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Vital Issues 
The issues are quite regular -and they discuss 

issues of vital importance to everyone who uses 

electronic test equipment. 
The periodical, Marconi Instrumentation, which 

is mauled out free to all nit customers three times 

annually, contains technical articles about our latest 

instruments and up-to-the-minute information 
on their application to the solutions of measure- 
ment problems. It is written by engineers for 
engireers in English with summaries in four other 
languages. 

And that's not all, by any means. nit Contact is a 
newspaper published six times a year to keep you 

in touch with news and progress in the measurement 

business. Then *here are our hardback publications, 
too. Already, there is a volume on TV Video 
Transmisson Measurement written by the Head of 
BBC Measurement Systems Laboratory, and another 
book discusses the techniques and development of 
'white noise' testing. Shortly we will be publishing a 

book on pulse code modulation, by a senior Post 

Office engineer. 
There are technical data sheets, applications 

notes, catalogues, concise catalogues and product 
brochures, all aimed to help you measure. 

Are you reading us? 

íi11: THE COMMUNIGATORS 
MARCONI INSTRUMENTS LIMITED 

Longacres St. Albans Hertfordshire AL4 OJN England Telephone: St. Albans 59292 Telex: 23350. 
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LOW COST RC OSCILLATORS 
SEE US AT: 
London E.P.G. Exhibition 
Bloomsbury Centre, 23 -25 Sept., '75 
Bristol E.P.G. Exhibition, 30 Sept -2 Oct. '75. 

SINE OUTPUT 

DISTORTION 

SQUARE OUTPUT 

SYNC. OUTPUT 

METER SCALES 

SIZE & WEIGHT 

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

2.5V r.m.s. down to < 200µV. 
< 0.2% from 50Hz to 50kHz. 

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

0/2.5V Et- 10/ +10dB on TG152DM. 
7" high x 101" wide x 51" deep. 8 lbs. 

SYNC. OUTPUT 
SYNC. INPUT 
METER SCALES 

q. Hz to 1MHz in 12 Semi-decade 
ranges. 0 to 1% fine control included 
on TG200DMP 
+ 2 %+ 0.03Hz. 
7V r.m.s. down to <200µV with Rs 

600 52 

<0.1 %to 5V, <0.2% at 7V from 10Hz 
to 100kHz. 
TG200D, DBA,& DMP only. 7V peak down 
to <200jV. Rise time <150nS. 
> 1V r.m.s. sine in phase with output. 
±1% freq. lock range per volt r.m.s. 
TG200M, DM & DMP only. 0 /2V, 
0 /7V & - 14/+ 6dBm. 
7" high x 102,' x 5-1" deep. 10 lbs. 

TG200 TG200D TG200M TG200DM TG200DMP 

£63 £66 £73 £76 £80 

DIGITAL 
ItEYEi.ti tPArvSS'CF DECADE 03CtATpp TYPE TvtbEs ( OOtl (° OU ts 

0.2Hz to 1.22M Hz on four decade 
controls. 
3- 0.02Hz below 6Hz 
i -0.3 %from 6Hz to 100kHz 
±1 %from 100 kHz to 300 kHz 
+ 3% above 300 kHz. 
5V r.m.s. down to 30µV with Rs - 60052 
<0.15% from 15Hz to 15 kHz. 
<0.5% at 1.5Hz and 150kHz. 
2 Expanded voltage & -2/1 -4dBm. 
7" high x 101" wide x 7" deep. 12 lbs. 

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

Prices include batteries and U.K. delivery. VAT extra. 
Optional extras are leather cases and mains power units. 
Send for data covering our range of portable instruments. 

WW -005 FOR FURTHER DETAILS 
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O. tesi equipment 
TM6 R.F. MILLIVOLTMETER 
1 mV to 300V f.s.d. 
50kHz to 1.5GHz 
Useful to 3GHz 
Near true r.m.s. readings on low ranges 

WW -039 FOR FURTHER DETAILS 

A range of general purpose r.f. signal generators, synthe- 
sizers and sweepers is offered covering 100kHz to 512M Hz. 

Specialist instruments include a Marine Test Set covering 
0.1 to 12MHz for use with receivers with narrow i.f. filters 
for S.S.B. reception and u.h.f. /v.h.f. Test Sets suitable for 
work on alerters, pocket pagers and two -way personal 
radios. All the equipment is programmable and may therefore 
be used in A.T.E. systems or operated manually. 

Complementary r.f. test equipment includes an r.f. millivolt - 
meter, a programmable attenuator and an x -y recorder. 

MODULAR SIGNAL GENERATORS 

100kHz to 12MHz 
M1A ABM AM;FM Signal 
Generator 
M1A'ADM Synthesised AM /FM 
Signal Generator 
M1A/ACS Sweep Generator 

10MHz to 100MHz 
M2/ACM AM FM Signal 
Generator 
M2'ADM Synthesizer AM!FM 
Signal Generator 
M2'ACS Sweep Generator 

10MHz to 512MHz 
M3A/ABM AM FM Signal Generator 
M3A'AC M Synthesized Signal 
Generator 
M3A ACS Sweep Generator 

WW -040 FOR FURTHER DETAILS 

T6003 TEST SET 
Synthesized signal generator 0.1 to 12MHz 
Accuracy 5PPM. Resolution 100Hz 
3 to 50Hz narrowband sweep Five settable markers 
A.M. F.M. capabilty Built -in detector 

WW -041 FOR FURTHER DETAILS 

X -Y RECORDER 
A3 Size flatbed Ideal for use with sweepers 
Also available with timebase for general use 
Electrostatic paper hold Disposable pens 

WW -042 FOR FURTHER DETAILS 

PA112 
ATTENUATOR 
Manual or programmable 
operation 
0 -122dB in 1dB steps 
Uses thick film technnlogy and 
reed relay switching 
Small size 
Builtin power supply 

WW -033 FOR FURTHER DETAILS 

...from U Furnell 
FARNELL INSTRUMENTS LIMITED INSTRUMENTS DIVISION WETHERBY WEST YORKSHIRE LS22 4DH TEL 0937 3541 
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MEET OUR SCIENTISTS 
Q1 1420 - SENIOR 

14,:1_, 

14 -digit LED display 
10 -digit mantissa with sign and 2 -digit 
exponent with sign for data entry or 
results (10B9^ 1099) 

Automatic selection of correct notation 
for result display (scientific or floating 
point) 
Dome keyboard for excellent response 
and preventing double entry input 
Algebraic mode operation 
Chain operations 
Change sign operation 
Three memories 
Display and memory exchangeable 
Trigonometric functions (sin, cos, tan) 
Inverse- trigonometric functions (sin', 
cos I , tan ' I 

Radian or degree selectable 
tr constant 
Logarithms (In, log) 
Anti-logarithms (e ", 10' ) 

Combinatorial functions (n!, 1;1, (r).1 
Normal distribution function (Pr(x) 1 

Gamma function (f Ix) 1 

Group operations (Et, 0; X, 11x11) 

Group controls 1K t, Kl,£t, £1 CLORP) 
Power function (ya) 
Reciprocal (11x) 
Squareroot 
Square (x2) 
Sum of squares (£x1) 
Summation (EX). 
Item count (n) 
Mean value IX) 
Mixed chain operations with parentheses 
approach (up to two levels) 

PRICE: £61.55 (Excluding VAT) 

Q1 1421 PROGRAMMABLE 

i o 
ms vs dB, so ii6r 
II OD rt'iii 

1421 

BESIDES HAVING THE CAPABILITY 
OF A SCIENTIFIC CALCULATQR: 

9 -digit LED display 
8 digits capacity for data entry or 
results (10 1O 
Full floating point 
Automatic display blanking 
Three -register operational stack 

Change sign operation 

Reverse polish notation 
Display and Y- register exchangeable 

' One accumulating memory (Memory 
store, Memory recall, M + X, M - X 

and M + X2) 
Trigonometric functions (sin cos, tan) 
Inverse-trigonometric functions (sin', 

tan -' 
Radians and degrees exchangeable 
x constant 
Logarithms (In, log) 
Anti- logarithms (ex1 
Power function (yx) 
Reciprocal (1 /x) 
Square root )/ ) 

Square(X2) 
IT CAN LOAD ANY 102 STEPS PRO- 

GRAM TO HELP YOU SOLVE THE 
REPEATED, ENORMOUS, COMPLEX 
PROBLEMS: 

The Qualitron Programmable Calculator 
can be used to memorize any combination 
of key entrys while in the LOAD mode, 
then automatically plays back the pro- 
grammed sequences as often as desired in 

the RUN mode. 
Up to 102 steps can be stored in 

multiprogram sequence blocks. Each block, 
or program can be executed individually 
or you can make the decision to branch 
to specific program, run each in series or 
perform intermediate calculations from the 
keyboard. 

PRICE: £45.97 (Excluding VAT) 

Q1 1439- FINANCIAL Q1 1419 

SPECIFICATION 

9 digit grew: tube display 
a digits capecity for dia entry or 
results (10°- 10./ 
Fixe point (0, 1, 2, .. . 7 places)o, 
full Iloatirg Point selectable 
Dome keyboard fo excellent response 
and preventing double entry input 

BASIC FUNCTION I . ,x. - %I AND 
ME MORY 

Aogebrwc mode operation 
C tant opinions 
Repeat operations 

1 A;t9 

Cham operations 
Percentage with automatic add on an, 
discount 
Change sign oPeretion 
Four memories 

SPECIAL FUNCTION 
Financial operations 
Chet, sell, margin opeatioro 
Trend line e Op 
Delta percentage operations 
Item count Inl 
Mean voue (RI 
Sduare root (f) 
Summation IT Dl 
Sum of poems It x' 

PRICE: £24.63 (Excluding 

ADVANCED Q1 1444 - SLIDE RULE 

.,.,,,,: ,,.,,+, 
. + 

SPECIFICATION 
14 -digit LED &R W 
10-digit mantissa with sign and 2-digit 
exponent with sign for data entry or 

nattait$ 110" -10 ̂ I 
Automatic wectUn of correct notation 
for result display (scientific or Hooting 
point) 
Dome keyboard for excellent ingenue 

and preventing double entry Input 

BASIC FUNCTION I , r,- I AND 
MEMORY 

Algebraic mode operation 
Constant operations 
Repeat 'opera.ons 
Chain operations 
Change sign operation 

Display and Y register exchangeable 
One accumulating memory 
Display and memory exchangeable 

SPECIAL FUNCTION 
Trigonometric functions Isin, cos, tan) 

Inverse trigonometric functions Isin'. 
tan' 

Hyperbolic functions (wish, cosh. tank) 

InveaP hyperbolic 'unctions ItinN'. 

Radom o n degree selectable 
ant 

Logarithms (In, loll 
Antilogarithms le'. le.) 
Power function (VI 
Reciprocalll /xl 
Souare root 1.1-i) 

PRICE: £31.25 (Exclu ing 
VA 

SPECIFICATION 

a -dgit green tube display 
B digits capacity for data entry or 
results no,.- tai 
Full floating point 
Floating negative sign 
Deena keyboard for excellent response 
and pnvwnting dooblHntry input 
Automatic display blanking 

BASIC FUNCTION 1 ,- ,x,i,% 1 AND 
MEMORY 

Algebraic mode operation 
Constant operations 
Repeat operations 
Chain operations 
percentage with automatic widen and 
tinges 

Display 
a tipn operation 

`V -regimen exchangeable 
O accumulating enamor/ 

SPECIAL FUNCTION 

Reciprocal ltiel 
SpAre root VT) 
Seuan Ix') 

PRICE:.£18.62 !Excluding 

An 

Special Offer: Prices quoted are valid only during September and October 

&T li11TECH PFDUUCTS LSO 
Company IMP HOUSE, ASHFORD ROAD, ASHFORD, MIDDX. Tel: Ashford 44211. Telex: 936291 
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Teonex are 
better known abroad ... 

because we don't sell 
in the U.K. 

rA 

Electronic valves (a really comprehensive 
range), semi -conductors (a wide variety), 

integrated circuits. 
Teonex offers more than 4,000 devices. 

They are competitively priced and they are 
superlative in performance, because the company 
imposes strict quality control. Teonex concentrates 
entirely on export and now operates in more than 
70 countries, on Government or private contract. 
All popular types in the Teonex range are nearly 

always available for immediate delivery. 
Write now for technical specifications and prices 
to Teonex Limited, 2a Westbourne Grove Mews, 

London W11 2RY, England. 
Cables: Tosuply London W11. Telex: 262256 

ELECTRONIC VALVES + SEMI CONDUCTORS 

TEONEX 

Wireless World, September 1975 

for Teonexport only 
WW -032 FOR FURTHER DETAILS 
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Euro relay 

Varley is one of Europe's big names in 

miniature plug -in relays. 
The Miniaturised Bi- stable polarised 

relay type VPR and the P.O. approved 
relay type 23 are but two from a 
range used and approved throughout 

the electronics world. 
Each is built to uncompromising 

quality standards ... with ultrasonic 
cleaning throughout coupled with 

0 
exacting performance and timing 
checks. Wiley 

The sable S for our new 1 Oliver Pell Control Ltd., 
Cambridge Row, Burrage Rd., Woolwich London SE18. 

AC range. 
I 

Tel: 01- 8541422 Telex: 897071 

These miniature plug -in relays I 
have the same physical 
dimensions as the DC range. 
Shown : 2 and 4- contact 
versions. 
For all the help you need, 
contact Varley Technicians 
now - or send for the catalogue. L 

Name 

Company 

Address 
WW 75 J 



a6 Wireless World, September 1975 

The Dymar 1680 portable frequency counter 

You're working miles from base, 
there's no power handy, and enough AM about 

to drive you crazy... 

You don't have to have problems in order to 
appreciate the Dymar 168o frequency counter. 
But if they arise you'll know you've got a friend. 

At home or away, the 168o offers a frequency 
range of from 3oHz to 600MHz with exception- 
ally high sensitivity right across the range. 

A high stability crystal time base provides 
laboratory standard accuracy in workshop or on 
location - 4ccuracy which is maintained even in 
the presence of a large proportion of AM on the 
carrier wave. 

Designed for the mobile land, marine and air 
communications industry. 

The eight -digit LED display reads in MHz, kHz 
and Hz, with automatically positioned decimal 
point, and the front panel controls are simple 
and easy to use. 

In the field, the 168o really comes into its own. 
Operating from AC mains supply or its own 
rechargeable batteries, it provides genuine 
portability at only 5.51bs weight and 7.2 x 10.6 x 
I.9in dimensions. 

Want to know more? Use the Reader Reply 
Service or contact Dymar direct. 

DYMAR 
the name in radiotelephones 

DYMAR ELECTRONICS LIMITED, 
Colonial Way, Radlett Road, Watford, 
Herts. WD2 4LA. Tel : Watford 37321. 
Telex : 923035. Cables : Dymar Watford. 

WW-019 FOR FURTHER DETAILS 
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anavox 
I N T E R N A T I O N A L 

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

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

STANDARD & 
SUB -MINOR 
EARPHONES 

NASON 
INDUCTION AUDIO 

LOOP 
RECEIVER 
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The world over - 
You get the 
best service 
from Haltron 

Haltron 

For high quality electronic valves, 
semiconductors and integrated 
circuits - and the speediest service - 
specify Haltron. It's the first choice of 
Governments and many other users 
throughout the world. Haltron product 
quality and reliability are clearly 
confirmed. The product range is very, 
very wide. And Haltron export 
expertise will surely meet your 
requirements. Wherever you are, get 
the best service. From Haltron. 

Hall Electric Limited, 
Electron House, 
Cray Avenue, St. Mary Cray, 

Orpington, Kent BR5 3QJ. 

Telephone : Orpington 27099 

Telex: 896141 

WW -006 FOR FURTHER DETAILS 
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Complete the coupon and 
well send you 

our complete, new catalogue. 

The new Heathkit catalogue 
is now out. Full as ever with exciting, 
new models. To make building a 
Heathkit even more interesting and 
satisfying. 

And, naturally,being Heathkit, every kit is absolutely 
complete. Right down to the last nut and bolt. So you won't 
find yourself embarrassingly short of a vital component 
on a Saturday evening -when the shops are shut. 

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

Clip the coupon now (enclosing a 10p stamp for postage) 
and we'll send you your copy to browse through. 

With the world's largest range of electronic kits to 
choose from, there really is something for everyone. 

DC -5 MHz 100mV oscilloscope The new 2700 series 

.Including our full range of test 
equipment, amateur radio gear, hi -fi 
equipment and many general 
interest kits. 

So, when you receive your 
catalogue you should have hours of pleasant reading. 

And, if you happen to be in London or Gloucester, call 
in and see us. The London Heathkit Centre is at 233 
Tottenham Court Road. The Gloucester showroom is next 
to our factory in Bristol Road. 

At either one you'll be able to see for yourself the 
one thing the catalogue can't show you. 

Namely, how well a completed Heathkit performs. 
Heath (Gloucester) Limited, Dept. W W -951 Bristol Road, 
Gloucester, GL2 6EE.Tel: Gloucester (0452) 29451. 

power supplies Portable digital multimeter 

The new catalogue. catalo ue.Out now. FREE. 
To:IIL,ith( Gloucester) Limited, l) cpt . WW- 95, Gloucester GL2 6EE.PIc.Hc sct meaIIcathkit catalogue. I enclose a10p stamp for postage. 

Name Ackiress 

Lemember easy terms are available with the Heathkit Monthly Budget Plan 
HEATH 

Schlumberger 



alo Wireless World, September 1975 

Feathers and things 
Take a diaphragm from a QUAD electrostatic 
loudspeaker. Let it fall and you can count up to 
ten before it reaches the ground. Try to do this 
with a cone from a moving coil speaker and you'll 
need a high speed computer to do the counting. 
Remember all that stuff at school about kinetic 
energy? How heavy things are hard to start and 

hard to stop? That's why a QUAD loudspeaker 
responds immediately to every nuance in the 
music. It's obvióus when you think of it. It's even 
more obvious when you hear it. 
Send postcard for illustrated leaflet to Dept. WW 
Acoustical Manufacturing Co. Ltd., 
Huntingdon PE18 7DB. Telephone (0480) 52561. 

QUAD 
Products of The Acoustical Manufacturing Co. Ltd. 

for the closest approach to the original sound 
QUAD ú a Registered Trade Vark 

WW -060 FOR FURTHER DETAILS 
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New Course in Digital Design 
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 814" and contains 60 
pages packed with information, diagrams and 
questions designed to lead you step -by -step 
through number systems and Boolean algebra, 
to memories, counters and simple arithmetic 
circuits, and on to a complete understanding of 
the design and operation of calculators and 
computers. 

After completing this course you will have 
broadened your career prospects and 
considerably increased your fundamental under- 
standing of the changing technological world 
around you. 

Digital Computer 
Logic and 
Electronics 

sw n iou Case 

Book''" 

8's 

23.9s 

Also available - a more 
elementary course assuming 
no prior knowledge except 
simple arithmetic. 

In 4 volumes: 

1. Basic Computer Logic 
2. Logical Circuit 

Elements 
3. Designing Circuits to 

Carry Out Logical 
Functions 

4. Flip flops and Registers 

Offer Order this together 

plus 50p with Design of Digital 
Systems for the bargain 

P &P price of £9.25, plus 50p p &p 
Design of Digital Systems contains over twice as much 
information in each volume as the simpler course, Digital 
Computer Logic and Electronics. All the information in the 
simpler course is covered as part of the first volumes of 
Design of Digital Systems which, as you can see from its 
contents, also covers many more advanced topics. 

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. 

Design of Digital Systems 

A Self- Instruction Course in 6 Volumes 

1 ComputerArithmetic 

2 Boolean Logic 

3 Arithmetic Circuits 

4 Memories & Counters 

5 Calculator Design 

6 Computer Architecture 

r 

X5.95 
plus 50o packing and surface 
post anywhere in the world. 
Payments may be made in 
foreign currencies. 

Quantity discounts available on 
request. 

Total packaged weight does not 
exceed 41b. Please allow 
enough extra for air mail. 

VAT zero rated. 

To: Cambridge Learning ,Enterprises 
FREEPOST, St. Ives, Huntingdon, Cambs F°617 4BR 

'Please send me ... set(s) of Design of Digital Systems at £6.45 
each, p & p included 
or . . set(s) of Digital Computer Logic and Electronics at £4.45 each, 

p & p included 
or .... combined set(s) at £9.75 each, p iti p included 

Name 

Address 

delete as applicable 
Ne need to use a stamp - just print FREEPOST on the envelope. 

- - wwq 

WW -oU9 FOR FURTHER DETAIL 
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3009 + D P-3000 
Latest in our series of information sheets No. 17 
details the use of SME precision pick -up arms 
with this superb turntable from Nippon 
Columbia. 

A copy will be sent to you on request. 

Wireless World, September 1975 

Write to SME Limited 
Steyning Sussex England 

WW -050 FOR FURTHER DETAILS LTD/533 
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£1,120 SOUNDS A LOT 
UNTIL YOU HEAR 

WHAT YOU GET FOR IT. 
The trouble with equipment below we'll send you the details 

this advanced is there are so many , that will convince you £ ,120 isn't a 
features we haven't room for them lot to ask. Ill. TRIO 
here. But if you write to the address 

The TOOT stereo tuber £390.00. The 7000 control amplifier £300.00. The700Mpgwer amplifier £430.011 Prices shown are maximum selling prices excluding VAT. 

B. H. Morris & Co. (Radio) Ltd., Trio House, The Hyde, London NW9 6JP. Tel: 01 -205 6441. Agents in Eire: Peat Wholesale Ltd., Dublin. 

WW -061 FOR FURTHER DETAILS 
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More computer 
for your money 
from these upto 
date educational 
aids 

Our family of low -cost computer educational 
aids is now larger than ever. 

In addition to our popular Logic Tutors, 
we now have a fairly large selection of 
I.C.Patchboards, an Analog Tutor, a 
Digital Arithmetic Tutor and a unique 
Microprocessor Educational Kit. 

You ought to get details. 

LIMROSE ELECTRONICS LIMITED, 
241 -243 Manchester Road, 
Northwich, Cheshire, CW9 7NE. 
Tel . 0606 41696 and 41697 

WW -058 FOR FURTHER DETAILS 

THE ISA DMM3 DIGITAL MULTIMETER 
IT'S SMALL, ACCURATE, AND INEXPENSIVE 

Now -a digital multimeter for the price 
of an analogue instrument. 

At only 190mm x 105mm x 60mm it's 
easily portable, yet dual slope integration 
gives it an accuracy of ± .3% at 2VDC to 
± 1% at 1000V AC. 15 ranges are covered 
-DC voltage at ± 2 -2000 with dual 
polarity and polarity indication, AC voltage 
2 -1000, AC DC amps .2 -2, resistance 
2K 0/2M 0. Read -out is presented on an 
8mm LED display with a maximum read- 
ing of ± 1999. Powered by 4 internal HP 2 
batteries, with a life of up to 40 hours. 
Designed and manufactured entirely in 
the UK. 

Price £47.50 plus VAT. 
And currently, that's pretty good value. 

Trade enquiries invited. I S H 
Industrial Sub - Assemblies Ltd., 37 Telegraph Street, 
Cottenham, Cambridge. Telephone(0954) 50590 
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The Greenwood guide to 
professiona pmfessional soldering. 

Greenwood Electronics offer a range of highly advanced products 
specifically for professional soldering applications. 

For more detailed information about the comprehensive Greenwood range, contact 
the address below. 

u. The Iso -Tip. A safe, high -power iron which 
works anywhere without a mains lead. The 
breakthrough? Nickel Cadmium cells that are 
re- chargeable. (A charging stand is included 
for 240v or 115v A.C.) Each charge gives at 
least 60 soldering joints. Weight? Only 6 oz. 

2. The Oryx 50. A temperature controlled 
mains soldering iron. (Temperature control 
within + 2%). Adjustment (200° - 400 °C) can 
be made whilst iron is operating, using the 
same tip. Light, compact, and easy to handle. 
A large 50W element loading gives rapid 
heating and high performance with constant 
tip temperature. 
Also available: Oryx safety stand. 

3. Oryx SR3A desolderingtool. Ideal where 
components are tightly grouped. Instantly 
removes unwanted solder from printed 
circuitsetc. Accurate, reliable, speedy, and safe. 

2 

4. The Ersa Multitip. A top -quality iron that's 
ultra -light offering reliability so necessary to 
achieve constant production flow. A range of 
different shaped tips simply push onto the 
stem of the iron. It has the unique advantage 
that you can change the element in seconds. 

5. The Ersa Sprint. Unique 
- it heats up to maximum 
temperature in only 10 
seconds, and is the lightest 
gun on the UK market. Ideal 
for the service -man. With its 

lightweight (only 7 oz.) and 
1 compactconstruction, it 

can be manoeuvred in even 
the most awkward areas. 

a15 

Greenwood 
Electronics 

Portman Road, Reading RG3 1NE. Tel: Reading (0734) 595844. Telex: 848659. 
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Now suitable for 
U.K., European 
and American 

voltages... 
Minimod, the versatile British range of 

encapsulated power supplies first introduced in 1973, 
has now been extended to cover European and North 
American mains voltages (and is interchangeable with 
most American types). Normally available ex- stock, 
all units are fully stabilised with fold back current 

limiting - the 5V models have over voltage crowbar too! 

STANDARD MODELS 

Type 
Number 

Output 
Voltage 

Output 
Current 
Amps 

Short Circuit % Regulation 
Current mA Line and Load 
(Typical) (Typical) 

PU01 5 ± 0.1 0.5 370 0.3 
PUO2 5 ± 0.1 1.0 770 0.5 
PUO3 15-0-15 ± 0.2 0.10 37 0.1 
PUO4 15-0-15 ± 0.2 0.20 84 0.1 
PU05 12-0-12 ± 0.2 0.12 45 0.1 
PUO6 12 -0 - 12 ± 0.2 0.24 120 0.2 
PU11 18-0-18 ± 0.2 .15 50 0.1 
PU10 15 ± 0.2 .10 37 0.1 
PU12 12 ± 0.2 .10 45 0.1 
PU13 18 ± 0.2 .065 23 0.1 

Input voltage ranges 103 - 126V, 200 - 240V. 
210 - 250V. Frequency 50 - 400 Hz all types. 

Comprehensive specification given in brochure GT 29b 
which is available on request. 

*SPECIAL DESIGN SERVICE 
Custom built units for applications requiring different 

specifications are produced as part of our 
standard service. Try us first. 

CG ard nerss) 

Specialists in Electronic Transformers & Power Supplies. 

GARDNERS 
TRANSFORMERS LIMITED 

Gardners Transformers Limited, Christchurch, Dorset, BH23 3PN. 
Tel. Christchurch 2284 (STD 0201 5 2284) Telex. 41276 GARDNERS XCH 

WW -067 FOR FURTHER DETAILS 

"Ampex and 
WHAT?..." 

The 
JAMES SCOTT 
Ali gnment Unit 
(orliR. 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 TRIG 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. 

II (Electronic Engineering) Ltd 

JAMES 

DTT 
CARNTYNE INDUSTRIAL ESTATE 
GLASGOW G32 6AB 
Tel:041.778 4206 

WW-021 FOR FURTHER DETAILS 



Wireless World, September 1975 a17 

HEerilA 
irrn2iovioE 

1HE 
THE 

ILLUSION OF 
REALITY 

Our Cambridge Audio 
R50 monitor loud- 

speaker (and -were 
proud to admit it) is a 

true labour of love. And 
we've spent hundreds of 

hours in choosing and 
evaluating the performance 

characteristics of the four 
critically matched drive units 

that go into the R50. We exhaust- 
ively investigated the labyrinth 

paths of cabinet design. We devel 
oped sophisticated fabrication and 

testing techniques. In production we 
even go as far as to hand test and select 
each individual capacitor in the cross- 

over network. In short, nothing is 

spared in our single minded effort to 

deceive you 
.. to create a 

loudspeaker 
:hat can produce 

an absòlutely 
convincing illusion 

of reality. But words 
alone cannot convey 

the experience awa t- 
ing you the first time 

you hear the R50. This 
extraordinEry transducer 

with its exceptionally smooth 
frequency response, extended 

bass, superb high frequency disper- 
sion and extremely low distortion 'has 

to be heard to be disbelieved. Only then 
will you begin to understand how close 
we have come to reality. 

Cambridge 
Audio 

for people who listen to music 
Cambridge Audio Limited 

The River Mill 
St. Ives 

Huntingdon PE17 4EP 
Telephone St. Ives 62901 

WW -061 FOR FURTHER DETAILS 
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Audio 
Test Set 

for amplifiers, mixers 
tape recorders 

Checks ... frequency response 
signal /noise ratio 
distortion 
cross -talk 
wow &flutter 
drift 
erasure 
sensitiviy 
output power 
gain 
in one compact unit. 

Auxiliary Unit provides extra 

facilities for Studio testing. 

Send for leaflet RTS2 

Ferrograph Company Limited Auriema House 442 Bath Road 

Cippenham Slough Buckinghamshire SL1 6BB 

Telephone Burnham (062 86) 62511 Telex 847297 

FERROGHA PH 
A member of the Wilmot Breeden group 

WW-062 FOR FURTHER DETAILS 
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METER PROBLEMS? 

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

Full Information from: 

HARRIS ELECTRONICS (London) 
138 GRAYS INN ROAD, W.C.1 Phone: 01 /83717937 

WW -039 FOR FURTHER DETAILS 

TRANSVERTORS 
Valradio sinewave and square wave transvertors now incorporate 
SILICON transistors resulting in greater reliability and more stable 
performance at high ambient temperatures, including tropical 
climates. 

TYPE 012/400S 
A wide selection of types are available to drive practically any 
equipment within the power rating. 
A random selection of types: 

Input Output 
C12/3.0S 12v DC 115/230v 30watts Sine wave 
C24 /60S 24v DC 115/230v 60watts Sine wave 
D12/400S 12v DC 115/230v 400watts Sine wave 
D12/500T 12v DC 115/230v 500watts Square wave 
D24 /150T 24v DC 115/230v 150watts Square wave 
D12/250/24 12v DC 24v DC 8A 

Please send for literature WW675 All prices +VAT 
VALRADIO LIMITED 

BROWELLS LANE, FELTHAM, MIDDLESEX, TW13 7EN 
Tel: 01 -890 4242/4837 

WW -053 FOR FURTHER DETAILS 
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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 

Used all over the world by: Government 
services - Atomic, Military, Naval, Air, G.P.O. 
and Ministry of Works; Radio, Motor and 
Industrial manufacturers, Plumbing and Sheet 
Metal Trades, Garages, etc. 

Wholesale & Export enqui ies to.. 

"(WAX"( ELECTRONICS) LTD 
44 PENTON STREET-LONDON N190A Tel 01-2782500 

WW-451 FOR FURTHER DETAILS 
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LOW -COST INSTRUMENTS 

Stm 

COUNTER 
TIMER 
r.s ._ won 1. 50 . ,._., + p.p. 

Mew. 

04. 

. f... 

NEW! 
£82 

IN + VAT 

745 COUNTER TIMER 
Measures frequency, period, time and totalises 

32 MHz frequency range (DC coupled) 
5 -digit .3" LED display 

6 Gate times /Time units, i Ops to 1 S in decades 
Sensitive, protected FET input 

e . ! 

9 
-101- 

:.; ...., .... 

744 COUNTER TIMER 

£74 + £1.50p. &p. + VAT 

Measures frequency, period and time 

30MHz frequency range (DC coupled) 

5- digit, long -life incandescent display 

Sensitive, protected FET input 

6 4 3 

643 FUNCTION GENERATOR 

£86 + £1.50 p. &p. + VAT 
Accurate. digital frequency setting 

.01 Hz -1 MHz 

Wide range external control of frequency 

Triangle, Squarewave and Low Distortion 
Sinewave outputs 

500 + simultaneous outputs 
DC offset 

Delivery is normally ex- stock - telephone for confirmation 
Prices correct at time of going to press, subject to change without notice 

OMB ELECTRONICS 
Riverside, Eynsford, Kent DA4 OAE 

Tel. Farningham (0322) 863567 
WW --017 FOR FURTHER DETAILS 

GRO OVAC 

I 
vacuum record cleaner 
Vacuum cleaning is the best way to remove dust, 
especially fine dust. Now with the Groovac, 
vacuum cleaning is available for extracting the 
particles from inside record grooves which are 
responsible for record and stylus wear - while 
your record is playing. 

