N(10. .020 20711:1 .0.36 
BC 146 0.09 110I05 *0.31 250961 0.16 2S34 0.71 
11('149 0.09 13FI67 .0.28 25708 .0316 1305 .0.10 
13('150 0.19 BF 188 0,41 25719A .0.119 20300+ *090 
BC151 0.20 BF194 0.IU 257)6 .11.11 2S3117 .0.10 
0C'152 0.18 61,195 0.10 28/711 11.11 20321 *0.37 
BC 153 0.29 BFI96 0.12 25717 *0.36 2S'122 0.43 
0('154 0.20 00197 0.12 2N710 .923 2á322A .0.43 
80157 0.11 130196 0.12 25718A 11.31 2á323 0.17 
B('158 0.11 B0199 0.12 2N72C *0.29 2,324 *0.7 
HC'159 0.11 BF29 0.46 25727 *11.29 2á:423 0,7 
0C'160 *0.46 110222 0.46 2N7.13 .010 25326 .0.7 
BC'161 *0.51 1002.57 .0.28 2N744 1.711 25327 .0.7 
BC167 0.10 130258 11.36 2N914 *11.15 20701 0.1 
BC 169 0.10 100259 .0.46 274910 *11.31 40361 0.4 
BCI69 0.10 30270 *0.36 281929 *11.24; 49162 *0.5 

*74 SERIES T.T.L. I.C's 
RI PAK STILI. LOW PRI('E. 011.1. SPi ( '1 F I(' ATI()5 

1111ARANTEFI 

1/ Pe Quantities 
I 25 100+ 

Type 

740(1 0.09 0.09 0.08 7466 
7401 0.10 0.09 0.08 7949 
7402 0.11 0.10 0.09 7490 
7403 0.11 0.10 0.09 7491 
74111 0.13 0.12 0.11 7492 
7405 0.13 0.12 0.11 7493 

7406 0.25 0.24 0.23 7494 
7407 0.25 0.24 0.23 7495 
7409 0.15 0.14 0.13 7496 
7409 0.13 11.14 0.13 74101) 
7410 0.09 0.09 0.08 74104 
7411 0.23 0.22 0.21 74105 
7412 0.26 0.25 0.24 74197 
7413 0.26 0.26 0.25 741111 

7416 0.26 0.27 0.26 74111 
7417 0.2N 0.27 0.26 74116 
7420 012 0.11 0.10 74119 
7422 0.2* 0.37 026 74121 

7423 0.30 0.28 0.26 74122 
7425 0.30 0.20 026 7412:1 
7426 0.:30 0.28 0.26 74141 
7427 0.30 0.28 0.26 74145 
7429 0.42 0.38 0.36 74150 
74:01 0.12 0.11 0.10 74131 
7432 030 0.28 0.26 74153 
7433 0.39 0.37 025 741:4 
7437 0.311 0.28 0.26 74155 
743M 0.30 0.28 0.26 74156 
74411 0.12 0.11 0.10 ;4157 
7441 0.64 0.62 0.60 74160 
7442 0.63 0.83 0.61 74161 
7443 1.10 1.05 1,00 74162 
7444 1.10 1.03 1.00 74163 
7445 0.95 0.80 0.83 74164 
7446 1.10 1.05 1.00 74165 
7447 0.67 0.65 0,63 74166 
744* 0.00 0.78 0.76 74174 
7450 0.12 au 0.10 74175 
7451 0.12 0.11 0.10 74176 
7453 012 0.11 0.10 51177 
7454 0.12 0.11 0.10 74!60 
7460 0.12 0.11 0.10 74161 

7470 0.25 0.24 0.23 74162 
7472 0.22 0.21 0.20 74104 
7473 0.26 0.24 0.22 74191) 

7474 0.27 0.25 0.23 74191 
7475 0.41 0.46 0.44 71192 
7476 0.25 0.24 0.33 74193 
74101 0.50 0.48 0.46 74194 
7411 1.02 1.00 0.98 71151 
74/2 0.81 0.81 0.79 74190 
7463 0.98 0.96 0.91 71197 
7484 0.90 0.08 0.66 74196 
7415 1.23 1.20 1.15 74199 

Quantities 

0,32 
290 
0.37 
0.60 
0.43 
0.43 
0.43 
0.70 
0.R0 
1.00 
0.40 
0.40 
0,:46 
11..16 

0.141 

0.90 
1,2.5 

0.26 
0.3(i 
0.36 
0.60 
0.96 
1.:41I 

0.76 
0.93 
1.311 

0.10 
0.00 
0.93 
1.00 
1.00 
1.00 
1.011 

1.2.1 

1.23 
1,48 
I.00 
0.95 
1.16 
1.16 
1.16 
2.00 
11.90 

1.67 
1.511 

1.:A 
1.1.5 

1,13 
1.1.5 

11.10 

1.81 
1,011 

2.10 
1,9.5 

0.30 
2,80 
0.35 
0.58 
0.12 
0.42 
0.42 
0.68 
0.66 
0.98 
0.38 
038 
0.54 
0.54 
0.81 

0.81 
1.20 
0.26 
0,48 
0,36 
0.56 
0,94 
1.23 
0.74 
11,93 

1,4.5 

0.70 
0.70 
0.93 
0.90 
0.9N 
0.98 

11,96 

1.20 
I.:ro 
1,44 
0,9,1 

0.93 
1,11 

1.11 

1,11 

1,911 

0.P* 
1.62 
1,43 
1,4.5 

1.10 
1.111 

1.10 
0.70 
0.96 
0.98 
2,011 

1.911 

100+ 
0.29 
2.70 
0.33 
0.58 
0.41 
0.41 
0,41 
0.66 
0.64 
0.96 
0.36 
0.36 
0.32 
0.52 
0,79 
0,86 
1.15 
025 
0.46 
0,14 
0.38 
0.92 
1.20 
0.72 
0.91 
140 
0,76 
0.76 
0.91 
0.96 
11.96 

0.96 
0,96 
1.15 
1.15 
1.:19 

0.90 
0.91 
1,06 
1.06 
1,08 
1.80 

0.IN6 

I.iN 
1,40 
1,40 
1,03 
10.5 
1.0.5 

11.70 

0.96 
11,90 

1.911 

1.6.7 

I /evict, md 1W mixed to qualify for quantity price ITTI. 74 Slries 
only) Dan is :mailable for the ohor. serte, tif IC", in hook lrt form 
PRÌCE 33p. 

THE FINEST VALUE IN 

UNTESTED 

SEMICONDUCTORS 

Pak No. 
U50 100 Germ. Gold bonded OA47 diode *0.60 
U5I 150 Germ. 0A70/81 diode .060 
U52 100 Silicon Diodes 200mA OA200 *0.60 
U53 150 diodes 75mA 1/44148 *0.60 
U54 50 Sil Rect Tpp Hat 750 mA *0.60 
1455 20 Sil Red Stud Type 3 Amp *0.60 
U56 50 400m W Zeners 007 Case *0.60 
U57 30 NPN Trans BC107/8 Mastic 0.60 

U56 30 PNP Trans BC177/ 178 Plastic 0.60 

Use 25 NPN T0392N007/2N17II sit *0.60 
U60 25 PNP T059 2N2905 silicon *0.60 
U6) 30 NPN TOlO 2/4708 silicon *0,60 
U62 25 NPN BFY50 /51 0.60 
U63 30 NPN Plastic 2N3904 silicon 0.60 

U64 30 PNP Plastic 2N3905 silicon 0.60 

U85 30 Germ. 0071 PNP *660 
U66 15 Mastic Power 2N3055 NPN *110 
U67 10 TO3 Metal 2N3055 NPN *1.20 
086 20 Uni unction trans T1S43 *0,86 
U6O IO lamp SCR TO39 *1.20 
U70 83amp SCR T066 case 1.20 

Code Nos. mentioned above are given as a guide to the 

type of device in the pak. The devices themselves are 

normally unmarked. 

SPECIAL POWER OFFER -1 
R.C.A. 2N5295. NPN to 3 
PLASTIC POWER 
VCL 50V VCR 60v 

P 30w lc 4A 

hFF, 30.120 

ONLY £1.50* for 10 

*INDICATOR 

LE.D. Displays 
DL707 Common anode. 0.3 85p 

DL747 Jumbo commun anode, 0.6" £1.70 

D1727 Double digit display. common anode. 0.5 
£2.00 

LE.D.s 
Available in 0.125" and 0.2 dia. lenses 

Red 10p. Green lip. Yellow 17p. 

Mounting clips 2p each 

3015F Minitron 7.segment filament £1.11 

NIX, TUBE - ITT 5870S 
Character height 13.46mm 

SPECIAL. OFFER 5 for £2.00 

VOLTAGE 
REGULATORS 

T03 Pl;rvnc Fnrap)ul.Unm 
IA 78X3 1.1 29 

5V Irqulc I.. \tVR5A'1 
IA 7112 I.1311 

12V (Fqun to VIVRI2V) 
7815 1.1:11 

i5C(Equlc mMVR15V, 
7814 

IO\'IEqOic roNVRIeV) 

1,23 

1.23 

1.25 

1.23 

D.I.L. SOCKETS 
1 25 1110 

I4PS06 p1i11)'i* Ihm C...11 
0.14 0.12 II.10 

HP/414 14 pin 1.19 (I,n)' 
0.13 0.13 11.11 

1114911) 16 pin Ivor l l, n) co. ) 
0,18 0.4I 0.12 

14P1424 24.p1n ivlr (b), co.t l 

11.33 U.33 0.30 

* DIODES 
AAI19 
AAI20 
AAI29 
AAY:XI 
AA7.13 
BA MO 
BAII(i 
BA 126 

BA14M 
BAI54 
RAI55 
BAIRs 
BAI 73 

BBI(4 
B YIO0 
!WWI 
RY1115 
B y! 14 

BY I24 
BYI 26 
BYI2 
13Y129 
BYI:m 
BY I t8 
BY 164 
BYX:O( :40 

BYZIO 
BYZ11 
BY7.I2 
AVM 

0.08 
0,08 
0,08 
0,09 
0.10 
0.10 
0.21 
0.22 
OAS 
0.12 
015 
0.14 
0,15 
0.13 
11.10 

012 
010 
0,12 
0,12 
0.1.1 
916 
0.16 
0,17 
0,21 
0..51 

0,43 
0.'16 
0,81 
0.:11 

0.26 

BYZI6 0,41 
BYZ17 0.48 
BYZI6 0.:46 
RYZI9 0.26 
C'Cì62 
10A91 F:gl 0,116 

C(1651 
(0A70d)A79) 11.07 

(1A.5 Short 
Leads 0,21 
OAIn 
0A47 
0A71 
(3A79 
OA/11 
(lA/5 
0A91) 
0A91 
OA95 
(1A29) 
0A202 
50111 
SD19 
I5:4 
IN:14A 
15914 
181916 
15410 
13(121 
IS/151 

11.14 

0,07 
0,07 
11,117 

11.07 

11.09 

0.07 
0.07 
11.117 

11.07 

0.07 
0.06 
11,116 

11.117 

0.117 

11,116 

11.06 

006 
0,10 
11.117 

r- *THYRISTORS -1 
l'1\ 

III 
20 
:III 

IINI 

1.511 

60) 
44) 
6110 

9101 

14.11* 0,6.5 IS :4A 5A SA 7A 10A 164 311.A 

1(110 1092 103 1006 11166 1164 11116 1048 14148 11)40 
0.1:1 11.15 

0.13 0.16 
11.19 0,2' 
11.22 11.26 0.20 0,25 0.36 0,36 0.46 0.51 0,54 1,16 
((.23 0311 0,25 0,25 U. 46 11.46 11,31 11.17 11.58 1.43 

11311 

11.38 11.41 11.25 0.311 0,50 0.50 0.37 0.62 0.62 1.63 - - 0311 11.39 11.35 11.57 0.62 11.71 0.77 1.79 - - 939 0.48 11,69 099 1176 0.99 (191) 

0,85 0.81 .11,01 11.92 1.22 1,39 1.07 

V.A.T. 
All prices EXCLUDE V.A.T. 

Please add 8% to all prices 

marked * Remainder add 121/2% 

( 
LINEAR I.C's 

I)pe 1219antilirs lope 
I 25 IIN1+ 

727112 0,46 044 0.42 
7271)9 023 0.21 0,19 
'2709P 0.19 0.1N 0.17 
72710 0.32 0.31 0,211 

72741 0.28 0,27 0.26 
727411 0.26 0.25 0.24 
7274!1' 0.28 0.27 0,26 
72747 0,79 0.74 0,61 
72744P 0.73 0.33 0,31 
SI.2011- 0.46 0.42 037 
SI 7U11' 0.46 0.42 0.:17 
SI71121' 0.40 0.42 0.37 
1 4A263 0.74 0.63 0,51 
IA \25:4 0.9:1 0.88 0.83 

i A A:150:\ 
i1Á711:1' 

*7130' 
1, \711(' 

A7121' 
uÁ72'1(' 
781X1'1 

74112:1 

711{¡11 

! 51:160 
\0'155 

51.35/i 
111:Á4)M 
/5414 

QllantilieN 
23 1110+ 

1.71 1.67 157 
0.26 0.24 0.22 
0.19 0.114 0,17 
0,32 0.71 0.20 
0,:12 031 0,28 
0,43 0,43 0,40 
1.39 1.34 1.70 
1,39 1.34 1.30 
0,01 0.06 9143 
11,93 0,90 0.88 
0.43 0,4:1 0.40 
084 0,06 0.03 
1.39 1.:0 1.30 
1.11 - - 

SILICON RECTIFIERS 
I:\ 1 3 1:\ IIIA 111:\ 

Plu.nt' (50161 (SI 11111 1st 1111 I1114M1 

541011 11.03 0.07 0.11 11.19 11.:66 
5411112 0.06 0,119 0,16 0.21 11.69 
\401:5 017 0.12 11.20 1.23 .11.93 
54004 11.118 0. 14 11.20 0.:13 1.23 
541015 11.119 11,16 11.33 11.12 1.76 
54106 11.111 0.16 11..15 .0.51 1.91 
\41117 11.11 11,23 0,14 0.611 2.31 
\Inn: 11,20 11.31 0,69 ...*4 

1 .. HIM' 10011\ 4110\' 
iil+ I/ `5 I1..11 11..51 11,: 1 ), 

I, \iir. I. NO; 11,51 11.61 977 
III An, 11140 11.77 11,92 I.12 

I DIACS 
111111m .1121 
1:1_' 11:23 
I I l u . . 

u081 I..r .... 
))yt h 1n1 1 

AVDEL BOND J 

SOLVE THOSE 
STICKY PROBLEMS! 

with 

UNTESTED 
AUDIO PACKS 

Comprising 5 I.C.s 
76003/76023 series 

ONLY £1 per PAK 
Complete with data 

FM STEREO 
DECODER 

Comprising 5 I.C.s like 
MC1307 and SN76I IO 

ONLY £1.50 per PAK 
Complete with data 

BRIDGE RECTIFIERS 

2A 50vRMS 
2A I00vRMS 
2A 2((IS'RMS 
2A 400vRMS 
2A 10)0vRMS 

0.35 
0.40 
0.45 
0.50 
0.60 

CYANOACRYLATE C2 
ADHESIVE 

The wonder bond which works in seconds - 
bonds plastic rubber transistors components 
permanently mmedately. 

OUR PRICE ONLY 70p* 
for 2gm phial 

Postage and packing 
add 25p. Overseas add 
extra for airmail. Mini- 

mum order El 

PO BOX 6, WARE, HERTS 



OUR PRICE ONLY. 

High quality modules for stereo, mono and 
other audio equipment. 

PUSH -BUTTON 

STEREO 

FM TUNER 
X19.95 Fitted with Phase Lock -loop Decoder 

rho 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 ,nstructions supplied. 

* FET Input Stage 
* VARI -CAP diode tuning 
* Switched AFC 
* Multi turn pre -sets 
* LED Stereo Indicator 

Typical Specification: 
Sensitivity 3 t volts 
Stereo separation 30db 
Supply required 20 -30v at 
90 Ma max. 

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 
2 x AL60's. 1 x SPM80. 1 x 
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 £27.55. 

plus 62p 

Frequency Response + 1dB 20hz 
20K Hz. Sensitwny 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 R1AA curve weh. 
1dB from 20Hz to 2OKHz. 
Supple -- 20 -35V at 20mA. 

Dimensions 
299mm x 89mm x 
35mm. 

TEAK 60 AUDIO KIT: postage. 
Comprising' Teak veneered cabinet 
size 163/e "x111/2"x33/4", other 
parts include aluminium chassis, 
heatsink and front panel 
bracket plus back panel 
and appropriate sockets 
etc. KIT PRICE £0.20/ 

plus ti2p SPECIFICATION: postage. 

PA100 
OUR PRICE 

£1 3.50 

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. 

VAT 
ADD 
12'/z% 

AL 
AUDIO 20 -30 

AMPLIFIER MODULES 
The AL20 and AL30 units are 
similar in their appearance and in 
their general specification. How- 
ever, careful selection of the plastic 
power devices has resulted in a 
range of output powers from 5 to 
10 watts A.M.S. 

The versatility of their design 
makes them ideal for use in record 
players, tape recorders, stereo 
amplifiers and cassette and car- 
tridge tape players in the home. 

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 50-Hz -25Hz 
Sensitivity for Rated 0/P - Vs =25v. RL =8ohm f= 1 KHz 75mV. RMS 

AL20 5w R.M.S. £2.65 AL30 10w R.M.S. £2.95 

ALGO 25 Watts (RMS) 
* Max Heat Sink temp 90C. * Frequency response 
20Hz to 100KHz * Distortion better than 0.1 at 1 KHz * Supply voltage 15 -50v * Thermal Feedback * Latest 
Design Improvements * Load - 3,4,8, or 1 b 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 

2.65 

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 & P 45p 

£15.7 
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 £3.65 plus 62p p & p 

PAl 
NEW PA12 Stereo 
Pre- Amplifier cons 
pletely redesigned 
for use with AL 
20/30 Amplifier 

Modules. neatures include on /off volume. 
Balance, Bass and Treble controls. Complete 

Frequency Response 2OHz -2011 Hz with tape output-. 
(-3dB). Bass and Treble range 
72dB. Input lmpedence 7 meg ohm. 
Input Sensitivity 300m V. Supply 
requirements 24V .5mA. Sire 152mm 
x 84mm x 33mm. 6. 

3.95 PS1 
Power supply for AL20/30, 
PA12, SA450 etc. 

Stabilised Power Supply Type SPM80 Input voltage 15 -20v A.C. Output voltane 22 -30v D.C` OLIR PRICE`' 
PP Y YP Output current 800 mA Max. Size 60mm x 43mm x 26mm 

PRICE Transformer T538 £2.30 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. 1 05mm. 30mm 
Incorporating short circuit protection. 
Transformer 

62p postage £2.60 + 62p postage 

SHOP 
AT 

KQ.O. BOX 6, 
WARE, 
HERTS. 

18 BALDOCK ST., WARE, HERTS 
OPEN 9 to 5.30 Mon. /Sat. Tel. 61593 
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MULTIMETER 

AC/ 
AC/ 
Resistance 
Accuracy, 

Mirror 
amplifier 
and 

Meter 
achieved 
Dimensions: 

F4313 (Made in USSR) 

-4 /^+. à H- 

.. \ - ---- .-- -._.__ SENSITIVITY. 
1200V DC range: 10,000 0/V 

1 

_ Other DC ranges: 20,000 0/V 
1200 AC range: 6,000 0/V 

Wes° " "'-- '--,- ix - . -" 600V AC range: 15,000 0/V .,',` °:- 300V AC range: 15,000 0/V 
Other AC ranges: 20,000 0/V 

DC current ranges: 60- 120 -600uÁ- 3- 12- 300mA- 1.2 -6A 
DC voltage ranges: 60- 300mV -1 .2- 6 -30 -1 20- 300 -600 -1 200V 9 9 

ranges: 3000 -10- 100 -1000K 
1,5% DC; 2.5% AC (of full scale deflection) 

scale and knife edge pointer. Taut suspension of movement. Transistor 
is used for all AC ranges thus achieving a common linear scale for both AC 

DC ranges. 

is fully protected for a transistorised cut -out relay circuit. Range selection is 

by clearly marked piano keys. Power source: 5 1.5V dry cells. 
95 x 225 x 1 20mm. 

PRICE £37.50 plus VAT 
Packaging and postage i 1 1 0 9 9 P g 

0A2 0.45 
043 0.55 
082 0.45 
0C3 0.45 
003 0.45 
We 1.00 
51146 0.55 
5Z46 0.55 
MGT 0.65 
64114 0.50 
64J5 0.65 3045 
641(5 0.45 3543 

6Á15 0.30 
6405 0.50 
6416 0.60 
64y6 0.50 
64W9Á 0.75 
6406 0.40 
6906 0.38 
68E6 0.45 5005 
6826 0.75 5763 
6BJ6 0.75 EABC80 

6946 0.80 EAC91 

6888 0.65 EA 

697E 0.55 EAF801 

6827 0.70 EBC41 

6CA 0.40 EBC81 

6086 0.50 EBFBO 

6058 0.75 EB183 

66X5 0.70 EBF89 

6K6 0.65 EC86 

6J4 0.75 EC88 

6J56T 0.55 EC9I 

6J6 0.35 EEC4O 

61661 0.60 ECC81 

BIM 055 ECC82 

6SM7GT 

24T7 
2AÚ7 

24í(7 
284A 
Mk 
2BE6 

28H7 

2X4 

9405 

35Á5 

3585 

35C5 

3545 

35WÁ 

504S 

5085 

/42 

0.55 
0.45 
0.38 
0.38 
0.80 
0.60 
0.60 
0.60 
0.50 
0.75 
0.70 
0.70 
0.80 
0.70 
0.70 
0.80 
0.60 
1.00 
0.85 
0.70 

0.40 0.40 
0.55 
0.70 
0.65 
0.75 
0.50 
0.50 
0.50 
0.40 
0.75 
0.75 
2.60 
0.80 
0.45 
0.30 

-FULLY GUARANTEE 
KT66 3.40 
K188 3.65 
PC86 0.65 
PC88 0.65 
PC900 0.55 
PCC84 0.45 ® PCC85 0.45 
PCC88 0.65 

VALVES P 0.55 
PCCI89 0.65 

ECC83 0.38 Eí86 0.40 ptgg 0.40 
ECM 0.35 EF183 0.35 PDgp 0.40 
ECC85 0.45 EFI84 0.40 P686 0,65 
ECC86 1.25 EFl200 0.75 PCF200 0.80 
ECC88 0.60 E134 0.70 p0201 0.85 
ECC89 0.67 E136 0.60 PCF801 0.55 
ECCI89 0.80 EL41 0.80 PCFB02 0.55 
ECF80 0.45 EI.BI 0.60 PC112O0 0.75 
ECF82 0.45 Et82 0.60 PCLBI 0.55 
ECF86 0.75 083 0.60 pu82 0.40 
ECFBOX 0.75 E1 0.35 PCL84 0.70 

EGF802 0.75 EL90 R50 PClB4 0.50 
EC$42 0.85 EL95 0.70 PC105 0.60 
ECH81 0.50 EL500 0.80 PCL86 0.60 
ECH83 0.50 EMBO 0.55 pC1290 0.75 
ECH84 0.50 EM81 0.60 PUSUU 1.70 
EGA 0.40 EM84 0.40 PfL200 0.70 
ECIBI 0.75 EY51 0.45 P135 0.40 
E0L82 0.42 EY51 0.45 P136 0.60 
ECL133 0.75 EY87 0.50 P138 0.65 
ECL84 0.60 EYBB 0.50 PL81 0.55 
ECL85 0.65 EZ40 060 P582 0.50 
ECLB6 0.55 E241 0.75 P1.83 0.50 
ECIL800 4.50 EZ80 0.30 PL84 0.50 
Ef80 0.35 EZ81 0.35 PL95 0.70 
EF85 0,45 G534 0.75 PL504 0.90 

PL508 

P1509 

PLB02 

PY31 

PY33 

P561 

PY82 

PY88. 

PY500A 

PY800 

TT21 

TTZZ 

WABC80 

ÚÁF42 

UBC41 

UBCB1 

UBF80 

UBF89 

UCC84 

UCC85 

ÚC1442 

UCHM12 

UCHBI 

1CB2 
gum 
1441 

ÚF42 
6f80 
5í85 
ÚF89 

ÚL41 

5184 
0541 

5542 
ÚY82 

5585 

0.90 
1.30 
1.40 
0.50 
0.63 
0.45 
0.45 
0.50 
1.10 
0.50 
5.90 
5.90 
0.50 

0.70 
0.50 
0.50 
0.50 
0.50 
0.75 
0.50 
0.80 
0.80 
0.50 
0.40 
pip 
0.75 
0.75 
040 
0-50 
0.50 
0.70 
0.50 
0.55 
0.55 
0.60 
0.50 

OSCILLOSCOPE CI -5 
Made in USSR 

Extremely simple and easy to use single beam 
oscilloscope Well proved design based on standard 
octal valves makes servicing and maintenance 
straightforward and inexpensive Because of its 
bandwidth of 10 MHz the instrument is suitable for 

L general electronic applications and educational 
I purposes where a sophisticated instrument would be 

both too expensive and delicate. 3 -in. 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 e sec. to 3 m sec A.C. mains operation. 

Price £55.00 ex. works 
Packing and carriage (U K only C.2.50) 

3 

. 

:' 

_ 

® 

HIGH GAIN DARLINGTON PAIRS 
Plastic 3-Lead Case Darlington Pairs Typical 
current gain 30,000 Max. collector voltage 
Viceo 40V Max collector current 400mA 
ICBo -10nA 
BC516 PNP E0.80 
BC517 NPN E0.80 

TRANSISTORS FOR T.V. 

R2008B 0.95 
R201OB 1.65 
BÚ126 1.55 
BÚ133 1.55 
gU208 2.00 

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 

WW -051 FOR FURTHER DETAILS 

T9flfilPllS 
58 -60 Grove Road, Windsor, Berko, SL4 1H5 
Tel: 54525. For Industrial, Trade & Export 
Telex: 27950. Ref 1617 

LOW PRICES. FAST SERVICE 
Add 8% to prices marked *. Add 121/2% VAT to all other prices, or 
as current V.A. T legislation. Send C.W.O. except Government 
Dept., etc. Post and packing 20p U K. 

Barclay Card and Access by post or £5 min by telephone. List free, 
send s a.e Money back if not satisfied 
All full spec. devices. Normally 24 hour turnround on stock items 
Industry Excess Stock purchased (written offers only( 

IC's All price each TRANSISTORS 
*0161 50p* 

555 35p* 40162 50p* 
103 71F/IF 29p BC107 10p* 
7091099 25p* 8C1078 13p* 
723 Reg. 49* BC 108 9p* 
741 DILB 22p* 00086 13p* 
7411099 33p* BC109 9p 
741 DILI4 35p* BC] 09C 15p* 
747 2x74 1 69p* BC] 71/8/9 20p* 
748 OL8 33p* 9£182/3/4 10p 
7805 etc. E1.50* 8£212/3/4 12p 
6151224 £3.49* BCY70 /2 18p* 
C43046 65p* 80131 39p 
LM300 EI.50* 80132 39p 
LNI301 38p* 0E7501 15p* 
143091 E2* 41J2955 95p* 
LA1380 B9p MIE2955 95p* 
LM3900 60p* MLE3055 65p* 
ÁC1310 £2 TP29 /30C 85p* 
914£4000 75p 11P31/32C El* 
1E636 £2* TP41C £1.35* 
NE555 35p* T1P42C £1.50* 
1E556 99p* T1P2955 99p* 
180800 flOp T1P3055 69p* 
T9Á810 95p TIS43 27p* 
1B1820 80p 1/12646 49p* 
7/44 14 £1.20 ä2905 29p* 

2429266 1 1 p 
283053 18p* 
213055 45p* 
27137O2/3 10p 
293704/5 10p 
213706/7 12p 
2113708/9 12p 
243819E 16p 
2113904/6 17p 
Bush Sets 5p* 
Bargain full spec. 
palls in our price 
list. S.A.E. 

LEDS 10p ea. 
Red No Clip 10p* 
11209 8 Cop 12p* 
O liN O cap 

14p* 
Colour LEDs 29p* 

DISPLAYS 
03' OL 704/7 El 
OB' OL 747 E 1.25 
Belo Pen 75p 

TEL CMOs 

7400 I5p* 4000 

7401 16p* 4001/2 
7402 16p* 4006 

1414 19p* 4007 

7410 19p* 4010 

7413 28p* 4011 

7420 23p* 4012 

7430 22p* 4013 

7440 16p* 4015 

7441 75p* 4016 

7442 65p* 4017 

1441 79p* 4023 

7470 29p* 4024 

7472 25p* 4025 

7474 31p* 4028 

7475 49p* 4040 

1476 36p* 4142 

1490 42p* 404 

7491 75p* 4850 
7492 45p* 4528 

74121 32p* 4553 

15p* 
19p* 

E1 * 
19p* 
50p* 
1Op* 
19p* 
50p* 
64p* 
50p* 
94p* 
19p* 
72p* 
I9p* 
87p* 
94p* 
78p* 

50p* 
El* 

£4 

DIODES O481 791 5p 
IN4002 5p* IN4004 Spa 
IN4148 & IN914 Silicon 4p* 
BZY88 Zeners 400 mW 10p 
Bridge 1450V 22p* 6A 100V 55p* 
SCR I. TRIACS (BR1 00 25p*) 
C106 4A 400V SCR 55p* 
SC146 10A 400V Triac £1* 
DIL SOCKETS 8 / 14 í 16 all 14p* 
Soldercon t 00 65p* 1000 £4* 
VERO DIL Breadboard £2.25* 
21/2"x5" 40p* 33/a "x5" 45p* 
21/2"x3 3/4" 36p* 32/x "x1 7" £2* 
Resistors 2p ea. POTS AB 20p 
Electrolytics 7p. Presets 6p 
Heat Sinks T05 & 18 7p* T03 16p* 

RADFORD HD250 
High Definition Stereo Amplifier 

SU did 
elb 
SI ad 
ON ` 

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 H D250. 

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 m d 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 HDZ50 at 

SWIFT OF WILMSLOW 
Dept. WW, 5 Swan Street, Wilmslow, Cheshire 

(Tel: 26213) 
Mail Order and Personal Export enquiries: Wilmslow Audio, Swan Works, Bank 
Square, Wilmslow (Tel. 29599) 

Now available ID 100 power amplifier and ZD22 pre- amplifier 

WW -054 FOR FURTHER DETAILS 
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VALVES 
A1065 1.25 IEF37A 1.10 GZ37 1.00 
AR8 0.60 EF40 070 KT66 3.00 
ARP3 0.80 EF41 0.75 KT88 4.50 
ATP4 0.50 EF80 0.35 MH4 1.00 
812H 3.00 EF83 1.25 ML6 0.75 
DAF96 0.50 EF85 0.40 0A2 0.45 
DF96 0.60 EF86 0.40 052 0.45 
DK96 0.75 EF89 0.35 PA8080 0.40 
DL92 0.50 EF91 0.60 PC86 0.85 
DL96 0.70 EF92 0.50 PC88 0.85 
DY86/87 0.45 EF95 0.45 PC900 0.55 
05802 0.45 EF183 0.40 PCC84 0.45 
E88CC/011.30 EF184 0.40 PCC89 0.50 
E180CC 1.00 EFL200 0.75 PCC189 0.65 
E78200 3.00 EL34 0.70 PCF80 0.40 
EA50 0.40 EL35 0.70 PCF82 040 
EABC80 0.40 EL37 2.20 PCF84 0.65 
EAF42 0.70 E141 0.80 PCFB6 0.65 
E891 0.30 EL81 0.60 ?CF200 0.90 
E8C33 1.00 EL84 0.35 PCF201 0.90 
E8041 0.75 E185 0.60 PCF801 0.55 
E8F80 0.40 ELM 0.50 PCF802 0.55 
E8F83 0.45 EL90 0.50 PCF806 0.90 
EBF89 0.40 EL91 1.00 PCH200 0.80 
EC52 040 EL95 0.70 PCL81 0.60 
E0081 0.45 EL504 0.80 PCL82 0.40 
ECC82 0.35 EL821 1.80 PCL83 0.70 
ECC83 0.36 EM31 070 PC184 0.50 
ECC84 0.35 EM80 0.95 PCL86 0.60 
ECC85 0.45 EM81 060 P01805/85 
ECC86 1.25 EM84 0.40 0.60 
ECC88 0.55 FM87 1.00 PFL200 0.70 
ECC189 0.30 F.Y51 0.45 PL36 0.60 
ECF80 0.45 EY81 0.45 P181 0.55 
ECF82 0.45 EY86/87 0.45 PL82 0.50 
ECF801 0.75 EY88 0.50 PL83 0.50 
E0142 0.65 EZ40 0.70 PL84 0 5 
ECH81 0.40 EZ41 0.75 PL504 0 8 
ECH84 0.60 EZ80 0.30 PL508 0.95 
ECL80 0.60 E781 0.35 PL509 1.35 
EC182 0.40 GT1C 5.00 171.802 1.85 
ECL83 0.75 GY501 0.80 PY33 0.80, 
ECL86 0.60 GZ32 0.65 
EF36 0.65 GZ34 0.80 

A lot of these ales are imported nd prices very 
for each delivery. so we reserve the right to 
change prices for new stock when unavoidable 

PLUMBICON TUBES TYPE XO 1071 Mullard £150.00 
PY80 0.60 
PY/81/800 

0.50 
PY82 0.45 
PY83 0.50 
PY88 0.50 
PY500 1.10 
PY801 0.56 
Q0503-101.70 
QQV06-40A 

14.00 
0V03.12 1.70 
SC1/400 3.60 
SC1/600 6.50 
SP61 0.90 
TT21 6.00 
U25 1.00 
U26 0.60 

U27 1.00 
U191 0.75 
U801 0.80 
UABC80 0.45 
UAF42 0.70 
UBC41 0.80 
UBF80 0.50 
UBF89 0.50 
UBLt 1.00 
UBL21 0.75 
UCC85 0.50 
UCF80 0.80 
UCH42 0.80 
UCH81 0.50 
UCL82 0.45 
UCL83 0.70 

11F85 0.50 185 0.50 5Y3GT 
UF89 0.50 154 0.36 5Z3 
U141 0.70 155 0.35 524G 
UL84 0.50 174 0.36 52467 
.1541 0.50 1 %28 0.75 6A57 
UY85 0.50 2021 0.50 6AC7 
VR105/30 21(25 9.00 6AH6 

045 3A4 0.80 6AK5 
VR150/30 306 0.40 6888 

0.45 3E29 5.50 6815 
061M 1.50 3S4 0.60 64,15W 
X66 0.75 3V4 0.85' 6AM5 
7759 4.50 58/254M 6.00 6AM6 
28000 3.00 58/255M 5.00 6AN8 
2801U 3.00 58'258M 5.50 6AQ5 
2900T 1.50 5R4GY 1.00 6805W 

ÚF41 0.70 1A3 0.55 5Ú4G 0.55 6ÁS6 
UF80 0.40 114 0.30 5V4G 0.65 6857G 

VIDECON TUBE TYPE P 863 B English Electric 

0.60 6ÁT6 
1.20 6AU6 
0.60 6AV6 
0.65 6AX4GT 
0.60 6AX5GT 
0.60 687 
0.70 6586 
0.45 69E6 
0.40 66G6G 
0.30 65J6 
0.60 68078 
1.00 6887 
0.60 68W6 
0.70 
0.55 
0.70 
0.60 
1.00 

£20.00 

0.50 
0.40 
0.50 
0.75 
1.00 
0.70 
0.40 
0.40 
1.00 
0.76 
0.60 
1.30 
1.10 

TRANSISTOR S 12 1/21:Y0 Please add VAT 1121/2 % for valves, etc. 
Please write or phone for current price of any of the transistors 

AA212-BAV10 
AC113 
AC126 
AC127 
AC128 
AC176 
ACY17 
ACY18 
ACY19 
ACY20 
ACY39 
ACY40 
AD149 
AD161 
AD162 
AD211 
ADZ12 
AF114 
AF115 
AF116 
AF117 
AF118 
AFI 24 
AF125 
AF126 
AF127 
AF139 
AF178 

AF186 80772 GET116 0035 OC204 2636388 
AF239 9F115 GEX66 0036 00206 293730 
AFZ12 BF167 9X7222 0042 Z811 293819 
AS526 6E173 NKT304 0044 7821 294038 
A5527 13F185 N87404 0045 ZR22 2N4058 
ASY28 13F751 085 0070 264568 2N4061 
80107 8FY52 0A47 0073 29525 2N4172 
60108 BSY27 OP70 1 0075 2N696 2N5295 
60109 8SY38 i 0871 0078 2N708 39126 
BC113 BSY95A 0873 0078D 2N918 39128 
BC116 BY100 0879 0081 2N1305 39154 
BC118 85216 0A91 0082 2N1307 39159 
80136 CRS1 /20 0A200 00820M 291309 5X754 
BC137 CRS1 /30 0A202 0083 '292062 25303 
8C148A CRS3 /10 085200 0 00838 2N2411 712082 
BC172 CRS3 /20 0022 00139 292989 40235 
B0172A CRS3 /30 0025 00140 293053 40250 
BC212A CRS3 /40 0026 00170 2N3054 40251 
60531 CRS25/025 0028 00172 2N3055 N23A 
80633 GET115 0029 00200 2N3391 N25 

N38Á 
OTHERS IN STOCK in iota - N43 

VALVES AND TRANSISTORS Prated circuits, CRT & special N70 
Telephone enquises for valves, transistors, et< - 

valines. Min. Mail Ordaz C1. UK 9677 
retail 749 3934 trade and expon 743 0899. NAGE Cf -CT 10p, t2 -ß N4148 

30p. ß -ES 40p Over f5 free. N4785 
Casual callers welcome 

PLEASE SEND STAMP WITH ENQUIRIES 

SIGNA 
GENERATOR 

Range: 15KHz to 
30MHz. Output 
04uV to 4V at 13 
or 75 ohms Impe- 
dance with termin- 
ation (supplied). 
Built ystal 

check lok. wnh 
handbook. . 

hiding carnage 

PHILIPS AUDIO GENERATOR TYPE GM 2308. 
016kc /s. Attenuetor 0.0001 0 0003. 0 001 to 1 

with output asym & sum and matching impedance 5, 
250. 600 & 1,000 ohms. Price 598.00 carriage 
£400. 

RHODE & SCHWARZ. 
Zg DIAGRAPH TYPE ZDU 30- 420MHz, 500 
Directly measures multiterminal networks, 
phrase shift phrase angle with complimentary 
POWER SIGNAL GENERATOR TYPE SMLM high 
Freq resolution, internal external mod up to 3v 
out. 
FREQUENCY SYNTHESIZER TYPE XUA. 
30Hz -30MHz with FREQUENCY INDICATOR 
TYPE FKM 15- 30MHz, 30- 100MHz. 

HEWL ETT-PAC KA R D 
AUDIO GENERATOR MODEL 206 -A. 
Freq. 20c to 20,000c matching 
impedance 50. 150, 600 ohms. Price 
£85.00 carriage £4.00. 
SPECTRUM ANALYZER. Model 8551 with 
R F display section. Model 851 Frequency 
coverage! IOMHz- 4OGHz. soectrum width 2HGz 
Pnce and spec on request 
FREQUENCY CONVERTER. Model 25908 
Frequency range 0 3 to 15GHZ Price and spec 
on request 
RATIO METER. Model 4168 Full specification 
on request 
VACUUM TUBE VOLTMETER. Model 400H 
Frequency range IOHz.4MHZ Voltage range 
1.0Mv to 300V full scale. 12 ranges. 
PULSE GENERATOR. Model 212A Full 
specification on request 
CALORIMETRIC POWER METER. Model 
434A Frequency range do to 12 4GHz. power 
10mW -10 watts. 5275. pecking & cackle £5.00 

AVO NOISE GENERATOR CT 410 £30 carriage 
£2 00 

RACAL RECEIVERS MODELS. RAI 7, in fully 
working and tuned condition Prices on 
application RA98A ADAPTOR E85.00. 

KAHN SSS ADAPTOR TYPE RIMS - 62 - 18. 
Designed for receivers with 455- 500KHZ IF at 100mV 
(max) input Features electronic AFC carrier Freq 
diversity to combat fading 20 ace R C memory to 
maintain tuning during severe fading Individual carrier 
meters. nuvishers, IOW distortion productior 
demodulator E65 carnage £5 00 

HR 23 TRIPLE DIVERSITY SSS RECEIVERS. Frei 
3- 275MHz V F O at 6 Xtal positions Reception or 
independent single or double side band transceivers 
Full spec on application 5360 carriage £35 00 

PLEASE SEND STAMP WITH 
ENQUIRIES 

TF 801D /1 /5 SIGNAL GENERATOR. Range 
10.485MHZ in 5 ranges R F output 0 1 AV-1V 
Source C M Dial calibrated in volts. decibels end 
power relative to thermal noise Piston type anenuator 
500 output impedance. Internal modulation at 1 KHz at 
up to 90% depth also external sine and pulse 
modulation Built in 5MHz crystal calibrator Separate 
RF and mod meters P O.A. 

TF 1066 SIGNAL GENERATOR. Freq 10- 470MHz 
with anenuator EMF from 500 square. -6d8 Price on 
application 

TF 5015/2. Spec as for 801 D but minor circuit 
differences Few only left 5120 carriage £5.00. 

GENERAL RADIO TYPE 1910A RECORDING 
WAVE ANALYSER. 20Hz to 57k Hz Pnce and full 
specification on request. 

MUIRHEAD 
PAMETRADA WAVE ANALYSER TYPE 0. 489-0. 
Freq range 19 c /s -21 Kc /s continuously variable in 
nine ranges. 19 -90 c /s. 79 -150 c /s. 139 -210 c/s (s 
1. 10, t 100). Freq. accuracy a 1 and t 10 ranges w 
0.3 %. Input voltage for full scale deflection of meter, 

1 mV minimum to 3005 maximum. Maximum 
permissible input is 300V r.m s 
ANCILLARY EQUIPMENT: 0,26 -A LOW FREQ. 
MODULATOR. Freq. range 2 c /s -20 c/s (down to 1 

c: s when analyser is used in "High Q') Freq accuracy 
± 0.1 c/s (providing supply freq. is first measured) 
Specification on request. Price 5275.00, packing and 
carriage £4 00 

TEKTRONIX OSCILLOSCOPES MAIN 
FRAME ONLY 53%A. Bandwidth DC to 
15MHz at 3d8, depending on plug-in unit. 
Specification and price on request 
545A. Bandwith DC to 3OMHZ (3de down at 
30MHz) ! 'hd8. depending on plug -in unit 
Specification and price on request 
551. 27MHa DUAL BEAM OSCILLOSCOPE. 
Accepts multi- trace, differential. sampling, and 
spectrum analyser plug -in units Specification and 
price on request. 
PLUG-IN UNIT TYPE CA. For single or 
dual -trace operation, each channel has its own 
.put selector, attenueter. gain and polarity. Price 
£65.00. packing & carriage £ 1 90 

M.F. SIGNAL GENERATOR TYPE 201. Constant 
output level - within +.0 5 dB - over entire frequency 
range. Freq. 30kHr to 3OMHZ in 7 bands Stability 
better than 0.005 %, amplitude modulation 
continuously variable 0 -100% Maximum R F high 
output is approx . 91/ r m s Pn. LIS P &C £4. 
MODULATION METER TYPE 210. AM /FM Frq. 
range 3MHZ- 300MHz in 7 ranges Price E75. P &CK4. 
LEVEL OSCILLATORS made by SIEMENS. 3 types 
available 1. 0.3 to 120089e, 2 1084: to 17MHz; 3 
0.3 to 160OKHZ. Prices on request. 
TF 834 DEVIATION METER. 250MHz £55 carriage 
£3 00 

500/260 MEDIUM WAVE BROADCAST 
TRANSMITTERS. Export only Pnce and details 
on application 

VAT FOR TEST EQUIPMENT 
8% PLEASE ADD 8 % 

6BW7 
604 
6C6 
6086 
6CH6 
6CL6 
606 
6EA8 
6F7 
6F8G 
6F12 
6F17 
6F33 
6H6 
6J4WA 
6J5 
6J5GT 
6.16 
6J7 
6..176 
6K6GT 
6K7 
6K7G 
661307 
6L6M 
6L7G 
6547 
6507 
65G7 
6517 
6SJ7GT 
65K7 
65L7GT 
6SN7GT 
6507 
6V6GT 
6X4 
6X5G 
6X5GT 
6Y6G 
6Z4 
6/3012 
7B7 
754 
902 
9D6 
11E2 
12A6 
12AT6 
12817 
12AU7 
12A%7 
12BA6 
1ZBE6 
12897 

1.00 
0.40 
0.50 
0.50 
1,60 
0.75 
0.50 
0.75 
1.10 
0.75 
0.60 
1.00 
3.50 
0.45 
1.25 
0.85 
0.55 
0.35 
0.65 
0.40 
0.80 
0.55 
0.35 
0.55 
1.90 

THE VALVE WITH A 
GUARANTEE 

12E1 3.76 954 0.50 
1285 1.50 955 0.50 
1287GT 0.55 956 0.50 
I2K8GT 0.75 957 0.50 
12Q7G1 0.50 1629 0.70 
125870T 0.80 2051 1.00 
12SG7 0.55 5763 1.70 
12SJ7 0.55 5933 3.00 
1254 0.40 6057 0.80 
1457 1.00 6060 0.70 
19805 0.70 6064 0.60 
19G3 8.00 6065 1.00 
19G6 6.60 6067 0.50 
19H5 15.00 6080 3.50 
20123 0.60 6146 3.35 
20P4 1.10 61468 5.00 
251667 0.70 6360 1.70 
30015 1.00 8020 5.00 
30017 1.10 9001 0.40 
30F5 1.00 9002 0.55 
30FL1 1.10 9003 0.70 
30FL12 1.10 9004 0.40 
30115 1.00 9006 0.40 
30117 1.00 C.R. TUBES 
30P12 1.00 007.5 12.00 
30P19 1.00 DG7 -32 15.00 
30PL13 1.10 0G13.2 18.00 
30P114 1.10 MWI3 -35 
35L6GT 0.80 35.00 
35W4 0.55 VCR139A 8.00 
35Z4GT 0.70 38P1 7.00 
5005 0.65 5FP7 8.00 
50006G 1.20 88J 9.00 
75 1.00 881 9.00 
7501 0.75 051526 8.00 
76 0.75 SPECIAL 
78 0.70 VALVES 
60 0.75 0/2339 45.00 
8582 0.76 M503.2J4L 
803 8.00 50.00 
805 18.00 K301 7.00 
807 0.79 KRN2A 6.00 
813 6.50 725A 26.00 
8296 5.50 Y4- 500 30.00 

1208 0.60 
8868 1.80 2J/192140.00 
931A 6.00 2J/52A 75.00 

We hold one of the largest stocks of valves in the UK 

0.40 
0.55 
0.75 
0.55 
0.60 
0.55 
0.60 
055 
0.55 
0.60 
0.60 
0.45 
0.40 
0.55 
0.95 
0.85 
0.90 
0.60 
0.80 
0.80 
0.60 
6.00 
0.80 
0.45 
0.45 
0.35 
0.39 
0.50 
0.55 
055 

I.- \ MARCONI 

T* 1 

BEST PRICES PAID FOR TEST AND COMMUNICATION 
EQUIPMENT- Single items or quantities. Private or Industrial. 

TF 1041 B VALVE MULTIMETER. General purpose 
measuring DC voltage from 300mV to 1,000/. AC 
voltage from 300mV to 300V at up to 1,000M Hz end 
resistance up to 500Mohms Price E58 carriage £3.00. 

TF 1370 R.C. OSCILLATOR FOR SQUARE i SINE 
WAVE. Freq. -31 6V rms. 10H2-1 MHz square wave: 
073.2pp, 10Hz -100K Hz Attenuator range -50db to 
+ 10db. impedance 75. 100, 6000 5145 carriage 
£500 

TF 8815A/1 VIDEO OSCILLATOR. 0- 3019x. 5MHz 
1 My -31 6v E35 carriage £4.00 

TF 14005 DOUBLE PULSE GENERATOR WITH 
TM 6600 SECONDARY PULSE UNIT for testing 
riffled nucleon., scope& counters filters, etc. 

TF.455E WAVE ANALYSER. Freg. range 20 c/s to 
16 kc/s, double crystal filter gives 4 c/s pass band 
Envelope distortion test on r f inputs up to 400 Mc /s. 
E118.00, packing & carriage £6 00. 

RADIOMETER TYPE MS111 SIGNAL GENERA- 
TOR. High quality Danish production. l OKHz -110M Hz 
5200 carriage £5 00. 

DIVERSITY SWITCH TYPE MA16eS. Solid state 
545.00. 

REDIFON SLIM TRANSMITTER /RECEIVER TYPE 
GR410. Full particulars and price on request 

8 a K LEVEL RECORDER TYPE 2305. 
Designed for the accurate recording of signal 
levels in the frequency range from 2HZ- 200kHz 
as well as for the recording of DC signals. Price on 
aoplication 

B It IC NOISE LIMIT INDICATOR TYPE 
2212. Price and spec on request 

a K STATISTICAL DISTRIBUTION 
ANALYSER TYPE 4420. Price and spec on 
request 

BRIDGE IMPEDANCE No. 5.0- 10.10MÚ 1pF -1pP,. 
1 pH. 1H 084 carriage £4.00. 

SOLARTRON 
DIGITAL VOLTMETER LM1426. 5 digit. 6 
ranges. accuracy long term ranges 2 -6. o 
0.01% of full scale, ± 0 02% of recording. Price 
5120.00, packing & carriage £4.00. 

LM1420.21IA. DC /AC. In addition to the d c 
measurement facilities offered by the LM 1420.2. 
ths uit incorporates a true r m sac. convener 
for the measurement of true r.m s values of to 
sgnals A C ranges 10 mV -500 full scale in 15 
ranges Accuracy (r.m. s.) t 0 25 of reading. 
sensitivity 10 uV Price £255.00, packing & 
carriage £4.00 

LM1420.2. Range 2 5 uV -1000 V in 6 ranges 
Accuracy. ± 0.05 of range, I.e. d: 1 digit Input 
resistance 5000 M ohms. Price 5140.00. 
packing & carriage £4.00 

4980. PROGRAMMABLE ATTENUATOR. 
O139dB (1dB steps). 0 to 1200MHz Display - 
LED Price 5350.00, pecking & carriage £4 00 

DIGITAL VOLTMETER LM.1440.3. 
02000.0V in 5 ranges. Accuracy 0.0033% of 
full sale S 0.005% of reading. Long term 
stability is 0.006% per year POA 

TF 995A/1 or 
A/2 or A /2M er 
A5 SIGNAL 
GENERATORS. 
Very high clase 
AM /FM 1.5MHz 

0 220MHz. De- 
tailed spec. and 
price on applica- 
tion 

PLEASE NOTE 
Unless offered as "as seen" 

ALL EQUIPMENT 
ordered from us Is completely 
overhauled mechanically and elec- 

trically In our own laboratories 

BOONTON 
AM /FM SIGNAL GENERATOR. 
TYPE 202E & 202H 54- 216MHz 
In 2 ranges £275.00. 
SIGNAL GENERATOR TS. 
497 /URS 2 -5Mz. 13MHz, 
30MHz, 78MHz, 180MHz, 
400MHz. 0.1v -1 uy £150 carriage 
£3.00. 

CT4S0 SIGNAL GENERATOR. 7 KMC /S to 12 
KMC /S mod C W FM Pulse E160 carriage £5.00 
TRIGGERED VACUUM SPARK OAP TYPE ZR 
7612. Capable of switching 15.000 joules at 45KV 
550.00 carriage £2.00 
LOW RESISTANCE HEADPHONES TYPE CLR 
£1.50. 40p postage. VAT 121z% 

AMU D a LF SPARES. We hold the largest stock in 
UK. write for list 
RF METERS. O to 8 amps 2'4" (USA) brand new 
51.50 P &P 25p. 
TELEPHONE TYPE '-J" tropicalimrd 
10 LINE MAGNETO SWITCHBOARDS. 
50 LINE AUTOMATIC PRIVATE TELEPHONE 
SWITCHBOARDS. 
CABLE LAYING APPARATUS No 11. New 
'reduction P 0.A. 

FOR EXPORT ONLY 
RCA ET4338, 2 Mc/ s- 20Mc /s. 350W also 
modified version of increased output to 700W 
Coln 231D 4/5 KW, 3 MHz -24 MHz 10 
channel Auto or manual tuning. 
C13, 53 Tramming. 
35 and 82 Treneoehms 
Mkdlyd Cll. high power installation (1000W). 
Redifen SSS Transistorised Tranec&ner 
Gß410, 2 -16 Mc /s, 200/250V. 4 channels. 
100'W p c p 

Ter!rnical details and prices available on request 

COLOMOR 
ELECTRONICS 

( LTD 

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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3-P'Capacitance measuring 
ESP 100 A 
1pFto10NF 
Portable 
£49.00 +VA.T. 

ESP 200 A 
1 pFto5011F 

Wide scale 
laboratory model 
£90.00 + V.A.T. 

ESP 300 A 
1 pF to 2,000 1.1F 

Autoranging 
capacitance bridge 

£225.00 + V.A.T. 

Electronic Services and Products Limited 
Cross Lane, Braunston, Near Daventry, 
Northamptonshire NN11 7HH 
Telephone: Rugby (0788) 890672 

A complete range of British -made 
instruments designed to 
simplify capacitance measuring 

Accurate and sensitive 
Requires no manual balancing 
Takes 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 
Electronic Laboratories world -wide. 

KWWESp2 7619 . 

wW- 008 FOR FUR 

diali11111111111111111111flhIII il111111111111111i11lIIU101111111 
:MUIRHFAD D -658 18" MUFAX CHART TRANSMITTERS (Model GA). 

Further details on request. For 110/250v a.c. operation £325.00 
so MEGGER (Record): 500 volts £20.00 £1.00 post 
=MEGGER (Evershed V/Anoles): 250 volts £17.50 £1.00 post 
IN 
-8216 Receiver MANUAL (photostat copy): £1.50 inc. post 
:RACAL I.S.B. ADAPTOR RA -95A: £65. Carr. £2. 
CIMUIRHEAD ATTENUATORS: 75 ohms 0 -8 Mc /s 3V MAK 3 ranges 0 -5, 0 -25, 

:0 -50 DB £3.00 + 75p post. 
:CREED MODEL 75 TELEPRINTER: Receiver only E30.00. Carr. E3. 

=DDYSTONE TELEPRINTER ADAPTOR TYPE 937: E45. Carr. £1. 

:WILD BARFIELD ELECTRIC FURNACE MODEL CCL22X: With ether 
..:Indicating temperature controllers Model 990. 0 -1400° C. £250. Carr. £5. ' 
w : CAPACITOR: lOmfd 20Kv working. £35.00 each. Carr. £5.00 

POWER UNIT TYPE 234: 200- 250va.c. input, 250 -0-250v d.c. @ 100mA and 6.3v 
_ @ 4 amps output. £7.50 each. Carr. £200. 