For full details please write to-- 

R,x AUDIO Kernick Rd, Penryn 
Cornwall, England 

WW - -035 FOR FURTHER DETAILS 
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A NEW STANDARD FOR SOUND REPRODUCTION 
H D250 High Definition Stereo Control Amplifier 

Designed for disc and 
tuner input and two tape 
machines, with complete 
recording and reproduc- 
ing facilities. 

The HD250 amplifier establishes a new standard in amplifiers for sound reproduction in the home. 
Improvements have been made in respect of performance, engineering design and quality of construction. 
We believe that no other amplifier in the world can match the overall specification of the HD250. 
Look at extracts from the specification below. 

Power output. Overload margin. 
Rated: 50 watts average continuous power per 

channel, into any impedance from 4 to 8 

Disc input 40 dB min. 

ohms, both channels driven. Hum and noise output 
Maximum: 90 watts average power per channel into 

5 ohms load. 
Disc: -83dBV Measured flat with noise band - 

width of 23kHz (ref. 5mV.1 
Distórtion. -88dBV Measured with 'A' weighted 
Pre -amplifier: Virtually zero. (Cannot be identified or characteristic (ref. 5mV.) 

measured as it is below inherent circuit 
noise.) 

Line: -85dBV Measured flat (ref. 100mV.) 
-88dBV 'A' weighted (ref. 100mV.) 

Power amplifier. Size: 17 inches X 4; inches X 11 inches deep 
at rated output: Less than 0.02% (typically 0.01% at 1 kHz). overall. 
at 25w output: Weight: 21 lb. 

Writè or phone for leaflet which describes the design philosophy and conception of the H D250 
together with a complete specification. 

RADFORD AUDIO LIMITED, BRISTOL, BS3 2HZ Telephone: 0272 662301 

WW -016 FOR FURTHER DETAILS 

Problem. 
Where to obtain devices for push -pull audio 

power amplifiers which give good linearity and 
don't blow up on the slightest overload. 

M -OV audio beam 
tetrodes. A pair of KT66s 
will give up to 50W and a 
pair of KT88s will give 
up to 100W. 
And M -OV audio triodes, 
too : a pair of DA42s gives 
up to 200W and a pair of 
DA 100s gives up to 300W. 

EEVand M OV 
know how. 

KT8f3 
.. 

410 Z 
MAUE. in UK. 

:0,81 

THE M -O VALVE CO LTD. Hammersmith. London, England W6 7PE 

Tel: 01-603 3431.Telex: 23435. Grams: Thermionic London Sac 
WW -008 FOR FURTHER DETAILS 

Great Sound... 

THE S3 PRESSURE UNIT has been 
designed to meet the growing demand 
for considerably increased power 
handling capacity without the sacrifice 
of either efficiency or frequency 
response. It features a powerful cera- 
mic magnet and a strong but light 
diaphragm. and voice coil assembly 
with many new features. It is a robust, 
reliable unit of exceptional quality. The 
S3 is one of the units of the Vitavox 
Power Range. 

Please send me further information 
on your product range 
Name 
Company 
Address 

'V/ 75/1 L 
Westmoreland Road 
London NW9 9RJ 
Telephone 01 -204 4234 
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The world's 
most universal 
audio bridges 

Each of these bridges has ten decade ranges 
and can be used to measure any type of 
component or complex impedance. 
Transformer ratio -arms are used to cover 
a very wide range of measurement using a 

minimum number of standards which are 
set digitally. The three terminal facility 
provided by this type of bridge enables 
small values of capacitance or high values 
of resistance to be measured at the end of 
long lengths of cable. Components can also 
be effectively isolated electrically from a 

complex network allowing individual 
measurements to be made without 
disconnection from the circuit being 
necessary. 

Wayne Kerr's B224 and B642 

The B224 is a manually operated bridge, 
the resistive and reactive terms being independently set 
to a null indicated on the meter. A rechargeable 
battery is fitted in order to make the instrument portable. 

For more information, telephone Bognor Regis on 
(02433) 25811 or write to the address below: 

The B642 balances itself automatically. 
The meters read real and quadrature terms and 
highly stable analogue outputs are provided which 
are directly proportional to capacitance and 
conductance above 100 impedance and also 
to inductance and resistance below 100. One or 
two decades can be set to provide the first 
significant figures of the measurement, thereby 
increasing the meter sensitivity by 10 or 100 times. 
If a chart recorder is connected to the output of 
either term, drifts in component values to at least 
four significant figures can be observed. 

SPECIFICATION 

WAYNE KERR 
Durban Road, Bognor Regis, Sussex P022 9R2 

Telex: 86120. Cables: Waynkerr Bognor 
A member of the Wilmot Breeden group 

c 

Q 
d 

B224 (Manual balance) B642 (Autobalance) 

1592Hz (internal) 
200Hz -50kHz (external) 

1592Hz (internal) 
200Hz- 20kHz' (external) 

Ranges for specified accuracy 

C 
G 

L 

R 

0.1% 

100fF - 10NF 
1n0 - 100m0 

1mH- 10kH 
100- 1G4 

0.3% 

10pF - 10mF 
100m0- 1k 

100nH - 1mH 
1m0 - 100 

0.1% 

1pF- 1ONF 

10n0- 100m0 
1mH - 10kH 
100 - 100MO 

0.3% 

101íF - 10mF 
100m 0-1000 

1pH - 1mH 
10mO - 100 

NOTE: 0.1% accuracy relates to parallel component 
measurements above 100 impedance. 0.3% accuracy 
relates to series component measurements below 100 
impedance. 
'Manual operation only 

AGENTS: PARIS: TEKELEC- AIRTRONIC 626- 02- 35LORRACH: BRINDI GMBH 07621 -10742 STOCKHOLM: SCANTELE AB 24 58 25 OSLO: FEIRING INSTRUMENTS NS 68.63.60. 

BRUXELLES: ETABLISSEMENTSMIRAVOX S.P.R.L. 35.41.73 MILAN: BELOTTI 54.20.51 KOBENHAVN NV: HANS BUCH &CO A/S TA 5170 RIJSWIJK(Z.H.): C. N. ROOD N.V. 99.63.60. 

WW -059 FOR FURTHER DETAILS 
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"lie asking 
fora 

reed relay 
assembly 

with a 30kV 
isolated coil" 

People often bring their need to us. They know the 
Whiteley speciality. Being helpful! And the item that 
started life as a customer request, joins the Whiteley 
product list, ready to help other designers over a problem. 
You, perhaps? Consider a neat relay assembly - one or 
two dry reed switches with a rating of 25W, housed in a 
mounting tube, with either 'normally open' or 'change- 
over' contacts. Around them, a coil operating from 8, 
12, 24 or 50V supply, 30kV isolated from the contacts. 
The whole unit mounting on a 0.25" insulating plate 
with a couple of 3 way tag strips. If you're interested, 
ask for a data sheet But more, keep Whiteley in mir d 
as the people who make useful things. 

Surprising how often you'll find 

Whiteley 
make it. 
Whiteley Electrical Radio Co. Ltd. 
Mansfield, Notts NG18 5RW, England. Tel 0623 24762. 

WW -060 FOR FURTHER DETAILS 
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ROGERS 
AUDIO TEST 
EQUIPMENT 
A comprehensive, versatile range 
of test equipment primarily 
designed for the measurement of 
high quality audio equipment but with 
additional applications in the 
electronics industry in general. The 
equipment is of particular interest 
to the professional audio engineer, 
recording studios, broadcasting 
authorities and educational 
establishments. 

DM344A Distortion Factor Meter. Designed to make accurate and rapid 
measurements of total harmonic distortion generated within high quality audio 
amplifiers, recording and transmission equipment. Selling Price: c/w Bench 
Case £175.00 + VAT. 

S324 Low Distortion Oscillator. Generates a pure sine wave and has been 
designed as a general purpose low distortion signal source. The primary 
application, used in conjunction with the DM344A, is the measurement of total harmonic distortion. Selling Price: c/w Bench Case £80.00 + VAT. 

AM324 AF Millivoltmeter. Designed for voltage measurements in the audio 
and low RF ranges and principally for measuring low level signals in high 
impedance circuits. Selling Price: c/w Bench Case £75.00 + VAT. 

PS1A. Regulated Mains Power Supply. Selling Price: £18.50 + VAT. 

Model 'A' Noise Generator. A 
portable battery operated unit designed 
for carrying out listening tests on 
loudspeakers. 'Pink' or 'White' noise 
can be selected and output can be 
continuous or burst. Output is contin- 
uously variable. Selling Price: £37.50` 
+ VAT. 

Full Colour Literature descnbing the complete range may be had on request 

ROGERS DEVELOPMENTS (Electronics) LIMITED 
4/14 Barmeston Road, London SE6 3BN, England 
Telephone: 01 -697 851 1 (3 lines) 

WW -030 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 

High- current Switching 
Relays AZ 70... 72 
High contact rating, low energization 
requirement and fast switching times. 
1 make, or 1 make and 1 break contact. 
AC switching capacity: 2500 VA. 
Max. voltage: 250 V AC. 
Max. current: 30 A. 
Coil voltages: 6 to 240 V DC. 

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

iz1/4 
ZETTLER Zettler 

UK Division 
Equitable House, Lyon Road 
Harrow, Middx. HAI 2DU, Tel. (01) 8636329 

A member of the worldwide ZETTLER electrical engineering group, est 1877 
Please look us up at the INTERNEPCON Exhibition, Brighton, 14-16 OCT., STAND No. 3314, Red Hall, Metropole Convention Centre. 

WW -013 FOR FURTHER DETAILS 
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FAST RESPONSE STRIP CHART RECORDERS 

Specification 

Type H320 -1 

Single pen 

Made in USSR 

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 H320 -3 
Three -pen 

Recording: 

Equipment: 

Dimensions: 

Available for immediate delivery 

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

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

H320 -1: 285x384x16.5mm 
H320-3: 475x384x 16.5m m 

PRICE: H320 -1 £80.00 
H320 -3 £130.00 
Exclusive of VAT 

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

Tel. 01 -727 5641 Telex: 261306 

WW-oll FOR FURTHER DETAILS 

FREQUENCY COUNTERS 
HIGH PERFORMANCE REASONABL Y 

PRICED ELECTRONIC INSTRUMENTS 

CRYSTAL OVEN 

TWO TONE BLUE CASF 

TYPE 901 

£370 520 MHz 

Sensitivity 10mV. Stability 5 parts 101" 

301 M 

501 

701A 
901M 

32MHz 5 Digit £75 
32MHz 8 Digit £175 
80MHz 8 Digit £195 

520MHz 8 Digit £370 

Start /Stop versions plus £12 

Type 11)1 1MHz 100KHz 1OKHz Crystal Standard £80 
Type 103 Ott /Air Standard £78 

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

R.C.S. ELECTRONICS 
NATIONAL WORKS, BATH ROAD 
HOUNSLOW, MIDDX. TW4 7EE 

Telephone: 01 -572 0933/4 

401 32MHz 6 Digit £118 
701 50MHz 8 Digit £185 
801M 300MHz 8 Digit £285 
Memory versions available if not 

suffixed M £25 extra 

wW - 048 FOR FURTHER DETAILS 

NEW FROM b 
MULTITRACK 600 SERIES 

T' TAPE TRANSPORT 

1 

Price £1,850 + VAT 

Also available 
complete 

with Electronics 

Finance 
Available 

BRENELL ENGINEERING CO. LTD. 
231/235 Liverpool Road, London N1 1 LY 

01 -607 8271 

WW-009 FOR FURTHER DETAILS 
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TV Waveform Monitor EV4Ò4O... 

One of t e range of TV waveform, vector 
& picture monitors - ask for details 

ELECTRONIC VISUALS LIMITED P.O. Box 16, Staines, Middlesex, TW18 9LF Tel: Staines 56186. 

WW -093 FOR FURTHER DETAILS 

%WW1 
p, V1iER MVO TYPE m1 

The 
new 
Rank 

WOW& FLUTTER Meier 
Type 
1742 

X* 
RANK FILM 
EQUIPMENT 

Fully transistorised 
for high reliability 

Versatile 
Meets in every respect all current specifications 

for measurement of Wow, Flutter and Drift 
on Optical and Magnetic sound recording /reproduction 

equipment using film, tape or disc 

High accuracy 
with crystal controlled oscillator 

Simple to use 
accepts wide range of input signals with 

no manual tuning or adjustment 
Two models available: 

Type 1742'A' BS -0847: 1972 DIN 45507 
CCIR 409 -2 Specifications 

Type 1742 'B' BS 1988: 1953 Rank Kalee 
Specifications 

For further information please address your enquiry to 
Mrs B. Nodwell 

Rank Film Equipment, PO Box 70 
Great West Road, Brentford 

Middlesex TW8 9HR 
Tel: 01-568 9222 Telex 24408 Cables Rankaudio Brentford 

Acclaimed as the World's, leading 
telescopic tiltover tower in the 
field of radio communication 

Models from 25' to 121tß' 

I , ,k for the name 

STRUMECH 
Strumech Engineering Co Ltd 

Coppice Side. Brownhills. Walsall. Staffs. 

WW -026 FOR FURTHER DETAILS 
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MEASURE FREQUENCY ANY- 
WHERE WITH MULTIMETERSIZE 
INSTRUMENT POWERED BY 
FOUR PENCELLS 

Latest technology miniature device 
uses four 0.3" LED digits to display 
frequency. 5 ranges with coupled 
decimal point give resolution of 
0.1 Hz to 1 kHz in decade steps. 

TAKES UP ALMOST NO BENCH 
SPACE. 
NEW LOW PRICE. £67.50 inc p &p 
ex vat. 
Mains PSU available which fits 
inside ready drilled case. 

NEW LOW MINIATURE 
PRICE due BATTERY 
to CMOs 

L CUTS 
FREQUENCY METER 

FM -1 
FOUR -DIGIT MEMORY 

DISPLAY 
FIVE RANGES 

4 ppm CRYSTAL 

SIZE 61x3ix2 ¡in 
-including knob 

and terminals Also: FX -1 FREQUENCY MULTIPLIER (X 60,X 100) L 
£29.50 T She= / INSTRUMENTS LTD., 24 Copenhagen Street, LONDON N1 Tel: 01 -278 6273 

WW -042 FOR FURTHER DETAILS 

NOW IT'S THE AMCRON M600 
M600 POWER AMPLIFIER 

Coupling two M600s together through a socket 
provided at the back of each amplifier produces a 140 
Volt balanced output. This configuration is called an 

M2000, and produces 2 kilowatts into an 8ohm load. A 

peak catching meter, and threshold lights provide 
convenient front panel output monitoring. 

1350 watts 
DC- Coupled 

The M600 amplifier is a new high -power amplifier capable of providing 
1,350 watts RMS over a bandwidth of DC to 20 kHz. 70 volts RMS at the 

output terminals, very low noise and distortion. AC /DC selector switch, 

plug -in front panel circuit board, built -in fan for cooling and the ability to 

connect two M600s together to double the power and output voltage, are - 

just some of the features which place the Amcron M600 in tha forefront 

when considering power amplifiers. 
Driving shakers and vibrators, motors, and difficult speaker systems, 

providing power for material or components testing or used as a large 

distribution amplifier, the M600 is equally at home. 

Brief specifications 

RMS power out 

DC output 
Power bandwidth 
Phase response 
Slew rate 
Damping factor (80) 
Hum & noise 
THD 
Dimensions 

750 watts into 8 ohms 
1,350 watts into 4 ohms 
20 amps (supply fuse limited) 
062Ö kHz + 1 db -10 db 600 W into 80 
+ 0 db - 1 b db DC - 20 kHz 
16 V /¡isecond 
greater than 400 DC -1 kHz 
120 db below 600 Watts 
less than 0.05% DC -20 kHz, 600 W into 80 
19" std rack, B3/4" H, 161/2" deep. Wt. 92 lb. 

MACINNES LABORATORIES LTD 
MACINNES HOUSE, CARLTON PARK INDUSTRIAL ESTATE, 

SAXMUNDHAM, SUFFOLK IP17 2NL 

TEL (0728) 2262 2615 

WW -069 FOR FURTHER DETAILS 

Diameter 33mm 
Weight 160g 
Length 125mm 
Torque 105cmg 
RPM 
approx. 3000 
at 12V DC 
Power 9/14V DC 
Batteries 
or AC /DC 
transformer 

PETITE PRECISION! 
A 12V DC POWER TOOL FOR THE DESIGN AND RESEARCH ENGINEER 

AVAILABLE IN KIT FORM OR SEPARATES 
EXAMPLE OF FRENCH P_ RECISION ENGINEERING 

See our Stand 

al the 23rd 
l International D Y Handicrafts & 

Drill. £7.00 P &P 25p 

Flexible driv 
£5.00 
P &P 22p 
Now in use by the following: 
GPO, BBC, Atomic Energy 
Authority, British Nuclear 
Fuels, Weekend TV, Ministry 
of Defence, Hospitals, 
Opticians, etc. 

EXHIBITION Stand 3 -,6 
Empire Hall. Olympia. Aup 23 -Sept 6. 1975 

P&P 40p 

UK DISTRIBUTOR 
PRECISION PETITE LTD 

(Les Applications Rationelles Paris) 
119A HIGH STREET 

TEDDINGTON, MIDDX. UK 
TEL. 01 -977 0878 

SAE for leaflets, price list and order form 

WW -017 FOR FURTHER DETAILS 
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sound equipment 
by 

GRAMPIAN REPRODUCERS LTD. HANWORTH TRADING ESTATE FELTHAM , MIDDLESEX TELEPHONE 01 -894 9141 

WW -068 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 

MOM 7horoM<aswe,_; Drvisrarn 
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when reliability 
and quality count 

Magnetrons, Klystrons, T.W. Tubes, Transmitting 
Valves, Industrial Valves, T.V. Picture Tubes, 

Cathode Ray Tubes, High Reliability Valves and a full 
range of Receiving Valves always available. 

Professional import and export 
enquiries welcomed. 

EDICRON LIMITED 
Redan House, 1 Redan Place, London W2 4SA 
Telephone: 01 -727 0101 Telex: 265531 
Cables: Edicron London W2 

WW -045 FOR FURTHER DETAILS 

MODEL 
U -50DX 

MULTI TESTERS 
USED THROUGHOUT THE WORLD. SANWA'S EXPERIENCE Of 30 YEARS ENSURES 

ACCURACY. RELIABILITY. VERSATILITY. UNSURPASSED TESTER PERFORMANCE 

COMES WITH EVERY SANWA. 

6 MAMA Guarantee 
MODEL P28 

MODEL JP50 
MODEL BX 505 
MODEL YX360TR 
MODEL 05000 
MODEL A303TRO 
MODEL K30 TAR 

Excellent Repair Service 
E11.75 MODEL FAOTRO 

02.80 MODEL ÁT45 

E22.90 MODEL 380CE 

£14.90 MODEL NI01 
£16.10 MOOEL 46000 
£19.15 MODEL EM800 
F9A 90 mffFl nt000rA 

THESE PAICES 00 NOT INCLUDE V.A.T. 

Lses extra amiable ter moat metes. but test sold aeoaretelO 

Please write for illustrated leatlet of these and other specialised Sa ^. ^ m °_ 

F23.15 
F29.12 
E31.85 
05.13 
04.50 
em 27 

SOLE IMPORTERS IN U K 

QUALITY ELECTRONICS LTD. 
47-49 HIGH STREET, KINGSTON -UPON THAMES, SURREY. KT1 1IP 

Tel:01 -546 4585 
WW -027 FOR FURTHER DETAILS 
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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 in zippered vinyl case with transparent front 
and carrying loop, Probe, and internal 11 volt standard size battery. 

Model "Mini -On 1" measures from - 40 °C to + 70 °C, price £17.50 

Model "Mini -On Hi" measures from + 100 °C to + 500 °C, price 

£20.00 (V.A.T. EXTRA) 
Write for turther details to 

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

('Phone 01 -837 7937) 

WW-043 FOR FURTHER DETAILS 

Contractors to N.M. Govt. P.O. 

REPAIRS 
OF ELECTRICAL MEASURIVG INSTRUMENTS 

7 -14 DAYS SERVICE 
MODEL 8 MK.V 

STOCKISTS 
ALSO SUPPLIERS OF GEC 

RISSO AND OTHER 
MULTI -RANGE TEST SETS 

WE SPECIALISE IN ASSEMBLIES, AND IN THE 
REPAIR, CALIBRATION AND CONVERSION 

OF ALL TYPES OF INSTRUMENTS, INDUSTRIAL 
AND PRECISION GRADE 

LEDON INSTRUMENTS LTD. 
GLADSTONE WORKS, GLADSTONE RD, 

FOLKESTONE, KENT. 
TEL: (STD) 0303 57555 
WW -020 FOR FURTHER DETAILS 
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Standard minicases are made from 20g. mild steel 
sheets zinc -coated and finished in silver grey hammer - 
tone stove enamel. Front panels made from 18g. steel, 
finished in light grey high gloss enamel. 

Overall Dimension Case Case Chrome 
Type Width Height Depth no vents with vents leg 

21 61" 41" 41" - 3.92 0.90 
22 81" 51" 51" - 4.40 0.90 
23. 102" 62" 61" - 5.25 0.95 
24 122" 71" 71" - 5.74 0.95 
25A 61" 41" 41" 3.80 4.28 0.90 
25B 61" 41" 6+" 4.00 4.48 0.90 
26A 81" 51" 6+" 5.37 5.85 0.95 
26B 81" 51' 811," 5.62 6.10 0.95 
27A 12 +" 71" 51" 5.75 6.35 0.95 
27B 12;" 71" 8" 6.35 6.95 0.95 
28A 14" 102" 61" 6.95 7.55 - 
28B 14" 102" 81" 7.55 8.15 - 
29A 10" 4" 6" 4.85 5.33 0.95 
29B 10" 4" 8" 5.15 5.63 0.95 
30A 12" 5" 6" 5.25 5.85 0.95 
30B 12" 5" 8" 5.56 6.16 0.95 
31A 14" 6" 6" 5.75 6.35 0.95 
31B 14" 6" 8" 6.05 6.65 0.95 
61 152" 71" 91" - 8.75 - 
62 172" 81" 91" - 10.15 - 
63 161" 91" 91" - 10.15 - 
64 152" 71" 122" - 10.15 - 
65 17i" 81" 121" - 11.60 - 
66 162" 91" 121" - 11.60 - 
Types 21, 22, 23 and 24 are finished in olive green 
hammeirtone with front panels in light straw gloss 
enamel. Fitted with ventilated rear panels only. No 
louvres in the base. 

PORTABLE POWER DISTRIBUTION 
COMPLETE WITH 6FT CABLE 
AND 13AMP PLUG 

4 SOCKETS 13A. £8.80 

4611.0611114 4 SOCKETS 13A /SW £10.06 
6 SOCKETS 13A. 

B SOCKETS 13A /SW. £111.11 

Please add for postage and packing and VAT @ 8 %. 
Trade Counterisopenforpersonalcallersfrom 9 a.m. to 5.00 p.m. M onday- Friday 

OLSON ELECTRONICS LTD., ELL01- 7392343NDON,E.2. 

WW -068 FOR FURTHER DETAILS 
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THE TUNER YOU CAN TRUST 
(W.W. APRIL /MAY 1974) 

This tuner has been 
designed for use with high 
quality audio equipment. It 
has therefore been designed 
so that only high quality 
audio signals may be heard. 
There are no interstation 
noises, distorted or 
mis -tuned stations, 
spurious tuning responses, 
or other unwanted effects. 
There are only clear stereo 
programmes set against a 
background of silence. 
When the tuning lamp is 
out silence; tuning lamp 
on one of a multitude of 
receivable stations, in 
perfect tune, and held by 
powerful a.f.c. 

NEW REVISED PRICES (EXC. VAT) 
VAT Rate 25% 

This tuner was published by us in the WW in'April /May 1974 and is therefore the 
only approved kit available. Minor improvements have been made over the year, 
and these have been included. We also offer a complete after -sales service which 
guarantees you a working tuner of the highest quality. 

K1 -4 Main receiver board £24.55 OTHER ITEMS 
K5 -7 Stereo decode board £7.05 
K8 Function Switches £4.95 LP1 186 front end. 
K9a Pre -set station unit £13.75 fv1C1310P decoder 
K10 Power supply unit £5.59 SBA750B i.f. amp'. 
Kl1 Cabinet and all else £27.70 SL3046B trans. array 
K12 Meter with drive 5L301 B dual trans. 

components £11.00 Filter SFG10.7MA 
K1 -12 package price £85.00 Coil with wire 

saving £9.59 Ten turn pot. 50K 
U.K. postage 30p per kit, free over £15. Postage per item U.K 

Ready built and tested £102.00. Securicor delivery (mainland only). £3 extra 

£4.53 
£3.15 
£2.95 
£1.70 
£1.40 
£2.95 
£0.50 
£3.55 
L0.10 

S.A.E. please for details to: 

JcettO e eSgf2 
33 RESTROP VIEW, PURTON, WILTS SN5 90G 

j. A. SKINGLEY & N. C. THOMPSON 

r 

POWER AMPLIFIER 
120 watts RMS into 4 ohms 

For full details on our range of mixers, amplifiers and 
light control units, contact: 

ICELECTRICS LTD 
15 ALBERT ROAD, ALDERSHOT 

HANTS. TEL: 0252 28514 
WW -083 FOR FURTHER DETAILS 

FOUR CHANNEL 

Recorder . £385 
Replay only £237 
VAT and carriage extra 

A new rugged four channel recorder for industrial 
or university use mounted in an Imhof steel 
case size 21" wide x 19" e 10" high overall. 
Weight 25Kg. 

In line record and replay heads with ability to erase 
and record on individual tracks. Mk. 5 Bremell Deck - 3 %, 71/2 and 15 i. p.s. - 
8'/." spools - A" tape - - Papst Motors. 

This equipment, which has simple controls, is specially designed for reliability and easy 
maintenance. All the amplifiers plug in. Features include jack sockets for input and 
output lines on the front panel with extra D.I.N. sockets at the back. Built in four x 
8 wan power amplifiers available. Price £46 

DEIMOS LIMITED 
Simmonds Road, Wincheap, Canterbury, Kent. Tel. 0227 68597 

J ES AUDIO INSTRUMENTATION 

Si451 
Comprehensive Millivoltmeter 
350p Volts 20 ranges 

£42.50 

Illustrated the Si452 
Distortion Measuring 
Unit -low cost distor- 
tion measurement down 
to .01% £35.00 

Si453 £50.00 
Low distortion Oscillator 
sine - square - RIAA 

PRICES plus VAT 

J. E. SUGDEN & CO., LTD. Tel. Cleckheaton (09762) 2501 

CARR STREET. CLECKHEATON, W. YORKS BD19 5LA 

WW -007 FOR FURTHER DETAILS 
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MINI BLOWTORCH 
with the maxi uses 

A high quality tool designed for precision work; that 
puts the heat exactly where its wanted with its 

pencil point flame. 
Invaluable for electricians, technicians, 

engineers, electronic engineers etc., in the 
manufacturing, servicing and repair 

industries. 

a29 

w «w rur it 
'PIN POINT FLAME UP TO 3500 °F. 

'LIGHTWEIGHT 'EASY AND SAFE TO USE 

'4 -5 HOURS LIFE 'BUTANE GAS 'REFILLS 

READILY AVAILABLE 'ADJUSTABLE HEAT 

INTENSITY 

xocr> .r . , ... .., 
AR"- , r x 

-1. SPECIAL COOLING FINS 

2. BRASS NOZZLE 

3. PIN POINT FLAME 

4. DETACHABLE 
SOLDER 

TRADE TERMS AND 

QUANTITY DISCOUNTS 

ON REQUEST 

Reg Englard 68496, 
Longs Ltd. 
Hanworth Lane 
Trading Es:ate, 
Chertsey, 
Surrey KT16 9LZ 
Tel: Chertaey 61241 
Telex: 929811 

AEI All Pr AV AllIr 
Fill in this :oupon for and send for your Mini Blow 
Torah. Money back grerantee if lot satisfied. 

Please send me Mini Blow Torch /es at £6.25 each 

I er close cheque /postal order for f 
NAME 

COMPANY 

ADDRESS 

POSITION 

SIGNED w 

The. British Scope with the 
International Reputation 
Easy to use 

Dual Trace 10M Hz 

Sensitivity IOmV 

Effortless 
Triggering 

Trace Locate 
Timebase 
16 Position on single control 

CCPEX 
Scopex Instruments Limited, 
Pixmore Industrial Estate, Pi, more Ave 
Letchworth, Herts SG6 I J 
Tel: Letchworth (04626) 7.2771 

Scopex 
Easy to use and at the price easy 
to buy. The perfor rance of the 
4D I O makes it idea for educational 
and industrial appl cations including 
yours. 

Call us on Letchworth 7277'' to 
arrange a demonstration. 

Two for the prke ofone 
Dual Trace for the Price of Sia>;le Beam 
at £118.00* 

rluC, 

JK LIST EX VAT). 

WW -094 FOR FURTHER DETAILS 
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SEND FOR 
THE FACTS ON 

FIBRE OPTIC 
RECORDING! 

Medelec Limited, with a firmly established reputation 
earned in the exacting field of medical instrumentation, 
have developed a range of equipment combining the 
facilities of conventional oscilloscopes, . strip chart and 
X -Y recorders, to provide unique capability. 

Fibre Optic Recording increases the clarity and efficiency 
of data recording, gives low cost records and extends the 
field of application to new areas of industrial research and 
development. 

To learn more about Fibre Optic Recording and Medelec 
equipment send today for a new publication "Medelec 
Fibre Optic Recording ". This gives full information on 
development, comparisons, economics, case histories 
and general applications. 

Medelec Limited, Woking, Surrey. 
Tel: Woking (048 62) 70331 Telegrams: 

medelec 
Medelec Woking 

1 9 7 I 
TRE OUEER 5 AWARD 

TOiRDU51Rv 

Leaders in 

Fibre Optic R 

WW -014 FOR FURTHER DETAILS 
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IS CHILTON'S MIXER THE BEST FOR 
YOUR USE? 

Magnetic tapes ltd make the 10/2 above as well as 

a 16/2 and a 12/4 with all the inherent flexibility 
and quality customarily found in big studio mixers 
Most of our mixers are constructéd to meet the 
varying demands of the customer, perhaps we can 
do one for you. Prices start at 42365 for the basic 
10/2 +VAT @8 %. 

MAGNETIC TAPES LTD. 
Chilton Works, Garden Road, Richmond 

Surrey TW9 4NS - 01 -876 7957 

i 

40, 
Haim audio 
the power amplifier 

BE FAIR TO YOUR MUSIC 
Reproduction of 

sound and its acceptability 
is dependent on a combination 
of physical parameters not yet 
fully explored. We believe that 

only a compatible combin- 
ation of specifications will 

enable a system to 

reproduce music. We 
have taken care that the 
NAC 12 and NAP 160 pre 
and power amplifier will do 
so faithfully, while accepting 
the output of any pickup 
cartridge and driving 
any loudspeaker. 

Naim Audio Ltd. 11 Salt Lane, Salisbury, Wilts. Tel: (0722) 3746 

WW -025 FOR FURTHER DETAILS 
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STEREO IC DECODER 
HIGH PERFORMANCE PHASE LOCKED LOOP 

(as in 'W.W.' Jsly '72) 

MOTOROLA MC1310P EX STOCK 
DELIVERY 
SPECIFICATION 

Separation: 40dB 50Hz- 15kHz Distortion; 0.3% 
I/P level: 560mV rms OIP level: 48,FmV ribs per channel 
Input impedance: 5okO Power requirements: 8 -14V at 16mA 

Will drive up to 75mA stereo on lamp or LED. 

KIT COMPRISES FIBREGLASS PCB ONLY WHY PAY 
(Roller tinned), Resistors, I.C., Capacitors. MORE? 
Preset Potm. & Comprehensive Instructions £3.98 post free 
LIGHT EMITTING DIODE RED 29p 
Suitable as stereo on indicator for above GREEN 59p 

MC1310P only £2.15 plus p.p. 10p 
NOTE 
As the supplier of the first MC1310P decoder kit, of which we have sold literally 
thousands, our customers can benefit from our wide experience. 

V.A.T. 
Please add V.A.I. to all prices 

FI -COMP ELECTRONICS 
PORTWOOD INDUSTRIAL ESTATE, CHURCH GRESLEY 

BURTON -ON- TRENT, STA=FS. DE11 9PT 

iri,. % 
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SPEEDSERVICE 
Hard -to -find tubes and 

semiconductors are normally 
included in our quotations. 

We try to give a complete answer. 
AEL GATWICK HOUSE HORLEY SURREY RH6 9SU 
Telex 87116 Cables Aerocort Telex Horley Telephone Horley 5353, 

WW-047 FOR FURTHER DETAILS 
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DEVONSHIRE STREET 
CHELTENHAM 
ENGLAND 
T 0242 -53861 or 24690 

WW -038 FOR FURTHER DETAILS 

FANTASTIC OFFER- DIGITAL CLOCK KIT SAVE £££s 
Fast building 
Easy to follow instructions 
No knowledge of electronics required 

The most comprehensive kit and 
instructions you have ever seen 

NOW ONLY £1 2.50 
+ £1.50 VAT & p &p 

OR READY BUILT & FULLY TESTED 

£18 + £1.90 VAT p &p 

COMET CLOCK 
DATA 

Size 61/4x3x21/2 
Mains Operation 

50 /60HZ 
12/24 hour mode 

NEW ALL WOOD CASE £0.70 EXTRA 

KIT COMPRISES or separately aY- E 

1 MOS Clock Chip 12 -24 hr option 1.95 
4 0.63" LED Displays (latest HL BRI Type) 4.60 
1 Segment Driver Chip 0.50 
1 Pack Resistors, Caps., Transistors, switch 1.60 
1 Double Sided Glass Fibre P.0 Board 0.95 
1 Double Wound Mains Transformer 1.50 
1 Circuit /Assembly Manual 0.50 
1 Futuristically styled Case (state colour) Yellow, 

Orange, Red, Black, White, Mauve, Green, Blue. 4.40 
'NB All Prices INCLUDE VAT & p &p 

C.W.O. to: 

Pulse Electronics Ltd 
1,17 Dept. WW2, 202 Shetford Road, Clifton. Beds. 

Tel. Hitehin 0462 814477 
äl 
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DEMA 
ELECTRONICS 
INTERNATIONAL 

ELECTRONIC COMPONENTS DISTRIBUTOR 
FOR INDUSTRY AND HOBBYIST 

POSTAGE PAID SHIPMENT VIA AIR MAIL 

MONTHLY SPECIALS - Free Data included on Calculator and Clock Chip 

CT 5001 40 Pin 12 Dig 4 Funct. Chain up Fix Dec Cal. f 1.49 3/3.95 
CT 5002 Same as 5001 only Battery Operated 1.49 3/3.95 
CT 5005 28 Pin 12 Digit 4 Function w /Memory 2.25 3/5.95 
1CL 8038 Funct. Gen. Volt Controlled Oscill, Sinc. Sq Tri Output 

Oscillator, Sine, Square, Tri Output 14 Pin 1.95 
2102 1024 Bit Static Ram 3.50 
555 Timers £0.40 556 Dual £0.70 

TTL 7400 SERIES 
7400 £ 0.11 7440 £ 0.11 7485 E 0.85 74155 £ 0.59 
7401 0.11 7441 0.60 7486 0.24 74156 0.59 
7402 0.11 7442 0.55 7488 2.50 74157 0.70 
7403 0.11 7443 0.75 7489 1.50 74158 0.70 
7404 0.13 7444 0.75 7490 0.73 74160 0.85 
7405 0.13 7445 0.70 7491 0.71 74162 0.85 
7406 0.24 7446 0.85 7492 039 74163 0.85 
7407 0.24 7447 0.75 7493 0.39 74164 0.25 
7408 0.12 7448 069 7494 0.42 74165 1.25 
7409 0.12 7450 0.11 7495 051 74166 1.15 
7410 0.11 7451 0.12 7496 0.55 74170 1.65 
7411 0.16 7453 0.12 74100 1.25 74175 0.85 
7413 0.26 7454 0.12 74107 0.25 74180 0.85 
7416 0.25 7460 0.11 74121 0.25 74181 2.95 
7417 0.25 7470 0.25 74122 0.35 74182 0.85 
7420 0.11 7472 0.21 74123 049 74192 0.90 
7426 0.22 7473 0.26 74145 0.85 74193 0.90 
7430 0.11 7474 0.26 74150 0.75 74194 0.95 
7432 0.22 7475 0.37 74151 0.57 74195 0.80 
7437 0.24 7476 0.26 74153 0.59 74198 1.70 
7438 0.24 7483 0.65 74154 1.15 74199 1.70 

HIGH SPEED 74H00 
74H00 £0.16 74H20 £0.16 74H52 £0.16 74H72 £0.26 
74H01 0.16 74H21 0.16 74H53 0.16 74H74 0.28 
74H04 0.16 74H22 0.16 74H55 0.16 74H76 0.28 
74H08 0.16 74H30 0.16 74H60 0.16 
74H10 016 74H40 0.16 74H61 0.16 
74H11 0.16 74H50 0.16 74H62 0.16 

CMOS 4000 SERIES 
4000A £ 0 21 4014 £1 10 4028 £ 0.95 4073 E0.29 
4001 0.21 4015 1.10 4030 0.50 4075 0.29 
4002 0.21 4016 0.55 4042 095 4078 0.29 
4006 0.90 4019 1.10 4049 0_48 4081 0.29 
4007 0.29 4020 1.15 4050 0.48 4082 0.29 
4008 1.30 4021 1.10 4066 0.75 4528 0.85 
4009 0.49 4023 0.21 4068 0.29 4585 1.25 
4010 0.49 4024 0.85 4069 0.29 
4011 0.21 4025 0.21 4071 0.29 
4013 0.29 4027 0.75 4072 0.29 

DTL 
930 E 0.10 936 £ 0.10 944 £ 0.10 962 £ 0.10 
932 0.10 1937 0.10 1946 0.10 1 963 0.10 

LINEARS 
LM300 T099 £ 0.45 340U T092 £ 1.25 739 A DIP E0.65 
301 V DIP 0.25 380 A DIP .80 741 V DIP 0.22 
302 TO99 045 546 V DIP 0.51 747 A DIP 0.44 
304 TO1 O 0.50 550 A DIP 055 748 V DIP 0.25 
305 T099 060 555 V DIP 045 5556114561 V DIP 065 
307 V DIP 0.38 556 B DIP 0.75 5558 114581 V DIP 065 

1099 0.45 560 B DIP 2.55 ULN 2111 A DIP 0.95 
308 A DIP 365 561 8 DIP 2.55 LM3900 A DIP 0.35 

T099 090 562 8 DIP 2.55 75450 V DIP 0.45 
309K 103 1.45 565 A DIP 1.45 75451 V DIP 0.45 
311 V DIP 090 566 V DIP 1.50 75452 V DIP 0.45 
320K TO 3 NEG 567 V DIP 1.60 75453 V DIP 0.45 

5.2.12,15 1.25 709 A DIP 0.22 75454 V DIP 0.45 
324 A DIP 1.07 710 A DIP 0.25 
340K T03 2.10 711 A DIP 0.30 

12V 1 AMP 723 A DIP 0.38 
V = Mini Dip A = 146 Dip B = 166 Dip 
Data sheets supplied on request. Add .20 ea. excepted as noted. 

MEMORIES w /DATA 
1101 256 Bit Ram Mos £ 195 
1103 1024 Bit Ram Mos 2.70 
7489 182251 64 Bit Ram TTL 1.50 
8223 Programmable ROM 2.50 
5260 1024 Bit Ram Low Power 195 

LEDS 
MV 5020 Jumbo Red or Clear 
MAN I Red 7 Seq..270" 
MAN 3A Red Seg..127 
MAN 5 Green 7 Sag..270 
MAN 6 .6 Solid Seg. 

9 Digit Array Fairchild 37 
with clear magnifying lens 

E015 
1.30 

35 
1.75 
2.50 

2.95 

MIN 
ORDER 

E 2.5 

CALCULATORS & CLOCKS w /DATA 
5001 Cal Chip E 1.95 
5002 Cal Chip 1.95 
5005 Cal Chip 295 
5311 Clock Chip 295 
5312 Clock Chip 295 
5313 Clock Chip 2.95 
5316 Clock Chip 3.95 
Data only for any of above 0.50 
Refundable Against Purchase 

10% Discount on 
orders over 

15% Discount on 
orden over 

£ 10 

E 25 

TRANSISTORS 
2N 2219A TO5 £ 0.37 2N 4124 TO92 0.10 
2N 2222 T018 0.1C 2N 4126 TO92 0.10 
2N 2369 T018 0.10 2N 4401 TO92 0.10 
2N 2905A TO5 0.38 2N 5225 T092 0.10 
2N 3227 TO18 0.32 2N 5226 TO92 0.10 

ALL ITEMS NEW BRANDED SUBJECT TO 
MANUFACTURER'S GUARANTEE. 

TERMS: A PRICES AS LISTED ARE IN BRITISH POUNDS & 
PENCE. SEND BANK CHEQUE OR PERSONAL 
CHEQUE WITH ORDER. ENCLOSE RECEIPT IF 
INTER. POSTAGE MONEY ORDER IS USED. 
MASTERCHARGE, BANKAMERICARD 

alk ACCEPTED. CABLE DEMAELINTL. 
DEMA Electronics International 

P.O. Box 407A San Ramon, CA 94583 U.S.A. 
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4 CHANNEL POTENTIOMETER 
Four 10k potentiometers mounted at 90° to each other and 
mechanically interlinked through hoop system to Joystick. 85° 
travel of control covers complete resistance track. Ideal for use in 
Quadrophonic remote control, synthesiser etc. applications. 
Supplied with circuit details. 

P.C. mounting. Size 55mm x 
I. 55mm x 22mm = £6.00 + 

Postage & Packing 30p +VAT 8%. 

1 

Allen & Heath Ltd. 
Pembroke House 
Campsbourne Road 
Hornsey, London N8 
Telephone 01 -340 3291 

W W -041 FOR FURTHER DETAILS 

MAKE YOUR CALCULATOR 
RECHARGEABLE! 
(Amongst other things!) 
* Ni -Cad. 1.2V rechargeable 

batteries 
* HP7 size 
* Charging 45mA/ 1 5h 
* Capacity 450 mAh 

Only £1.95 for TWO!! 
including P. &P. and VAT 

GUILDFORD CALCULATOR CENTRE 
181 High Street, Guildford, Surrey. 

Tel. (0483) 35014 

How to save overa 
on BASF W VideoTape. 

Buy it right now 
from DixonsTechnical. 

Usually £1000, DixonsTechnical bring you 
world- renowned VideoTape on 2100ft. 7" spook 
for the amazing price of £6.50 incVAT. 

The tape is perfect for all standard 1/2"VTR 
mach i nes. G ivi ng a full hour's running time 
(EIAJ format). Limited quantity, make sure you 
don't miss it. 

Order now with our coupon, or call in at 
DixonsTechnical. 

To: DixonsTechnical Ltd, 3 Soho Square, London W1. Tel: 01-437 8811 

I Please send me spool(s) of BASF VideoTape. I 
II enclose a cheque /money order for I 
NAME 

I ADDRESS 

Dixons 
Tbc nicEdUä 

ww/ 5q9 L----------------- 



Wireless World, September 1975 

They use them here,they use them there, 
those engineers use them everywhere. 

WW -022 FOR FURTHER DETAELS 

Being completely self contained, the 
Sullivan Multi -Purpose Potentiometer, Type 
44228 s equally at home in a laboratory, on a 

production line or on -site. 
This versatile unit is intended forthecali- 

bration and testing of thermocouples and 
associated indicators and recorders. It can 
measure or supply potentials up to 101 mV (to 
an aca.racyoí+0.1°%!) An optional Voltage 
Ratio Boxtype44763 extends measurements 
up to 500 V 

The Sullivan Multi-Purpose Potentiometer 
incorporates a solid state d.c. null detector which 
carries a centre zero logarithmic scale with sen- 
sitivity at12 NV per division, forsmall deflections. 

And to cap it all, this precision engineered 
unit is rugged enough to go anywhere and give 
accurate readings. Get in touch to -day for fully 
detailed literature. 

Sullivan 
H. W. Sullivan Limited, Dover, Kent. 
Tel: Dover(0304) 202620 Telex: 96283. I Thorn Measurement Control and Automation Division 
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Purpose -built servo and 
actuator systems using 
standard components 
McLennan Engineering Ltd. have considerabteexperience 
in the solution of actuator and servo problems using 
synchronou3, stepping and DC motor techniques, an 
important facet of our skill lying in purpose- designing 
around standard components for speed and economy. 

The illúst-ations show a selactidn of modules from 
the standarc range and include. the newEM/ 100/100A 
servo drive system. All items are available 
individually or can be supplied engineered to 
custom- b.j-l- systems. - 

1. EM 100/700A SERVO AMPLIFIER. A new addition to 
range. A conplete servo drive system including 
power supply which is eminertly suitable for 
driving Frinted circuit motors and other 
servo motor; up to 1/6 h.p. EM 100 - output 

24V, 4 am 7s continuous, 45 amps peak. 
EM 100A - cwtp.ut ±24V, 7 amps 
continuous, 75 amps peak. 
2. DC SERVO AM 10065 . 

With integra potentiometer. Max 
continuous output Torque 
14.6 kgcm at 7 r.p.m. 
3. LOW IN -RTIA DC SERVO MOTO } / 
Output 5W 
4. CONTRO_ AMPLIFIER EM 40 Output ' 15V 0.5 amp 
5. TYPICAL PRECISION GEARS 120 to 32 DP 

W W -029 FOR FURTHER DETAILS 

mnan 
McLennan Engineering Ltd 
Kings Road, Crowthorne, Berkshire. 

Tel Crowthorne 5757/8. 
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For tho8c who apprcciatc Qality. 
The proven quality of the Forgestone 400 colour 
television kit now demands a cabinet of equal merit. 
This we can now supply. The finest selected 
materials carefully reproduce the Jacobean style, 
which is echoed in the distinctive brocade design 
of the inner fascia. 

Mail order - 
Access & Bar claycard accepted 

SPECIFICATION OF CABINET 
Jacobean style drawer front 
cabinet, complete with trumpet 
leg stand Features high quality 
English oak veneer with real 
French polish finish. 

SPECIFICATION OF 
THE FORGESTONE 400 
A high-quality colour television 
kit, up- to,the minute in design, 
with many plus features. 

Nine integrated circuits 
Thick film resistor units 

Ready-built and aligned 
IF module 
Glass epoxy printed 
circuit panels 
Fully isolated power supply 
Full technical construction 
manual 

Buy as you build -all Forgestone Kitsets are for the constructor of today, 
each section of the kit is available separately. Please send stamp for further 
details of these quality products. 

Forgestone Colour Developments Ltd 
Ketteringham, Wymondham, Norfolk, NR18 9RY 
Telephone: Norwich 810453 (STD 0603) 

WIN-095 FOR-FURTHER DFTAnA 

ANEW FROM E.S.E.1 
A FULL FREQUENCY RANGE GRAPHIC 

EQUALISER YOU CAN AFFORD!! 

FOR JUST £33.00 
PLUS VAT 

YOU CAN TUNE OUT ALL 

UNWANTED NOISES AT SEVEN 

DIFFERENT FREQUENCIES! 

BRING ALL YOUR RECORDINGS, 

P.A., DISCOS, LEAD GUITAR, BASS 

GUITAR, ORGAN, ANYTHING 
AMPLIFIED TO LIFE AT THE TOUCH 

OF A SLIDER!! 
NO MORE ANNOYING AMPLIFIER 

NOISES -JUST TRUE; CLEAR 

SOUND! 
FREQUENCIES FROM 60Hz TO 

10KHz! 

CUT OR BOOST EACH FREQUENCY 

BY MAXIMUM OF 15dB! 
HI AND LO GAIN INPUTS. 

POWERED BY JUST TWO P.P.3 

BATTERIES WHICH LAST FOR AGES. 

TRY IT AND YOU'LL BUY IT -IT 
WILL CHANGE YOUR CONCEPT OF 

SOUND. 
TRADE ENQUIRIES WELCOMED. 

CONDENSED TECHNICAL 

SPECIFICATION 

MAX OUTPUT: + 13dBm INTO 600OHMS 

MAX INPUT: + 8dBm INTO 600 OHMS 

SIGNAL TO NOISE RATIO: AT MAXIMUM, 
BETTER THAN - 19dBm. 

FREQUENCY RESPONSE: ALL FILTERS 

CENTRAL. BETTER THAN ± 2dBm. 

FILTER RANGES: MAXIMUM + 15dBm 

AT 60, 180, 480Hz: 1, 2.4, 5 AND 1 OKHz. 

DISTORTION: BETTER THAN 0.13 %@ OdBm. 

To: E. S. Electronics. 2 Upper Fant Road, 

Maidstone, Kent. Tel: 673355 

Please send me l, 0 2, 03, 04, 05, of 
your Graphic Equalisers. I enclose cheque or 

postal orderfor£ having 

added 30p for P & P on each item ordered and ' 

VAT at 25 %. I understand that two batteries are 

included. 

NAME 

ADDRESS 

TEL. NO. W.W j 

HENP oouroois Hanau 
in case... 

tab., 
uin JEASED 
special quality industrial 
tool kits and cases 

Send now for details of the superb Jensen range of tools, 

meters and accessory equipment, all in the most handy and 

robust cases - also available separately. Jensen products are 

specifically designed for industrial use, perfect for all 

engineers, technicians, electricians, instrument repairmen etc. 

Choice of more than twenty kits and cases. 

Write for free Jensen catalogue to: 

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

WW -052 FOR FURTHER DETAILS 
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r1 
ST-IF 9F4JCABLE 

Equipment 
Wires 

Aircraft 
Wires and Cables 

Coaxial Cables 

C.A.T.V. Cables 

Special Purpose 
Multiway 
Cables 

Wire - wrapping 
Wire 

A comprehensive range of equipment wires using PVC, Silicon, Neoprin, 
Polythene, FEP and PTFE insulations. This range includes single, 
multi - strand, screened and extra flexible cores employing copper strands 
down to 0.002" diameter. 

A specialised range of wires and cables developed to meet the requirements 
of the aircraft industry. These include high temperature cables and 
fire- proof cables manufactured to internationally recognised Standards 
(MIL Specifications etc.) 

An extensive range of miniature and micro -miniature coaxial cables from 
0.040" in diameter, employing polythene and PTFE dielectrics including 
semi -air- spaced variants. Most of these cables are designed in accordance 
with specification MIL- C -17D. 

Trunk, Feeder and Crop Cables. Conductor -Solid Copper or Copper Clad 
Aluminium. Dielectric- Extruded Foam Polystyrene or Polyethylene. 
Screen -Aluminium Seamless Tubing. Jacket - Extruded Polyethylene. 

Senecable specialise in the design and manufacture of custom -built 
multiway cables incorporating, whenever possible, conductors from the 
standard production ranges. By specialising in this field it is possible to 
manufacture relatively small quantities of special cables at economical 
prices. (Typical minimum manufacturing quantity is 250 metres.) Both 
circular and flat tape or ribbon cables are included in this service. 

SENECAB LE Wires feature good mechanical 
strength, excellent electrical performance and a low 
friction co- efficient. 
Insulations include PTFE, PVC, Kynar and FEP. 
All standard gauges and a wide range of colours 
available. 

FORWESSUN INTERNATIONAL 
FORWESSUN INTERNATIONAL LTD TELEPHONE:LTD1 01- 9650455 
BELMONT HOUSE 
STEELE ROAD, LONDON NW10 7AR TELEX: 923033 

MULTI -PEN 
RECORDERS 

Rte. 
ry 

with even 
greater 
performance. 

100 uVf.s. 0.3 sec.f.s. 

MODEL MC 641 

MULTICORDER 
Multi- channel, 2 -6 with full range zero set. 

Multi -pen - fibre tip. 6 colours. 016 switched chart speeds. 
Choice of Z fold or roll chart. Five plug - in preamplifiers 
switched ranges 100 uy - 500 Vf.s. 250mm(10 ") chart width 

,ENVIRONMENTAL EQUIPMENTS LTD. 
Eastheath Avenue, Wokingham, 
Berks. RG 11 2PP. Tel Wokinghan, 784922. 

WW -080 FOR FURTHER DETAILS 

FOR... 
A FAST COUNTRYWIDE SERVICE IN SCREEN - 
PRINTED, HIGHEST QUALITY PANELS. DIALS, 
SCALES, IN METAL, GLASS, PVC, SELF -ADHESIVE 
METAL FOIL AND VINYL, ALSO SELF -ADHESIVE 
DECALS FOR IDENTIFICATION AND INSTRUCTION 
PURPOSES. 

PLUS . AN ETCHING, ANODIZING 
SERVICE AND THE KEENEST INTEREST IN YOUR 
PARTICULAR NEEDS. REGARDLESS OF QUANTITY 
OR SIZE, ARTWORK AND LAYOUTS UNDER- 
TAKEN WITHOUT CHARGE! 

VI /rite or phone 

J.H. EQUIPMENT LTD. 
91 REDBROOK ROAD, TIMPERLEY 

ALTRINCHAM, CHES. 
TEL.. 061 -480 2179 
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NEW FIBREGLASS MOULDED INSTRUMENT 
CASE FROM CASE SYSTEMS 

Moulded in grey with 16 swg anodised front panel 
complete with 4 rubber feet. 

CASE SIZE Height Width Depth 
5" x 103/4" x 5" 

PRICE: £2.95 + Postage & Packing 35p 
+ 8% VAT 

CASH WITH ORDER 

Trade and quantity prices on request 

CASE SYSTEMS 
20 HUNT LANE, CHADDERTON, LANCS. 

061 -652 1580 

SINCLAIR PROJECT 80 
AFU -4 £8.31 FM Tuner E14.91 
Z40 £6.55 Stereo Decoder £9.69 
Z60 £8.31 Transformer for PZ8 £5.16 
Q16 £8.87 Stereo 80 £14.91 
PZ5 £6.21 Project 805 E38.22 
PZ6 £9.69 Project 80550 £46.65 
PZ8 £9.45 Proj. 80 Quad. Decoder 

£20.97 

IC2o to +tow stereo amp. 

SINCLAIR kit with free booklet and 

printed circuit £8.58. 

PZ20 era kit for supply ILO 
AMPLIFIERS aboie E5.91. 

VP20 volume, lone control 
and preamp kit £6.20. 

SEND S.A.E. FOR FRE DATA 

BATTERY ELIMINATORS FERRANTI ZN414 

L radie chip wfa data £1.69. Alas mitotic, Mt of 

6-WAY SPECIAL extra parts le cenplete a raie 01.38. 

The moot veraetile + 

battery eliminator ever 
Switched out- 

Seel safer tree leaflet. 

offered 
put of 3. 41/2c 6. Ti. 9 _ 

`^+r 
and 

ands W 
m 500mA 

' .:. 

,..' 

S -DECS AND T -OECS 

SOMC E2.34 
T-04E E4.15 
,.OeCA £4.55 

3-WAY MODEL 

` 

.uDeCB £7.85 

Switched Wad of 6, k'`*., L carriers:- 

Th ad 9V at 250mA 
I6 dl: plain E1.18 

with Inique 4-way jack WNk mcket E2.21 -if 
phi ad socket ontpm - :'r 
urecbr £3.55. 

10705: phis £1.09. WM socket £2.08 

RADIO MODELS 
50m4 with poppett SINCLAIR 
battery fermants for 
radios. etc: 

CALCULATORS 
BV £3.86 Cambridge £11.20 

... . 9V £366 .. Cam. Memory £15.40 
c Double 4'h +1'321 - Scientific £16.95 

E4.43 ¡.*4 Oxford 100, £11.70 
6 +69 E4.43 Oxfprd 2007 £17.85 
9 +9V £4.43 - -- -- Oxfo,d 300 £26.35 
CASSETTE MAINS UNITS 
71/2V output complete with 5 pin DIN plug MAINS UNITS 
to run cassette tape recorders from the AC 
mains £4.61. 

For Oxford 

HEAVY DUTY MODELS 
models 
For Cambridge, 

500mA, British made to very high Cam. Memory and 
standards. Our best buy suggestion. Scientific £4.90 
6V £4.90. 71/2V £4.90. 9v £4.90 

Prices include post and VAT. Official credit orders from schools, etc., welcome. No VAT 
charged on overseas orders. All prices are special offers. 

SWANLEY ELECTRONICS 
P.O. BOX 68, SWANLEY, KENT, BR8 8T 
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Servodata Limited 
Advanced Technology 
in Servo Control Components 

al 8 ÌÌÓ wiHue 
xe re 

0 

DC Torque Motors and Tachometers 

* High performance, brush and brushless versions and 
complementary tachometers. 

* 840 Standard Models ranging from 15 oz -in to 120 
lb-ft. * Military, Industrial or Space Qualified models are 
already used by most European Nations. 

Servodata 
Is able to offer a technical design service utilising 
these devices in control systems as well as 
supplying amplifiers, solid state synchro /resolver 
to digital convertors, readouts and other servo 
control transducers. 

Servodata Limited 
Highclere,Newbury 
Berkshire RG15 9PU 
Telephone Highclere (STD 0635) 253579 
Telex: 847054 

`TRANSIPILLAR' 
NYLON 

INSULATORS USE 

Write now to 

INDUSTRIAL 
INSTRUMENTS 
LIMITED 
STANLEY ROAD, BROMLEY, KENT 
Telephone: 01 -460 9861 

WW -092 FOR FURTHER DETAILS 

FREE Brochure 
on New K ITS 
Whether professional, 

student.teacher or amateur . 

the field of electronics can open 

up a new world for you 

CROFTON don't lust sell kits, we offer 
you a technical back up service to ensure 
your success 

The following is a selection of some of the 
more popular kits - 

* Mullard CCTV Camera * PE CCTV Camera * PE Rondo Quadraphonic Four Channel Sound 
(Designer Approved I * Electronic Igndron * Electronic Flash * P W Tele -Tenors Game * uaF Modulator * Bench Power Supply * Wobbnalor * Ail ETi Top Proper!, * Many of !ne Eleklo, Proiecls 

NOTE PCBs for most publ sled po lei fs ava,ldble to order 

CROFTON ELECTRONICS LTD 
Dept.D,124.Colne Road,Twickenham, 
Middx. 01898 1569 

WW -067 FOR FURTHER DETAILS 
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MAKE YOUR OWN 
PRINTED CIRCUIT BOARDS 

IN PLANT OR AT HOME, SIMPLY RUB DOWN, ETCH AND WASH OFF. WE OFFER 
A COMPLETE SYSTEM OF ACID RESIST TRANSFERS THAT GIVES A PROFES- 
SIONAL FINISH QUICKLY AND AT LOW COST. 

® V ® ® ® III010101I011000I 
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NO ARTWORK 
NO PHOTOGRAPHY 
SAVE TIME 
SAVE MONEY 
GUARANTEED 

Acid resistant transfers for direct application to P.C. Board. This is a new 
approach to printed circuit board manufacture, giving a professional finish 
with all details that an electronics engineer would require, including all 
drilling positions automatically marked. 
Ideal for single unit boards or small quantities. All at a very low cost - fot 
example an average 6" x 4" layout would cost less than 30p, and the time 
taken under one hour, including etching to complete. 
The system is simple, briefly it consists of 10 sheets of self adhesive acid 
resistant transfers made in required shapes - i.e. edge connectors, lines, 
pads, dual in line I.C.'s 8- 10.12. T.0.5 Cans, 3 -4 lead transistors, etc., etc., 
which only require pressing into the required positions on the printed circuit 
board before etching. 

Send stamped addressed envelope for FREE sample and instructions. 

The printed circuit transfer system is a genuine offer tQ the public and 
industry. A full money back guarantee is sent with each order. 

Complete system including post and VAT £2.50 

Overseas order E1.00 extra 

Printed circuit board PCB transfer system patent applied for. 

P.M.S. NAMEPLATES, BROOK STREET, HIGHER HILLGATE, STOCKPORT, CHESHIRE 
TELEPHONE NUMBER 061 -480 -0959 

WHY LISTEN TO YOUR 

FLOORBOARDS? 

LET YOUR 

SOUND ESCAPE 

with 

EUROSTANDS 
What other stands have all these necessary 
features? ? 

* Rubber mounts for enclosure protection. 
* No messy screwing. 
* Made from attractive high Impact ABS. 
* Available In BLACK or WHITE. 
* Hollow square section for hiding wires. 
* Assembled in only a few minutes. 
* 8" high unless otherwise specified. 
To Eurotype: Colour 
Please rush me pair(s) stands. 

I enclose cheque /PO at £14.50 payable to 

Eurotype. 

Name 

Address 

My Matte 

speakers Model 
are Width & Depth 

Dept. ww 

4011111111111111í110 

SUPERB 
VALUE AT 
ONLY 
13.75 inc. VAT 
per pair + 75p p &p 

CWO payable to: 
Europhonic 
92 Aldershot Rd. 
Church -Crookham 
Hampshire 
Fleet (02514) 22055 
Trade enquiries wel- 
come. Many other 
applications e.g. HI -FI 

cabinets etc send SAE 

EX 
STOCK o6 * Low cost weeks Deliver * Rated up to 210 watts y 

* Custom designs are our speciality 

Data on our standard ranges is available on request 

FIA 311111p[lE11I Telephone : 0582 -62241 
Luton Road. Dunstable. Bedfordshire, LU5 4LJ England. 

WW -099 FOR FURTHER DETAILS 
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SO IS A TRADEMARK OE CBS INC. 

SQ QUADRAPHONIC DECODERS 
SO the leading quadraphonic system. designed by CBS engineers. offers not only 4 channel amblophony from the 
fast expanding range of SO encoded discs but also immensely increased depth and fullness of sound from 
standard stereo recordings too 
Feed 2 channels 1200- 1000mV as obtainable from most preamphliersl into your choice of any 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. LB-RB and Dimension controls can all be implemented by simple segle gang potentiometers -no 
need for exotic 4 -gang units. 
These state .of .the an circuits used under licence from CBS. are offered in kit form comprising first grade 
components only -fibre glass circuit boards of professional quality designed for edge connector insertion. all esistors 2% metal oxide all polystyrene and polycarbonate capacitors 5% or better and in decoder L2 ultra low 
noise IMPS Al B-0.5dB 'ye./ transistors used in each amplifying stage. 
M1 Basic matrix decoder with Eyed '10 -40' blend. 10 Resistors. 14 Capacitors. 1 Integrated Circuit. Printed 
Circuit Boaard. £t54 
L1 Full logic controlled decoder with -wave matching- and 'front-back logic' for enhanced Channel separation using three pecially designed Integrated Circuits. 24 Resistors. 42 Capacitors. 3 Integrated Circuits. Printed Circuit Board. tie .80. 
12 More advanced full logic decoder with 'variable blend. extended frequency response. increased front -back separation. 43 Resistors. 44 Capacitors. 3 Integrated Circuits. 9 Transistors. 6 Diodes. Printed Circuit Board. L2a2D. 
All kits include IC sockets and construction rotes. Prices include CBS licence few 
Please write for fun her details in FREE LIST. 
.United Kingdom, Post Free. Please add 25% VAT. Overseas: No VAT. Please add (per kit) E2.00 p a p 
;AIR MAIL or El SIE) p &p SURFACE MAIL. 

A1BIENTAcCouSrIC3 
PO BOX 3000 

ANDOVER, HANTS SPIO 3EQ 

WW -055 FOR FURTHER DETAILS 

I RADFORD HD250 
High Definition Stereo Amplifier 

A new standard for sound reproduction in the home! We 
believe that no other amplifier in the world can match the 
overall specification of the HD250. 

Rated power output: 50 watts ay. continuous per channel into any impedance 
from 4 to 8 ohms, both channels driven. 

Maximum power output 90 watts ay. per channel into 5 ohms. 

Distortion, preamplifier: Virtually zero (cannot be identified or measured as it is 
below inherent circuit noise.) 