:REDIFON TELEPRINTER RELAY UNIT No. 12: ZA -41196 and power supply 
X200 -250V a.c. Polarised relay type g$EITR. 80 -0V 25mA. Two stabilised Ives 
WCV 286. Centre Zero Meter 10- 0- 10:'S 

,v 

ize sin. x 8in. x 8n,. New condition. £10: 
,Carr. 75p. 

:SOLARTRON PULSE GENERATOR TYPE G1101 -2: £75.00 each. Carr. £2.00. 
:TELEPRINTER TYPE 7B: Pageprinter 24V d.c. power supply, speed 50 bauds per 
:min. second hand cond. (excellent order) no parts broken. £20 each. Carriage £3. 

.AUTO TRANSFORMER: 230V 50c/s, 1000 watts. Mounted in strong steel case 
:5" x 61/2" x 7 ". Bitumen impregnated. £12.00. Carr. £1.50. 

CRYSTAL TEST SET TYPE 193: used for checking crystals in freq. range 
43000- 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. £25. Carr. £1.50. 

:SOI.ARTRON VARIABLE POWER UNIT S.R.S. 1535: 0 -500 volts at 100 mA and 
:6.3 volts C.T. 3 amps d.c. 110/250 volts a,c. input. £18.50. Carr. £1.50. 
:CATHODE RAY TUBES. 5" screen, type CV -1536. E4.00 + £1.00 post. Type : 95J20 square face 5" x 3" £7.50 + £1.00 post. 
- ADVANCE A.F. SIGNAL GENERATORS HI: Sinesoidal or square wave 
4. =output. 15- 50kHz. Adjustable level between 200 uy and 20v. Overall distortion 
:less than 1 %. Output adjustable 1.4mV -140v. Waveform ratio 50:50 up to 25kHz. 
:Standard a.c. mains input Secondhand condition. £25.00. Carr. £2.00. 
POWER UNIT: 110/230v. a.c. input, 28v. d.c. @ 40 amps output. £30.00. Carr. 
:£3.00. 
:SMOOTHING UNIT: (for the above Power unit) £10.00. Carr. £2.00. 

:CLASS 'D' WAVEMETER NO. 1: Crystal controlled heterodyne frequency 
:meter covering 2 -8 MHz. Power supply 6V d.c. Good secondhand condition. 

£8.50. Carr. £1.50. 
= All U.K. orders subject to Value Added Tax 
w : Visit our new shop in Ware High Street 

(old A1O) opposite Church. 100s of - to 
collect 

bargains of 
the above 

ease =_ ] MILLS 3 & 3a BALDOCK STREET. WARE, HERTS. SG12 9DT to collect any of the above items please W : telephone prior to calling to avoid i. WARE 66312 (STD 0920) 
disappointment. 

THER DETAILS 

11111111111111111111111111111111111111111111111111111111111111IILL 
PRECISION PHASE DETECTOR TYPE 205: Freq. 0.1 -15MHz in 5 ranges. : 
Variable time delay microseconds 0 -0.1c, 115V inout. £55 each. Carr. £1. 

RING TOROIDAL DUST CORES: Size 21/2" outside 13/i inside 5/16" thick. Box of 
two £1.00. Post 30p. 
MUIRHEAD PHASEMETER TYPE D729: A.M. £95.00. Carr. E3.00. 

CT.420 SIGNAL GENERATOR: 200- 8000c /s Variable tuning. Two fixed : 
frequencies 9000 and 10,000. Internal calibrator 100 & 500 c /s. £75 each carr. £2. : 
NOISE GENERATOR TF -1106: Frequency 1 to 200 Mc /s Direct noise factor 
calibration. Output impedance 70 ohms £65 each. Carr. £1.50. 
MW-59 UNIVERSAL KLYSTRON POWER SUPPLY: £85. Carr. E3. 

TF- 1278 /1 TRAVELLING TUBE WAVE AMPLIFIER: £125. Carr. £2. 
BPL A.C. MILLIVOLTMETER TYPE VM.348 -D Mk. 3: 2 millivolts -2 volts, 6 : 
ranges. E30. Carr. £1. 
CAWKELL REMSCOPE TYPE 741 : Memory scope, as new' cond. E150.00. 
MANSONI SYNTHESISER 0115 -URC: 2 -30 me /s. E175.00. 
FIREPROOF TELEPHONES: £25.00 each, carr. £1.50. 
BACKWARD WAVE OSCILLATOR TYPE SE -125: 6.3 heater, 105V Anuue, : 
7.9mA. Mnfr. Watkins & Johnson. E85 each. Carr. £1. 
X -BAND MODULATOR CAMBRATOR TYPE MC-4420 -X: Mnfr. James Scott. 
£125 each.Carr. £1. 
ROTARY INVERTERS: TYPE PE.218E - input 24 -28V d.c., 80 Amps. 4,800 rpm. : 
Output 115V a.c. 13 Amp 400 c /s. 1Ph. P.F.9. £20.00 each. Carr. £2.50. 
FREQUENCY METER BC -221: 125-20,000 Kc /s complete with-_original 
calibration charts. Checked out, working order. £21.00 + E1.50 cam 

RECTIFIER UNIT: 200 -250v a.c. input, 24v d.c. @ 26 amps output continuous Z. 

rating. £35.00 each. Carr. £5.00. - 
EVERSHED SAFETY OHM. METER: Max 10Ma. Test pressure 30v. Complete 
in leather case. E25.00 each, post £ 1.00. - 
AUTOMATIC VOLTAGE STABILIZERS: Input207 -242v a.c. Output 230v a c. 

at 2.80 amps. £17.50, carriage £1.50. 
AVO TRANSISTOR ANALYSER CT.446: E35.00. Carr. E2.00. 
HEWLETT PACKARD PULSE GENERATOR Type 215A; IkHz -1mHz Pulse : 
width 0 -110 Nsecs. Attenuator 0 -12db. E75.00. Carr. £2.00. 
ADVANCE TCD.40 FREQUENCY DIVIDER: 0- 40mHz. £10.00 each. Post £1.00. 
MARCONI FREQUENCY METER 1026/4: 2000- 4000mHz 'as new' condition. - 
E30.00, or secondhand £22.50. 
1026/2: 0 -100 mHz E30.00 'as new', or s /hand £22.50. Carriage for all types 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. £95.00 each, carriage rates on request.: 
With rotating Antenna suitable for 200 -400 mHz, £15.00 extra. 
BURGLAR ALARM BELL: 6 -8v. d.c. £3.00, £1.00 post. 

Carriage quotes given are for 50 -mile radius of Herts. 

MO 
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VALVE MAIL ORDER CO. 
Climax House, 159 Fallsbrook Rd., Streatham 
London SW16 6ED 
Tel: 01 -677 2424 Telex: 946 708 

VALVES 
AZ3I 1.00 

AZ4I 0.70 
CBL31 I./0 
CL33 1.50 
CY31 1.00 

DAF91 0.40 
DAM 0.50 
DCC00 1.35 

DFYJI 0.40 
DF% 010 
DK9I 0.50 
DK92 1.00 

DK% 0.75 
DL92 0.50 
131.94 0.05 
D196 0.55 
DM70 0.70 
DY86/7 0.45 
DY802 0.47 
EA/3030 0.38 
EAF42 0.70 
EAF801 6.75 
EBC33 I.N 
EBC41 0.15 
EBC8I 040 
EBF80 0.40 
EBF83 0.40 
EBF89 0.32 
EB131 2.00 
ECC40 I.N 
ECC8I 0.45 
ECC82 0.31 
ECC83 0.38 
ECC85 045 
ECC88 0.50 
ECF80 045 
ECF82 0.45 
ECH35 1.50 

ECH42 015 
ECH81 0.35 
ECH93 0.50 

ECH84 0.50 
ECL80 0.60 
ECIB2 0.42 
ECLE6 0.55 
ECLL000 

3.50 
EF37A 1.50 

EF39 1.25 

EF41 075 
EF55 1.50 

EF80 0.35 
EF85 0.45 
EFtlO 0.50 
EF89 0.35 
EF91 0.40 
EF92 0.50 
EF98 0.80 
EF183 0.40 
EF184 0.40 
EH% 0.60 
EL33 3.00 
EL34 0.70 
EL37 3.40 
ESAS 0.90 
EL42 1.65 

EL84 0.35 
EL91 2.60 
ELIO 0.60 
E1380 1.75 

EM80 055 
EM81 0.60 
EY5I 0.45 

EY80 0.50 
EZ40 O.M 
EZ41 0.75 
EZ80 0.30 
EZ81 0.31 

EZ90 0.45 
GY501 0.90 
(.ìz30 0.65 
GZ32 1165 

0134 0.75 
H63 0.90 

HLD4IDD 
0.70 

HN309 1.50 

KT6I 3.40 
KT66 3.40 
KT6I (7C5) 

200 
KT88 410 
KTW61 1.50 
KTW62 1.50 
N78 7.50 
0A2 0.45 
082 0.45 
OZ4 0.55 
PC86 0.65 
PC88 0.65 
PC900 0.55 
PCC84 0.45 
PCC89 0.55 
PCC189 065 
PCF80 0.40 
PCF86 0.65 
PCF801 010 
PCF802 055 
PCF805 0.00 
PCF806 0.80 
PCF808 1.00 

PCL82 0.45 
PCL83 070 
PCL84 0.50 
PCLR5 0.60 
PCL86 0.50 
PD500 1.50 
PEN45DD 

0.75 
PFL200 0.70 
PL36 0.63 
PL38 125 
PLB1 0.55 
PL82 0.50 
PI.83 0.50 
PL84 0.50 
PL500 0.85 

PL504 0.85 

PI508 060 
PI509 1.55 

PLJxII 160 
PL802 210 
PY32 0.63 
PY33 0.63 
PYSI/800 

0.50 
PY82 0.45 
PY83 0.50 
PY500 1.11 

PY801 056 
SP4I 3141 

SP61 015 
T41 1.50 
U25 1.00 

U26 0.85 
U191 0.75 
0404 0.75 
UNI 1.11 

L1ABC10 061 
UAF42 0.75 
UBC41 0.60 
OBESO 0.50 
UBF88 0.50 
ucc85 050 
UCH42 0.80 
UCH81 0.50 
UCL82 0.40 
UCL03 0.70 
UF4I 0.75 
UF19 0.51 
ULA1 015 
UL84 0.51 
UY41 055 
111'85 0.45 
VP4B 125 
VR75/30 

055 
VR105r30 

040 

VR150/30 
0.45 

YR3 128 
IRS 0.50 
155 0.40 
114 0.40 
384 0.50 
3V4 0.ë 
5R4GY 1.20 
5U4G 125 
5V4G 016 
5Y3GT 0.55 
5Z4G 016 
6/3012 010 
8AL5 010 
6AQ5 0.50 
6AS7G 1.00 
6AT6 0.00 
64176 0.40 
64V5 0.50 
6ßA6 0.38 
613E6 0.45 
613.116 075 
6816 0.75 
6BQ7A 0.55 
6ßR7 3.00 
68W6 13 
6BW7 1.00 
6C4 0.40 
6DC6G 1.103 

6CH6 220 
6E5GT 1.50 

ßF23 0.M 
6.156 0.45 
615GT 656 
617GT 045 
6K6GT 0.N 
6K7GT 0.35 
6KSGT 050 
6P35 3.10 
8Q7GT 0.43 
5S4ì7 0.50 
6617GT 130 

03.747T 0.55 
O647GT 056 
BU4GT 075 
6115G 1.50 
WOGT 0.60 
6744 0.45 
40(SGT/G 

0.55 
7136 0.80 
7B7 0.80 
7C5 210 
7C6 1.00 

7H7 0.80 
7R7 1.30 

757 2.25 
7Y4 0.80 
12AC6 0.00 
12A06 0.10 
12AE6 0.75 
I2AT6 0.45 
I2AT7 045 
12AU8 0.50 
12AU7 0.38 
12AX7 0.31 
12BA6 0.50 
12ßE6 0.60 
120E17 0.60 
30CI5 1 0 
11C17 100 
30C18 0.90 
30F5 1.00 

MFLI 1.00 

30FL14 1.00 

30.15 0.% 
3131.17 0.95 
30P12 1.00 

30P19 0.% 
DPLI 0.% 
30PL13 1.10 

30PL14 1.10 
360.6lì7 0.80 
35W4 0.50 
35Z3 0.80 

36Z4GT 0.70 
S005 0.70 
50CD6G 120 
® 075 
807 1.00 

4580 3.10 
6146 3.80 
946A 3.10 
614613 4.20 

111BE8 
28P1 4.00 
3BP1 4.50 
3DPIA 400 
3E01 8.00 
3FP7 20) 
3GP1 5.00 
5/3P1 /10 
SCP1 5.00 
MD 1510 
CV439 27.50 
DG7-5 1110 
1CR138 10.N 
VCR130A 

LIS 

TRANSISTORS & ICs 
AAIÌ9 - ' 067 8p180 0.30 
AAZ13 0.18 0E181 0.30 
AAZ15' 0.12 13E194 010 
AC107. 0.75 8E195 0.10 
PC126 '025 0F197 0.12 
AC127 0.25 0F200 0.32 
M128 022 BFS61 025 
ÁC176 027 BFS98 025 
PC187 0.25 BFWIO 0.61 

M188 025 5FX29 0.21 
MY21 0.55 13F7(88 0.25 

4CY39 1.00 BFY50 921 
A13140 0.65 BFY51 021 
AD149 0.65 BFy52 
AD161 0.45 BR100 1.10 

AD162 0.45 BY100 145 
AF115 0.25 BY126 0.12 
AF116 0.25 BY127 012 
AF117 0.25 BFX61 sens 
AFI86 110 020 
AF239 0.45 BZY88 sens 
ASY27 045 012 
ASY28 025 CRSI-05 045 
BAI02 025 CRSI-40 O.N 
BAI 15 115 CRS305 0.45 
BC 107 0.14 CRS3-40 0.75 
BCIM 014 M1E340 042 
BC109 0.15 M1E370 015 
BC113 0.15 MJF520 0.60 
BC 117 0.22 M3E2955 1.25 
BC 143 030 M3E3055 0.75 
BC 147 010 MPFl02 040 
0048 001 MPF103 040 
BC169C 0.15 MPFIO4 0.40 
BC 182 012 MPF105 0.40 
BC182L 012 NE555 0.42 
BCI84L 0.13 NKT404 1.25 
BCY32 1.00 0A5 0.75 
BCY33 0.70 OA 10 055 
BCY34 0.75 0A79 0.12 
BCY70 111 OA81 015 
BCY71 022 OA91 007 
BCY72 0.11 0A200 0.1/ 
BCZU 1.25 0A202 0.10 
BD121 1.55 (x:16 125 
BD124 0.75 OC20 2.00 
BD131 0.40 (JC23 2.25 
BD132 0.45 OC25 055 
8F115 0.20 0028 015 
8E167 0.20 0035 0.15 
8F173 025 Oc36 0.75 
13F179 0.30 0C42 0.50 

0C44 
pC45 
OC71 
0072 
0076 
17C77 
CCU 
OC81D 
OC81Z 
OC83 
0C140 
0C170 
0C171 
0C200 
OC201 
OC202 
0C203 
OCP71 
ORPI2 
ORP60 
T1C44 
TIC228D 
nL209 
ZTX107 
ZTX 108 
ZTX300 
ZTX301 
ZTX302 
ZTX304 
ZTX500 
ZTX501 
21X503 
ZTX531 
ZTX550 
1N914 
1144001 
1144002 

IN4003 
1144004 
044005 
IN4006 
1144007 
IN4009 
044148 
15921 
1S2033 
IS2051A 
1S21MA 
153010 
2N6ß6 
2NM7 
2N706 

0.45 
0.45 
025 
0.46 
0.45 
0.75 
050 
021 
160 
0.56 
1.50 
0N 
159 
1.09 
1.75 
1.50 

1.50 

125 
0.50 
0.65 
0.30 
1.40 

022 
0.10 
0.10 
0.12 
0.13 
0.17 
0.22 
0.12 
0.13 
0.15 
0,25 
0.10 
006 
0.07 
017 
058 
0.11 
O.N 
9.10 
0.11 
108 
0.06 
0.08 
0.20 
0.20 
020 
0.25 
0.20 
0.17 
0.12 

2N706A 0.12 
2N1131 023 
2N1132 025 
2N1302 030 
2N1303 040 
2141304 0.45 
2N1305 0.45 
2N1308 0.50 
2141307 050 
2141308 0.50 
2141309 150 
2141813 021 
2NI614 045 
2N2147 1.20 
2N2160 0.75 
2N2369A 0.25 
2112646 0.50 
2312904 025 
2N2904A 025 
2N2906 0.30 
2142905A 025 
2N29906 122 
2142926 015 
2N3053 0.20 
2N3055 060 
2143525 ON 
2143614 110 
2143615 1.10 
2N3702 0.13 
2N3703 013 
2N3704 0.15 
3N3705 013 
2143706 013 
2143707 0.13 
2713708 009 
2N37M 012 
2N3710 0.13 
2743711 0.13 
2N3819 0.37 
2N3820 0.55 
2N3823 O30 
2143903 0.15 
2143904 015 
2143905 011 
2N3906 0.17 
2N4058 0.10 
2N4059 0.12 
2N4060 0.13 
2144061 0.13 
2N4%2 0.14 

7N4289 0.30 

374141 0.90 

46360 
40361 
40362 
40430 
SN7400 
SN7401 
SN7402 
SN7403 
SN7404 
SN7405 
SN7406 
SN7407 
SN7408 
5147409 
SN7410 
SN7411 
SN7412 
SN7413 
SN7416 
SN7417 
SN7420 
SN7422 
SN7423 
SN7425 
SN7427 0.37 
SN7428 0.40 
SN7430 O.IS 

SN7432 0.37 

SN7433 0.37 

SN7437 0.37 
SN7430 037 
SN7440 022 
S617441AF1 0.92 
SN7442 0.70 
SN7450 01S 
SN7451 0.18 
SN7453 111 
SN7454 116 
sN7460 018 
SN7470 0.36 
SN7472 0.38 
SN7473 0.41 
SN7474 0.42 
SN7475 0.51 

SN7476 045 
5147480 0.60 
0147482 0.17 

0.40 
0.45 
0.40 
0.15 

116 
0.16 
0.16 
0.16 
0.28 
0.22 
042 
0.42 

0.21 
0.26 
0.111 

025 
0.30 
0.36 
0.36 
0.38 
0.16 
025 
0.37 
0.31 

SN7483 1.10 

SN7484 1.00 

SN7486 0.47 
SN7490 0.56 
SFL7491AN 1.00 

SN7492 0.70 
SN7493 0.70 
SN7494 080 
SN7495 0.60 
SN7496 095 
SN7497 3.87 
SN74100 I.N 
SN74107 145 
SN74110 156 
SN74111 0.86 
SN74118 0.90 
S7474119 1.61 

SN74121 0.50 
51474122 0.10 
51474123 1.00 

SN74141 090 
SN74145 1.26 

57474150 1.75 

SN74151 1.00 
SN74154 2.M 
51474155 1.00 
SN74156 1.00 
SN74157 0.96 
SN74170 2.52 
SN74174 1.57 

SN74175 1.10 
SN74176 1.26 

SN74190 2.60 
SN74191 2.00 
61174192 200 
SN74193 200 
SN74194 130 
51474195 1.10 

SN74196 1.20 

SN74197 1.20 

SN741% 2.77 
SN74199 252 

INDUSTRIAL VALVES 
I B3GT 
I B24 
I B35A 
IB63A 
IN21 
IN21B 
IN23B 
IN23CR 
IX2A 
I X2B 

2A3 
2AS 15 

2C26A 
2C34 
2C39A 
2C43 
2021 
2D2IW 
2E26 
2131 
2133 
2150 
2.354 
2156A 
21425 
21426 
21428 
2K45 
2X2A 

3A/107A 
3A/108A 
3A/108B 
3A/109B 
3A/110A 
3A/110B 
3A/146J 
3A/1 67M 
3A5 
3B/240M 
3I3/24 I M 
3B24 
3B28 
3829 
3C22 
3C23 
3C24/240 
3C45 
3CXI00A5 
3E29 
31/121E 
3J/160E 
31/170E 
3Q/150E 
;S/195E 

3V/340ß. 
3V/390A 
3V/390B 

4 -1255 
4 -250A 
4-400A 
4832 
4C35 
4CX250B 
4E27 
4150 
4.152 
4J52A 
4153 
4X 150A 
4X 150D 
4X2500 

50/25 I M 
5B/252M 
5ß'254M 

5ß/255M 
5B/256M 
58/257M 
5C22 
502 
5R4GY 
5U4GB 
5Z3 
5Z4G 

6AF4A 
6AK5 
6AM5 
6AM6 
6AN5 
6AN8 
6AR5 
6AS6 
6AU4GTA 
6AU5GT 
6411.26 
6AV5GTA 
6AW8A 
6AX5GT 
6B4G 
6BA8A 
68K4 
6BK7A 
68L7GTA 
68N6 
6BR7 
6857 
6BX7GT 
68Z6 
6C B6 
6CH6 
6CL6 
6CW4 
6DK6 
6DQ6B 
6EA8 
6033 
6H61metal l 
6K7GT 
6U8A 
6V6GT 

1E3 
1E13 
2AY7 
2B4A 
2BY7A 
2E1 
2E14 
3E1 

28D7 
29C1 
53KU 
7501 
75C1 
83A 1 

85A1 
85A2 
90AG 
90A V 
90C1 
90CG 

990Á1 
100TH 
150B2 
15083 
I 50C I 

150C2 
150C3 
150C4 
250TH 
328 
329 

705A 
7I5A 
7 15B 
723A/B 
725A 

801 
803 
805 
807 
808 
811 
BIIA 
812A 
813 
815 
828 
8298 
83013 
860 
866 
866A 
866E 
872A 
881R 
89IR 

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 
5 719 
5725/ 

6AS6W 
5 726/ 

6AL5 W 
5727/ 

2D2 1W 
5749 
5750 
5751 
5802 
5814 
5823 
5840 
5963 
5965 
6005/ 

6AQSW 
6021 
6057 
6058 
6059 

6060 
6061 
6062 
6063 
6064 
6065 
6067 
6072 
6073 
6074 
6080 
6097C 
6130 
6136 
6189 
6197 
6201 
6202 
6203 
6205 
6360 
6442 
6463 
6550 
6807 
6923 
6939 

7193 
7203 
7360 
7586 

8013 
8025A 

9(x)1 
9002 
9003 
9004 
9005 
9006 

13201A 

A 1834 
A2087 
A2134 
A2293 
A2426 
A2521 
A2900 
AC-16 
ACTO 

BIC 1 
85156 
BT5 
ßT35 
BT45 
ßT79 
BT83 

CIC 
CIK 
CV5 
CV25 
CV26 
CV28 
CV3I 
CV32 
CV45 
CV53 
CV73 
C V74 
CV85 
CV118 
CV 21 
CV 24 
CV 128 

CVI31 
CVI32 
CV 133 
CVI35 
CV 136 
CV 137 
CV 138 
CV 140 
CV 144 
CVI60 
CV 173 
CV 187 
CV I88 
CV190 
CV220 
CV261 
CV 273 
CV 284 
CV 286 
C V 287 
CV315 
CV329 
CV337 
CV342 
CV 345 
CV354 
CV359 
CV 360 
CV171 
CV372 
CV378 
CV391 
CV395 
CV397 
CV428 
CV434 
CV447 
CV449 
CV466 
CV469 
CV488 
CV491 
CV492 
CV493 
CV717 
CV808 
CV 1072 
CV 1076 
CV1092 
CV 1219 
CV 1343 
CV 1475 
CV 1476 
CV 1477 
CV 1478 
CV 1794 
CV 1480 
CV 1481 
CV 1482 
CV I787 
CV 1832 
CV 1833 
CV 1835 
CV 1994 
CV 2000 
CV213I 
CV2154 
CV2155 
CV2160 
CV2179 
CV2235 
CV2237 
CV2238 
CV2253 
CV2289 
CV2520 
CV2522 
CV2721 
CV2901 
CV 3.523 
CV3929 

C V 3986 
CV3988 
C V 3991 
CV3998 
CV4001 
CV4002 
CV4003 
CV4004 
CV4005 
CV4006 
CV4007 
CV4008 
CV4009 
CV4010 
CV4011 
CV4012 
CV4013 
CV4014 
CV401S 
CV4016 
CV4017 
CV4018 
CV4019 
CV4020 
CV4022 
CV4023 
CV4024 
CV4025 
C V4028 
CV4033 
C V4035 
C V 4038 
CV4039 
CV4040 
C V4056 
CV4059 
C V4060 
CV4062 
CV4063 
C V4064 
CV4079 
CV450I 
C V4502 
CV4503 
CV4504 
CV4507 
CV4508 
C V 5060 
CV6004 
CV6008 
CV6045 

DA30 
DA41 
DA42 
DA 100 
DET22 

E5SL 
E8OCC 
E80FC 
E80F 
E8OL 
E80T 
E8ICC 
081L 
E82CC 
E83CC 
E83F 
E88CC 
E90CC 
E90L 
E9IH 
E92CC 
E 180CC 
EA50 
EA52 
EA76 
ECC35 
ECF804 
F.F50 

EF54 
EF55 
00804 
EFP60 
EL9 1 

EN30 
EN? 1 

EN32 
EN9I 
ESU74 
ESU76 
ESU77 

F6057 
F6060 
F6061 
F6063 
0X219 
0X225 
FX227 

GI/371K 
GI20./IB 
G 150/28 
G 1 80/2 M 
G240/2D 
0400/1K 
GN4 
GT IC 
GTR120W 
GTR I50MS 
GU 18 
GU20/21 
GU50 
GXUI 
KT66 
KT67 
KT88 

M8079 
M8080 
M808 I 

M8082 
M8083 
M8091 
M8096 
M8097 
M8098 
M8 100 
M8136 
M8137 
M8 140 
M8141 
M8142 
M8144 
M8 149 
M8 1 57 
M8161 
M8162 
MS 163 
M8 167 
M8 I 79 
M8 190 
M8196 
M8204 
M8212 
M8214 
M8223 
M8224 
M8225 
M8232 
M8237 
M8245 
ME 140X1 

ME1401 

042 
OA3 
OA4G 
002 
0011 

OD3 
0G3 
OZ4 
OZ4A 

PTI5 

QA2400 
QA2403 
QA2404 
QA2406 
QA2407 

B3/300 
B3-5-750 

rB4-1100 
F41 
F45 

QQV02-6 
QQV03 10 
QQ V03-20 
QQ VO3-20A 
QQVO4 15 
QQV06-40 
QQV06 40: 
QS70/20 
QS74 '2(I 
QS75 41) 

s75 60 
sx-t 

QS9 2 In 

QQ595 

I V 

S 105 15 
S I50, 407 

QS I50/45 
QS 150/8 
QSIn00 
Q 

0 

51202 
51203 
S120< 
1.13" 
VOi 12 

VO4 ; 
QV05 25 
QV06 20 
QY3-125A 
QY4 250A 
QY4.400A 

R10 
R17 
R18 

SIIE12 
SI30 
S 130 
STV280/40 
STV280/80 
SU4I 
SU42 

TD03. I O 

TTIS 
TT'I 
TTR3 IMR 
TZ40 

U I 7 

L' I9 
U 27 

V LS63 I 

Z 3001 
Z759 
Z8031 

OIL 
SOCKETS 

8 pin 12p 
14 pin 15p 
16 pin 17p 

VAT to be added 
VALVES & PLASTIC 

TRANSISTORS 121/2% 
INTEGRATED 

CIRCUITS 8% AND 
METAL CAN 

TRANSISTORS 8% 

THIS MONTH'S 
OSCILLOSCOPE TUBES 

TYPE VCR 139A, CV 1 526 
Price £8.00 P &P 50p add VAT 8% 

SPECIAL OFFER 
Terms of Business: Mon. to Fn. Open for callers 9 a.m. to 5 p.m. Closed Sat. Express postage 15p for 1st valve; 2p each additional valve. Express postage: 15p per order for transistors. Paces on application for any type not listed. Obsolete valves a speciality. Prices correct when going to press. This applies to the U.K. 

THE O - EN DOOR TO QUALITY 

s:- 

1 ETRp AI.UE 

catalogue EL; 

This catalogue - Electrovalue Catalogue No. 8 (Issue 2, up- dated) offers 
items from advanced opto- electronic components to humble (but 144 pages 
essential) washers. Many things listed are very difficult to obtain 
elsewhere. The company's own computer is programmed to expedite 
delivery and maintain customer satisfaction. Attractive discounts are 
allowed on many purchases; Access and Barclaycard orders are accepted. 

40p 
Post paid 

inc. refund 
voucher worth 

+ FREE POSTAGE on all C.W.O. mail orders over £2.00 list value 40p 

(excluding V.A.T.) in U.K. If under, add 15p handling charge. 

0 ALU E LTD 

.Posts] co mun,o01,0ns to Dept WWI°, 18 ST. JUDES ROAD, ENOLEFIELD 
GREEN, EGHAM, SURREY TW20 OHS. Phone Egham 3603 Telex 2844 75 
Shop hours 9 -5 30. I pm Sets.. both branches 
NORTHERN BRANCH: 8S0 Bumps Lane, Bump*, Manchester M19 1NA. 
Phone 10611 432 4945. 



'104 

t,3 

E 
co 
N 

co 
C 
co L 
0 
a) Y 

I- 

co 
U 

á 
(/) 
a) 

o 
lr) 

a) 
N 
C 

66 

h 
a) . 
co 

(/) 

a) 

C 

co 

o z 
C 
co 

E 
0 
oÓ 

a 
co 
U 
v) 

2 
> 
co 
a) 
C 

_ 
a) 

I1J 

rp 

t1 
>- 

U 
co 

o 

Wireless World, December 1976 

Bahrain Singapore Thailand Iceland Brazil Sweden Germany Iran Jamaica St. Kitts Tunisia 

Ó oWE RT R A N INCORPORATING 

cs) 

>- ELECTRONICS 
HI -FI NEWS 75W /CHANNEL AMPLIFIER 

ÂMBIENTACOUSTICS 

By J. L. Linsley Hood 

Pack Price 

1. Filri Am prided-circlet bard for power amp E1.15 
2. Sei el residers. apdW pre -sett fer power amp 

12.15 
3. Sel d t eeedeclen far power amp £6.50 
4. Par rd 2 drilled. flood but shits E1.10. 

5. Perephu prlaedtirult beard tar pre -amp £ 1.75 

6. Sel d low seise ruinrs capcitere, pre4ets for 
£3.40 

7. Sit dptew *se. hlgll on semiconductors fer 
£2.40 

8. SS el lppeteetbOMrs PIlcledhI MISS switch) E3.15 

9. Set d 4 pail-btton minims. rotary made 

sotch £4.50. 
10. Toroidal traufermr cempbte with magmatic 

orna /Yaslp tenor 0 117 -234 V: secondaries 
33433 V. 260-25 V £10.95 

Pics Price 
11. Heroine prMN- circdt board for power supply 

£0.85 
12 Sei el residers. capacitors. eceedary fuses. 

ericsailsclan raos 13. Set et msceilasesue parts *Obi DIN skis. ma 
input sit fuse kidder. Mrtoiocthp cable. arroi 
bobs £5.35 

14. Set ei leetahverk parts including silk scrum printed 
fascia peel and all brackets. fixig pris. etc. £7.30 

15. Kos si& £0.30 
IQ Test cabled 18.3" s 12.7" x 3.1" £9.95 

2 ad el packs 1-7 bciooM are repined fr complete 
ehre rules. Tidal east of Iodividually unbend 
picks £83.75 

uesigned 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 published original circuit has been developed further for 
inclusion into this outstanding slimline unit and features a pm- 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. 

Pact Filtre 
1. Abrogios prided !sod ter frost ed I strip. 

dsmeidssr. dFE and mete dredb £2.15 
2. Sei el meld oxide resign. SrmMer. empoche. 

ormet prat for sisolip e pat 1 £4.30 
3. Sei of tumblers. iodio. LED. ds/oted circuits fer 

Ñ M r4. FRad h end amen* coil amity. bis 
t ache cerné fluer E6.50 

S FYnglau printed circuit Nard for stereo decodr 
£I.19 

b Sel it metal oxide resistors. apac9rs coned 
peul for decoder £2.60 

7. Set it trodden LED. Integrant circuit ter decoder 
£2.90 

9. Soi d commute ter cline mutter /wink 
modes telueiq tYregtsu printed circuit burl. 
posit-buttes Huches. knobs. LEDs. preset adjusters 

as. E9.90 

9. FuaOa switch. 10 Ne taie pateetiometer. mobs 
£5.30 

10. Frequency meter. meter drive campmate. fibreglass 
printed circuit board £9.45 

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 (Apra, 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 gam 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 )wear, 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 £73.90 
WIRELESS WORLD FM TUNER 

Pack nice 
II. instil VMdrmr wan electrostatic urea. 

Priory: 8-117V-234V £4.45 
12. Sel it coadlera. risWiort. rouage repeater for 

pwr £2.95 
13. Sel c miari lattas partt including sockets. lue 

billr, btaq hdr -aeclug wire. etc. E1.50 
14. Si it metal meet pars Elodbg silk scree printed 

Isla poet aeryk silk screen printed tuning 
NOW peel Mon. Menial screen. fixing parts. 

t7.50 
Ceatrectio Ma ere win camplete kifj £0. 

l6. Teak clime 19.3" x 12.7" x 3.1" £9.95 

One task it peeks 1.16 ieclaties are rgoired for complete 
Oro FM goer. Ted cast el individually purcbatod 
pub E76.95 

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. 

FREE TEAK CASE WITH FULL KITS 

KIT PRICE only £6 6 7 5 
NEW KIT! 

LINSLEY -HOOD CASSETTE DECK 

PRICE STABILITY 
Order with confidence! Irrespective of any price 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. 

Pack Price 
I. Stares PCB )accommodates 2 rep. amps. 2 rec. 

amps. 2 meter amps. bias/erase osc. relay)E3.35 
2. Stara set of capitrs. M.O. resistors. 

petuatosters for above £9.90 
3. Stereo al of semicoehcters for above £9.90 
4. MbMre relay with socket E2.45 
5. PCI. all component for solenoid. speed control 

circids E3.20 
6. Goldriag Luce mechanism as specified. £19.10 
7. FumcUos switch. labs E1.60 
8. Dual VU matar with illuminating lamp E7.20 
9. Toroidal traeslrmer with E.S. screen prim. 

0 -117V. 234V. Sec. I5V E4.45 

SPECIAL PRICE FOR 
COMPLETE SETS 
Further details of above given in our FREE LIST 

Pock Price 

'to Set of capacitors. rectifiers. I.G. voltage regulator 
Ir paw supply (Pewertrai design) E2.90 

It Sat el miscollmeeu pars. ecluding rockets. fuse 

bolder. fuses. interconnecting wire. etc £2.50 
12. Set el meMwork fulnding silk ureesed facia 

piel. internal acne,. fixing parts. etc £7.10 
13. Construction metes £0.25 
14. Tuk cabinet 18.3" x 12.7" a 3.1" £9.95 
One each of packs 1 -14 inclusive are 

required for compete stereo cassette 
deck. Total cost of individually pur- 
chased packs £92.55 

£78.50 

EXPORT ORDERS. No VAT charged. Postage charged at actual cost plus 50p 
DEPT. WW1 2 

Q packing and handling. Please make payment by Bank Draft, Postal Order, 

P O W E R T R A N International Money Order in sterling. 
(/) SECURICOR DELIVERY. For this optional service (U. K. Mainland only) add 

G 02.50 (VAT INC.) per kit. 

- 
U.K. ORDERS Subject to 12y % surcharge for VAT. Carriage free. 

ran MAIL ORDER ONLY (*or at current rate if changed) 

viand Portugal Mozambique Belgium .Sumatra 

PORTWAY INDUSTRIAL ESTATE 
ANDOVER, HANTS SP10 3NN 
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Hong Kong Jersey Australia St. Lucia India Barbados Antigua Jordan Spain Israel Mauritius 

AUDIO KIT SUPPLIERS TO THE WORLD 

St. 

T20 +20 and our new T30+ 30 
20W, 30W AMPLIFIERS 

105' 

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) 
Tmprpvements. the shmtine 120 + 20 delivers 20W per channe! át true Hi -Fiat exceptionallylow 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 al 
follow up article in Practical Wireless further modifications were suggested and these have been. 
Incorporated into the 130 + 30. These include RF interference filters and a tape monitor facility. 
Power output of this new model is 30W per channel. 

Park T20 T30 Peck T20 130 
1. Set of low noise resistors 1.40 1.50 8. Toroidal transformer - 240V prim. 
2. Set of small capacitors 2.20 2.80 e.s. stress 4 95 6.80 
.3. Set of power supply capacitors . 1.90 2.30 9. Rbreglaaa PCB 3 20 3.60 
4. Set of miscellaneous parts 3.20 3.20 10. Set of metalwork. fixing parts 4.20 4.80 
5 Set al slide. mains. P.B. switches .. 1.20 1.20 I I. tel of cables. mains lead 0.40 0.40 
6. Set of pots. selector switch 2.80 2.80 12 Handbook (free with complele kit) 0 25 0.25 
1. Set of semiconductors. ICs. skia 7.25 7.75 13 Teak cabinet 15.4" a 6.7" x 2.8 4 50 4.50 

2 NEW 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. 

POWERTRAN SFMT 
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 dowel to the last nut and bolt are supplied 
together with full constructional details. 

KIT PRICE 

£45.50 

KIT PRICE 

£32.60 

SPECIAL PRICES 
FOR COMPLETE KITS! 

T20 +20 
KIT PRICE only 
T30 +30 
KIT PRICE only 

£28.25 
£32.95 

...,., l'I:;i,sl w 

e :. á. ó.i i. 

CONVERT NOW TO QUADRAPHONICS! 

SQM1 - 30 KIT PRICE £37.115 
Wimples World Amplifier Designs. Full kits are not available for these protects but 
component packs and PCBs are stocked for the highly regarded Bailey and 20W class AB 
Linsley Hood designs. together with an efficient regulated power supply of our own 
design. Suitable for doving these amplifiers is the Bailey Burrows preamplifier 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 preamplifier 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 beeed, high 
performance stereo Stuart design. Details of component packs are in our free list. 
30W Bailey Amplifier 
BAIL Pk 1 F /Glass PCB 
BAIL Pk. 2 Resistors. Capacitors. Potentiometer set 
BAIL Pk. 3 Semiconductor set . 

20W Linsley Hood Class AB 
LHAB_Pk. 1 F /Glass PCB .. ....... . 

LHAB Pk 7 Resistor. Capacitor. Potentiometer set 
LHAB Pk. 3 Semiconductor set 
Regulator Power Sypply 
60VS Pb 1 F /Glass PCB 
60VS Pk. 2 Resistor, Capacitor set 
60VS Pk. 3 Semiconductor set 
60VS Pk. 6A Toroidal transformer for us with Bailey) . 

60VS Pk. 6B Toroidal transformer for use with 20W LH) 
Bailey Burrows Stereo Pre -Amp 
BRPA Pk 1 F/Glass PCB 
BBPA Pk. 2 Resistor, capacitor semiconductor set 
9BPA Pk 3R Rotary Potentiometer set 
RBPA Pk 3S Slider Potentiometer set with knobs .... 
Active Filter 
FILI Pk. 1 F /Glass PCB 
FILI Pk. 2 Resistor. Capacitor set (metal oxide 2 %, polystyrene 21/2%) 
FILT Pk 3 Semiconductor set 
2 elf Pks 1, 2. 3 rod for stereo sctive filter system 
Rsd /Texas 20W Amp 
READ Pk. 1 F /Glass PCB 
READ Pk. 2 Resistor, Capacitor set 
READ Pk. 3 Semiconductor set 
6 9ff pks I. 2. 3 required for stereo active filter system 
Stuart Tape Recorder 
TRRP Pk 1 Replay Amp F /Glass PCB . 

TRRC Pk 1 Record Amp F /Glass PCB 
TAOS Pk 1 Bias /Erase /Staliluer F /Glass PCB 

Further details of above and additional packs given in our FREE LIST 

t1.00 
£2.35 
E4.70 

£1.05 
£3.20 
£3.35 

£0.85 
E2.20 
£3.10 
E8.80 
£7.25 

E2.80 
£6.70 
£2.85 
E3.10 

With 100s 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 
volume, bass, treble and balance are provided as are 
comprehensive switching facilities enabling the unit to be used 
for either front or rear channels. bypassing the decoder for 
stereoonly use and exchanging left and right channels. The SO 
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 T30 + 30 amplifier which the 
SQM1 -30 matches perfectly. Kit price includes CBS licence fee. 

BprY offs ex 120 + 20 and Texan 
ownenl 
Owners of T20 + 20 and Texan amplifiers. 
which have no tape monitor outlet, 
purchasing an SOM 1 -30 mil be supplied 
on request a free conversion kt to fn a tape 
monitoring facility to ate existing amplifier. 
This makes simple the connection to the 
highly adaptable SQM 1 -30 quadrophonic 
decoder /rear channel amplifier. 

SQ QUADRAPHONIC DECODERS 
Feed 2 channels (200- 1000mV as obtainable from most pre -amplifiers 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, LF -RF 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. 

M1 . Basic matrix decoder with fixed 10 -40 blend. All components, PCB £5.90 
L1 . 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 E22.60 
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 £25.90 
Also available with M.O. resistors, cermet pre -set - add £4.20 

SEMICONDUCTORS as used in our range of quality audio equipment.: 
211699 (0.20 40361 £0.40 BD529 E0.66 MJE521 £0.80 TIP29C E0.66 251613 £0.20 40362 E0.45 5D530 E0.58 MPSA05 E0.25. TIP30C E0.80 E1.40 2N1711 £0.25 BC107 [0.10 BDy56 £1.60 'MPSA12 E0.36 TIP41A E0.70 

£4.20 2N2926G £0.10 BC108 £0.10 BF257 £0.40 MPSA14 £0.30 TIP42A £0.60 E2.25 2N3055 £0.45 BC109 £0.10 BF259 £0.47. MPSA55 E0.25 TIP41B E0.75 2N3442 E1.20 BC109C £0.12 BFR39 E0.30 MPSA65 E0.35 TIP428 E0.60 2N3711 £0.09 BC125 £0.15 BFR79 E0.30 MPSA66 £0.40 1N914 £0.07 
E1.00 

2N3904 £0.17 BC126 £0.15 BFy51 E0.20 MPSUOS £0.50 IN916 £0.07 
£1.20 253906 60.20 BC182 £0.10 BFy52 £0.20 MPSU55 E0.50 1S920 (0.10 
£2.30 2N4062 £0.11 6C212 £0.12 CA3046 £0.70 SBA750A £1 90 
£2.30 2N4302 £0.60 BC182K E0.10 LP1186 £8.50 S1301 E1.30 2N5087 £0.25 BC212K E0.12 MC1310 E2.20 SL3045 E1.20. FILTERS 2N5210 £0.25 BC182L £0.10 MC1351 £1.05 SN72741P £0.40 FM4 £1.00 £1.30 255457 50.45 BC184L £0.11 MC1741CG £0.68 SN72748P £0.40 SFG10.7MA £1.50 E1.70 2N5459 £0.45 BC212L £0.12 MFC4010 £0.95 71L209 E0.20 - £1.20 2N5461 £0.50 eC214L £0.14 MJ481 £1.20 TIP29A E0.40 2515830 £0.35 BCy72 E0.13' MJ491 E1A0 TIP30A E0.45 

EXPORT NO PROBLEM 
Kenya France St. Martin, Java New 

Our Export Department will be pleased to advise on postal-costs to any country in 
the world. Some of the countries to which we sent kits in 1975 are shown 
surrounding this advertisement. 

Zealand Borneo South Africa Denmark Nigeria Anguilla 
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SERVICE TRADING CO 
RELAYS 

I 2 4 

52 4-8 2c/o 85p 
58 5-9 6c/o 95p 

185 8-12 6M 85p 
130 9-18 2c/oHD 95p 
430 9-24 2c/o 85p¡ 
434 11-24 2c/oHD 115p 

430 15-14 400 95p 
600 10-20 6M 95p 
600 10-24 2/o SIM 
600 14-24 44/0 95p 

SIEMENS PLESSEY, etc. 
MINIATURE RELAYS 

1 2 3 4 

700 12 -24 2c /o 85p 
700 16 -24 4 c/o 95p' 

1250 18 -36 2 c/o 85p' 
2500 36 -45 6 M 85p' 
2500 31 -43 2 c/oHD 

85p' 
15k 85 -110 6 M 85p 
5800 33 -72 2 c/o 85p' 

)1) Coil ohms (2) 
Du 

rki 
All Post Pod..' ncludn. Base 

141 Price 

OP N 
6 VOLT D.C. 1 make con 46p. Post 15p 

9 VOLT D.C. RELAY 
3 c o 5 amp contacts 70 ohm coil 85p. Post 15p. 

9/12 VOLT D.C. RELAY 
3 c/o 5 amp contacts. available as single hole fixing or P.C. fixing. 
state type ,eoulred 85p. Post 15o. 

24 VOLT D.C. 4 0 3007oí rt coil S tip Posi 5p 5p 

100 VOLT A.C. 2 c/o 75p. 3 c/0 S5p. Post 15p. 

ENCLOSED TYPE RELAYS 
6 VOLT A.C. 3 c/o Up. Post 15p. 

24V D.C. 3 c/o SBS. Post 
20o 3Bh e. 15o tonteas asp. 

24 VOLT A.C. Post 20p. Baas i5p notre. 

55 VOLT A.C. 
3 heavy duty c r o contacts Price Sip. Post 20p. Base 15p 

230 VOLT A.C. RELAY 
240V A C heavy duty 3 c/o contacts 
Puce SSp. Post 20p Octal base 15p extra. 

220/240 VOLT A.C. RELAY 
3 c/o 6 amp cons Sealed M. f g !SERA E1.35. Post 10p 
Base 15p extra. 

ARROW 230/240V AC 
1 c: o 15 amp contacts. 
Amp connectors £1.10. Post 20p 

CLARE -ELLIOTT Type RP 7641 G8 

MANY OTHERS FROM STOCK. PHONE FOR D .1 

LATCHING RELAY 
Twin latching relay. flip -flop. 2 c/o each relay. 
Moms contacts. 115 volts AG or 50 volt D.C. 
operation or 240 volts A.C. with 2.5K resistor. Shp. 
Post 20p. 

VARIABLE VOLTAGE TRANSFORMERS 
Carriage extra INPUT 230 v. A.C. 50/80 

OUTPUT VARIABLE 0 /260v. A.C. 
BRAND NEW. All types. 
200W (1 Amp) fitted A/C 

volt meter £11.50 
0.5 KVA (Max. 2' /z Amp) £11.50 
1 KVA (Mao. 5 Amp) £18.00 
2 KVA (Mao. 10 Amp) £30.00 
3 KVA (Max. 15 Amp) E38.00 
4 KVA (Mao. 20 Amp) £60.00 

LT TRANSFORMERS 
0.10, 1 7. 18 volt ® 10 amp E10.45 Post C1-00 
0.6, 12 volt ® 20 amp £13.00 Post Cl 00 
0.12. 24 volt ® 10 amp. E11.88 Post C1.00 
0.4. 6.24, 32 volt ® 12 amp E12.35 Post El 00 
0.6, 12, 17. 18, 20 volt ® 20 amp. E14.15 post El 00 
Other types to order at short notice. Phone your enquiries 

AUTO TRANSFORMERS 
Step up step down 0 115 200 220 240 volts, 
At 75 watt E3.60 Post 40p. 150 watt 85.15 Post 50p. 300 
watt E6.20 Post 60p. 500 watt E11.00 Post 75p. 1000 watt 
£16.20 Post 90p 

PRECISION CENTRIFUGAL -_ 
BLOWERS (230,240v AC) 

Mlg. by Smiths Industries. Miniature model. Series # , 
SF /200. Sae 95mm x 82mm. Aperture 38mm x 

3 t mm. 12 c.f.m £2.75. Post 50p 
Other types available. phone for details. 

BLOWER UNIT 
200/240V a c. precision. German built 
Dynamically balanced. quiet, con rated. 
eversible. Consumption 60mA. Size 

120mm die. x 60mm deep. Price £3.50. 
Post 50p. 

Mfg. by Stamm 115/230v A C. 2800/3400 r p m. fan type aperture 
3" a 29" V8L4 25/c. Mfg Airlow Control Installations Ltd Price 
£12.00. Pon E4 00 

MINIATURE 
UNISELECTOR 
12v 11 way 4 bank (3 non- bridging 1 

borain.) £2.00. P P 35p 

230 VOLT FAN ASSEMBLY 
Continuously rated. removable aluminium blades 
Price £1.26. Post 50p. 
VAT 12 Vs 95 

UNISELECTOR switches 4 bank, 25 way 75 
ohm. coil. 36 -48v D C operation. Ex new equipment, 
£4.25, p & p 75p Total price inc. VAT. £5.40. 

MINIATURE ROLLER 
M sw OMRON type V15 FL 22-1C 10 for [2.00 
post SOp (Min order 10) 

Sub -miniature Burgess type V 41 I 10 for £2.60, 50 for 
E10.00, post paid. 
EVER OPERATED 20 amp c/o m/s Mfg by 

Unimax USA 10 for £4.00 plus 50p p (min order 10) 

230 -250 VOLT A.C. SOLENOID 
Similar in appearance to 
teprosimalely 1h lb pull Size leer 1>g" 13: 16 

Price E1.00. Post 25p 

SOLENOID HEAVY DUTY MODEL 
230/250v A.0 Appra I Olb pull. 4" long o 214" wide a 3" high 
E2.50. Post 50p 

R_ ING TRANSFORMERS 
Functional Versatile Educational 

These multipurpose Auto Transformers with large 
centre aperture. can be used as a Double wound 
current Transformer. Auto Transformer. H.T. or L T 

Transformer. by simply hand winding the required 
number of turns through the centre opening. 
E.g. Using the RT 100 V.A. Model the output could be wound to give 8V 

® 129 Anp.. 4V ®25 Amp. or 2V ®50 Amp., etc. Price 
RT 100VA 3 18 turns per volt. £6.00. Post 75p 
RT 2KVA 1 5 turns per volt £21.00. Post E1 50 
RT 3KVA 1 5 turns per volt E28.00. Post CI 50 

STROBE! STROBE! STROBE! 
HY -LIGHT STROBE Mk. IV 

.* latest type Xenon white ligln tube Solid state timing and 
triggenng nrcwt. 230/240 volt A.C. operehon. Speed adÍusable * 1.20 f.p.s. Designed for large rooms. halls. etc. Light output * grseter then many (su called 4 Joule) strobes. Price £15.40. Post 

.. 75p Specially designed case and reflector £8.25. Super high light 
T approx. 4 times more output S a.e for leaflet * Specially designed case and reflector for Hy -Light £5.25. Post * 

E1.00. 

XENON FLASH GUN TUBES 
* Range of Xen n tubes available Iron 

y ock SAE for full details * 
K 

s 

* * * * * * * * * * * * * * * * * * * ** 
.0 ULTRA VIOLET BLACK LIGHT * 
* FLUORESCENT TUBES * 

4H. 40 wan £8.00 )tellers only) 215. 20 wan £4.60. Post 60p * )For use in sec bi -pin fits ngs). MINI 52m. 8 watt £1.75. Post 25p * 8M.6 watt £1 .40. bin. 4 wan £1.40. Poet 25p. Complete ballasi * 
unit and holders for either 9" or 12" tube. £2.50. Post 309 (9" 

e * 12" measures approx.). 

*BIG BLACK LIGHT * 400w 
* 

Mercury Vapour Ultra Violet Lamp. Powerful source of Uv 
P F. ballast unit is essential with this lamp Price of bulb and 

* 
matched ballast unit. £28. Post £2. Spare bulb only E10. Post * 80p * 

SQUAD LIGHT 
A new cOnception in light 
control Four channels each 
capable of handling 750 watts of ' 

spotlights. floodlights or dozens of small mains lamps. Seven 
programs all speed controlled plus flash modulation. effectively 
giving 14 different displays. Makes sound- to-light obsolete 
Completely electrically and mechanically noise free. 

Pnce only E80.00 
Post 75p S A E. (Foolscap) for further details 

TRIAC 
Raytheon Tag symmetrical Triac Type TAG 250 500V 10 amp. 500 p t.v. Glass 
passivated plastic iliac. Swiss precision product for long term reliability E1.25. 
Post 10p (inclusive of Date and application sheet). Suitable Diac 18p. 

24 VOLT D.C. SOLENOIDS 
UNIT containing 1 heavy duty solenoid approx. 25 Ileytall at 1 in 
travel. 2 solenoids of appros. 1 lb pull at 'I in. travel 8 solenoids of 

1pheaavy 4duty 
pull at 1/2 in 

relay Pece 
Plus 1 ABSOLUTE 

m BARGAIN 

240 A.C. SOLENOID OPERATED' 
FLUID VALVE 
Rated 1 p. s.i. will handle up to 7 p i Forged brass body. 
stainless steel core and spring 'h in. b.s.p. inlet outlet. 
Prppsion made. British mfg. 
PRICE £2.75. Post 50p NEW original packing 

600 WATT DIMMER SWITCH 

COLOUR WHEEL PROJECTOR 
TYPE P150 INTACHANGE 
200/240V a.c. 50Hz 150W lamp, complete with 
oil filled colour wheel and motor plate. Takes 
irtediange aesweeties and full range of lenses. 
£29,95. Post I 1 35 (Total inc VAT & Post £33.70). 

.. 

Wide ange of disco 
lighting graphic 
wheels. etc S a e loi 
details 

GEARED MOTORS 
100 R.P.M. 115 lbs. ins.!! 

115 Ib. ins.. 110 volt. 50Hz, 2.8 amp. single phase. 
spin capacitor motor. Immense power. Continuously 
rated. Totally enclosed. Fan cooled. In -line gearbox. 
Length 250mm Dia. 135mm. Spindle Dia. 15.5mm 
Length 145mm, ex-equipment tested E12.00. Post 
El 50. Suitable transformer 230 / 240 volt £6.00. Post 
75p. 

15 R.P.M. 
Type 5048 15 r.p.m. 80 lb. ins. Input 100/120 volt A.0 Length incl. 
gearbox 270mm. Height 135mm. Width 150mm Shah drive 16mm. 
Weight 8.5 Kilos. BRAND NEW Price E10.00, cary. El .00, 
Suitable transformer for use on 220/240 volt A.0 

E3.15. Post 50p 

DRAYTON MOTOR 
Type ROR 230/250v 50c. Continuously rated 1 

RPM. 901b. in. Reversible motor is fitted with 
limit switch for 180° angular reversible rotation if 
required. Twin spindle size 100mm by 140mm 
by 125mm. Shaft 50mm by 8mm Weight 2 

kilos. Now Price E1S.80 p &p E1.00. 