Distortion, power amplifier: Typically 0.006% at 25 watts, less than 0.02% at 
rated output (Typically 0.01 % at 1 Khz) 

Hum and noise: Disc, -83dBV measured flat with noise band width 23 Khz (ref 
5mV); -88dBV "A" weighted (ref. 5mv) 

Line -85 dBV measured flat (ref 100v) 
-88d 8V "A" weighted (ref 100v) 

Hear the HD250 at 

SWIFT OF WILMSLOW 
Dept. WW 

5 Swan Street, Wilmslow, Cheshire (Tel. 26213) 
Mail Order and Personal Export enquiries: Wilmslow Audio, Swan Works, Bank 
Square, Wilmslow (Tel. 29599) 

In stock: All Radford speaker drive units and crossovers, ZD22 preamp, Low 
Distortion oscillator L003 and Distortion Measuring set DM53. 

W W -073 FOR FURTHER DETAILS 

Wireless World, September 1975 

d 

' i - 
(44" t \ 111i 

~ .. . 

INDUSTRIAL PRICES FOR THE HOBBYIST 
ALL 'BIG NAME' BRANDED GOODS - 

#111 
SAME DAY SERVICE 

MONEY BACK GUARANTEE 

LINEAR 11C'S 
£ 

DIODES 

p 

ZENER DIODES 

BZ788 400mW 
709C 
710C 

0.24 
0.24 

1N4001 
1N4002 

4 

4 
Voltages 3.3v -30v 

741 C (8P in Mlnldip) 0.20 1N4003 5 6P 

CA3046 0.50 1N4004 5 
LM309K 1.25 1N4005 6 AUDIO 1 IC'S 

COS/MOS 1N4006 6 
CD4001 0.24 1N914 2 TAA661B 1.0 
CD4009 0.40 0A47 4 CA3089E 1.5 
CD4011 0.20 0A200 6 CA30900 3.0 
CD4012 020 1N4148 1.5 CA3028 1.0 
CD4018 1.50 CA3048 2.0 
CD4029 1.50 

TRANSISTORS 
£ f 

BC107 0.07 BFY50 0.14 2N896 0.15 
BC108 6.07 BFY51 0.12 2N897 0.20 
BC109 0.07 BFY52 0.15 2N706 0.10 
BCY70 0.09 BFY90 0.70 2N930 0.18 
BCY71 0.09 BSY95A 0.10 2N1302 0.16 
BCY72 0.09 C426 0.28 2N1303 0.12 
BFX29 0.16 40360 0.40 2N1304 0.20 
BFX84 0.16 40361 0.40 2N1305 0.20 
BFX85 0.16 40362 0.40 2N2160 0.50 
BFX86 0.16 40669 0.80 2N2846 0.40 
BFX87 0.16 40673 0.50 2143053 0.15 
8FX88 0.16 40602 0.40 2 N3054 040 
BC237 0.08 2'143055 0.40 

TERMS: CWO -ADD 8% VAT -10p POST Er PACKING 4 
010 SEND SAE FOR COMPREHENSIVE LIST 

ROWNSGEM LTD. 
Rosebank Parade, Plough Road, Yateley, Camberley, Surrey. 

Phone No. 0252 871717 

THE PROFESSIONAL ORGANISATION FOR THE 'HOBBYIST' 

oWLOQIC PROBE 340 
Generates a single minus pulse 

of 02±0.05 millisecond. 
Built-in pulse generator 
REDS GREEN -LED APPLIED LOGIC LEVEL INDICATOR * Wrong polarity & overload protectors provided * Detection of the peak value of input waveform 
1F Open circuit or faulty IC can be detected 
* AO logic levels are visible at a glance 
11F Unique high/low level probe 

for use in 
detectingTTR. 

DTI flip-flop 
end other poise 

circuits 

Each £14'00 
including pp + VAT 

Discounts for quantity 

Y 

ASSOCIATES LIMITED ' 

52 Silver Street, Stansted, Essex. Tel:10279) 814929. Telex: 81675 Jaylamps. 

WW -023 FOR FURTHER DETAILS 

meteronic 

OSCILLOSCOPES 
BATTERY PORTABLE 

10 MHz BANDWIDTH 

0.1 .LS-0.1 Sec. TIME -BASE 
SINGLE AND DOUBLE BEAM 
PRICES FROM f95 

meteronic ltd. 
114/1 1 6 Shipbourne Road 

Tonbridge, Kent 
Tel. Tonbridge 61448 

W W -1134 ruK FURTHER DETAILS 
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I.L.P. (Electronics) Ltd 

Tuner _0_,,._, 
Gram 
Tape 

-0 
-O i0 

O 

SHEER SIMPLICITY! 

Half HY5 

Tape o.p 

4-- 
VOLUME 

TREBLE 

4- BALANCE 

O 
Stereo.Mono switch 

Ov 

Mono electrical circuit diagram with interconnections for stereo shown 

The HY5 is a complete mono hybrid 
preamplifier, ideally suited for both 
mono and stereo applications. Internally 
the device consists of two high quality 
amplifiers the first contains frequency 
equalisation and gain correction, while 
the second caters for tone control and 
balance. 
TECHNICAL SPECIFICATION 
Inputs 

Magnetic Pick -up 3mV.RIAA 
Ceramic Pick -up 30mV 
Microphone 10mV 
Tuner 100mV 
Auxiliary 3 -100mV 
Input impedance 47k0 at kHz 

Outputs 
Tape 100mV 
Main output Odb (0.775 volts RMS) 

Active Tone Controls 
Treble ' 12db at 10kHz 
Bass 12dbat_100Hz 

Distortion 0.05% at 1kHz 
Signal /Noise Ratio 68db 
Overload Capability 40db on most 

sensitive input 
Supply Voltage ' 16 -- 25 volts. 
PRICE £4.75 + £1.19 V.A.T. P & P free., 

TWO YEARS 

I.L.P. Electronics Ltd, 

Crossland House, 
Nackington, Canterbury, 
Kent CT4 7AD 
Tel (0227) 63218 

The HY50 is a complete solid state hybrid 
Hi- F i amplifier incorporating its own high 
conductivity heatsmk hermetically sealed 
in black epoxy resin. Only five connec- 
tions are provided: Input, output, power 
lines and earth. 
TECHNICAL SPECIFICATION 
Output Power 25 watts RMS into 8E2 
Load Impedance 4 -1612 
Input Sensitivity Odb (0.775 Volts RMS) 
Input Impedance 47k0 
Distortion Less than 0.1% at 25 watts 

typically 0.05% 
Signal /Noise Ratio Better than 75db 
Frequency Response 10Hz- 50kHz I 3db 
Supply Voltage 25 volts 
Size 105 x 50 x 25 min. 

PRICE £6.20 + £1.55 V.A.T. P & P free 

PSU50 -N 

The PSU50 incorporated a specially designed 
transformer and can be used for either mono or 
stereo systems. 

TECHNICAL SPECIFICATIONS 
Output voltage 

Input voltage 

Size 

50 volts (25 -0-25) 

210 -240 volts 

L.70, D.90. H.60 mm. 

PRICE £6.25 + £1.56 V.A.T. P & P free 

GUARANTEE ON ALL OUR PRODUCTS 

Please Supply 
Total Purchase Price 

I Enclose Cheque Postal Orders Money Order 
Please debit my Access account Barclay card account 
Account number 
Name & Address 

Signature 

WW -064 FOR FURTHER DETAILS 
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...and many more good reasons 
why Telequipment's D61 
offers the greatest scope 
for your budget 

Like the price, it's small in size 11 x 6% x16 z in 
ideal for the busy workbench. 

Weighs only 14.3 lb; not just portable 
but positively easy to carry. 

Easy to use. 

Can be used as a Single Beam, Dual Trace or an 
X -Y oscilloscope. 

10mV Sensitivity at 10MHz. 

Automatically Selects for Chopped or Alternate 
modes of operation. 

Automatically Selects for TV Line or 
Frame Displays. 

8 x 10 cm Display Area. 

Nationwide maintenance and user advisory 
service available. 

Already chosen by over 8,000 customers as the 
best -value -for money dual trace 'scope 
on the market, the D61 at £138 must be seen 
to be appreciated. 

Write for full details now! 

TEL E QIJIPrNENT 

t,;., 
OscIloscope 061 pourer 

otf 

intensity 

Ocal osvpp 

Channel 1 

Position 
volts /division 

.s Á* 
s, 

ch 
off 

input 

.01 

.01 

.c 
dc 
gnd 

positron 

(pult x 5) 

' time/division 
2 , 600200 s . GI ,00 a ' 10 

o to 
g to 
a. 

a 

so 

tv 

trig 

sat 

trig /sat x 

o 

probe test 

al 

Channel 2 
position 

volts /division 

chi 
oft 

,C 
dc 

gnd 

midPrice is exclusive of VAT 

TELEQUIPMENT <I_I> 

Tektronix U.K. Ltd., Beaverton House, P.O. Box 69, Harpenden, Herts. 
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Welcome to our chamber of horrors. Inside the Shure Quality Control laboratory, 
some of the most brutal product tests ever devised are administered to Shure micro- 
phones. The illustration above shows a "shaking" machine at work on a Shure 
microphone and noise -isolation mount. It's only one in a battery of torturous tests 
that shake, rattle, roll, drop, heat, chill, dampen, bend, twist, and generally commit 
mechanical, electrical and acoustical' mayhem on off- the -production -line samples 
of all Shure microphones. It's a treatment that could cause lesser microphones to 
become inoperative in minutes. This kind of continuing quality control makes 
ordinary "spot checks" pale by comparison. The point is that if Shure microphones 
can survive our chamber of horrors, they can survive the roughest in- the -field 
treatment you can give them! For your catalog, write: 

Shure Electronics Limited 
Eccleston Road, Maidstone ME15 6AU 
Telephone: Maidstone (0622) 59881 
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Consumerism and the Common Market 

There are still some rugged individuals around who believe that the consumer 
should be able to look after himself. Caveat emptor, let the buyer beware, and all 

that. They really think it is healthier for him to protect his own interests 
when purchasing goods, even at the risk of being swindled occasionally. This is 
all right when you're buying a quarter kilo of butter or a pair of shoes. But when 
you are faced with the more complicated and expensive products of our 
technological society - hi -fi equipment, colour television sets, electronic 
calculators, electronic watches and the like - it's altogether a different matter. 
You really need the help of the experts in the collective form of consumer 
protection associations and their publications. Unfortunately our rugged 
individuals are supported by many traders who regard "consumerism" (they 
probably invented this pejorative term) as an unwarranted interterence with 
their nght to sell to people any kind of rubbish they can be gulled into buying. 

If the consumer Protection movement were left on a national basis, things 
would have probably bumbled on unsatisfactorily for the British consumer for a 
long time. But now, with our membership of the Common Market confirmed by 
the referendum, there is a new twist to the situation. European consumerism 
arrives with the force of law from Brussels. The Treaty of Rome says there shall 
be no technical barriers to free trade among the Member States, and the EEC has 
been busy framing common standards to overcome these technical barriers. In 
our own field much of this is based on the work of the long established 
International Electrotechnical Commission. Whereas the main object of 
common, or "harmonized ", standards is to permit free trade, some will also have 
the effect, because backed by European law, of enforcing consumer protection. 
One such standard is the so- called "Low Voltage Directive" for the safety of 
electrical equipment, which is discussed in some detail in this issue. 

Such European initiatives are to be welcomed. One cannot help having doubts, 
however, about the length of time they are bound to take. EEC standardisation 
on electrical safety began with a conference in 1966. If such relatively 
straightforward questions as the practices likely to cause fire or electrocution 
are going to take so long, what will happen with standardisation which depends 
on more subjective criteria such as the quality of sound reproduction or 
television pictures? By the time the cumbersome process of decision making has 
reached a conclusion the technology will have moved on and subjective 
standards will have changed. But the heart of the EEC seems to be in the right 
place, and if the motivation is strong enough some good for the consumer will 
come out of it. 
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Radiating cables in buildings 
and city streets 
An investigation of radiating properties for localized radio 
coverage 

by R. Johannessen & P. K. Blair 

Standard Telecommunication Laboratories 

With the growing needs for radio- 
communication, radiating cables are 
finding increased acceptance in many 
different areas as a convenient interface 
between radio base stations and space. 
The usefulness lies in the degree of 
control of the coverage given to the 
designer in that good radio communi- 
cation is achieved between a base 
station and mobiles in the vicinity of the 
cable whereas other localities have a 
restricted field strength. Thus by using 
radiating cables and locating them 
where communication is desired, the 
frequency spectrum pollution is greatly 
reduced compared to the case when 
conventional antennas are employed at 
the base station. 

This article describes two uses of 
radiating cables in which this feature is 
important. The first is in an indoor 
application where the object is to 
achieve good communication within a 
building coupled with minimal external 
leakage. In the second case, a possible 

use for such cables in city streets is 
considered. 

Indoor application 
In order to obtain a qualitative idea of 
the performance of such installations, 
extensive measurements have been 
carried out at the building complex 
belonging to STL in Harlow and it is 
these measurements which are reported 
on in this section. 

The laboratories are located in flat 
countryside immediately east of the All 
Harlow bypass. Between the All and 
the laboratories is a cluster of trees. 
Towards the south and east of the 
laboratories the aspect is generally 
open. Fig.1 shows a plan view of the 
layout of the buildings. Each building is 
known by a reference letter shown in 

Fig. 1. Layout of building complex and 
summary of results. 

F---- -I measurements 
location of cable 

Fig.1, thus the four buildings facing 
south are known as U,S,E and D. 

The main features of the site are as 
follows: - 

Four similar blocks U,S,E and D are 
set out in a straight line, each block 
having two floors. At the east end is C 
block having four floors. These five 
blocks are characterized by having a 
central corridor with laboratories and 
offices on both sides. Corridor and labs 
are separated by walls which, over 90% 
of their height, have a solid metal 
construction, the upper 10% being glass. 
Z block has a metal /glass wall running 
east west such that the northern part of 
the building - about '/a of total floor 
area - is offices, the rest being 
laboratory in generally open plan 
arrangement. The north and south walls 
of blocks U, S, E, D and Z plus the east 
wall of block C are about 50% glass. 

Three cables are located in the 
laboratories. They all start between D 
and E blocks. One cable runs through E, 

Table 1 

Reference 
in Fig. 1 

Floor level Coupling Standard 
devn. 

a 2 109 3.4 
1 129 5.6 

b 2 66 4.1 
1 56 4.9 

c 1 116 3.6 
d 1 93 4.1 
e 1 114 5.1 
f X 87 6.4 
g 4 87 4.7 

3 79 4.6 
2 71 3.3 
1 58 5.4 

h 1 79 5.7 
i 1 110 6.0 
k 2 66 3.2 

1 49 4.8 
m 1 87 3.9 
n 2 52 4.0 

1 44 3.6 
p 1 85 2.8 
q 2 60 3.6 

1 47 3.8 
r 1 89 3.5 
s 2 78 4.4 

1 54 3.4 
t 1 96 3.6 
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S and U blocks between ground floor 
and the 1st floor. The second cable runs 
along D and C block between ground 
and 1st floor level and then runs up the 
elevator shaft at the end of C block. The 
third cable runs along F and H blocks 
between ground and 1st floor. A cross 
section of buildings U, S, E, D would 
show that the cable is positioned 
above the ground floor suspended 
ceiling. Thus between the cable in S block 
and the front of the building is first the 
metal /glass wall and then the outside) 
wall. 

The cables used were all of the long 
continuous slot type with an opening of 
180 °. The nominal coupling of the cable 
at 450MHz is 60 -70dB for a range from 
the cable axes of 1 to 5 metres and the 
insertion loss is in the region of 
73dB /km at the same frequency. Both 
coupling and insertion loss are the 
values measured with the cable in a 
nominal free space environment. 

The three cables were connected 
together so that a reasonable impe- 
dance match existed. The combined 
cables were energised at 454MHz (u.h.f. 
band) using a Starphone mobile 
radio transmitter thoroughly screened. 

The signal levels at different points 
inside and outside the buildings were 
measured by a series of runs. Each run is 
shown in Fig.l as a broken line along' 
which a receiver was moved. For each 
such run some 100 -200 spot 
measurements were taken of the 
received signal level from a vertical À /4 
dipole connected to the receiver. The 
results for each run are shown in Table 
1. The first number for each run is the 
floor number such that 1 represents the 
ground floor. The second figure is the 
difference in dB between the signal 
power received and that flowing out of 
the transmitter. The mean value for the 
run is the one recorded. The third figure 
is the standard deviation for all the 
measurements for that run. 

Results commentary 
Note that the signal level drops as one 
moves along the cable from block E 
through block S and to block U. 
Similarly from block D to block C. This 
is mainly due to the insertion loss of the 
cable. Also the signal level is strongest 
on the ground floor and weaker one 
floor up. This is due to .there being thin 
false ceiling tiles between ground floor 
and the cable, whereas between cable 
and the top floor is a layer of concrete 
which attenuates the signal. In the case 
of C block the two upper floors are in 
general far from the cable. The signal 
level there is due partly to that picked 
up from C block ground floor, partly 
from the lift shaft of C block and partly 
from the cable running into F block. In 
the case of Z block the signal level on 
the top floor is stronger than on the 
ground floor. This is probably due to the 
shadowing casued by the low buildings 
positioned between U block and Z 
block. 

building 1 

B1 

D 

building 
separation 

20 -50 metres 

J, 

B2 

D 
building 2 

paths with low attenuation 
paths with high attenuation 

- - - - paths where attenuation is 
not important due to two 
frequency operation 

Fig. 2. Mechanism of co- channel work- 
ing. "M" indicates mobiles. 

A very large difference is noted 
between ground floor of F block and 
ground floor H block. This is due to two 
factors; first, measurements in H block 
had to be carried out much further from 
the cable than was possible in F block 
and second, a solid brick wall was 
positioned between the cable position in 
H block and the place of the measure- 
ment. Along the front of the building it 
will be noted that there is in the order of 
40dB difference between outside mea- 
surements and those on the ground 
floor immediately under the cable. The 
signal level on the suriounding roads 

Fig. 3. Arrangement of radiating cables 
in small cell system. 
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has in all cases a mean value at least 
100dB below the level fed into the cable. 

It will also be noted that the coupling 
on the ground floor in buildings U, S, E 
D, C and F is closer than the nominal 
coupling for the cable. This is probably 
due to the cable coupling into pipes and 
other cables located in the same ceiling 
ducting as is the radiating cable. 

Fig. 2 indicates how it is now possible 
for mobiles in building 1 to talk to base 
station BI via its cable, while the 
mobiles in building 2 talk on the same 
frequency to base station B2 via its 
cable. 

An indication of the degree of pro- 
tection between two buildings can be 
given by considering Z block compared 
to S block. In Z block upstairs the 
received signal level to 95% probability 
is 109 -1.96 x 3.4 which is 102.3dB below 
transmitted signal level. In S block 
upstairs the 95% probability for wanted 
signal is 60 x 1.96 x 3.6 which is 67.1 dB 
below transmitted signal or a difference 
of 35.2dB from that in Z bloc. 

Cables for city streets 
Commenting on the increasing demand 
for radio spectrum, paralleled by the 
population. explosion, Hardeivan' says 
that in the US, pockets of excessive 
crowding occur in just about all bands 
under 10GHz and new technology is one 
of the means required to relieve the 
pressure. Land mobile users in the US 
have saturated the v.h.f. and u.h.f. 
bands and are now searching for the 
most efficient methods to apportion a 
new band at 900MHz. Japan has an 
equal problem both at 150 and 460MHz 
and Linney2 has outlined the steps the 
UK Post Office are taking to meet the 
growing demand for their Radiophone 
service. The problem is the same - 
where to find frequencies to satisfy a 
growing number of users. 

An approach which has been pro- 
posed for use in the US cities is the 
cellular approach" which takes advan- 
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Fig. 4. Signal level variations measured 
in buildings S and D. The power received 
(vertical scale) is at the terminals of 
X /2 dipole for 1W into the sable 

system. 

Three types of radiating cable made by 
SIC Cable Division. 

Ceiling of El showing how the cable is 
laid without any complicated fixings 
and next to a variety of other pipes and 
cables. 

tage of the large geographical distances 
between co- channel mobiles. It is 
claimed that potentially, the cellular 
approach requires much less spectrum 
to provide a given quality of service to 
the user. The size of the cells determines 
how efficiently the radio spectrum is 
used - the smaller the cells the more 
times the frequency can be repeated 
without mutual interference between 
users. But the smaller the cell, the more 
complicated and costly must be the 
organization of the system including 
position finding of the mobile, assigning 
of frequency and switching of fre- 
quency as the mobile moves from one to 
a neighbouring cell. 

Cables for the cell 
One problem with the cellular approach 
is the extent to which a message 
to /from one cell spills into a neigh- 
bouring cell. This is aggravated by the 
need to overcome building shadowing 
with higher transmitter power than that 
required for free space propagation. 
Thus in order to have sufficient signal 
strength in all streets within one cell, 
there is likely to be excessive signal 
strength in . some parts of the neigh- 
bouring cells. 

Radiating cables appear to offer a 
natural solution to this since the signal 
level drops off rapidly as one moves 
beyond the cable ends6. Furthermore if 
the radiating cables are located along 
the streets, effectively distributing the 
antenna where coverage is desired, 
there will only be minimal shadowing 
by the buildings. 

In Fig. 3 a possible approach is shown 
in a city where the streets can form a 
regular pattern. The broken lines repre- 
sent the building outlines. The shaded 
blocks are transceivers connected to 
one or m&e radiating cables. The 
adoption of centre or end feeding for the 
cable will depend upon building geo- 
metry and frequency used. Assuming 
the base of a building is 100 metres 
square and an end fed arrangement is 
used, the cable would be around 400 
metres long corresponding to an inser- 
tion loss of typically 12dB at 160MHz or 
33dB at 900MHz. 

An audio connection will be required 
between the transceivers working the 
cables and a central exchange. Possibly 
ordinary telephone line could fulfil this 
function. 

Assuming the radiating cables are 
located on the external walls of build- 
ings one can expect a coupling loss of 
about 90dB. The precise loss is a 
function of cable type, fixing method 
employed and the degree to which the 
surroundings re- radiate. Four hundred 
metres of cable operating at 160MHz 
can be expected to have an insertion 
loss of about 12dB. Man made interfer- 
ence levels in urban areas are known to 
be high; however, it will be recalled that 
whereas the insertion loss of a cable 
increases with increasing frequency, 
the ignition interference level falls. 
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Walker' suggests a drop in interference 
level of 20dB when the frequency is 
increased from 150MHz to 900MHz. 

Vehicle location 
Common to all small cell systems is the 
need for vehicle location and following. 
The control system must know where a 
vehicle is and as it moves towards the 
boundary with another cell another 
frequency must be in readiness or the 
same frequency in the neighbouring cell 
must be cleared. The smaller each cell is, 
the greater becomes the requirement 
for vehicle following; thus more rear- 
rangement of channels may become 
necessary during one particular radio - 
call. McClures has outlined some of the 
control functions and formats which 
could be used in a free radiating small 
cell system. The radiating cable pro- 
vides a medium for position location 
and a variety of methods could be 
considered as candidates for study. 

It will be appreciated that there are 
very many further aspects to this 
proposed scheme which require further 
study and careful analysis. For example, 
the interface and interaction with the 
telephone switching system, the 
channelization scheme and associated 
controls, position finding methods for 
operation with radiating cable systems, 
the integration of the system with other 
"free radio" schemes and, last but not 
least, its cost effectivehess. 

This article was originally presented as 
a paper at the Communications 74 
conference on radio and data commun- 
ications held in Brighton. 
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Electrical safety, standards and 
the law 
The background requirements for electrical safety 

by Basil Lane 
Assistant Editor, Wireless World 
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September 1, 1975 sees the introduction of a new regulation under the umbrella of the 
Consumer Protection Act. It results from the promulgation of the "Low Voltage Directive" 
from the Common Market Commission and brings within the scope of trading standards 
officials the new question of the electrical safety of a wide range of electrical appliances, 
not previously covered by Home Office regulations. This article examines the scope and the 
background of the law, methods of identifying safe products and the impact of the technical 
requirements upon manufacturers of electrical equipment. 

Since our recent referendum on the 
Common Market and its affirmative 
outcome, many of the political, com- 
mercial and' trading problems under 
discussion in Community committees 
become of more direct interest to the 
UK public at large. Of particular 
interest to designers, manufacturers 
and distributors of electrical and elec- 
tronic equipment are the new safety 
regulations due to come into force on 
September 1, 1975. 

Treaty of Rome -a background 
In signing the Treaty of Rome, the 
United Kingdom agreed to become 
subject to a number of basic rules 
governing membership of the European 
Economic Community (EEC). These 
rules are contained within the Articles, 
a number of which relate to trading 
within the Community. For example an 
extract from Article 3 says that there 
should be moves towards "the elimina- 
tion between Member States of 
Customs duties and of quantitative 
restrictions on the import and export of 
goods and of all other measures having 
an equivalent effect." The first two 
speak for themselves, but the second 
requires some further qualification. 
This is provided in Article 100 of the 
Treaty of Rome, which provides for the 
removal of barriers to trade which are 
based on technical grounds. 

Since one of the principal barriers to 
trade between countries is the often 
conflicting electrical and other safety 
requirements, this was clearly an area 
that the EEC Council had to examine. 
The results of their deliberations came 
on February 19, 1973 in the form of an 
EEC Council directive to the Member 
States. Commonly called the Low 
Voltage Directive, it has the somewhat 
more specific subtitle of "On the 

harmonisation of the laws of the 
Member States relating to electrical 
equipment designed for use within 
certain voltage limits." 

Within this directive are 14 Articles 
which in substance make the following 
points to the governments of the 
Member States. The comment is made 
that at the moment some of the Member 
States require electrical goods to meet 
specific requirements before they can 
be offered for sale. In others, no such 
regulations exist. The directive there- 
fore requires that the Member States 
should move towards a common form of 
safety legislation based on "provisions 
or standards already laid down by other 
international bodies or by one of the 
bodies which establish harmonised 
standards." 

This means the recommendations of 
the International Electrotechnical 
Commission (IEC) or the standards 
agreed by the Committée European de 
Normalisation Electricale (CENELEC), 
a section of the larger body CEN. The 
CENELEC standards on safety are 
adopted from another European 
organisation CEE, which deals only 
with electrical safety matters. 

Since no harmonised standard exists 
as yet, the directive acknowledges the 
fact by laying down certain require- 
ments which were supposed to bé 
implemented by law, within each of the 
Member States within 18 months of the 
date of the directive. There was one 
exception, that of Denmark, where 
existing legislation was rather more 
complex, and the Council felt that they 
should be given up to five years to fall 
into line. 

As yet, the British Government has 
not implemented this directive in law, 
but is about to do so (at the time of 
writing) and so it is impossible to quote 

the letter of the law as it will appear. For 
this reason, and since I am assured that 
it contains no more than appears in the 
directive (though couched in different 
terms), a closer examination of the 
Articles of the directive is desirable. 

The first Article says that the direc- 
tive deals with all electrical equipment 
designed for use with a voltage rating of 
50V a.c. to 1kV a.c. and 75V d.c. to 1.5kV 
d.c. The second Article says that laws 
must be made to ensure that only goods 
"constructed in accordance with good 
engineering practice in safety matters" 
and that it should not, when properly 
used, endanger humans, domestic ani- 
mals or property. The main require- 
ments of this Article are listed under 
Annex 1 of the directive and include 
proper marking of the goods with the 
manufacturer's trade mark or brand 
name, proper assembly of components 
for safety, proper design to avoid 
electrical hazards in normal use; tem- 
peratures, arcs or radiations likely tc. 
cause harm should not be produced, 
proper protection against non -electrical 
hazards should be provided for and 
standards of insulation should be ade- 
quate for forseeable conditions 

In addition mechanical requirements 
should be of such a standard that no 
hazards are caused by external "non - 
mechanical influences" or by overload 
conditions. 

Article 3 says that, subject to the 
provisos of subsequent Articles, if the 
goods meet the previous requirements 
that free trade within the Member 
States shall be allowed and not pre- 
vented on the grounds of safety. Article 
4 prevents the application of stricter 
regulations than those listed by electri- 
city companies before permitting con- 
nection to the supplies. Article 5 says 
that harmonised standards should be 
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used to determine compliance with 
Article 2 and defines a harmonised 
standard as being one which has been 
drawn up by common agreement of the 
Member States by a competent author- 
ity. These standards should be flexible 
to allow for upgrading to suit technical 
advances. 

Article 6 is important, since it relates 
to the situation where there are no 
harmonised standards and says that in 
that case, the authorities should regard 
equipment which complies with the 
recommendations of the IEC, or the 
similar document prepared bÿ CEE, as 
being of the appropriate standards of 
safety. If there are any objections to 
these standards, then they have to be 
made within three months of the date of 
the directive. (The UK has entered such 
an objection stating that the 
recommendations of BS415:1972 are of a 
higher standard of safety and should 
therefore be adopted particularly in 
respect of sound and vision equipment.) 

Article 7 provides also for the situa- 
tion where no harmonised standard 
exists and says that where the safety 
regulations applying to goods manu- 
factured in other Member States are 
equal to, or higher than, ours, then we 
,should regard such products as being 
suitable for free trade and within our 
own standards of safety. 

Article 8 is both complex and far 
reaching, since it admits the possibility 
of the harmonised, or accepted, stan- 
dards being inadequate in the light of 
technical development. Essentially it 
says that where a piece of electrical 
equipment does not conform to the 
recognised standard, but the manu- 
facturer claims that it meets the 
requirements of Article 2 (that it is safe), 
then he may submit a report to an 
appeal body nominated, presumably by 
the Member State, for further consider- 
ation. 

Article 9 deals with the situation 
where a product is banned from sale or 
"its free movement is impeded ". In such 
a case the Member State must inform all 
the others in the EEC that it has done so 
and then go on to explain why. If an 
objection is raised by any of the 
Member States, they must then all go 
into a huddle and consult. If after three 
months still no agreement is reached, 
then the case has to go to one of the 
appeals bodies referred to in Article 8, 

but which must be outside the territory 
of the Member States concerned and 
not previously concerned with consul- 
tations on that case. That appeal body 
will then make a ruling based on Article 
2 only (not with reference to particular 
standards). After the ruling has been 
given there is a period of grace of one 
month for further objections and then 
the Commission (the European admin- 
istrative body) will pronounce an 
opinion or recommendation. 

Article 10 deals with safety marks and 
certification of products. Conformity 
(and thus free trade) with the directive 
can be indicated by a safety trade mark 

The BEAB safety marks: top BS3456 for 
"white goods "; bottom BS415 for 
"brown goods ". 

or by a certificate. There is also the third 
alternative, intended primarily, though 
not exclusively, for industrial equip- 
ment, where the manufacturer may 
make a declaration of conformity. 
Marks and certificates have to be 
established by common agreement, by 
specified bodies appointed to issue 
them. 

Article 11 says that information shall 
be circulated to all the others by each 
Member State about the appeals bodies, 
the safety marking or certifying bodies, 
the standards bodies working towards 
harmonisation and who publishes the 
harmonised version of the standard in 
each Member State. 

Three other Articles conclude the 
directive, but they are not of immediate 
interest here. As far as our own 
regulation is concerned, the substance 
will be drawn from Article 2 of the 
directive and the associated annexe 
mentioned above. 

Law -making 
No Act of Parliament is necessary to 
bring this regulation within the scope of 
the law since powers already exist to 
permit such additional regulations to be 
made under the Consumer Protection 
Act. Essentially the document contain- 
ing the regulation is "laid" with the 
Minister and under what is known as 
the "negative resolution procedure" can 
bypass Parliamentary debate. Unless, 
that is, a motion is tabled either for its 
amendment or annulment. In the event 
that no such motions are tabled, the 
regulation becomes law from the 
moment the Minister applies his signa- 
ture. However, present practice has 
been to allow a period of grace of a 
month or two after publication to give 
all who are likely to be affected time to 
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become aware of the new regulations. 
Notes on the enforcement of the new 
safety regulation will appear later in 
this article. 

Since the Consumer Protection Act 
applies to all points of sale in the course 
of a business, the new regulation will 
also take effect in a like fashion. This 
means that anyone in the chain of sale 
of an electrical appliance is liable to 
prosecution if the goods he is selling do 
not comply with the requirement of 
electrical safety. This brings into ques- 
tion the problem of pipeline stocks, and 
here the period of grace is intended to 
cope with this situation. It was pointed 
out by a spokesman for the Department 
of Prices and Consumer Protection that 
"It is difficult to defend any general 
deferment of the regulation since, in 
effect, it simply requires electrical goods 
to be safe when used for their intended 
purpose. It is to be hoped that no 
equipment which is unsafe in normal 
use is being offered for sale." 

The regulation is, it would seem, as 
simple as the EEC directive since it does 
not specifically qualify what is meant by 
the word "safe ". This has already 
caused considerable argument in com- 
mittees and meetings and is clearly a 
point that had to be dealt with by the 
Department of Prices and Consumer 
Protection. To provide this information 
and in accord with the provisions of the 
Low Voltage Directive, a guidance 
document has been prepared to be 
associated with the regulation - but not 
forming part of it. It will not be part of 
the law, but is intended as a guidance to 
enforcement authorities. To quote the 
DPCP spokesman again "... it is likely 
that the Courts will take it into account 
in the event of a prosecution." In 
defining safety, the guidance document 
has adopted the approach of the direc- 
tive and has specified national stan- 
dards which substantially meet the 
requirements of the regulation and adds 
that when a harmonised standard is 
agreed, this will take over as the 
defining standard. Again, no copies of 
the guidance document are available at 
the time of writing, but it is believed 
that two of the standards quoted are 
BS4'15:1972 and BS3456. The former 
deals mainly with so- called brown 
goods (radio, television and audio 
equipment) whilse BS3456 is mainly 
concerned with other household 
appliances. 

An advisory committee has been 
formed to assist in the formulation and 
updating of this guidance, the members 
being drawn from industry, trade 
associations, consumer associations 
and the DPCP and the BSI. 

Safety marking etc. 
The Low Voltage Directive mentions 
the only obligatory aspect of certifica- 
tion or safety marking, by stating that 
such marks and certificates have to be 
approved by law (in our case as a trade 
mark) and the certifying bodies accept- 
ed by the Government. The law does not 
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require goods to be safety marked or 
certified, nor does it require a manu- 
facturer to make a safety declaration. 

But what are the implications if a 
manufacturer decides not to adopt any 
of the above procedures? First, it is 
likely that his products will be subject 
to scrutiny when exporting within the 
EEC (thus free trade will be impeded). 
Secondly his product could be the 
subject of an early scrutiny by UK 
enforcement authorities. Thirdly it is 
unlikely that large department stores or 
wholesalers will accept his products 
without proof of compliance with the 
law, for fear of being prosecuted 
themselves. Some large stores, such as 
Littlewoods, already operate a test 
laboratory of their own to examine 
goods for electrical or mechanical 
safety. 

What then, are the problems of 
demonstrating compliance with the 
law? The best and most "watertight" 
method is to obtain an approval and 
safety mark through one of the facilities 
offered in the UK. Four licencing 
authorities have been set up here, and 
the one most concerned with electronic 
equipment is the British Electrotechni- 
cal Approvals Board (BEAB), and its 
safety marks are illustrated in Fig. 1. 

These marks have not achieved the 
status of approval by the Member 
States, principally because the tests of 
safety are based on our purely national 
British Standards. However, under the 
Low Voltage Directive, moves are being 
made to provide for eventual accep- 
tance. 

The BEAB was formed in 1960 as a 
non -profit making company limited by 
guarantee. It is governed by a board of 
management drawn from the BSI and 
several trade and industry associations. 
It is purely an administrative and 
certifying body and has no laboratory as 
such. Many tests which it requires are 
undertaken by the BSI laboratory and 
ATL. Since the BEAB have produced a 
12 page document dealing with the 
methods of applying for approval, this 
will not be dealt with here. However, 
some notes will be given later on how to 
ensure an efficient processing of an 
application and test procedures. 

The regulations governing the grant- 
ing of a certificate and mark to the 
manufacturer are quite tough and 
subject to a list of rules, called the 
Certification Trade Mark Regulations. 
These rules are laid by the Registrar of 
Trade Marks and very briefly say that 
nobody can use the safety trade mark of 
the BEAB without official approval and 
the granting of a certificate. This is 
fairly obvious, but what is not so 
obvious is what may happen if a cer- 
tificate is not granted, despite a claim 
by the manufacturer that his product is 
safe. This suggests, for example, that 
the product has failed in an area where 
the appropriate BS may be considered 
by the manufacturer to be inadequate. 

There are two possibilities, depending 
upon whether the manufacturer 

believes the inadequacy exists before 
submitting his goods for approval, or if 
he disputes the results of tests made 
already. In the latter case he may 
submit a report to an appeals committee 
at the BEAB, consisting of a chairman 
supplied by BEAB, representatives from 
BREMA in the case of "brown goods ", 
the electrical supply industry and the 
BSI. They consider the appeal purely on 
technical grounds and their decision is 
final, subject to an appeal made direct 
to the Registrar of Trade Marks. 

Now it should be carefully empha- 
sised that this appeals routine is nothing 
to do with that mentioned in the Low 
Voltage Directive, which is more con- 
cerned with goods that have been 
banned from sale by legal process. It is 
probable, however, that the appeals 
committee for Marks will also deal with 
appeals arising out of proceedings 
instituted by trading standards enfor- 
cement officers. 

In the case where the manufacturer 
starts off by believing that the appro- 
priate standard is inadequate, he has the 
opportunity of claiming so, under what 
is known as the "innovation clauses" in 
the two relevant British Standards. In 
BS 415, this clause comes under para. 
3.2 and says "Notwithstanding the 
requirements specified in this Standard, 
designs or constructions to which the 
tests specified do not fully apply but 
which give an equivalent degree of 
durable safety may be regarded as 
complying with the requirements of this 
Standard, subject to the findings of a 
special investigation by the approving 
authority and pending an issue of an 
amendment or extension to this stan- 
dard." The same clause is inserted in BS 
3546 : Part 1 : 1974.* 

This procedure is of vital importance, 
since it represents the aspect of the 
requirements for appeals laid down by 
the Low Voltage Directive, but in this 
instance purely at a national level, since 
we are not, as yet, using harmonised 
standards for the evaluation of safety. 
In an excellent description of the 
activities of the BEAB, Zweigbergk 
details the special investigation test 
schedule. 

If a manufacturer decides that he 
wishes to invoke this innovation clause, 
he says so in his original application for 
approval and if the appliance is accept- 
ed for test it then becomes his responsi- 
bility to prepare a draft test schedule for 
those aspects of safety in that part of his 
appliance that he considers to be 
inadequately covered by the appro- 
priate standard. The BEAB then will 
arrange for the test house to test 
samples of the appliance, using not only 
the test schedule prepared by the 
manufacturer but also tests devised by 
the test house, which may be added in 
the light of their considerable exper- 
ience in this field. 

At this stage, a meeting is convened 
of the technical committee mentioned 
above and a representative from the 
manufacturer, to finalise the prepara- 
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tion of the BEAB "special investigation 
test schedule." Sometimes the initial 
tests may. suggest that the manufactu- 
rer has to make some modification, 
followed by a further submission of a 
sample for testing to secure approval. 
When this is done successfully the 
manufacturer has to formally ratify the 
schedule, which is then forwarded 
to the appropriate BSI technical 
committee for consideration to be 
included in the standard. In the 
meantime, an interim approval 
and certificate may be granted to 
the mánufacturer, pending publica- 
for consideration to be included in the 
standard. In the meantime, an interim 
approval and certificate may be granted 
to the manufacturer, pending publica- 
tion of the amendment or addition to 
the standard. If, however, during the 
interim period, additional information 
comes to hand from outside sources 
(since at the BS stage the schedule is 
made available to any manufacturer), 
then the BEAB committee may with- 
draw approval. 

The marks of the BEAB are not the 
only safety marks to achieve recogni- 
tion in the UK. Since it was the 
intention of the Low Voltage Directive 
that marked goods should have free 
movement within the EEC, these come 
under the heading of the "CB" scheme, 
the CENELEC Protocol Agreement, the 
É mark scheme and the <HAR> 
mark scheme for cables. These marks 
and their extent of usage are described 
in a bulletin from the Technical Help to 
Exporters (THE) service of the BSI2. 

Law enforcement 
Bearing in mind that it is not a 
requirement of the law that one should 
declare compliance with the safety 
regulations, in any of the forms des- 
cribed above, the enforcement of the 
law by the trading standards officers 
will be of immediate interest. 

The information printed here is based 
on information given either over the 
telephone with appropriate officials, or 
delivered in speeches by Ministry 
officials. It cannot be taken to be an 
expression of the exact word of the law. 

The enforcement authority is the 
local Weights and Measures Office 
(now known as the Trading Standards 
Office). Its officers are not usually 
experts in any one subject, such as 
electrical safety, and thus will usually 
rely on the advise of qualified experts, 
or on the offices and test facilities of 
approvals authorities. They are bound 
only by the regulation printed in the 
Consumer Protection Act and do not 
have to regard the standards mentioned 
above as being the ultimate arbitor of 
safety. Even a safety marked appliance 
can be unsafe, due to inadequate quality 
control at the factory. Prosecution 
under the Consumer Protection Act is 
rare and this largely arises from the 
wide powers of discretion operated by 
the trading standards officers. In most 
cases, if the retailer, wholesaler and 
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manufacturer react promptly to the 
comments of the official, by withdraw- 
ing from sale or agreeing to modify 
affected items, no further proceedings 
will be taken. 

The law applies, as I have said, at all 
stages, even at the design stage, but 
usually the officer will acknowledge 
that small retailers may not have the 
knowledge to be aware of potential 
safety hazards and so will shift his 
attentions to the manufacturer. Where 
a successful prosecution is made, the 
results of the case have to be submitted 
to all the Member States, since it could 
well affect local approval of that same 
item. 

Comment and advice 
This part of the article is, as stated, 
comment and advice offered by the 
author in the light of the investigations 
leading to the preparation of this article. 
It does not necessarily coincide with the 
official view, but often does reveal little 
understood aspects of electrical safety 
and the regulations. 

One of the commonest cries heard 
from those who will be affected by the 
regulation is, "Why did I not know 
before? Where can I get such informa- 
tion in the future?" In most instances 
the answer lies in your trade associa- 
tions. Each association, provided it is, 

not purely nationalistic in its nature, 
(i.e. consisting entirely of Japanese 
product importers) may apply for a 
place on the appropriate technical 
committees of the BSI. Since these 
committees are consulted at various 
stages during the preparation of regu- 
lations, such as the Safety Regulation, 
prior knowledge may be offered to 
individual members of associations on a 
confidential basis. Second, the THE 
service of the BSI, issues information on 
standards and relevant legislation, both 
here and in the other countries of the 
world. Any manufacturer, exporter (or 
even some importers!) may join this 
service. The BSI itself also issues 
bulletins on national standards, which 
may be obtained by applying for 
membership. Wireless World itself will 
also operate a letter enquiry service on 
this topic (see paragraph at the end of 
this article) and for the public at large 
many questions about safety regula- 
tions can be answered by the advisory 
services of the various consumers' 
associations. The Department of Prices 
and Consumer Protection also publi- 
shes a monthly document called the 
Consumer Information Bulletin, which 
may be obtained on request. 

So far I have not given any specific 
information on the goods affected 
(except in the terms of the Low Voltage 
Directive), and these are very wide. 
Such items as industrial plant already 
have been covered by the law under the 
old Factories Act and now under the 
all- embracing Health and Safety of 
Work Act of 1974 and the original 
Electrical Regulations of 1908, which 
still apply. However, under household 

appliances, any electrically operated 
item powered from the supplies listed 
previously falls under the arm of the 
new regulation. This even includes such 
unlikely items as some loudspeakers, 
since the audio voltages can in some 
cases exceed the minimum voltage 
specified! Study of the relevant British 
Standards is thoroughly recommended, 
even though the convoluted language 
and reference to additional standards 
does not make for easy reading. 

As far as safety marking is concerned, 
most goods designed or manufactured 
by readers of this magazine come within 
the purview of the BEAB. It seems that 
their facilities are being stressed beyond 
the limits, by the flood of equipment 
they have now included within their 
range of approvals (recently all kinds of 
audio equipment). The BSI laboratories 
have six test officials working full time 
and it can take over 14 days to test, say, 
a television receiver. In a recent call for 
applications for approval of cassette 
recorders 174 were received, so it is 
anyone's guess what the overall situa- 
tion will be when all other items are 
called for. Some moves are being made 
to alleviate the situation, but no infor- 
mation on this has been officially 
released. In addition, moves are being 
made to combat complaints from im- 
porters that their products are at the 
back of the queue. 

It certainly seems unlikely that there 
will be very much audio equipment 
carrying a BEAB label this autumn, not 
because it has failed the tests, but more 
likely because it has not even reached 
the starting post! Delays are being 
caused by manufacturers not studying 
all of the BEAB documents, some of the 
more obvious delays arising from failure 
to observe the requirement to pay for 
the test before it is done, and also the 
supplying of spare parts to replace those 
damaged during the testing process. If 
manufacturers were to apply the tests 
of BS415 (or 3456 where relevant) 
themselves, prior to submission, and list 
the results on a report offered with the 
sample, and then supply the spares they 
found were needed, with the sample, 
then the length of time required by the 
BSI laboratories would be considerably 
shortened. 

The BSI operate an approvals scheme 
(and Mark) for components and if these 
are used in the manufacture of an 
appliance, this too can reduce the time 
taken for tests. Lists of approved items 
are available from BEAB (for appli- 
ances) and the BSI laboratories (for 
components). Components and appli- 
ances of foreign origin may be supplied 
for approval and are subject to all the 
same rules as for British made goods. 

Since the marks made are only a type 
approval, the manufacturer is subject to 
surveillance visits by BEAB inspectors 
who have to be satisfied that the 
standards of production and quality 
control are high enough to maintain the 
quality seen in the sample. Finally, 
failure of the appliance to operate under 
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the safety tests does not imply failure to 
comply with the standard as long as it 
"fails safe ". 

Enquiries 
Professional readers having enquiries 
about the regulations, standards, or 
services mentioned in this article, 
particularly if they are of a technical 
nature, may write to the Editor putting 
their points. A number of these may be 
selected in the future for publication, 
with an appropriate answer. Readers 
wishing to make enquiries should 
clearly mark their envelopes with the 
words "Safety Regulations ". We cannot 
guarantee to answer all queries with a 
personal reply, or with specific infor- 
mation, since in some cases it may 
prove better to refer the enquiry to a 
more specialized authority. 
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This procedure does not appear in IEC 65 
which is proposed as the harmonized 
standard. 

( Sixty Years Ago 
Low life in Lisbon. The following disgraceful 
revelation was printed in our September 1915 
issue and illustrates the depths to which 
"wireless" had sunk. One might have known 
those beastly Huns would be involved. 

Portugal 
"Three wireless installations fully equipped 
with Morse apparatus have been found in 
different parts of Lisbon. One wireless station 
was discovered on the fourth floor of a house 
in the town. Five arrests were made of 
persons, who confessed to having erected 
three other stations in different localities of 
Lisbon. They were apprehended by order of 
the Government. Further information goes 
to show that the Germans are at the bottom 
of the matter." 
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News of 
the Month 

Crystals for calculators 

A crystal puller has been introduced 
which is claimed to be the first designed 
specifically for the routine production 
of GaP, a semiconductor used in the 
manufacture of light emitting diodes. 
The system incorporates several tech- 
nical advances giving large crystals 
with accurately defined shapes. The 
large scale production of cheap gallium 
phosphide is expected to lead to its 
widespread use in calculator and digital 
watch displays. 

The system, called the Melbourn, is 16 
feet high and weighs three tons. It 
grows GaP crystals by the Czochralski 
method using liquid encapsulation and 
high gas pressures to prevent the 
dissociation of the gallium and phos- 
phorus. The system will produce crys- 
tals of up to 5kg in weight and three 
inches in diameter. This is an order of 
magnitude larger than crystals grown 
on existing equipment. Crystal dia- 
meters can be kept within 1 mm of a 
specified size and this gives high yields 
of useable material. The Melbourn is the 
result of a joint three year research and 
development programme between Me- 
tal Research Ltd of Royston, Herts and 
the National Research Development 
Corporation. 

Bureau of Higher 
Degrees 

Information on the availability of 
relevant higher degrees in electrical and 
electronic engineering and physics in 
the UK is now obtainable from the 
Bureau of Higher Degrees, a telephone 
information service, based on a simple 
retrieval system, which has recently 
been set up by the Institution of 
Electrical Engineers in association with 
the Institute of Physics, the Institution, 
of Electronic and Radio Engineers and 
the National Electronics Council. The 
Bureau will provide information on all 
types of higher awards, especially 

industry based degrees and sandwich 
courses. It could be of particular benefit 
to training officers and management in 
educational establishments, and 
industry who are responsible for advis- 
ing on higher degrees, as well as helping 
the individual graduate seeking advice 
on higher degrees. 

A telephone call to the appropriate 
number (01 -235 6111 extension 36 for 
information on physics or 01 -240 1871 
extension 313 for information on elec- 
trical and electronic engineering) will 
give access to the following informa- 
tion: availability of courses, where these 
are located, whether Science Research 
Council or Engineering Industry Train- 
ing Board assistance is available, details 
on the courses and a contact within the 
educational establishment. 

Telemetry brings in 
North Sea oil 

Advanced telemetry, control and moni- 
toring equipment will play a major role 
this year in helping to bring North Sea 
oil to shore. One of the most recent 
systems will be a remote control and 
monitoring scheme which incorporates 
u.h.f. radio links for use on an offshore 
drilling and production platform. The 
equipment will transmit control 
information and monitor activity over a 
distance of two kilometres between the 
drilling and production platform and a 
single point tanker mooring of about 
135,000 tons displacement at which 
80,000 ton tankers will load. 

In addition to being used to transmit 
control signals and receive response 
indications, the u.h.f. radio system will 
be used as a voice link between the 
tanker loading module and the 200,000 

ton platform. At present, a total of 32 
indications will be transmitted over the 
link and all essential controls and safety 
devices will operate via the telemetry 
equipment. One of the most important 
monitoring roles which the equipment 
will play is in fault detection. In 
addition, the telemetry equipment will 
enable the tanker crew to shut down the 
pumping operations in the event of a 
major problem such as a fractured 
feeder pipe. The supply of this equip- 
ment is a contract won by M.L. Engin- 
eering (Plymouth) Ltd, from Mobil 
North Sea. 

Bouncing ball detector 

A method of automatically detecting 
whether a tennis ball bounces on or 
near a line and of assisting the umpire 
in scoring has been . developed and 
patented by a South London inventor, 
Dr David Supran. The same principle 
could be applied to several other sports 
such as squash, football, golf and 
snooker. 

The invention is particularly signifi- 
cant in view of the number of disputes 
over linesmen's calls at Wimbledon 
matches and other tennis events. 

The cloth cover of the tennis balls 
used in the invention contains steel 
fibres similar to those used for the 
manufacture of special wigs and stock- 
ings. These make the cover electrically 
conductive. In addition, on and adja- 
cent to those lines on a tennis court 
where key decisions are required suita- 
bly coloured tapes can be sited, each 
bearing 15 parallel channels of flat 
copper wire. When the special tennis' 
ball bridges any pair of the narrow strips 
of copper, an electrical circuit is com- 
pleted and a signal is transmitted to a 

Independent Radio News, one of London's broadcasting stations, has taken delivery of 
six Ferrograph transportable tape recorders for use in its outside broadcast unit at 
Westminster. Playback is fed out on lines to independent local radio stations, to IRN's 
central newsroom and to Independent Television News. 
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Computer Automation minicomputer. 
The computer is programmed to inter- 
pret such a signal as the ball being 
"out ", and a bleep is sounded from a 
visual display unit next to the umpire. 
The bleep is audible to umpire, players 
and spectators alike. If the ball is "in ", 
there is no audible signal but the word 
"in" is displayed on the v.d.u. screen. In 
all cases, the umpire can override the 
system. HE could also control a public. 
scoreboard and other display monitors. 
A number of tennis courts could be 
controlled by one minicomputer. 

Chart recorder controls 
furnace 

A novel application of an x -y recorder 
has been developed at the Research 
Centre of the British Steel Corporation, 
Motherwell. The recorder controls 
tempering furnaces to predetermined 
heating and cooling cycles, in the 
process of stress -relieving steel samples. 

The modular x -y recorder is 
converted to its controlling role by the 
addition of a chart drive unit and - 
photo- electric curve follower. The 
plug -in curve follower module is substi- 
tuted for one of the amplifier modules, 
while its light sensing head is'mounted 
in place of the recorder pen. Having 
decided on the temperature cycle 
required for a particular sample, the 
British Steel engineers draw the appro- 
priate profile on the recorder chart for 
the sensing head to follow. Output 
voltage level from the curve follower 

module is then set so as to be consistent 
with the change in output from the 
furnace thermocouple over the required 
temperature range. The furnace con- 
troller is also adjusted to give a 
temperature reference point. Then, 
during the process, a temperature 
comparator compares voltage levels 
from the thermocouple and the curve 
follower. The difference determines the 
operation of the furnace controller and 
thus the pre -drawn temperature curve 
is followed precisely. A cold junction 
reference is inserted between 
comparator and thermocouple to 
ensure that control remains constant 
over wide changes in ambient tempera- 
ture. The recorder chosen for this 
application is a Bryans model which has 
a chart drive unit and photo- electric 
curve follower as standard accessories. 

CCTV in Westminster 
Abbey 

A c.c.t.v. system consisting of three 
cameras wired to a video selector and 
with pictures displayed on a 12in 
monitor has been installed at Westmin- 
ster Abbey to enable the Abbey organist 
to see the West Door (where proces- 
sions form), the Henry VII Chapel (used 
for weddings) and the Master of Chor- 
isters in the choir. A second system for 
sound reinforcement has also been 
completed. All the engineering with the 
exception of the loudspeakers has been 
carried out by Pye Business Communi- 
cations. The loudspeakers were 

Albert Stroud, a war- blinded employee of M.E.L. Equipment, operates a set of Braille 
dominoes, each indicating a different wire needed to be cut for radio receivers. This 
involves handling 48 different colour coded leads in ten different combinations 
containing from 7 to 100 different wires where lengths vary between 4in and 2ft. Quite 
a task tor a blind man. 
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designed for the Abbey by Mr Paul 
Taylor who donated the patent rights to 
the Dean and Chapter. The loud- 
speakers were constructed and tested 
by the Department of the Environment 
Building Research Station in collabora -. 
tion with the Institute of Sound and 
Vibration Research at Southampton 
University. 

Fingerprint file 

The Metropolitan Police at New Scot- 
land Yard in London are to be provided 
with an information system called 
Videofile at a cost of approximately £2M 
over the next two years. The system 
involves video recording techniques 
and will be used by NSY to assist its 
fingerprint identification process. The 
system will store the fingerprint 
impressions on magnetic tape so that 
they may be retrieved rapidly for visual 
comparison. Impressions are presently 
held in document form. Under the new 
system, incoming requests for finger- 
print identification ' - both normal 
ten -finger "rolled" impressions and also, 
"latent" fingerprints left at the scene of 
a crime - will be classified for search 
purposes by fingerprint officers. The 
police national computer will then be 
used to produce possible matches from 
ten fingerprint and display the possible 
matches on a cathode -ray tube screen 
for visual comparison by experts. 

The primary objective of the system 
is to extend the capability of the NSY 
staff of highly- trained fingerprint 
experts in coping with the anticipated 
file increases, which could be about 3.5 
million fingerprint sets within a decade, 
creating problems of space and qualified 
fingerprint staff availability if the 
existing manual system were to be used. 
Videofile is a trade mark of the Ampex 
Corporation. 

Briefly 

Royal Television Society Convention. 
Television and the future needs of 
the public will be the theme of the third 
Royal Television Society bi- annual 
convention at King's College, Cam- 
bridge, September 18 -21 this year. 
Mindful of the work of the Annan 
Committee looking into the future of 
broadcasting, the Society hopes to 
create a forum in which the public needs 
from television can be stated and the 
response of the . broadcasters obtained. 
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Variable frequency oscillator for 
the amateur 
A phase lock loop design using discrete components 

by I. J. Dilworth, B.Sc., 

Department of Electrical Engineering Science, 
University of Essex 

The need for a flexible, stable and 
variable frequency source for use in a 
transmitter or receiver local oscillator 
in an amateur band station has never 
been more evident that at the present 
time. The approach of generating a 70 
MHz carrier facilitates operation on 144 
and 432MHz by multiplication, and by 
using a v.h.f. local- oscillator receivers of 
high performance and single conversion 
are possible. 

A useful way of generating stable 
high- frequency signals which are fre- 
quency agile is to arrange a lower -fre- 
quency oscillator to control a higher 
one such that the latter assumes the 
stability of the former. By phase 
comparison it is possible to derive a 
controlling element which when applied 
to the high- frequency oscillator, via a 
feedback loop, performs this function. It 
is relatively easy to achieve a high order 
of stability in a v.f.o. at a low frequency 
but it is not so straightforward when the 
frequency approaches the megahertz 
region. It is true that with due care the 
problem is not so awesome; neverthe- 
less if the frequency is kept below the 
MHz region repeatability of results is 
assured, particularly when the con- 
structor has limited time and equip- 
ment. 

In this design an 800kHz v.f.o. is used 
to control a 72MHz v.c.o., the resulting 

This novel approach pro- 
vides stability by using a 
low- frequency control oscil- 
lator. 

error in stability being only ten times 
that of the 800kHz oscillator. 

Oscillator 
Reference to Fig. 1 will show how 
locking is achieved. A sample of the 72 
MHz signal is mixed down to 9.29MHz 
with a quartz crystal local oscillator. 
This signal is then amplified and 
squared through a digital comparator 
before being divided down in a decade 
counter. The resulting 929 kHz signal is 
then applied to one input of an exclusive 
OR gate employed as a comparator. The 
other input is supplied with the v.f.o. 
signal via the same type of digital 
comparator to bring it up to the logic 
levels. The output of the gate is 
proportional to the phase difference 
between the two signals and after 
filtering, to obtain only the d.c. corn- 

Fig. 1. Block diagram illustrating how 
phase locking is achieved. 

ponent, this voltage is applied to the 
v.c.o. to maintain an in -phase signal 
with that of the v.f.o. Any drift in the 
crystal oscillator is also compensated 
for in the v.c.o. because it will always 
try to maintain a zero phase shift with 
the v.f.o. 

The output at 72 MHz is first fed to a 
buffer and then to a frequency doubler, 
because in this application it was 
desired to produce a signal in the 144 
MHz band. Since the intermediate 
frequency is divided by ten in the 
decade counter, variation of the 800 kHz 
v.f.o. is effectively multiplied by ten. For 
a one megahertz covering at 72MHz the 
800 kHz v.f.o. needs to tune only over 
100 kHz. Clearly drift of the v.f.o. will 
also be multiplied by ten at this output 
frequency, but it is relatively easy to 
construct a stable oscillator at 800 kHz 
and a suitable design is included. To 
avoid problems of modulating the 72 
MHz signal with either the 63.71 MHz 
crystal oscillator or the 8.29 to 9.29 MHz 
i.f. being generated it is necessary' to 
ensure high isolation between the mixer 
and the output stages. Therefore, one 
must be very careful with layout and 
avoid any urges to economise with the 
buffering. Whether the application be a 
transmitter v.f.o. or a receiver local 
oscillator cleaners in the output spec- 
trum is essential. One could simplify the 
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buffering circuit but it is not everyone 
who has a spectrum analyser necessary 
to set up the unit if the full circuit is not 
employed. All that is required in setting 
up the v.f.o. is a grid dip oscillator and a 
receiver. 

Circuit units 
The crystal oscillator uses an available 
unit and is intended for fundamental 
operation at 63.71 MHz. See Fig. 2. One 
could use a lower -frequency unit with 
the appropriate multiplier chain pro- 
vided suitable filtering was employed 
before the mixer, but if one is starting 
from scratch then it is nearly as cheap to 
use a 60 MHz crystal rather than a 
lower- frequency one. The oscillator is 
straightforward - the tuned collector 
resonates at the fundamental frequency 
and the class B buffer stage provides the 
correct injection for the mixer with the 
additional filtering of its tuned- circuit. 

The mixer consists of a gate injected 
f.e.t., the tuned circuit in the drain being 
broadly resonant over 8 to 9 MHz, 
providing a load for the i.f. signal. The 
transformer coupled output is then fed 
into the SN72710 comparator which 
squares and amplifies the signal prior to 
the decade counter which consists of a 
SN7490. The SN7486 gate performs the 

comparison of the i.f. signal and the 
v.f.o. The comparator circuit has proved 
very useful in practice because the 
SN72710 devices have a bandwidth up 
to 30 MHz and are insensitive to input 
level changes above a threshold of 
around 10mV. One practical point to 
note however is that since the outputs 
of the gates are square waves, screening 
of the computer output before it 
reaches the amplifier and low -pass 
filter is essential otherwise there may 
be unwanted signals in the station 
receiver. 

To obtain the required swing from the 
v.c,o. it is necessary to amplify the 
voltage from the 7400 output. This is 
conveniently achieved with an opera- 
tional amplifier whose output is filtered 
with the network R15 -C18 which is the 
low -pass filter. The variable resistor on 
the non -inverting input of the 741 
provides for initial setting of the output 
voltage, while R18 provides a high 
impedance to the tuning diode and the 
v.c.o. but does not upset the d.c. bias to 
the tuning diode because there is very 

Fig. 2. V.f.o. circuit divided into two 
parts for mounting on separate boards 
as shown in Fig. 4 and 5. 
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little current needed in this configura- 
tion. The diode (D1) suggested allows 
sufficient swing in capacitance at 
70MHz to provide a 1 MHz change in 
output frequency with the voltage 
applied. It is possible to use a 1N916 
variety and achieve similar results but 
with reduced capacitance swing and 
hence frequency variation. This is 
because C19 has to be increase-silt-1 válüë 
to allow the Vackar oscillator to 
oscillate with the lower Q factor of this 
type of diode. However, if a smaller 
swing in frequency can be tolerated this 
approach is possible. 

The output of the oscillator is split 
two ways: one path goes to a source 
follower whose output is fed to two 
more buffers before the mixer; the 
other path goes to the output amplifier 
chain. Variations in the circuit of the 
output chain are unlimited and one 
design is shown in Fig.2. Transistor Tr9 
is a buffer followed by a doubler 
arrangement providing about 10dBm 
output power into 50 ohms which is 
sufficient to drive most class C stages. 

Variable frequency oscillator 
The oscillator shown in Fig. 3 has 
proved very stable and trouble free. The 

77,7 
CRYSTAL OSCILLATOR AND BUFFER 

from 
ICS 

+12V 

R12 

3 

R14 

R11 

+12V 
O 

72 MHz Input 

MIXER COMPARATOR 

+12V0 

C20 C21 

5 R16 

+ 
77C18 

C1i 

5 

C te 

lock ndicator 
10mA f.s.d. 

V.C.O. DRIVER 8 LOW PASS FILTER 

C22 

R, 

C23 

R14 IC 
r f.c.2j r 

e 

C2eZ 

R22 

to mixer 
72 MHz 

BUFFER OUTPUT AMPLIFIERS 

output 
10mW 



Wireless World, September 1975 409 

Fig. 3. Stable Vackar type variable 
low -frequency oscillator tuning 
between 829 and 929kHz. 
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basic circuit is a Vackar type and by 
using the type of capacitors suggested 
no trouble should be experienced with 
drift and stability provided the oscilla- 
tor is mounted in a good insulated box, 
preferably filled with polyurethane 
foam. The output is buffered with a 
source follower and amplified for injec- 
tion into the comparator with Tr13. A 
series voltage regulator is used to 
supply the oscillator and buffer as this 

was found to be superior to just 
supplying the oscillator. With the 
components indicated a swing of 
around 100kHz is produced over the 
frequency desired. 