BODINE TYPE N.C.I. 
GEARED MOTOR 
)Type 1) 71 r.p.m. torque 10 lb in 
Reversible 1/70th h p cycle 38 amp. This U S A. motor is offered 
in as new condition Input voltage of motor 115v A.C. Supplied 
complete with transformer for 230/240v A.C. Input 
Price type £6.25. Post 75p or less transformer £3.76. Post 65p 
(Type 3) 71 r.p.m. 230 Volt A.C. 
Continuously rated. Non reversible. £6.50 Post 75p 

t\\\4iyty 

1iTmllli\ 

6/9 VOT D.C. GOVERNED 40mm s 40mm Spindle 10mm 
2mm E1.00. Post Paid Two for £1.65. Post Paid. 

Dia 

24 R.P.M. 230 volt A C Continuously rated Mfg Mycalex Ex-equip 
Fully tested E3.85. Post 75p. 

7 R.P.M. 230/240 VOLT A.C. SYNCHRONOUS!! Ex- equipment 
Thoroughly tested and guaranteed ONLY E1.50. Post 20p 

20 r.p.m. GEARED MOTOR 
230/240 volt 20 r m motor £1.00. Post 20p. 

REVERSIBLE MOTOR 230V A.C. 
General Electric 230v A C. 1.600 r p m. 0.25 amp Complete with 
anti -vibration mounting bracket and capacitor. 0/A size 110mm o 

95mm. Spindle 5/16" dia. 20mm long Ex- equipment tested. £3.00. 
Post Sop 

METERS NEW 
90mm Diameter 
Type: 6SCS D C M/C 2. 5, 10. 20. 50 amp. £2.75. 
Post 20p 100 amp £3.25. Post 20p. 
Typa: 62T2 A C. M /I. 1. 20. 50 amp. E2.50 Post 20p. 0 -300 Volt 
A.C. M/ I £2.75 and 300 Volt A.C. R /M /C. £3.00 Post 30p 

WHY PAY MORE?! 
MULTI RANGE METER. A C volts 2.5 -500 D.C. 
volts 2.5 -500 (Sensitivity 20000 /V D.C. & A.C.) 
D.C. current 0 /1 /10 /100 mA. Ohms range 
Sturdy compact moving coil instrument with 21 

ranges. dimensions 120 x 80 o 44mm. Weight 
O 32 kg SERVICE TRADING DO Price E5.50. 
Incl. bads and battery. Post 50p (Total price inc. 
VAT S Post E5.94). 

ROTARY VACUUM AIR COMPRESSOR 
AND PUMP 
Carbon vane. oil -less 100/115V A.0 1 / 1 2 n p. 

motor 50/60 cycle. 2875/3450 r.p m 20" 
vacuum 1.25 c.f.m. 10 p s.i. (approx figures). 
New unused surplus stock with elect connection 
data Fraction of maker's price. E12.00. Post 
01.00 Suitabi0 transformer £3.50. Post 50p 

TIME SWITCH 
Horstmann Type V Mk II Time Switch 200/250 voli 
A.C. Two on/ two off every 24 hours. at any manually 
pre-set time 30 amp contacts 36 -hour spring reserve 
in case of power failure. Day omitting device Fined in 

heavy high impact case. with glass observation 
window. Built to highest Electricity Board spec 
individually tested. Price E7.75. Post 50p (Total inc 
VAT £8.91). 

Easily fitted. Fully guaranteed by makers Will control up 
to 600 wens of all lighting except fluorescent at mains 
voltage Complete with simple instructions. E3.15. Post 
26p 
1000 wan model £4.50. Post 25p 
2000 watt model £9.00. Post 40 

ALL MAIL ORDERS, ALSO CALLERS AT 

57 BRIDGMAN ROAD, CHISWICK, 
LONDON, W4 588. Phone: 01- 995 1560 

Closed Saturdays. 

INSULATION TESTERS 

4NEo I E Spec Rugged metal construction. 
suitable for bench or field work. constant speed 
clutch. Size L. 8 in.. W. 4 in. H. 6 in. . weight 61b. 
S00 VOLTS 500 megohms f40.00 
Post 80p 
1000 VOLTS 1000 megohms 
Post 80 £48.00 

VAT 

{1tiv 
1 .y 

VAT AT 8% 

MUST BE ADDED 

TO ALL ORDERS 

FOR THE TOTAL VALUE OF GOODS INCLUDING 

POSTAGE UNLESS OTHERWISE STATED 

ACCOUNT CUST MERS MIN.ORDER £10. 0 

A.C. MAINS 
TIMER clock. with 25 amp. 
single -pole switch. which can be preset to any ' 

period up to 12 hrs ahead to switch on for any " - 
length of time. from 10 mins. to 6 hrs then 
switch off. An additional 60 min. audible timer is 
also incorporated Ideal for Tape Recorders Lights. Electric biù:.- éis etc 
Attractive satin copper finish. Size 135 mm o 130 mm x 60 mm Price 
£2.25. Post 40p (Total no VAT & Post £2.87). 

POWER 
RHEOSTATS 
New ceramic construction. vitreous enamel 
embedded winding. heavy duty brush assembly 
continuously rated 

25 WATT 10, 25, 100. 150. 250. 500. lk. 1.5k ohm E1.90. Post 

20p. SO WATT 1, 5, 10, 25. 50. 100. 500. 1 k ohm £2.40. Post 

26p. ' 100 WATT 1/5/10/25/50/100 /250/500/145 
1 5k/2 5k /5k ohm E3.70. Post 35p. 
Sleek Sever Skirted knob calibrated in Nos 1 -9. 19 in die brass 

bush Ideal for above Rheostats. 22p u. 

PROGRAMME TIMERS 
230 Volt AC Operation. 15 or 20 r.p.m. 
Each cam operates a c /o micro switch. Ideal 
for lighting effects. displays. etc. Ex equip 
tested. Similar to illustration. 

6 CAM model £5.00 
9 CAM model £6.50 

14 CAM model E7.50 
Post SOp. Also available for 50 volt A C operation. Prices as above. 

,¡,rP 

SERVICE TRADING CO. 
SHOWROOMS NOW OPEN 

AMPLE PARKING 

PERSONAL CALLERS 

LITTLE NEWPORT STREET, 
LONDON, WC2H 7JJ. 

Tel.: 01 -437 0576 
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LYNX (LONDON) LTD. DIGITAL DISPLAYS & LEDs 
DL704 99p E1.65 2 RED LED ONLY 13p 
01.707 99p 01.747 F 1 80 GREEN 0.20 
01727 (1.85 DL750 f I SO TIL209 J.10 AC126 

AC127 
AC128 
AC128K 
AC141 
AC141K 
AC142 
AC142K 
AC176 
AC176K 
AC187 
AC187K 
AC188 
AC188K 
A0140 
40142 
AD143 
AD149 
AD161 
AD162 
A1102 
AL103 
AF114 
AF115 
AF116 
AF117 
AF118 
AF139 
AF239 
BC107 
BC1078 
BC108 
BC109 
BC109C 
BC' 17 
BC125 
BC126 
8C141 
BC142 
BC143 
BC144 
BC147 
BC148 
8C149 
BC152 
BC153 
BC157 
BC158 
BC159 
BC160 
BC161 
BC1688 
BC182 
BC1821. 
8C183 
6C1831 
BC184 
8C1841 
BC207B 
BC212 
BC212L 
BC213 
5C213L 
BC214 
BC2141 
BC237 
BC238 
BC300 

0.16 
0.10 
0.13 
0.25 
0.18 
0.28 
0.18 
0.29 
0.16 
0.25 
0.18 
0.26 
0.18 
0.25 
0.50 
0.50 
0.46 
0.45 
0.35 
0.35 
0.95 
0.93 
0.20 
0.20 
0.20 
0.20 
0.50 
0.35 
0.37 
0.14 
0.16 
0.13 
0.14 
0.12 
0.10 
0.16' 
0.20' 
0.28 
0.23 
0.23 
0.30 
0.00 
0.09' 
0.09' 
0.25' 
0.18' 
0.09' 
0.00 
0.09' 
0.32 
0.35 
0.00 
0.11' 
0.11' 
0.10 
0.1W 
0.11' 
0.11' 
0.12' 
0.11' 
0.1V 
0.72' 
0.12' 
0.1W 
0.1W 
0.16' 
0.18" 
0.34 , 

BC301 
BC323 
BC327 
BC328 
BC337 
BC338 
BCV70 
BCY71 
BCY72 
8D115 
8E1131 
BD132 
60135 
BD136 
80137 
BD138 
BD139 
BD181 
BD182 
BD183 
BD232 
BD233 
80237, 
BD238 
BD184 
BDY20 
BDY38 
BDY60 
BDY61 
BDY62 
BDY93 
80794 
B0V95 
50796 
BDV97 
BOV9P 
6F178 
6F179 
BF194 
BF195 
8F196 
8F197 
BF224J 
8E244 
8E257 
8F258 
0F337 
BFW60 
8FX29 
6FX30 
BFX84 
BFX85 
BFX88 
6F750 
6E751 
BFY52 
8F764 
BFV90 
BR100 
BFV39 
BSX19 
BSX20 
BSX21 
BSY95A 
BT106 
BT107 
BT108 
BT109 

0.32 
0.60 
0-18' 
0.16' 
0.17' 
0.17' 
0.12 
0.18 
0.12 
0 55 
0 36 
040 
0 36 
0.39 
0.40 
0.48 
0.58 
0.86 
0.92 
0.97 
0.80' 
0.48' 
0.55' 
0.60' 
1.20 
0.80 
0.60 
0.60 
0.85 
0.55 
2.52 
2 14 
2 14 
4 63 
3.93 
3.56 
0.28 
0.30 
0.10' 
0.10' 
0.12' 
0.12' 
0.18' 
0.17' 
0.30' 
0.35 
0.32 
0.17' 
0.28 
0.30 
0.23 
0.25 
0.20 
0.20 
0.18 
0.19 
0.35 
0.85 
0.20 
0.40 
0.16 
0.18 
0.20 
0.12 
1.00 
1.90 
1.80 
1.00 

07116 1.00 
BU105 1.00' 
BU105/02 1.00 
BU126 1.80' 
BY206 0.15 
BY207 0.20' 
BYX36- 

300 0.12' 
600 0.15' 
900 0.18' 

1200 0.21' 
BYX3B- 

300 0.50 
600 0.55 
900 0.60 

1200 0.65 
BZX61 Senrs 
Zeners 0.20 
BZX83or 
BZX88Series 
Zeners 0.11 
C106A 0.40 
C1068 0.45 
C106D 0.50 
C106F 0.35 
CRS1 05 025 
CRS1 10 0.25 
CRS120 0.35 
CRS140 0.40 
CRS1 60 0.65 
CRS305 0.34 
CRS3 10 0.45 
CRS3 20 0.50 
CRS3 40 0.60 
CRS3 60 0.85 
MJ480 0.80 
Mi481 1.05 
MJ490 0.90 
MJ491 1.15 
MJE340 0.40' 
MJE371 0.60 
MJE520 0.45 
MJE521 0.55 
0A5 0.50' 
0490 0.08 
0A91 0.08 
0C41 0.15 
0C42 0.15 
0C44 0.12 
0C45 0.10 
OC70 0.10 
0071 0.10 
0072 0.22 
0084 0.14 
SC404 0.73 
SC4OB 0.81 
SC400 0.98 
SC4OF 0.65 
SC41A 0.65 
SC418 0.70 
SC410 0.85 
SC41F 0.60 
ST2 0.20 
rIP29A 0.44 
11P304 0.52 
TIP314 0.54 
TIP32A 0.64 
TIP34 1.05 

TIP41A 
T1P424 
N2069 
N2070 
N4001 
N4002 
N4003 
N4004 
N4005 
N4006 
N4007 

2N696 
2N697 
2N706 
2N929 
2N930 
2N1131 
2N1132 
2N1304 
291305 
2N1711 
2N2102 
2N2369 
2N2369A 
2N2484 
2N2646 
2N2905 
2929054 
2929265 
2N29260 
2929267 
292926G 
2143053 
2N3054 
2N3055 
2N3440 
2N3442 
2N3525 
2N3570 
293702 
293703 
293704 
2N3705 
2N3706 
293707 
2N3714 
293715 
293716 
293771 
293772 
2N3773 
293819 
293904 
293906 
294124 
2N4290 
294348 
294870 
2N4871 
2N4919 
2N4920 
294922 
2N4923 
2N5060 
2N5061 
2N5062 
295064 
2N5496 

0.65 
0.72 
0.14 
0.16 

0.05' 
0.0W 
0.07' 
0.011* 
0.09' 
0.10' 
0.14 
0.12 
0.10 
0.14 
0.14 
0.15 
0.16 
0.46 
0.40 
016 
0.44 
0.14 
0.14 
0.15 
0.60 
0.15 
0.22 
0.10' 
0.00 
0.09' 
0.10 
0.15 
0.40 
0.60 
0.56 
1.20 
0.75 
0.90 
0.10 
0.10 
0.10 
0.10 
0.10 
010 
1.06 
1.16 
1.26 
1.50 
1.60 
2.10 
0.26' 
0.1W 
0.10 
0.14 
0.12 
1.20 
0.36' 
0.3W 
0.7W 
0.60' 
0.56' 
0.64' 
0.25' 
0.28' 
0.30' 
0.35' 
0.65 

THYRISTORS 
) BA lA 3A 4A 6A BA 10A 

(T092) (T05) (C 10type) (10220) (70220) (T0220) (10220) 
50 0.25' 25 38 41 sx 47 

100 0.2r 25 40 42 47 46 54 
200 0.30' 35 45 S7 s6 5o 66 
400 0.3W 40 so 60 87 65 9s 
600 65 70 55 1.09 1.19 1.26 

TRIACS (PLASTIC TO -220 PKGE ISOLATED TAB) 
4A 6.5A 8 5A 10A 15A 

(a) (b) (a) (b) (a) (b) (a) (b) (a) (b) 
100V 0.50 0.60 0.70 0.70 0.75 0.76 0.53 0.83 1.01 1.01 
200V 0.64 0.54 0.75 0.76 0.57 0.87 0.87 0.57 1.17 1.17 
400V 0.77 0.75 0.50 0.93 0.97 1.01 1.13 1.19 1.70 1.74 
600V 0.96 0.05 0.67 1.01 1.21 1.20 1.42 1.50 2.11 2.17 

N Tnacs without internal trigger diac are priced under column (a). Triaca with internal trigger diac 
are priced under column (b). When ordering please indicate clearly the type required. 

TTL 74 SERIES PLASTIC 
7400 0.16 7420 0.16 7447 0.81 7483 1.12 74119 1.92 74163 1.20 
7401 0.16 7422 0.38 7448 0.81 7484 0.85 74121 0.34 74164 0.93 
7402 0.15 7423 0.40 7450 0.85 7485 1.25 47122 0.47 74165 0.93 
7403 0.16 7425 0.30 7451 0.16 7496 0.32 74123 0.40 74167 3.70 
7404 0.15 7427 0.48 7453 0.18 7489 2.92 74125 0.79 74174 1.06 
7405 0.18 7428 0.53 7454 0.13 7490 0.45 74141 0.75 74175 0.94 
7406 0.51 7430 0.16 7460 0.18 7491 0.68 74145 0.74 74176 0.86 
7407 0.18 7432 0.37 7470 0.32 7492 0.57 74150 1.20 74180 1.23 
7408 0.18 7433 0.49 7472 0.26 7493 0.45 74151 0.77 74181 3.20 
7409 0.18 7437 0.35 7473 0.30 7494 0.85 74153 1.09 74190 1.33 
7410 0.16 7438 0.35 7474 0.32 7495 0.67 74154 1.62 74191 1.33 
7412 0.25 7440 0.16 7475 0.47 7496 0.78 74155 1.32 74192 1.39 
7413 0.25 7441 0.76 7476 0.38 7497 4.32 74157 0.78 74193 1.39 
7414 0.72 7442 0.65 7480 0.55 74100 1.15 74160 1.20 74193 1.39 
7416 0.43 7445 1.50 7484 1.26 74107 0.35 74161 1.20 74196 1.84 
7717 0.43 7446 2.56 7482 0.75 74118 1.16 74162 1.20 74197 0.811 

74198 2.74 
74199 2.74 

LINEAR ICs TO-3 Transistor mounting kits 
50 lots for 6599 

Fully Tested but 
unmarked TO -3 NPN 
Power Transistors. Simi- 
lar to 2N3055 type 
except. 

BVCEO >50V 
HFE >20 @ 3Amps 

5 pee for E1.00 
10 pcs. for £1.80 
50 pcs. for £3.40 

100 pcs. for E13.00 

LM307 0.55' /(19 0.35 MC1307P 1.17' 
LM380 0.90' 741 0.26 MC1352P 0.91' 
NE555 0.45 748 0.35 744550 0.48' 
NE565 2.00' 3900 0.70 TAA300 1.61 
NE566 1.50' CA3045 0.05' 744310 1.38 
NE567 2.00' CA3046 0.60' TAA611812 1.2r 

711 0.61 185530 1.55' 

HIGHAM MEED, CHESHAM, BUCKS. Tel. (02405) 75154 
VAT - Please add 8% except items marked ' which are 121/2% 

P &P 20p. Overseas 80p 
ACCESS & BARCLAYCARD ORDERS ACCEPTED 

SINTEL for MEMORIES-CMOS- DISPLAYS - MPUs - BOOKS Components from 
leading manufacturers only 

FAST SERVICE -We 

guarantee that telephone orders, for goods on stock, received by 4 30 p m (Mon -Fri ) will be despatched the same day. First Class Post. 

(Books by parcel post) 

CMOS from Top Manufacturers - mainly RCA & Motorola 

CMOS CD4026 1.79 CO4051 
CD4027 0.55 C04052 

CD4000 0.18 CD4028 0.89 CD4053 
CD4001 0.16 CD4029 1.18 CD4054 
CD4002 0.16 CD4030 0.59 CD4055 
CD4006 1.22 CD4031 2.24 CD4056 
CD4007 0.17 CD4032 1.11 CD4057 
C04008 0.95 CD4033 1.45 CD4059 
CD4009 0.58 CD4034 1.98 CD4060 
CD4010 0.56 CD4035 1.22 CD4062 
004011 0.17 CD4036 3.15 CD4063 
CD4012 0.17 CD4037 0.99 CD4066 
CD4013 0.58 CD4038 1.22 CD4067 
CD4014 1.05 C04039 3.09 CD4068 
CD4015 1.05 CD4040 1.11 CD4069 
CD4016 0.55 CD4041 0.87 CD4070 
CD4017 0.99 CD4042 0.87 CD4071 
CD4018 0.99 CD4043 1.05 CD4072 
CD4019 0.58 CD4044 0.97 CD4073 
CD4020 1.18 CD4045 1.45 CD4075 
CD4021 1.05 CD4046 1.39 CD4076 
CD4022 1.00 CD4047 0.94 CD4077 
004023 0.17 CD4048 0.58 CD4078 
CD4024 0.81 CD4049 0.55 CD4081 
CD4025 0.17 CD4050 0.85 CD4082. 

0.97 
0.97 
0.97 
1.20 
1.37 
1.37 

27.95 
4.95 
1.18 
9.07 
1.14 
0.64 
3.57 
0.22 
0.22 
0.80 
0.22 
0.22 
0.22 
0.22 
1.91 
0.60 
0.22 
0.22 
0.22 

C04085 0.74 
CD4086 0.74 
CD4089 1.61 
CD4093 0.89 
CD4094 1.94 
CD4095 1.09 
CD4096 1.09 
CD4097 3.87 
C04099 1.90 
CD4502 1.29 
CD4510 1.41 
CD4511 1.62 
CD4514 2.85 
CD4515 3.25 
CD4516 1.41 
CD4518 1.30 
CD4520 1.30 
CD4527 1.64 
C04532 1.50 
CD4555 0.94 
CD4556 0.94 
MC14528 1.18 
MC14552 8.05 
MC14553 5.24 
IM6508 8.05 

CLOCK CHIPS 
4Y51202 2.89 
4Y51224 3.50 
MK50250 5.00 
MK50253 5.60 

FLAT CABLE 
20 -w 1m 1.00 
10m for 8.00 

VEROCASES 
751410J 2.84 
751411D 3.04 
751237J 1.72 
751238D 2.15 

SUNDRY 
CA3130 1.14 
uÁ741 0.35 
(RCA 8 DIL) 
78L12WC 0.77 

BOOKS and Detashcets (do not add any VAT) 
New 1976 RCA CMOS and Linear IC Combined Databook E4.95 
New 1976 RCA "Power and Microwave" Databook E4.95 
1976 National Semiconductor 7400 serres TTL Databook. c 200 pages E3.45' 
TTL Pin -Out Card Index Set of cards with pin-ours (top and bottom views) of T I TTL range and 

many Other T I 1C -s 

Intel Memory Design Handbook. c 280 pages 
Intel 8080 Microcomputer Systems Users' Manual c 220 pages 
Motorola McMOS Databook (401 5 Series AI. c 500 pages 
Motorola M6800 Microprocessor Applications Manual c 650 pages 
Motorola M6800 Programme Manual. c 200 pages 
Motorola Booklet introducing Microprocessors 
2650 Microprocessor Library 
DATA SHEETS on Microprocessors 
Inters!) 6100 12 -bit CMOS .. E0.76 RCA 1802 8 -bit CMOS ..... E0.35 
National SCAMP 8 -bit £0.75 Zilog Z80 (enhanced 8080).... . 60.75 

These Jumbo daurr t 0 3 -' types All 

DISPLAYS our Common Cathode (C. 
LED 

C.) degits 
isplays cat: 

be 
no 
caed 

m ore 
in pIcaee 

ent 
of 

han 
any ocher C.C. display 

(DL704. DL750. MAN3640, etc) as they are all electrically identical (but may have different pin -outs) Similarly 
our Common Anode digits may be used in place of any other C A types (DL707, DL747. RS /Doram 
586/699. etc) 
Many Display PCB s also available 

E4.75 
E4.85 
E2.77 

E12.45 
E8.86 
E1.50 

E24.50 

FND500 C C 

Red 0.5" E1.02 
Red 0.5" LED's 

711.321 C A E1.30 
T1L322 C C E1.20 

Green 0.6" LED's 
XAN852 C A 61.75 
XAN884 C C 61.75 

32.768kHa Min. Watch Quartz Crystal 
ADD VAT at 8 %. 25p p &p on all orders Price List sent with orders or free on request 

Access and Barclaycard orders very welcome. written or phoned (by phone min. E5). 
Export orders very welcome. No VAT but add 10% (Europe). 1 5% (Overseas) for Air Mail p& (For export 

postage rates on books contact us lust I 

E4.50 

SINTEL Te.0865497g1xFORD 

KITS 
5011: CRYSTAL TIM ERASE KIT: provides an extremely stable output 
of one pulse every 20msec. Uses May be added to all types of digital 
clocks to improve accuracy, to within a few seconds a month If used 
with battery back -up also makes clocks power -out or switch-off proof 
Replacing 50 Hz signal on battery-powered equipment Providing him 
synchronisation Monitoring or improving turntable speed. Order as 

E5.25 

DIGITAL CLOCK KITS WITH CRYSTAL CONTROL & BATTERY SACK -UP 

Illeatal3/40 
ACK OCK 

These two kits incorporate ono Crystal Timebase Kit (XTK), together with components for 
battery back -up. All components, plus a P53-type battery. fit neatly in the clock ceses. 
Accurate to within a few seconds a month It mains power is disconnected (through a power 
cut. accidental switching off or moving clock) the clocks will still keep perfect time While on 
back -up. the displays are off to conserve battery life 
ATTRACTIVE 6 -DIGIT ALARM CLOCK: Uses Red 0 5" displays Features bleep alarm. 
-'Touch switch snooze control and automatic intensity control Alarm remains fully 
operational while clock is on back -up. Complete kit including case 
Order as "ACK + XTK + BBK" E33.58 
Kit also available less crystal control and back -up. Order as "ACK" £26.80 
SLIM OREEN CLOCK. Attractive 4 -digs Mantelpiece Clock with bright 0.5" Green display 
Complete kit including case Order as "GCK + XTK + GBBK E19.65 
Kit also available less crystal c<inirnI and back -up. Order as "GCK - - E12.90 

microprocessors 
Please Microprocessors ri 1)1 only be bot.ght by experienced constructors Sorry 

technical queries or supply data other than from our selection below 

IM6100CCUL 
080A (2uS) 
800 

ISPA/ 100 (SC/MP) 
2650 

£58.00 
E43.65 
E33.87 
E18.75 
E27.00 

6820 
6850 
8224 
8228 
8251 
8255 

MICROPROCESSOR MANUFACTURERS' DEVELOPMENT KITS 
These include main ICs. PCB. Manuals and Data 

MEK6800D1 - with the 6800 MPU 
SP8K /200E - SC /MP Intro Kit 

MÇS -80 Kit C - with 8080A (no PCB) 

e cannot 

E17.57 
E17.67 

E9.78 
E12.16 
E17.87 
E17.87 

E137.00 
E93.55 

E178.653 

SOLOERCON IC SOCKET PINS 
Excellent contact low.coat sockets used by 
R&D depts. of limos Hospitals. Computer 
manufacturers and thousands of others. 

Simply cut off lengths you need solder into 
board and snap off the connecting carrier 
Send s a e for free sample Strip of 100 pins 
or 50p. 1.000 for £4. 3.000 for E10.50. 

MEMORY IC's - -- 
Intel 210256 (new verston of 210221 16 pin 
IC TTL compatible Single + 5V supply, 
65Onsec. 1024 x 1 bit Static NMOS 
RAM E3.35 
@Intel 52112 -2 650nsec 256 s 4 bit Static 
NMOS RAM E4.75 
Intersil IM6508 CMOS 1024 s 1 bit Stabc 
RAM 68.05 

SINTEL Official Orders Welcomed. Terms 30 days for written or phoned 
orders from Companies. Govt Depts. Nat. Industries. Umva. 
Polys. . etc Fast delivery for R&D. 
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It's the cat's whisked! 
A fascinating excursion into the past. The author has 
unearthed some 400 trade names from the crystal set 
days, along with nearly 200 manufacturers -giving 
the name of the set, technical description and original 
price. He also reviews the first days of broadcasting 
and looks at the difficulties experienced by crystal set 
users. Concise information and over 40 illustrations 
make this book a valuable work of reference as well 
as a rare piece of nostalgia for collectors. 

wireless 
world 

r£2.80 inclusive direct from Wireless World, Room 1 1, General Sales 
I Dept., IPC Business Press Ltd., Dorset House, Stamford Street, 

London SE1 9LU. 

I Name 

I Address 

Direct from the makers 
V pElt SIPAR Mks 

THE s 
NE 

OHIO IGNITION 
E% ECTR 

NITION 
pNEY 

THAT SAVES M 
UNIT T 

OD IMPROVES IMpROVES 
tRfORMANÇE 

Why be without when 

you can fit one so easily 

and for so little? 
- 

Well over 10,000 "Super Spark" Units have been sold 
m four years and no wonder' You know the advantages of 
capacitor discharge ignition - more mpg. less 
mechanical wear, easier starting from cold. "Super 
Spark" Mk. 5 gives you these and more - simple rev 
limiting adjustment, pos. and neg. earthing, switch for 
instant revert to normal ignition, on -off switch to 
immobilise against car thieves, neon indicator, improved 
circuitry, rugged construction and totally enclosed 
strong metal case size 6z/. a 4% x 4% in (1 70 x 118 x 

55mm), "Super Spark" Mk. 5 comes to you direct from 
our Southend factory, is guaranteed and offers 
UNBEATABLE VALUE. Ready built for easy installation 
or in kit of parts (lightweight solder -iron needed ). Inc 
transformer in both versions. 

For delivery by return from the 

makers 
Parts for the kit or the complete umt are guaranteed for 
12 months subject to being used as instructed by the 
manufacturers 

r - - --1 
I Easy Build Kit £8.95 I 

Ready Built and 

I tested £10.95 I L J 
Add 50p for P &P p /us 72p 
for VAT in Kit, and 88p for 
VAT on ready built unit. 

Stirling Sound 
A member of the BI -Pre Pak Group of Corn panes 

220 -224 WEST ROAD, WESTCLIFF -ON -SEA, ESSEX SSO 9DF 
Phone Southend (0702) 46344 PERSONAL CALLERS WELCOME 

INSTANT CIRCUIT DESIGN 
WITH THE BUG SYSTEM 

THE PROFESSIONAL BREADBOARDS FOR STUDENTS & HOBBYISTS! 
NO SOLDERING! USE ICs AGAIN & AGAIN! 

SK10. Takes up to eight 14 pin* 
DILs. All components insert 
directly. Insertion life of 
10,000 cycles. Contact 
resistance 5 milliohm average. .... .... .... 
Housing is acetal copolymer. £13.38 

SK50. Half size version of SK10 for tight places 
and student use. Takes 4 DILs. £7.80. 

LABEL THOSE ICs. 
Self adhesive 'Bug 

Backs' for many 7400 series TTL ICs. 

dentify pins and device. Saves time and 
temper! Pack of 500 £6.40. 

ti 
étx',BOOK LEARN DIGITAL ELECTRONICS 

Bug Books Part I & II 750 page learning system 

9u1330<I including 90 experiments on 50 different 7400 
series TTL ICs. £13.50 each. 

LR25. A useful control 
package for digital 

circuits on SK10 /SK50 sockets. Generates 
pulses. Monitors outputs. 8 LED indicators. 4 logic switches. 2 

pulsers. Variable frequency clock. £41.75. 
All prices include VAT and P. & P. 

Send for the Bug System leaflet and order form or cheque with order. 

HEPWORTH ELECTRONICS 
Hepworth House, Worcester Road, Kidderminster DY10 1BG. 

Telephone: Kidderminster 2212/3. 

.' 

WW - 096 FOR FURTHER DETAILS 
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20x20 Watt STEREO AMPLIFIER 
Superb Viscount IV unit in teak -finished cabinet. Black fascia with aluminium 
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, DIN speaker and input sockets, 
plus fuse. 20 +20 watts rms, 40 +40 watts beak 

HOW YOU CAN SAVE 

109 

SYSTEM 1B 
For only £80, you get the 20 +20 watt 
Viscount IV amplifier; a pair of our 12 -watt- 
rms Duo Type Ilb matched speakers; a BSR 
MP 60 type deck complete £8000 with magnetic cartridge, 
de luxe plinth and cover. + p & p £650 

SYSTEM 2 
Comprising our 20 +20 watt Viscdunt IV 

amplifier; a pair of our large Duo Type III 

matching speakers which handle 20 watts 
rms each; and a BSR MP 60 type deck with 
magnetic cartridge, 

de luxe plinth and cover. 
£9200 

Carriage surcharge to Scotland: Sys em lb 02.50, System 2 £S P 
& p C7 60 

30 AMPLIFIER KIT 
Specially designed by RT -VC for the 
experience 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. 
Black fascia and easy -to- handle 
aluminium knobs. £2900 
Output 30 +30 watts 7 
rms, 60 +60 peak. + p & P. £210 

SPEAKERS Twc models- Duo lib. 

teak veneer, l2 watts rms, 24 watts peak, 
18%4 "x 13 % "x 7'/e "approx. 

+p &1.£6.50 
PER PAIR £34 

Duo III 20 watts 
rms, 40 watts peak 
27"x 13 "x l VA" 

APPROX. 

£48 +p &p. 

£7.50 
PER PAIR 

TURNTABLE Popular BSR MP 
60 type, complete 

will magnetic cartridge, diamond 
stylus, and de luxe plinth and cover. 

f,24°° 
+p & £3.50 

STEREO CASSETTE DECK KIT 
Again, this kit is specially designed 
for the experienced constructor - for 

mounting into his own cabinet. 

Features include solenoid- assisted P&P FM WHEN 

AUTO -STOP, 3 -digit counter, 

DELUXE ACCESSORY KIT 
Comprises of a matched pair of dynamic mica. 

and tws replacement slider level controls. 

£3.15 +p&p EI.00 

record /replay PC board, mains 

transformer and input and output £3250 
controls. AC BIAS AND ERASE. + p & p ET 501 

PURCHASED 
1oGETHEA 

DIY STEREO 

SYSTEM 
COMPLETE WITH SPEAKERS 
Here's real value in DIY! Comprises ready -built 
amplifier module, 3 -speed Garrard auto -return 
deck, and teak -veneer simulate 

£2695 cabinets with clear plastic top. 
Easily built by hobbyists. + P & P. £4.05 

LC 20,20 WATTS 
STEREO AMPLIFIER KIT 
WITH PZ20POWER UNIT 
FANTASTIC SAVING. A build -it- yourself stereo 
power amplifier with latest integrated circuitry, 
10W RMS per channel output, full short-circuit 
and overheat protection p 
LIST£14.50 OUR PRICE Tr4.95 ET. 

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 cgntrols and 
master volume. £2750 + v & P 

£1.50 

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 + p & p. £6.50 

slave or external amplifier. 

£5500 

70 and 100 WATT DISCO AMPLIFIERS 
Brilliantly styled for easy disco performance! Slop ng 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, no IL.vel, deck level. 
PLUS INTER -DECK FADER for perfect 

graduated change from record 

deck No 1 to No 2, or vice £,4900 versa Pre lade level control 

IPFLl lets YOU hear next disc + p & p. £3.00 
before fading it in VU meter 

monitors output level 70 

watts rms, 140 watts peak 

output All the big features as 

on the 70 -watt disco 

amplifier, but with a massive 
100 watts rms. 200 warts 

output power 

500 
ubo.£400 

TOURIST IV PUSH- 
BUTTON CAR RADIO KIT 
(MOTOR TOP IO AWARD) 

Complete with speaker, baffle 
and Posing ships. The Tourist IV - 
fee the experienced constructor 

The IV has Ere push -hulloes. tour 
medium band and Gil for long wave 
band. 

The hieing scale is illumlealed an. 
attractive span aluminium control knob: 
are used for maul tuning Bad volume. 
control. 

EASY -TO- BUILD, WITH ENCLOSURE 
Specially designed by RT -VC for cost- consciots 
hi -fi enthusiasts, these kits incorporate two 
teak- simulate enclosures, two EMI 13" x 8" 
(approx.) woofers, two 3t/4' (approx.) tweeters and 
a pair of matching crossovers. Easily constructed, 
using a few basic tools. Supplied cemplete with 
an easy -to- follow circuit diagram, and crossover 
components. Input 15 watts rms, 30 watts peak: 
each unit. Cabinet size £'C50 + P & P 

20"x 11" x 91/2 "(approx) £5 50 
PER PAIR 

. 

15 -WATT KIT YOU v TTE 
IN CHASSIS FORM DO BE 

When you are looking for a good speaker, 
why not build your own from this kit. It's 
the unit which we supply with the above 
enclosures. Size 13" x 8" (approx.) EMI 
woofer, 31/4" (approx.) tweeter, and 
matching crossover. £750 + P & P 

Power handling capacity 1 £1.50 

15 watts rms, 30 watts peak. PER SET 

DECCA20 WATTS STEREO SPEAKER 
:..{Idling 

n down In a pfice 
Ihr kn cumprisis of two B" diameer apprux lase drive uni n Ih Ind ,h,' i:asl , h n , la,nmalnrt 
,Banes with rolled P V C surrnunib of tau 31" diameter dhl' 

- 
nq?Icn with 

crossover nehvnrks 
Ihn Ilnrp :> £30.00 - t d 00 P & P 

The modern style facia has been 
designed to blend with most car interiors 
and the finished radio will stol Into a 

standard cur radio aperture. Sie: 
approx. 1" x 2" s 4', ". 

Power Sweaty: Nominal 12 volts paiSve 
or negative Barth ¡altered inleredtyl. 
Power onset 4 watts into 4 ohms. 

£10.50 + pap Et.so 

'COMPACT' 
FOR TOP VALUE 

How about this for incredible 
bookshelf value from RT -VC! A 

pair of high efficiency units for 
b my £ £7.50 - just what you 
need for low -power amplifiers. 
These infinite baffle enclosures 
come to you ready mitred and 
professionally finished. Each 
cabinet measures 12" x 9" x 5" 
(approx.) deep, and is finished in 

simulated teak. Complete with two 

8" (approx.) speakers 
for max. power 

handling of 7 watts. p &p £1.70 
per pair 

kuuwuuw bmllIii 8speLih,dUw, 

ELECTROLYTIC CAPACITORS AT 
BARGAIN PRICES 
All Mend new hem reputable international manufacturers 
PACK 1. Containing 30 mixed Electrolytic valves from 
4.7 mid to 47 mid. Minimum 16 von working. 
55P + 24 P&P. 
PACK 2. Containing 17 mixed Electrolytic salves trom 

I 

rnak 

00 mid to 2200 mid. Minimum 16 von welleg. Majority 
0 von working. 

ßP + ?OP P&P 

ALL PRICES INC.VAT 
AT CURRENT RATES 
GOODS NOT DESPATCHED OUTSIDE UK 
All items subject to availability. 
Price correct at 1st October 1976 and 
subject to change without notice. 

We are unable to show all our products, 
so please send S.A.E. for our fully 
descriptive catalogue and any further 
information. 

R C 
21E HIGH STREET, ACTON, LONDON VTT3 
323 EDGWARE ROAD, LONDON W2 
Personal Shoppers EDGWARE ROAD: 9 a.m.- 5.30p. ro 

Half day Thurs. 
ACTON: 9.30a.m. -5p.m. Closed all day Wed. 

Minimum order on 
Access and 
Barclaycards £15 

DO NOT SEND CARD 
Just wore your order giving 
your credo card number 



11n Wireless World, December 1976 

KINNIE 
COMPONENTS 

10 NELMES WAY 
HORNCHURCH 

ESSEX RM1 1 202 
HORNCHURCH 45167 

CIRCUIT BOARD 
P.C.B. 1/16 1 oz, COPPER. 

FORMICA 
Dim. 8.4 x 7.7 in 3 pcs 80p. 
Dim. 9.4 x 8.1 in 3 pcs. 90p. 
Dim. 10.1 x 7.9 in 3 pcs £1.00. 
Dim. 13.1 -x 9.4 in 3 pcs £1.20. 
Dim. 17.0 x 9.0 in 2 pcs. £1.20. 
P.P. 35p on each pack. 
BARGAIN PACK 
10 pcs. 10.1 x 7.9 in. (Formica) plus 
free ' /21b etching Xtals, £3.30. 
FIBRE GLASS P.C.B. 
Dim. 6 x 6 in, 55p each. 
Dim. 12 x 6 in, 85p each. P.P 15p 
Dim. 12 x 12 in, £1.40 each. 

, FIBRE GLASS P.C.B. 
DOUBLE SIDED 
Dim. 6 x 6 in, 45p each. 
Dim. 12 x 6 in, 70p each. P.P. 1 5p 
Dim. 12 x 12 in, £1.30 each. 
ETCH RESIST PENS (55p, P.P. 5p). 
RESIST COATED P.C.B. 
10.1 x 7.9 in, 70p ea. (Formica). 
6 x 6 in, 76p ea. (Fibre glass). 

BLUE P.C.B. INK 
Etch resist use with any pen. Much 
cheaper than ready loaded pens. 
50 c.c., 55p, p.p. 1 Op. 

FERRIC CHLORIDE ETCHING 
XTALS 
11b -1 litre pack, 70p, p.p. 35p. 
51b -5 litre pack, £2.20, p.p. 65p. 
PRINTED CIRCUIT KIT 
The no-frills -all -value kit containing 4 
pcs 8 x 7 Formica laminate. 1 pce 6 x 6 
Fibre glass laminate, 1 lb Etching 
Crystals, 50 c.c. Resist ink with 
instructions. £2.40, p.p. 65p. 
BARGAIN PACK FIBRE GLASS 
P.C.B. 
200 sq in all usable pieces, £1.40. 
EDGE CONNECTORS, 54 WAY. 
1 Spacing 
Vero size, etc. Can be cut to any length. 
65p, p.p. 10p. Side guides to suit 
above, 15p each. 

TELEPHONE 
DIALS 

(new), £1.25, p.p. 
25p 

EXTENSION 
TELEPHONES 
(Type 706). Various colours. £5.25, 
P.P- 75p. 

MINIATURE UNISELECTOR 
12 volt 11 -way, 4 bank (3 non- bridg- 
ing, 1 homing), £2.50, p.p. 35p. 
24 volt 11 -way, 6 bank (5 non- bridg- 
ing, 1 bridging), £2.00, p.p. 35p. 
UNISELECTORS 
(new), 25 -way half wipe 12 bank 
(non- bridging), 68ohms, £8.50, p.p. 
50p. 

F.M. FRONT END 
Geared tuning. AFC. 
88/108 MHz. A.M. 
GANGS FITTED. Full 
circuit diagram and 
Conn. details supplied. 

10110 £3.50, p.p. 25p. I1101111111 

OUTPUT METER 
500µa 11/2 x 11/2 clear plastic panel 
type, £1.30. 

AM /FM TUNING METER 
125 -0 -125µa Edgewise, 11/2 x 'h, 
£1.10. 

SIGNAL STRENGTH METER 
250µa illuminated edgewise 11/2 x 1/2, 

£1.10. 

MINIATURE METERS 
500 micro-amp (level- stereo beacon, 
etc.), scaled half black /half red. Size 1 

x 1 in, 65p, p.p. 15p. 

3 GANG TUNING CAPACITOR 
8.5pf to 320pf, 80p, p.p. 20p. 

S.T.C. CRYSTAL FILTERS 
(10.7MHz) 445 -LQU -901A (50KHz 
spacing), E3, p.p. 20p. 
445 -LQU -9018 (25KHz spacing), 
£4.00, p.p. 20p.. 

Y.H.F. /U.H.F. POWER TRANSIS- 
TORS 
(Type BLY 38), 3 watt output at 
100 -500 Mhz, £2.25, p.p. 10p. 

HIGH CAPACITY ELECTROLYTICS 
250mfd/63 volt 20p p.p. 8p 

1,000mfd /100 volt 70p p.p. 25p 
2,200mfd/ 100 volt. 90p p.p. 25p 
4,700mfd/25 volt 65p p.p. 20p 
6,800mfd/ 16 volt 50p p.p. 15p 

10,000mfd/25 volt 75p p.p. 25p 
25,000mfd /40 volt £1.25 p.p. 30p 
47,000mfd /40 volt £2.00 p.p. 50p 

100,000mfd/ 10 volt E1.50 p.p. 50p 
160,000mfd /10 volt £2.00 p.p. 50p 

BULK COMPONENTS OFFER 
Resistors /Capacitors 600 new com- 
ponents, £2.75, p.p. 36p. 
Trial order 100 pcs, 75p, p.p. 20p. 

SMITHS GEARED MOTORS 
240V AC 
3 rev. per min. £1.50 
4 rev. per min £1.50 
6 rev. per min. £1.50 
2 "rev. per hr. £1.50 
6 rev. per hr. £1.50 

P.P. 
P.P. 
P-P 
PP. 
P.p. 

25p 
25p 
25p 
25p 
25p 

PANEL METERS 
2% in x 1% 58 500mA 
S1 50µA S9 1 Amp 
S2 100µA S10 50v a.c. 
S3 500µA S11 300v 
a.c. 

S4 1 mA S12 50 / 0/ 50 µA 
S5 10mA S13 100/0/100µA 
S6 50mA S14 500/0/500µA 
S7 100mA All at E3.75, p.p. 15p. 

PANEL METERS 
41/2 in x 3% L3 200µA 
L1 50µA L4 500µA 
L2 100µA - All at £5, p.p. 1 5p. 

HIGH SPEED 
MAGNETIC 
COUNTERS 

4 digit (non reset) 24v 
or 48v, 4 x1 x 1 in, £1, 
p.p. 20p. 
5 digit (non reset), 24v, 
£1.50, p.p. 20p. 
3 digit 12v (Rotary Reset), 2% x 13/4 x 
1'/4, £1.40, p.p. 1 5p. 
6 digit (Reset), 240v, mains, £5.00. 

RESET COUNTER (BRAND NEW) 
6 digit 24v 25 I, P.S., £4, p.p. 25p. 

RELAYS 
SIEMANS MINIATURE RELAYS 
6v. 4 c /o, 65p. 24v. 2 c /o, 50p. 24v. 
4 c /o, 65p. p p. 5p. 

MINIATURE RELAYS 
(1 x 1% x 'h), 24v. 4 c /o, 35p, p.p. 
5p. 

MAINS RELAY 240V A.C. 
3 c/o 10 amp. contacts, 80p with 
base, p.p. 20p. 

MINIATURE REED RELAY 
(1 x'/4), 12v. 1 c /o, 50p, p.p. 10p. 

S-DECS AND 
T-DECS 

S-DEC £1.90 
U-DEC A, 
£4.20 
T-DEC, £3.60 
U-DEC B, 

£6.90 

S.C.R. - THYRISTORS 
1 amp 400 P.I.V., 35p 
5 amp 400 P.I.V., 40p 

TRANSFORMERS 
H.T. TRANSFORMERS. Prim. 
110 /240v.Sec.400v.100 M /A. 

£3, p.p. 65p. 
L.T. TRANSFORMER. Prim. 240v. 
Sec. 27 -0 -27 at 800 M /A. 

£2.35, p.p. 50p. 
L.T. TRANSFORMER. Prim. 
110 /240v. Sec. 50v at 10 amp. 

£10, p.p. El .50. 
L.T. TRANSFORMER. Prim. 240v. 
Sec. 18v at 1.5 amp and 12v at 1 amp. 

£2.25, p.p. 65p. 
L.T. TRANSFORMER. Prim. 240v. 
Sec. 18v. 1 amp. £1.10, p.p. 35p. 
L.T. TRANSFORMER. Prim. 
110/240v. Sec. 23/24/25v at 10 

amps. £7, p.p. £1. 
L.T. TRANSFORMER. Prim. 
110/240v. Sec. 20/21/22c. at 8 
amp. £6, p.p. E1. 
L.T. TRANSFORMER. Prim. 
110/240v. Sec. 0/24/40v. at 11/2 

amp. (Shrouded). £1.95, p.p. 50p., 
L.T. TRANSFORMER. Prim. 
200/250c. Sec. 20/40/60v. at 2 
amp. (Shrouded). £3, p.p. 70p. 
L.T. TRANSFORMER (H.D.). Prim. 
200/250v. Sec. 18v. at 27 amp. 40v. 
at 9.8 amp. 40v. at 3.6 amp. 52v. at 1 

amp. 25v. at 3.7 amp. 
£17.50, p.p. £2.50. 

L.T. TRANSFORMER. Prim. 240v. 
Sec. 20v. at 2.5 amp. £2, p.p. 65p. 
L.T. TRANSFORMER ( "C" CORE). 
200/240v. Secs. 1- 3 -8 -9c. All at 1.5 
amp. 50v. at 1 amp. £2.50, p.p. 50p. 
L.T. TRANSFORMER ( "C" CORE). 
Prim. 120v/ 120v. SECS. 1-3-9-20v. 
10 amps. £7.50, p.p. E.1.25. 
L.T. TRANSFORMER ( "C" CORE). 
200" 240v. Secs. 1- 3- 9 -27v. All at 10 
amp. £7.50, p.p. E1.50. 
L.T. TRANSFORMER ( "C" CORE). 
200/240v. Secs. 1- 3- 9 -20v. All at 4 
amp. £5.50, p.p. 75p. 
L.T. TRANSFORMER ( "C" CORE). 
120/120v. Sec. 1- 3 -9 -9v. All at 10 
amp. £6.50, p.p. £1.50. 
L.T. TRANSFORMER ( "C" CORE). 
110/240v. Secs. 1 -3 -9v 10 amp. 
35v. 1 amp. 50v. 750M / A. 

£6.50, p.p. £1.50. 

POWER UNIT 20V D.C. 
500 MA rectified and smoothed by 
1250 Mfd. cap and 0C25 Trans. 
circuit, £2.50, p.p. 55p. 

POWER UNIT OUTPUT 17'/2 V 
RECTIFIED. UNSMOOTHED, 
£2.00, p.p. 50p. 

OVERLOAD CUT OUTS 
Panel mounting 800 M /A 1.8 amp. 10 
amp. 55p ea. 

MAINS MOTOR 
Type used to quality 
record decks and tape 
recorders suitable for 
Axtractor fans, heaters, 
etc. 
'/e" stack, 85p. 1" 
stack, £1.25. p.p. on 
both 30p. 

MAINS MOTOR (EX- EQUIP.) 
24 pole as used in quality tape 
equipment 1360 r.p.m., size 334 x 3% 
x 31/2, £2.25, p.p. 50p. 

H.D. ALARM BELLS 
bin. Dome 6 /8v. d.c. Heavy cast 
housing for exterior /interior use. 
£3.75, p.p. El. 

BULK COMPONENTS OFFER 
Resistors /Capacitors 600 new corn - 
ponents, £2.75, p.p. 40p. 
Trial order 100 pcs, 75p, p.p. 20p. 

1,000 TYPE KEY SWITCHES 
Single 2 x 6 make locking centre off, 
80p, p.p. 10p. 
BANK of 4 -2 x 4 c/o ea. switch (one 
bias 
E1.30, p.p. 25p. 

MULTICORE CABLE 
6 -core (6 colours) 14/0076 Screened 
P.V.C. 30p per yard. 100 yds. at 
£16.50, p.p. 2p a yard. 7 -core (7 
colours), 7/22 mm. Screened P.V.C. 
30p per yard; 100 yards £16.50. P.P. 
4p per yard. 

MAIL ORDER ONLY : CALLERS BY 
APPOINTMENT 

WW -073 FOR FURTHER DETAILS 

8 DECADE RESISTANCE BOX 

* 10 -100MO * 0.1% Accuracy 
* Colour coded digits, O yellow, KO white, MO red 

TIME ELECTRONICS LTD. 
Botany Industrial Estate Tonbridge, Kent 

Tel. Tonbridge (07322) 5993 (3 lines) 
WW -045 FOR FUATHER DETAILS 

AC /DC MULTIMETER 
TYPE U4324' 

With taut band suspension 
movement 
High sensitivity movement 
and full coverage of AC 

and DC current and 
voltage ranges. 
0 n6.0 6 -6 -60.60 r, A. i Amos nr 
U 3.3- 30.30UmA -3 Amos AL 

.0 6 -1 2 3.1 2.0060.120600 -1 200 
,Vohs oc 

3.6- 15- 60.1 50-300-600-900 
Vats AC 

'45 to 20.000 Hz Freq Range 

'5000 5'50-500ktt 
2500. 5 50k1! 
5Mt! Res Range 

*STAR OFFER 
BC 207 

50 for f2.50 + 25% V4` 
Plastic RC t07 

*STAR OFFER 

2N 3055A 
8 tor E2.50 . 

* STAR OFFER 

IN 4002 

100 for £2.50 + 8' 
Silicon rectifier 
1 amp 100 volt 

VA i 

Please add VAT 
and 20p P. &P. 

Send Stamped Addressed Envelope for FREE Catalogue of over 
2,000 Items 

MAMMA 
ORCHARD WORKS, CHURCH LANE,WALLINGTON, SURREY SMD 7NF 



TRANS CASES 
COMBINED WALL & 
FLOOR MOUNTING 

w b H 
5" x 41/2 " x 7" £5.59 
6" x 6" x 8" £5.77 

7y2" X 7" x 9" £8.52 
10" x 7" x 10" E7.17 
11" x 91/2" X 13" £8-18' 
12" x 12" x17" £11 -85 

P &P 90p VAT 8% 

FREE FITTING 
If case and transformer ordered 
together - fused, with cable in 
and cable out. 

Wireless World, December 1976 

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 CQ 110E DIGITAL 

allband, HF, 300 watts transceiver, 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 CQ 301 

allband HF, 3KW, linear amplifier, 160/80/40/20/15 /11/ 
10 meter, for modern amateur communication. Two El MAC 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 best sellers! 

Sole distributor in Europe: 

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

WW 055 - FOR FURTHER DETAILS 

TRANSFORMERS 
ALL EX -STOCK - SAME -DAY DESPATCH 

MAINS ISOLATING VAT 8% 
2 and /or 24-VOLT 120/240V SEC 120/240V 

Centre Tapped and Screened 
VA 

Ref. (Watts) E P &P 
or 20 3.57 66 

149 60 5.39 80 
150 100 6.13 95 
151 200 9.82 1.25 
152 250 11.87 1.53 
153 350 14.34 1.53 
154 500 16.48 1.79 
155 750 25.23 BRS 
156 1000 35.16 BRS 
157 1500 40.12 BRS 
158 2000 44.76 BRS 
159 3000 70.70 BRS 
'115 or 240 sec only 

50 VOLT RANGE 
Primary 240V 

SEC. TAPS 0- 19- 25- 33- 40 -50V 
Ref. Amps £ P &P 
102 0.5 3.12 65 
103 1.0 4.08 80 
104 2.0 
105 
106 
107 
118 
119 

30 
40 
6.0 
80 

10.0 

5.69 
7.02 
9.18 

14.62 
15.56 
20.41 

95 
110 
1 25 
1 37 
1 73 
FIRS 

60 VOLT RANGE 
Primary 240V 

SEC TAPS 0- 24- 30- 40- 48 -60V 
E 

2.85 
4.23 
6.13 
9.09 

10.57 
1 1.78 
13.88 
18.11 
22.31 
23.30 

ef. Amos 
124 0.5 
126 1.0 
127 2.0 
125 3.0 
123. 4.0 
40 5.0 

120 60 
121 8.0 
122 10.0 
189 12.0 

P&P 
B0 
80 
95 

1.10 
1 53 
1 37 
1 53 
SRS 
EMS 
BRS 

HIGH VOLTAGE 
MAINS ISOLATING 

Pc 200/220 or 400/440 
Sec 100 /120 or 200 /240 

VA Ref. £ P &P 
1.10 243 5.03 1.10 
1.53 247 12.57 1.53 
1000 250 30.26 BRS 
2000 252 50.74 BRS 

BRIDGE RECTIFIERS 
200v 2A 45p 
400v 2A 55p 
200v 4A 6Sp 
500v 10A £2.35 

P&P 15p. VAT 12'/2% 

METERS 
AVO8 £61.09 
AV072 E24.07 
AVOMM5 £20.94 
AVO TT169 E24.52' 
U4315 E12.00 

(USSR) inc steel carry case 
Avo Cases and Accessories 

P &P E1.25. VAT 8% 

STEREO F.M. TUNER 
4 Pre -selected stations 

Switched AFC 
Supply 20 -35v 90Ma Max. 

£19.95. P &P 25p. VAT 121/2% 

MAGNETIC TO CERAMIC 
CARTRIDGE CONVERTER 
Operating Voltage 20/45v 

ONLY £2.65 P &P 18p 
VAT 1 2'/ % 

BSR MINI -DECK 
4 -speed autochanger E6.00 
Garrard SP25 Mk. IV 

(Chassis) £19.23 
P &P 80p_ VAT 121/2% 

Primary 220 -240 Volts 
Ref Amps E P &P 

12v 24v 
11' 0.5 0.25 1.77 36 
21: 1.0 0.5 2.14 65 

7" 2 1 2.77 65 
1 E 4 2 3.42 80 
7C 6 3 5.09 80 

10E 8 4 5.85 95 
7; 10 5 6.33 95' 

11E 12 6 6.67 1 10 
1; 16 8 8.60 1 10 

11E 20 10 12.55 1 73 
18; 30 15 16.33 1 73 
22E 60 30 20.32 BRS 

30 VOLT RANGE 
Primary 240V 

SEC. TAPS 0- 12- 15- 20- 25 -30V 
Ref. Amps £ P &P 
112 
79 

3 
20 
21 
51 

117 
88 
89 

0.5 
1.0 
2.0 
3.0 
40 
5.0 
6.0 
8.0 

10.0 

2.27 
2.90 
4.34 
5.41 
6.39 
7.74 
8.65 

1 1.73 
11.91 

65 
80 
80 
95 
95- 

1.10 
1 25 
1 37 
1 53. 

AUTC TRANSFORMERS 
Ref. VA Primary 240V 

watt. AUTO TAPS 
113 20 0 -115- 210 -240V 
64 75 0 -115- 210 -240V 

4 150 0 -115- 210- 220 -240V 
66 300 
67 500 
84 1000 .. .. 

93 1500 .. 

95 2000 .. .. 

73 3000 .. 

E 

2.01 
3.51 
4.98 
7.03 

10.76 
16.51 
21.87 
29.22 
42.37 

P&P 

59 
80 
80 
95 

1 37 
1 73 
BRS 
BRS 
BRS 

S CREENED MINIATURES Primary 
Ref. mA Volts £ 
238 200 3-0-3 
212 1A, 1 A 0-6, 0-6 

13 100 9-0-9 
235 330,33) 0-9, 0-9 
207 500. 550 0-8-9, 0-8-9 
208 1A, IA 0-8-9, 0-8-9 
236 200, 260 0-15, 0-15 
214 300, 360 0-20, 0-20 
221 700 (DC) 20-12-0-12-20 
206 1A, 1A 0-15-20, 0-15-20 
203 500. 560 0-15-27, 0-15-27 
204 1A, 1A 0-15-27, 0-15-27 
S112 500 0-12-15-20-24-30 

1.86 
2.22 
1.79 
1.89 
2.32 
3.53 
1.79 
2.33 
2.74 
4.17 
3.62 
4.76 
2.27 

240V 
'P&P 
46 
58 
32 
32 
65 
65 
32 
65 
65 
80 
80 
80 
65 

CASED AUTO. TRANSFORMERS 
240v roams lead input USA 2 -pm outlets 

20VA E3.78. P &P 80p Ref. 113W 
150VA 0.33. P &P 95p. Ref. 4W 
500VA E1 t.62. P &P El 37. Ref. 67W 

1000VA E2I.15 BRS. Ref. 84W 
2000VA E31.02 BRS. Ref. 95W 

HIG-I QUALITY MODULES 
3 wan RMS Amplifier 
5 watt RMS Amplifier 
10 watt RMS Amplifier 
25 watt RMS Amplifier 
Pre -Amp for 3 -5 -10w (new) 
Pre -Amp for 2Ew 
Power Supplier for 3 -5 -10w 
Power Supplie_ for 25w 
Transformer fo 3w 
Transformer fo 5 -10w 
Transformer fo 25w 
P &P Amps /Pre -Amps /Power Supplies 
P &P Transformers 

VAT 12'/2% 

E2.30 
£2.65 
£2.95 
£3.95 
£6.50 

£13.87 
E1.20 
E3.00 
£1.90 
£2.30 
£2.80 

18p 
58p 

NEW STEREO 30 
Complete chassis, inc. 7 +7w r m. s. amps, 
pre -amp, power supply, front panel, knobs (needs 
mains trans.), £15.75. Mains trans. £2.45. Teak 
veneered cab. E3.65. P &P 88p. VAT 12'/2 %. 

POWER UNITS 
CC 12 -05. Output switched 

3. 4.5v, 6v 7.5v, 9v, 12v at 500mA. 
£4.08. P &P 48p. VAT 12'/2 %. 

ANTE% SOLDERING IRONS 
15W £2.10. 18W E2.75. 25W £2.45 

Sr ldering Iron kit £3.90 
Stand for above E1 -13- P &P 25p. VAT 8 %. 

PLEASE ADD VAT AFTER P &P 
ELECTRCSIL AND SEMICONDUCTOR 

STOCKISTS, AUDIO ACCESSORIES & BARGAIN 
PAKS CALLERS WELCOME (MON. -FRI. I OR 

SE JD STAMP FOR LISTS 

Barrie Electronics Ltd. 
3,THE MINORIES, LONDON EC 3N 1BJ 

TELEPHONE: 01 -488 3316/8 
NEAREST TUBE STATIONS: ALDGATE & LIVERPOOL ST- 

WW' - 037 FOR FURTHER DETAILS 
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Manufacturers of 
sound systems 
and electronics 

Station Road, Wenden 
Saffron Walden 
Essex CB114LG 

Saffron Walden 
(0799) 40888 

/MP:, 

3 % Measurin6 Accuracy 
Stabilised Power Supplies 
10 MHz Dual Trace 

10 MV Sensitivity 

u // =//_ //// 
rfr_ 

u 11/ , V llll/Q ;, 
. /\ 

41,10A ...... .. .... ... .. . .... .. . .., 

JIII'l , 

I ,,,, // 
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COPEX ,./ii... . 
s, II instruments Limited Prxmore Industrial Estate, Pixmorc Avenue "/ 

./Lrtehworth, Herts SG6 1JJ Letchworth 72771 (STD 046 26) I vv / .. 'V/ V '/// 
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ll ll(lll lTr ,,, i/,, _ 1 /. ' /Í 

r 
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pr PROFESSIONAL y; 

POWER AMPLIFIER t 

; MODULES .. 

4. FEATURES : 

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

NEW100w MODEL 

Power Output 

JPS price 
80 1E18.75) 

JPS I' price 
100 !y(£23.50) 

JPS price 
160 1E29.851 

70watts RMS 
7.6 ohms 

110 watts RMS 
7.5 ohms 

170 watts RMS 
7.5ohms 

Frequ. Response 10 -30 kHz -0.5dß 10 -30 kHz -0.6dß 10 -30 kHz 0.5d8 
Slowing Rete 7.3V per microsec. 8V per microsec. 8.4V per microsec 
T.H.D. 0.05% @ 1kHz 0.05% @ 1kHz 0.05% @ 1kHz 
Damping Factor 200 400 400 
Hum & Noise 116d8 below 70 

watts 
115d8 below 110 

watts 
115 dB below 170 

watts 
Input Sensitivity Od8(0.775V) 70 

watts 
Od8(0.775V) 110 

watts 
0c18 (0.775V) 170 

watts 
Input Impedance 47k 47k 47k 
Power Requirement 3. 35Volts f 45Volts *55 Volts 
Overall Dimens. 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 Industriel usage the frequency response of the amplifiers can be 
extended down to DC+ Od8 -0.2d8 Input Impedance & Sensitivity can be 
modified to suit particular requirements. 

POWER SUPPLIES PS60 powers 1 JPS60 price £12.30 
PS100 powers 1 JPS 100 price £14.10 PS100/2 powers 2 JPS100 price £18.85 
PS150 powers 1 JPS 160 price £ 17.48 PS150/2 powers 2 JPS160 price £23.43 

All Prices Are Subject To 8% VAT 

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

JP/ 
WW -104 FOR FURTHER DETAILS 

FOR MONITORING MONO OR STEREO LEVELS 
there is nothing to quite match the easy 
perceptibility of pointer instruments. One of the 
principal reasons for the is that the meter display 
moves in an arc while most other things in the 
operator's field of view are straight lines. Combine 
this with fast but defined attack, slow fell -back, 
uncluttered logarithmic scaling and a white 
pointer on a matt black background and it's a peak 
programme meter. 
We produce a standard performance PPM drive 
circuit which meets 854297, the proposed revision 
of B54297 and the proposed new EEC Type 2 meter 
specifications and fulfils the requirements of the 
BBC. IBA, EBU and BPO. Reviewed Studio Sound 
Sept. 1976. 
Ernest Turner PPM movements 642. 643 and TWIN 
available from stock 

PEAK DEVIATION METER. For monitoring mono 
or stereo FM stations either off air or at the 
aansminer This is a rack mounting unit, calibrated in 
KHz, percent and decibels. including 75KHr 
deviation standard and a high impedance probe head 
for use with a monitor receiver. A 20d8 increased 

nativity switch allows checking of pilot and 
signalling tone levee. Observation here shows that 
many UK and continental stations overdeviate at 
times and this sapia.» some of the 'sibilant 
splashing' complaints familiar to HI.FI retailers. 
Monitoring the true peak multiplex deviation with a 
very fast attack.time meter gives much more insight 
into modulation levels and limiter overshoots than 
standard programme meters displaying the decoded 
and deemphasisel stereo signals 

STABILIZER 
FOR HOWL REDUCTION, BALANCED AND 

UNBALANCED VERSIONS BOXED 
OR RACK MOUNTING 

FU,BUC ADDRESS: SOUND. REINFOHÇENNN. 

+SHz Ixe 
July 1973 article. 
Small enough to be built inside the cabinets rrl 

many amplifiers rrebdir g 
C011lplele ta and board C24 PSU 

DESIGNER 6 naine APPROVED Bas / M/p sal Nye/ 01 crans /orme. 

SURREY ELECTRONICS 
The Forge, Lucks Green. Cranleigh 
Surrey GUS 78G (STD 048661 5997 

CASH WITH ORDER less S 

IIK POST FREE ADD SAT at R" 

It's good to see the 

SOUNDER 
Mixers back 

Floating Each RSA PPM All - 
transformer with & to metal 

inputs 5 modes pan -pot. BS 4297 case 

Plus: Pre -fade listen, break jacks on four channels, 
A -B tape monitoring, Built -in 1KHz line -up osc., 
XLR -type connectors, 24 -volt power input. 
For broadcasting and recording. less than £400plus VAT 

SOUNDEX LIMITED 
728 High Road, Ley tonstone, London. 539 4347 

WW -019 FOR FURTHER DETAILS 
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DEMA 
ELECTRONICS 
INTERNATIONAL 

ELECTRONIC COMPONENTS DISTRIBUTOR 
FOR INDUSTRY AND HOBBYiST 

MONTHLY SPECIALS 

LNEARS 
1.64 3119 K 99 or s 2 75 L M 556 69 or J 1 90 
LM 550 50 or 3,1 25 LIN 709 18 o, 3 50 
LM 555 31 or 3/ 85 LM 741 18 or 3 50 

LIN 2900 79or3 80 

MEMORIES 
7102 126021 1024 8u SIaRr Ram I 

90 

7489 182251 .19a Rwn 113 1 35 

1702 2048 Ba ape 6 95 

5203 2048 r. uvo,, P0005 595 

CALCULATOR CHIPS 
:15002 

0 
H 5001 59ar3rl 5 

CT 5005 121Oier4i.,nr...Men 69or3,150 
5725 19Pin5OigFAUX 1ISor3, 00 
S7313 8Oryr1SF ors MenrCOnst 

s iaaring Der aH, Op 1 20 or 3,3 20 

CLOCK CHIPS 
5311 78 ern 8C06OpMUa 260 
5312 24 Pro aC040r9veux 225 
5316 4OSi1122410 24 Pm 365 
70014or60enA1arn 350 

LEOS 
V 108 i n,6.a,d L anp 10 or 3 25 

MAN I Red 7 Se9 770 05 or 3 7 50 
MAN34Rni75e9127 15or340 

SCHOTTKy 
7 500 18 or 3/ 50 74522 75 or 3 65 
74503 20 3/ 50 74532 35 or 3, 90 
74508 78a3r80 74579 75or3'65 

TTL 7400 SERIES NEW LOW PRICES 
7400 E 0,09 7440 E 0.11 7485 E 0.85 74155 £ 0.69 
7401 0.09 7441 0.58 7486 0.25 74156 0.69 
7402 0.10 7442 0.48 7489 1.45 74157 0.69 
7403 0.10 7443 048 7490 0.32 74158 0.69 
7404 0 13 7444 0 60 7491 0.55 74160 0.89 
7405 0 13 7445 0.70 7492 0.35 74162 0.89 
7406 0 22 7446 0.80 7493 0.35 74163 0.89 
7407 0.22 7447 0.65 7494 0.40 74164 1.05 
7408 013 7448 0.80 7495 0.45 74165 1.05 
7409 0.13 7450 0.12 7496 055 74166 1.06 
7410 
7411 
7413 
7414 

009 
0 16 
0.25 
0.22 

7451 
7453 
7454 

0.12 
0 12 

0.12 

74100 
74107 
74121 

0.89 
023 
0.23 

74170 
74175 
74180 

1.65 
0.85 
0.80 

7416 0.22 7460 071 74122 0.37 74181 2.00 

7417 0.22 7470 0.24 74123 0.45 74182 0.80 
7420 all 7472 0.21 74145 0.57 74192 0.95 
7426 023 7473 025 74150 0 75 74193 0.95 
7430 
7432 
7437 
7438 

0 11 

0.22 
025 
0 19 

7474 
7475 
7476 
7483 

0.25 
0.35 
0.24 
0.69 

74151 
74153 
74154 

0.59 
0.69 

1 05 

74194 
74195 
74198 
74199 

0.85 
0.78 
1.20 
1 70 

SCHOTTKV 
74500 24 74504 29 74520 29 74574 29 
74502 29 74508 35 74522 29 
74503 .24 74510 29 74S32 39 

LOW POWER SCHOTTKV 
74LS00 23 74LS20 23 7413590 1 25 74LS193 1.75 
74LS02 23 74LS32 27 741.593 1.25 74L5197 1.65 
74L504 25 74LS40 33 74LS95 2.10 
74LS08 27 741.542 1 30 74L5107 39 
74L510 23 74LS74 39 74L5164 1 80 

CMOS 4000 SERIES 

4000A E 0.14 
4010 
4011 

0.36 
0.14 

4023 
4024 

f 065 
050 

4050 
4066 

E 0.35 
0.46 

4001 0 14 4012 0.14 4025 0 14 4069 0.15 
4002 0.14 4013 0.36 4027 0.36 4071 0.15 

4006 0 75 
4014 
4015 

0.65 
0.65 

4028 0.59 

4007 0.14 4016 0.38 4030 0.36 

4008 0.65 4020 
4021 

0.75 
0.65 

4035 
4042 

0.75 
0.55 

4009 0,36 4022 0.14 4049 0.35 

LINEA RS 

LM300 TO99 L 0.45 340T 1092 E 1.25 739 A DIP E 065 
301 V DIP 0.25 380 A DIP 0.80 741 V DIP 022 
302 1099 0.40 381 A DIP 0.90 747 A DIP 0.44 
304 TO100 0.50 550 A DIP 0.55 748 V DIP 0.24 
305 T099 0.45 555 V DIP 0.35 5666114561 V DIP 0.95 
307 V DIP 0.38 556 8 DIP 0.75 5558 114581 V DIP 0.45 

T099 0.45 560 8 DIP 2.45 LM3900 A DIP 0.25 
308 A DIP 0.59 562 B DIP 2.45 75450 V DIP 1.00 

TO99 0.65 565 A DIP 7.40 75451 V DIP 0.23 
309K TO3 1.10 566 V DIP 1.40 75452 V DIP 0.23 
310 T pkg 0.59 567 V DIP 1.55 75453 V DIP 0.23 
311 V DIP 0.75 709 A DIP 0.20 75491 A pkg. 0.60 
320K T03NEG 710 A DIP 0.25 75492 A pkg. 0.65 

5.2. 12. 15 1.00 711 A DIP 0.18 ICL8038 Funct Gen 2.80 
324 A DIP 1 07 723 A DIP 0.38 Volt Cantr Oscillator. Sine. Ss 
339 A DIP 1.15 886422 Pin pkp 1A5 
340K 103 1.50 

12V 1 AMP 

V - Mini Dip A t4L Dip 8 161. DIP 1099 B'Pin Header TO100 10.P113 Header 
Data sheets supplied on request. Add 20 as excepted a noted. 

MEMORIES w /DATA 
1101 256 Bit Raw Mos 
1103 1024 Bit Ram Mos 
7489 182251 64 Bit Ram TTL 
82523 Programmable ROM 
5260 1024 Bit Ram Low Power 
5261 1024 Bit Ram L Power 
1702A 2048 Bit Ran 
2102 1024 Bit Status Ram 

L 1.30 
1.25 
1.45 
2.15 
1.45 
1.56 

11.35 
2.75 

CALCULATORS A CLOCKS vs/DATA 
5002 Cal Chrp E 0.79 
5005 Cal Chip 0.79 
5725 Cal Chip 1.10 
5311 Clock Chip 2.80 
5312 Clock Chip 250 
5314 Clock Chip 345 
5316 Clock Chip 3.95 
CT7001 Clock Chip 3.85 
Data only for any of above 0.50 
Refun0a0le Against Purchase 

LIDS 
MV 5020 Jumbo Red or Clear 
MAN I Red 7559..270" 
MAN 3A Red Seg..127 
MAN 5 Green 7 Seg..270 
MAN 6 6 Solid Sag. 
9 Digit Array Fairchild 37 

with clear magnifying len 

£ 0.15 
1.20 
0.20 
1.85 
2.60 

2.80 

TRANSISTORS 
2N 2219A TO5 E 0.42 
2N 2222 T018 0.17 
2N 2369 TD18 0.11 
2N 2905A TO5 0.43 
2N 3227 1018 0.37 

2N 4124 
761 4126 
2N 4401 
2N 5225 
2N 5226 

1092 0.11 
1092 0.11 
1092 0.11 
TO92 0.17 
TO92 0.17 

DISCOUNTS, 
10% on orders over L 10 
156 on orders wer L 25 

MIN 
ORDER 

L 1.00 

All Item New Branded 
Guaranteed By DEMA ELECTRONICS 

PRICES LISTED ARE BRITISH POUNDS & PENCE. 
SEND CHEQUE WITH ORDER. ACCESS CARD, 
BANKAMERICARD, BARCLAY CARD ACCEPTED. 
(Card # and expiration date requested(. TERMS 
OFFERED TO SCHOOLS & INSTITUTIONS. 
POSTAL AND HANDLING CHARGES 
SHIPMENT VIA AIR MAIL 
under 4.99 add .45 
5.00 -9.99 add .35 

£ 10 and over 
No Charge 

DEMA ELECTRONICS INTERNATIONAL 
P.O. Box 407 San Ramon, Ca. 94583 USA 

Cable DEMAELINTL 
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YC -500 SERIES OF FREQUENCY 
COUNTERS 

Models: YC -500 -J 
YC -500 -s 
YC -500 -E 

The YC -500 utilizes advanced IC techniques and a dual range 
system to provide accurate 8 digit readout to cover 500 MHz. 
Both MHz and KHz indications can be selected with ease over 
this range with a flip of a switch on the front panel. A built -in AC 
and DC supplier enables complete portability and a double -sided 
epoxy circuit board ensures stable and accurate operation with 
reliability for many years. The YC -500 series consists of 3 
models and the top model (YC- 500 -E) provides a professional 
accuracy of 0.02 PPM. 

SPECIFICATIONS 

Frequency Range - Input I -10 Hz to 50 MHz 
Input 2 -50 MHz to 500 MHz 

Accuracy - YC -500 -J model -10 PPM 
YC -500 -S model -1 PPM 
YC -500 -E model -0.02 PPM 

Display Digit - 6 digits 
Display Time - 0.1 or 2 seconds 
Counting Time - 0.001 or 1 second 
Input Voltage -Input 1 -25 mV to 20 V RMS 

Input 2 -100 mV to 2V RMS 

Input Impedance 

Input Capacitance 

Operating Temperature 
Power Requirement 

Size 
Weight 

,r.---`"...-.-,^ 
. 

- Input 1 - HIGH 1 Meg, WW 50 ohms 
Input 2 -50 ohms 
Input 1 -Less than 20 PF 
Input 2 -Less than 25 PF - 0to40°C - AC- 100/110/117/200 /220 or 234 V 
50/60 Hz 
DC -12 to 14.5 volts - 220 W x 89 H x 235 D m/m - Approximately 3.2 kg 

WESTERN ELECTRONICS (UK) LTD 
FAIRFIELD ESTATE, LOUTH, LINCOLNSHIRE, LN11 OJH, ENGLAND 

MANUFACTURERS OF ANTENNAS, COMMUNICATIONS EQUIPMENT 
RADIO AND LIGHTING TOWERS, INJECTION MOULDINGS 

Telephone LOUTH (0507) 4955 Telegrams WESTRONICS, LOUTH Registered No 998496 England 

WW -076 FOR FURTHER DETAILS 
i 

The SECOND-USER 
Computer 
Specialists 

Systems, Peripheral 
Equipment & 

Components for 
Data Processing 

Mini - Computer 
Exchange 

SAVE UP TO 60% ON LIST PRICES 
ADVANCE COPY- DETAILS 
SOON AVAILABLE 
FABULOUS BRAND NEW 
PDP8M 8K PROCESSORS EX 
CANCELLED ORDER 

kY,iciY. ::. 4W 
MEN 

PDP81 8K Processor with TTY control 
POPS 24K Processor complete with KEO9 Extended Arithmetic. 
TCO2 DECtape controller + 2 TU55 drives. PC09 Paper Tape Reader 
and Punch, AFO1 B A/ D Convener (8-channel). 04098 I, O Bus, 
LT19B Multi -teletype station 
ALPHA L8I -2/200 SK processor with 6 meg Disk end many 
features - BRAND NEWT 
NOVA 840 24K 'yawn. rack -mounted. complete with 128K 
Novadisc VDU, Real -time clock 
ANALOGIC AN5800 -e AD -DA Converter Chassis Accommodates 

1 A/D Converter and up to 8 0/A Converters Complete with 
interface, connecting cables and diagnostics for Data General Nova 
Price (1.250 
RPO2 30 Meg Free -standing moving -head disck dove and control 
TU10 Magnetic Tape Units 9 -track 800 bp,, rack -mounted. 
TU20 Magnetic Tape Unit. 9- track, 45 ,ps TU55 DECtepe drives 
DF32 Disk Dove and Control 
CENTRONICS 101 Line Punter and Control 
RK11 /RK05 Disk Dove and Control 
TU60 Dual Cassette Dnve and Control. 
RTO2 Alphanumeric Data Entry Display and Control 
DEC Interface and Feature Boards DC11 -AC. DC11 -DA. DL1 tC 
Olt 1E, KD8E. KLBE, KE11F. KW11. KC8E, MC8EJ. MM11F 
MR8E 
DEC Power Supplies H724, 728A. etc 
5ft. RACK CABINETS with cooling tans. mounted on castors 
CIPHER X100 Magnetic Tape Units. 9 -track 800 bpi Control Unit 
available for PDP8E series 
ICL 2802 8 Meg Disk Drives Ideal for enhancing ICL 1900 ',on,. 
Control Units available for multiple orders 

Add $% VAT to al 
prices shown. 
Carhops extra 
details on request. 

TERMINALS - LARGE STOCKS AVAILABLE 
ASR33 Teletype Iron E445.00 
KSR33 Teletype from £250.00 
ASR35 Teletype from £750.00 
IBM731 /0 Golfball Typewriter from £275.00 

SPECIAL OFFER 
Comm DIOS 401 2 Visual Display Units 13 Iires . 40 characters 
(81/2.41/2" screen) 64 character repernnre with dotarhable ASCII 
keyboard (Control dew, required) 

Bargain Price: £145.00 

MINIATURE MATRIX PROGRAMME BOARDS: Brand new X V 

Marti boards with 3mm grating 12.10 positions 124. ",2'4 "I 
L8 00. 3.10 positions I1 V4 ".1"í k4 00 P &P 40p 

MAGNETIC TAPES. Manufacturers surplus stocks brand new in 

original sealed packing : ".7400' L 4 00 per reel '4",2400' L4 50 
per reel P&P extra 

Keyboards 
NEW 
STOCKS 
OF 
CLARE - 
PENDAR 
KEYBOARDS JUST 
RECEIVED ... 
ASCII -Coded TTL- compatible 4-bank alphanumeric reed-swnr' 
keyboards with ROM encoder chip. strobed output two -key rollov 
and debounce Standard 7-tort ASCII code (no parity) Suppure 
complete with circuit diagrams and code chart 

SPECIFICATIONS 
Power Supply +5VDC + / --5'N, 150mA. -12VDC + / 

l OmA Output Logic Levels: Data fins 1 through 7 Ov -O" 45V: 
2 6v 1" 5 25V Fan Out One standard TTL load Strobe 2 6v 1 

5 25V. Ov O 46V Fan Out 10 standard TTL loads Strobe signal 
delay 10 milliseconds nominal to allow data to stabilise 

KBB: 56-station standard Teletype layout. AS RECOMMENDED FOR 
PRACTICAL WIRELESS VIDEOWRITER PROJECT Price £35.00, 
plus:) OOP &P a R' *.VAT 

ALSO AVAILABLE - SPECIAL LOW -COST KEYBOARD 
KO5: 3 -bank alphanumeric Baudot -coded 36- station keyboard 
iTL lumpatible strobed output Price £20.00, plus /1 P&P ' il' <. 

VAT 

ELECTRONIC BROKERS LIMITED (ComPuerSales&ServICesDlvISlon) - - 49-53 Pancras Road, London N W1 2QB. TeI:O1-837 7781 

Callers welcome 
Monday to Frdlay 9 ;re 
to 5 pm 

WW -I01 FOR FURTHER DETAILS 
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Speywood has the Television 
Projectors you require 
Whether you are educating, training company for a different audience size and the range caters 
personnel, organising conferences, or entertain- for 10 to 10,000 people.The Eidophor projectors 
ing in clubs, bars and hotels, Speywoods pro- are for hire; the others are for sale or for hire. 
jectors will work for you. Each projector is suitable Leasing and hire purchase terms can be arranged. 

S 
For further information and demonstrations write to or telephone: 
Speywood Communications Ltd, 26 Northfield Industrial Estate, 
Beresford Avenue, Wembley, Middlesex. Telephone 01 -903 3381. 
Telex 377138. 

WW -105 FOR FURTHER DETAILS 
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TTLs by 
7400 16p 
74H00 28p 
74$00 45p P 
74LSO0 30p 
7401 18p 
7402 18p 
7403 i8p 
7404 23P 
74H04 36p 
7405 25p p 
7406 43p 
7407 36p 
7408 22p 
7409 22p 
7410 1813 
74H10 28p 
7411 24p 
7412 25p P 
7413 36p 
7414 7513 
7416 33p 
7417 36p 
7420 1Op 
7421 40p 
7422 22p 
7423 37p 
7425 30p 
7427 37p P 
7428 36p 
7430 18p 
7432 30p 
7437 30p 
7438 30p 
7440 19p 
7441 75p 
7442 7013 

7443 140p 
7444 140 p 
7445 140p 
7446 140p 
7447 85p 
7448 $0P 
7450 18 p 
7451 20p 
7453 20p 
7454 18p 
7460 1 8P 
7470 3 
7472 30p 
7473 34p 
7474 34p 
7475 45p 
7476 36p 
7480 50p 
7481 96p 
7482 90p 
7483 90p 
7484 11 
7485 120p 
7486 34p 
7489 320p 
7490 40p 
7491 85 p 
7492 55p 
7493 40p 

TEXAS 
7494 90p 
7495 70p 
7496 84p 
7497 340p 
74100 120p 
74104 SSp 
74105 55p 
74107 36p 
74109 89p 
74110 55p 
74111 90p 
74112 98p 
74116 200p 
74118 84p 
74120 120p 
74121 32p 
74122 54p 
74123 7 BP 
74125 73p 
74126 70p 
74128 75p 
74132 70p 
74136 75p 
74141 75p 
74142 320p 
74145 90p 
74147 1908 
74148 160 P 
74150 1408 
74151 72p 
74153 85p 
74154 1508 
74155 80P 
74156 90p 
74157 90p 
74158 140p 
74159 1908 

04P 74160 104p 
74161 104p 
74162 104p 
74163 104p 
74164 120p 
74166 126p 
74167 340p 
74170 250p 
74173 160p 
74174 120 p 
74175 85p 
74176 120p 
74177 100p 
74180 110p 
74181 298p 
74182 82p 
74185 150p 
74186 920p 
74190 165p 
74191 165p 
74192 120p 
74193 180p 
74194 120 P 
74195 9513 
74196 7208 
74197 120p 
74198 210p 
74199 210p 

C-MOS I.Cs 
CD4000AE 18p 
CD4001AE 18p 
CD4002AE 1813 
CD4006AE 95p 
CD4007AE 18p 
CD4009AE Sip 
CD4011AE 18p 
CD4012AE 18p 
CD4013AE 55p 
CD4015AE 90p 
CD4016AE 50p 
CD4017AE 100p 
CD4018AE 110p 
CD4019AE 52p 
CD4020AE 1208 
CD4022AE 1008 
CD4023AE 21p 
CD4024AE 80p 0p 
CD4025AE 21p 
CD4026AE 1708 
C04027AE 65p 
0040284E 98p 
CD4029AE 1208 
CD4030AE 55p 
CD4042AE 90p 
CD4043AE 100p 
CD4046AE 140p 
CD4047AE 700 p 
CD4049AE 63p 
CD4050AE 57p 
CD4054AE 1208 
CD4055AE 140p 
CD405AE 135p 
CD4060AE 130p 
CD4069AE 27p 
CD40714E 27p 
CD4072AE 27p 
CD4081AE 19 P 
CD4082AE 27p 
CD4510AE 130p 
CD4511AE 160p 
CD4516AE 1128 

130p CD4516AE 13 
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 
955 608 
962 38p 
963 40p 

OP. AMPS 
1458 Duel Op. Amp. Mt Comp 8 pin COIL 70p 
301A En. Comp_ - 8 pin DIL 36p 
3130 COSMOS/ MoaFef 8 pin DIL í00p 
3900 Quad. Op Amp. 14 pin DIL 70p 
536T FET Op. Amp TO -99 276p 
709 Eat. Comp. 8/14 pin DIL 30p 
741 Int. Comp. 8 /14 pin DIL 22p 
747 Dual 741 14 pm OIL 70p 
748 Est. Comp.. 8 /14 pin DIL 36p 
778 Pr nmmable Op. Amp. TO -5 / 

o9 4013 

AC125 20p 
AC126 18p 
ÁC727 í8P 
AC128 16p 
AC141 18p 
AC142 18p 
AC176 lap 
AC187 1Sp 
Á0187K 2513 
AC188 25p 
AD149 480 
ÁD149 4913 
40161 36p 
AD162 36p 
AF115 20p 
AF116 2013 
ÁF116 20p 
gF 7 1 7 2013 
ÁF127 25p 
AF139 43p 
ÁF239 48p 
aC107 /8 9p 
9C108/ß 9p 
ßC109 /B lop 
BC109C 12p 

*80117 n 
*eC1 d8 SP 
*1301490 10p 
*80157 ilp 
*60158 lop 
*13C159 lip 
*BC169C 12p 
*00172 11p 

80177 18. 
ßC178 17p 
80179 lap 

*ßC182 10p 
*60183 lop 
x80184 11p 

ßC187 30p 
*60212 1 t 
*8C213 top 
*60214 14p 

ßC478 30p 
8CY70 188 
BCY71 22p 
ßD124 Sop 
80731 388 
BDt32 4op 

*60135 43p 
*80136 43p 
*00139 5213 
*80140 581 

5DY20 10op 
BOVS6 1609 
13F115 22p 
BFI67 23p 
ßF170 23p 
ßF773 25p 
8F177 26p 
BF178 28p 
I3F179 33p 
BF 190 33p 
ßF184 22p 

*6F194 10p 
*8F195 OP 
*M196 14p 
*8F197 15p 

ßF200 329 
8E257 32p 
ßF258 36v 

*8FR39 30p 
55F540 Sop 
*BFR79 308 
*BFR80 30p 
WM8 30p 

BFx30 34p 
BFx84 308 
BFx85 3013 
BFX86 30P 
BFx87 3013 

BFx88 30p 

BrYr5511 1ß5p 

TRANSISTORS 
BFV52 16p 

*8U105 140p 
BU 708 2458 

*MJE340. 45p 
MJ2955 120p 
MJE2955 120p 
MJE3055 65p 

*MPS6534 259 
MAPSAO6 3013 
*MPSA56 32p 
*MPSAO6 62p 
*MPSU06 62v 
*MPSU56 78p 

0C28 7513 
0C35 75p 
OC 20p 

*00771 20p 
*TIP29A 40p 
*TIP29C SSp 
*TIP30Á 48p 
*TIP30C 60p 

1IP31A 52p 
TIP3IC 52p 
71P324 Sep 
TIP32C 82p 
TIP33A Sop 
TIP33C í15p 
1IP344 1158 
TIP34C 160p 
TIP354 225p 
111135C 2908 
71P364 270p 
TIP36C 340p 
TIP4IA 65p 
TIP4113 70p 
TIP41C 78p 
TIP42A 70p 
T1P425 76p 
TIP42C 82p 
TIP2955 70p 

01S93 30p 
*ZTx1o8 top 
*ZTX300 13p 
*ZTX500 15p 
*ZTX502 18p 

2N4574 190p 
2N697 22p 
2N698 30p 
29706 2013 

2N708 top 
29919 40p 
2N930 18p 
291131 1813 
291132 lip 
2N1304 46p 
291305 46p 
2N1306 lip 
2N1307 46p 
291308 4013 
291309 40p 
2N1613 25p 
291711 23p 
291893 3119 
2N2219 SOP 
2N2222 20p 
2N2369 148 
2N2484 30p 
292904/4 Sip 
292905/4 26p 
292906/4 248 

*2N2926R 7p 
*2929266 7p 
*2N29260 Sp 
*2N2926v ap 
*293053 

2N3053 188 
293054 Sop 
2N3055 50p 
00Y39 45p 
85x19 209 
88X20 208 
293439 678 
2N3442 1409 

*2N3703 12n 

*2N3704 12p,,,L* 
*2N3705 12p 
x293706 12p 
*2N3707 12p 
*293708 12p 
*2N3709 12p 
2N3773 26Op 
293866 Dap 

*293903 tag 
*293905 tap 
*293905 Hip 
*193906 Hip 
*2N4058 18p 
*294059 lop 
*294 lap 
*2941123 24 Up 
*294125 Up 
*2N4125 Up 
*294126 229 
*2N4289 26p 

2344347 130p 
2N4348 180p 

*2N4401 27p 
x294403 279 
*2N5089 2711 
2N5296 Up 
*295401 SSp 

296034 180p 
2N6107 55p 
2N6247 110p 

(Comp to 293055) 
2N6254 130p 
2N6292 Slip 
40360 408 
40361 460 
40362 46p 
40364 1208 
40409 S5p 
40410 66p 
40411 300p 
40594 81p 
40595 Up 

PET* 
*13F244 25p 
*MPF 702 4013 
MAPFt03 40p 
MAPF104 4013 
*MPF105 4op 
x293819 25p 
*293820 63p 

2N3823 57p 
*2N5457 40p 
*2N5458 40p 
*295459 40p 

7.502007. 
39128 66p 
39140 Up 
39141 Sfp 
39187 180p 
3N202 120p 
40603 sap 
40673 Sip 

UJTa 
*71543 348 

292180 95p 
2N2646 asp 

*294871 34p 

+*2 6027 48p 

DIODES 

0447 7p 
OÁ70 Sp 
0481 15p 
0485 169 
0A90 7p 
0Á01 7 

p 0.405 7p 
O4200 Sp 
OÁ14 top 
1N916 4p 
IN918 ap 
1144148 49 

eECTIF1Ee 
*BV1W 28P 
.89126 lop 

108 
194001 lip 
1Ñ 04 Sp 

'94005 Sp 

1N5401 139 
IN5404 1813 
IN5407 23p 

7.25Ee 
2.7V to 33V* 
*400mw Sp 
*1 W lap 

NOISE 
*25, 110p 

BRIDGE 

RECTIFIERS 
*lA 50V 2213 
*1A 100V 249 
*14 200V 26p 
*1A 400V 27p 
*1A 600V 30p 
*,2A 50N 3013 
*2A 100V sop 

*244Ó00V 445p 
*44 100V asp 
6Á50V 70p 

54 
100V 7 

BA 400V Sop 

T s 
Amp Volts 
3 400 120p 
6 400 í50p 
6 500 180p 

10 400 186p 
t0 500 19óp 

15 00 21e0p 

40669 120p 
DIAC 
B13100 Sop 

LINEAR I.C.s 
*AV -1 -0212 Tone Generator 16 pin DIL 600p 
*CA30284 Dilf. Cascade Amp. TO5 65p 
10:A304 5 Transistor Amoy 14 pin 

OIL 200p *G13048 Quad. Low Noise Amp. 16 pin OIL 200p 
*rÁ3053 Die. Cascade Amp TO5 698 

043080E Op. Transcend Amp. 8 pin OIL 9013 

*0Á3089E FM IF System 16 pin DIL 225p 
*C43090 FM stereo Multi. Dec. 16 pin DIL 400p 

101803800 VCO Fun. Gen. 14 pin OIL 3409 
*1M380 2W Audio Amp 14 pin DIL 99p 

Stereo Preamp 
+M2S21 Rhythm Gene ror 16 pin DIL 5008 
*MC1310P FM Stereo Dec. 14 pin OIL 175p 
*MC1351P Lim /Der. Aud Preamp 14 pin DIL 97p 

MC1495 Multiplier 14 pin OIL 300p 
*MC1496L 8a1. Mod /Domed. 14 pin DIL 100p 
*MC3340P Electronic Anenuetor 8 pin DIL 140p 
*MFC40008 1/4W Audio Amp. PCB lop 
*NE540L Audio Pwr driver 1099 140p 

NE555 Timer a pin OIL 40p 
NE556 Dual 555 14 pm DIL 100p 
NE561 PLL with AM Demod. 16 pin OIL 425p 
NE562 PLL with VCO 16 pin OIL 425p 
NE565 PLL 14 pin OIL 200p 
NE566 PLL Fun Gen. 8 On D1L 200p 
NE567 

Dual 
Tone 

16 
8 pin OIL 

pin OIL 200p p 
S9727í0 DIM Comparator 14 pin OIL Slip 

*5N72733 Video Amp 14 pm OIL 120p 
*59760039 Pwr Aud Amp with int HS 15 pin OIL 245p 
*S976008 10W Amp in 8 ohms 5 pin Plesbc 250p 
*SN76013N Pwr Aud Amp with Mt HS 16 pin OIL 140p 
*SN76018 10W Amp in 4 ohms 5 pin Plastic 250p 
x59780239 Pwr Aud Amp with inl HS 16 pin DIL 7408 
*Sal 760339 Pwr Aud Amp with mt HS 16 On D1L 230p 
*TÁ46214 Aud Amp for TV QIL 225p 
*T446616 FM IF AmpLimiter /Dist. QIL 1208 
*TBA6416 Audio Amp. OIL 250p 
*TBA651 Tuner 6 IF Amp 16 pin DIL 200p 
*TBA800 5W Audio Amp. QIL 90p 
*TBA810 7W Audio Amp QIL 100p 
*TBA820 2W Audio Amp QIL 80p 
*T042020 20W Audio Amp QIL /1311 325p 

XR2240 Prop. Timer /Counter 16 pin DIL 370p 
*ZN4t4 TRF Radio Receiver TO -18 /top 

Basic data sheets on above M 10p each +5.A. -E 

OPTO- ELECTRONICS 
Phototransistors L. D. Ro 

OCP70 30p ORP12 80p 
OCP71 120p ORP60 75p 
2N5777 48p ORP61 75p 

LEDS 0.2" 
TIL209 Red 14p Red 1813 

TIL211 Green 30p Green 2ßP 
1IL321nfrared 75p Yellow á0p 

SEVEN SEGMENT DISPLAYS 

3015F 0.3" Red 160p Excitan: 
DL704 0.3" Red 1408 0.3" Green 9ß0p 
D1707 0.3" Red 140p 0.3" Green 1608 
01747 0.3" Red 225p 0.6" Green 225p 
Drivers: 75491 84p 75492 96p 

MEMORIES 
26028 1024 bi RAM E2.50 
2513 UC Character Generator £8.50 

( j 

LOW PROFILE OIL SOCKETS BY TEXAS 
8 per 13p, 14 pin 14p, 16 pin 15p, 24 pin 50p. 
40 pin 75p, 28 pin 608. 

RCA - NEW OP. AMP. 
cnál4o. 
Most useful new Op. Amp. since 
the 741 Features include MOS- 
FET 1 /P, Bipolar 0 /P, High 
Speed. Wide Voltage, TTL Corn- 
pebble. replaces 741 in most 
industrial applications, same 
pin -out as 741. 
Price E1 8 pin DIL 
Data + Circuits -. 40p + s.a.e. 

ADVANCED PREAMPLIFIER 
as featured in "WIN" Nov. issue. 
Complete semiconductor kit avai- 
lade. 
Includes all Tn., diodes, Leds. 
ICs., and regulators. 
Price. E28.20 inc. VAT & PP. 

8T106 
SCR -THYRISTORS 1A/ 700V Stud 110p 

C106D 
lA 50V TO5 40p 4A /400V Plastic 63p 
1A100V T05 42p *MCR101 
14400V T05 45p 0.54/15V TO -92 25p 
14600V T05 708 2N3525 
3A100V Stud 65p 5A /400V TO -66 99p 
3A400V Stud 75p 294444 
7A100V TO5 +HS 84p 8A /600V Plastic 185P 
7A400V T05+HS 90p *2N5060 
SA 50V Plastic 1308 0.84/30V TO -92 34p 

12A400V Plastic 160p *2N5062 
16Á100V Plastic 160p 0.8A /100V TO -92 37p 
16Á400V Plastic 18Op *2N5064 
16Á600V Plastic 220p 0 8A /200V TO -92 40p 

VOLTAGE REGULATORS - FIXED - PLASTIC 
1 Amp Positive 1 Amp Negative 

51/ 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 
LM309K 1 Amp 5V 103 140p 
LM309H 100mA 5V TO5 75p. 
DUAL VOLTAGE REGULATOR 
1468 ±15V 100mA 16 pin OIL 300p. 
(Adjustable by resistors from ± 8V to ± 20V) 
VARIABLE VOLTAGE REGULATOR 
723 2V to 37V 150mA 14 pin OIL 45p 
LM305H 4.5v to 30V 20mA T05 120p 

VAT RATES: All items at 8% EXCEPT where 
marked* which are at 12 /2 %. 

Fully branded devices by Texas, 
Motorola, National, Mullard 

RCA, Minimum Order £2 Mail Order Only TECHNOMATIC LTD. 
etc. P &P 20p Govt., Colleges, etc. orders accepted. 54 SANDHURST ROAD, LONDON, NW9 

Please add VAT to total Tad: 01- 204 4333 Telex 922800 

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 -074 FOR FURTHER DETAILS 

TELERADIO SPECIALISTS IN DESIGNS by John L7r7sley Hood 

Example: VERY LQW DISTORTION AUDIO 
OSCILLATOR 

An ideal instrument for checking Hi -Fi Amps 

rr--- -T 
Kit Price, E16 Made, £20 Tax 8% 
Also available, THD Analyser, FM Sig. Gen. AC Millivoltmeter, P.S.0 
Frequency Meter, etc. In addition we have amplifier designs by Blomley, 
Linsley Hood, Bailey, Mullard, etc. 

Send S.A.E. (f'scap) for comprehensive lists 

TELERADIO ELECTRONICS 
325 Fore Street, Edmonton, London, N9 OPE 

Telephone: 01 -807 3719 Closed Thursdays 
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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 

AIL Aero Electronics (AEL) Ltd., 
Gatwick House, Holley, 
SUrrey, England RH6 9SU 
Cables Aerocon Telex Holley; Telex 87116 ( Aerocon Horley) 

WW - 098 FOR FURTHER DETAILS 

qeewa 9zelt"kww 
/Marshall's 

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 
17ááe and export enquiries welcome. 
Please enquire for types not listed 

OUR RANGE COVERS OVER 7,000 ITEMS. THE LARGEST 
SELECTION IN BRITAIN. TOP 200 IC'S. TTL. CMOS & LINEARS 

New 160 page Catalogue price 40p (30p to callers) 

POPULAR SEMICONDUCTORS.(A very small selection 
our stocks, please enquire about devices not listed.) 
19696 0.25 253904 0.21 AF124 0.65 BC547 0.12 13F584 0.38 

from 

ZTX300 0.15 
25697 0.16 2N3906 0.22 AF139 0.69 8C548 0.10 BFX85 0.41 Z1X301 0.15 

1-43020A 1.45 CD4511 1.70 --;ltitOC 2.35 SN /4 /2 0.29 SN 74176 0.98 TBA970 1.79 29699 0.55 254058 0.20 AF239 0.74 8C549 0.13 8FX88 0.32 ZTX500 0.15 
CA3028A 0.85 C04516 1.54 'ì1611C 2.35 SN7473 0.33 5574180 2.96 TBA9900 3.00 25706 0.12 294062 0.18 AF279 0.80 BC5498 0.14 BFY50 0.30 ZTX501 0.15 
CA3035 1.35 CD4518 1.38 51612C 2.35 SN7474 0.33 SN74181 2.85 TC4160C 1.85 2N708 0.21 254921 0.60 AF280 0.85 8C549C 0.14 13FY51 0.38 ZTX502 0.18 
CA3046 0.73 C04570 1.38 SL620C 3.50 557475 0.46 5574190 1.48 TC44204 1.90 25916 0.43 254923 0.70 AL102 1.50 8C557 0.13 8F452 0.38 15916 0.07 
CA3048 2.15 LM301A11 0.47 131621C 3.50 SN7476 0.39 S574191 1.27 1C4720 3.40 25918 0.34 255245 0.29 BC107 0.14 84558 0.12 BRY39 0.50 154007 0.18 
CA3052 1.82 LM3085 1.17 SL623C 5.75 597480 0.55 5574192 1.27 TCA750 2.45 2N1302 0.37 255294 0.35 BC109 0.15 8C559 0.14 ME0402 0.20 194148 0.07 
CA3089E 2.00 LM309K 1.80 SL640C 4.00 SN7481 1.25 SN74193 1.27 TCA800 3.25 2N1306 0.45 255296 0.36 BC147 0.10 BCY70 9.25 ME0412 0.20 194504 0.18 
CA30900.4.25 LM380 0.98 S57400 0.21 557482 0.77 SN74196 1.27 1.14A170 1.50 251308 0.80 2N5458 0.26 BC149 0.13 BCY71 0.26 ME4102 0.10 155408 0.40 
C04000 0.20 LM381AN 2.07 SN7401 0.21 SN7483 1.04 SN74197 0.90 U44180 1.50 791711 0.27 255459 0.29 BC157 0.12 BCY22 0.24 MJ480 1.35 44119 0.14 
C04001 0.20 LM702C 0.75 SN7402 0.21 557484 1.00 SN74198 0.90 BDILSKT 0.14 252102 0.60 2N6027 0.45 BC158 0.11 BD 115 1.20 MJ481 1.55 BA102 0.15 
CD4002 0.20 LM709 SN7403 0.26 SN7485 1.48 S974199 2.28 14DILSKT 0.15 292148 1.65 35128 0.80 BC167 0.12 80111 2.00 MJ490 1.35 134145 0.19 
CD4006 1.16 TO99 0.38 SN7404 0.26 SN7486 0.32 SN76003N2.28 16DILSKT 0.16 2522184 0.47 35140 1.00 8C168 0.12 001:13 2.00 MJ491 1.80 84154 0.10 
C04007 0.20 
CD4008 0.97 
C04009 0.57 
CD4010 0.57 
CD4011 0.20 
C04012 0.20 
C04013 0.59 
C04014 1.01 
C04015 1.01 

8011 0.40 
141311_ 0.40 

LM110 0.45 
LM723C 0.60 
LM741C 

1099 0.38 
BOIL 0.38 
14011 0.40 

LM747 0.78 

SN7405 0.26 
SN7406 0.59 
SN7407 0.59 
SN7408 0.22 
SN7409 0.22 
SN7410 0.21 
SN7412 0.21 
SN7413 0.51 
SN7416 0.46, 

SN7490 0.49 
S57491 0.77 
SN7492 0.49 
SN7493 0.49 
SN7494 0.85 
SN 7495 0.61 
SN7496 0.88 
SN74100 1.23 
SN74107 0.33 

SN76013N 1.90 
SN76023N1.91 
SN76033N2.50 
TAA263 1.25 
TAA30C 2.67 
T443104 1.50 
TA53204 1.15 
TAA350A 2.48 
744550 0.60 

DIN PLUGS 144, 
DIN CHASSIS 
SOCKETS 10p 
3 -way 4 -way 
5-way 180 
5 -way 240 
6 -way and 
Speaker 

2922194 0.52 
792220 0.35 
252221 0.22 
2N2222 0.25 
792369 0.25 
792646 0.55 
252905 0.37 
292906 0.28 
252907 0.21 

3N141 0.85 
35200 2.60 
40361 0.45 
40362 0.48 
40406 0.48 
40407 0.38 
40408 0.50 
40409 0.55 
40410 0.55 

BC169 0.12 
130182 0.11 
80821 0.14 
8C183 0.11 
BC183L 0.14 
8C184 0.12 
8C184L 0.14 
8C212 0.14 
BC2121_ 0.17 

80124 2.00 
8131.31 0.51 
80112 0.54 
OD115 0.42 
80136 0.42 
BD137 0.45 
813138 0.48 
80139 0.50 
BD159 0.50 

MJ2955 1.25 
MJE340 0.58 
MJE370 0.92 
MJE371 1.00 
MJE520 0.90 
MJE521 1.00 
MJE2955 1.40 
MJE3055 0.85 
MP8113 0.45 

BA155 0.12 
581038 0.20 
1313104B 0.34 
BY126 0.27 
BY127 0.29 
BYZ11 0.70 
BYZ12 0.70 
0447 0.10 
0490 0.06 

CD4016 0.56 LM748 SN7417 0.46 SN74118 0.99 TAA560 1.60 MINIATURE 2529260 0.13 40411 2.30 BC2131_ 0.16 60141 1.10 MPF102 0.30 0491 0.06 
CD4017 1.40 8011 0.44 557420 0.21 SN74119 2.02 TAA570 2.30 HIGH QUALI- 253053 0.25 40594 0.75 502141_ 0.17 802.16 0.40 MP5405 0.20 04200 0.08 
C04018 1.01 14D1L 0.41 SN7423 0.30 SN74121 0.39 TAA611C 2.25 TY Sin 2N3054 0.50 40595 0.85 80237 0.14 804.38 0.75 MP5A06 0.20 BY164 0.57 
C04019 1.51 IM3900N 0.55 SN7425 0.30 SN 74121 0.54 TAA621 2.15 BOX-JOINT 193055 0.85 40636 1.15 BQ39 0.16 BF115 0.36 MPSA55 0.20. ST1 Mac 0.20 
CD4020 1.56 LM7805P 1.39 S57427 0.30 SN74123 0.46 TAA661A 1.32 INSULATED 293391 0.29 40673 0.73 80257 0.17 13F117 0.70 MP5456 0.20 40669 1.00 
C04021 1.01 LM7812P 1.39 SN7430 0.21 SN74141 0.80 TA46610 1.65 TOOLS 253392 0.14 AC126 0.37 BC259 0.18 13F154 0.25 0C28 2.00 TIC47 0.38 
CD4022 1.63 LM7815P 1.39 597432 0.20 SN74145 0.83 TAA661C 1.32 Side cutter, 253393 0.15 AC127 0.44 BC301 0.45 BF180 0.36 0042 0.50 C106D 0.65 
CD4023 0.20 LM7824P 1.39 SN7437 0.43 SN74150 1.66 144700 3.91 C2 BO 293440 0.57 AC128 0.37 BC307 0.20 BF181 0.36 0C45 0.75 OPR12 0.70 
CD4074 0.79 MC13031_ 1.44 557438 0.30 SN /4151 0.85 TAA9304 1.00 Flat peers ì 2 40 2N3442 1.20 AC151 0.35 80308 0.15 8E184 0.35 TIP29A 0.50 400MW Zene, 
CD4025 0.20 MC131OP 1.91 SN7440 0.21 SN74153 0.85 TAA9308 1.05 Round pliers 293638 0.16 AC152 0.50 BC309 0.25 BF194 0.12 TIP29C 0.75 2v/ -47v0.11 
CD4027 0.56 MC1330P0.92 SN7441 0.80 SN74154 1.48 TAD100 1.95 C2 50 793702 0.17 AC153 0.40 BC327 0.20 BF196 0.13 TIP31A 0.82 Siemens LEDS 
C04078 0.91 MC1351P 0.97 SN7447 0.61 bN /4151 0.78 TBA 1 20 1.65 Snipe pliers 253703 0.15 AC176 0.40 BC328 0.19 BF197 0.14 TIP324 0.75 Small - ren 
CD4029 1.17 MC1466L 4.59 SN7446 0.96 SN74160 1.20 TBA510Q 2.30 C2 40 2N3704 0.15 AC187K 0.46 80407 0.25 BF198 0.15 TIP33A 1.00 9reen. yellow 
CD4030 0.57 MC1469P 2.90 SN7447 0.89 SN74161 1.20 TBA520Q 2.30 SOLDER 253706 0.14 AC188K 0.45 BC408 0.25 8E244 0.35 11P344 1.20 24p 
CD4031 2.26 MC14553 5.30 597448 0.89 SN74167 1.20 7045300 2.07 SUCKER E5. 253708 0.14 A0161 0.76 8C409 0.25 6F258 0.49 TIP35A 2.50 Large - ran 
CD4037 0.97 NE555V 0.48 SN7450 0.21 SN74163 1.20 1845400 2.30 SUB-MINIATURE 253714 2.45 AD162 0.75 130140 0.45 BF269 0.49 TIP36A 3.55 green. yellow 
C04041 0.83 NE556 1.30 SN7451 0.21 SN74164 0.98 TBA6418 2.50 TOGGLES. 253716 2.60 AF106 0.45 8C441 0.45 13FS98 0.27 TIP41A 0.70 24p 
CD4042 0.83 NE560 4.48 SN7453 0.21 SN74165 0.98 TBA651 1.80 lpon-off 45p 2N3771 1.60 AF109 0.45 BC460 0.55 BFR39 0.24 TIP42A 0.90 Extra Bngl+r 
CD4049 0.58 NE561 4.48 SN7454 0.21 S574167 4.20 134800 1.19 1p 2-way 55p 293773 2.65 AF115 0.85 8C461 0.55 13F529 0.24 TIP2955 1.00 Lime 45p 
C04050 0.58 NE565 1.30 SN7460 0.21 SN74174 0.98 TBA810 1.28 2p 2-way 60p 2N3789 2.60 AF116 0.6S 80177 0.35 BFX29 0.36 TIP3055 0.50 Opto-coupler 
C04510 1.54 S1_4144 2.35 SN7470 0.35 SN74175.0.98 TBA820 1.02 2p 2-way coif 70p 2N3819 0.36 AF117 0.65 BC478 0.35 BFX30 0.38 11543 0.30 4525 el 10 

ONLY GENUINE BRANDED FU LL SPEC. DEVICES STOCKED 253820 0.29 AF118 0.65 50479 0.35 8FX34 0.50 TI591 0.25 Infra Red diode 
I 00 - e.g. NATIONAL, MULLARD, SIGNETICS, SIEMENS, TEX- 

AS, R.C.A., MOTOROLA, ETC. 
Prices correct at 1st November 1976, but please add V.A.T. Post & Packing 90p 
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RETURN OF POST MAIL ORDER SERVICE 
BSR HI -FI AUTOCHANGER 
STEREO AND MONO 
Plays 12 ", 10" or 7" records. Auto or 
Manual. A high quality unit backed by ` 

x_ 

BSR reliability with 12 months ( - i' 
guarantee. A.C. 200/250V. 
Size 131/2- 111/4in. 3 speeds. 14.r' 
Above motor board 3%in. - - -- --5-- -- 
Below motor board 2'1in. 
with STEREO and MONO 
CARTRIDGE £11.95 Post 75p 
B.S.R. SINGLE PLAYER similar to above with stereo 
cartridge and cueing device, large turntable. E15.50. 
'PORTABLE PLAYER CABINET 
Modern design. Resine covered. 
Vynair front grille. Chrome fittings £4.50 Post 50p Size 17 x 15 x 8in. approx. 
Motor board cut for BSR or Garrard deck 

HEAVY METAL PLINTHS £5.95 
With P.V.C. Cover. Cut out for most B.S.R. Post 75p. 
or Garrard decks. Silver grey finish. 
Model "A" Size 121/2 x 14% x 71/2in. 
Model "B-' Size 16 x 13% x 7in. £6.95. 
Extra large plinth & cover, wood base. Size 
20 "x 17'/ "x9" 019.50. Callers only 

COMPLETE STEREO SYSTEM 
Two full size loudspeakers 13% x 10 x 3%in. Player unit 
clips to loudspeakers making it extremely compact, overall 
size only 13% 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. 