Construction 
Suggested printed circuit layouts are 
shown in Fig. 4 and 5. It is convenient to 
make the v.f.o. unit on two boards each 
housed separately, one containing the 
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phase lock circuitry and the other the 
v.c.o. and buffers. A separate box for the 
low- frequency controlling oscillator, 
tuning dial and drive is also required. 
The use of double sided p.c.b. is 
advisable (component side etched to 
form an earth plane as shown in Fig. 4 
and 5) because this facilitates easy 
earthing of components and good 
screening. Components are non critical 
(if the p.c. layout is used components of 

Fig. 6. Simple add on phase lock 
indicator - when (a) and (b) are in 
phase the bistable is at logic i or 0; in 
either event the l.e.d. is on. Under 
no -lock conditions the heterodyne 
produced causes the l.e.d. to 
extinguish. 

(a) to 7490 o/p -4-, 2 5 

(b) to 72710 411- 
o/p from 3 

v. f.o. 

+5V 

Resistors - all %W unless marked 

1 15k 
2 6.8k 
3 270 
4 6.8k 
5 220 
6 100k 
7 2.2k 
8 10k 
9 10k 

11 270k 
12 1.8k 
13 1000 linear 
14 820 
15 50k lin min skeleton 
16 270k 
17 10k lin min skeleton 
18 100k 
19 1M 
20 1M 
21 lk 
22 10k 
23 2.7k 
24 220 
25 220 
26 22k 
27 10k 
28 4.7k 
29 3.3k 
30 1M 
31 2.2k 
32 220 
33 100k 
34 33k 
35 3.3k 
36 1.5k 
37 -44 5.6k 
45 470 
46 330 
47 3.3k 
48 470 
49 4.7k 
50 680 
51 lk 
52 lk 
53 1k lin min skeleton 
54 5.6k 
55 2.7k 
56 lk lin min skeleton 
57 10k 
58 2200' W 

Capacitors - C 

1 0.1 disc ceramic 
2 10pF ceramic 
3 0.01µF disc ceramic 
4 10pF ceramic 
5 4 -2pF variable Mullard 808 
6 0.01µF disc ceramic 
7 4 -20pF variable Mullard 808 
8 15pF silver mica 
9 2pF ceramic 

10 0.1µF disc ceramic 
11 0.01µF disc ceramic 
12 6.8pF tantalum 
13 0.001µF disc 
14 0.001µF disc 
15 0.1µF disc ceramic 
16 0.1µF disc ceramic 
17 0.1µF disc ceramic 
18 6.4µF 10V 
19 18pF silver mica 
20 0.1µF disc ceramic 
21 0.001µF disc ceramic 
22 10pF ceramic 
23 10pF ceramic 
24 10pF ceramic 
25 0.01µF disc ceramic 
26 0.1µF disc ceramic 
27 4 -20pF variable 808 
28 10pF ceramic 
29 0.01µF disc ceramic 
30 18pF 
31 0.1µF disc ceramic 
32 4 -20pF Mullard 808 
33 0.47µF paper 
34 0.001µF feed through 
35 4 -20pF Mullard 808 
36 1500pF polyester 
37 100pF airspaced 
38 0.1µF disc ceramic 
39 180pF silver mica 
40 0.001µF disc 
41 100pF silver mica 
42 1500pF polyester 
43 0.1µF disc ceramic 
44 50pF silver mica 
45 50pF silver mica 
46 0.1µF disc ceramic 
47 0.1µF disc ceramic 
48 0.47µF paper 
49 1000F 40V electrolytic 
50 250µF 25V 

51 0.47µF paper 
52 100µF 15V 
53 0.47µF paper 
54 1000µF 5V 
55 0.1µF disc ceramic 
56 1000µF 40V electrolytic 
57 250µF 25V 
58 0.1µF disc ceramic 
59 100µF 15V 
60 0.1µF disc ceramic 
61 0.001µF feed through 

Coils and chokes -L 
All r.f.cs are Radiospares 1 amp types 

1 10 turns ' /.in o.d. 22 s.w.g. airspaced 
2 9 turns ' /sin o.d. 22 s.w.g. airspaced 
3 30 turns on Aladdin pot cored former 

28 s.w.g. 
4 15 turns in centre of former 
5 7 turns 22 s.w.g. on Aladdin F804 

former slug tuned 
6 6 turns 22 s.w.g. ' /.in airspaced 
7 8 turns 22 s.w.g. airspaced ' /,in o.d. 
8 4 turns 22 s.w.g. airspaced ' /sin o.d. 
9 1 turn pushed into L8 insulated 22 

s.w.g. 
10 100 turns pile wound on slug tuned 

%in former 

Crystal63.71MHz overtone. HC18U 

Transistors - Tr 
1, 2, 9, 10 ME3002 
3, 5, 6, 7, 8, 12 2N3819 
4, 11, 13, 14, 15, 16, 18 BC109 
17, 192N3055 
20, 21 ZTX500 

Diodes - D 
1 MV 1650 (Motorola) 
2 5.6V 200mW zener 
3 8.2V 20mW zener 
4 5.6V 200mW zener 
5 3.3V 200mW zener 
6 -9 diode bridge IA 100V p.i.v. 

Integrated circuits - IC 
1, 2 SN72710 
3 SN7490 
4 741 
5 SN7486 
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the correct size must be employed). Do 
not forget to join both sides of the board 
with links in the several indicated places 
to avoid instability caused by the earth 
plane floating up at an r.f. potential. 
Adequate decoupling of the control 
voltage is essential as any r.f. reaching 
the v.c.o. at this point will cause wierd 
and wonderful effects. Because the logic 
requires five volts it is necessary to use a 
separate supply for this, not just a zener 
dropper. It is easy for the supply rail to 
be modulated with logic pulses, so this 
must be decoupled efficiently. 

The original low- frequency v.f.o. was 
constructed in a diecast box, measuring 
two inches deep. This allowed the p.c.b. 
to be mounted in the centre of the box 
while the rest of the volume was filled 
with foam as suggested to produce a 
stable chamber. 

Alignment and testing 
First - ensure that the crystal oscillator 
is working by resonating the coils with a 
grid dip oscillator or simply rotate the 
variable capacitor C5 until a signal is 
produced. Peak the output of Tr2 by 
monitoring the strength of the signal on 
a g.d.o. Next with no input on the 741 
from the NAND gate, adjust R13 until 
the voltage at the output is roughly 4V 
positive. Leave R15 at about 1kO and 
adjust L5 until a signal is obtainea at 
roughly 72.5 MHz, the frequency does 
not have to be accurate. Next adjust the 
voltage on the op -amp to + 4V if it has 
moved, and readjust L5. The signal 
should be reasonably stable and not 
microphonic. Disconnect C28 from the 
f.e.t. buffer. Connect the output of Tr8 to 
C9 in the mixer, setting C27 half. way. 
After checking that the v.c.o. will swing 
over at least 1MHz between 0 and 12V 
on adjusting R13, monitor the voltage at 
the output pin of ICI. 

Adjust L3 until the voltage registers 
1.5 to 2.0V, indicating that it is squaring 
the i.f. signal. Swing the v.c.o. over the 
required range and ensure that it is still 
squaring by adjusting L3 as necessary. If 
there is difficulty with this, increase 
L4 with a few more turns. Slight 
adjustment of C27, which should be 
almost set, may improve mixing at the 
edges of the coverage. 

Next check that the v.c.o. is tuning 
over the correct frequency range - 
829-929k Hz and apply it to IC2 making 
sure that this is squaring. Setting this to 
880kHz (mid -band) and the control 
voltage on IC4 to about 6V tune L5 to 
produce an output at 72.5 MHz, this 
should be easily receivable using a small 
wire placed on the bench. Connecting 
IC5 output to the input of IC4 and 
adjusting R13 will produce a lock 
condition which can be recognized 
because the pot is being turned and the 
meter is not moving. Adjusting C37 in 
the v.f.o. will cause the meter needle to 
move up and down depending on which 
direction the frequency is being moved. 
The loop bandwidth is lowered with R15 
until a clean signal is produced which has 

no amplitude modulation. Too much 
resistance will produce a long lock -in 
time and this should be set to around 
midway for best results, although there 
is no reason why it should not be set 
higher. Tuning of the output stages is 
straight forward - Tr9 being tuned to 
72 MHz and Tria to 144 MHz. 

Check that all is well by tuning plus 
and minus the carrier 8 to 9MHz and 
adjust C77 and C27 for minimum signal if 
necessary. 

Using the v.f.o. 
Lock should be obtained on switch -on 
or as soon as the low- frequency refer- 
ence oscillator is present at the com- 
parator input. The loop bandwidth of 
the filter is approximately I kHz and 
therefore the locking time is lms. The 
meter being driven from the operational 
amplifier output serves to indicate that 
the v.c.o. is tracking with the 800kHz 
v.f.o. A more elegant way of doing this is 
shown in Fig. 6. Although this system 
is not foolproof it could be used to good 
effect. 

If the v.f.o. is to be used in a 
transmitter then some means of mea- 
suring the output frequency will be 
needed. If one has a direct reading 
frequency counter at the output there is 
no problem. Nevertheless it is possible 
to use a lower- frequency counter indir- 
ectly. For example one method is to 
measure the 829 kHz v.f.o. frequency 
and add to this, in the counter, the 
difference between this and the output, 
frequency. An output frequency of 72 
MHz corresponds to a frequency of 829 
kHz in the v.f.o., if this is stored in a 
counter and a frequency of 6.37 MHz is 
injected, from a crystal oscillator, 
before the counter is reset. The true 
72MHz output frequency will result. A 
possible modification to some fre- 
quency counters is shown In Fig. 7. - 

Depending on the frequency at which 
it is desired to radiate, buffering and 
frequency selective stages must be 
incorporated at the output before it is 
used with an aerial system. The output 
stage as it stands produces a component 
at 144MHz, approximately 18dB 
stronger than the 72MHz component, 
and was intended for the first in a chain 
of class C stages. Frequency modulation 
is easily applied to the v.c.o. by intro- 
ducing a few millivolts onto the tuning 
diode. Care should be taken with 
screening however if this is tried. 
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HF predictions 

Magnetic activity commented on in recent 
months has diminished rapidly. September is 
usually a good propagation month so 
generally improved conditions should prevail 
despite it being predicted as the month of 
sunspot minimum. 

Temperate latitude zones will benefit most 
because magnetic activity has smaller effect 
at low latitudes and solar activity a greater 
effect at high and low làtitudes. 
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Circuit 
Ideas 

Simpler f.m. tuning indicator 
Several circuits of tuning indicators 
have been featured in recent issues of 
Wireless World, and much comment 
has been aroused. The one shown here 
will no doubt attract its share, but it 
does have some good points. 

It is simple to build, inexpensive and 
reliable. Operation is also simple. With 
the l.e.d.s fitted at either end of the 
tuning scale the cursor is moved away 
from whichever l.e.d. is on, to a dead 
spot, i.e. both off, which is the correct 
tuning point. 

Tuning for "lights off" has two main 

advantages. Firstly, current consump- 
tion is minimized. Both lights can not be 
on together, and on -tune current is 
about 2mA. Secondly, a slight drift 
off -tune, or mis- tuning, is more readily 
seen. A light coming on, even slightly, is 
more obvious than one going off or at 
less than full brightness. 

The circuit shown requires a dual 
polarity power supply, but if a suitable 
supply is not available in the tuner /am- 
plifier a sub -miniature transformer is 
adequate. 

The circuit including power supply 

can be built on a scrap of Veroboard. 
Component types and values are not 
critical, nor are power supply voltages. 
VR1 is adjusted to give a dead -spot on 
tune, wide enough to stop the l.e.ds 
flickering with loud speech or music. 
The 470ohm resistor is included to limit 
the l.e.d. current to a safe value. It may 
be altered to suit individual tastes in 
brightness, or where different supply 
voltages are used. 
H. Hodgson, 
Thornaby, 
Cleveland 

Tach -dwell meter 
I've been looking for a tach -dwell meter 
that would use few parts, but would still 
give me high accuracy and reliability 
and be relatively inexpensive. I finally 
built the meter shown which uses a 
SN7402 NOR gate as the major part. The 
advantages of this circuit are simplicity, 
low cost, and high reliability. Reliability 
comes from the excellent wave shaping 
and constant amplitude. Also there is no 
internal battery to wear out. As a point 

of interest, the zeners need not be used. 
The base -emitter junctions of most 
silicon transistors are 5 volt zeners. 

Besides using a known good tach- 
dwell meter to calibrate the unit, a 
signal generator can be used. Select the 
maximum rev /min to be indicated, 
multiply this number by the number of 
cylinders, then divide by 120. The 
answer is the frequency in Hz. A further 
possibility is use the a.c. mains. Connect 

"points" and "ground" across the 
secondary of a 24 -volt transformer and 
use a battery for power. Select a 
maximum rev /min of 2,000 and adjust 
for a reading of 1500 rev /min (for a four 
cylinder engine; for a six cylinder adjust 
for 1,000 rev /min and for eight cylinders 
adjust for 750 rev /min, with propor- 
tionately lower f.s.ds). 
N. Parron, 
Eynsham, .Oxfordshire. 

points 10k 
idwell 

tach 

p 100p 
10k 

0 

200µ f+-- 100k 
tack 

411 

ground 

+battery 
200µ 

R3 = 5011 for 6V 
= 30011 for 12V 

+5V 

100µA 
S1 

dwell 100k 

+5V 
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Letters to 
the Editor 

ANALOGUE VS DIGITAL 
READOUT 

Your editorial in the July issue reminds 
me of the problems which arose in the 
electrical component industry when it 
was thought that digital readout pro- 
duction test instruments were much 
quicker than analogue. The female 
testers soon "told us where to get off" as 
their throughput and bonus earnings 
fell considerably because of the time it 
took to determine a simple (say) 
resistance measurement of "not greater 
than" or "not less than" on a digital type 
ohmmeter, and to put a tolerance on of 
10% really confused the issue. Coloured 
pass -band bands on an analogue indi- 
cating meter take all the thinking by 
operators out of the task, and operators 
get so skilled in judging the speed the 
needle moves across the red /green 
coloured scale that they do not wait for 
the pointer to stop, knowing at once 
whether it is a "pass" or "fail ". And, woe 
betide the test gear engineer who uses a 
poorly damped instrument on a "go /no 
go" test set. 

Digital instruments are best used 
where absolute accuracy is demanded, 
but, then, that costs money! 
E. J. Williams, 
Emsworth, 
Hampshire. 

ELECTRODYNAM ICALLY 
INDUCED E.M.F. 

I see that the old controversy about 
induced e.m.fs has surfaced again as 
part of some interesting correspon- 
dence (D. C. E. Todd and N. G. S. Taylor, 
letters, July issue). 

We may be near opening up again the 
old dichotomy between the "flux cut- 
ting" advocates and the "flux linking" 
school of thought. I have a leaning 
towards the "linking concept," because, 
to me, it is closer to the ideas of the 
vector field and curl. Regarding the 
aeroplane conundrum, if you glance at 

Fig. 1 then when the wings - as a linear 
conductor -. cross the uniform magne- 
tic field line, the "cutting" theorists 
claim that an e.m.f. exists between the 
ends. I am suápicious of this statement 
because the induced e.m.f. must be 
completely round a circuit anyway. This 
is seen by Faraday's Law - in its 
differential equation form: 

Curl E =_aB at 

As readers may know, É is a vector 
describing the electric field strength in 
units of volts per metre. (Curl just says 
that crawling along an E line (a "line 
integral ") we must go right round in 
;small loops at the point in question, i.e. 
under these conditions, É lines can have 
no start or finish.)B is the magnetic flux 
density; that is, how much flux is 
passing through unit area at the said 
point. To get the total flux, we multiply 
by the area. The differential with 
respect to time simply yields the "rate 
of change" requirement for the physical 
effects to be observed. The-minus sign is 
Lenz's law, which is required for energy 
conservation requirements. Now all this 
is just standard electro- magnetic theory 
which umpteen textbooks contain. (A 
good one is "Electromagnetic Waves 
and Radiating Systems" by Jordan, 
Prentice Hall.) But a closer examination 
of the equation gives us plenty of clues 
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to the problem. We only get an e.m.f. 
round the circuit if we change the 
magnetic flux going through the plane 
of the circuit at right angles. (Vector 
tyros might note that B can only be 
related to Curl E, by a normal or right 
angles relationship. The operation 
"Curl" is a vector product type.) 

Returning now to the magnetically 
screened return lead for the voltmeter. 
Does it make any difference to screen it? 
I suggest no, as a glance at Fig. 2 shows. 
The presence of the high permeability 
material will certainly distort the steady 
magnetic field, but if you imagine the 
whole "circuit" to move at right angles 
through the field, then a moment's 
reflection should convince you that the 
total flux linking the circuit is constant, 
therefore 

A áB* at 

is everywhere 0 and therefore the 
integrated Curl E is never anything but 
0. Even on the "cutting" view, just as 
many lines will enter the area by 
crossing the "wing" as will leave the 
area by moving through the screen and 
second conductor. From whichever 
view, no flux linkage change occurs, 
therefore no e.m.f. is observed. 

BB --- integrated over the area. at 'Really it is the 

K. L. Smith, 
University of Kent at Canterbury. 

I was interested to see the recent letters 
in your journal regarding movement 
through a magnetic field. The initial 
statement that no current is induced in 
a circuit in motion through a constant 
magnetic field is correct. This rules out 
the use of moving -coil voltmeters. 

The same argument applies equally to 
the arrangement proposed by Messrs 
Todd and Taylor since the presence of 
screening material does not affect the 
constancy of the magnetic field within 
the voltmeter circuit. 

Possible solutions and a deeper 
insight into the problem are gained by a 
proper relativistic treatment of the 
situation. Because the horizontal mag- 
netic field is relevant, I shall consider a 
simplified case in which the magnetic 
field appears to an observer stationary 
with respect to the earth to be vertical 
with intensity B. The field seen by an 
observer on an aeroplane moving 
horizontally with velocity v is found by 
performing a Lorentz transformation. 
The result of the calculation shows that 
the electromagnetic field has two 
components: a vertical magnetic field of 
intensity 7B and a horizontal electric 
field of strength vB /c where 
y, = (1- vz /c2)-'h and c is the speed of 
light.. The electric field seen from the 
aeroplane is no mere mathematical 
illusion but is as real as the earth's 
magnetic field itself. 

Once the question is seen in this light 
the answer is simple, at least in 
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principle, since the motion of the 
aircraft may be measured by any device 
capable of being affected by an electric 
field. Such detectors could be made, for 
example, from semiconductor elements 
used like field effect transistors or from 
electron beam deflection systems such 
as cathode -ray tubes. It is another 
question, however, whether such a 
small electric field could be measured in 
practice. 
Colin R. Masson, 
Edinburgh 

Concerning the query put forward by D. 

C. E. Todd and N. G. S. Taylor in the July 
issue (whether the e.m.f. generated by a 
conductor passing through the earth's 
magnetic field could be measured if the 
voltmeter leads were screened by 
high -permeability material), since the 
loop formed by the conductor and 
voltmeter leads would still embrace a 
constant magnetic flux one suspects the 
answer would still be no. 

There is, however, a different 
approach to the problem. If a meter 
were placed at the centre of the 
conductor, the arrangement would be 
similar to a fixed dipole exposed to the 
magnetic component of a radio field. 
But because in this case the field would 
be both weak and unvarying, and 
traversed at a speed far below that of 
radio waves, the problem of measuring 
the e.m.f. generated might not be 
readily soluble, unless perhaps the 
"dipole" was rotated at as high a rate as 
mechanically reasonable, so converting 
the "signal" (taken off from slip rings) 
from d.c. to a.c. Does anyone see any 
objection in principle? 
"Cathode Ray" 

TELETEXT 
DEMONSTRATION 

I was rather surprised to read, in your 
report on the 1975 Spring Trade Shows 
in the July News of the Month, some 
very unfavourable comments on the 
Teletext receiver that Philips were 
showing. 

The receiver shown was certainly an 
experimental one, but apart from a 

portion of decorative trim becoming 
detached, would certainly not merit the 
description "battered." 

We believe that the reason why it was 
not displaying a Ceefax page at the time 
your reporter saw it was probably 
because the "After hours" button had 
been depressed. This provides synchro- 
nisation and enables a page to be 
retained in the memory and displayed 
when there are no broadcast transmis- 
sions. However, when an attempt is 

made to call up another page, the result 
is a blank screen since the "After hours" 
button has disconnected the broadcast 
signal. 

During the experimental transmis- 
sions, decisions obviously have to be 
made as to what features are to be 
included and how far the operation of 
the receiver has to be proof against such 
effects. Obviously, the Teletext receiver 
we were demonstrating will have to be 
modified to avoid this sort of thing, and 
indeed we have to decide whether 
"After hours" operation is a worthwhile 
feature. 

Meanwhile, we would like to assure 
you that great interest was shown by 
our dealers in this receiver, as appears 
to be the case wherever Teletext is 

demonstrated. 

M. A. E. Butler, 
Philips Electrical Ltd, 
Croydon. 

DOLBY KIT FILTER 
ADJUSTMENT 

The use of the BBC test transmissions 
seemed to me to be a little hit - and -miss 
for setting -up the 19kHz filter of the 
Dolby noise reducer (July issue) since 
the vital zero modulation part only lasts 
for about two minutes. I also did not 
have a suitable signal generator 
available. 

However, a little thought showed that 
a precise 19kHz signal was available 
from pin 10 of my MC1310 stereo decoder 
when receiving a stereo signal. Since 
thas is the signal that the filter is 

required to attenuate it seemed logical 
to use this for alignment purposes. The 
signal was applied with a 2MO poten- 
tiometer in series and alignment was 
easily completed using the signal gen- 
erator instructions. 

There was possibly some modulation 
of the signal as the meter flickered 
slightly, but in spite of this the null was 
very precise. 

Your readers may find this of interest 
to enable them to set up their kits 
without having to wait for Radio 3 to 
close down. 

M. S. Maisey, 
Coulsdon, 
Surrey. 

POWER SUPPLY 
PROTECTION 

The voltage stabilized, symmetrical 
power supply described by O. Holmskov 
in the May 1975 issue (Circuit Ideas, 
p.226) can also be made short circuit 
proof by the addition of two diodes. If 
the positive and negative rails of the 
original circuit are shorted together the 
zener diodes D1 and D2 can be destroyed 
by the excessive currents flowing along 
the paths provided by Tri, D1 and D2, 
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Tr2. This can be prevented by the 
inclusion of diodes D3 and D4 as shown 
in the accompanying diagram. The 
inclusion of these diodes naturally 
increases + Vo and -Vo slightly due to 
the diode forward voltage drop, but 
otherwise the circuit operates as 
described in the original article. Since 
carrying out this modification it has not 
been possible to damage the circuit in 

any way. 
Lothar Bischoff and 
David W. Branston, 
Erlangen, 
W. Germany. 

GOOD SERVICE 

I have recently purchased test equip- 
ment from John Crichton, 558 Kingston 
Road, London. I should like to place on 
record the first class after sales service 
that I have received from Mr F. R. 
Galka, their manager. I have received a 
photostat copy, and other components, 
despite the fact that the equipment is 
ex- service. . 

It is very rare these days, as you may 
well know, to receive such service, and 
good to know that we still have business 
men like F.R.G. 
F. V. Mourant, 
St Peter Port, 
Guernsey. 

RESISTANCE 
COMPARATOR 

The Letters column of W.W. can 
be relied upon to thump the slightest 
signs of carelessness or rashness on the 
part of authors in previous issues. This 
time I did not even get four weeks' 
grace, for only a few days after publica- 
tion of the July issue I found a little note 
pushed under my office door from one 
of our research students, Mr P. Choi of 
the Plasma group, which clearly shows 
my "crime" to be that of gross inele- 
gance. 

His reference (below) to the Com- 
pany concerns his past role as "em- 
ployee" in my mythical Curly Wire Co. 
which goes into battle at Project time in 
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the undergraduate practical class - 
fastening upon the possible shortcom- 
ings of thermocouples from the das- 
tardly rival Layphlat Wire Co. at that 
time I recall. Mr Choi writes: 
"Dear Mr Curly, 
It is great to see the Co. at work again as 
indicated by the Resistance Comparator 
in the July issue of W.W. I was, 
however, a bit disenchanted with the 
full circuit on p.333 when Fig. 3 looked 
so neat. After some restless moments in 
the bath, it came to my mind that by 
rearranging Vref we could eliminate 
much of your circuit: (see above) 
Then, V,= -Rraget V ref/R + Va/R) 

-Rranae = R (Vref - Vref. R /Rf) 

R range _ .V;ef.A 

where RX - Rf (1 + Q ) as before." 
Well done, Mr Choi, this is a very 
elegant scheme indeed. 
D. Griffiths, 
Imperial College, 
London, SW7. 

SUICIDE SOLDERING 

Mr Parkins' letter on soldering in the 
February issue raises some nice safety. 
problems. For a person to receive a fatal 
shock it is necessary to pass some 70 mA,} 
through the body *, some of this 
appearing as a potential difference 
across the heart causing ventricular 
fibrillation. 

Since the mains live is referenced to . 

the earth at the star point the risk of 
electrocution is obviously increased by 
strapping the operator to earth. To 
receive a shock it is only necessary for 
the person to touch one piece of live 
equipment; e.g. 'scope, soldering iron, or 
convector fire, and the unfortunate 
operator will be unable to release at 
least one pole of the circuit. The contact 
resistance of a deliberate connection to 
the person will be much lower than, sas', 
a brushing contact. 

If it is strictly necessary to earth the 
operator then the maintenance of the 
equipment must be of a very high order. 
I would suggest monthly inspections 
and tests for earth continuity, earth 
leakage, and insulation. Alternatively 
the power supply to the equipment 
should be isolated from the mains via a 
suitable transformer and monitored 

with earth leakage trips set at 2 -5mA. 
This would render any shocks non- 
lethal, if somewhat painful. I would 
further suggest that the habit of sitting 
on electric heaters should be discontin- 
ued and space heating introduced, as 
the cost of isolating the heaters would 
be prohibitive. 
P. S. Reckless, 
Bromley, 
Kent. 

* Hospital Technical Memorandum No. 8, 
H.M.S.O. 

DOPPLER DISTORTION 

Over the past few months you have 
printed letters by Mr D. Edgar, Mr J. 
Moir and "Cathode Ray" prompted by 
Mr Moiii's April .1974 article. "Doppler 
distortion in loudspeakers ". It seems 
that some of your readers are uneasy 
about his initial account of this effect, 
which he attributes to the fact that a 
low frequency drive signal contributes a 
component to the cone velocity which 
Doppler -shifts the frequency of the 
radiated sound due to a high frequency 
drive signal simultaneously appled to 
the cone. In his example (low frequency 
100Hz, high frequency 3kHz modula- 
tion index M =0.1) the frequency devia- 
tion swings from + 10Hz to -10Hz and 
back 100 times a second, but the 
modulated signal consists essentially of 
just the carrier and two sidebands 
separated from it by ± 100Hz. Thus a 
bandpass filter with a bandwidth of 1 Hz 
and a central pass frequency of 3005Hz 
would hardly respond at all to the 
radiated sound, whereas one tuned to 
3100Hz would respond strongly. Evi- 
dently, as Gabor's acoustical uncertain- 
ty relation' should lead one to expect, 
the idea of instantaneous frequency is 
quite misleading when M « 1. 

An alternative and more basic 
description of the modulation process 
avoids these difficulties in interpreta- 
tion. Suppose that a loudspeaker cone is 
subjected simultaneously to a complex 
high frequency signal producing a 
component of cone displacement d(t), 
and to a complex low frequency signal 
producing a component of displacement 
d,(t). We assume that all the fre- 
quencies involvled in d(t) are much 
higher than all those involved in dm(t), 
and that the wavelengths associated 
with the high frequency signal in air are 
smaller than the cone diameter. In the 
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presence of the displacement due to the 
low frequency signal the radiated high 
frequency sound waves are given a 
handicap start of d,(t), corresponding 
to a time handicap of d,(t) /c, where c is 
the velocity of sound in air. Thus the 
radiated high frequency signal is pro- 
portional to d (t + d,(t) /c). The wave 
profile is almost unaffected, but there 
are smooth local fluctuations in the time 
scale. Reverting to an example equiva- 
lent to that given by Mr Moir, if d(t) =a 
sin 2nft and dm(t)= a,sin (2lrf,t + e d 
then the radiated high frequency signal 
near the cone surface will be 

a sin 27 [ ft + á 
c 
m sin (2irf,t + e 0) ] 

where am/c corresponds to the modula- 
tion index M. For M= 0.1 we have a 
signal of constant amplitude, and a 
phase which oscilllates with the period 
of the modulating signal, but by a mere 
±17 /s radians. It is not surprising that 
many people cannot believe that the ear 
could detect such subtly camouflaged 
distortions. 

However Mr Moir claims that the 
members of his listening panel were 
able to distinguish between music 
reproduced with relatively high and 
relatively low levels of "Doppler distor- 
tion", and that they characterised the 
former as "rough" - surely a surprising 
comment in view of the smooth and 
coherent changes in the radiated wave- 
forms produced by the modulating 
process. It is therefore worth asking 
whether the original modulation may be 
made audible by some effect of room 
acoustics. Has he considered that in a 
listening room the direct wave and the 
waves reflected from the walls will in 
the presence of "Doppler distortion" 
produce multipath interference effects 
at the listener's ear, similar to those 
sometimes encountered in f.m. radio 
reception? 

I have carried out a rough calculation 
using a single reflected wave, and it 
appears that, under room conditions, 
two -path interference can give rise to 
amplitude modulation sidebands up to a 
third as strong as the original Doppler 
modulation sidebands for certain 
ranges of values of the phase differences 
between direct and reflected waves of 
the modulating frequency. The erratic 
dependence of the amplitude modula- 
tion so produced on the modulating 
frequencies and on the listener's posi- 
tion within the room might well make 
music reproduced by a speaker which 
introduces large amounts of Doppler 
modulation sound "rough ". However, 
from this standpoint speakers which 
were otherwise comparable, but pro- 
duced widely different amounts of 
Doppler modulation, should be hard to 
tell apart in an anechoic room. 
C. F. Coleman, 
Wantage, 
Oxon, 

Reference 
1, P..iabor, J.I.E.E. vol. 93, p.429, 1946. 
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Transmitter power amplifier 
design - 1 

Circuit techniques and practical considerations 
for mobile radio h.f. and v.h.f. communications 

by W. P. O'Reilly, M.Sc., M.I.E.E. 

The Plessey Company Ltd 

Power amplifiers for mobile radio 
transmitters may be classified accord- 
ing to the frequency band covered and 
to the type of modulation employed. In 
this series of articles power amplifiers 
for the high frequency and very high 
frequency bands are described. The h.f. 
bang extends from 1.5MHz to 30MHz 
and the v.h.f. band covers frequencies 
from the top of the h.f. band to 
approximately 300MHz. These bands 
are further sub -divided according to the 
type of traffic they are primarily 
allocated for; e.g. ship -to -shore radio 
telephone, mobile radio, broadcast, 
aircraft bands and several others. The 
design of a transmitter power amplifier 
varies considerably with the type of 
modulation to be employed. In pulsed 
systems, for example pulse code modu- 
lation, the information is contained in 
the presence or absence of signal and 
not in the amplitude or phase of the 
signal. Provided its bandwidth is ade- 
quate to permit the required data rate 
the power amplifier used in such 
systems cannot distort the signal and so 
linearity of input /output transfer func- 
tion is of no consequence. Where 
several frequencies exist simultaneous- 
ly in the transmitted signal, as in 
amplitude modulation (a.m.) systems, it 
is important that the amplifier should 
not excessively distort the signal. This 
restriction is necessary not only to 
avoid loss of quality or intelligibility of 
the received signal but also to avoid the 
generation of new and unwanted sig. 
nais of sufficient magnitude to cause 

Table 1 

In this three part series of articles the 
author has set out to illustrate the latest 
design procedures, components and 
construction techniques used in today's 
advanced mobile radio transmitters. 
Part I discusses classification according 
to frequency bands and the modulation 
process to be used. The capabilities of 
present state of the art devices for 
various applications are indicated. Also 
in this first article, design procedures 
are detailed for power amplifiers suit- 
able for operation at hi. using single 
sideband modulation. In the second 
article design procedures for various 
types of v.h.f. power amplifiers are 
detailed. Part III details design proce- 
dures for some of the special compon- 
ents used in the amplifiers described in 
parts I and II. 

interference in adjacent channels. This 
type of interference, termed intermo- 
dulation distortion (i.m.d.), is discussed 
in more detail under the heading of 
power amplifiers for single sideband 
(s.s.b.) transmitters. 

In the v.h.f. bands s.s.b. is not yet in 
common use but some data modulation 
systems require high linearity transmit- 
ters to avoid distortion which could 
otherwise result in errors in the received 
data and spreading of the spectrum into 
adjacent channels by intermodulation. 
Many v.h.f. mobile radio links use 
frequency modulation (f.m.). Instan- 
taneously in an f.m. signal only one 

Operating 
Conditions 

h.f. 

1.5 -30 
MHz 

v.h.f. vhf. 
Low band High band 

30 -76 100 -175 
MHz MHz 

uhf. 
225 -400 

Microwaves 

Mode Bias 
class 

MHz 
15 

1GHz 2GHz 3GHz 4GHz 

Linear Class A 30 35 15 25 1.0 

(P _e.Pl 
Class AB 300 50 30 70 

c.w. /f.m. Class C 300 80 100 100 40 20 12 6 

Pcarner 
a.m.i. Class C 

70 40 30 20 

280 160 120 80 p.e p. 

pulsed Class C 300 150 35 20 

"p.e.p. - peak envelope power 

frequency is present and since intermo- 
dulation distortion can only occur when 
two or more signal frequencies are 
present a linear power amplifier is not 
required. 

Hence power amplifiers may be 
classified into four groups:- pulse 
transmitters where amplitude and 
phase linearity are of no importance; 
double sideband transmitters in which 
input /output amplitude transfer func- 
tion non -linearity (often expressed as a 
percentage envelope distortion) must 
be contained within prescribed limits; 
s.s.b. and certain types of data trans- 
mitters in which a high degree of 
linearity of the amplitude and phase 
components of the input /output 
transfer function is required; and f.m. 
transmitters in which linearity is of no 
importance. These differ from the first 
type in that the output power is present 
at all times during transmission and the 
amplifier must be adequately rated for 
continuous operation. 

Device capability 
The latest generation of mobile radio 
equipment is almost exclusively solid 
state in design. Hybrid and integrated 
circuits are used in the lower power 
sections of the transceivers and r.f. 
power transistors form the basis of 
design of the transmitter power ampli- 
fiers. The techniques required to manu- 
facture these r.f. power devices are 
extremely exacting and are costly to 
acquire; it is significant that less than 
half of the world's major semiconductor 
manufacturers have chosen to enter 
this sphere of activity. 

The design of a power transistor for 
r.f. operation is a complex consideration 
of "trade- offs" between such para- 
meters as cut -off frequency, power gain, 
bandwidth, ruggedness, efficiency and 
output power. Not all of these may be 
maximized simultaneosly, and the tran- 
sistor designer has to select his starting 
semiconductor material, the device 
geometry and diffusion profiles to 
achieve a compromise which is suitable 
to the intended application. Very fine 
geometry is necessary for a high cut -off 
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frequency; yet fine structures, as well as 
being the lowest yield types, are gener- 
ously less rugged than coarser ones. 
Similarly maximum output power does 
not coincide with maximum gain or 
efficiency. The bandwidth achievable is 
only partly determined by the design of 
the active device. The transistor pack- 
age, as well as being the main factor 
determining the power dissipation 
capability of the device, has a major 
effect on the input bandwidth. The 
inductance of the metalization and 
bonding wires determines the Q factor 
of the base circuit which is normally the 
ultimate bandwidth limitation. 

For mobile radio, devices are avail- 
able for the three usual, most popular 
supply voltage sources. These are eight 
volts for personal radio telephones and 
12 volts and 28 volts for vehicle 
equipment. For very high output from 
a single transistor there are advantages 
in using a higher supply rail, and some 
50 volt devices are becoming available. 
These are at present finding application 
in fixed station equipment. Table 1 

details the maximum power output 
capability of r.f. power transistors from 
h.f. to microwave frequencies for each 
of the four types of application pre- 
viously discussed. 

Biasing r.f. power transistors 
The bias point of a transistor in an 
amplifying circuit is described in terms 
of the quiescent collector current, i.e. 
the current existing before the drive 
signal is applied. The three main classes 
of bias used in r.f. amplifiers are: (i) 
class A in which the base -emitter 
junction is forward biased so that a 
large quiescent collector current is 
obtained. The drive signal modulates 
this current equally in either sense. 
Provided the maximum drive signal is 
not excessive this class of bias provides 
very linear amplification. The output 

Table 2 

Operating 
Condition 

Output Power 
(watts p.e.p.) 

Efficiency 
( %) 

two -tone 
i.m.d.(dB) 

Class A 7 20 -45 
Class AB 

Lightly driven 12 40 -38 
Class AB 

Fully drñ'en 25 65 -28 

Class C 35 75 -12 

power is limited by the steady -state 
heat dissipation and low efficiency 
(typically 25% for intermodulation 
products of level 50dB below full output 
at h.f.); (ii) class B or class AB in which 
the base- emitter junction is biased to 
the verge of conduction - or in the case 
of class AB to produce a small quiescent 
collector current - so that as soon as a 
drive signal is applied the transistor 
conducts collector current ideally of 
magnitude proportional to drive signal. 
A high degree of linearity can be 
obtained from class B or class AB 
amplifiers if the bias point is accurately 
maintained. The efficiency achievable is 
much greater than for class A bias and 
hence higher output power can be 
obtained from the same device; (iii) 
class C bias is used in f.m. and pulsed 
continuous wave amplifiers. The base - 
emitter junction is biased beyond 
cut -off (generally to zero volts) and the 
device conducts when the drive signal is 
increased sufficiently to turn on the 
base -emitter junction. At low fre- 
quencies the collector current is a 
succession of almost rectangular pulses 
occurring for short periods centred at 
the peak of the drive voltage waveform. 
The collector efficiency can be as high 
as 80% and is mainly limited by the 
saturation voltage of the transistor. As 

Fig. 1. Temperature compensated bias 
circuit. 

rf. drive 
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the cut -off frequency is approached, 
however, the collector current 
waveform becomes more sinusoidal due 
to the limited gain of the transistor at 
harmonics of the drive frequency. The 
conduction angle therefore increases 
and may even exceed 180 °, and under 
these conditions the efficiency and 
output power are less than can be 
obtained at lower frequencies. Since the 
drive signal must exceed a certain value 
before any output power is obtained it 
follows that the input /output transfer 
characteristic is extremely non -linear. 

Power amplifiers for s.s.b. 
Table 2 shows the typical performance 
of a 2N5707 r.f. power transistor oper- 
ating at 30MHz. The 2N5707 has a 
cut -off frequency of typically 150MHz 
and is characterized for class AB 
operation up to 30MHz and class C 
operation above 30MHz. The linearity 
of an amplifier is commonly tested by 
driving the amplifier with two equal 
amplitude r.f. signals separated in 
frequency by an audio frequency. 
Spectrum analysis of the output wave- 
form displays the amplifier input signals 
and also the intermodulation products 
generated in the non -linearities of the 
transfer characteristic. If the two input 
frequencies are f and f2 it can be shown t 

that third order products occur at 
frequencies 2f, - 12 and 2f2 - fl. 
Similarly fifth order products are 3f, - 
2f2 and 3f2 - 2f, and so on. These 
odd -order products are serious since 
they occur close to the carrier fre- 
quency and are not removed by any 
output filters or tuned circuits, and so 
they constitute interference to users of 
adjacent channels. The C.C.I.R. lineari- 
ty requirements for s.s.b. transmitters 
are for intermodulation products to be 
at least -25dB with respect to the level 
of either of two equal test tones. From 
Table 2 it can be seen that adequate 
linearity can be obtained from class AB 
operation of a transistor specially 
designed for linear operation, and most 
mobile radio s.s.b. transmitters use this 
class of bias in the output stage. 

In order that the driver stage distor- 
tion shall not significantly degrade the 
i.m.d. performance of the output stage 
the linearity of the driver stage must be 
at least 10dB better than that of the 
output stage at the peak envelope 
power (p.e.p.) output. Hence driver 
stages must either use class AB bias and 
run well below full output, or, at the 
expense of increased power consump- 
tion, class A bias must be used. 

Bias circuits 
Since the most important factor deter- 
mining the linearity of a power ampli- 
fier is the class of bias employed, it is 
essential that the bias point should be 
accurately maintained over the operat- 
ing temperature range and under drive 
conditions. The base current of the 
power transistor consists of a succes- 
sion of near half sinewaves the d.c. 
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component of which must be supplied 
by the bias circuit; otherwise the 
transistor would generate a self bias 
tending to cut -off the base -emitter 
junction. Many quite complicated cir- 
cuits have been devised to obtain a 
temperature stablized low impedance 
bias voltage. Most of these systems 
depend upon a temperature sensitive 
element such as a thermistor, diode or 
transistor mounted in close thermal 
contact with the power transistor. Since 
it is the temperature dependence of a 

transistor base -emitter junction which 
requires matching, this function can be 
performed very well indeed by using 
another, but of course much smaller and 
cheaper, transistor. Fig. 1 shows a bias 
circuit which uses a transistor, Tr4, as 
the temperature sensor. The current 
density in Tr4 is arranged, by suitable 
choice of R4, to be similar to the 
quiescent current density required in 
the r.f. power transistor. As á result the 
temperature coefficient of base -emitter 
voltage is the same for the sensor as for 
the r.f. power device and a constant 
quiescent current is obtained over a 
wide temperature range. The pre -set 
potentiometer permits adjustments of 
the quiescent current to the optimum 
value and with the circuit values quoted 
adjustment over the range 0.5 volts to 
0.8 volts is possible at 25° C which is 

sufficient to accommodate the expected 
spreads in turn -on voltage for silicon r.f. 
power transistors. The circuit is a 
feedback amplifier 'set for less than 
unity gain, and hence the output 
impedance is very low (typically 0.010 ). 

The optimum bias impedance for best 
linearity is usually between 0.30 and 
10 depending on the size of the output 
transistor, and the r.f. choke between 
the bias supply and the base of the 
power transistor may be selected to 
provide this resistance. Since the cur- 
rent drawn from the bias circuit 
depends upon both the output power 
(p.e.p.) and the minimum d.c. gain of the 
power transistor, the value of RI should 
be chosen to limit the available bias 
current. This provides some degree of 
protection in the event of excessive 
drive signal being applied to the ampli- 
fier. Based on a minimum d.c. current 
gain of 10 for the power transistor, 
suitable current limits are 8mA per watt 
p.e.p. for amplifiers running from 28 

volts, and 18mA per watt p.e.p. for 12 

volt systems. 

Broadband matching 
Transmitter power amplifiers are 
intended for operation between defined 
source and load impedances. Either 500 
or 750 are generally specified. The 
power transistors, however, are low 
impedance devices so that impedance 
transforming networks are required at 
the input and output of each stage. For a 
single transistor operating in class AB 

the load impedance to achieve the 
required output power is determined by 
the maximum available voltage swing 
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Fig. 2. Ferrite core loss versus flux 
density for different types of core. 

at the collector. For broadband h.f. 
amplifiers it is normal to operate two 
transistors in push -pull thus minimizing 
the second harmonic output. (In a well 
designed amplifier of this type the 
second harmonic output is typically 
25dB below the fundamental.) The peak 
available voltage swing is determined 
by the supply voltage, Vim, and the r.f. 
saturation voltage, Vsat, of the transis- 
tors. At present Vsat is typically four 
volts for 28 -volt devices used near to 
their maximum frequency and power 
capability, and two volts for 12 -volt 
devices. When a push -pull amplifier is 

operating into a perfectly matched load 
the output power capability for minimal 
peak compression (i.e. intermodulation 
products better than -35dB) is related 
to the collector load resistance, RL by 
the equation: 

(V cc-V sat)2 p.e.p. - 
2RL 

(1) 

If the signal drive is increased the 
output power will increase by typically 
2dB before the i.m.d. products are 
degraded to -25dB. To ensure that the 

amplifier remains linear when running 
at full power into a moderate load 
mismatch and also to allow for some 
losses in the output matching network 
equation (1) without a correction factor 
should be used to determine the load 
resistance. Optimum collector load 
resistance per transistor at various 
output power levels is detailed in Table 
3 based upon push -pull operation and 
typical values of Vsat. For single ended 
amplifiers, which are generally used 
only in narrow band applications, the 
power output for each stated load 
resistance is approximately halved. 

The required impedance ratio for the 
output matching network may be 
determined by reference to Table III. 

Maximum bandwidth is achieved using 
transmission line transformers in which 
the inter -winding capacitance and 
leakage inductance of conventionally 
wound transformers are avoided. This is 

achieved by using transmission lines as 
the conductors forming the windings., 
The geometry of this is arranged to 
provide a characteristic impedance 
which is optimum for the values of 
source and load resistance in the circuit. 
At h.f. ferrite cores are generally used to 
obtain the high primary inductance 
necessary for operation at the low 
frequency end of the band. Toroids, 
pot -cores or multi- aperture cores may 
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be used since the high frequency 
performance is primarily determined by 
the transmission line windings and not 
by the ferrite material. Care must be 
taken in the selection of ferrite cores to 
avoid operating at too high a flux 
density as this results in excessive 
power loss and possible overheating of 
the windings or even loss of permeabi- 
lity if the temperature exceeds the Curie 
point. The i.m.d. contribution due to 
non -linearity in the transformer cores 
should not be ignored. Fig. 2 shows 
curves of specific power loss (in mil - 
liwatts per gram of ferrite) against flux 
density for various grades of ferrite 
measured at 2MHz. It can be seen that 
when the flux density exceeds about 
0.01 weber meter2 most ferrites become 
non -linear and unless special cooling 
arrangements are made overheating is 
likely to occur. Of special importance is 

- the need to avoid materials called 
Perminvar ferrites which contain 
cobalt. These exhibit extremely low loss 
in small signal circuits for which they 
are recommended, but they may be 
permanently damaged by high flux 
densities. 

The design procedure for broadband 
transmission -line transformers is best 
illustrated by an example. The single 
stage push -pull amplifier of Fig. 3 is 
required to operate between 500 source 
and load impedances and to produce 50 
watts p.e.p. from a 28 -volt supply over 
the frequency band 2MHz to 30MHz. 
From Table 3 each transistor requires a 
collector load resistance of 60. The 
output power from each transistor is 
combined in the balance -to- unbalance 
hybrid transformer, T3. A 4:1 trans- 
former, T4, then raises the impedance 
level to 500 to match the load. The 
primary reactance of each transformer 
winding is required to be at least three 
times the load resistance presented to 
that winding at the lowest operating 
frequency. Thus for each winding of T3 
and T4 the required primary inductance 
is 3µH. Selecting initially a 38mm 
Mullard toroid in grade B3 ferrite (type 

Table 3 
Output Optimum load resistance(0) 
(watts 
p.e.p. 28V amplifiers 1 2V ampli- 
fiers 

10 30 5 

20 15 2.5 

50 6 1.0 

100 3 0.5 

FX3027) the required number of turns 
per winding may be calculated from 

(2) 

where L = required inductance, 
µ = relative permeability = 100 for 
grade B3, and A.= free space 
permeability = 4vr x 107 

I magnetic circumference 
A C.S.A. of toroid 

= 2440m.' for FX3027 

From equation (2), T3 and T4 require 
eight turns per winding. To determine 
whether a sufficiently large toroid has 
been selected the maximum flux densi- 
ty, B, must now be calculated from 

V 
B 

4.4f.N.A. (3) 

where V is the maximum r.m.s. voltage 
across the winding at the lowest 
operating frequency, f. Using equation 
(3) a maximum flux density of 0.006 
Wbm-2 is predicted for T3 and T4 and at 
this flux density the specific core loss 
for B3 ferrite is 16mW per gm of core 
material. The total loss in each 18gm 
transformer core is thus estimated at 
290mW, which is an acceptable amount 

Fig. 3. Fifty -watt p.e.p. push -pull 
amplifier. 
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from thermal considerations and will 
not significantly degrade the i.m.d. 
performance of the amplifier. 

The optimum characteristic impe- 
dance for the transformer windings can 
be shown to be 

Zo= Zsouroexv Zload (4) 

Transformer T3 thus requires an impe- 
dance of 60 for winding A and 120 for 
winding B, while for T4 a characteristic 
impedance of 250 is required. The 
transmission -lines may be realised 
using several high impedance lines 
(such as bifilar enamelled copper -wires 
which have typically an 800 impe- 
dance) connected in parallel. Alternati- 
vely coaxial cables or, especially where 
a low impedance is necessary, copper 
tapes printed onto either side of an 
insulating material such as Mylar or 
glass reinforced p.t.f.e. may be used. 

The transformers for the input 
network, T1 and T2, are designed in a 
similar manner but, since they are 
operated at a lower power level, smaller 
ferrite cores may be used. The power 
from the source is applied to the 
phase- splitting transmission -line hybrid 
transformer. Transformer T1 which 
converts from 500 unbalanced tp 500 
balanced. A 9:1 transformer, T2, is used 
to match the source to the transistors 
which have a typical input impedance at 
50MHz of 2.5- j0.2í1. A very close match 
is obtained at the top of the frequency 
band, but at lower frequencies the input 
impedance of the transistor is higher 
due to the increased current gain which 
magnifies the contribution to input 
impedance made by the emitter ballast- 
ing (current sharing) resistors. In order 
that a reasonably constant input impe- 
dance over the whole frequency band is 
obtained a compensating network is 
generally required. It is normal to 
incorporate in this network compon- 
ents to reduce the effects of the 
gain /frequency slope of the transistor 
which is usually 5 or 6dB per octave. A 
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simple network to provide a degree of 
compensation has been incorporated in 
Fig. 3. 

Level control and load mismatch 
protection 
The requirement for high linearity in 

s.s.b. transmitter power amplifiers 
makes it essential that the output power 
is maintained within the linear capabi- 
lity of the amplifier, and so some means 
of controlling the drive power is neces- 
sary. To achieve this an automatic level 
control (a.l.c.) loop is generally incor- 
porated. Most a.l.c. systems consist of 
three basic units:- a gain controlled 
element in the forward path of the 
amplifier, an output power monitor - 
which can either be a simple output 
voltage and current detector or, ideally, 
forward and reflected power detectors 
- and a comparator or high gain 
amplifier having an adjustable refer- 
ence for setting up the output power. A. 

typical system is illustrated in Fig. 4. 

The gain controlled element is usually 
the first block in the amplifier chain. 
The essential characteristics are rapid 
response time, linearity maintained 
over a dynamic range of at least 10dB 
and a low noise figure. The signal 
handling capability should be as great 
as possible since this determines the 
amount of broadband amplification 
required and hence, together with the 
noise figure, ultimately limits the 
output signal -to -noise ratio. Even when 
an a.l.c. loop is incorporated it is good 
practice to ensure tht the gain /fre- 
quency response of the power amplifier 

Fig. 4. Typical automatic level control 
system. Al - gain controlled pre-am- 
plifier, A2 - driver and power amplifier 
stages, A3 - operational amplifier. 

is as level as possible in order to 
minimise the radiation of broadband 
noise power at frequencies remote from 
the operating channel. A popular meth- 
od of achieving a linear gain controlled 
function involves the use of junction 
diodes in a bridge network. The impe- 
dance of the diodes is altered by varying 
their d.c. bias thus altering the atten- 
tuation in the network and controlling 
the level of input signal to the powe. 
amplifier. Very high linearity can be 
achieved using p -i -n diodes which are 
now available with carrier lifetimes 
which make them suitable for operation 
as variable attenuator elements at 
frequencies down to 2MHz. Active 
circuits are available which may per- 
form the variable gain function. The 
Plessey SL610C integrated circuit r.f. 
amplifier has a gain control range in 
excess of 46dB and a noise figure of less 
than 5dB. For applications in which the 
broadband gain must be minimized, for 
example where electromagnetic com- 
patibility considerations are stringent 
as in equipments for co -sited deploy- 
ment, the variable gain stage must be 
capable of handling large input signals. 
Unless special circuit techniques are 
used2 active devices are generally 
unsuitable. For such applications the 
diode bridge, with several diodes in 
series for each arm is suitable. Other 
more elaborate systems have been 

devised including saturable reactors in 
attenuator networks and banks of 
electronically switched fixed attenua- 
t.ors. 

An excellent power monitor system 
consists of detectors sensing the for- 
ward component, Pf, and reflected 
component, Pr, of the output power 
using a wideband reflectometer. Such 
an arrangement is shown in Fig. 4 in 

which the level control signal is a 
function of both Pf and Pr so that the 
amplifier output is adjusted to a safe 
level for any load mismatch. The net 
output power is related to load v.s.w.r., 
S, by:- 

4S 
Pout =Pf-Pr=p.e.p. (K2+ 1)(S-1)2+4S 

The factor K is determined by the 
relative sensitivity of the forward and 
reflected power monitors, and in Fig. 4 if 
R3<< R1 and R2 then K is the ratio 
R1 /R2. The maximum safe value of K is 
dependent upon the breakdown voltage 
of the transistors and the supply 
voltage, but to ensure that the amplifier 
linearity is not significantly degraded 
for mismatched loads it is normal to set 
a value of K between 1.7 And 2.6 which 
provides an output power reduction of 
between 1.5dB and 3dB for a load 
mismatch of 2:1 v.s.w.r. 

The remaining block in the a.l.c. loor 
is the comparator or a.l.c. amplifier. In 
the simple arrangement of Fig. 4 a 
pre -set reference is applied to the 
inverting input of an operational ampli- 
fier and the signal from the output 
power monitor is applied to the 
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non -inverting ' input. If the output 
powermonitorexceedsthe level set bythe 
reference the a.l.c. amplifier provides an 
output signal which reduces the gain of 
the controlled element and so reduces 
the drive to the power amplifier. The 
circuitry at the output of the a.l.c. 
amplifier provides a rapid response to 
reduce the gain but will only allow the 
gain to increase slowly. This is neces- 
sary in order to avoid distortion of the 
r.f. envelope which would, of course, 
constitute additional i.m.d. To protect 
the power transistors from damage due 
to excessive drive or faulty antenna 
conditions the "attack time" of the a.l.c. 
system must be as short as possible; the 
thermal time constant of many r.f. 
power transistor chips is less than one 
millisecond, and at low frequencies 
compared with the cut -off frequency, fr, 
of the device localised hot -spots may 
occur under high stress conditions the 
thermal time constants for which are 
often only a few tens of microseconds. 
In many practical a.l.c. loops, however, 
in order to ensure that the loop is stable 
some compromise is made between 
attack and decay time requirements. 
'these difficulties may be overcome by 
using a more complex system3 involving 
two a.l.c. loops, one having very rapid 
responses, e.g. 1µs attack and 10ms 
decay, and the second having a 5ms 
attack and is decay. When a transient 
(such as ä broken antenna feed cable) 
occurs the transistors are immediately 
protected by the fast loop. After a few 
milliseconds the slower loop takes over 
control and the amplifier continues to 
operate safely providing a linear but 
reduced output. 

Combining for higher power 
At present the maximum output power 
which can be achieved from a push -pull 
stage using two devices is about 50Q 
watts. It is unlikely that such larger 
transistors will be available for some 
time for broadband amplifiers due to the 
difficulty of matching the very low and 
reactive input impedances. For the 
present, in any case, to achieve higher 
powers several transistors must be 
used. Little success has been obtained 
by simply paralleling devices, since the 
input impedance is reduced and match- 
ing difficulties occur. Also it is difficult 
to ensure that the power load is shared 
evenly between the devices and it is 
necessary to run the average transistor 
well below its maximum capability in 
order to ensure that the most heavily 
stressed unit is not destroyed. In parallel 
connected circuits, it is not uncommon 
for failure of one transistor to result in 
excessive stressing of the surviving 
units which fail successively. Such 
catastrophic failures may be avoided by 
using the hybrid combiners shown in 
Fig. 5. Each device is presented with the 
correct load impedance and if a unit 
fails the surviving devices are isolated 
from the faulty unit and continue to 
drive matched loads. Under these 
conditions the hybrid combiner diverts 

Fig. 5. Zero degree hybrid line 
combiner. 

some of the output power into the 
ballast resistors and the output of the 
amplifier is reduced. By combining 
push -pull modules of approximately 100 
watts to 500 p.e.p. capability, transmitter 
power levels of several kW have been 
obtained. 

The second article in this series will 
deal with circuit techniques and design 
procedures for medium and high power 
solid state amplifiers operating in the 
v.h.f. bands. A final article will discuss 
in more detail the design of some of the 
special components such as transmis- 
sion -line transformers and strip -line 
components for v.h.f. circuits which are 
used in r.f. power amplifiers, together 
with advice on construction techniques 
and on precautions to be adopted 
during initial testing of prototype power 
amplifiers. 
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Suppressors for mains -borne interference are the 
subject of leaflets issued by BHS Electronics (Sales). 
The devices are balanced twin inductors on ferrite 
ring cores and a capacitor, epoxy encapsulated in 
an aluminium can. Working currents are 1A, 3A, 5A 
and 6A. Available from Bercourt House, York Road, 
Brentford, Middx. W W401 

The range of miniature earphones, headsets, 
switches etc., made by Danavox are briefly 
described in Edition 3 of "Electro Acoustic 
Components Catalogue ". The 43 -page booklet is 
obtainable from Danavox (GB) Ltd, 'Broadlands," 
Bagshot Road, Sunninghill, Ascot, Berks SL5 
9.1W WW402 

Collet knobs for panel controls are the subject of 
the new Radiatron catalogue, publication RE10. A 
wide range of colours and mechanical styles is 
described. The catalogue is by Radiatron Compon- 
ents Ltd, 76 Crown Road, Twickenham, 
Middx W W 403 

Prices of Ferranti E-Line transistors (including 
pro- electron types) are contained in a single price 
list now issued by Ferranti Ltd, Electronic 
Components Division, Gem Mill, Chadderton, 
Manchester WW404 

A leaflet on miniature keylock and dual in -line 
rocker switches is published by Highland Electron- 
ics Ltd, 33 -41 Dallington Street, London ECIV 
OBD WW405. 

A brochure on the Thermalloy range of device and 
board mounting components and heatsinks is 
available from Suvicon Ltd, Westminster House, 
188 -190 Stratford Road, Shirley, Solihull, West 
Midlands, B90 3AQ WW406 

APPLICATIONS 

Requirements and setting -up procedure to obtain 
optimum sub -carrier amplitudes in an f.m. 
multiplex telemetry system are described in a 
12 -page application note entitled "Amplitude 
adjustment of FM Subcarriers ", published by EMR 
Telemetry, Weston Instruments Inc., P.O. Box 3041, 
Sarasota, Florida 33578, U.S.A. WW407 

"Programming Manual for the M6800 Micropro- 
cessor" has recently been published by Motorola at 
£2.50. Available from Motorola distributors. 

Methods of achieving savings in industrial 
electrical energy consumption by the use of power 
factor capacitors are detailed in the new publica- 
tion by Bryce Capacitors Ltd, of Helsby, 
Cheshire WW408 

EQUIPMENT 

Dc. to d.c. converters for use in telecommunication 
systems are described in an ITT publication 
"DC /DC Converters ", available from Electrical 
Product Division, ITT Components Group, Edin- 
burgh Way, Harlow, Essex WW409 

Complete details of the range of measuring 
instruments made by Advance Electronics are 
given in the new Data Book, which covers 
oscilloscopes, counters, d.vms, pulse and signal 
generators and chart recorders. The 58 -page 1975/6 
Data Book is obtainable from Advance Electronics 
Ltd, Roebuck Road, Hainault, Essex W W410 

A short-form catalogue from the American firm, 
CVI, offers details of a range of video instrumenta- 
tion for scientific and industrial use. Instruments 
described include slow -scan equipment, digitizers, 
disc memories and X -Y indicators. The catalogue 
can be obtained from CVI, Inc., P.O. Box 928, 
Boulder. Colorado 80302, U.S.A. WW411 
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Electronic circuit calculations 
simplified 
4 - RC combinations in d.c. circuits 

by S. W. Amos, B.Sc., M.I.E.E. 

Previous articles in this series have 
dealt with problems involving resis- 
tance only and capacitance only. We 
shall now consider circuits the beha- 
viour of which is determined by a 
combination of resistance and capaci- 
tance. Firstly we shall consider the 
behaviour of such combinations in d.c. 
circuits in which valves or transistors 
are switched on and off by pulses. 

Ripple in rectifier circuit. A number of 
circuits can be reduced to the simple 
form shown in Fig. 1. This shows a 
capacitor C which can be charged from 
a d.c. source via the resistor R, (when S 

is closed) and discharges through the 
resistor R2 (when S is opened). One 
example of such a circuit occurs in a 

rectifier (Fig. 2) where C is the reservoir 
capacitor, R, represents the forward 
resistance of the rectifier and R2 

represents the load. The switch S can be 

Fig. 1. Simple circuit for charging and 
discharging a capacitor. 

regarded as incorporated in the rectifier 
which is made conductive and non- 
conductive by the alternating voltage 
applied to it. 

Suppose we wish to calculate the 
ripple on the d.c. supply from a half - 
wave rectifying circuit such as that 
shown in Fig. 2. For simplicity we can 
ignore the forward resistance of the 
rectifier, i.e. in Fig. 1 we can assume R, 
= 0. Thus the charging of C is instan- 
taneous and the whole of the period 
between successive charges of the 
capacitor is occupied in supplying 
power to the load R2. For 50 -Hz mains 
this period is 1 /50th second i.e. 20ms 
and if the load requires a current of say 

Fig. 2: A half -wave rectifier circuit can 
be regarded as an example of the 
circuit of Fig. 1. 

50mA the charge removed from the 
capacitor in this period is given by 

Q =It 
=50 x 10-3x 20 x 10 -3 

=10 -3 coulomb. 

We calculate the drop in voltage across 
C caused by the removal of this charge 
from the expression 

v=- c 
Suppose C is 100µF 

10 -3 
V 

100 x 10 -6 
V 

=0.1V 

Clearly the ripple is inversely propor- 
tional to the magnitude of the reservoir 
capacitor. It is also directly proportional 
to the load current and to the interval 
between successive charges. Thus the 
ripple can be halved by using full -wave 
rectification for which the interval is 

only 10ms. 
This calculation was made with the 

aid of two formulae 

Q =It and V= Q 

Many circuits operate by virtue of the 
charging and discharging of capacitors 
and the calculation of the values of 
components to use in such circuits can 
usually be made using these two 
expressions. 
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Time constant. As the next calculation 
consider the circuit shown in Fig. 3 

which can be regarded as part of a pulse 
amplifier. The input to the base of Tr, is 
assumed to be a pulse signal which 
holds Tr, conductive or cut off. The 
collector load resistor is R1, and C 
represents the total capacitance effecti- 
vely in parallel with R1: this includes the 
output capacitance of Tr, and the input 
capacitance of the circuit Tr, feeds. 
When Tr, is cut off, C charges via R,: 
when Tr, is turned on, C discharges 
through the transistor. 

Consider first the charging of C. C is 

initially discharged and the full supply 
voltage Vx appears across R1. 

From Ohm's law the charging current is 

-Vcc /R,. When C is fully charged, there is 
no charging current and therefore no 
voltage across R1. Thus we can say that 
the average current through R1 during 
the charging process is Vcc /2R,. How 
long will this take to charge C to the 
supply voltage? We know that 

Q =It and V =Q 

Eliminating Q between these, we have 

VC 
t 

Putting 1 =V /2R, gives 

t =2R,C. 

This simple relationship is very useful in 
showing the rate at which voltages can 

Vcc 

Fig. 3. The stray capacitance C is 

charged via R 1 when Tr, is cut off. 
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Fig. 4. Definition of rise time of a pulse. 

Fig. 5. Essential 
riptpctor. 

circuit of a 

modulation- 
frequency 

output 

diode a.m. 

Fig. 6. Rb2Cb2are the timing 
components in this simplified 
monostable circuit. 

change across a capacitor. In a practical 
circuit it is impossible to charge or 
discharge a capacitor instantaneously 
(as assumed in the first calculation in 
this part). It takes time to put charge in 
or take it out and the time is deter- 
mined, as this simple expression shows, 
by the product of the capacitance and 
the resistance of the external circuit. 
The product RC is known as the time 
constant and this expression shows that 
the time taken for a full charge of the 
capacitor is twice the time constant. 