£1 carriage 

FEW ONLY 

SPECIAL OFFER! 
SMITH'S CLOCKWORK 15 AMP 
TIME SWITCH 
O -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. - 
Variable knob. Turn on or off at full or 
intermediate settings. Brand new and 
fully guaranteed. 

TEAKWOOD LOUDSPEAKER GRILLES will easily fit to 
baffle board. Size 101/2 x 71/4in -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, £18. Post 45p. Specification 
10W per channel; input 100mV; size 91/2 x 3 x 2in. approx. 
S.A.E. details. Full instructions supplied. AC mains powered. 

VOLUME 
CONTROLS 

5k0 to 2M0 LOG or LIN. 
L/S 25p. D.P. 40p. STEREO 
L/S 65p. D.P. 85p. Edge 5K. 
S P Transistor 30p. 

80 Ohm Coax 8p yd. 
STANDARD TYPE 
FRINGE LOLOSS I 

Ideal 625 and colour yd, 
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 Ditto 
crossover. 10 wan. 15 watts. 
State 3 or 8 ohm. 8 or 15 ohm 
As illustrated. 

£5.25 £7.95 
Post 35p Post 45p 

With tweeter and 
crossover 20 watt 
Bass res. 25 c.o.s. 

Post 45p Flux = 11,UUU gauss. 
8 or 15 ohm. 20 to 20,000 c.p.s. 

£8.95 

Bookshelf Cabinet £7.50 
Post 75p Teak finish, for EMI 13 x 8 speakers 

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. £3.95 Will also demagnetise small 
tools. Post 30p 

BLANK ALUMINIUM CHASSIS. 6 x 4 -70p; 8 x 6 -90p; 
10 x 7- £1.15; 12 x 8- £1.35; 14 x 9- £1 -50; 16 x 6- £1.45; 16 x 10- £1.70. ANGLE ALI, 6 x 3h x 3/4 in -15p. 
ALUMINIUM PANELS. 6 x 4 -17p; 8 x 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 SONOTONE stereo E2.00. 

RADIO COMPONENT SPECIALISTS 

ELASPEAKER 
HI-FI £3.45 

TYPE 59RM Post 35p 

This famous unit now available, 10 watts, 8 ohm. 

RCS LOW VOLTAGE STABILISED 
POWER -PACK KITS 
All parts and instructions with Zener diode, printed £2 . 55 
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 1 Vein. Please state voltage required. 

RCS POWER PACK KIT 
12 VOLT, 750mA. Complete with printed 
circuit board and assembly instructions. Post 30p 
12 VOLT 300mA KIT. E3.15. 9 VOLT 1 AMP KIT. £3.35. 
R.C.S. GENERAL PURPOSE TRANSISTOR 

PRE- AMPLIFIER - BRITISH MADE 
Ideal for Mike, Tape PTl., Guitar, etc. Canse usewith Battery 
9 -12V or H.T. line 200 -300V d.c. operation. Size: 13/4 x 1% xx 

%in. Response 25 c/s to 25 kc /s. 26 dB gain. 
For use with valve or transistor equipment. £1.45. 

.Full instructions supplied. Details S.A.E. Post 30p 

£3.35 

ELECTRO MAGNETIC 
P1NDULUM 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 95p Post 
metronome, strobe, etc. 3 30p 

MAINS TRANSFORMERS 
ALL PO 

250- 0-250V 70mA, 6.5V, 2A £3.45 
250 -0-250 80mA, 6.3V 3.5A, 6.3V 1A or 5V 2A 04.60 
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 
MIDGET 220V 45mA, 6.30 2A 
HEATED TRANS. 6.3V 1/2 amp Cl; 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 E4.60. 

1 amp. 6, 8, 10, 12, 16, 18, 20, 24, 30, 36, 40, 48, 60 
04.60. 2 amp. 6, 8, 10, 12, 16, 18, 20, 24, 30, 36, 40, 
48, 60 £7.00. 3 amp. 6. 8, 10, 12, 16, 18, 20, 24, 30, 
36, 40, 48, 60 £8.70. 5 amp. 6. 8, 10, 12, 16, 18, 20, 
24. 30, 36, 40, 48, 60 £11.25. 6.06V 500mA E1, 9V 1 

amp. £1, 12V 300mA, £1, 12V 500mA. E1, 12V 750mA, 
E1, 10V, 30V, 40V, 2 amp., £2.75, 20V, 3 amp E2.45, 
40V. 2 amp £2.95, 30V 5A and 34V 2ACT E3.45, 16V, 
Y amo. £1. 16V, 2 amo.. £2.20. O. 5, 8. 10, 16V, 1/2 

amp., £1.95, 20V 1/2 amp., £1.75, 20V, 1 amp.. £2.20. 
20V 3 amp., £2.50, 20 -0 -20V 1 amp., E2.95, 30V 11/2 
amp. £2.75. 20v, 40v. 60v Sr-20-0-20v, 1 A. 03.50. 
AUTO TRANSFORMERS, 115V to 230V or 230V to 115V 
150W £5; 250W E8; 400W £7; 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. £4.50. 
12V. 11/2A HALF WAVE Selenium Rectifier, 25p. 

R.C.S. 
ROSEWOOD 
SPEAKERS 
Size 121/2in. x 9%in. x 

51/2in. Response 50 to 
14.000 cps 8 watts rms. 
3, or 8, or 16 ohms_ 

£1 2 pair Post 75p. 

KUBA - KOPENHAGEN 
STEREO 

TUNER -AMPLIFIER CHASSIS 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 402 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 / £38.50 longwave. A.C. 240V. mains. Circuit supplied. Jv d 

Post C1.50 
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 82p; 3000mF 25V 47p; 50V 65p. 
5000mF 6V 25p; 12V 42p; 25V 75p; 35V 85p; 50V 95p. 
SHORT WAVE 100pF air spaced gangable tuner, 95p. 
TRIMMERS 10pF. 30pF, 50pF, Sp. 100pF, 150pF, 15p. 
CERAMIC, 1pF to 0.01mF, Sp. Silver Mica 2 to 5000pF. 5p. 
PAPER 350V -0.1 7p; 0.5 13p; lmF 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. 25o. Single pole channe over 
'TWIN GANG, 38b + 385pF 50p; 500pr 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- 
RESISTI5RS. NW, 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, 15watt, 
10 ohms to 100K 12p each. 
TAPE OSCILLATOR COIL. Valve type, 35p. 
BRIDGE RECTIFIER 200V PIV It 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 £1.50. 
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BAKER MAJOR 12" £10.35' 

ii 

ti' 

- - 

30. 14,500 c /s, 12in. double cone, 
woofer and tweeter cone together 
with a BAKER ceramic magnet 
assembly having a flux density of 
14,000 gauss and a total flux of 
145,000 Maxwells. Bass resonance 
40 c /s. Rated 25W. NOTE: 3 or 8 or 
15 ohms must be stated. 

Module kit, 30- 17,000 c/5 with 
tweeter, crossover, baffle E.13 
and instructions. 

Post SOp each 
Please state 3 or 8 or 15 ohms. 

BAKER "BIG- SOUND" SPEAKERS. Post 50p each. 
'Group 25' 'Group 35' 'Group 50/15' 

12in 12in. 15in. 
30W £8.95 4ow £10.50 75W £19.50 
3 or8or 15 ohm 3or8or 15 ohm Sor 15 ohm 

^BAKER LOUDSPEAKER, 12 INCH. 80 WATT. 
GROUP 50/12, 8 OR 15 OHM HIGH POWER 
FULL RANGE PROFESSIONAL QUALITY. 
30-16,000 
MASSIVE CERAMIC MAGNET £14.50 
WITH ALUMINIUM PRESENCE Post 80p 
CENTRE DOME. 

TEAK VENEERED HI -FI SPEAKERS AND CABINETS 
For 12in. or 10in speaker 20x13x12in. £1 Z.50 Post 95p 
For 13 x 8in. or 8in. speaker . 06.95 Post 75p 
For 8x5in. speaker 12x8x6in. £4.95 Post 50p 

R.C.S. 100 watt 
VALVE 
AMPLIFIER 
CHASSIS 
Four inputs. Four way mix ng, 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. 02.50_ 
SPEAKER COVERING MATERIALS. Samples Large S.A.E. 
LOUDSPEAKER CABINET WADDING 18ín. wide . 20p ft. 
Horn Tweeters 2- 16kc /s, 10W 8 ohm or 15 ohm £3.50 
De Luxe Horn Tweeters 3- 18kc /s, 30W, 8 ohm, E7.50. 
CROSSOVERS. TWO -WAY 3000 c/s 3 or 8 or 15 ohm 
£1.90. 3 -way 950 cps /3000 cps, £2.20. 
LOUDSPEAKERS P.M. 3 OHMS. 7x4in. £1.50; 61/2in., 
£1.80; 8x5in., £1.90; 8in., £1.95. 
SPECIAL OFFER: 80 ohm. 2' /sin., 23 /ein.. 35 ohm, 3in., 25 
ohm. 21 /ein. dia., 3in. dia., 5x3in. 8 ohm, 2% in., 3in., 3% in., 
5in., 15 ohm, 3'/ in. dia, 6x4in., 7x4in., 5x3in 
3 ohm., 2' /3in., 21/ein., 31/2in., 5in. dia. 01.25 each. 
PHILIPS LOUDSPEAKER, 8in,. 4 ohms, 4 watts, £1.95 
RICHARD ALLAN TWIN CONE LOUDSPEAKERS 
8in. diameter 4W E2.50. 10in diameter 5W E2.95; 
12in. diameter 6W £3.50. 3/8/15 ohms, please state. 
VALVE OUTPUT TRANS. 40p; MIKE TRANS. 50:1, 40p. 
Mike trans. mu metal 100:1 £1.25. 
Tweeter Volume Control 15 ohms 10W with one inch long 
threaded bush for wood panel mounting. 'Ain. spindle, 65p. 

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 8/15 ohms. a.c. Mains. Separate treble and 
bass controls. Master volume control. 

Guaranteed. Details S.A.E. £68 £1.50 cart. 
NEW MODEL MAJOR -50 watt. 4 input, 
2 vol. Treble and bass. Ideal disco 
pmplifier £49 Carr. £1 

100 W M WATT DISCO APLIFIÉR_CHASSIS 
volume, treble, bass controls, 500 M.V. or 1 volt input. 
Four loudspeaker outputs 4 to 16 ohm. All transistor. £52 

t , a0007. - 

BARGAIN 4 CHANNEL TRANSISTOR MONO MIXER 
Add musical highlights and sound effects to recordings. 
WiII mix Microphone, records, tape and tuner 
with separate controls into single output. 9V. £5.20 
TWO STEREO CHANNEL VERSION £6.85 
BARGAIN 3 WATT AMPLIFIER. 4 Transistor 
Push -Pull Ready Built, with volume. Treble £3.95 
and bass controls. 18 volt d.c. Mains Power Pack £3.45 

BÁLANCED TWIN RIBBON FEEDER 300 ohms. 5p yd. 
JACK SOCKET Std. open-circuit 20p, dosed circuit 25p; 
Chrome Lead- Socket 45p. Mono or Stereo. 
Phono Plugs 8p. Phono Socket Bp. 
JACK PLUGS Std. Chrome 30p; Plastic 25p; 3.5mm 15p. 
STEREO JACK PLUG 30p. SOCKET 25p. 
DIN SOCKETS Chassis 3 -pin 10p. 5-pin 10p. 
DIN SOCKETS FREE 3-pin 25p; 5 -pin 25p. DIN PLUGS 
Spin 25p; 5-pin 25p. VALVE HOLDERS, 10p; CANS 10p. 

R.C.S. SOUND TO LIGHT KIT 
Kit of parts to build a 3 channel sound to light unit. 
1.000 watts per channel. £12.50. Post 35p. 
Easy to build. Full instructions supplied. Cabinet £3. 

E.M.I. TAPE MOTORS. 240V a c 1,200 
r p m 4 pole. Spindle 0.187x0.75in. Size 
3% x 21/2 x 2' /.in. E2. Post 50p 
Collaro gram motor 120V 75p. 
E I oram motor 240V £1.25. 

337 WHITEHORSE ROAD, CROYDON 
Open 9 -6. 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 -684 1665 
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DID YOU KNOW 
That the British rifle team won 5 gold, 5 silver and 16 bronze medals at this 
year's International Matches. Probably not! The media has a habit of 
overlooking our achievements. Therefore, it is unlikely you will know that a 

member of the team, Mr. D. A. Hodson, a keen amateur sound recordist, 
loaned his Coles 4119 twin ribbon microphone to a member of the 
Canadian Broadcasting Corporation who was televising the events. He was 
very pleased with its performance. 
We at Coles are pleased with performances and would like you to try the 
4119 for yourself. 

THE 
4119 FOR 

THE KEENER 
SOUND 

RECORDIST 

DETAILS AVAILABLE FROM: 

COLES ELECTROACOUSTICS 
PINDAR ROAD 

HODDESDON, HERTS. 

TEL. HODDESDON 66685 

AND 

HAMPSTEAD HI -FI 
HIGH STREET, HAMPSTEAD 

LONDON, NW3 

TEL. 01 -435 6377 

Our thanks to the Adjutant, 
C. S. O'Brien, and Mr. D. A. Hodson 
for the use of the above information 
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VANCE 
V. H. F Square wave Generator SG21 10 
KHz- 100MHz. Max. o/p 2V E36 
H16 AUDIO SIGNAL GENERATOR 15Hz- 50KHz, 
Sine and Square We £45.00 
H1 Audio Signal Generator, earlier version of HIS 
above £35.00 
E2 R.F Signal Generator 10KHz- 100MHz £78.00 

RMEC 
Signal Generator Type 701 30 KHz -30 MHz (2 

ly) £75.00 
ENERAL RADIO 

Unit Oscillator 1209C. Freq. 250- 920MHz. Accuracy 
1% Doh 0.2 %. 0 /pin to 50ohms= 15OrnW supplied 
with Power Supply Type 1201 -CO E145 
Un, Oscillator 1218k 900- 2000MHz. Power output 
of 200mW across band E140 

EWLETT PACKARD 
10515A Frequency Doubler Exlends the useable 
frequency range of signal generators Operating on 
input frequencies 0.5MHz to 500MHz it provides a 
doubled output in the range of 1MHz to 1GHz. The 
frequency response of this 50ohm device rs very flat 
(< ± 2dB typically( over the entire frequency range and 
undesired harmonics are well suppressed. Brand new 

£75.00 
209A Audio Generator. 4Hz to 2MHz (6 ranges). 0 1% 
distortion, Sine wave and Square wave. 600 ohm 
impedance £175.00 
211A Square Wave Generator 1 Hz -1 MHz £75.00 
F M /A M Signal Generator 202H. F.M. A.M C.W & 
pulse coverage 54 to 216 MHz R.F o/p 0.1p V-0.211 
50ohms Impedance £450 
Audio Signal Generator 206A 20Ha -20KH, `2% 
accuracy Distortion Z 1% £90 
LEVELL 
TG150D R.C. Oscillator 1 5Hz to 15OKHz. Sine and 
Square Wave £30.00 

ARCONI INSTS. 
TF937 FM /A M Signal Generator 85KHz -30MHz 

£200.00 
TF1060 U H F Signal Generator 450- 1250MHz, Sine 
wove and pulse a.m £350.00 
TF144H /S A M Signal Generator 10KHz -72M Hz 

TF2005R Two Tone Source. The instrument com55.00 prises 
ONO identical law -distortion a.f oscillators and a 
monitored attenuator unit. to form a compact test set 
for the measurement of inter -modulation distortion 
using the methods recommended by S M P T E and 
CC. I F Frequency range. 20Hz to 20KHt in no bands 
(each oscillator can be adjusted and used independent. 
lyl Harmonic distortion Less than 0 05% between 
63Hz and 6KHt when using unbalanced output 
Generally less than O 1% under other conditions. 
Intemiodulation Below -80dB with respect to the 

.nted signal Amplitude Reference Level Up to 
+10dBm from each oscillator Output attenuator 
111dB in 0 1dB steps Output impedance 6000 
unbalanced or 6000 1500 or 75tí balanced and 

ntre- tapped £485.00 
AM /FM SIGNAL GENERATOR TF1065 10- 470MHz. 
R F Output 0 2uV- 200mV. Z =50 Ohms £200.00 
S H.F. Signal Generator 618C. 2.8 -7 6GHz ± 1% 
50ohms £550 
F M /A M. Signal Generator TF 995A/3S. Ministry 
type No CT402 1.5MHz220MHz. R F o/p 
20/-200rnV Internal & External Mod Facilities V 
good condition . £355 
F M. /A. M. Signal Generator TF 995A/5 1 5220MHz 
in 5 bands. 0 1 uV -200mV F M. up to - 1 20KHa from 
50Ha -15KHe A M up to 50% from 10OHz -lOKHz 
o/p (1) 2uV -200mV (2) with terminating unit 

1 uV -10omV Int mod. fregs. 400Hz. 1 KHz & 1 .5KHz. 
Distortion (l) on internal F M. S25Hz. (2) on internal 
A.M 6% at 30% mod. E300 b £450 
A M Signal Generator TF801D/1 Freq range 
10- 470MHz. R F. output 0 11,1V Piston attenuator 
50ohms Impedance Modulation lot A M 1 KHz Eat 
AM 30Hz-20K1/z Low spurious F M & drift. 
V.S W.R 1 2 or less £400-£500 
A.M Signal Generator TF801 D /1S Military Version 
10- 485MHz £450 -E500 
R C Oscillator TF1370A IOHa10M Hz. Square Wave 
up to 100KHz High Outputs up to 31 6V £255 
Phase /A. M Signal Generator TF 2003 04 -12MHz 

£150 
AM Signal Generator TF 8018 /3S 12.485MHz 
0 1 uV -1V £155 
R C. Oscillator TF1101 Frequency range 
20HZ200KHz Output Direct into 60000 -20V 
variable Attenuator 0 -6dB in t0d8 steps. Impedance. 
6000. Distortion Via 1KHz Filter less than 01 %. 
Direct or via Attenuator. Less than 0.5 %. 50z- 20KHZ. 
Less than 1% 20Hz- 200KHZ.. £1204150 
FM /AM Signal Generator TF937/ 1 CT320. 
35KHa -18 3MHz As seen condtion £i0 
Signal Generator TF144H /4 Late models in su 
condition E500 to £850 
UHF FM Signal Generator TF 2012 400- 520MHz. 
Low Noise & freq drip. Far narrow band 1.m receiver 
measurements Price new ca E1,300 - OUR PRICE 

E850 
MUIRHEAD L.F Decade Oscillator D880A. 2 phase 
0 01 HZ -11 210Iz £295 
Decade Oscillator 0890D 1Hz11 2K Hz £280 
NEUWIRTH (WEST GERMANY) 
VHF Signal Generator MS4 /U. Frog Range 9.6MHz to 
230MHz. Turret Osc. for each band. Accuracy 1.2% 
o/p 30mV1 uy Freq Dev 1KHz- 100KHz. Amp 
Mod. 0.100 %. £175.00 
SANDERS 
CT478 Microwave Signal Generator 1 5GHz- 4.5GHe 

£285.00 
RADIOMETER 
Stereo signal generator SMG1C Full spec on request 
Superb condition £350 
RHODE & SCHWARTZ 
S H F generator SMCB -BN 41042 1700- 5000MHz. 

P.O.A. 
WAYNE KERR 
Video Oscillator 0 222 7KHa.BMHz in 6 ranges E76 
WANDEL & GOLTERMAN 
LI H F Power Oscillator LMS -68 c/w plug in 
Oscillators. 

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. 

WRITE 
NOW... 
for a FREE copy 
of our latest Test 
Equipment 
Catalogue. Please 
apply on headed 
paper. 

Type LO -4 4- 41 MHz 
Type 10 -40 40- 108MHz 
Type LO-170 1 70- 330MHz 
Type LO -610 610-960MHz 

RECORD 
Single Channel 1 5 6" per hour 
5004A Movement £85.00 
1 mA Movement £50.00 

MULTIME ERS AVO 
Avometer Model BX (same spec as Model 8l £40 
Avometer Model 7 £25 
All above refurbished, calibrated and guaranteed test 
leads. NEW, for above Models £4 
Ever -Ready cases £8.50 
Multiminor Mk. 4 c/w carrying case & leads £13.50 

OSCILLOSCOPES 
COSSeR /5 MHz Scope type 4101) bmv /dw 
Delayed Timebase Solid State Portable. G45 
CDU110 Transistorised Oscilloscope c/ w Dual Trace 
Plug -in CAM 111. DC- 20MHz, 5mV -20V cam. AC /DC 
coupled. 5" Rectangular Tube. Sweep Delay £185.00 
CDU150 = CT531/3 Ruggedised 35MHz 
Oscilloscope, DC- 35MHz. 5mV /cm £495.00 
35MHz Plug -In Scope Type 3100 5mV /cm 
sensitivity Calibrated sweep delay. Gated Trigger 8 x 
10cm display BRAND NEW CONDITION £345 -00 
50MHz Scope Type 4000 5mV /cm Sensitivity 
IOnS /cm to 2s /cm timebase Calibrated Sweep. Gated 
Trigger. BRAND NEW CONDITION £375.00 

HEWLETT PACKARD 
1 MA 50MHz Oscilloscope, c/w Plug -ins. 17508 Dual 
Trace Vert Amp, 50mV /cm. 1780A Auxiliary Plug -in 

£225.00 
1858 1000 MHz Oscilloscope Sampling c/w Plug -in 
188A, or Plug -in 187C £395.00 
MARCONI TN Scope TF 2200A/ 1 c/w TV OM plug 
in TM 6457A DC -30MHz E190 
SOLARTRON 
Portable Scope DC -6MHz Double Beam CT436 £95 
CD 1014 3 DC -5MHz EEO 
Portable Scope CD 1400c-15MHz Plug ins available 
CX 1441. 1443. 1448. 1571 E180 
DC40MHz Scope CT484 Dual Trace Displays 
Sensitivity 5OrnWcm Collection from our r premises 
only 90 -day Warranty £150.00 
TEKTRONIX 
Sampling Scope 661 c/w plug Ins £450 
545 c/w C. A. Plug -ins E275 
TV Waveform Monitor 525 Freq response Flat - 
within 1% between 60Hz & 5MHz. Low Pass - Passes 
stair steps, eliminates H F High Pass - Passes H F . 

eliminates stair steps IRE -- meets IRE standards for 
level measurements Sensitivity -- Deflection factor of 
the vertical amplifier is 0.015V/cm Vert. Atten. - 1-s, 
2 -x. 5 -x. Keyed Clamp-type DC Restorer Gain stability 
within 1% E125 
Differential Unit 10A1 Used on 647 Series E300 

585 c/w Type B2 Plug -in Dual Trace 80MHz 
B /width Sweep Delay E975. Other plug ins available 
80 and 86 
475 Oscilloscope 200MHz 0 /trace Transistorised 
2mV /DIV. 8 e 10cm Display SUPERB CONDITION 

£1,800 
Transistor Curve Tracer 575. Displays curves of NPN & 
PNP transistors & 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 Pluglns. DC27MHa Price dependent on 
plug -ins required P -O -A- 
561A 15MHz Oscilloscope c/w 3576 and 3777 
Plug -ins (Sampling) £255.00 
564 Storage Oscilloscope c/w 3A72 and 3B3 Plug -ins 

£495.00 
531A DC -15MHz Oscilloscope c/w K Plug-in, Single 
Trace, 5OmV /cm £195.00 
531A 15MHz Oscilloscope c/w CA Plug -in Dual 
Trace, 50mV /cm £210.00 
544 DC -50MHz Oscilloscope c/w 1A4 Plug -ro (4 
trace( £800.00 
544 DC -50MHz Oscilloscope c. w CA Plug-in Dual 
Trace, 24MHz. 50mV /cm £375.00 
TELEOUIPMENT 
DM 53A Storage Oscilloscope c. w 2 X Type A 

Plug -ins, DC-15MHz £295.00 
WANDEL & GOLTERMANN 
BLS 218 Storage Oscilloscope r/w Power Supply 

£325.00 
PROBES (Neer) 
X1 Pan No 90 (8.50 
X10 Pan No 91 E8.50 
S1 & X10 (switchablel Part No 95 E10.50 

MISCELLANEOUS 
ADVANCE 
Recorder Calibrator HC20 £15 
AIRMEC /RACAL 
Wave Analyser 24BÁ 5.300MHz £195 -E300 
Wave Analyser 853 30KHz -30MHz Sensitivity 1,V 
to 1V up to 20 MHz 40V to 4V up to 30MHz E140 
Wave Analyser 248 Freq Range 5MHz 
300MHz E110 
AIRMEC 
Modulation Meter 210 E75 to E100 
Time Interval Meter 369 Mons operated transistorised 
unit Trine Intervals 10Onsecs to 30msec s Superb 
condtion E95.00 
BECKMAN 
Transfer Oscillator 7580H DC.15GHz with counter 
7 5MHz-15GHz without counter Sensitivity I00mV 
(R. M S I SPECIAL OFFER £250 
B ELL 
Gaussmeter Type 120. complete with Probes II 
Deviation Bridge 1505. 1504 1503 

Component Comparator CZ457 5 
B RUEL & KJAER 
Automatic Vibration Exciter Control 1018 £395.00 
COHU 
DC Voltami Standard Mod 321 6 Decade Volt 
Ranges 10V. 100V. 1000V P.O.A. 
DECCA 
Power Sui il for Noise Source. MW 61 P.O.A 

EDDYSTONE 
Recover Type 770S Freq 500- 1000MHz E150 
ELDORADO 
I OnS Time Meter 764 £475.00 
GENERAL RADIO 
Immittance Bridge 1607A Immaculate Condition in 
Wooden Transit Case E1000 
Unit Null Detector 1212A. 20Hz5M Hz Log Response 
voth 120dB scale P -O -A- 
GRUNDIG 
Stereo Coder SC5 E125 
HEWLETT PACKARD 
Digital Recorder 5//TA E110 
Orval Recorder 561B E140 
HEWLETT PACKARD 
Directional defector 7870 1 9.4 1 Ghz E90 
Directional detector 788C 3.7 -8 3Ghz E95 
UHF Aftermath, 355C £90.00 
741E1 AC DC Differential Voltmeter, DC Standard 

£800.00 
MARCONI INSTS. 
Anenuator TF 1073A/2S E85 
Quantization Distorton Tester TF2343 POA 
Probe it TM8120 1 X1 tor use with valve voltmeter 
TF 2600 Brand new E20 

" Meter TF 329G £200 
Out of Limits Indicator TF 2404 /2M1 Checks 
readings from electronic counterS and other digital mste 
Irical and rennota snsual and electrical indication I use by unskilled persohnel dnu w. h A T E 

Bldu, 6 5 
P n 

yni Mixer T: 2908 £90 
PYE 
Thermocouple test set 7556 £95 
RADIOMETER 
Wave Analyser FR2ATTV P.O.A. 

! I ELECTRONIC 
49 -53 Pancras Road 
London NW1 2QB 
Tel: 01=837 7781 ADD 8% VAT TOALL PRICES 

WW -099 FOR FURTHER DETAILS 
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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. Parking is easy too. 

D V. DM Ye P.O.A. 
D.V.M OM 2006 Scale 9999. 0.01% F.S.D. 
10uV -1KV Parallel. B.C.D. (isolated) L275.00 
HEWLETT PACKARD 
DVM type 2430A. 3 digit. 5 ranges 10OntV to 100V 
F Input entrance 1OMohms. Overload protection 

SOLMTRN 
A.C. Converter LM 1219. 30mV -300V teen reading. 
Freq 'tinge 'OHz -10KHz P.O.A. 
D.C. Digital Voltmeter LM1420.2. 2.5uV -1Kv in 6 
ranges. 0.05% DC accuracy £236.00 
D.V.M. Typa LM1420.28a. DC, true R.M.S. and mean 
A.C. sensing. Accurate measurement irrespective of 
harmonic distortion accuracy ±0.25% Freq 
40Hz -20100 C275.00 
OVM Type LM 1440 2. 1011V -2Kv DC in 5 ranges. 
Own controlled zenerdiode. Accuracy ±0 033% FSD 
21.0.005% reading P.O.A. 
D.V.M. LM 1480 3 Autoranging version of LM 
1440.3. Max reading 39999. 6uV -2KV OC. Full 
spec on recuest P.O.A. 
D.V.M LM 1604. DC only 1 uV sensitivity. 0.01% 

curacy Max. reeding 19999. 1uV -I KV. Remote 
e nd Autorsnging. 110dB series mode reject on No 
common Mode error P.O.A. 
Digital Multimeter 4440. 31 digit display. DC volts 5 
ranges 200',V m 1 KV. Ac volts 5 ranges 200mV to 
1 KV Resistance 5 ranges 20001vn ro 2Mohm. Current 
DC and AC 200uA nominal [110.00 
Digital mutometer 7040. Autorangmg digital muhimetm 
7040 Auto-snging digital muhimeter. AC and DC volts 
5 ranges Reistante 5 ranges DC current 3 ranges A 
really first-class specification ideal for lobaratory use 

VIDM 
Integrating D M. 520. 6 ranges lOmV -1KV. 
Guarded can be floated to n 500V High measurement 
speed WA, Libman C.M.R. No filters. Up to 56 faster 
then most integrating D.V M's Built -in nlibretor 
Manual. automatic and remote operation. Wdeband 
heq and period measurements ere standard 10mV 
F S range built -in, eliminates ext. pre-amp., no loss of 
CM. R Freq range 10Hz -2MHz £625.00 

RHODE SCHWARTZ 
Polystop Swob II £1250 
Anenuator type DPR Z= 60 ohms BN 18542 P.O.A. 
Frequency Indicator FKM.BN 47051 P.O.A. 
TEKTRONIX 
Programmer 262. P.O.A. 
Sq. Wave Gen 105 Riseume - 13m secs Frey 
range - 25Hz 1 MHz continuously va iable Frey 
Meter - Direct reading. 0/P Amplitude C -100V max 

Constant amplitude 
L90 

di generator 190A 350f Hz-500M Hr 
0/P 40mV 10V pk.Dk 180 
TELONIC 
Band Pass Fitter TBA 140- 60.5CC1 5 Season TNC lo 
INC connectors 14" tubular 60MHz oandwidth 
140MHz centre freq Brand new E20 
Sweep Generator Sm2000 c/w plug -ins E -3M and 
5.6 and 54MM P.O.A. 
WAYNE KERR 
Current Reno Transformer T102C P.O.A. 

MARCONI INST 
TF936 Impedance Budge £125.00 
TF1245 CCT Magn Meter c/w Oscillztor TF1246 

£555.00 
WAYNE KERN 
Radio Freq Bridge 8601 £95 
H F Admittance Bridge B71r' 185 
Component Bridge 8521 [100 

POWER SUPPLIES 
APT ELECTRONICS 
(Ex ICL Computers) 240V I; P 

Type 10459/11 -- `10V 75A £18.00 

Type 10459/8 ' 20V 5A 120.00 
Type 10459/13 - .24V 5A.. [20.00 
Type 10459/12 - .10V 3A. .. £16.00 
1.5.M. 
Ex Computer. Load regulation of 1% or bane,. Low 
ripple. fast response time 220/240V I /P. 
3V -- 4A 
3V - BA 
3V - 16A 
6V - 6A 
112/I15V I/P 
6V - 12A £16.00 
20V 154 £20.00 
Also stabiused but unregulate0 48V -- 2 /A, /. 20V - 
4 8A [6.60 
ICL Power Supplies (ex-computer) 
6V25A (variable from 4 5V to 8V) 
18V.20A (variable from 25 -30V) 

£12.00 
£11.00 
£20.00 
E15.00 

TELEPHONE 
TEST EQUIPMENT 

SIEMENS 
Level Meter 3D 332 0 3- 1200KH, £250 
Level Meter 3D 335 10KHt -1 7MHe £300 
level Oscillator 3W29 0 3- 1200KHz £250 
Level Oscillator 3W518 £300' 
WANDEL i GOLTERMAN 
Level Transmitter TFPS 42 10KHz14MHz £375 
Level Meter TFPM 43 10KHz.14MHz £375 
Wandel 6 Golterman VZM 2 Distortion measuring set 
it phase and amplitude mod For multichannel FM 

Radio Systems no to 12MHz base bends 1310 

SWEEP GENERATORS 
HEWLEIt PACKARD 
Sweep Oscillator 692D 2.4GHz Sweeps from 'start 
to 'stop- freq. SPECIAL OFFER £300 
Sweep Oscillator 6938 4.8GHe 

SPECIAL O £326 
Sweep Oscillator 693D 4 -BGHZ £326 
Generator /Sweeper 8601A. Freq. Range Low 
O 1- 11MHz, High 1-11MHz Z -50 Ohms. £000.00 
JERROLD 
3weep Signal Generator 9008 Central Freqs 
5006Hz- 1200MHz Sweep widths narrow as tOKH, to 
400MHz wide 50ohms o/p impedance £400 
M.E.S.L. 
Swept Signal Source MH883 7.12 5GHt £450 

ADVANCE VOLTMETERS 
AC Mdlwoltmeter 7713 EIC 
GENERAL RADIO 
Electronic Voltmeter 1806A. AC DC 6 OHMS ' 2 
Accuracy Wide fre7 range up to 1500MI! 000.C£ 
HEWLETT PACKARD 
DC Vacuum Tube Voltmeter 412A 1MV- OCOV 1 3i 

Accuracy. Can also be used as Onrreter 8 
Ammeter E78 
VTVM. 400D 1mV to 300V FSD. 12 ranges 10Hz :c 

4MHz 2% accuracy Input Impedence tOMoI ms LEE 
VTVM 400L. Loga-nhmic version of 4000 leads AMI 
value of sloe wave. Log voltage scale 0.3 tc 1 6 0.8 :c 

3. Linear dB scale. Input Impedance 1OMotms ERE 
Vacuum Tube Voltmeter 4108. Freq Rance 
2OHZ- 700MHs AC1.60OV (6 ranges) CC 1V.1 k\ 
ohmmeter 0.2 ohms to 500Mohms (7 ranges) 
Accuracy '3% CIE 
Vacuum Tube Voltmeter 400H Freq. Range 
10Hz -4MHz. Volts 1.OmV -300V F S (t2 ranges) 
Accuracy if 1% (50Hz- 500KHe) '2% (27H: 1M17 

P.O.A 
AV Voltmeter 400E Solid stete. AC volts ltrV 30CI. 
FS (12 ranges) Freq 10HZ.lmz Acc zra:y 1 % 

P.O.A 
AC Voltmeter 400F £188 
MARCONI 
Sensitive Valve Votmeter TF 1100. 100pV.330V FC 

Freq coverage 10Hz -10MHz Meter has OR scale 
facility 

o. 

CIE 
Valve Voltmeter TF 1041B General Spec r 330V Ac 
0-1KV DC Resistance up to 500Mohms CIO/ ESE 
Electronic Voltmeter TF2604 £225.00 
Voltmeter No 3 CT. 208 TF 958. AC 100m7.150J 
mulltpher extends AC range to 1 50V CC 
50mV -100V. Freq Range 2014z 100MHc £E6 
Valve Voltmeter TF2600 £175 
PHILIPS - 
11.F. Millwoltmete GM 6014 Measuring Rangas 
1mV.300mV in 6 ranges Accuracy at 301C-1z at 3% o 

FSD = Amplitude Char. 1 KHz -30KHc flat weh n 
CIE 

DC Microvoltmeter GM6020 10aV.1FV curia, 
,10pA.10uA Accuracy 54t. IFSD) 0.100.V 3% (F5D 
AU other ranges Recorder o'p lac.lity E8E 

IGITAL VOLTMETERS 
AND MULTIMETERS 

ADVANCE 
VM77D AC Milbwhmeter E60011 
J. FLUKE 
Digital Multimeter 0100A Measures AC an DC n 
1200 whs Resistance to 12Mohm 10 000 hoar 
M .T B F 4 dig,, plus average. Compact and igItweig t 

£170.00 
Opal Mulemeter 8120A Measures AC sei DC vote 
to 1200 volts AC and DC current to 1 2A. Resistance 
K' 12Mohm 4 digi- plus 20% overange Ccrosact arc 
lightweight Q36.OE 
DYNAMCO 
D M DM 2022S 100V-2KV Max reading 39993 
Accuracy 002 %. Resolution 1 in 40,000 Inpt 
mpedance 25KMonms 1285.0C 
Dgnal Voltmeter DM 2023 C/w DC Ranging met C 

Scale 99999 0 001% F. S D DC Accuracy 
10uV -1Kv DC £150.00 

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 

WW -100 FOR FURTHER DETAILS 

TRANSMISSION 
TEST EQUIPMENT 

A.F. TRANSMISSION MEASURING SET 
Type TF 2332. 20 Hz -20 KHz. For use with telephone 
and programme circuits CCIT. Contains Oscillator. 
Anenuator and Voltmeter Full spec on request 

£400.00 
AIRMEC /RACAL 
Wave Analyser 248A 5- 300MHz £250 to £300 
Wave Analyser 853. 30KHz- 30MHz. Sensitivity 1 uV 
to 1V up to 20Mhz. duV to 4V up to 30MHz £105.00 
Wave Analyser 248. Freq. range 5MHz- 300MHz 

Modulation Meter 409. 
£145.00 

P.O.A. 
HEWLETT PACKARD 
Wave Analyser 310A Freq range 1KHz- 1.5MHz 
Separates en input signet so that the fundamental. 
harmonics mtermodulation products can be 
analysed. H gh sentnivity of 10uV full scale. combined 
with the wide dynamic range of 7548 allows 
measurements of both weak harmonic components 
down to luV and strong signals up to 100V 
Selemivity 3 1 F Bandwidth. 200Hz. 1000Hz and 
3000Hz £50.00 
Sweeping Local Oscillator 3595A. Plug-in for use with 
35906 Wave Analyser Freq. range. 20Hz to 620KHz 

£550.00 
Distortion Analyser 334A £445.00 
MARCONI INSTS 
Distortion Factor Meter TF. 142F Fundamental Freq. 
Range 10011z -8KHz Dist measuring ranges 0 -5% 
0-50% Measures all sputious components up to 
30KHZ [50.00150.00 
H.F. Spectre. Analyser OA 1094 A/3 Carrier range 
3 -30MHz Sweep width up to 3OKHz. 60d8 Amplitude 
differences awasurebte Also L.F. Extension unit for 
above TM 5448 (100Hz -3MHz) C325.00 
RADIOMETER 
Wave Analyser FRA 2 T3. Special verston of FRA 2 
with facilniss for intermodulation measurements and 
selective measurements of frequency responses. Freq. 
TAXI. 20Hz 

fe Selectively 3 curves with follow rag 1 dB 
H to 

11 25Hz. c 12.5Hz, d63He and 60dá points .4ÓH,, 

130 n 350 
50 150 H2 - 4 

H2 

Voltage range 100uV - 1KV Auxiliary Oscillator 
Range OHz so 1 6KHe end 1.5 to 1 6KHz. o/p - 10V 
(EMF) coot nuously variable. Impedance 1 Krung 
16uF £376.00 
WANDEL L GOLTERMAN 
Level Transmitter TIPS 42, 10 KHz- 14MHz. Generator 
O/p level O :mV -2 5V ISO Lowest adjustable 50,V 
Synchronous tuning of generator and level meter 
possible Output mpodence 150. 75. 70. 80 50 and 
()ohms n 25KHe Fine Tuning range £250.00 
Level Meter TFPM - 43 1OKHe -14MHz 3dB 
Bandwidth '600Hz and 4KHz) Selective measuring 
range 8V to 40uV (lowest readable 2uVO Switchable 
bandwidth n 15KHz fine tuning High sensitivity. Full 
specification for the above on request £250.00 
Distomon Meter VIM 83 52/304/556 kHz This unit 
composes a generator and receive portion and operates 
according to the intermodulanon method. This 
Ostomon measuring set is mainly used to measure 
aansmrssior distonions occurring on FM radio link 
etems £150.00 ys 
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THE HONEYWELL KEYTAPE UNIT 
is a multi -channel Keyboard to Magnetic Tape System recording Keyboard entered data on 
1/2" tape in 80 or 120 character records in a form easily usable as a computer input /output 
and verifier. 240 Volt operation. 

Honeywell Keytape Unit as 
picture. Checked, tested with 
Manual, £215 ea. 
As above but less data boards. 
Tested forward / backward 
tape movement and control, 
etc. Data entry / exit via read / 
write boards. £105 ea. 
Exactly as above but less key- 
board and table. £80 ea. 
All units carriage paid. KEY- 
BOARDS as pictured also 
available at £20 each. Carr. 
E2.50. 

For the simple to understand electro mechanical / vacuum system to the +15 -15 +5 
Power Supply and hinged wire wrapped card frame, the flexibility and reliability are 
outstanding, this coupled with the ease of interfacing to a VDU, Mini/Micro computer, etc., 
make all the Honeywell Keytapes on offer very fine value. 

ALWAYS SOME PUNCHES, READERS, PRINTERS, SYSTEMS. ETC. 

HEWLETT PACKARD Spectrum Analyser Type 851B £700. 

RHODE & SCHWARZ 
POLYSCOPE SWOB 1 £500. 
GENERATOR BN41022 300- 1000MHZ £195. 
DIAGRAPH AND GENERATOR 3MHZ to 300MHZ. Very nice condition £500. 
ADMITTANCE METER 8N3511 . As new £65. 
POLARAD Reciver Model FIM -B2. Complete 1 -10GHZ £500. 
12-CHANNEL CHART RECORDER fsd 5V 20MA per channel E17.50. 
TELONIC SWEEPER 2000 -1 with LA-1M 20HZ -20KHZ E120. 
MARCONI OSCILLATOR TF1101 20HZ- 2OKHZ. Nice condition Special price £50. 
MARCONI Wide Range Oscillator TF1370. Freq. range 10HZ to 10MHZ. Sine Wave: 
10HZ to 100KHZ. Square Wave. High outputs up to 31 6V. Fantastic value at tat) ea. MARCONI Generator TF867 15KHZ to 30MHZ £60 ea. 
MARCONI ADAPTOR TM6113 for TF2700; TF1313; TF868B £25. 
AIRMEC 4 trace scope Type 279 Large screen £120. 
FLANN SIGNAL GENERATOR. Type 501. 800MHZ to 3GHZ. Superb condition £140. 
COLLINS RECEIVER UNITS with built -in Tube and Power Unit 90MHZ to 10GHZ No 
information - ex- Ministry. Type IPI OULR. Limited quantity £65 ea. 
MARCONI TF142F DISTORTION FACTOR METER giving percentage distortion on a 
directly calibrated dial and includes all spurious components up to 30KHZ E37.50 ea. 
AVO TRANSISTOR ANALYSER CT446 £30 ea. 
MARCONI PORTABLE FREQUENCY METER TF1026/ 11 . 100 to 160MHZ. Very fine 
condition Sorry, now £27.50 ea. 
DECCA NAVIGATOR DISPLAY UNIT. Very impressive. £12.50 ea. 
PRECISION SIGNAL GENERATOR. Type 62. Ex- Ministry. 110.150MHZ. E15 ea. 
COURTENAY MAJOR Mk. 2. 250 joules, 5 outputs. Can be combined - 1250 joules. 
No heads E65 ea 
MARCONI SIGNAL GENERATORS. TF801 B from £140; TF801 D from £190. Usually 
available 
MARCONI DEVIATION METER. TF791D £65 ea. 
RHODE & SCHWARZ POWER METER. BNRD- BN2412/50 £50. 
MARCONI RF POWER METER. TF1020A/1 50 ohm E65. 
HEWLETT PACKARD 11 Channel Numerical Printer £30. 
MARCONI 20MHZ SWEEP GENERATOR. TF1099 £45. 
MARCONI DOUBLE PULSE GENERATOR. TF1400S with TM6600 /S £20. 
MARCONI TRAVELLING WAVE TUBE AMPLIFIER. TF1278/1 £15. 

TRANSFORMERS - All 240V 50HZ inputs 
Type A. 170 -17V 250 MA; 7.5- 0 -7.5V 250MA; 0 -20V 5 Amps; 0 -4V 5 Amps; 0- 1 -1.5V 5 
Amps. £2 each P &P £1.25. 
Type B 17 -0-17V 250MA; 8 -0 -8V 250MA; 0- 12.5 -13.5V 5 Amps; 0 -1 5 -2V 5 Amps. 
E1.50 ea. P &P E1 

TypeC 19 -0-19V 250MA; 8 -0 -8V 250MA; 0 -7.5V 5 Amps; 0 -1 4V 5 Amps. £1.25 ea. P &P 
£1.25 
Type D 34V 4 Amps; 19V 4 Amps; 1 7V 4 Amps. £3 ea P &P £1 25 
Type E 3V 1 Amp. 25p ea P &P 50p 
Type G 20 -0-20V 200MA; 0 -6V 100MA. 75p ea. P &P 75p. Atlantic series. 
All Brand New. (APT surplus types A, B. C & D Honeywell surplus type E. Parmeko Atlantic 
Series type G). 

OUR PRICES TOO HIGH? - THEN MAKE US AN OFFER WE CAN CONSIDER 
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FURZEHILL VALVE 
VOLTMETER V200A 

Audio to 10 MHZ with 
probe 1mV FSD. Fine con- 
dition. 

MARCONI TF1106 
NOISE GENERATOR 

4 ranges 0 5, 0 -10. 0 -15. 
0.30. 

THE LATE MODEL 
MARCONI 

OSCILLATOR 
TF885A/1 

in superb condition cover- 
ing 25HZ to 12MHZ sine 
wave in 3 ranges and 
50HZ to 150KHZ square 
wave. High output 31.6V. 
Meter scaled in volts and 
dbs. 

COMPRESSOR/ 
VACUUM PUMP 

Twin Cylinder opposed with 
Integral 1/2H.P. 220/110V 
50HZ Single Phase Motor. 
Tested and guaranteed. 

MARCONI TF675F 
WIDE RANGE 

PULSE GENERATOR +/- variable outputs up to 
50V. Optional delay. Small 
compact unit. 

. ALL ITEMS £22.50 ea. 
SPECIAL OFFER - pick 3 

different items of the 5 for 

£60 
Carriage £2.50 each or £ 5 
for 3. 

R.F. WATTMETER TS118A 
BIRD ELECTRONIC 

CORPORATION 
FREQ. RANGE 20MHZ to 1400M HZ. POWER 2 
WATTS TO 300 WATTS. 4 RANGES IMPE- 
DANCE 50 OHMS. Designed also to be used as a 
Dummy Load. Small portable instrument. 
Supplied in transit case with MANUAL AND 
SPARES £75 each. 

CUSTOMERS - WE ARE INCREASING THE AREA GIVEN OVER TO INDIVIDUALLY 
PRICED ITEMS AND HAVE IMPROVED THE ACCESSIBILITY. Every week hundreds of fresh 
items are added to our shelves and lists. We are sure you will find a visit to us worthwhile 

ROYAL INVERTORS manufactured USA. 28V DC Input. Output 115V AC 400HZ up 
to 2KVA. Brand new. Crated. £12.50 each 

SOLARTRON CD1212 SB 40 meg £85. DB24meg twice £120. Many other types 
available 
Ex- Ministry OSCILLOSCOPE. CT436 Double beam DC -6MHZ E95 each. 
ONLY £10 EACH STABILISED POWER SUPPLY. 240V 50HZ input. Outputs - 15V @ 
10A. + 15V / 4A - 4.5V @ 12A -21.5V @ 1 5A. Size 16 x 20 x 9 ". Auto overload trips 
on each voltage rail with push button resets. Many OTHER POWER SUPPLIES - call and 
see. 

*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 ea. Old black style £1.50 ea. P &P 75p. 
TELEPHONE EXCHANGES. eg 15 -way automatic (exchange only) from £95. 
MUFFIN FANS. Size 5 x 5 x 11/2". Superbly quiet and reliable. Ex -eq but tested. 230V @ 
£2.50 ea P &P 75p. 
PHOTOMULTIPLIER Type 931A £4 ea. P &P 75p. Other types available, also suitable 
Power Supplies 
*POTENTIOMETERS - All 5p 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 E3.50 P &P 
75p: 500 off £15 P &P E1.25; 1,000 off £25 P &P £1.50. 
LARGE RANGE 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.H.T. TRANSFORMERS 20KV 2KVA £85 ea. 26KV AC 10MA 240V 50HZ. Single 
phase input £50 ea Many other EHT transformers and EHT Capacitors available. 
DONT FORGET YOUR MANUALS. S.A.E. with requirements. 
TUBES. All Brand New Boxed. Electrostatic deflection. Type 408A 11/2" dia., 71/2" long 
Blue Trace £2.50 ea. P &P 75p. Type CV1526 (3EG1) 3" dia. £3 ea. P &P E1. 
TYPE DB7/36 (Replacement for Telequipment S31) £12 ea P &P E7.50. 

FOR THE VDU BUILDER. New stock of Large Rectangular Screen 30 x 20cm tube 
Type M38 at the ridiculous price of £4 ea. And also still available the CME1220, 24 

1 5cm at £9 ea. 

SEMICONDUCTORS - All at 8p ea. *. P &P extra. Guaranteed all full spec. devices 
Manufacturer's markings. 
BC147: BC158; 2N3707; BC107; 8F197; BC327: 2N4403; BC172B, BC2618; BC251B: 
BC348B, BC171A/B; 2N3055RCA 50p ea. P &P 8p 
2N5879 with 2N5881 Motorola 150 Watt. Comp. pair E2 pr P &P 15p. 
*Linear Amp 709 25p ea. P &P 8p. 

*SPECIAL OFFER 
Guaranteed full spec. devices. Manufacturers' markings BC204 & BC207A 4p ea. P &P 
extra 

MICROCOMPUTER - GOT TO BE ON THE CHEAP 
SORRY, 35RO's ALL GONE BUT NOW OFFERING 

CREED 5 LEVEL COMBINED PRINTER AND PERFORATOR 
NEW CRATED £35 each 

CREED 5 LEVEL CREED 7B 
PAPER TAPE READER £25 each TELEPRINTER CRATED £40 each 

£5 discount on any pair plus FREE carriage. Otherwise £2.50 carriage each item 
Minimum Mail Order r22. Excess postage refunded. Unless stated - please add £2.50 carriage to all units 

VALUE ADDED TAX not included in prices - Goods marked with It 121/2 % VAT, otherwise 8% 
Official Orders Welcomed. Gov. /Educational Depts., Authorities, etc -, otherwise Cash with Order 

Open 9 arm- to 5 30 p m -, Mon to Sat - 

I=III IIILTI,IF* LI 
7/9 ARTHUR ROAD, READING, BERKS. (rear Tech- College, King's Road). Tel. Reading 582605 
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NEW FROM AMERICA 
LIQUID CRYSTAL 

DISPLAY WATCHES 
FROM FAIRCHILD TIMEBAND 

5 + 4 functions. Continuous readout of Firs, Mins and 
pulsating Secs. Single command button, push once for 
Month /Date - auto reset; twice for Secs - manual 
reset. 

* PLUS Programmed 4 -Yr. calendar, backlight for night 
viewing, optional continuously alternating Time/ Date ä ̂ ' 

display, AM /PM setting indicator. 

High contrast L.C.D. display visible in bright sunlight. 
Supplied in Presentation Boxes, these are superb 
watches selling in jewellers' shops for up to £80 

h TC 411 White E29.50 
TC 410 Gold £32.50 

l On Leather Strap 
. TC 413 White £34.50 

TC 412 Gold E37.50 
Matching adjustable bracelet. 

fo 
OUR SPECIAL L.E.D. OFFER - 

GALA 6 + 3 functions 
At the touch of a button - Hrs, Mins, Secs, Alpha Day,L 
Month and Date. * PLUS Programmed 4 -Yr. calendar 
Auto Hold and Fadeout, AM /PM setting indicator 
Available in S/S or Gold Plated with S/S back and 
matching adj. bracelet. Sold elsewhere at £22.90. 
OUR PRICE £18.95. 

No moving parts to wear out, clean or oil. Accuracy to a few 
secs /month. We believe our prices are the lowest anywhere and 
include V.A.T. at 8% and P. & P. Free battery /s. No quibble 1 -year 
guarantee. 

Send Cheque /Moneyy to 

TEMPUS Dept. WW, 5 -7 Norfolk Street 
CAMBRIDGE, CB1 2LD. Tel: 55094 

A LOT OF TIME FOR THE MONEY 

WW -090 FOR FURTHER DETAILS 

MAIL ORDER PROTECTION 
SCHEME 

(Limited Liability) 
It you order goods from mail order advertisers in this magazine. except for classified advertisements. 
and pay by past m advance of delivery, Wireless World will consider you for compensation if the 

advertiser should become insolvent or bankrupt. provided 

t You have col received the goods or had your money returned: and 

2. Your write to Iba publisher of wrens World explaining the position not earlier than 28 days from 

the day you sent your order and not later than 2 months from that day. 

Please do not wait until the last moment to inform us. When you write. we will tell you how to make your 
claim and what evidence of paymenr is required. 

We guarantee to meet claims from readers Inds in accordance with the above procedure as soon as 

possible after the advertiser has been. declared bankrupt or insolvent up to a limit of 

0.550 per annum tor any one advertiser so affected and up to £10.000 per annum in respect of all 
nsolvent advertisers. Claims may he 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 do so ie view of the 

need to set some limit to this commitment and to learn quickly of readers' difficulties. 

This guarantee covers only advance payments sent in dit_Losj response to an advertisement in this 
magazine Mot. for example. payments made in response to catalogues, etc.. received as a result of 

answering such advertisements(. Personal advertisements are excluded. 

d Become a radio 
amateur. 

Learn how to become 
a radio amateur in contact 

with the whole world. We give 
skilled preparation for the 

G.P.O. licence. 

17 
Brochure, without obligation to- i 

I BRITISH NATIONAL RADIO & ELECTRONICS SCHOOL, 

I P.O. Box 156, Jersey, Channel Islands. I 
NAME 
ADDRESS WW.,11 I. of 
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St r ng 
Sound 
udio modules 

for cost -conscious constructors 

A NEW 100 WATT r.m.s. 
POWER 

SS.1100 -° gr .: 

£9.45m -.1. 

with heatsink -type 
bracket. Large heatsink - -El' extra 

Most recent addition to Stirling Sound's wide range of power amplifiers. the SS 1100 is 

a solidly constructed heavy duty module. to delivee 100 watts r m.s into 40 using 70 
volts Ideal for discos, P.A. and similar applications. With built in output capacitor and 
heatsink mounting bracket. Size approx. 140 x 76 x 32mm. A guaranteed Stirling 
Sound QV module. Compatible with other Stirling Sound modules. Supreme value 
Designed and built for long unbroken spells of work 

POWER AMPLIFIERS FROM 5 TO 40 WATTS 
SS.105 
5 watts R.M.S. into 4 ohms using 12V itkr4 
supply. Ideal for use in in-car entertain- 't,p 

ment. Size - 89 x 51 x 19mm e 
£2.25 

S.110 
Similar in size and design to SS.105, this r 
QV module delivers 10 watts R.M.S. into 
4 ohms using a 24V supply, e.g. SS.324. 

SS 140' Of great use in domestic applications. 
E2.75 Mk 3 version. complete with output 

capacitor and heatsink-type bracket. 
SS.120 Delivers 40 watts R.M.S. into 4 ohms 

Using a 34 volt supply, such as SS.334, from.i 45 volt supply such as the SS.345. 
this amplifier will deliver 20 watts into a 4 Designed specially for long and heavy 

nhm load. Same dimensions as above OzO 
£3.85' 

£3.25 FOR POWER SUPPLY UNITS SEE BELOW 

STIRLING SOUND CONTROL UNITS 
UNIT ONE 

Combined pre-amp with active t.r 
circuits 200ma output for 50 mV in Runs 
on 10 to 16V supply Treble -.15 dB a 

10KHz Bass `15 dB at 30Hx Stereo 
Balance vol treble and bass controls 

7.80 
SS ego 

` Active tone control, 

:Wd:dI:C § 

a 
E1.60 UNIT ONE 

SS.102 STEREO PRE -AMP 
R L A A corrected for mag plus tape Preancp with Gettye 
radio. etc E2.65 tone control circuits. 

POWER SUPPLY UNITS 
COMPLETE WITH TRANSFORMERS and 13-16V takeoff points Add 50p p/p for any 
model 
ALL AT 8% V.A.T. 
SS 312 12V/1A £3.75; SS 318 18V/1A E4.15; SS. 324 24V/IA £4.60; SS. 334 
34V/2A £5.20; SS 345 45V/2A £6.25; SS 350 50V /2A £6.75; SS 300 - Power 

stabilising unit 10 -50V, adjustable (no transformer, p/p 35p) £3.25; SS. 310/50 
Stabilised power supply variable from 10 to 50V/ 2A £11.95. 

THE BUILT -IN QV FACTOR is the symbol of Stirling Sound' guarantee of Quality and Value 
which gives you today's beat buys all round. It is YOUR gu.r.n». of satisfaction. 

TO ORDER add 35p for p/p unless shown otherwise V.A.T.add 12 V2% to total of order unless shown. 
when the rate is 8% 
Every vH on de to ensure correctness of information at time of going to press Prices su blest to 
change without notice 

StirlingSaund 
A member of the BI- PRE -PAK GROUP 

220 -224 WEST ROAD, WESTCLIFF -019-SEA, ESSEX SSO 9DF 
Phone: Southend (0702) 46344. PERSONAL CALLERS WELCOME 
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f5 
(ELECTRONICS) LTD. 

9 & 10 CHAPEL ST., LONDON, N.W.1 
01 -723 7851 01 -262 5125 

ADJACENT TO EDGWARE ROAD MET. LINE STATION 
PLEASE ADD 8.L.. TO ALL ORDERS INC. GARB 

AUTO TRANSFORMERS FOR 
AMERICAN EQUIPMENT 

240/110v. 80-3000 Wens. fitted with 2 -3 
pm sockets and 3 core mottos lead. Send sae 
for prote list. We have England's largest 
selection of Amer.. eledncal a<cessones. 
2-3 pin plugs, recessed and surface type, 2 -3 
sockets. multi -way adaptors, 2 -3 pm 
grounding adaptors, Cable type rockets 
Extension cords. 240v. Edison screw type light 
bulbs. Industrial plugs and sockets. Let us 
know your requirements. 

3 PHASE ISOLATION TRANSFORMERS 
BY FAMOUS MAKER 

Input tapped 380 -404415 -430 volts RMS 
NOM. Line to ,ne 3 phase 4 wire 50Hz output 
415 molts. NOM 3 phase 4 wire at 2. 1 SkvA. 
Regulehon 2% secondary fully screened open 
typa constructton. Terminal board connecbons 
size 16'hx7x6hens. Weight 901ós Brand new, 
Fraction of makers lance, 527.60 plus VAT. 
carnage charge at cost 

OIL FILL BLOCK CAPACITORS 
T.C.0 lOmld 3kv discharge rating A 55 deg C 

01.00. carr El 25. 1 mfd 2000v DC wkg 60p. 
p_p 25p. Dubilier 8n d 2500v DC wkg. 70 
peg C tl.76, can El 25 4mfd 1250v DC wkg 
51.00, P 30p 4mfd 350v DC wkg 40p, 
P.P. 25p. 2mfd 500v DC wkg 30p. P P 15p 
lmftl 600v DC wki 25p, P 15p 

' AC WKO BLOCK CAPACITORS 
Dubiller 15mfd 330v AC Wk 57.25, P.P. Wkg 

100v AC0v AC Wkg CI .00. P P. 
6mM 300v AC Wkg 7 P p. 25p 500v 
AC Wkg 57.20, P. 25p 25 
AC W'kg 76p, P.P. 25p T.C.C. 4mfd 250v AC 
Wkg 50p, P P. 20p_ 2.4mfd 300v AC Wkg 
501s, P 20p. 1.5mfd 400v AC Wkg 75p, 
PP 20p O 4mfd 440v AC Wkg 50p, P.P 
20P. Bosch lmfd 800v AC 51.00. P P 20p 

- 

TTED H.T. TRANSFORMERS 
FAMOUS 

HT TRANS Sy FAMOUS MAKER 
ALL PRIMARIES 240v. OPEN TYPE TAG 

CONNECTIONS 

4O- 1 Pri z4a Sc, Sr «tapped 
408-200-0-200-408v 
Low 

High taps M/ 
Low tapa BOOM /A 55.60, Carr f 1 No 2 Pro 

115- 220 -240A Scr sec 400- 0 -400v. 
400M /A £5.75. Carr E1 No 3 Pro 
115. 220 -240v. Scr s c 350- 0 -350v 
200M /A 6 3v 6A. 5v. 3A 54.50, cary E1 
No. 4 PO 115 -220 -240v Scr sec 330-0-330v. 
200M /A. 6 3v 6A Sv. 3A. 54.00. cart E1. 
No 5 Pri 220 -240v. Size 250v BOM /A. 15v 
2A 6.3v 4 5A 53.00. p p 75p. No 6 Po 
110-220-240v. Scr s« 1875v 130M /A and 
500v. 31M /A. 55.00, Carr El No. 7 Pri 
110.220 -240v. Sn sec 230v. 200M /A. 
6 3v. 74, £3.00, carr 75p. No. 8 Pri 
220.240v Scr sec 250- 0-250v 75M/ A, 
6.3v 2A, 6.3v 1A, 53.00, carr 75p No 10 
Pe 220 -240v Scr sec 250- 0 -250v 100M /A, 
6 3v. 3A. 5v 24. £3.00, can 75p. 

CURRENT RANGE OF NEW L.T. TRANSFORMERS 
OPEN TYPE TAG CONNECTIONS 

ALL PRIMARIES 220 -240v. 
Type Seo Taps Amps Poce Carr 

1 24- 30- 40- 48 -60v 12 523.20 E2 00 
2 24- 30-40- 48 -60v. 10 £22.31 E2.00 
3 24.30 -40- 48 -60v. 8 £15.11 El .50 
4 24- 30.40- 48.60v 5 £11.71 EI.00 
5 24 -30- 40-48 -60v. 3 MOO .75p 
6 24- 30-40- 48 -60v 2 56.13 75p 

6- 8- 10- 12- 16- 18.20- 24- 36- 40.48.60v. 
CAN BE OBTAINED FROM THE ABOVE RANGE 

7 19- 25- 33 -40.50V. 10 520.21 E2.00 
8 19.25.33.40.50v 6 514.52 E1.25 
9 19- 25- 33- 40.5ov 3 £7.02 .75p 

10 19.25.33- 40 -50v. 2 56.69 .75p D 
5 -7 -8- 10.13 -15.17- 20- 25- 30- 40 -50V. 
OR 25 -0.25v. OR 20- 0 -20v. CAN BE 

OBTAINED FROM THE ABOVE RANGE 

11 12.15- 20- 25 -30v 10 511.61 Eí.25 
12 12- 15- 20- 25.30v. 5 E7.74 £1.00 
13 12- 15- 20- 25 -30v. 2 54.34 .75p 

3-4- 5- 6- 8- 9.10.1215- 18- 20- 24.30v. 
p 

or 12 -0.72v. or 15 -415v. CAN BE 
OBTAINED FROM THE ABOVE RANGE 

14 12 -24v. 12v.60A.24v. 30A 520.32 E2.00 
15 12 -24v. 12v. 305. 24v. 15A £18.33 El 50 
16 12 -24v. 12v 20A,24v.10A £12.55 £1.25 
17 12.24v. 12v. 10A.24v. 5A £8.33 75p 
18 12 -24v. 12v. 4A 24v. 2A. £3.42 60p 

SHROUDED TYPE TERMINAL CONNECTIONS 
19 4- 16- 24 -32v. 4 £8.75 -S p 
20 416- 24.32v. 2 £5.50 65p 
21 12- 2424v. 10 512.50 51 00 
22 12 -20 -24v. 5 57.50 75 D 
23 24- 30 -36v. 10 573.00 51.25 
24 24 -30 -36v. 5 £10.00 El 00 
25 24 

Sec 350- 0 -350v. 120M /A. 6.3v. CT 4A. 5v. 
2A 53.65. pp 75p. 300.0.300v, 150M/ A. 
6 3v. CT 4A. 5 -6.3V. 2A E3.95, pp 75p 
300- 0 -300v. 100M /A. 6.3v. 3 5A. 5v 2A. 
53.50. pp 75p 250-0-250v 80M /A 6.3v. 
3.5A. 63v. 1A. 5v. 2A. Fully shrouded 
500- 0 -500v. 200M /A. 54.60, carr E1. 'C' 
core types 250- 0 -250v. 50M /A. 6.3v. IA 
6.3v. 0.6A 6.3v. 0.7A 52.75. pp 75p. 
125- 0 -125v 100M /A. 52.00, pp 75p 
Single ended type 250v. 20M /A. 6.3v. 1A. 
shrouded £1.26, pp 50p. 220v. 20M /A. 
6.3v. lA. shrouded, 51.26, pp 50p. 

MINIATURE RELAYS PLESSEY VARLEY 
525 4 CO 75p. 520 2 CO SOp. 28011 4 CO 
SOp. 4300 40 CO SOp. 430í 2 CO 50p. 
125004 CO SOp. Postage 10p ea Open type 
sue tl4 x l V. no 6v DC I CO 35p. P. P 10p. 

ITT LEVER SWITCHES 
Type 601 AAO 72 -42 4C0 contacts overall 
size 114 x 2 x IS ins. White lever, gold flash 
contacts. 60p. Three for 51.50, P P 20p. 

i, 
1 

OUTPUT TRANSFORMERS 
Mull] tapped type MRT3 7 Watts max DC 
60M /A. single 131 to 100 -1 P.P. 20 -1 to 
100 -1. ETD. pp 50p T MRT2 4 Watts 
m ax OC 50M /A. Single 77 1 to 80 -1. P.P. 
15.5.1 to 80.1, 51.25, pp 50p. Elatone OT3 

pro load 5000 ohms sec 15 and 3.75 Ohms. 
53.00, pp 50p. Type OT28EL fully shrouded 
po ohms 100 sec to sun 

7. All ohms 100 Watts. 57.60, pp 
E 1 .50. All typas with data sheet. 

1 

BENSON SOLENOIDS 
AC 240v 25% duty Appmx 2 ms 'h in pull. 
Sue 2 x tY o 1 ms Res 3508 76p, P P. 
25p. 

AE.R -E- HIGH VOLTAGE INSULATION 
CORE TRANSFORMERS. EQUIP. 

Po 200.220 -240v s« 2 5v 45 Amps 30kv 
DC wkg, 57.60, mn 51.50 S« Sv. 5 Amps 
30kv wkg, 53.00, can El Pon. types 
Pri 230-240.250v sec 100v. 60M /A. and 
35v. 5A. 10kv DC wkg, Eí.50, Carr £2. Po 
400-220-240v. sec 8 -0 -8v. 20 Amp 5kv DC 
wk C10.earr 52.50 Pri 220.240v. sec 5v 8 g 
Amps 40kv DC wkg, 55.00, nett E2. Parmeko 
oil-filled potted types pot 110- 220 -240v sec. 
5v. CT 30 Amps twice, £10, can £2. Pri 
110-220-240-250v 20- 240 -2 50v Sec 2.5v CT 30 Amps 
6.4v. 5.2 Am Amps twice 6.4v 0.3A, 54.60, carr 
51.50. 

IMINIIIMIMINIMMINFOISO 
OIN OPERATION TV METERS 

An ideal component unit composing of I Vtv 
battery motor. co mechanism. 240v SA 
micro switch, gear wheels. etc Housed m 
hakelre case. 75 P.P 25 p, D 

' I 

100 VOLT LINE FORMERS 
Po tapped 10 -5 -2.1 Watt sec tapped 3 -15 
ohms, 51.00, pp 30p. 

SPECIAL OFFER OF L-T. 
TRANSFORMERS 

By famous makers Fraction of list price 
All pes 220-240v. rimari 

Open typas s« 24v tOA. and í2v D.IA. 
55.50 Pp E1 Sec legged 51- 61- 65- 67 -69v. 
10Á 510. Carr El 50. Sec tapped 
58- 63- 69.74v. 3A Et.76, carr E1. S. 33v. 
6A and 18 -0-18v 1A, 53.60, Garr E1. Sec 
14v. 5A. 14v 2.5A. 12v 10A. Bv. 10A. 24v. 
750M /A.200v. 500M /A. Separate winding. 
E10, tan E2 Sec 37v 5.5A and 37v. 2A. and 
2ív. 11A 55.80, carr 51.50. Sac 26v 5A. 
16v 4A. 25v. 2A 

REPANCO INVERTOR TRANSFORMERS 
Type 1151 12v, DC to 240v. AC 15 watts. 
£3.00, pp 50p. Type TT24 10 Wan amp for 
PA or car radio. E30, pp 50p. Á 

r 

HIGH VOLTAGE RMERB 
Gresham Pri 240v sec 2300v. 10M /A 6 3v. 
1.5A. Open type. Table top connections. 
E3.50, pp 50p Woden pri 230v. sec 
890.710 -47í0.890v 120M/Á. O 
TT connections. 53.76, 75 Parmeko DD D 

gonad type. Pri 110- 220-240v s« 1875v 
60M/A. 64v 6A. 5v 3A, 56.60, tart 

MINIATURE LT Sonf 
Pri 240v. S« 24-0-24v 100M/Á. Sue 45 . 
35 0 30 mm E1.00, pp 30p. Pro 240v. Sec. 
lapped 40- 80 -100v. 5050/5. Sue 50 o 45 x - tom 51.00, pp 30p. 

H.T. SMOOTHING CHOKES 
Parmeko potted types 10H 180M /A, £2.00. 
pp 5op. 10H 75M /A. 51.00, pp 35p_ 50H 
25M /A, E1.00, pp 35p, 15H 75M /A, 
E1.00, pp 35p. Swinging type 5H O.04A. -4H 
0 25A E1.75, pp 50p Gardners 100H 
20M/A. 51.25, pp 35p 20H 120M/Á. 
51.25, pp 35p 20H 80M /A. 51.00. pp 35p. 
C core type 1 OH 350M/Á 53.60, pp El 00. 
4.5H 28M/Á. 52.00, pp 75p 
LT chokes 4 8 M/H 10 Amps, 54.00, ten El. 
140 M /H 5 Amps C core typa. £4.50 cari Et 
100M/H 2 Amps potted type. 54.00, carr El. 
150 M/H 3 Amps open type. £3.00. cart f l 
t0M /H 3 5 Amps open type. 53.00, carr i"1 

13M /H 1 15A potted type. 51.50. nl. Sop 

. separate windings, 56.50, 
cary E2. "C' core types sec 18.0 -í 8v 21 A. 

C10Cl. Pored 
Sec 6,3v 22A enclosed. £4.65, 

types sec 6v 1A twice 52.00, 
PP 75p Sec 24.30-32v. 2A. £3.00. pp 75p 
Sec 30v 5A 23v. 500M /A 180v 100M /A 
78v. 60M /A. E5.í0, carr £150. Seo tapped 
4-5-6-10-11-12-21.22.23-24-25-26v IA 
and 55v. lA 54.80, cart £1 Sec 43v ''A. 
43v 750M/Á and 8 3v. tA. 53.00, pp 75p 
Sec 62v. 1A. and 6v 6A. 54.50, Carr E 1. 
22v. 3.5A. and 46v 45M /A 53.50, cary 75p 
24v IA. and 24v. 750M / A. 52.50, pp 50p 
Tapped 20.40 -80v. 2A. E3. pp 75p 30v 
5 5A and 12v 2.2A. pen type, 55.50. carr 
f 1 12v. 2 2A. and 12v lA E2.50, pp 75p 
Tapped 16- 18 -48 -50v 3A E3.50, pp El 

-30 -36v. 2 55.50 65p 

CENTRE TAPPED CENTRE TAPPED L.T. RMERS 
Fully shrouded block connections. Screen. R 220 240v 
Fol bDov6 36. 25.0- bioc000 5 Amps. rien Po 0. E1 
30- 25- 0- 25 -30v. 2 Amps, £6.95, pp 75p 18- 0 -18v. 2 Amps. 
54.76, pp 75p. Open !rame type pro 220 -240v sec 50 -O SOv. 1 

Amp, E6.50, pp 75p. 50- 0-50v. 2Amps, ES-75, pp E1 

HEAVY DUTY TYPES 
A. 220 -240v. s« í2E VY twice Till give í2v e0Á or 24v. 
P02. 0-240v Baer E2. S. ó-12v. 205. £70.76, carr E1 o5 

24v 

30v. 200. 312.00, carr 0 1 . 7 5 

/ 

ISOLATION FORMERS 
BY FAMOUS MAKERS 

Pri 200 -220 -240v Sc, sec. 240v. 13 Amps 
conservatwely rated Open type. terminal block 
connections. E35.00, car E4 Pri 
200-220 -240v. Scr sec 240v r 700 Watts. 
Open typa. Cable lead coon «Wons E6.60, 
Carr E2. Po 115 -200- 220 -240v. Scr sec 

1 15v 13.5 Amps. Shrouded type table top 
connections, conservatively rated. £32.50, 
cari.' E3. Pro 200. 220 -240v. Sec tapped 
90-100-110-120v 7,5 amps. Conservatively 
rated. Shrouded type. Table top connections. 
E76.50, can £2- 

Strobes,Tachos, Meters, Generators and Telecommunications Test Equipment 

E.B. import and distribute 
high -grade products from 
World- renowned British 

Overseas Manu- 
facturers. 

NEW FUNCTION 
GENERATORS 

Model 30 - Low cost £671 High performance 1 Hz to 
100 kHz. Sine, Triangle and Square wave output 10V 

gloom 6000 Variable symmetry and d c offset 

Model 3111 Senas. Highly versante. nigh quality 
wave -form generator 0.002 Hz to 2 MHz. Sine 
Triangle and Square wave outputs 20 V pk to pk from 
500 Variable symmetry and dc offset Higher 
stability. premium version. 301 A 526E 
Standard Version. 301E .. 5235 
Simpler. Low-cost Version 5156 

PROGRAMMABLE VERSIONS 
AVAILABLE TO ORDER 

G430 - W.de Band, versattte 1 Hz to 1 MHz Sone and 
Square-wave 10V ems or 20V pk to pk from 6000 

595 
G432 - High performance I Hz to 1 1 MHz Sine. 
Triangle and Square -wave Venable d c offset SV to pk 
from 500 variable. plus s,muitaneous outputs at 10V 
pk to pk from 600!1 E115 

0ttC a 
r 
(1) 

(f% _ 
4PDUCIS° 

` 

PEN RECORDERS 
PEN RECORDER H -3020 SERIES 
1, 3 and 5 channel instruments - 2mA Is.d 5Hz 
natural frequency. 8 chart speeds from 
01.25mm /second Supplied complete with transit 
case and accessories 
Priem 
Single Channel H3020.1 £108.00 
Three Channel H3020 -3 £160.00 
Five Channel H3020-5 £240.00 
Plus Carnage & VAT 

MULTIMETERS 
See inside back 
cover for details 
of ICE Super 
range of multi - 

meters! 
AC CLAMP VOLT -AMMETER u.91 
AC Clamp Voltammeter. U. 91 Brand New £14.60 
Spec Current 10.25 -100- 250 -500 Amps Voltage 
300. 600V Accuracy 4% Used for measurements nt 
AC Voltages and currents without breaking the orcults 
Ranges are selected by means of a Rotary Selector 
Swuch 
MEOOHMMETER TYPE M4100/3 
Megohmmeter. Type M4100/3 539.60 
Nominal o/p Voltage (open cct) 500V Mgh 
measurements Range (at 500V) 500M0 (Mid Soak 
5M0) Low measurements Range 1000K0. Portable 
(71bs.) and Hand operated c /w carrying case 

MULTIMETER U4324 
MORE RANGES 
FOR LESS 
MONEY! 
AC /DC Wort-natal- type 
U4324 A -DC 0.06 -3A 
6 Ranges A -AC 0.3A - 5 
Ranges. C -DC 0.6.1200V - 9 Ranges V -AC 3.900V - 8 Ranges. Freq in the 
range of 45 to 20kHz. 
Resrstance 500 ohm to 5 
Mohm - 5 Ranges Deci- 
bel - 10 to + 12 d8. 
Accuracy - 2 5% 
DC! 4% AC 
Dimensions 167 e 98 x 

63mm 
Only 510.55 
POST 5 PACKING 600 

SPECIAL PURCHASE 
Above U4324 instruments factory rebuilt at the 
unrepeatable price of E5.75. Limned quantity only 

NEW! MULTIMETER UM11 
to illustrated rn code) 10060 /V on do 15Omv to 

1500 V F S 2% accuracy 31 6 kO /V on ac 1 5V to 
1500 V F S 395 accurst' Also lectures 10..A to 15A 
do current 15A ac current dB scale Resistance ranges 
001,1 to 100 cot] F S 1i 539.50 

*dill N ELECTRONIC BROKERS LIMITED (New Products Division) 
Carriage 
'fIDBf shown. I 

details on request. 
e - 49-53 Pancras Road, London N WI 261B. TeI:O1-837 7781 

weltnro,a 
Mooday to trinar 9 a r^ 
to 5 p m. 

WW - 103 FOR FURTHER DETAILS 
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7A GLO 
A 

OB2 0.40 
OZ4 0.55 
IA3 500 
IA5GT 0.55 
IA7GT 060 
1 B3GT 0.55 
1C2 LOO 

ID5 0.75 
106 1.00 
IH5GT 0.80 
IL4 025 
1LD5 0.70 
ILN5 0.70 
IN5GT 0.75 
1R5 0.50 
154 0.40 
155 0.35 
1T4 030 
1U4 0.70 
IU5 0.85 
2021 0.55 
201(5 0.75 
2X2 0.70 
3A4 0.55 
3B7 055 
306 040 
3Q4 0M 
3Q5GT 0.70 
354 045 
3V4 0.60 
4086 0.75 
5CG8 0.75 
5R4GY 100 
5T4 1.00 

5U4G 0.60 
5V4G 0.60 
5Y3GT 0.55 
5Z3 100 
5Z4G 0.48 
5Z4GT 0.55 
6/3012 0.79 
OA9G 1.40 
6AC7 055 
BAGS 0.35 
BAG7 0.60 
6AH6 0.70 
6A.15 0.70 
6AJ8 0.35 
6AK5 0.45 
6AK6 0.70 
6AK8 0.40 
6ALS 0.17 
6AM6 0.50 
SAMOA 0.70 
6AN8 0.70 
'6AQ5 047 
fiAQe 039 
BARS OM 
6AS7 1.00 
6AT6 0.50 
6AU6 0.40 
6AV6 050 
6AW8A 0.84 
6AX4 0.75 
6a8G 0.35 

ENTLEY 
CORPOR 

UCESTER ROAD, LI 
LL PRICES SHOWN 

AC 
ATI 

OUS 
ON L 

TTLEHAM 
INCLUDE 

PTON, SU 
V.A.T. AT 
30PL13 1.00 

30PL14 1.29 
30P1.15 1.00 
35A3 0.75 
35C5 0.80 
3505 0.95 
35LOGT 0.80 
35W4 455 
35Z3 080 
35Z4GT 670 
35ZSGT 1// 
42 150 
5085 5M 
5005 570 
50CD6G L20 
50EH5 0.85 
501IGT 1.M 
MKU 552 
72 0.70 
77 0.45 
85A2 0.75 
85M 075 
90AG S.S. 
90CG 280 
90CV 2.80 
90C1 0.85 
10gC1 0.40 
15082 1.00 
215SG 0.60 
301 1.20 
302 1.20 
303 1.20 
305 1.210 

807 1.10 
956 050 
1625 2.50 
1821 1.10 
5702 1.211 

5763 115 
6057 LM 
6060 1.00 
6067 1.60 
6146 3.50 
7193 GM 
7475 120 
9002 0.55 
9006 0.45 
A1834 1.00 
A2134 3.00 
A3042 6.00 
AC2PFN Loe 
AC2PENDD 

LOG 

AOO/PEN IN 
AC/P4 1.51 
AC/PEN(7) 

1.20 
ACIrHI 1.90 
AL60 1.20 
ARP3 0.60 
ATP4 0.50 
AZI 0.50 
AZ31 0.60 
AZ41 0.50 
B36 0.75 

TIC 
TD. 

SSEX. Tel. 6743 
121/2% 
8719 039 EB121 
B729 079 EC52 
131.83 LOO EC53 
CL33 1.75 EC54 
CVO 0.60 ECM 
CV63 1.00 EC88 
CV988 025 ECM 
CYIC 1.00 ECC32 
CY3I 070 ECC33 
DI 050 ECC35 
DM Q30 ECC40 
DAC32 0.80 ECC81 
DAF91 0.35 ECC82 
DAF96 0.M ECC83 
DC90 070 ECCM 
OD4 0.80 ECUS 
DF33 0.75 ECM 
DF91 0.30 ECC88 
0006 0.60 ECCIM 
01563 0.50 ECCBM 
DH76 0.50 ECC807 
DIM 050 ECF80 
DH81 0.60 ECRU 
DK32 060 EC188 
0640 070 ECH21 
DK91 0.50 ECH35 
DK92 1.00 ECH42 
0696 0.70 ECH81 
DIM 0.70 ECH83 
1082 0.80 WHIN 
D192 045 ECM 
0194 0.60 ECM 
D196 0610 ECM 
DM70 0.80 ECI84 
DM71 1.75 ECUS 
DW4/350 115 ECI96 
DY87/6 035 5122 
DY802 0.45 51-40 
E80CC 2.50 5141 
EBOCF 5.00 EF42 

F80F 2.20 EF73 
E93F 1.60 EF80 
E88CC 1.20 E183 
MCC 0.70 E185 
E180CC 0.M E186 
EIMF 1.15 EF80 
E182CC 3.00 EF91 
E188CC 7.50 EF92 
5180F 5.00 EF93 
E1148 0.60 5191 
Fì150 0.40 EF97 
EA76 1.30 EF98 
EABCBD 040 EF183 
EAC91 055 FFIM 
EAF42 0.70 51804 
EA11301 0.75 EH90 
EB34 030 EKR 
EB91 017 EL32 
EBC41 0.75 EI.34 
EBC81 0.45 5135 
EBC60 050 5137 
EBC91 050 EIAI 
EBRO 0.40 5.181 
513183 0.45 ELM 
513F99 0.40 6L84 

6BA6 
BBCB 
6BE6 
6BG6G 
66F46 
6816 
6BK7A 
6BQ5 
6BQ7A 
6BR7 
6BR8 
6857 
6BW6 
6BW7 
6BX6 
6BY7 
6BZ6 
6C4 
6C5G 
6C6 
6C9 
6C10 
6CBBA 
6012 
60D6G 
6CG8A 
6CL6 
6CIBA 
60M7 
BCS6 
6CU5 
603 
6DE7 
6DT6A 
6EW6 
6E5 
611 
6F6G 
6F12 
6113 
6114 
6F15 
6FI8 
sF21 
6FlA 
6F75 
6F26 
6F28 
6F32 
6Gr : 
6Gr.0A 
6GK5 
6GU7 
6H6GT 
615GT 
616 
617G 
617M 
6N8A 
6K7G 
6KGG 
6KOGT 
611 
618GC 
6L7(M) 

0.40 
090 
0.40 
I.R 
070 
0.65 
0.85 
034 
0.60 
1.00 
1.25 
1.70 
1.00 
0.65 
029 
036 
0.60 
0.40 
0.60 
0.45 
2.00 
0.71 
0.50 
035 
1.60 
0.90 
0.75 
0.95 
1.00 
045 
0.90 
075 
0.90 
0.85 
0.85 
1.00 
0.80 
060 
0.50 
030 
090 
0.85 
0.60 
065 

6 
I.O5 
0.36 
074 
070 
060 
0.80 
075 
0.90 
0.30 
0.50 
035 
0.35 
0.65 
0.60 
035 
0.50 
0.55 
2.50 
0.70 
0.60 

6LI2 039 
6218 060 
6119 200 
6LD12 0.40 
61_020 080 
6N7GT 0.70 
6PL12 0.40 
6P15 0.34 
fiQ7G 050 
6Q7GT 0.50 
6Q7M 065 
607G 0.70 
6R7(M) 1.00 

6SA7 0.55 
6SC7GT 0.75 
6SG7 0.50 
6057 055 
6577 009 
6SK7GT 0.55 
65Q7 0.60 
6U4GT 080 
61.7G 
6U8 
6v6G 
6VOGT 
6X4 
6X5GT 
6Y6G 
61G 
7A7 
786 
707 
706 
71-6 
7H7 
7R7 
7W 
7Y4 
770 
802 

90W6 
907 
1002 
LODI 
IODE? 
'01-1 
4F9 
OF18 
OL14 
OLDI I 

01,1.12 
OP13 
OP14 
OP18 
2A6 
2AC6 
2AD6 
2AE6 
2078 
2AT7 
2AU6 
2AU7 
2AV6 
20X7 

0.55 
0.50 
0.30 
0.55 
0.45 
0.45 
0.95 
125 
1.60 
0.80 
0.80 
2.00 
LM 
0.60 
2.00 
2.00 
0.60 
0.80 
0.50 
0.45 
090 
070 
0.70 
0.85 
0.80 
067 
0.65 
0.65 
0.45 
0.75 
0.45 
090 
2.50 
0.43 
0.65 
0.80 
0.80 
LS0 
645 
0.34 
05O 
034 
0.`0 
034 

12AY7 1.110 

128A6 050 
128E6 5.50 
128117 5.55 
12BY7 585 
12E1 350 
12J5GT 540 
12J7GT 570 
12K5 1.541 

I2K7GT 5SO 
1268 575 
12Q7GT 0.50 
125A7Gr 575 
12SC7 030 
12SG7 055 
12SH7 050 
12Sn 0.641 

12SK7 0.M 
IZiTJ'XT 525 
12SQ7 085 
129Q7Gr 4180 

12SR7 075 
14H7 575 
1457 1.00 
18 1.25 
19AQ5 0.65 
19B06G 1.10 
190,6 0.50 
19111 4M 
19Y3 0.45 
20D1 0.70 
2004 25O 
2012 085 
201.1 1.20 
20P1 1.00 
20P3 I.M 
20P4 584 
20P5 055 
25ABG 0.74 
2514G 0.70 
2575 an 
2578G 0.50 
25Z5 0.75 
25Z0G 11.110 

7807 2.M 
30A5 570 
30C1 5.45 
3OC15 4.77 
30C17 0.77 
30C 18 I.M 
30E5 0.70 
30FL12 1.60 
30FL13 0.70 
30E1.14 I.M 
301.1 41.39 

301.15 0.75 
301.17 675 
30P4MR 558 
3oP12 0.74 
30P19/ 
3oP4 0.55 
30PI6 0.37 
30P18 LM 
30PL1 150 
30PL12 4.40 

200 
1.00 
LOI 
1.00 
0.84 
0.84 
0.55 
1.00 
2.00 
2.00 
0.90 
0.34 
034 
034 
0.35 
0.39 

1.23 
531 
580 
0.79 
1.45 
5S5 
6.511 

Sis 
2.M 
LN 
571 
035 
0.50 
0.50 
0.45 
0.40 
0.74 
0.65 
0.70 
050 
1.00 
0.78 
075 
000 
1.75 
43/ 
128 
0.30 
0.45 
0.32 
0.50 
0.50 
0.40 
040 
0.90 
0.90 
0.30 
038 
1.75 
0.45 
0.40 
0.80 
0.90 
SM 
7.00 
0.57 
0.65 
0.70 
0.34 

E1.86 0.M 
ELIO 547 
ELM 0.67 
F1360 155 
11.506 12/ 
EM80 585 
EM81 LM 
FS183 LM 
EM84 545 
EMLS 1.25 
5.M07 1.15 
EMMN3 3.541 

EY51 5.45 
EY81 5.45 
EY83 SIa 
EYM 125 
EYBO/7 037 
EY80 11.115 

EY91 OAS 
EZ35 046 
EZ41 052 
EMI 522 
EZ80 922 
EZ81 532 
1-290 L4S 
FC4 1.1111 

FW4/5M 18S 
FW44)R 18S 
GY501 4.85 
GZ30 5,M 
GZ32 SM 
GZ33 LM 
GZ34 0.75 
GZ37 1,11 
HABCHI 5B4 
IfL13C SAO 
111.23 0.75 
HL2iDD 555 
141.41 1.M 
HIAILX) Lis 
FB.®D U5 
HN309 1.75 
HVR2 1.110 

HVR2A 1.911 

KT2 aM 
K18 3.011 

KT41 114 
KT44 1.00 
K153 SM 
K1156 100 
KT7I 110 
6151 210 
KT88 0.75 
KTW61 150 
KTW92 1.50 
KTW64 1.211 

163 050 
LN152 0.45 
LN309 64a 
M8162 LOO 
MIDA 1.00 
MHLD6 IL* 
MKT4 130 
MUU/14 LLS 
N306 5.fe 
N339 125 
N379 050 
P61 5M 
PABC60 545 
PC86 0.62 
PC88 012 
PC92 5.56 
IK95 075 
PC97 1_35 

PC9R 040 

PCC84 039 
PCC95 0.47 
PCC88 41l 
PCC00 649 
PCCIM 652 
PCC805 575 
PCC806 575 
PCFg0 549 
PCF82 0.45 
PCF84 575 
PCF88 0.57 
PCF87 077 
PCFR00 120 
PCF201 1.10 
pCFE00 0.77 
PCFM1 549 
PCF902 534 
PCF905 1.00 
PCF1306 0.53 
PCF806 1.00 
PCH2110 1.55 

PCI.82 OM 
PCL83 549 
PCIB4 5M 
PCLOB 5.34 
PC1.89 129 
PC18R LOS 
PC1805/85 

O.M 
PFN4DD 2511 

PEN25 I.M 
PEN45 I.M 
PFN4®D IIO 
PEN46 IN 
PEN453DD 

2.00 
PERM 100 
PENDD/ 
4120 1.00 
PFL2R 570 
P133 556 
PL3g SIO 
PL81 0.49 
PLBIA W 
P182 137 
PL83 11.45 

P184 155 
P1302 5M 
P15M/5R 

5aS 
PL506 1,46 
P1506 IJM 
P1.509 I.S 
P1801 574 
PMM 5.75 
PY31 550 
PY33/2 0.50 
PYR 0.50 
PY81 0.40 
PY82 0.40 
PY83 0.44 
PY88 040 
PY301 0.50 
PY500 1.09 
PY5RA 1.20 
PYBR 0.40 

PY801 SAO 
PZ30 5M 
QP2I 1.10 
QQV03/10 

2.04 
Q575/20 1.40 
Q595/10 IAN 
Q5160/15 1.B0 
QV03/12 1.65 
QV06/20 3.50 
RII 1.00 
R16 2.00 
R17 1.00 
R18 . 1.20 
R19 0.75 
R20 0.60 
R52 0.48 
RK34 1.00 
SP4 150 
SPI3C 0.75 
TH/4B LOO 

714233 1.00 
TP2620 1.00 
TP22 1.00 

TP25 1.00 

UABCgO 045 
UAF42 0:;0 
UBC41 0.50 
UBC81 055 
UBFEO O.:I 
UBFM 0_t9 
IJBL21 2110 
UC92 

M 
050 

UCC84 0.90 
UCC85 0.45 
UCFEO 
UCH21 2110 

UCH42 071 
uCH81 0.45 
UCli2 045 
UCIi3 0.57 
UF41 0.70 

OM 
UFUF42 M 040 
UFLS 0.50 
(1180 045 
UTAAI 070 

M M 

UT6 070 
Uti4 0.ü 
UM O. 

URIC 1. 

W5 1.R 15 

UU9 0.52 
UUI2 0.32 
UY41 0.50 
UY42 050 
UYM 0.15 
U10 1.00 

U12/14 1.15 
U16 1.00 

U17 I.60 
UI8/10 180 
U19 4.00 
U22 005 
U25 0.71 
1126 0.60 

U31 650 
U33 1.75 
I135 1.75 
U37 2.00 
U45 1.20 

U47 0.71 

U47 060 
U50 0.55 
6152 0.60 
1176 0.70 
1778 0.45 
U81 0.80 
U153 0.40 
U191 050 
U192 0.40 
U193 0.40 
U251 1.00 

U281 0.75 
U282 070 
U2B1 0.50 
U301 0.55 
U329 1.06 

U339 0.50 
U381 035 
U403 0.90 
11404 075 
11709 0.32 

U801 O80 
U4010 0.75 
VLS4B0 55s 
VP2 ISO 
VP13C OM 
VP23 0.65 
VP41 0.90 
VR105 050 
V161A 0.75 
W111 1.00 
VU120 I.M 
VU120A 1.0111 

W133 1.00 

W76 0.50 
W81M 128 
W 107 0.75 
W719 0.36 
W729 120 
X1-3 0.60 
XFYI2 0.60 
XH15 0.60 
X5015 1211 

X41 1.011 

X81 1.40 
X83 1.40 

X65 1.60 

XM 1.00 
X76M 0.75 
X719 0.35 
Z145 0.67 
Z152 0.29 
Z329 0 711 

Z719 029 
Z729 0.45 
Z749 0.65 
Z759 555 

Transistors 
and Diodes 
IN1128A 0.01 
IN4744A 0.10 
INM52 
2N404 0.20.58 1 

214966 0.61 
2N1756 058 
276 LM 
2142297 

2147 
0.20 

2N23B9 510 
2N2613 0.45 
2N3053 038 
2143121 2.05 
2N37R 023 
2813700 033 
2N3966 1.111 

2N3B88 038 
20.330 S58 
M119 518 
AAI20 518 
M129 018 
AAZI3 O21 
AC107 018 
AC113 030 
AC114 0.47 
AC126 014 
AC127 0.20 
AC128 0.23 

023 
AC154 
AC132 

030 
ACI56 0.23 
AC157 0.30 
ACI65 0.30 
AC 166 035 

0.M AC167 
8 ACI6 

09 0.38 
0.M 

AC1 
AC176 
ACI77 033 
ACY17 030 
ACY18 5.23 
ACYIO 523 
ACY30 531 
ACY21 
ACY22 

023 
5.10 

ACY28 5.21 
A5140 0.42 
AD149 058 
ADI61 0.53 
AD 0.53 
AF102 

162 
I.M 

AFI06 0.58 
AF114 035 
AF115 030 

17 0.1] 
AF12AF11 0.15 
AF124 030 
AF125 0.511 

AFI39 
AF178 
AF180 
AF106 
AF239 
ASY27 
ASY28 
ASY29 
BA102 
BA115 
BA 116 
BA129 
BA130 
BA153 
BCY10 

0.78 
0.79 
0.56 
0.64 
0.44 
OSO 
038 
0.58 
553 
&IS 
021 
1414 
512 
&I8 
053 

BCY33 023 
BCY34 020 
BCY38 5.25 
BC107 014 
BC100 0.14 
BC109 0.14 
BC113 030 
BC115 0.18 
BCI16 0.30 
BC118 026 
8E154 035 
6E158 0.21 

0E159 030 
8E163 023 
8E173 044 
BF180 025 
BF181 0.47 
BFI85 0.47 
BFY50 5.211 

BFY51 O33 
BFY52 0.73 
B'17C34/4R 

2.31 
BYIR 021 
BYIOI 110 
BY105 S31 
BYI14 4171 

BY128 4110 
B 4121 

BYY23 
YIS7 

1.14 
BYZIO Sig 
BYZI1 /.3s 
BYZ12 
BYZ13 535 
BYZI5 2JI3 

4123 
CGMCG12E H 5.31 
FSYIIA 026 
FSY4IA 11.20 

GD4 030 
GD5 
GD6 

0320.32 

'GDR 023 

GD9 0.23 
GDI1 523 
01312 0.23 
GD14 0.58 
GD15 a47 
GD16 0.23 
GETI13 0.23 
GET118 5.23 
GEI'u9 5A 
661373 5.44 
GEPJg7 05g 
6E1E72 1.11 
GEI873 LIS 
GEIE82 1156 
0E7087 535 
GEI'889 S.S. 
GEIE90 539 
GET096 0.26 
GETeB7 516 
GEI808 0.26 
GEX113 021 
GEX35 524 
GERM 030 
GEX45 538 
GFJ(55 567 
GT3 030 
MI 6.18 
MATIR 545 
MATIOI 550 
MAT120 0.40 
OA9 514 
0A47 512 
0A70 0.18 
0A73 0.18 
0A79 SII 
OASI 0.11 
OA85 0.11 
0A86 623 
OA90 0.14 
oA9I 0.11 

0A95 411 
OA2R 0.11 
00202 L12 
OC19 1.40 
0C22 5/4 
0C23 LM 
17C24 LM 
0C25 5.44 
OC78 LM 
0C28 573 
0C38 0.511 

0C38 455 
OC41 ais 
0C42 573 
0043 127 
0C44 512 
0C45 SIS 
0C46 0.18 
Oc65 1.31 
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OC70 0.14 
0071 013 
OC72 0.13 
0074 024 
OC75 0.13 
OCR{ 0.18 
OCT7 532 
OC78 0.18 
0078D 8.18 
OC79 147 
OC81 513 
t7C8ID 4113 
CCU Lu 
oc82D 5.13 
OM 033 
OCM 078 
0C123 0.78 
OCI35 6Jls 
OC140 1.11 
OCI00 05s 
OC172 041 
oc200 556 
0C201 533 
17C202 0.541 

0C203 1.M 
OC704 050 
OC205 0.30 
0C206 1.05 

00812 5.47 
ORP12 461 
SFT237 650 
SM1036 488 
ST1276 6.58 
SXI/6 0.21 

U14706 435 
XZ30 634 
Y543 0.21 
Y728 521 

ALL 
PRICES 

INCLUDE 
Y.A.T. 

NOTHING 
EXTRA 

TO 
PAY 

MATCHED-TRANSISTOR SETS 
1P15 (AC113, ACI54, AC157. AA120), 61p pe pack. 
1/0/381D and 2/0081, 500 
1/0C44 and 2/0045, Sgp 
I /00820 and 2/0082. Sep. Set of 310083. 76p. 
1 watt Zennus. 14v. 2.7v, 3v, 36v, 43v, 4 7v. 5.1v. 13v. 
15v. 16v. I8v. 20v, 24v, 30v. 12p each. 

All goods are unused and subject to the manufacturers' guarantee. 
Terms of business. Cash or cheque with order. Despatch charges: - Orders below £10 in value. add 
25p for post and packing. Orders over £10 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 SF50 valves. soiled but new and tested. CI each 

MARCONI 
TEST EQUIPMENT 
TF329G circuit magnification meter. 
TF455E Wave analyser. 
TF801 D RF signal generator. 
TF868 Universal bridge. 
TF995A/2 AM /FM generator. 
TF1064B/5 AM /FM generator. 
TF1065A Output test set. 
TF1100 Sensitive v /voltmeter. 
TF1152A/1 RF power meter. 
TF1245 Q- meter. 
TF1417 200mHz frequency counter. 
TF1342 Low capacitance bridge. 
TF1370 Wide -range RC oscillator. 
TF2163 UHF attenuator DC -1 GHz. 
TF2500 Af power meter. 
TF2600 Sensitive v /voltmeter. 
TF2604'Electronic voltmeter. 
TF2606 Differential DC voltmeter. 
TF2660 Digital voltmeter. 

TF1101 RC OSCILLATORS. Marconi 
20Hz- 200kHz. 
Distortion .5% (via filter 0.1%). 60db 
step attenuator, continuously variable 
output up to 20V. Limited quantity 
available for only £75 ea. 

ROHDE & SCHWARZ 
EQUIPMENT 

Midget crystal clock type XSZ. BN15221 . 

Selective UHF v /meter, bands 4 &5. USVF. 
Selectomat. RF Voltmeter. USWV. 
BN15221. 
Standard attenuator .0 -100db .0- 300mHz. 
DPR. 
UHF Receiver type ESM300. 
UHF Signal generator type SCR. 
UHF Test receiver type USVD. 

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. 

ADVANCE TCD500 Frequency dividers to 500mHz £100 
AIRMEC 210A Modulation meter 3- 300mHz. 
APT 504 Power supply. 0 -500V at 250mA £35 
BPL Capacitance decade (5) CD133. 100pf -1 of £45 
BRANDEN BU RG High voltage generator type S.0530 /10 

0-20KV and MR50 type 0 -50KV. 
BRUEL & KJOER Microphone amplifier type 2603 
CAMBRIDGE 44228 Portable potentiometer ... E85 
EVERSHED & VIGNOLES Megger series 2.500V E45 
FLUKE 891A DC Differential voltmeter. 
GERTSCH Frequency meter and deviation meter 

20- 1000mHz £250 
GR Standard sweep frequency generator. 400kHz- 23omHz 

E485 
HEWLETT PACKARD type 185A sampling 'scope 

DC -3GHz. With 1878 and 188A DB amps ' +delay line 
AC16 + Trolley E200 

HEWLETT PACKARD 693D sweep oscillator £350 
MEDISTOR type A -75A Potentiometric microvoltmeter 

£115 
PYE EHT scalamp voltmeter 0-40KV £125 
RACAL 1 2mHz counter timer, 6 Digits. SA5358 . £85 
RADIOMETER Wave analyser type FRAM. 0 -16kHz 

£180 
SCHNEIDER type cí252. 100mHz frequency counter 

£235 
SCHOMANDL Frequency meter type FD 1. 
SOLARTRON Pulse generator type G01101.2 £85 
TEKTRONIX type 575 Transistor curve tracer. 
TEKTRONIX 585A oscilloscope with '82' P.I.DC- 80mHz. 
TEKTRONIX C27 Polaroid oscilloscope camera .. £250 

ADVANCE RF SIGNAL GENERATORS 

E2. 100kHz-100mHz £35 
Q1 7.5-230mHz £35 
62 100kHz-220mHz £40 
Pl 100kHz-100mHz £35 
SG63A 7.5-230mHz.FM £75 

BRIDGE RECTIFIERS 
Encapsulated type. Following available. 
200V at 12 Amps 
400V at 4 Amps .. 

£2.50 
£1.25 

AYO MULTI- METERS 
Type Multi -minor Mk4. Light, small size 
instrument (14x9x31/2 cms). Measures volts 
AC /DC to 1KV. DC. I from 0.1mA -1 A. Resistance 
ranges 1OKO /V.DC,1KO /V.AC. Tested, and in 
excellent condition £8.50 

'EDDYSTONE' TUNING DIALS 
Type 898 Drive unit. All complete with unmarked scale 
plate, flywheel, knob, pointer, etc. This is a horizontal 
slide -rule type. Brand new, boxed, with panel cutting 
template. List price is over £15. OUR PRICE ONLY 

E5.50 

BECKMAN TURNS COUNTER DIALS 
Miniature type (22mm diem.) Counting up to 16 turn 
'Helipots'. Brand new with mounting instructions. Only 

£2.50 each 

ItL type 2640 Paper tape readers 250cps" 
E95 

Westrex 8 -hole paper -tape punches E95 
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 ". 115V.AC. 11 Watts. The list price of 
these is over £10 each. We have a quantity available 
brand new for only £4.50 loch 

LOW- VOLTAGE POWER SUPPLIES 
Manufactured by Harmer & Simmons. England. 
Variable from 12 to 20v at 1 A. Stabilised output. 
Housed in grey finish ventilated case £12.50 each 

500V TRANSISTORISED INSULATION 
TESTER 
Lightweight. small size (I3x7x4cros). Reads insulation 
from 0.2 -100MO at 500V pressure. Runs from 
standard 9V.PP3. Brand new £16.60 

FRACMO Geared motors. 24V.AC.0.5RPM. .68A. 
Torque 401b in. Price including starting capacitor 

E10.50 
CENTRIFUGAL TYPE Blowers. 12V.DC. Outlet diary 
7 cms. Overall -diem. 15 cros and 17 ems deep Very 
powerful fans £9.50 
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QUADRAPHONIC KIT MODULES 
The following modules, currently being described in Wireless World, are offered, 

Each kit comprises of glass fibre PCBs and Components. Each module functions 
independently, but a universal system may be constructed by means of a master switch 
into which the boards may be plugged. 

DEMODULATOR £35 + VAT (£4.38) 
CD-4 is a registered trade mark of the VICTOR COMPANY OF JAPAN LTD 

VARIOMATRIX DECODER 
.SYNTHESIZER £31 + VAT (£3.88) 

QS, QS Vanomatrix and QS Synthesizer are registered trade marks of 
SANS_UI_ ELECTRIC COMPANY LIMITED OF JAPAN 

DECODER (Type L3 A) £25.50 + VAT (£3.19) 
(Variable Blend + Wave Matching Logic) 
SO :s the registered trade mark of CBS INC 

MASTER SWITCH KIT £8.50 + VAT (£1.06) 
Add El postage packing and insurance per parcel. Overseas customers neglect VAT. but 
add *3.20 per kit to cover airmail postage 
For enquiries please send S A E. to 

COMPCOR ELECTRONICS LIMITED 
9 DELL WAY, LONDON W13 8JH 

or telephone 01 -998 8221 on weekdays between 7.30 p.m. and 10 p.m. o i 
WW -097 FOR FURTHER DETAILS 

OVER 2,000 ELECTRONIC COMPONENTS INA 

100 PAGE CATALOGUE 
MINIM 

Please send me 
the 100 page 
Tandy catalogue 

Name 

Address 

TAN DY 
a 

WW /5 u 
M 

Tandy Corporafion (Branch UK), Bllston Road, ó 
Wednesbury, W. Midlands WS10 7JN. Nationwide supermarket of sound L 

I 

Wireless World, December 1976 

QUALITY ELECTRONICS LTD. 
FOR sanwa MULTITESTERS 

CATALOGUE ON REQUEST OR READERS SERVICE NO. 

MULLARD DIGITAL DISPLAYS. 
2M t500/t 2. 12 oh. 76mm high digits. 
Overall sue 86 x 26mm £4.30 inc. VAT & 
P &P. Reduction in price for ques > 10 off 

WOBBULATOR. Sannel & Hutton CT501. 
excellent condition. £325 inc cary. U K 
and V A T. 

WEE MUGGERS 500v E17.50 mc. P. &P 
&vAT 

LABORATORY 
TYPE SASH 

TYPE TAD 
Biet 46 66 65 116 150 

r r x r A el 

12 60 70 106 110 

504A an 03.91 [1.10 [5.00 £555 
500v A 03.44 03.61 [3.62 [4.72 [542 
IRA 0.37 03.51 173.14 [4.63 [5.33 
1503C an [369 £3.77 [1.67 05.36 
300rAC 03.57 03.76 £3.91 [4.63 [5.10 

VU METERS AVAILABLE 

LEMANIA AIRCREW CHRONOGRAPHS 
Stainless steel case with screw back. luminous hands and markings. One -fifth sec sweep hand 
controlled independently of main movement by press to start and stop and return to zero 
button. 15 -jewel movement. Many of these watches are as new but all have been completely 
overhauled and checked for accuracy. Fined strap. White face. E15.11110. Black face E11.75 
inc P &P 

ANALYTICAL EQUIPMENT 
GAS CHROMATOGRAPHY RESEARCH OVEN 
PV4051 /4056 Danes GC hems in stock) 
4 large capacity oven of low thermal mass for use between 35 and 
.100 C Provides a forced air culating system yielding 1000 
. hanges of air per min The oven has forced air cooled outer surfaces 
when the internal temperature is high 210.240V, 5OHí, 2 6KW 
E31.50 IC Pd England and Wales) 
IONISATION AMPLIFIER PV4075 
A modern high grade low noise solid state amplifier to feed a 

entiometer recorder 18 input ranges from 10 -12 to 5 x 10 -7 A 
.rth 5 outputs of 1m)/ to 10omV Linearity 0 1% f s Noise less than 
f) 5°F, f s at max sensitivity Back off facility Dimensions 28 x 10 

43 cm deep With operating information E23.50 IC Pd U K 

Details of these three and other gas chromatography items. price 25p 
.c W only) Handbooks (complete) available 

STAINLESS STEEL VACUUM 
CONTAINERS FOR LIQUIDS 

Capacity 2 U S GALLS FITTED WITH 
DELIVERY TAPS Brand new 

cartons E25 IC Pd U K ) 

TAPE STORAGE CANS. Brand new 
finished steel cans originally intended 
for 16mm film but ideal for storing 
lin reels of tape Our last supply of 
these items was quickly exhausted at 
30p each but as a result of a massive 
new purchase we can now offer a case 
of 55 at E5.10 me P &P and VAT 

Ibe details on these and many other products including analytical equipment actualors synchros servo 
connectors reed switches stopwatches Plessey VHF equipment tantalum capacitors. relays metal 

i,rli. i,,,[trim aiil.,inobile test cn iii,mvni power s,i nl,iii. s =e our Sept WW advert or advise requirements 

ENVIRONMENTAL TEST EQUIPMENT 
A stattderd Range offering the foIbWMg feellidp:, 
High temperatures to 500' C Pressure cycling 
Low temperatures to -75 ̂C Sand and dust exposure. 
Humidity cycling Corrosive gas exposure 
Thermal shock Explosion test _ s 

Vbrahon For full information write or phone section W3 i 
demo° & &iecironic dates 11d . 

'Bays', 24 High Street. Lydd, Kent VAT No. 201- 1296 -23 
Telephone Lydd 20252. Telex 965265 (AB Servolyap) 

WW -081 FOR FURTHER DETAILS 

f 

MEwnEs Colour TcIcvision 
Scrvicind Manual GORDON J KING 

VOLUME 3: This volume deals with the servicing of important solid -state chassis and models launched in 1974 
and 1975 and reflects several trends; one being towards the all solid -state design and another the introduction of 
thyristor power supplies as exemplified in the Thorn 9000 chassis. 

CONTENTS: RBM Z179 Chassis. Hitachi CSP -680 Receiver. ITT CVC8 Chassis. B & O Beovision 4000 and 5000 
Receiver. Decca Solid State 40 Series Receiver. Thorn 9000 Series Chassis. Philips G9 Chassis. Appendix I Inline 
Picture Tubes. Appendix 2 Picture Tube Faults. Appendix 3 Component Symbols and Fuse Ratings. Appendix 4 
Quick Vision Picture Tubes. Appendix 5 UHF Aerial Evaluation. General Index. Index to Models. 
November 1976 240 pages 252 x 192mm 0 408 00240 9 £7.80 

ALSO AVAILABLE 
VOLUME 1: Covers models containing the following chassis: 
B & O 3000, BRC 2000 and 3000, Decca Bradford and 
CTV25, GEC dual standard, ITT CVC5 and CVC7, Pye 691 
and RBH A823 and A823A. 

1973 240 pages 252 x 192mm 0 408 00089 9 £6.40 

VOLUME 2: Contains details of models using these chassis: 
ASA 5003 and 5004, BRC 8000, 8000A, and 8500, GEC 
2040 and 2047, Grundig 717GB, Philips G8, Pye 713, Saba 
2700 and Telecommander G, Sobel! 1040, 1060 and 1010 
and Telefunken 710. 
1975 240 pages 252 x 192mm 0 408 00134 8 £6.40 

001 Order now direct from your bookseller or from: 
NEWNES -BUTTERWORTHS, Borough Green, Sevenoaks, Kent TN15 8PH 
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RELAYS- 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 60p 
4 c/o 75p: P & P 10p 

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. lop 
6 c/o (36/48v) 75p P.P. 10p 

CLARE -ELLIOTT MINIATURE RELAYS 
(Hermetically sealed) 2 c/o 675 ohm 
24v D.C. Coils (22 x 22 z 10 mm) 75p 

I.T.T. 240v A.C. Plug -In RELAYS 
(with perspex cover) 10 amp contacts 
2 c/o 65p 3 c/o 75p P.P. 10p 

mains (230v A.C.) RELAYS OPEN TYPE 
Chassis mounting (60 x 60 x 35 mm) 
2 c/o 5 amp contacts 60p P.P. 10p 

REED RELAY.3 MAKE (50 x 20 x 20 mm) 
3500 ohm coil 24v D.C. 50p 

REED SWITCHES (1 MAKE) 
Type 1 (18 x 3 mm) 12 for £1 
Type 2 (48 x 5 mm) 8 for £1 

G.E.C. RATCHET RELAYS 
310 ohm Red or Blue Cam. E1 P.P. 20p 
UNISELECTORS 25 WAY 
5 Bank Full Wipe 75 ohm E5.50 P.P 50p 
6 Bank Full Wipe 75 ohm £6.25 P.P. 50p 
12 Bank Half Wipe 68 ohm E6.50 P.P. 60p 
CLARE TYPE 11 UNISELECTOR (Ex Equipment) 
6 Bank 10 way 100 ohm £2.50 P.P. 25p 
D.C. SOLENOIDS 24v (Cont. Rated) 
10Ib Pull .20 mm Stroke. Size 50 x 48 x 42 mm 
75p P.P. 15p 

FOOT SWITCH "SQUARE -D" H.D. 
20 A Make/ 10A Break at 240v A.C. 
600v A.C. / D.C. Max. £4 P.P. 75p 

BURGESS MICRO SWITCHES (VCSP) 
Single Pole c/o 8 for £1 P.P. 10p 
DECADE (THUMBWHEEL) SWITCHES 
6mm Digts. 50p each. Bank of 8 with mounting brackets £3 
P.P. 20p 
DECADE INDICATOR SWITCHES with plus & minus 
Push Buttons. 6 mm digits 75p each P.P. 10p 
Also in B C. 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 

MULTICORE CABLES 
6 CORE RIBBON (RAINBOW) CABLE 
8 x 14/ 76 Forming 'bin wide strip 
10m- E1.50: 50m- £6.50: 100m- £12.00 P.P. 1p per 
metre 

5 CORE H.D. CABLE 5 x 70/ 76 P.V.C. 
Black Outer P.V.C. 0.0. 'h in 
10m- £2.50: 50m-E11 2: 100m- £22.50 P.P. 2p per 
metre 

6 CORE ARMOURED 6 x 40/ 76 P.V.C. INS 
Outer Sheath -Flexible Galvanised Tubing. 0.D. %in. 
10m -£3: 50m -£14: 100m -E25. P.P. 2p per metre 

6 CORE SCREENED 6 x 7/ 76 0.D. 6 m.m. 
10m- £1.50: 50m- £6.50: 100m- £12.00 P.P. 2p per 
metre 

36 CORE SCREENED 36 x 7/76 )36 colours) 0.D. 
11 m.m. 
10m -£3: 50m -E14: 100m -£25 P.P. 2p per metre 

VARIOUS 
E.H.T. MODULES. Input 190 -260v 50 HZ. Output 13 7Kv 
PK @ 0.50 m /a. (150 z 95 a 70mm) £12. P.P. £1. 
AIR PRESSURE SWITCH 0 -101b Variable 
Switch Contacts 15 amp. Change -Over £1.10 P.P. 25p 
10.7 MHZ CRYSTAL FILTERS (I.T.T. 9018) 25 Khz 
B /W. £4.00 
H.D. THYRISTORS 65 amp 100 P.I.V. 
On deep finned heat sink. £2.50 P P. 50p 

"BLEEPTONE" AUDIO ALARMS 
12v D.C. 50p P.P. 10p 

GEARED MOTORS 230v A.C. )Int. Rating) 
110 r.p.m. E2.25 P.P. 75p 

MAGNETIC COUNTERS 
6 digit 48v D.C. (Non -Reset) 92 x 32 x 22 m m. 
New /Boxed £l ea P.P. 15p 
NUMICATORS 0 -9 (L.H / R.H. Decimal Point) 
light conducted from individual 12e bulbs onto display 
Character size 20 e 10 mm overall size 25 x 60 e 68 mm 
E1.50 P P. 25p 

D.C. POWER SUPPLIES Input 240e A.C. 
TYPE 1 20v D.C. at 1 amp. Fully regulated 155 x 1 55 x 75 
mm totally enclosed E5 P.P. 75p 
TYPE 2 20v D.C. at 500 m /a stabilised on open chassis 1 70 
x 100 mm £2.50 P P. 75p 

PHILIPS MOBILE RADIO P.S.U. 
Input 240V A C Output 32V at 1 5 Amp D C £5.25 P P 

75p 

TELEPHONE HANDSET with "Press to Speak" switch 
£1.50 P P. 25p 

PLEASE ADD 8% V A T 

J. B. PATTRICK 
191/193 LONDON ROAD 

ROMFORD, ESSEX 
RM7 9DJ 

ROMFORD 44473 

Barclaycard accepted. C.W.O. only 

Export Order engaina. waleome (ES min. 
Official Orden accepted from 

Ciiiiiin 

Terms of business as in our catalogue' 

Educe) ionall & fiovernment Dipertnralats. 
ALL PRICES INCLUDE VAT_& P. L.P. 

E. & E, -Shop hours: 9- 12.30, 1.30 -5 p.m. 5 days 

1977 ISSUE 66 PAGES - 3000 ITEMS 

tip`FULLTILLUSTRATEb `* 20p CREDIT yOUCHERS 
\,* ALL NEW STOCK 
+ SATISFACTION 

GUARANTEE 
\* DISCOUNTS 

CT PI is 
Postage TRANSFORMERS MO AO 'C SEMICONDUCTORS 

MODULES - AUDIO /y HEATSINKS -S -DEC O rs AUDIO ACCESSORIES 

g`S TOOLS -TEST METERS 
Se CALCULATORS - AUDIO 

LEADS -BATTERIES -KITS 
RESISTORS - CAPACITORS 

CASES - COILS - BOOKS 
b411,.. CONNECTORS - VEROBOARD el. 

BOX ES SCREWS - KNOBS 
POTS -STORAGE UNITS., ETC., ETC. 

-4WIIISIMMINK 
SPECIAL RESISTOR KITS (CARBON I iLM 5 

¡Prices include post & packing) 
10E12 ' /rW or ' /aW KIT 10 of each Ell value. 
22ohms --1 M, a total or 570 £5.29 net 
25E1 2 ''VAN or 1/2W KIT 25 of each El 2 value. 22 
ohmss -1 M a total of 1425 £12.64 net 

SPECIAL CAPACITOR KITS 
C280 Kil -PC Mounting polyester 250V 5 of each value 0.01. 0.022. 

0.041. 0.1.221íF. 2 of 0.47. IiiF E1.98 nel. 

5296 Oil- Tubular polyester 400V 5 of each value 0.01.0.022.0.047. 0.1. 

0.22pF. 2 of 0.471,F E2.67 tel. 
Ceramic Klt- agaarephque 50V 5 of each value 22.33.47. 109 221339 

470. 10004. 2200. 47004. 0.010 £1.66 eat. 

2500 Paper Kit -Tubular metal case. 3 of each value 0.05. 0.1. 0.25. 

0.5 14 £1.41 nel. 

500v Paper Kit -Tubular metal case. 3 of each value 0.025. 0.05. G. I. 

0.025.0.5µF E1.41 nel. 

IOOOV Paper Kit -Tabular metal case. 3 of each value 0.01. 0.025. 0.05, 

0.1!T £1.63 net 

B.H.-COMPONENT COMPONENT FACTORS LTD. 
MULTIMETER U4341 

2 7 Ranges plus Transistor Tester 
16 70012, Volt. 
).ac- - 3--900V in 8 ranges 
Vac --1 5 --750V in 6 ranges 
idc-0 06- -600mA in 5 ranges. 
lac -0 3- -300mA in 4 ranges 
Resistance --2K 12 --2M 22 in 4 ranges 
Accuracy--dc--21/2`e, 
ac -49.,oí F S.D. 
rife- 10 --350 in 2 ranges 
Size -115 x 215 x 90mm 
Complete with steel carrying case, test 
leads and battery PRICE E16.66 net 

e 

40 

1í434i 
MULTIMETER U4313 

., - ranges Knife edge with mirror scale 
. e 00022' Volt High accuracy, mVdc -- 2 5m 
..i. -1 5 --6OOV in 9 ranges. 

-1 5 --600V in 9 ranges. 
Inc -60- -120 microamps in 2 

Ide -0 6- -1 SOOmA in 6 ranges. 
lac- 0.6- 1500mA in 6 ranges. 
Resistance --1 K12 -- 1 M:2 in 4-ranges 
db scale -10 to + 12db 
Accurac-dc --1 h(h,. ac --2 z'2, 

I 
Size- -115 x 215 o 90mm 
Complete with steel carrying case. test 
leads and battery 
PRICE £19.90 net i, .i i' 

MULTIMETER U4323 
22 Ranges plus AF' IF Oscillator 
20 00012 Volt 
bdc --0 5- -1000V in 7 ranges 
Vac-- 2.5 -1000V in 6 ranges 
Idc- 0.05 -500mA in ö .em. 

ranges. 
Resistance- 50-1M p in 4 ranges 
Accuracy -5% of F.S.D. 
OSCILLATOR --1 KHz and 465 KHz IA M 1 at approx 1 

bon Size- -160 x 9.7 x 40mm 
Supplied complete with carrying case. test leads and 
battery 
PRICE £13.96 net. u43. I 

MULTIMETER U4324 
,a Ranges High sensitivity 
20 00012 Volt 
Vdc- 0.6- -1200V in 9 ranges. 
bnr-- 3 -900V in 8 ranges 
Inc -0 06. -3A in 6 ranges -' --', 

-0 3. -3A in 5 ranges. - 
hesstance 2512. -5M12 in 5 ranges 
Accuracy -dc and R -21/2% of F.S.D. 

ac and db 4% of F S. D 

Size -167 x 98 x 63mm 
Suppled complete wah storage case test 
leads spare diode and battery 
PRICE £16.66 net U432 -i 

(WWi , LEIGHTON ELECTRONICS CENTRE, 59 
isOk1 N S..._n., LEIGHTON BUZZARD, LU7 7EG I 
le, Leigh) in Buzzard 2316 (Std cede 05253) !l 

Wilmslow 
Audio 

THE firm 
for 

speakers! 
Baker Group 25, 3, 8, or 15 ohm £9.00 
Baker Group 3£1, 3, 8 or 15 ohm .. £10.25 
Baker Deluxe, B or 15 ohm £13.38 
Baker Major, 3, S or 15 ohm £10.69 
Baker Regent, 8 or 15 ohm £9.00 
Baker Superb, 8 or 15 ohm £16.31 
Celestion HF1300 8 or 15 ohm £6.98 
Celestion MH 1000 horn, 8 or 15 ohm .. £13.50 
Coles 400 1 G super tweeter £5.90 
Coles 400 1 K super tweeter £5.90 
Decca London and X over £36.90 
Decca DK30 and X over E24.70 
EMI 5" Mid range £3.15 
EMI 61/2" d /cone roll surr. 8 ohm £3.93 
EMI 8 X 5, 10 watt, d /c, roll /s 8 ohm £3.75 
EMI 14" x 9" Bass 8 ohm £11.92 
Elac 59RM 109 15 ohm, 59RM 1148 ohm£3.38 
Elac 61/2" d/c roll is 8 ohm £3.95 

£5.50 
£9.75 

£12.50 
£16.75 
£19.95 
E21.75 
£33.95 
£42.95 
£54.95 
£75.95 

. £5.18 
E8.96 
£6.50 
£6.95 

£16.50 
£18.75 
£17.75 
£14.95 
£8.50 

E22.00 
£10.60 
£10.95 
£5.18 

£10.75 
£6.75 
£7.85 

£16.50 
£2.08 
£5.39 
£4.05 

£12.50 
£7.95 

£13.28 
£51.95 
£15.75 
£26.75 
£38.50 
£21.95 
£51.00 
£46.00 
£13.95 
£20.75 
E25.95 
£29.50 
£37.80 
£59.40 
£21.50 
£47.70 

Fane Pop 15 watt 12" 
Fane Pop 33733 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 15 ohm 
Fane Crescendo 15, 8 or 15 ohm 
Fane Crescendo 18, 8 or 15 ohm 
Fane 807T 8'r d /c, rolls /s, 8 or 15 ohm 
Fane 801T 8"-d/c roll /s 8 ohm 
Goodmans 8P B or 15 ohm 
Goodmans 10P 8 or 15 ohm 
Goodmans 12P 8 or 15 ohm 
Goodmans -12P -D 8 or 15 ohm 
Goodmans 12e -G 8 or 15 ohm 
Goodmans Audiom 200 8 ohm .. 
Goodmans Axent 100 8 ohm 
Goodmans Axiom 402 8 or 15 ohm .. . 

Goodmans Twiinaxiom 8" 8 or 15 ohm . 

Goodmans Twiinaxiom 10" 8 or 15 ohm 
Kef T27 
Kef 715 
Kef B110 
Kef 8200 
Kef B139 
Kef DNS 
Kef DN12 
Kef DN13 
Richard Allan HP8B 8" 45 watt 
Richard Allan CG8T 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 Linton 2 kit (pair) 
Wharfedale Glendale 3 XP kit, pair 
Wharfedale Dovedale 3 kit, pair £59.40 
All Radford, Gauss, Castle, Jordan Watts, Eagle, 

Lowther, Peerless Tannoy units in stock 
Prices correct at 1 / 1 1 /76 

ALL PRICES INCLUDE VAT 
Cabinets wadding, Vynair. Crossovers etc. 

Send stamp for free 38 page booklet 
'"Choosing a Speaker" 

FREE with all orders over £10 - 
Hi-Fi Loudspeaker Enclosures Book 

All units are guaranteed new and perfect 
Prompt despatch 

Carriage. Speakers up to 12" 60p; 12" E 1 ; 15" 
E1.75; 18" £2.50. Kits £1 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 Wilms- 
low, 5 Swan Street, Wilmslow. Tel. 
(Loudspeakers) Wilmslow 29599, (Hi -Fi, etc.) 
Wilmslow 26213. 
Access and Barclaycard orders accepted by 

phone. 

WW -039 FOR FURTHER DETAILS 
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Appointments 
Advertisements accepted up 
to 12 noon Monday, No- 
vember 29, for the January 
issue, subject to space being 
available. 

DISPLAYED APPOINTMENTS VACANT: £6.50 per single col. centimetre (min. 3cm) 
LINE advertisements (run on): £1 per line, minimum three lines. 
BOX NUMBERS: 45p extra. (Replies should be addressed to the Box Number in the1 
advertisement. c/o Wireless World, Dorset House, Stamford Street, London SEI 9LU.) 
PHONE: Owen Bailey on 01- 2618508 
Classified Advertisement Rates are currently zero 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 

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 lAR. 

Post frifVceTeVecoln muncaLbns 

Thorn Consumer Electronics Limited, the leading 
manufacturer of television, radio and audio equipment 
in the U.K. wish to appoint an experienced Design 
Engineer for their research and engineering centre at 
Enfield. 

He /she will be of degree or equivalent standard, preferably under 35 years of age with at.least 2 

years background of television design and some digital design capability. 

He /she will join a team investigating new ideas and systems and be required to work on his /her own 
initiative liaising with internal development departments and outside suppliers. 

Applications in writing giving details of age, experience and qualifications to: 

The Personnel Manager (DE/WW) 
Thorn Consumer Electronics Ltd. 
Great Cambridge Road, Enfield, Middlesex EN1 1UL 

UNIVERSITY COLLEGE 
OF NORTH WALES 

BANGOR 
SCHOOL OF PHYSICAL 

AND 
MOLECULAR SCIENCES 
!LECTRONICS 
TECHNICIAN 

GRADE 5 
Applications are invited for the post of 
Electronics Technician Grade 5 in the above 
mentioned School 
The successful applicant would be con- 
cerned with the development, construction 
and maintenance of specialised electronic 
equipment for a wide range of research 
work and teaching in the School. 
Applicants should have had several years' 
relevant practical experience coupled with 
theoretical knowledge preferably to H.N.C. 
standard or equivalent. 
Salary at an appropriate point on scale: 

£2,889£3,367 per annum. 
Pension Scheme. 
Applications (two copies), giving details of 
age, education and experience, together 
with the names and addresses of two 
referees, should be submitted to the 
Assistant Registrar (Personnel). University 
College of North Wales, Bangor, Gwynedd 
1157 2DG, to reach him not later than 31st 
December, 1976. (6572) 
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REDIFFUSION INDUSTRIAL SERVICES LTD. 

As a result of planned expansion, a number of vacancies have arisen in the U.K. based Division of this Muli- national Group 
whose market areas include closed circuit television, public address, television distribution and many other forms of 
industrial telecommunication systems. Our customers on a worldwide basis include Government and Local Authorities, 
Airlines, Hotel Chains, Entertainment Complexes and Industrial Plants of all types. 

Applications are therefore invited for the following positions and unless stated otherwise, salaries are negotiable. 

1. PROJECT MANAGERS (C.C.T.V.) 
MALE OR FEMALE 
LOCATION: SURBITON 

To take control of all aspects of C.C.T.V. projects from initial systems design and costing tc final installations and 
commissioning. Applicants must have a wide experience in this field and should preferably have high 
educational /professional qualifications. A company car will be provided. 

2. SYSTEMS ENGINEERS 
MALE OR FEMALE 
LOCATION: SURBITON 

To provide engineering backup to our sales force and control all engineering aspects of implementation of successful 
tenders. Applicants must have a wide background extending over at least 5 years in the electronics industry coupled with a 

formal qualification to HNC or equivalent standard. A company car will be provided. 

3. SENIOR TEST ENGINEER 
MALE OR FEMALE 
LOCATION SURBITON 

The successful applicant will be responsible for the pre- despatch commissioning of equipment and systems. A minimum of 
5 years' experience in a similar field is essential, preferably supplemented by a qualification to HNC standard. 

4. INTERMEDIATE TECHNICAL AUTHOR 
MALE OR FEMALE 
LOCATION: SURBITON 

A background in similar work in an electronics environment and the ability to convert basic information into finalised 
technical documentation is essential, together with a good command of the English language. 

5. MAINTENANCE ENGINEERS 
MALE OR FEMALE 
LOCATION: FULHAM 

We are seeking to recruit qualified maintenance engineers with specific experience in closed circuit television. The 
salary/wage will depend on experience and qualifications and in addition a company estate car wil be provided. 

6. TECHNICIAN SUPERVISOR 
MALE OR FEMALE 
LOCATION: SURBITON 

Who will, under the direction of the Systems Manager, supervise the workshop technicians and assemblers. Several years' 
practical experience in one or more of our market areas together with an aptitude in controlling staf- and delegating work is 
essential. The position is salaried. 

Fringe benefits include a self- contributory pension and insurance scheme, discounts on a wide range of goods including 
television rental, pleasant working conditions and in the case of Surbiton, a subsidised canteen. 

Applications, in the first instance, should be made, stating which position is being applied for, to: 

B. L. Hall, C.Eng., M.I.E.R.E., Chief Engineer 
i REDIFFUSION INDUSTRIAL SERVICES LTD. 

Rediffusion House, 214 Red Lion Road, Surbiton, Surrey KT6 7RP 

Telephone: 01 -397 5133 
(657bß 
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Development Engineers 
Video and Audio - Cambridge 

Pye TVT Ltd. is a highly successful company in the 
international field of broadcast engineering. 
We are urgently seeking Electronic Development 
Engineers to join a team in our studio engineering 
laboratory working on the development and design 
of equipment and systems in the video and audio 
engineering areas. 

We would like to meet ambitious men and women, 
aged 25 -35, who are capable of handling 
responsibility and hold an appropriate degree or 
equivalent qualification. Several years' experience in 
the design of video, digital or switching -type 
equipment, or the design of professional audio 
equipment, is highly desirable. 

Successful candidates will be offered 
an attractive salary and excellent 
security. Company benefits include 
good catering facilities, staff shop, 
pension fund and an active sports and 
social club. Generous assistance with 
relocation expenses to this pleasant 
part of East Anglia is given in approved 
cases. 
Apply to: Mr. David Barnicoat, 

Pye TVT Limited 

Operational 
Engineer for 
CCTV Studio 

The CCTV studio of a major advertising agency requires 
an engineer experienced in the operation and main- 
tenance of colour cameras, video recorders, monitors and 
associated control equipment. The studio, which has 
been in monochrome operation for seven years, is in the 
process of changing over to colour operation and the 
person appointed will be required to liaise between the 
studio manager and suppliers in the selection of 
equipment and will supervise its installation. 
In normal operation, the post involves taking charge of 
the CCTV control room and ensuring the uninterrupted 
and efficient use of its equipment. 
Applicants should be familiar with non -broadcast colour 
equipment of the type widely installed in advertising 
agencies and industrial staff training units. 
Salary is open to negotiation and will be dependent on 
experience and qualification. 
The company operates profit sharing and pension schemes. 
Applicants should write, giving details 
of age, education, qualifications, 
relevant experience and present post to 
Mr. P. Sowerby 
Ogilvy Benson & Mather Ltd., 
CCTV Studio, 
7 Exchange Court, London WCi 

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) 

uìb0/, 
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Revitalised economy - superb location! 
Together with most other countries, Zambia has recently been than France, Belgium, the Netherlands and Switzerland com- 
affected by the worldwide economic recession. Now our economy bined. You'll enjoy the scenery too; although mainly a broad 
is surging forward strongly again, revitalised partly by significant plateau, Zambia also features spectacular mountains, a certain 
advances in the country's agricultural industry and rising copper amount of dense forest, imposing rivers, vast lakes and extensive 
prices on world markets. Come here on a 3 -year contract and game reserves. Its many large cities and towns contain all the 
your skills will be welcomed - and broadened. You'll enjoy the normal modern facilities and are linked by excellent roads and 

warm, pleasant climate in this totally land- locked country, larger rail services. 

Post & Telecommunications Corporation 

Chief Engineers Engineers 
K6756 -K7200 (cí5067- E5400). 

Supplement E4902 (married), E2784 (single) 

Requirements: 
Electrical or Telecommunications Degree plus senior manage- 
ment experience. 

Responsibilities: 
Either: planning switching and external plant networks; or 
planning budgets and methods including long -term income/ 
expenditure forecasts, staffing and training requirements and 
long /medium /short -term national planning; some training is 

involved and you will report to the Assistant Director, Planning. 

Principal Engineers 
K6324 -K6756 (c.E4755- L5067). 

Supplement L4704 (married), E2586 (single) 
Requirements: 

Electrical, Electronic or Telecommunications Engineering degree; 
senior management experience. 

Responsibilities: 
Either: (a) controlling switching planning groups, including major 
projects management, requiring crossbar /electronic switching 
systems experience; or (b) controlling, advising on planning, 
budgets methods, staff; co- ordinating long /medium /short -term 
plans and preparing capital estimates; some staff training. You 
will report to the Chief Engineer. 

Senior Engineer 
K5700 -K6108 (c.L4275- E5281). 

Supplement L4524 (married), L2406 (single) 
Requirements: 

C & G Final or equivalent; initiative and responsible managerial 
experience of at least 3 years. 

Responsibilities: 
(a) For external plant - preparing development scheme and 
contract specifications; familiarity with latest overhead and 
underground system methods is essential. 
(b) For switching - implementing plans, preparing for and 
evaluating tenders; crossbar systems experience is essential. 
(c) For planning, budgets, methods - preparing plans and 
engineering instructions, studying /reporting on new techniques, 
recommending new methods in radio /transmission, switching 
and external plant. 
(d) Planning, budgets and methods - preparing /maintaining an 
annual works programme, preparing time /resource diagrams, 
monitoring project progress. 

K5316 -K5700 (cí3987- E4275). 
Supplement L4296 (married), E2232 (single) 

Requirements: 
C & G Final or equivalent plus initiative. 

Responsibilities: 
Either for: (a) telegraph and subscribers' apparatus including 
specifications /tender evaluation /type approval; 
(b) power and accommodation - liaising with field staff /contrac- 
tors in such areas as power plant maintenance; 
(c) Liaison with engineering, sales, traffic sections, special 
investigations, co- ordination Cif such staff as aerial riggers and 
diesel mechanics. In all cases staff training is probably involved. 

Technician I posts 
K4416 -K5 136 (c.0312-0852). 

Supplement L4134 (married), L2070 (single) 
Requirements: 

C & G Intermediate or equivalent plus appropriate experience. 
Responsibilities: 

Either: (a) External (underground /overhead) plant; (b) switching; 
(r.) radio and transmission; (d) power and air -conditioning, 
(e) stores liaison; (f) power /accommodation maintenance; 
(g) diesel maintenance; (h) shift leader - earth station (non- 
automatic satellite ground station and its links); (i) day -to -day 
maintenance of a small rural area; (j) switching construction 
supervision; (k) transmission construction supervision. In all 
cases staff training may be necessary. 

Technician 11 posts 
K3756 -K441 6 (c. L2817- (3312). 

Supplement E3846 (married), E1830(single) 
Requirements: 

C & G Intermediate or equivalent plus appropriate experience. 
Responsibilities: 

Either: (a) external plant - including line surveys, and estimate 
preparation; (b) external works supervision - cable /duct 
installation by contractors, underground /overhead work by 
Government staff. In both cases staff training will be included in 
duties 

Technician 111 posts 
K2388 -K4410 (E1791- 0308). 

Supplement 0804 (married), E1788 (single) 
Requirements: 

C & G Intermediate, initiative, 4 years' experience after training. 

Responsibilities: 
Either: (a) Microwave maintenance; (b) strowger maintenance; 
(c) Pentaconta maintenance (BXb I121); (d) LM Ericsson main- 
tenance (ARK, ARF, and /or ARM); (e) Multiplex maintenance; 
(f) PABX maintenance. 

Strong financial attractions 
car loans, medical aid assistance and free holiday visits for children 
educated in Britain are also provided for those receiving supple- 
ments. N.B. Sterling equivalents given are approximations only 
due to constant exchange rate fluctuations. 
For further information please send full personal/ professional 
details (without obligation and in total confidence), indicating 
which position interests you to Recruiting Officer (Room 33), 
Zambia High Commission, 7 -1 1 Cavendish Place, London W1. 

16535) 

As well as the salary quoted, you will enjoy TAX -FREE supple- 
ments, a TAX -FREE terminal gratuity, low -cost accommodation, 
low taxation and free passages. Together, these add up to excep- 
tional real earnings. Starting salaries relate to qualifications/ 
experience, while gratuities total 25% of basic salary. Salary - 
related supplements are reviewed annually and paid by the 
British Government to designated British nationals (annual maxi- 
mum is shown), while appointment grants, education allowances, 
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ELECTRONIC DESIGN/ 
DEVELOPMENT ENGINEERS 

FERRANTI OFFERS YOU FREEDOM 
freedom to create. Over the years leading design and development 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 negotiableand 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. 

DATEK SYSTEMS LTD. 
A leading Company in the Phototypesetting Industry 
requires a: 

SENIOR TEST ENGINEER 
The position requires a man with several years' experience of 
digital systems with the ability to faultfind 74 series T.T.L. to 
chip level. A background in the data prep. or V.D.U. market 
would be most appropriate and an academic level of at least 
H.N.C. would be expected. 

The job involves some field service support and a driving 
licence is essential. Salary £4,000 p.a. 

JUNIOR TEST ENGINEER 
This position requires a young engineer with a degree or 
Dip.Tech. in Electrical Engineering with an electronics bias. 

Some experience in T.T.L. logic or microprocessors would be 
useful. Salary about£2,750 p.a. 

The company offers 4 weeks' holiday and a sickness and 
pension scheme. 

Phone or write for application form to 

Miss L. Bux 
DATEK SYSTEMS LTD. 

849 Harrow Road, Wembley, Middx. 
Tel. 01 -904 0061 

ELECtila080NIC 
WE ARE MARKET LEADERS IN THE FIELD OF MULTIVISION, 
AUDIO AND LIGHTING CONTROL SYSTEMS. DUE TO CONTINUED 
EXPANSION WE REQUIRE THREE POSITIVE THINKING SALES 
EXECUTIVES TO JOIN THE U.K. TEAM BASED AT OUR MODERN 
OFFICE IN S.E. LONDON. 

A.V. SYSTEMS 
SALES ENGINEER 

With a Commercial, Technical and Operational Understanding of 
Slide -Sound Audio Visual Systems and their Markets 

AUDIO SYSTEMS 
SALES ENGINEER 

With a wide knowledge of Professional Audio Products. Experience in 
Contract Negotiations, Technical Spacifications and Operational 
Requirements for Theaters, Conference and P/A Audio Systems. 

LIGHTING SYSTEMS 
SALES ENGINEER 

Experienced in Contract Negotiations, Technical Specifications and 
Operational Requirements for Industrial, Commercial and 
Entertainment Lighting Control Systems. 

Applicants should be 25 to 40 years old with strong technical 
background and at least five years' commercial experience in systems 
engineering. Capable of negotiating major contracts with architects, 
consultants and government. Basic salaries negotiable up to £5,000 
p.a. Company car, applications with career and salary details to S. F. 
GIDDINGS, SYSTEMS MARKETING MANAGER, ELECTRO- 
SONIC LIMITED, 815 WOOLWICH ROAD, LONDON SE7 8LT. 

(6 54 71 
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Your experience could open the door to a range of interesting and rewarding opportunities in 

the Design, Production or Service departments of a Company whose products complement the 

most advanced modern electronic techniques. 

For more information apply in confidence to :- John Prodger, 

MARCONI INSTRUMENTS LIMITED 
Longacres, St. Albans, Herts. Tel : St. Albans 59292 
A GEC -Marconi Electronics Company b544 

ELECTRONIC 
ENGINEERS 
(Lighting Control Systems) 

The Theatre Lighting Division of Thorn Lighting Limited 
design, manufacture and install one of the world's finest 
ranges of control systems for TV and theatre lighting. 
Installations cover every continent, with 80% of our equip- 
ment being exported. , 

Systems currently in production employ core store, 'floppy 
disc' and MOS memories, and microprocessor based 
peripherals: modern techniques are also employed in our 
extensive range of power dimmers. 
There are vacancies at several levels for experienced elec- 
tronic engineers in our DESIGN, SALES, PROJECTS and 
TEST departments. Applicants having an interest in TV or 
theatre lighting will be especially welcome. 

Our approach is very flexible - if the above interests you 
please write to or telephone Peter Balchin, En'.ineering 
Manager, for an application form and further ri tails at 
Thorn Lighting Limited, Theatre Lighting Division, Angel 
Road Works, 402 Angel Road, Edmonton, London N18 
3AJ. Telephone: 01 -807 9011. 

ec, , 

THORN 
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LIGHTING 1 
A member of the Thorn Group 4 

ELECTROSONIC 
S.E. LONDON 

Electrosonic Ltd., a leading company in the rapidly expanding 
fields of audio, audio visual and lighting control systems. 
require a printed Circuit Designer and Test Engineers. 

PRINTED CIRCUIT 
DESIGNER 

Salary @ c £3,800 
An experienced and creative engineer is required to design 
and lay out printed circuit boards from logic and circuit 
diagrams. The work will entail the preparation of artwork, 
component reference masters and other essential P.C.B. 
documentation. The ability to produce fast and accurate 
results is essential This will be a new appointment. 

TEST ENGINEERS 
Starting salary c £2,900 

Vacancies exist for Electronic Engineers having a minimum of 
two years' experience of control and /or audio systems. An 
academic training to ONC /HNC level or equivalent 
qualification is desirable. On the job training will be given and 
opportunities for advancement are available. 
The company offers an attractive working environment and 
excellent conditions of employment. 

Applications to Mr. R. D. Naisbitt, Personnel Director, 
Electrosonic Ltd.. 815 Woolwich Road, London, SE7 
8LT. Telephone: 01 -855 1 101. 

(6 597) 
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SERVICE AND TEST 
ENGINEERS At Stanmore we 

are involved in 
the provision of spares and the 
repair, maintenance and overhaul 
of a wide range of British and 
American airborne electronics 
equipment. 

It's skilled work 
calling for the 
highest standards 
of craftsmanship and 
with the continuing 
growth of our 
servicing programme we are now 
looking for additional personnel to 
join our teams of Service and Test 
Engineers working both in the 
aircraft and in our extensively 
equipped workshops. 

You should haveagood knowledge 
of radio and electronics theory, 
ranging from audio to 
microwave, and at least 
two years' experience 
in servicing and 

FOR AIR 
ELECTR 

EQUIP 

maintaining 
complex 

electronic equipment, including 
fault diagnosis using sophisticated 
test gear,Arecognised qualification 
would also be desirable 

but sound practical 
experience is more 
important. 

A good salary will 
be offered together 
with an attractive 
range of benefits. 

Working conditions are excellent 
and the establishment is 
conveniently situated in pleasant 
surroundings within easy reach of 
the Al and M1. 

Write with details of experience 
to Mrs. E. Wagg, Marconi - 

Elliott Avionic Systems 
Limited, 22 -26 Dalston 
Gardens, Stanmore, 
Middlesex HA7 1 BZ. 
Tel : 01 -204 3322. 

BORNE 
ONICS 
MENT 

MAR 
ELLIO 

CONI 
TT 

AVIONICS 
A GEC-Marconi Electronics Company 

Wireless World, December 1976 

THE UNIVERSITY OF LIVERPOOL 

Institute of Child Health 
Alder Hey Children's Hospital 

TECHNICIAN 
To assist with research. Work 
will include assistance with the 
design and development of 
medical electronic instruments 
and operation of the Institute's 
digital computer. Applicants 
must possess ONC or equivalent 
as a minimum qualification and 
be experienced in fault diagnosis 
and use of digital and analogue 
integrated circuits. Knowledge of 
programming an advantage. 
Salary within range up to 
£2,940 per annum (under 
review) according to qualifica- 
tions and experience. 

Application forms may be 
obtained from the Registrar, 
The University, P.O. Box 147, 
Liverpool L69 3BX. Quote 
Ref: RV /905 /WW. 

(6536) 

CAPITAL 
APPOINTMENTS LTD. 

JOB HUNTING? 
We have more vacancies for 
DESIGN, DEV., TEST AND 
FIELD SERVICE ENG. than 
ever before. All areas and 
applications. Salaries to: 

£5,000 - 6566 

34 Percy Street, London, W1 
01 -636 9659 (day) or 

550 0836 (eve.) 

Home Office, London 
RADIO PROPAGATION 

RESEARCH 
up to £6700 

This post, in the Propagation Section of the Directorate of 
Radio Technology, is concerned with the study of the latest 
worldwide researches in the field of radio propagation and the 
quantification of the effects so that they can be applied in 
practice. The work includes: liaising with research 
establishments; stimulating propagation research activities in 
areas of interest to the Directorate; and participating in the 
work of the International Radio Consultative Committee's 
study groups relating to the propagation of radio valves in 
ionized and non -ionized media. 

Candidates must have a degree, or equivalent qualification, in 
Electrical Engineering or Physics, and should be Chartered 
Engineers. They should have specialised in radio wave 
propagation for about five years, and preferably have some 
research experience. 

Starting salary betwen £5490 and £6700 depending on 
qualifications and experience. Prospects of promotion. 
Non -contributory pension scheme. 

For further details and an application form (to be returned by 
13th December, 1976) write to Civil Service Commission, 
Alencon Link, Basingstoke, Hants RG21 1JB, or telephone 
Basingstoke (0256) 68551 (answering service operates 
outside office hours). Please quote T(21)85. 

(6540) 

ALADDIN INDUSTRIES LTD. 
require an 

ASSISTANT 
DEVELOPMENT 

ENGINEER 
to assist in the development and preparation of sample 
chokes and transformers. As such, he or she will be 
involved in the development of test equipment, testing 
ferrite components and providing an advisory service to 
production and inspection departments. Candidates, aged 
20 to 24 years, should ideally have progressed to the final 
year of City and Guilds in Radio and TV Electronics 
Technicians Course or be studying for an HNC in Electrical 
Engineering, 2 -3 years' experience of working in the 
electrical /electronic industry is essential. 

Salary will be commensurate with age and experience up 
to £2,200 per annum and benefits include four weeks' 
annual holiday and contributory pension scheme. 

For further details, telephone or write to: 
Mrs. L. Cooper, Personnel Department 

Aladdin Industries Ltd. 
Aladdin Building 
Western Avenue 

Greenford, Middlesex 
Telephone: 578 2300 

16535) 
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ELECTRONICS - TELEVISION 
Increasing orders for our sophisticated equipment, from both the home and export markets, give us the 
opportunity to recruit additional electronic engineers. Our products cover a complete range of monochrome and 
colour cameras as well as a whole variety of studio broadcast equipment. 

TEST ENGINEERS 
Experience of working with broadcast TV equipment is more important than the academic level of degree /HNC. 
In any case, you must have had some years working with modern communications equipment and experience 
soley of domestic television is not sufficient. Knowledge of the latest circuit techniques is essential as you will be 
expected to have the ability to rapidly come to terms with our designs. 

DEVELOPMENT ENGINEERS 
You would be working with our R & D team on design and development of anything from amplifiers and coders 
to broadcast colour cameras. Some knowledge of television would be a great advantage as experience could 
have been gained in your present job or at university. We have a modern factory in a very pleasant part of 
Hampshire, within easy reach of several major towns. London, the South Coast and the Midlands are all easily 
accessible. Our terms of employment are excellent and include free life and health insurance, pension scheme, 
generous holidays, staff restaurant and relocation expenses where necessary. 

Please write or phone (reverse charge) Mic Comber, Personnel Manager, Andover (0264) 61345. Brief details 
only at this stage as we will ask you to complete an application form on which you can give as much detail as 
you think relevant. 

(653t 

STROBE EQUIPMENT LTD. 

Manufacturers of High Powered 
Studio Electronic Flash Equipment, 
which is used all over the world by 

top photographic companies, 
require 

SERVICE /CONSTRUCTION 
MECHANICS 

To be generally involved in maintain- 
ing and building power units, acces- 
sories and allied devices. Basic 
electronic knowledge is sufficient but 
applicants should be capable of 
handling bench tools and light 
machinery and hold a current driving 
licence. 

Phone or write (preferably) 
Mr. Cecil, Strobe Equipment Ltd. 
56 Turnmill Street, London, EC 1 

M5QR 
01 -253 0791 /3 

(6508) 

Opportunities in the 
ELECTRONICS 

FIELD 
We have :,wee nL from many 
vacancies those which otter ex 
ceptional career prospects and 
job interest I f you have expert 
ence in design, test, sales or 
service and wish to progress 
your career, please telephone 
Mike Gernat B Sc who is advis- 
ing on these opportunities 

E.M.A. Management Personnel Ltd. 
Burne House, 88/89 High Holborn 

London wC1 V 6LR 
01 -242 7773 

CAPITAL 
APPOINTMENTS LTD. 

FIELD SERVICE 
ENGINEERS 
(ELECTRONICS) 

If you're not earning over 
£3,500 p.a. plus a car - then 

you had better contact us! 
6532 

34 Percy Street, London, W.1 
01 -636 9659 (day) or 
550 0836 (evening) 

SOUTH COAST VACANCIES. If you 
would like to get out of the rat 
race and enjoy the pleasures of 
living on the South Coast we can 
certainly help. We have hundreds 
of jobs in Electronics at all levels. 
along the South Coast. Just drop 
us a line or phone with your name 
and address and we'll do the rest. 
No fees. Jeff Minards CBS Appoint- 
ments 224 Old Christchurch Rd, 
Bournemouth. Tel. 292155 or after 
7 pm and weekends, Wimbourne 
4891. 16600) 

COURSES 

RADIO and Radar M.P.T. and 
C.G.L.I. Courses. Write: Principal, 
Nautical College, Fleetwood, FY7 
RJ Z (25 

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 
6549 

TELEVISION BROADCAST 
ENGINEERS 

STV have vacancies for Engineers and Senior Engineers in the 
V.T.R. and Telecine Departments. 

Applicants should be qualified to H.N.C. standard or equivalent 
and preference will be given to those with experience in television 
broadcasting equipment. 

Please apply in writing to: (6590) 

The Personnel Department 
SCOTTISH TELEVISION LIMITED 

Cowcaddens 
GLASGOW G2 3 PR 
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Senior Test 
& Commissioning 
Engineers for 
Television Broadcast 
Equipment c. £5,000 
Our new range of Telecine products are selling in 

ever -increasing numbers to customers worldwide. If 
you have experience of testing or servicing similar 
products and would like to join a growing Company 
exporting 90% of its equipment we would like to hear 
from you. 

We have vacancies for: 
U.K. based (Ware) Service and Installation 
Engineers to install and service equipment in 

the UK, USA, Europe and Asia. 

Factory Final Test Engineers responsible for 
ensuring that our equipment meets the 
extremely high specificatiòns we have set, and 
to conduct Customer Acceptance Trials. 

For the right applicants we will pay a salary of up to 
£5,000, in addition some vacancies include a 

Company car. Relocation expenses will be paid by the 
Company for the more senior positions. 

Please telephone or write to 

The Personnel Department 
Rank Cintel 
Walton Road 
WARE, Harts SG12 OAE 
Telephone: Ware 3939 

RANK CINTEL 

9 ' 
THE OuEin, 

AWARD TO 
INDUSTRY 

Brighton Polytechnic 
Learning Resources 

MAINTENANCE 
ENGINEER 

CCTV and A/V 
£3,678 to f4,407 

to work in an expanding TV and AV service. High 
maintenance skills required with a wide range of A/V 
equipment from 16mm projectors to advanced Colour TV 
studio. This challenging job will need organising skills, and 
will be part of a technical team working in a newly built centre 
in a pleasant area 

VTR ENGINEER 
£3,678 to t:4,407 

Qualified in electronics, with a background in broadcasting, 
large CC TV studio or other connections with television, 
preferably colour, to work in educational establishments 
breaking new ground in CC TV. Will have proven ability to 
maintain studio Helical VTR's but the interest and willingness 
to maintain a quantity of open reel portable and editing VTR's 
and VCR's. 

Details and application forms from Personnel Officer, 
Brighton Polytechnic, Moulsecoomb, Brighton BN2 4GJ. Tel: 
0273 67304. 

Closing date 15th December (6591) 
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Radio Engineers 
K2388- K3756(c.E1791- /2817) 

Supplement E4122 (married), /2058 (single) 

Together with most other countries, Zambia has recently been 
affected by the worldwide economic recession. Now our 
economy is surging forward strongly again, revitalised partly 
by significant advances in the country's agricultural industry 
and rising copper prices on world markets. Come here on a 
3 -year contract and your skills will be welcomed - and 
broadened. You'll enjoy the warm, pleasant climate in this 
totally land- locked country, larger than France, Belgium, the 
Netherlands and Switzerland combined. You'll enjoy, the 
scenery too; although mainly a broad plateau, Zambia also 
features spectacular mountains, a certain amount of dense 
forest, imposing rivers, vast lakes and extensive game reserves. 
Its many large cities and towns contain all the normal modern 
facilities and are linked by excellent roads and rail services. 

Requirements: 
Either 5 -year apprenticeship, service trade certificate, ICAO 
certificate or equivalent; knowledge of medium -powered 
HF transmitters, frequency key shifting, SSB and equipment, 
medium -frequency non -directional radio beacons plus low 
and high -powered VHF AM equipment; and knowledge of 
either (a) VHF, omni- range, automatic VHF, direction finders, 
distance measuring equipment, (b) instrument landing 
systems, (c) radar X -band terminal and PPI taikdown equip- 
ment, (d) audio and remote control equipment, public 
address equipment, airport magnetic tape equipment, inter- 
office communications, underground control cables, impulse 
and DC switching systems or (e) teleprinter telegraphy 
(torn tape) and associate page printers, tape recorders (auto 
heads), printing reperforators, semi -automatic message 
switching systems. 

Responsibilities: 
Installation maintenance /overhaul of ground terminal radio 
communication equipment and navigational aids. 

Strong financial attractions 
As well as the salary quoted, you will enjoy TAX -FREE sup- 
plements, a TAX -FREE terminal gratuity, low -cost accommo- 
dation, low taxation and free passages. Together, these add up 
to exceptional real earnings. Starting salaries relate to 
qualifications /experience, while gratuities total 25% of basic 
salary. Salary- related supplements are reviewed annually and 
paid by the British Government to designated British 
nationals (annual maximum is shown), while appointment 
grants, education allowances, car loans, medical aid assistance 
and free holiday visits for children educated in Britain are also 
provided for those receiving supplemenrs. N.B. Sterling 
equivalents given are approximations only due to constant 
exchange rate fluctuationsl 

For further information please send full personal /professional 
details (without obligation and in total confidence), to: 
Recruiting Officer (Room 33), Zambia High Commission, 7 -1 1 

Cavendish Place, London, W1 
(65391 

17íill, 
SITUATIONS WANTED 

FREELANCE CONTRIBUTORS re- 
quired for user orientated video 
magazine to be launched early 
'77. Applications enclosing samples 
of recently published wnok should 
be sent to the Publisher, Creative 
Video (WW). P.0, Box 152, Barnet, 
Herts. EN5 4HU. (6529) 

AGENCY WANTED 

AGENCY WANTED. Successful 
salesman seeks agency marketing 
electronic equipment /components 
and wishes to meet manufacturer 
with suitable new /established pro- 
ducts of particular interest: elec- 
tronic industrial aids, data collec- 
tion terminals. Modest investment 
available. Box No. W/W 5557. 

AGENTS WANTED 

SUBSTANTIAL JAPANESE instru- 
ment company requires sub -agents 
to franchised U.K. distributors in 
all European countries with OEM 
and /or direct marketing experi- 
ence preferably covering panel 
meters, instruments and amateur 
radio equipment. Box No. W/W 
6565. 

BUSINESS OPPORTUNITIES' 

EXPORTER REQUIRES CONTRAC- 
TOR able to produce 50 /100 belt 
drive turntables weekly. Box No 
W/W 6541. 
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UNIVERSITY OF KENT 
AT CANTERBURY 

PHYSICS LABORATORY 

ELECTRONICS 
TECHNICIAN 

The Physics Laboratory requires 
two TECHNICIANS for the Elec- 
tronics Workshop. Candidates 
should have experience in the 
construction, modification and 
repair of Electronic Equipment 
and for one of the appointments 
some expertise in Digital Elec- 
tronics will be required. Salary 
scales - Grade 3. 
£2,455- E2,788; Grade 5. 
£2,889-E3,367. The Grade and 
placing will depend on qualifica- 
tions and experience. Application 
forms and particulars may be 
obtained from the Assistant 
Registrar, Faculty of Natural 
Sciences, The University, Can- 
terbury, Kent. 

Closing date 26 November, 
1976. Please quote Ref.T76 /9 

165981 

WANTED 
EXPERIENCED 

RADIO -TELEPHONE 
ENGINEERS 

to on London s fastest expanding 
radio -telephone company. 

Experience of V H F and U H F 

required, with knowledge of Pye and 
G.E.C. equipment for maintenance 
service engineering and field work 

The successful applicants will be part of a 

young and enthusiastic team. Good 
salary according to experience and 
aptitude Five day week Free lunches 

Write or call now with details of past 
experience to Mike Rawlings or Bill 
Clarke 

30 Boundary Road, London NW8 
Telephone 01 -328 5344 

London 
Communications 
(Equipment) Ltd 1651 91 Amo. 

LAB -CRAFT LIMITED 
require an 

ELECTRONICS 
DEVELOPMENT 

ENGINEER 
for the design of new projects and 
development of existing products in 
the light electro- mechanical field 
involving solid state techniques 
Preference will be given to an 
experienced engineer of HNC stan- 
dard who can be relied upon to work 
unsupervised on own projects. 
Some experience in the design of 
Emergency Lighting, Low Voltage 
Fluorescent Lighting; or Inverters, 
would be an advantage but is not 
essential. 
Applications giving full details of 
experience and salary expectations 
should be submitted by letter in the 
first instance to -- 

The Technical Director 
LAB -CRAFT LIMITED 

Church Road, Harold Wood 
Romford, Essex RM3 OHT 

165281 

139 Appointments 

Engineers & 
Draughtsmen 

As one of the world's leading suppliers of radio and 
navigational equipment to the marine industry we have a 

continuing programme of development. 
We require engineers and draughtsmen at all levels (and of 

either sex) to assist with our programme. 
If you are interested in these vacancies and require further 

information please write or telephone: 

Jonathan Smith, 
International Marine Radio Co. Ltd., 
Peall Road, CROYDON, CR9 3AX. 
Telephone: 01- 6849771. 
Evenings: 01 -361 9144. 

ITT Marine 

NEWCASTLE AREA HEALTH AUTHORITY (TEACHING) 
ENGINEERING DIVISION 

FREEMAN HOSPITAL 

CHIEF ELECTRONICS TECHNICIAN, GRADE I 

Required to be responsible to the Area Engineer for all technical aspects of the 
Medical Electronics Department. This department is chiefly involved in 
maintaining and repairing all forms of electronic equipment. 

Extensive experience in the field of medical equipment is required, together with 
a minimum qualification of HNC Electronic Engineering and preferably 
Corporate Membership of the Institution of Electronic and Radio Engineers. 

Salary scale. £4,419 -45,136 plus ti6 per week supplement. Whitley Council 
conditions of service apply. (Closing date November 30th, 1976). 

Application form, job description and further details available from Senior 
Personnel Assistant, Freeman Hospital, Cheviot Court, Freeman Hospital Staff 
Residences, Melville Grove, Newcastle upon Tyne NE7 7DF Tel. 815926 

(6523) 

FIELD SALES 
ENGINEER 

is required by Aladdin Components, a division of Aladdin 
Industries Ltd., to sell electronic components in the West and 
South of England and to provide technical support to customers. 

Applicants, male or female, who are resident in the Bristol area 
should be aged 22 to 40 years, possess a sound technical 
education and have had working experience in an engineering or 
sales biased company. Salary will be £3,000 to £3,500 per 
annum, plus car, plus bonus and other benefits will include four 
weeks annual holiday and contributory pension scheme. 

For further details, telephone or write to: 

Mr. P. Crosby 
Aladdin Industries Ltd. 

Aladdin Building 
Western Avenue 

Greenford, Middlesex 
Tel. 01 -578 2300 

165341 

Industrial Development 
(Bangor) 

The Commercial Unit of the University 
College of North Wales 

RADIO 
ENGINEER 

A qualified engineer with radio and 
digital circuit experience is required to 
join an active group working on the 
development of novel remote position 
monitoring systems employing exist- 
ing radio navigation transmissions. 
The engineer appointed will be 
concerned with the development and 
control of final test procedures on 
production equipment and will be 
required to accept overall respons:ái- 
lity for field trials of both standard and 
special systems. 

Starting point on the salary scale of 
i'3174 to £4602 will be commensur- 
ate with experience. 
Applications should be sent to Pro- 
fessor P. E. Sacker, 1.0 -(8), 
U.C.N.W., Dean Street, Bangor, 
Gwynedd LL57 1 UT, not later than 
30th November. 1 976 165581 

SUTTON 
(LONDON BOROUGH OF) 

CARSHALTON COLLEGE OF 
FURTHER EDUCATION 

Nightingale Road 
Carshahon, Surrey 

Principal: 
L. P. LAWRENCE, M.Sc., 

C.Chem., F.R.I.C. 
Telephone: 01- 647 0021 

DEPARTMENT OF 
ELECTRICAL ENGINEERING 

For 1st January, 1977, or as soon as 
possible thereafter, 

LECTURER I 
for general Electrical subjects espe- 
cially in the Radio, T. V. and 
Electronics Sections. Candidates 
Mould have had industrial experience 
and be capable of teaching both the 
theoretical and practical aspects to 
technician and craft students. 
Salary £2781 to £4689 per annum 
plus £298 per annum London 
Allowance. 
A stamped addressed envelope 
should accompany a request to the 
Principal for further particulars and 
an application form. lessl 
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SHIFT 
MAINTENANCE 

ENGINEERS 
We need conscientious and skilled maintenance 

engineers for our expanding cassette tape 
production department at our Uxbridge Road, 
Hayes site. 

We are seeking engineers who have practical 
experience up to City and Guilds final level in 
electronic and mechanical maintenance. We are 
particularly interested in individuals who can show 
practical and theoretical expertise of professional 
tape recording machines and associated 
electronic equipment. 

The Department works a double -day shift 
system, 40 hour week. The very nature of the 
production system means that adaptability will be. 
a prime characteristic of the successful applicants. 

As befits a well known international company, 
a good salary and excellent conditions of 
employment are offered. 

To apply for these interesting positions please 
telephone or write for an application form to: 

David J. Lunt, Personnel Officer, EMI Records Ltd., 
/3 Uxbridge Road, Hayes, Middlesex. 

Tel: 01 -561 8722 ext. 210. 
*Applicants of either sex considered. 

EMI RECORDS 
The international music, lecnonics and leisure Group. 

EMI 
(6585) 

*4, VUTaßDTV 
WESTWARD 
TELEVISION 
have a vacancy for an 

ELECTRONICS 
MAINTENANCE 
ENGINEER 
to work on studio 
Broadcast Equipment 
including cameras and 
video and audio 
equipment. Shift working 
may be involved. Salary 
up to £4750. Excellent 
conditions of service and 
relocation assistance may 
be available. Written 
applications giving full 
details should be 
forwarded to the 
Personnel Manager 
Westward TV 
Derry's Cross 
Plymouth PL1 2SP 

(65641 

TEST 
TECHNICIAN 

To carry out all aspects of testing on a 

wide range of electrical -electron 
apparatus and components used in 
the manufacture of modern Xray 
equipment. General testing exper- 
ience is essential, although not 
necessarily in this particular field 

Write in the first instance to: The 
Personnel Officer, G.E.C. Medical 
Equipment Limited, 14 Progress 
Way, Waddon, Croydon, Surrey. 
Telephone: 01 -688 7495. 

(6509) 

ARTICLES FOR SALE 

Proale mottoes. send 13p in stamps for brochure 

HE QUARTZ CRYSTAL CO. LTD. 
Q C C. WORKS. WELLINGTON CRESCENT, 
NEV. MALDEN. SURREY. at . ,c 

Wireless World, December 1976 

ELECTRONICS 
TECHNICIAN 

(Medical Physics Technician III) 
required for maintenance and repair of electromedical equipment in 
Chelsea /Westminster District, based at St. Stephens Hospital, Fulham. 
Opportunities exist for development of equipment in the department of Clinical 
Measurement, Westminster Hospital. 

Salary Scale: - 3243.24146 plus £312 London Weighting. 
Applications in writing to: -The Secretary, Department of Clinical 
Measurement, Westminster Hospital, London SW1, naming two referees. 

(6530) 

SERVOTEST 

F- 
TEST AND 

COMMISSIONING 
ENGINEER 

Servotest Limited, leading manu- 
facturers of electro-hydraulic servo 
equipment, have vacancies for com- 
petent 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 back- 
ground with a knowledge of several of 
the following: 
Analogue circuits using integrated 
and discrete components: operational 
amplifiers, simple digital circuits, 
servo systems, hydraulics. 
Appropriate qualifications would be 
HNC, C & G Radio and Television, etc 
The ability to work without super- 
vision and to deal with customers at all 
levels is essential. Applicants must 
hold a current driving licence. Salary 
from E3,750 p.a. 
Telephone: Mr. Crabtree on 01 -998 
1552 for interview. 
SERVOTEST LIMITED 
Sarsfield Road, Perivale 
Greenford, Middx. UB6 7AA (6562) 

INNER LONDON 
EDUCATION AUTHORITY 

London College of Printing 
Elephant & Castle, SE 1 

FACULTY OF 
VISUAL COMMUNICATIONS 

TELEVISION 
TECHNICIAN/ 
ENGINEER 
Applications are invited for the above post 
in the expanding Department of Photo- 
graphy, Film and Television. 

Candidates should be conversant with 
modern 1/2", 3/4" and 1" black and white 
and colour equipment and be capable of 
electronic maintenance. Experience in 
professional broadcasting would be an 
advantage. as well as an interest in 
experimental video work. The successful 
applicant will be expected to assist in 
running studio productions and video tape 
editing. 

Safety wale: £3,1110 44,702 (ST1 /2). 

Application forms, returnable within 14 
days, from the Senior Administrative 
Officer. 

1659 21 

ARTICLES FOR SALF 

VACUUM is our speciality, new 
and secondhand rotary pumps, dif- 
fusion outfits, accessories, coaters, 
etc. Silicone rubber or varnish out - 
gassing equipment from £40. V. N. 
Barrett (Sales) Ltd., 1 Mayo Road, 
Croydon. 01 -684 9917. t24 

60KHz MSF Rugby Receiver. BCD 
TIME OF DAY OUTPUT. High per- 
formance, phase locked loop radio 
receiver. 5V operation with 1 

second LED indication. Kit corn - 
plate with tuned ferrite rod aerial 
£14.08 (including postage and 
VAT). Assembled circuit and cased - 
up version also available. Send 
for details Toolex, Sherborne 
(4359), Dorset. (21) 

REED RELAYS, ex- equipment, 12V 
coil, 2 n.d. or 2 n.c. contacts, 5 for 
£1 inclusive. Other multiway reed 
relays available. - s.a.e. details. 
Baker, 12 Hampton Gardens, Black 
field, Southampton. SO4 1WP. (6512) 

1017 mHz 15 kHz Filties min x -tal 
filter £3.50 each. Polar Electronics 
N3191 Horten, Norway. (6513) 

RADIO TELEPHONE sales, service, 
new and used Pye, G.E.C., Xtals 
fast delivery, aerials always in 
stock, quantity discount, systems 
supplied home office approved. Hal- 
ton Comm Services, Runcorn 
68695. (6514) 

RHODE AND SCHWARZ u,h.f. sig- 
nal generator slsd £200, u,h,f. 
power signal generator slrd £300, 
Marconi wave analyser TF455E £85. 
All good condition. Box No. W/W 
6516. 

COSSOR 4100 oscilloscope upgraded 
to 100MHZ by Cossor, owned pri- 
vately, little used, £385. Maiden- 
head 34362. (6517) 

COPIES " WIRELESS WORLD " 
1928;1965. Believed complete. 28,3i1 
bound. Offers. 

(6627) 

SPOTWELDERS new from £85. 
Sameside from £250. - Ring 01- 
540 7337/8. Resrtweld's, 114 Claren- 
don Road, London S.W.19. (&818) 

LOW COST QUARTZ CRYSTAL 
OSCILLATORS, TM compatible. 
Two plastic encapsulated styles 
give high accuracy and stability. 
A D.I.L. package 12.5 x 20 x 10mm 
(Q01313) 5 to 25miHz priced from 

£7 and a 2 x D.I.L. spacing. 20 
x 26 x 12.7mm (QC1453) for 1 to 
4mHz from î8 or for 5 to 10mHz 
from t6. Prices apply for produc- 
tion quantities. For full specifica- 
tion write or phone Ann Open - 
shaw or Alan Pearson on Hey- 
wood 69911. (6559) 



Wireless World, December 1976 

ARTICLES FOR SALE_ 

CMOS WITH DISCOUNTS, Any mu 10% for 25 +. 25% for 100,. 33%% 1W 1000+ 
4000 0.20 4028 1.00 .4053 1.04 4086 0.80 14163 1.18 4526 2.15 14566 1.67 
4001 0.20 4029 1.27 4054 1 -29 4089 1.74 14174 1.08 14527 1.76 14568 3.15 
4002 0.20 4030 0.60 4055 1.46 -4093 0.89 14175 1.04 14528 1.22 14569 3.72 
4006 1.31 4031 2.46 4056 1.46 4094 2.08 14194 1.17 14529 1.72 14572 0.27 
4007 0.20 4032 1.16 4057 29.81 4095 1.16 14419 2.67 14530 0.95 14580 6.35 
4008 1.07 4033 1.56 4059 6.20 4096 1.16 14490 6.51 14531 1.74 14581 4.30 
4009 0.60 4034 2.11 4060 1.24 4097 4.13 14501 0.20 14532 1.39 14582 1.64 
4010 0.60 4035 1.31 4061 25.60 4098 1.22 14502 1.38 14534 8.15 14583 0.84 
4011 0.20 4036 3.09 4062 10.10 4099 2.03 14503 0.75 14536 4.00 14585 1.10 
4012 0.20 4037 1.06 4063 1.22 40101 1.76 14505 4.35 14537 13.17 74C00 0.25 
4013 0.60 4038 1.20 4066 0.69 40102 2.16 14506 0.67 14539 1.24 74CO2 0.25 
4014 1.12 4039 3.09 4067 4.13 40103 2.16 14507 0.60 14541 1.62 74C04 0.25 
4015 1.12 4040 1.19 4068 0.24 40104 2.26 14508 3.06 14543 1.82 74C08 0.25 
4016 0.80 4041 0.93 4069 0.24 40107 0.88 14510 1.61 14549 4.10 74C10 0.25 
4017 1.12 4042 0.93 4070 0.66 40108 6.18 14511 1.74 14552 10.50 74C20 0.25 
4018 1.12 4043 1.12 4071 0.24 40109 2.21 14512 1.03 14553 4.66 74C30 0.25 
4019 0.60 4044 1.04 4072 0.24 40181 4.30 14514 3.47 14554 1.57 74032 0125 
4020 1.24 4045 1.56 4073 0.24 40182 1.73 14515 1.47 14555 1.01 74C42 1.84 
4021 1.12 4046 1.48 4075 0.24 40194 2.0 14516 1.61 14558 1.01 74048 2.26 
4022 1.07 4047 1.01 4076 1.71 40257 2.26 14517 4.02 14557 4.85 74C73 0.67 
4023 0.20 4048 0.60 4077 0.66 4700 1.75 14518 1.39 14558 1.25 74C74 0.60 
4024 0.87 4049 0.80 4078 0.24 7083 4.25 14519 0.67 14559 4.10 74C90 0.86 
4025 0.20 4050 060 4081 0.24 14160 1.16 14520 1.36 14560 2.17 74C93 0.86 
4026 1.92 4051 1.04 4082 0.24 14161 1.18 14521 2.77 14561 0.70 74C95 1.25 
4027 0.60 4052 1.04 4085 0.50 14162 1.16 14522 2.16 14562 6.59 74C926 7.99 

TERMS: Add VAT to all prices at 8 %. Postage etc. UK 25p (+2p= 27p) per order, 
extort £2.00 no VA . Orders rocessed same da 

GREENBANK ELECTRONICS (Dept W11W) 
94 New Chester Road. New Ferry. Wirral. Merseyside 162 5AG. England. Tel: 0514453311 

PRECISION 
POLYCARBONATE CAPACITORS 

All High Stability - extremely Low Leakage 

440V A.C. RANGE 
Value Dimen- Price 
kg fions lmms each 

L 0 

0.1 27 12.7 68p 
0,15 27 12.7 80p 
0.22 33 16 86p 
0.25 33 16 92p 
0.33 33 16 99p 
0.47 33 19 E1.10 
0.5 33 19 £1.16 
0.68 50.8 19 £1.25 
1.0 50.8 19 £1.37 
1.5 50.8 25.4 £1.64 
2.0 50.8 25.4 E1.95 

63V D.G. RANGE 
Value 1,9 Tol. 

5M1 

0.01 á 
0.1 

0.22 E1.32 17p 51p 

0.33 EI.32 77p 51p 
0.47 £1.32 77p 51p 
168 £1.44 84p 56p 
1.0 E1.56 91p 60p 

1.5 £1.74 EI.16 67p 
2.2 E1.98 £1.32 75p 
3.3 £2.40 £1.60 99p 
4.7 12.82 £1.88 EI.23 
6.8 £3.48 E3.32 £1.47 

10 E4.98 £3.32 E2.01 

15 £7.14 £4.76 E2.88 
22 £9.66 £6.44 E3.90 

£1.28 75p 50p 

TANTALUM BEAD rAPACITOB$-1/4116 mailable 01. 0.22. 0.33. 0.41. 
068 1.0. 2.2. 13. 4.1. 6.8u f m1154/25119 35V: IO.OuF al 16V/20V er 
250 22.0uF a1611/10119 16V: 33.0 uF al 68 er 1011,47.0a al 359 6V. 
190.0uF el 3V. All n 12p each 10 for E1.10. 50 lar (S, Io01er n. 
TRANSISTORS 

0101/8/9 99 BC212/2121 12p 291056 51Ip 
8014 12p 1C213/213L Itp 001/2 12p 
9CI47/ /9 I0p 9r214/2141 Ilp NE555 Timer 61p 
IC153 16p 95194/5 12p 741 epm OA 32p 
9C154/7/9/9 12p BFY50/1/2 20p 25414 E1.15 
BC112/1821 Ilp 8F178 4op S376013110 E1.50 
90193/183L 1 l AF239 lap 067602310 E1.50 
IC194/1841 12p 283702/4 IIp T9MI0A5 Ei.42 

POPULAR 010DES -16914 Bp. 8 er 45p. 181er 90p: 16916 6p. 6 for 
45p, 14 rar 90p, 1844 5p, 11 rar 50p. 24 for L1.081114148 50.8 for 
27p, 12 for 4lp: 164001 5',p: 002 6p: 003 6' ,p: 004 7p:005 71hp: 
006 Sc: 007 e' mp. 

LOW PRICE ZENER 1710oE5-400RW. Ter. 5% ai 5aaA.311:3V3: 346: 
4V7. 551. 5V6. 642: 648. 745: 882: 951, 104: 110 120 13V: 13.5V: 150 
16V. 180 2011. 22V:24V. 27V: 30V. 330 All al 7p each. 5 lar 33p, 10 lar 
65p. 50 ler E3.12. SPECIAL 19106, 100 tees /my be decal ter 
(6.08. 

RESISTORS -Nigh 0.511111. law noise subse lam Srs 'AV et 40 C. ':W 
at 70 C.112 series rely -hem 2.21! 62.214r). ALL el Ip each. Bp ter 
Io el we me valve. 70p. ter 100 of any ose rebat SPECIAL PACK. 10 of 

each Owe 221) b 221)1730 reeialerel [S 

SILICON PLASTIC RECTIFIERS -15 amp. wire.eeded 0027: 100 
P.I.V. 7p H lar 26p1'. 400 P.I.V. Sp 14 lar 300l. 

BRIDGE RECTIFIERS -2', amp. 200V 40p: 350V 45p: 600V 55p. 

SUBMINIATURE VERTICAL PRESETS-0.1N mile All at 5p each: 

50. 100: 220.470. 590 ahm:1K.2K2. 4K7. 668: loll: 15K: 22547K. 47K: 

1005220K. 680K, IM: 265 5. 

PLEASE A00 20g POST ARO PACKING ON ALL ORDERS, EXPORT -ADO COST 

OF SEA /121651. Aid 8. VAT la all hems except hose marked with 
which are 12' 

Send S.A.E. for addilieeal flock lisle 
Wholesale price hits amiable lo bon ude companies. 

MARCO TRADING (Dept P5) 
The ON Scheel. Edelarten. Wem. hropa Ire 

Tel WMull 464 /465 [STO 094 8721 

[Proprs. Minicool Nadine Ltd) 

MODERN LANGUAGE teaching 
equipment - little used, at one 
tenth of today's cost this offer can- 
not be repeated. Ring Mr Wright, 
061 -764 2931. 165151 

C.R.T. REGUNNING PLANT. New 
and secondhand reconditioned 
training. demonstration colour or 
B /W. Barretts, 'Mayo Road, Croy- 
don. Surey. CRO 2QP. 01 -684 9917. 

"MOTIVATOR" Curtain Cord Con- 
trollers. Mains battery models and 
kits for use with corded domestic 
curtains. From £18 -£30. Aid -Us 
Products. Dept WW14. 8 Hillview 
Road, Pinner HA5 4PA Middlesex. 

16546) 

IBM GOLFBALL 735 I/O 

TYPEWRITERS 
Coding similar to EBCDIC. Will accept normal or 

sprockeled paper. Supplied with photo copy of IBM 

interlace manual. Each machine serviced and tested. 

E100 and 8 °. VAT. 

As above bud modified to lake office range of gollballs 
110 pidchl E125 + 8e VAT (inc. new gollballs. 

Overseas air Ireighl or surface at cost. 

Typewriter orders only lo:- 
Keylronics 
Saul Lodge 

Saul. Gloucestershire 
Tel: Saul 1045 -274) 612 

+ ELECTROLYTICS 
47011 40V 50p 115p1 4000p 70V 80p (25p) 

500010 605 75p 125p1 10.000µ I6V 50p 115P1 

2200µ 63V 38p (14p) 2500 + 2.500µ 30V 40p 

1141 
40.. 275V RMS Color start 50p (20p) 

+ SMALL ELECTROLYTICS 
2.25 10V. IOµ 35V. 50(1 40V. I00µ 40V. I00µ 6V. 

I50µ 10V. 64u 10V, 300µ 10V. 200µ 10V 

12 for 45p (12pl 

+ PRIER PRESETS 100 mW 
220. 470. lb, 4k7. Ilk. 100k. 220k 

12 for 60p 1t2P1 

TRANSFORMERS 
31V 330 mA 60p 130p). 12V 24 £1.60 150p). 17V 54 
EX-EOPT E2.25 165p1. T011010 20V IA £2.25160p1 9V 

3A £1.60 (60p). 12V 104 E3.50 190p1. 0-3-14-17 I.5A 
ex egpl El (35p). 

VARIOUS 
Humidity switch (adjustable( 84 11341 
64 mains latching relay 80p Il3pl 
3m plastic magnetic strip 3" wide 30p /loot 120pí 

+ 250 mixed capacitors 69p 1841 

Light activated SCR 50V 1.64 35p 110PI 
+ Go diodes GEX100 E15 /1000 £2.50p/100 
MPII 131 PROG UNIJ 20p (lops qty available 
2113702K 13 for El (50.00/1000 

PAPST FANS for similar) reconditioned 
4i. e 4''r x 2 in. 100 c.l.m. 50 /60 c/c E3.60 165p1 

+ reed inserts 70 mm hid contacts 10 for El 112p) 

+ reed inserts 45mm 20 for Cl 112p) 

VAT add 12'4n -e to iters marked +. others 8e0 

KEYTRONICS 
Shop open Mon-Sal 9.30 a.m.-2 p.m. 

332 Ley St.. (Kord, Essex 
01 -553 1863 

CRYSTALS 
Fast delivery el prototype and production quamines to your 

medication. It 
1W KHa 0.005. x01390 (2.50 each EI.900 per 1.000. 
I *0 0.005'. KEN £2.50 each £1.600 per 1.000 

2.097152 MIU 0.525'. IC6/U £365 each £1.550 per 1.50 
32768 MHz 0.0625'. ION £ 22 . 7 0 iamb E 1.500 per 1.000 
10 MIN 0.562. HCI fiN £2.00 each E 1.100 per 1000 

Also Statek LF crystals In TO-5 package. 
n 

.. 
stock frequencies In the range 10240 KHr. e 
10 12.8. 16.384, 32 768 & 100 KHr, prices boni 
..2 55 each c1.400 per 1.000 
Please send for further derails 
INTERFACE QUARTZ DEVICES LTD., 29 
Market Sweat, Crewkerne, Somerset. Tele. 
phone: (0460311 2578 Telex: 46283 

Best choice for used TV 
Worldwide exporters of colour and 

mono TV. Unlimited supplies. 

Midland TV Trade 8 Retail Services. 
Worcester Road. Kidderminster, England. 

Tel: Kidderminster 61907 or 67390. 

he 

Gr phic v Equalizer 

Exclu ive to REw 

141 Classified 

Z0-1ZA 

REW are proud to present the $oundcraftsmen Graphic Equalizer -undoubtedly 
the fin cc unit of its kind for both Hi -Fi and professional use. Each of the stereo 
channels is divided into 10 frequency bands, from 20 Hz to 20,480 Hz. Boost 
and cut of 12 dB is provided on each band and a gain control adjusts the output 
to match any amplifier. The unit has a champagne gold anodised front panel, 
enclosed in an attractive wood -grained cabinet. The $oundcraftsmen can be 
used as a sophisticated cone control enabling you to highlight individual inscru- 
ments. Alternatively it can be used to produce a near -perfect flat frequency 
response in any domestic conditions by compensating for either poor room 
acoustics or various deficiencies in Loudspeakers. Also perfect for equalizing 
cape recordings. Send for full literature. 
Full range of Equalizers by other leading manufacturers also in stock including 
Altec, /VC, BSR, MXR, Technics. 

REW Centrepoint, 20 -21 St Giles High Street, London WC2. 
Tel 01 -240 3066/7 

146 Charing Cross Road, London WC2 Tel. 01 -240 3064 / 5 
Mail orders to REW House (dept. WW), 10-12 High Street 

Colliers Wood, London SW19 Tel 01 -540 9684 /5/6 

SOWTER 
TRANSFORMERS 

FOR SOUND RECORDING AMO REPRODUCING 
EQUIPMENT 

We me suppers to many well beewe companee dudes and 

aeadcarml wawa.. and we eetelliaMd ie 1941 (arty 
*tinned Ce.pelniee pins Larp of smell gaeehlea Let e 
was 

A stmt retie 
SOW TER TYPE 36ie 

54Ú171T AP MICROPHONE 
TRANSFORMER 

Pricey wediep ter 600 Lae 200 ohm me 60 ohm with 
Sec Wert Wisps from 21 tee a III R Mw Frequency 
memo pea /rates 'Al 20 Ha le 25 KHz Cooed. in w111 

homed Mwerel bee 33. diameter by 22mm mph with colour 
cried mel Hay. leer ialmitec DELIVERY Ismail gaanhee5 

EX :ST00L. 6161111 CONNOTIVE PRICE FULL 0(16110 ON 

MODEST 

E. A. SOWTER LTD. 
T,anslormer Manulacrwers and Desgne/s 

7 Dedham Playa, Fora Smart 
Ipswich IP4 1JP. 1e1. 0473 52794 6042 

CAPACITORS, mixed bags of elec- 
trolytics, approximately 500 un- 
tested for D. Mullard metallised 
polyester, mixed bags of 50 1µF 
and 2.25F (250V d.c.7, cosmetic 
imperfections so fl. Add 40p P &P 
to all orders. R. Wardle. 3 Erp- 
Ingham Road. SW15 1BE. (6170 

MUST CLEAR Colour T.V's work- 
ing /non working, 3 -PYE - CTTO/ 

"CT104, 2 -GG, 1 -Decca CTV 25, 2- 
GEC 2023 1 -Bush 25in. All complete. 
others for spares. various prices. 
Mr West, Falkirk 10324) 27055 after 
7 p.m. 16595) 

FAX. - Quantity of spares avail- 
able. Phone Mr Grout. Worthing 
34597. 

VALVES RADIO TV TRANSMIT- 
TING INDUSTRIAL 1936 to 1975. 
many obsolete types, list 20p s.a.e. 
for quotation. Postal export ser- 
vice. We wish to buy all types of 
valves new and boxed. Whole- 
salers, Dealers, etc. 'stocks pur- 
chased- Cox Radio (Sussex) Ltd.. 
The Parade East Wittering, Sussex, 
West Wittering 2023. (5392) 

QUARTZ CRYSTAL 
UNITS from 

10 -000 MHZ 

FAST DELIVERY 

HIGH STAntm 
TO DEE 62714 

Et. HYTHE 848961 
STD CODE 0703 

WRITE FOR 

LEAFLET AT 

McKNIGHT 
CRYSTAL Co. Ltd. 
HAROLD' INDUSTRIAL 

ESTATE. HYTHE, 

SOUTHAMPTON SO4 628 

160441 

FOR THE PERSON 
WHO WANTS THAT 

BETTER QUALITY 
SOUND AT A 

REASONABLE COST 
A complete range of sub 

assemblies for producing almost any 
type of Audio Mixer ... from a simple 
unit for the Disco Operator to a multi 
channel studio mixer with full fact- 
Ries. -All sub units are available in kit 
form or fully assembled and tested 
Complete mixer kits from E1 6 .98 plus 
VAT or fully assembled and tested 
from i:25.48 plus VAT 
We are suppliers of equipment to 
Government Departments, education 
authorities, military establishments, 
commercial and hospital radio sta- 
tions, etc: 
For full details large SAE to - 

PARTRIDGE 
ELECTRONICS 

21 /25 Hart Road, Benfleet 
Essex SS7 3PB. Ref. WW11 

56611 
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ARTICLES FOR SALE 

EXCLUSIVE OFFER 

WORLD -WIDE RANGE 
NEVER BEFORE OFFERED 
PHILCO HC -I50 POINT -TO -POINT STRIP 
RADIO HE RECEIVERS 2/30 m /cs. Ten fully 
tuneable channels to 0.5 kcs with synthesisers. 
- ngie and diversity reception on ISB, DSB, SSB 
with 4 sub -bonds to each channel Full details and 
pieces on application. 

HIGHEST QUALITY 19" 
RACK MOUNTING CABINETS 

& RACKS 
ENQUIRIES INVITED 

FOR NEW STOCK 
NOW AVAILABLE 

AUDIO AND INSTRUMENTATION - 

TAPE RECORDER- REPRODUCERS 

* Plessey 11333 Digital Units, 7 track 44" 

* Plessey M5500 Digital Unit, 7 tracks M" 
* Ampex FR -1100, 6 speeds, steren." 
n Ampex FR600. 4 speeds, 7 tracks 44" 

* D.R.I. RM I. 4 speeds. 4 tracks ." 
* EMI TR90 2 speeds, 1 track." 
a EMI BTRL I speed. I track." 
a E31n R301G, 2 semis, 2 tracks." 

EMI RE321 .", 743" 1 track 
* Ficord IA '4", PA ", 745 ", I track 
* Mincom CMP -100, 6 speeds 7 tracks 4s,., I" 
* Leavers Rich DA -2P, 2 speeds, 2 tracks ." 
* I.eevers Rich Console 2 track'' A" 
* Office Machines, various 

Prices of above £70 to £400 
Also Transport Decks only available 

We have a large quantity of "bits and pieces" we 
cannot list -- please send us your requirements, we 

,an probably help - all enquiries answered. 

All our aerial equipment is professional MOD quality 
a Telequipment D52 deb Oscilloscopes £85.00 
r Racal SA -20 Counter Timers £25.00 
r 100 amp Belling Lee Interference Filters C75.00 
* Solartron CD1014 Oscilloscopes C60.00 

Marconi TF2331 Distortion Meters £160.00 
* AVO VT Voltmeters CT -471A £75.00 
a Solartron Digital Voltmeters LM 1420 £120.00 
* Racal MA197 Pre- Selectors C85.00 
* Marconi TF-888 Receiver Testers £60.00 

Collins 500 watt 2/18 mss. Transmitters .. £1000.00 
Collins KWT6 SSB 500w Transceivers .... 01250.00 
Collins KWT6200 miw AM Transceivers £750.00 
STC Rx5 2/25 mes Receivers Diversity £140.00 

* Rack Mounting Operator Tables £10.00 
* Gaumont Kalee 564 Flutter Meters 075.00 
* Hewlett Packard 6188 Sig. Gen. 3.8/7.2 GHx £120.00 
a Rohn 95ft masts lattice 12" sides P.U.R. 
* 31ít Lattice Masts, 14" sides £55.00 
* 15ft Lattice Mast sections, 12" sides £35.00 
* 120ft Lattice Masts, 15" sides P.U.R. 
* 75/90ft Sky Towers, self- supporting £475 
a Heavy Aerial Rotators P.U.R. 
r Racal SA 504 Voltage converters C25.00 

Elliot Recording M/A Meters £75.00 
* Haliicrafter 152/174 M /cs Receivers £65.00 
* 75ft Aluminium Lattice Masts, 20ft sides C400.00 
a Plessey peak distortion meters C35.00 
r Polgrad Microwave power meters £55.00 

Rhode & Schwarz SBR sig gen, 1.6/2.4 gmc £70.00 
Aimee 702 sg gen 30 cyc 30 kcs C26.00 

* S.E. 4000 System Units P.U.R. 
Large Aerial Turning Units P.U.R. 

a 45 feet Uniradio 4 Co -ax 50 ohms £2.00 
* Stelma RTT Y Scopes £20.00 
r Baluns Professional Exterior 600/75 ohms £6.00 
r 25ft Telescopic Aerial Masts £24.00 
* Addo 5/8 Track Tape Punches 048.00 
* Digital Cassette Recorders W 1000 bps ... C250.00 
e Quality Weather Vanes 8 contacts (unused). £15.00 

H.N.C. Connectors 200 for £42.00 
015.00 
£45.00 

£3.00 
£3.00 

r Racal RA17 Front Panels (new) 
Racal MA -175 I.S.B. Modulators (new) 

* Imslide Cabinet Shelf Sliders 
r DG -7/32 or 1307/5 C.R.T.'s 

Advance HI Signal Generators, 15 /50Kca ... £18.00 
Tally 5/8 Track Tape Readers 60 cps í48.00 
Tally 5/8 Track Tape Readers Track Spooling 065.00 

* Cawkell FU 4 Band Pass Filter Testers E60.00 
Ano Geiger Counters (new) £14.00 

We have a quantity of Power Transformers 250 
watts to 15KVA at voltages up to 40KV. Best 
quality at low prices. Lists available. 

Racal RA -63 SSB Adaptors, new C70.00 
Racal RA -237 LW Converters. new £70.00 
19' Blank Rack Panels Wain high, new 61.00 

* Apeco Dial a Copy Photo Copier Electrostatic £35.00 
a Portable Mains Battery Hospital Lights £24.00 

400 Channel Pulse Height Spectrum 
Analysers £600.00 

We have a varied assortment of industrial and 
professional Cathode Ro' Tehe. :Available. List on 
request. 

PLEASE ADD CARRIAGE AND 
V.A.T. 

P. HARRIS 
O R G A N F O R D- D O R S E T 

BH16 6BR 
BOURNEMOUTH (0202) 765051 

COLOUR, UHF AND TV SPARES. 
NEW colour bar generator kit Mk 3 

aerial input type, R -Y, B -Y etc. 
(adds on to Manor Supplies cross 
hatch units) £25 pp 85p. Also 
Mk 4 combined colour bar genera- 
tor and cross hatch kit £35", 
pp 
and 

"Wireless 
M Tuner P Projects by D. C. d . 

Read. Kits of parts available. 
Cross Hatch kit, Aerial Input 
type. No other connections. 
Battery operated, portable. Incl. 
Sync & UHF Modulator units 
£110. Add -on Grey Scale kit, 
£2.90 p/p 45p. CRT Reactiv'ator 
kit for colour and mono, £17.48* 
p/p 80p. Signal Strength Meter kit 
1180. p/p 70p. 625 TV IF Unit, for 
Hi -F1 amps or tape recording £6.80 
p/p 65p. Decca Colour TV 'thyris- 
tor Power Supply Unit, incl. H.T., 
L.T., etc. Incl. circuits £3.80 p/p 
95p. Bush CTV 25 Power Supply 
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, 13.75 p/p 75p. Colour 
Scan Coils, }dullard or Plessey £6 
p/p 80p, Mullard AT1023/05 or 
Plessey Convee-g. Yoke £2.50 p/p 
55p, Mullard or Plessey Blue Lat- 
erals 75p p/p 30p. BRC 3000 type 
scan coils £2 p/p 8Up. Busts CTV 
25 Scan Coils £2.50 p/p 80p. 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 75p. Special offer colour 
tripiers, ITT TH25 1TH £2 GEC 2040 
£1.75 p/p 50p. Philips G8 Panels, 
part complete. surplus /salvaged: 
Decoder £2.50, IF incl. 5 modules 
£2.25, T. Base £1 p/p 70p. CRT 
Base 75p p/p 30p. GEC 2040 De- 
coder panel for spares £3,50 p/p 
70p. VARICAP TUNERS. UHF: 
ELC 1043 £4.00, ELC 1043/05 £4.50, 
VHF; ELC 1042 £4.40, Philips VHF 
£3.80. Salvaged UHF & VHF Vart- 
caps £1.50 p/p 35p. SPECIAL 
OFFER: RBM 6 psn. Varicap con- 
trol unit £1 p/p 35p. UHF Tuners 
transd. inci. slow motion drive 
£3.80. 4 Psn. and 6 Psn. push but- 
ton transd. £4.20 p/n 70p. Philips, 
Bush Decca integrated UHF/VHF 
transd. tuners £4.50 p/p 80p. Thorn 
850 dual stand, time base panels 
50p. Philips 625 IF panel incl. cct. 
50p. p/p 65p. VHF Turret tuner 
AT 7650 for KB Feather'light, 
Philips 19TG170, GEC 2010, etc. 
£2.50. Pye miniature incremental 
tuners £1. Fireball tuners, Fergu- 
son, HMV, Marconi 80p p/p all tun- 
ers 70p. }dullard Mono scan coils 
for Philips. Stella, Pye, Ekco, 
Ferranti, Invicta £2 p/p 70p. Large 
selection LOPTs, FOPTs available 
for most popular makes MANOR 
SUPPLIES, 172 West End Lane, 
London, N.W.B. Shop premises. Cal- 
lers welcome. (Nos. 28, 159 buses 
or West Hampstead -Bakerloo Line 
and British Rail). Mail Order: 64 
Golders Manor Drive, London, 
N.W.11. Tel: 01 -794 8751. V.A.T. 
Please ADD 121% TO ALL PRICES 
(EXCEPT WHERE MARKED VAT 
8%). (60) 

TELEPHONE ANSWERING machines 
for sale. New £120. answers and 
records. Plus 2 -way conversations 
and dictation. Free accessories and 
Guaranteed 1 year. C.R.V.E. Ltd., 
30 Goodge Street, WI. 01-249 0416/ 
01 -580 1800. (6210) 

CONPARASCOPE. Gives alternate 
enlarged images of both master 
and sample automatically. Example 
of use comparing components on 
circuit boards etc. Makes identifica- 
tion and comparison a simple task 
without eyestrain. Costs over 
£1,800, good condition, £400 ono. 
Tel: 01 -689 5295 days 01-684 3765 
eves. (6573) 

ENAMELLED COPPER WIRE 
swag. 1 l reel %,Ib /eel 
10 to 19 £2.95 £1.60 
20 to 29 £3.15 E1.80 
30 to 34 £3.45 £1.90 
35 to 40 £3.65 £2.10 

All the above prices are inclusive M postage 
and packing in UK 

COPPER SUPPLIES 
102 Parrswood Road, Withington, 

Manchester 20 
Telephone 061-445 8753 - 1100) 

SALE - ELECTRONIC SPARES 
NUMERICAL CONTROL 
The following items are offered for sale: 

TAPE READER - Creed Type 92. 
POWER SUPPLY UNITS - Gresham Type GX15/10/11, 
GX15/10B,GX15/10/14. 
SCOPE P.S.U. Type 22. 
RESOLVERS - 11RS 146. 
ROTAPULSE - 191/A Type 1000 and 2000. 

VALVES - Type 13D3, PCC84, CV345, 6D2EB91, EA76, ECC91, 
PCF80, PCF84. 
VALVES - Dowry Type: 300538001, 4553 -145 -91, 101278 -001, 
300243 -003, 100299 -003, 100299 -004, 300243003 and 
300301001. 
PEGASUS Servo Valve 130A. 
P.C.B. Various. 

If you are interested please telephone POOLE 6311 or write to. 
PLESSEY NUMERICAL CONTROL DIVISION, CUSTOMER 

ENGINEER SERVICE, SOPERS LANE, POOLE, DORSET 
(6524) 

CLOSED CIRCUIT TV BARGAINS. 
GRUNDIG FA 30 Camera with Voit- 
lender zoom lens, new, bargain, 
£240. 4 Grundig FA 30 and control 
units all as seen for £130. Various 
other FA 30 spares. Grundig heavy 
duty pan and tilt unit, new £150. 
9 MARINE /INDUSTRIAL CAMERA 
HOUSINGS with wipers, heaters and 
weathershield all new but soiled, 
only £150 each. 1 Dennard heavy 
duty pan & tilt unit, new £140. 1 

A.E.I. heavy duty pan & tilt unit, 
s /hand £65. 4 Grundig BG 360 141n. 
monitors all for £60.00, 14 A.E.I. 
cameras, 6 14in. monitors, 2 con- 
trol units, new but very soiled, all 
for £300. 12 Dallmeyer B (turret 
gear) lens £1.90, 8ín. £2 each, 
DITTO £1.9 22 MM £2 each, 500 
YDS. BICC MULTICORE screened 
PVC covered cable 22 ways includ- 
ing 2 COAX fraction of new cost, 
£750. VIDEO LINE TRANSMISSION 
EQUIP 3 complete sets of Grundig 
GPO approved line transmission 
equip, consisting transmitter, 
booster & receiver allows video to 
be sent over 1800 metres without 
loss, fraction of new cost £450 per 
set. 1 only booster to extend above 
to 2700 metres £150. Brand new 
EMI VIDICONS 9677M £10 each 
type 9677C £12 each, 1 Som Berthiot 
lens £4.5, 145MM tele -cinor £68, 1 

Som Berthiot £1.4 25MM £22, 1 

Som Berthiot £1.8 25MM £20, 2 
Schnider Xenon £1.4 25MM, £25. 
Pair of GRUNDIG LIGHT BEAM 
TELEPHONES very rare, line of 
sight electronic telephones, ideal 
for experimental work a mere frac- 
tion of cost £200. Telephone en- 
quiries 01 -435 1811 or 01 -959 4625. 

(6574) 

FOR SALE. Miscellaneous elec- 
tronic equipment. Obsolete due to 
introduction of new instruments. 
N. Brooker, Foxboro- YOxall Ltd., 
Redhill, Surrey, England RH1 2HL, 
Redhill 65000. (6156 

16mm BELL HOWELL 631 750/100 
W lamp, separate speaker and 
transformer. £150 + VAT. Hilton's 
9 West Hill, Dartford, Kent. Tel: 
20009. (W W 15 ) 

COMPONENTS: integrated circuits, 
digital analogue panel meters 
units, valves, etc. New and ex- 
equip. Lists 12p, stamps please. 
Box No. WW /8560. 

NULLARD 1.50 C281 capacitors, 
10,000 in stock. Price £4.00 per 100, 
price includes VAT, p &p 20p. Elec- 
tronic Mail Order Limited, 62 
Bridge Street, Ramsbottom, Bury, 
Lancs. Tel. Rams (070 682) 3036. 

(6556) 

FERROGRAPH TAPERECORDERS 
FOR SALE. Series Six, new 1968. 
Up to 20 in very good condition. 
940 o.n.o. Also five needing some 
repair, 920 o.n.o. Make known for 
durabsii'ty. Available South London. 
Offers and inquiries to B-ox W/W 
6543 

RECHARGEABLE NICAD BAT- 
TERIES. ' AA ' (HP7) £1.05, 'Sub 
C' £1.29 (HP11) £2.02, 'D' (HP2) 
£2.92, PP 'C' £4.89. Matching char- 
gers 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 35p. for 
'Nickel Cadmium Power' bookllet. 
Sandwell Plant Ltd., 1 Denholm 
Road, Sutton Coldfield, West Mid- 
lands. B73 6PP. Tel. No. 021-354 
9764. (6554) 

LIHSLEY -HOOD 75 watt amplifier 
spares. BDY56 £1.85, DB529 55p, 
B0530 55p, 2N5457 35p, 2N5459 45p, 
BF258 35p MPSA12 45p, BFR39 
25p, BFR79 25p, BC182L 10p, 
BC184L 11p, BC212L 12;, BC214L 
1pp, LS920 5p, power amp update 
kit £9.20, interference suppression 
kit (also reduces pre -amp noise) 
with instructions £1.35 inclusive 
prices, P &P 15p. All components 
brand new, guaranteed and des- 
patched by return. SAE for list. 
I. G. Bowman (Dept WW), 59 
Fowey Avenue, Torquay, S. Devon. 

(6564) 

SEMICONDUCTOR 

DEVICES 
by N. M. Morris 

Price: £4.25 

PROBLEMS & SOLUTIONS IN 
LOGIC DESIGN by D. Zissos. Price: 
£2.25. 
TESTING METHODS & RELIABI- 
LITY ELECTRONICS by A. Simp- 
son. Price: £4.25. 
SCR APPLICATIONS HAND- 
BOOK by SCR. Price: £2.25 

PRINCIPLES OF DIGITAL DATA 
TRANSMISSION by A. P. Clark. 
Price: £4.75 
PRACTICAL SOLID STATE D.C. 
SUPPLIES by T. D. Towers. Price: 
£6.00 
ANALOGUE SWITCHES & THEIR 
APPLICATIONS by Siliconix. Price: 
£3.00 
FREQUENCY SYNTHESIZERS 
THEORY & DESIGN by V. 
Manassewitsch. Price: £20.00 
M6800 MICROPROCESSOR 
APPLICATIONS MANUAL by 
Motorola. Price: £8.00. 

A USER'S HANDBOOK OF D/A & 
A/D CONVERTERS by E. R. Hna- 
tek. Price: £18.50 
* PRICES INCLUDE POSTAGE * 

THE MODERN BOOK CO 
SPECIALISTS IN SCIENTIFIC 

& TECHNICAL BOOKS 

19 -21 PRAED STREET 
LONDON W21NP 

Phone 723 41 85 
Closed Sat. .1 p.m. 



BURGLAR ALARMS 
Supplies and Equipment 

* SPECIAL OFFER - LARGE SIZE 
28" x 15" 

PRESSURE MATS £1.20 * 
MAGNETIC CONTACTS with magnet 

Only 75p 

Bells, Sirens. Alarm Units, Bell covers, 
Window Foil, Cable, Vibration contacts 

S.A.E. FOR FREE CATALOGUE 

Complete kit, fantastic value, everything 

you heed, only £40.00 
Add \met- TPA3o to all orders 

A.D. ELECTRONICS, Watbresk Moor 
Amerce Liverpool, L9 OHU 

0 1- 525 3440 (6043)N 
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ARTICLES FOR SALE 

RIVERSIDE 
ELECTRONICS 

Wholesalers and other large 
users of consumer electronic 
components are invited to send 
for our monthly list of special 
offers. We stock semi- conduc- 
tors, i.c s, capacitors, resistors, 
etc. Export enquiries welcome. 

P.O- BOX 4, WISBECH, 
CAMBS. 

Telephone: 0945 4188 
(6103) 

BEST BUYS. (MOTOROLA. l0A 
Camps 2N3713/3789 £3.85 pair. 
2N3055 37p.' OPTO /l5 22p. 
MONSANTO.I MAN 74 Alpha - 
Numerics £1.35. MICRO -E. BSY85 
11p. UNION CARBIDE TANTS. 100/ 
25v lip. PAINTON. 10K Multiturn 
11p. Many bargains in Test Gear. 
Transistors. I -Cs. Motors. Heat - 
sinks. Capacitors. S.A.E. for list. 
All prices inc. VAT. Under £6.00 
add 30p, p &p over free. BEST 
BUYS, P.O. Box 148 WELWYN 
GARDEN CITY, HERTS. (6599) 

SERVICE AND REPAIRS 

PI PCO 
(S & W SERVICES) 

For Electronic Engineers, Technicians 
& TV Service Engineers. 

26a High Street 
Hounslow, Middx. 
Tel: 01 -572 7363 

Telex Pipco Hounslow 935413 
(6552) 

METER REPAIRS, ammeters, volt- 
meters, multi -meters, etc. Contact 
Meter Repairs, 21 Mount Road, Ben- 
fleet, Essex. SS7 1HA. 

LABELS, NAMEPLATES, FASCIAS 
on aluminium or plastic. Speedy 
delivery G.S.M. Graphic Arts 
Ltd., 1 -5 Rectory Lane, Guis - 
borough (02873- 4443), Yorks, U.K. 

(5305) 
R. F. INDUCTION HEATER about 
1.5KW. - Barrett, 1 Mayo Road, 
Croydon, CRQ 2QP. (6038) 

EDUCATIONAL 

INTERTEXT GROUP 

* INTERNATIONAL 
CORRESPONDENCE 
SCHOOLS (ICS) 

* SCHOOL OF ACCOUN- 
TANCY (SOA) 

* INSTITUTE OF DOMES- 
TIC ARTS (IDA) 

Ian Ramadan 
ICS 807N 

Intertext House 
Stewarts Road, London S.W.8 

01 -622 9911 (6510) 

INVERTERS 
To operate mains equipment from 12v 

to 24v DC on cutomatic stand -by 

Sine wave. Square wave. Self driven or 
Frequency controlled. Suitable for main- 
taining mains supply during power failure. 
running equipment where the mains is not 
available, or insulation from the mains. 
Controlled battery charging incorporas 
ed. MAINS -STORE 

Send for information to 
Interport Mains -Store Ltd. 

30 Old Bond Street. London W1 
Tel 01 -727 7042 or 0225 310916 

(6522) 

NON -TRADING COMPANY IN HI- 
FI field with unique name and 
registered trade mark associated 
wial loudspeakers for sale for 
mouerate sum. Interested parties 
please write to:- Managing 
Director Oural Group Limited, 
Oural House, North Circular Road, 
London, NWLO 7UF, England. (6551) 

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, Penzance, 
TR20 9QT (073676) 2265. (6542) 

WE INVITE ENQUIRIES from any- 
where in the world. We have in 
stock several million carbon resis- 
tors Ith, *, li, and 1 watt. 3 million 
wire wound resistors 5 and 10 watt - 1 million capacitors - 1 million 
electrolytic condensers - ; 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) 

EQUIPMENT WANTED 

BROADFIELDS AND 
MAYCO DISPOSALS 

21 Lodge Lane, N. Flnchley 
London, N12 8JG 

Telephone: 
01-4452713 

01-4450749 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) 

RECEIVERS AND AMPLIFIERS 

HRO Rx5s, 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 

YOUR TAPES TO DISC. Mono or 
Stereo Cutting. Vinylite Pressings. 
8leeves/labels. Top professional 
quality. S.A.E. for photo leaflet. 
DEROY Records, " Eastwood," 
Cove Dunbartonshire, Scotland. 

(82) 

ANNOUNCEMENT 

ALTERNATIVE Research Company 
announce new brochure, Biofeed- 
back, Kirlian Photography equip- 
ment and publications. Send Sae 
1 Vineyards, Bath, BA1 5NA. 

(6211) 

143 Classified 
ARTICLES WANTED 

WANTED IN 
LARGE 

QUANTITIES 
Electronic components: resistors, 
capacitors, potentiometers, chassis' 
loudspeakers, semi -conductors, 
diodes, TV tubes, especially colours, 
etc., etc., etc. First or second grades. 
Finished or incomplete products: 
record players. amplifiers, radios, 
tuners, tape recorders. enclosures, 
etc., etc., etc. 
We will buy complete factories and 
pay cash. 

TEL. 01 -491 4636 
EC.E. AVON HOUSE 

360/366 OXFORD STREET 
LONDON, W.1 6563 

* MINICOMPUTERS 
* PERIPHERALS 
* INSTRUMENTATION 

For fastest, best CASH offer, phone 

COMPUTER APPRECIATION 
Godstone (088 384) 3221 

4 

WANTED, all types of communica- 
tions receivers and test equipment. 
Details to R. 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, Sandy 
(0767) 81616. (22 

WANTED! 
all types of scrap and 

REDUNDANT 
ELECTRONIC & 

COMPUTER 
MATERIALS 

with precious metal content 

I 1 

TRANSISTORS 
& PRINTED 

CIRCUIT BOARDS 
TO COMPLETE 
COMPUTERS 

The COMMERCIAL 
SMELTING & 

REFINING Co. Ltd. 
171 FARRINGOON ROAD 

LONDON EC1R 3AL 
Tel. 01-837 1475. 

Cables: COMSMELT. LG1 

Works: FLECKNEY. or LEICESTER (6050) 

APOLLO SCRIBEMASTER, Wayne 
Kerr Bridge. H.P. Spectrum 
Analyser. Branson, 111 Park Road, 
Peterborough. (6206) 

SURPLUS COMPONENTS, Equip- 
ment and Computer panels wanted 
far cash, Ring Southampton 772501. 

(16) 

WANTED, surplus or slightly used 
P.O. type 2 or equivalent heavy 
duty unislectors, 22 -50v 4 to 12 
banks. Tel: 0481 57554. (6097) 

ALL SURPLUS or used equipment 
wanted. Radio telephones - com- 
plete systems purchased. Ships 
equipment and small boat radio's - components, partly assembled 
chassis etc, etc. Established 20 
years. For prompt attention contact 
Mr Grout at Worthing 34897. GWM 
Radio Limited 40/42 Portland Road, 
Worthing, Sussex. (6594) 

CAPACITY AVAILABLE 

AIRTRONICS LTD., for Coil Wind- 
ing - large or small production 
runs. Also PC Boards Assemblies. 
Suppliers to P.O., M.O.D., etc. Ex- 
port enquiries welcomed 3a, 
Walerand Road, London SE13 7PE. 
Tel: 01-852 1706. (61 

WIRING AND ASSEMBLY capacity 
'available. Prototype or Match, cir- 
cuit 'boards, oableoarms. Full 
sheet-metalwork facilities for manu- 
facture of complete units. Com- 
petitive prices and quality service. 

C.M.N. (London) Ltd, Unit 1, 
Numefield Works, Pump Larne, 
Hayets, Middlesex. Tel: 01 -573 7360/ 
19186. (6512) 

PRINTED CIRCUIT BOARDS - 
Quick deliveries competitive prices, 
quotations on request, roller tin - 
nings, drilling, etc., speciality small 
batches, larger quantities available 
Jamieson Automatics Ltd, 1 -5 
Westgate, Bridlington. N. Humber- 
side, for the attention of Mr, J. 
Harrison. Tel: (0262') 4738/77877. 

(18 

PROFESSIONAL WIRING AND 
ASSEMBLY of electronic equipment 
to sample or drawings, any quan- 
tity. - Tuo Yaw Projects, The 
Street, Kirby -le -Soken Essex. Tel: 
Frinton -on -Sea 71428. (6244) 

ENAMELLED COPPER WIRE 
swg 1 (b. 40z. 2nz. 

14 -19 2.40 .69 .50 
20 -29 2.45 .82 .59 
30 -34 2.60 .89 .64 
35 -40 2.85 1.04 .76 

inclusive of p &p and VAI 
SAE brings Catalogue of copper and 

resistance wires in all coverings 
THE SCIENTIFIC WIRE COMPANY 
PO Box 30, London E4 9BW 16243) 

SHALL BATCH PRODUCTION 
wiring, assembly to sample or 
drawings. Specialists in printed 
circuit assembly. Rock Electronics, 
41 Silver Street, Stantsted, Essex. 
Tel. Stansted (0279) 33018/314006. 

(19 

PRECISION TUNED PARTS - spa- 
cers, pillars, shafts etc. Large/ 
small batches. Quotations by re- 
turn. Send for plant /service cap- 
acity specials, no problem. Drury 
Bros., Unit 6, Hedley Road, St 
Albans, Herts. Phone: 65094. 

(6548) 

P.C.B. ARTWORK DESIGN SERVICE 
Prompt, high quality, competitive 
and accurate work. 01 -850 6516 for 
quote from Hartley, 45 Southwood 
Road, New Eltham SE9. (6537) 

SERVICE AND REPAIRS 

SPEECH -PLUS 
RECORDINGS LTD 

Specialists in Recording for Education 
Commerce, Industry. A/V Programmesz 
Pulsing for Training and Sales. Cassette 

and Open -reel Duplicating 

32 PARES WALK, LONDON SEI 

Telephone. 01 -231 0961 /2 (6250( 

EURO CIRCUITS 
tarcuii Boards - Master 

la, outs - Photography - Legend 
panting - Roller tinning - Gold 
plating - Flexible films - Convention 
al fibreglass - No order too large or too 
small - Fast turnround on prototypes 
All or part wn'icc available NOW 

EURO CIRCUITS TO. 
Highlield House 
West Kingsdown 
Nr, Seeenoaks. Kent. WK2344 
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Available from 
Selected Slocllala. 

Write or phone 
for lint 

IN L VALU IN 
MICROTEST 80 - I.C.E. 

20,000 OHMS /VOLT 40 RANGES 
20.000 ohms /Volt. 4.000 ohms Volt (AC) 7s a acy 
V DC 100mV to 1 KV (6 Ranges) DC SO.uA to 5A (6 Ranges) 
V AC 1 5V to t KV (5 Ranges) 

1 AC 250 -A to 2 SA 15 Ranyesl 
Ohms low ohms ohms x 1 ohms x 10 ohms x 100 
Power Output Measurements t 5V to 1000V (5 Ranges) 

+ 6dB to 62(113 15 Ranges) 
Capacitance 25 -F to 25 000 _F 14 Ranges) 
t ono times overload protection (on OHM ranges) 
Meter movement diode protection 
Sue (without case) 90 x 70 x 18 nu m - 

Electronic zero non.parallax moron scale Unbreakable carrying case and probes suophed 
Full Affe, Sales Service available 

Price £14.50. Post 6 Packing 60p VAT @ 8% t:l 21 SEND TOTAL è 16 31 

ISION 
SUPERTESTER 680R - I.C.E. 

20.000 OHMS VOLT 80 RANGES 
20 VUU 1.n15 ,n 1 D C 2 - AC V DC 100oN lo 2KV (13 Ranyesl , AL 
7 to 2KV II t Ranges) I DC 50 -A to 10A 112 Ranges) I AC 250-A to 5A (10 
Ranges) R rl x100 .1000- .10000 and Low ohms Detector Reactance 
i0 -10 M ohms Freq Measurement 0 -5000 Hr (2 Ranges) Power Output 
10.2000V (9 Ranges) Decibels - 24 a 70 dB (10 Ranges) Capacitance 
0- 500000 pF (2 Ranges using mains supply) 020000 -F (4 Ranges using 
internal 3 Volt battery) 1000 times 

v 

overload protection on ohms ranges and 
movement diode protection 10 Fields of Measurement and 80 ranges 

Sa o 128 x 95 x 32 m m Non parallax moror scale Unbreakable carrying 
supplied which contains probes mains lead crocodile clips and shorting case 

_ -- 

The ideal Christmas Gift. Available from 
all good Electronics Dealers or direct. 

LI= ELECTRONIC BROKERS LTD. 49 -53 Pancras Road. London NW1 208 
Tel: 01 -837 7781 

WW -102 FOR FURTHER DETAILS 

Price £22.50 
Post & Packing 85p 
VAT iá8 %E1.87 

,SEND TOTAL £25.22 
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The Test of Time 

Critics were most generous in their praise when the 
Shure V -15 Type III pickup cartridge was introduced. 
The ultimate test, however, has been time. The original 
engineering innovations, the uniquely uniform quality 
and consistent performance reliability of the V -15 Type 
Ill have made it THE classic choice as the source of 
sound for the finest music systems, both here and 
abroad. 

Consider making the relatively modest investment of a 
new cartridge to upgrade the performance of your 
entire hi -fi system. Why not ask Shure Electronics 
Limited for their recommendation? 

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

The original manuscript by J. S. Bach shown is repro- 
duced by kind permission of the Trustees of The British 
Museum. 

WW -002 FOR FURTHER DETAILS 

I am at preselt using 

Arm or Unit 

Cartridge 

Amplifier 

Name 

Address 

Please recommend the best Shure cartridge to 
upgade my system. 

SHURE 
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There's a lot more to Multicore... 

Multicore Fluxes, Chemicals, Pre- 
servatives, Cleaners and Con- 

formal Coatings. For 
highest cuality 

soldering 

Multicore Solid Solders. In Bars, 
Ingots, Sticks, Wire or Pellets. 
For all dipandwave- 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 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, being 

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. 

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. TeJ : Hemel Hempstead 3636. Telex: 82363. 