As a numerical example suppose in 
Fig. 3 RI = 2 kilohms and C = 20 pF, 
both typical practical values. C will 
completely charge in 

2RIC =2x2x 103x20x 1012 second 
= 0.08µs 

This is just under 0.1µs - just sufficient, 
in fact, to be able to reproduce the 
leading and trailing edges of the line 
sync pulses in the 625 -line television 
signal. 

Rise time. The speed of voltage rises e.g. 
in the leading edge of a pulse is of great 
concern in pulse circuitry and is usually 
measured by the time taken for the 
voltage to rise from 10% to 90% of the 
final value. This is known as the rise 
time. (There is a corresponding defini- 
tion for the fall time.) In the above 
derivation we calculated the time taken 
for the voltage across C to rise from 
zero to the supply voltage. Our calcula- 
tion was, however, optimistic because 
we assumed, by working in terms of the 
average charging current, that the 
current falls linearly to zero. In practice 
the steepness of the current fall 
becomes progressively less as charging 
proceeds and it takes longer to charge C 
than our simple calculation suggests. In 
fact the rise time is approximately equal 
to 2.2 times the time constant. This is 
another relationship which is very 
useful in calculations on pulse circuits. 
The rise time for a simple RC combina- 
tion is illustrated in Fig. 4, which also 
shows that the waveform of the voltage 
across the capacitor is not linear but 
exponential in shape. 

As a numerical example suppose a 
rise time of not less than 1µs is required 
from a circuit in which the total 
capacitance cannot be reduced below 
25pF. What is the maximum value of 
resistance than can be used? From the 
relationship 

rise time = 2.2RC 

we have 
R 

rise time 
2.2C 

1 x 10 -6 
ohms - 2.2x25x 10 -12 

=18 kilohms 

Constant- current discharge. Let us now 
consider the discharge of C in Fig. 3. 
This is achieved by turning Tr1 on and 
thus the capacitor discharges, not into a 
linear resistor, but into the collector - 
emitter terminals of a conductive 
transistor. If C discharged into a linear 
resistor then the current in the resistor 
would fall as the voltage across it (and 
the capacitor) falls: the current is, in 
fact, at all times proportional to the 
voltage (Ohm's law again!). The tran- 
sistor does not behave in this way. 
Although the current through the 
transistor falls as the voltage across it 
falls, the current fall is much less than 
for a linear resistor and, to simplify 
calculation, it is justifiable to assume 
that the current through the transistor 
remains constant during discharge of 
the capacitor. 

Let us assume that the transistor is 
biased, during discharge of C, to take a 
current of IOmA and let us further 
assume that the supply voltage is 20. 
How long does it take to discharge C? 
We can use the expression deduced 
earlier namely 

VC 
t 
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Substituting 

20x20x 10- 12second 
10 x 10 -3 

= 0.04µs 

An important feature of this dis- 
charge is that it is achieved by taking a 
constant current from the capacitor. As 
a result the voltage across the capacitor 
falls linearly with time (not exponen- 
tially as when the capacitor discharges 
into a constant resistance). A linear 
voltage change is, of course, useful in 
timebase circuits and ramp generators: 
charging or discharging a capacitor by 
means of a constant current is the usual 
way of generating such voltages. 

Diode detector circuit. Another com- 
monly -used circuit which operates by 
virtue of the charging and discharging 
of a capacitor and in which the choice of 
the time constant is important is the 
diode a.m. detector shown in its sim- 
plest form in Fig. 5. The problem is to 
calculate values of R and C suitable for 
a particular application. 

The mode of operation of the circuit 
has much in common with that of the 
half -wave rectifier of Fig. 2. The detec- 
tor input is an alternating signal (the 
carrier wave) and the diode conducts 
during positive -going half cycles and 
charges the capacitor to the peak value 
of the carrier input. During negative - 
going half -cycles the capacitor dis- 
charges through the load resistor. This 
is precisely what happens in the mains 
rectifier circuit but in the detector 
circuit the input frequency is much 
higher, e.g. 1MHz in a medium -wave 
a.m. receiver. 

In the mains rectifier the diode input 
signal is of constant amplitude: for the 
diode detector the input amplitude rises 
and -falls about its mean value in 
accordance with the waveform of the 
modulating signal. It is essential, to 
avoid distortion, that the voltage across 
the capacitor should faithfully follow 
the changes in the amplitude of the 
diode input due to modulation. Usually 
there is little difficulty in following 
increases in amplitude because the 
diode forward resistance is low and the 
capacitor can quickly be charged to a 
new higher voltage. Difficulties can 
arise, however, when the amplitude of 
the diode input falls: to avoid distortion 
the capacitor must be able to discharge 
through the load resistance so quickly 
that it has to be recharged by every 
positive -going half -cycle even though 
the amplitude of successive half -cycles 
is falling. We can estimate the time 
constant required to achieve such a 
performance in the following way. 

The greatest rate of change of carrier 
amplitude occurs at the highest modu- 
lating frequencies and when these have 
their greatest depth of modulation. At 
the highest modulating frequency furax 
the time taken for the carrier amplitude 
to change from its maximum to its 
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minimum amplitude is half the period of 
the modulating frequency i.e. 1 / 2f max. In 
this time 'C must be able to discharge 
completely through R. We have already 
seen that the time taken for a complete 
discharge of C is approximately 2RC. 
Thus we can say 

1 

2RC - 
2fmax 

from which 

1 * 

RC - 
4fmax 

As a numerical example consider the 
vision detector in a 625 -line television 
receiver. The maximum modulating 
frequency is 5.5MHz and thus 

RC- 4x5.5x106 
second 

= 0.045µs 

The product of R and C must not 
therefore exceed 0.045µs. This is a very 
small time constant and if R is made 
greater than a certain value C becomes 
impossibly small. Let us therefore fix C 

at say 15pF, reasonably greater than the 
stray capacitance inevitable in the 
circuit. This gives R as 

0.045 x 10 -6 
R 

= 
0.045x 10ZSohms 

15 x 10- 

= 3 kilohms 

Now consider a detector to be used in 

a medium -wave receiver. Due to high - 
frequency cut -off in the transmissions 
and in the i.f. circuits of the receiver the 
highest modulating frequency at the 
detector input can be taken as 5kHz 
and, for this value, we have that the 
detector time constant is given by 

1 
RC= 

4fmax 

1 
3 

second 
4x5x10 

= 50µs 

This is a large time constant which gives 
considerable freedom in the choice of 

values for R and C. R should be large 
compared with the diode forward 
resistance but, provided this require - 
lment is met, should be as small as 
'possible and a value of 5 kilohms is 

A more rigorous analysis of this problem shows 

that a more accurate value.of the time constant is 

given by 

1 
RC = 

2,7rfmax 

OMr 

commonly used. For this value of R we 
have 

time constant 
C 

_50x10_6F 
5x103 

= 0.01 µF 

Control of pulse duration. RC circuits 
play an essential part in the operation of 
pulse -generating circuits such as multi - 
vibrators and the time constants are 
important because they determine the 
duration of the generated pulses. This 
can be illustrated by Fig. 6 which shows 
an RC circuit Rb2Cb2 coupling Tr1 

collector to Tr2 base. These two transis- 
tors are assumed to be a monostable 
multivibrator but, for simplicity, the 
direct coupling between Tr2 output and 
Tr, input has been omitted. 

Because Tr2 base is connected to its 
emitter by Rb2 Tr2 is normally conduc- 
tive and the direct coupling to Tr, 
ensures that this is non -conductive. Tr, 
collector voltage is therefore normally 
at the supply positive voltage Vcc and 
Tr2 base voltage is normally near the 
supply negative value: thus Cb2 is 

charged to the supply voltage Vc. This 
is typical of the stable state of the circuit 
in which it can remain indefinitely. The 
circuit can, however, be compelled to 
leave the stable state by a positive -go- 
ing signal applied to Tr, base to turn Tr, 
on. This causes Tr, collector voltage to 
fall and this fall is communicated to Tr2 

base by Cb2 so cutting Tr2 off. The effect 
of this triggering signal is thus to 
reverse the states of the two transistors. 
The same effect could also be achieved 
by applying a negative -going triggering 
signal to Tr2 base. 

Now consider the circuit conditions 
for Cb2 immediately after Tr, is made 
conductive. The terminal connected to 
Tr, collector is now effectively at supply 
negative voltage: the other terminal is 
connected via Rb2 also to supply nega- 
tive as shown in Fig. 7. Cb2 is still 
charged to the supply voltage V and 
immediately begins to discharge. 
through Rb2. It is, in fact, the voltage 
generated across Rb2 by the discharge 
current which keeps Tr2 cut off. 

As soon as the discharge is completed 
lire begins to conduct again. Thus Tr2 is 

held non- conductive during the whole 
of the discharge of Cb2 and a positive - 
going pulse is generated at its collector 
the duration of which is governed by the 
time constant Rb2Cb2. The problem is to 
calculate the values of Rb2 and Cb2 

required to give a required pulse 
duration. 

We have already deduced a simple 
expression for the discharge time of an 
RC combination: it is 2RC. Thus we can 
say that the duration of the positive - 
going pulse generated at Tr2 collector is 
given approximately by 2Rb2Cb2. As a 
numerical example suppose these 
pulses are required to have lOps 

Tr1 
collector 
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Tr2 
base 

Fig. 7. Circuit conditions for Cb2 (Fig. 6) 

immediately after Tr1 has been turned 
on. 

Fig. 8. Variant of the circu t of Fig. 6. 

duration. Rb.Cb2 must hence be 5µs. If 

Rb2 is 5 kilohms, Cb2 is given by 

Cb2 
time constant 

Rb2 

5 x 10 -6 
F 

5 x 103 

=1nF 

Fig. 8 shows a variant of this circuit in 

which Tr2 base resistor is returned to 
supply positive. This does not funda- 
mentally alter the operation of the 
circuit. Immediately after Tr, is turned 
on the circuit conditions for C b2 are as 
pictured in Fig. 9. If we rearrange this as 
shown in Fig. 10 we can see that the 
voltage across Cb2 and the supply 
voltage V are in series so that the 
voltage across RD2 available to drive' 
discharge current through Rb2 is doublei 
that in the previous circuit and the 
discharge of Cb2 is accordingly faster. At 
the beginning of the discharge there is a 
voltage of VAC across Cb2 which keeps' 
Tr2 turned off. As discharge proceeds 
the voltage across Cb2 falls, reaching 
zero when Cb2 is discharged. At this 
instant Tr2 begins to conduct again and 
the base current in Tr2 anchors the' 
voltage at one end of Rb2 to supply 
negative. The other end of Rb2 is still, 
however, connected to + V so that 
there is still a voltage of V across Rb2 

even though Cb2 is completely dis- 
charged. 

We can deduce how quickly the 
capacitor is discharged in this circuit in 

the following way in which, for simpli- 
city, we will dispense with the suffices 
to R and C. The voltage across R is 2Vm 

at the beginning of the discharge and 
Vic at the end of it. The average voltage 
during the discharge process is thus 
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1.5V and, from Ohm's law, the average 
discharge current is given by 1.5V/R. 
If the discharge takes t seconds then the 
charge removed from the capacitor by 
this current is given by It, i.e. 1.5 Vt /R. 
From the relationship V = Q/C we can 
deduce that the removal of this charge 
from the capacitor will produce a fall in 
voltage across it equal to 1.5Vt /RC. 
Because the capacitor is completely 
discharged this fall in voltage mist be 
equal to V Thus we have 

1.5VVct 

RC - Vcc which gives t =0.67RC* 

Thus the discharge of the capacitor is 
three times as fast as in the circuit of 
Fig. 6. 

As a numerical example, suppose we 
wish to generate 50µs pulses at Tr2 
collector in the circuit of Fig. 8. Then 

0.67RC= 50µs giving RC= 75µs. 

A suitable value for R may be 
kilohms. This gives 

-time constant 
R 

75 x 10-s 
F = 7.5nF 

Tr1 
collector 

1 CC i V o--- 
1 

I+ -i Tr2 
base 

Rb2 Cb2 

+ 

Vcc 

Fig. 9. Circuit conditions for Cb2 (Fig. 8) 
immediately after Trt has been turned 
on. 

Tr2 
base 

10 
Fig. 10. Rearrangement of Fig. 9 
showing the effective doubling of the 
voltage providing the discharge 
current. 

Free- running or astable multivibrator. 
By combining two circuits of the type 
shown in Fig. 8 we produce the circuit of 
Fig. 11, a free -running or astable 
multivibrator. This generates current 
pulses continuously in the two transis- 
tors and the duration of the pulses can 
be made any desired value by appro- 
priate choice of the time constants. The 
duration of the off -period of Tr2 is 
determined by the time constant Rb2Cb2 
and is given approximately by 0.67 x' 
Rb2Cb2 as shown in the previous para- 
graphs. Similarly the duration of the 
off -period of Trt is given by 0.67 RbICbi. 
The sum of these two periods makes up 
one complete cycle of operation of the 
multivibrator and thus we have 

free -running period 
of multivibrator 

= 0.67(Rbi Cbl + Rb2Cb2) 

from which 

free -running frequency 
of multivibrator 

1 

0.67(Rbi Cbt + Rb2Cb2) 

If Rbi = Rb2 and Cbt = Cb2 the circuit is 
symmetrical and generates square 
waves at each collector. The frequency 
of the square waves is given by 

1 f- 1.33RbCb 

The first part of an exponential curve is almost 
linear and therefore this is quite a good approxi- 
mation: a rigorous analysis gives t = 0.69RC. 

Fig. 11. A free- running multivibrator 
circuit. 

As a numerical example suppose we 
wish to generate square waves at 
approximately 50Hz. What values of Rb 
and Cb should be used? We have 

1 
RbCb 

1.33f 

=15ms 

This is the time constant required to 
give a free -running frequency of 
approximately 50Hz. Astable multivi- 
brators are, however, frequently synch- 
ronised at the frequency of an external- 
ly- applied signal and synchronisation is 
usually achieved by terminating the 
unstable periods earlier than would 
occur naturally, e.g. by applying posi- 
tive -going sync signals to the base of an 
n -p -n transistor. Thus the free -running 
frequency of a multivibrator to be 
synchronised should be made lower 
than that of the sync signal and in the 
above example it would be wise to make 
the free -running frequency lower than 
50Hz by increasing the time constant to 
say 20ms. 

It would appear that any combination 

Wireless World, September 1975 

of resistance and capacitance would be 
suitable provided the product is 20ms. 
This is not true, however, for there must 
be a certain relationship between R, Rb 
and Cb to obtain a satisfactory perfor- 
mance. For example when a transistor is 
cut off its collector voltage rises, 
causing the base voltage of the other 
transistor also to rise until this reaches 
zero (the emitter voltage). The other 
transistor then begins to conduct and 
anchors one terminal of Cb effectively at 
earth potential so that the collector 
voltage of the first transistor can rise 
only by virtue of Cb charging through 
R, Thus the collector -voltage rise is 
slowed down, being governed by the 
time constant R,Cb. As shown earlier in 
this article the rise time is given 
approximately by 2RcCb. For a rapid rise 
time the time constant RCCb must be as 
small as possible. 

There is also a relationship between 
Re and Re. For Rb determines the base 
current of transistor when it is con- 
ducting and a simple application of 
Ohm's law gives this current as VCC /Rb. 
The collector current is ß times this i.e. 
ß VCC /Rb. This collector current, in 
flowing through R, must generate a 
voltage large enough to bring the 
collector voltage down to zero other- 
wise the multivibrator cannot operate 
properly. The collector voltage swing is 
given by ß VccR,JRb and this must at 
least equal V i.e. Rb must be less than 
ßRc. Thus the following three relation - 
ships must be satisfied: 

RbCb is fixed by the required fre- 
quency of operation 

RCCb should be as small as possible 

Rb must be less than ß R, 

Suppose the supply voltage is 12 and 
we decide that the collector current irk 
the on transistors shall be 5mA. Then 
from Ohm's law Rc must be at least 2.4 
kilohms. If ß is 100 Rb must be less than 
100Rei.e. 240 kilohms. A suitable value 
would be 200 kilohms. We can now 
calculate Cb thus 

Cb= 
time constant 

Rb 

20 x 10-6 

200 x 10; F 

=0.1µF 

The rise time is 

2RC.Cb= 2x2.4x 103x0.1 x 10 -6 second 

=0.5ms approximately 

When a transistor is turned on its 
collector voltage can fall very rapidly 
because there is no large capacitance to 
be charged or discharged when this 
occurs. Thus the voltage pulses gener- 
ated at the collectors have better fall 
times than rise times. 
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From the world's largest manufacturer of i" video tape recorders, Bell & Howell present 
the International Video Corporation range. 

Before buying aVTR 
askyourself these five basic questions 

How does an IVC video recorder 
compare, in value- for -money terms, 
with other recorders? 

Can I play back the programme at the 
same time it is being taped? 

Is there a time lapse facility? 

Action analysis is important to me; 
does the recorder have slow motion? 

Can I use the VTR with a camera? 

Not only is the 711P VTR the lowest cost t" model in 

current production; it also offers a very full specification. All 

the controls are electrical `push- button' type with remote 
control and stop motion. Other features include a programme 
timer ; a stable colour picture lock in under five seconds ; and 
a programme recording capacity of 6o minutes. 

The exclusive Instant Video Confidence (IVC) feature on the 
826P has a second video head in the scanner that allows 
continuous ̀ off -tape' playback while the programme is being 
recorded. This means that any slight defect in signal quality 
can be immediately corrected. 

For studying growth development in plants or for security 
applications a time lapse feature is essential. The IVC 741P 
can record for up to 8o hours. 

On the 8oxPSM range, playback speed can be continuously 
varied from normal to `stop- motion'; this is ideal for analysis, 
X -ray or similar applications. 

No problem here; with the entire range of IVC recorders 
there is a standard video input socket for use with both colour 
or monochrome cameras. Monochrome recorders can be 
updated to record and replay in colour by a simple plug -in 
circuit board. 

We'd like to tell you more. Telephone Bell & Howell's Video 
Systems Division on 01 -902 8812 or write to Bell & Howell 
A -V Ltd., Freepost, Wembley, Middlesex, HAo 'BR 
(no stamp required). 

ri BELLEHOWELL 

IVC recorders are used in systems as diverse as aircraft 
performance, management and classroom lectures to TV 
station output monitoring and security surveillance recording. 

The IVC 700, 800 and 900 series offer a range to suit every 
application . Cross -series compatibility is assured and tapes 
made on one machine will replay on another without 
switching, balancing or any other adjustment. 

Model Special features 
7 t t P Lowest cost t" VTR in current production. 
741P rime lapse facility that gives up to 80 hours recording time. 

76íP Monochrome assembly electronic editing. Capstan servo. 

705P Record replay 625,'50 standard and replay of 525; 60 (USA 
standard) tapes. 

8oiPSM Slow motion varies video playback speed from normal to stop 
motion display. 

826P Off -tape monitoring facility while recording Capstan servo. 

826PSM Off -tape monitoring while recording; plays standard or slow. 
motion. Capstan servo. 

871P Assemble and insert inter -field electronic editing. Capstan 
servo. 

soil' Master record replay machine. 

96íP Assemble and insert inter -frame electronic editing; optional 
dropout compensator ; sync. processor and time base corrector 
available. 

Standard features 
t" helical scan; colour capability; black and white and stop 
motion are all standard features on the IVC range of VTRs. 

IVC VTRs and colour cameras are part of an international 
range of video equipment distributed and serviced by 
Bell & Howell. 
Electrohome video monitors 
Viscount vision mixers and routers 
Thomson -CSF cameo as and systems components 
JVC video tape and video cassette recorders, cameras 
and portable systems 

WW-049 FOR FURTHER DETAILS 
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single 

source fo 

makes 

sense 

Terminal Blocks 
Edge Connectors 
Sub -miniature Connectors 
Multi -Way Plugs & Sockets 

TO MINIMISE INVESTMENTS AND SOLVE STOCK PROBLEMS 
You can increase your efficiency, too, by ordering large or small quantities of 
any one part, or making up an order of any number of assorted small 
quantities through the United -Carr Supplies service. We can deliver with 
more than usual promptitude because we carry such large and varied 
stocks of CINCH, DOT and FT electronic and electrical components. 
Fastenings and assemblies. 

So, make United -Carr Supplies your SINGLE SOURCE 

for 
Products, including Barrier terminal 
strips, Edge Connectors, 
Subminiature Connectors, Rocker 
switches, Indicator lights, Press 
fasteners and Metal & Plastic 
components. 

Send now, stating possible requirements, for free and post free catalogue. 
United -Carr Supplies Ltd., 112 Station Road, Ilkeston, Derbyshire DE7 5LF. 
Tel: Ilkeston 78711 STD 06072 7871 1 . Telex 3771 1 7. C.H.F.A.d. 

WW -072 FOR FURTHER DETAILS 
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V.L.F. transmitting aerials 
An insight for the non -specialist 

by R.B.C. Copsey, M.I.E.E. 

Merton Technical College, London 

Very low frequency waves are used for 
long range communication where high 
reliability and freedom from ionospher- 
ic disturbances are of prime importance. 
Carrier frequencies are usually between 
14 and 20kHz and because these fre- 
quencies are low, and aerial circuits 
tend to have a high Q, it is necessary to 
restrict the bandwidth of the transmit- 
ted signal, permitting only the use of 
telegraphy. On /off keying (Al) and 
frequency shift keying (F1) are both 
used. 

One of the early stations built for 
shore -to -ship communication was the 
British Post Office station at Rugby, 
which first came into service in 1926, 
operating on 16kHz with the call sign 
GBR. At the time of its opening it was 
the most powerful transmitter in the 
world, employing 54 ten -kilowatt 
water -cooled valves in parallel'. The 
station has been in almost continuous 
service since, although various 
improvements have been made", nota- 
bly to its frequency stability, and to its 
radiated power output which has been 
increased from 40 to 65kW. 

Due to their high degree of phase 
stability and long range v.l.f. waves are 
also used for radio navigation systems. 
The Omega systems, will eventually 
employ only eight transmitters to 
provide a world -wide navigation sys- 
tem. The eight synchronised 
transmitters will operate sequentially 
on a number of carrier frequencies 
between 10.2 and 13.6kHz. By measur- 
ing the phase difference between sig- 
nals received from pairs of transmitters 
it is possible to determine lines of 
position which are hyperbolic in shape, 
and hence, with the aid of an Omega 
chart, to find one's position in terms of 
latitude and longitude. The ultimate 
accuracy of the system is determined by 
the phase stability of the transmitters, 1 

in 1012, and by the phase stability of the 
propagation medium. By making suit- 
able corrections for diurnal shifts. it is 
expected that the overall error in 
position fixing will not exceed two 
nautical miles'. 

Many of the radiation characteristics 
required for v.l.f. transmitting aerials 
are identical for the Omega system and 

for communications. Some of the more 
important requirements are: 
-omnidirectional radiation in the hori- 

zontal plane 
-vertical polarization 
-radiation in the vertical plane should 

be confined as far as possible to the 
horizontal component 

-high power handling capacity 
-high efficiency 
-ability to operate continuously in all 

weathers 
Communication systems require a 

bandwidth of around 100 to 150Hz but 
changes in carrier frequency are seldom 
necessary. Omega systems need far less 

Very low frequency waves lying in 
the range of 10 to 30kHz are unique 
in that given sufficient radiated 
power, they have a useful range 
extending continuously to the 
antipodes. 

In effect the D region of the 
ionosphere and the surface of the 
earth, most of which is sea water 
with comparatively high conducti- 
vity, form a spherical waveguide, 
allowing the wave to travel with 
little attenuation. Gould and 
Carter' show an almost constant 
average daylight attenuation of 
about 2.7dB per 1,000km, for ranges 
from 4,000 to 12,000km from the 
transmitter at a frequency of 
16kHz. This waveguide mode of 
propagation provides a high degree 
of phase stability, although there is 
some phase change at night when 
the effective height of the D layer 
rises. 

Numerous studies have been 
made of the behaviour of v.l.f. 
waves, and changes of phase due to 
propagation variations can be pre- 
dicted with reasonable accuracy. 
One other notable characteristic of 
v.l.f. waves is their ability to 
penetrate sea water, enabling sub- 
merged submarines to receive radio 
messages. Attentuation due to sea 
water varies from about 7dB /m at 
40kHz to 3.5dB /m at 10kHz (ref. 2). 

42- 

bandwidth because each "mark" has a 
duration of at least 0.9 second; but the 
aerial system must be re- tunable in less 
than 0.2 second, as this is the interval 
between radiation on successive fre- 
quencies. 

There are two other important 
requirements for the Omega aerial. One 
of these is phase stability. If an aerial 
with a Q of 200, operating at a frequency 
of 10kHz, is considered, then a 0.1% 
(10Hz) change in resonant frequency 
due to changes in temperature, humidi- 
ty or even the aerial moving in the wind, 
would produce a phase difference of 20° 
which is equivalent to moving the aerial 
1.67km or approximately 0.9 nautical 
miles. The phase of the radiated field is 
therefore controlled by comparing the 
aerial current with a stable reference 
and the resulting phase error signal is 
úsed in a feedback loop to correct the 
aerial tuning to maintain a high degree 
of phase stability. The other important 
requirement is that the aerial should 
have only one "phase centre" so that 
the apparent source of radiation should 
be a single fixed point, irrespective of 
the direction of approach. 

Aerials used in the Omega system are 
required to radiate about 10kW, which 
provides a satisfactory signal -to -noise 
ratio with the very narrow tracking 
bandwidth, of the order of 0.01Hz. 
which is used in an Omega receiver. For 
communication purposes, where 
receiver bandwidths are of the order of 
100Hz for telegraphy, the transmitters 
need a higher power to achieve an 
adequate signal -to -noise ratio and 
powers of 50 to 1000kW are radiated. 

The simplest type of aerial which will 
provide omni -directional radiation in 
the horizontal plane, with vertical 
polarization, is the vertical monopole. 
With wavelengths lying between 10 and 
30km, it is clearly impracticable to 
construct a quarter -wave Marconi 
aerial, and even with an aerial height, h, 
of 300m, the electrical length of the 
vertical conductor, h360 /X , is only a 
few degrees. 

The radiation pattern in the vertical 
plane from an electrically short mon- 
opole is shown in Fig. 1, where the 
radiated field strength is proportional to 
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horizontal 

Fig.1. Field strength in vertical plane. 

height 

I current 

Fig.2. Current distribution in monopole. 

cos 9, where O is the angle of "take off' 
of the wave relative to the horizontal 
The r.m.s. current distribution in such a 
monopole varies from a maximum, I, at 
the base, to zero at the top, as shown in 
Fig. 2. The radiated field strength is 
proportional to the average current 
multiplied by the height of the aerial, i.e. 
1h12. It is customary to regard this as 
heXI where he = h /2, and is called the 
effective height or radiation height of 
the aerial. The ratio of effective height 
to physical height he /hi, the aerial form 
factor, is equal to 1/2 in the case of an 
electrically short monopole, compared 
with 2/77 or 0.636 for a quarter -wave 
aerial. 

The radiation resistance, R of an 
aerial is that resistance which, multi- 
plied by the square of the aerial current, 
I, gives the power radiated: 
R,.= 160971 x hez/ ?ohms. At a fre- 
quency of, say, 15kHz ñ is 20,000m, and 
the radiation resistance of a 300m 
monopole would be 0.09e 

Many circuit designers are more 
familiar with artificial or dummy aerials 
than with the aerials themselves. Both 
receiver and transmitter specifications 
are written in terms of performance 
from, or into, a'specified artificial aerial. 
Fig. 3(a) shows the circuit which 

O 

(a) (b) 

Fig.3. Simulation of v.l.f. aerial. 

simulates a v.l.f. aerial. C will be around 
1.02 to 0.25 /2 F, and R about 0.1 to 1.0 
ohms. In Fig. 3(b), R has been split into 
its component parts: Rr represents the 
radiation resistance; Rc is the effective 
aerial conductor resistance; Rs is an 
equivalent series resistance represent- 
ing the losses in the aerial insulators, 
corona, masts and stays, and in the soil 
close to the aerial; and Rg represents the 
losses in the ground and earth connec- 
tion. The power radiated is 12R,, so the 
percentage efficiency of the aerial itself 
is 100%XRr/(Rr + Rol Rs +RR). 

The monopole considered earlier had 
a radiation resistance of only 0.0911, so 
you can see that the efficiency of this 
type of aerial is likely to be very low. 
Ground losses are usually minimized by 
using buried radial conductors, and 
conductor losses can be minimized by 
using numbers of conductors in parallel. 
The resistance of solid conductors is 
largely determined by skin effect, 
which, for copper, results in a skin depth 
of about 0.5mm at 15kHz. Conductivity 
is therefore proportional to the dia- 
meter of the conductor, so that doubling 
the conductivity of a given conductor 
results in a fourfold increase in weight 
and material cost, so that economic 
considerations play a large part in the 
lives of v.l.f. aerial designers. 

Aerial efficiency can be considerably 
improved by raising the aerial form 
factor, such that the effective height 
more nearly approaches the physical 
height. This may be achieved by adding 
horizontal conductors to the top of the 
monopole, as in the inverted L and T 
type of aerial. In the case of the v.l.f. 
aerial it is more usual to find a large 
network of conductors connected to the 
top of the monopole. By this means it is 
possible to increase the aerial form 
factor from 0.5 to about 0.7, which 
doubles the radiation resistance. A 
further advantage of the "top hat" of 
the aerial is that its capacitance is 
increased, resulting in a much lower 
voltage across the aerial insulators. 
Sometimes the top capacitance is in the 
form of a symmetrical network of 
conductors radiating from the top of the 
vertical system, as in the case of the 
NATO transmitter" at Anthorn in 
Cumberland. This type of aerial is 
referred to as an umbrella aerial, due to 
its similarity to an umbrella frame. 

Aerial efficiency has been defined as 
the ratio of radiation resistance to the 
total resistance of the aerial -earth 
system, but it must be remembered that 
the aerial needs to be tuned to present a 
substantially non -reactive load to the 
transmitter. One possible circuit confi- 
guration is shown in Fig. 4. The current 
which flows in the aerial tuning induc- 
tor (a.t.i.) is clearly equal to the aerial 
current and the power in the loss 
resistance of the a.t.i. can be 
considerable. However, by using a 
capacitance top to the aerial, its total 
capacitance is increased, so that the 
indlictance required in the a.t.i. is 
decreased, resulting in a smaller loss 

from 
transmitter 
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coil 

Fig.4. Aerial tuning circuit. 

resistance and hence the total power 
loss is reduced. 

An approximation to the static capa- 
citance of the aerial may be made by 
regarding the aerial as a parallel -plate 
capacitor and making an allowance for 
the fringe effects. The area of the top 
plate of the capacitor is easily calculat- 
ed, and the fringe effect may be allowed 
for by adding an area equal to the 
perimeter of the top hat multiplied by 
the average height of that perimeter'. 

Fig.5. "Top hat" of Anthorn aerial. 

An example will make this clearer. 
Fig. 5 shows the plan view of the top hat 
of the Anthorn aerials, which has an 
average height of 183m. The total area 
of the star -shaped top hat is approxi- 
mately 8 x 105 m2, and the perimeter is 
12 x 395 = 4740m. The effective extra 
area due to fringing is therefore 
4740 x 183 = 8.7 x 105m2. The total area 
upon which the capacitance must be 
calculated is therefore 
(8 x 105) + (8.7 x 105) = 16.7 x 105m2. Ca- 
pacitance of a parallel -plate capacitor is 
A e o/d where A is the plate area in m2, 
d is the distance between plates, and e o 

is the permittivity of free space 
(8.854 X 10 -12). The aerial capacitance is 
therefore 81nF. The capacitance quoted 
in the reference is 95nF but this includes 
the capacitance of the cage forming the 
vertical part of the aerial, and the 
capacitance of the aerial insulators. 

It will be apparent from Fig. 4 that the 
current in the aerial must return to the 
transmitter via the earth connection 
and therefore the resistance of the earth 
system must be as low as possible in the 
interests of efficiency. High conductivi- 
ty ground may be selected for the aerial 
site, as has been done in the case of the 
NATO v.l.f. transmitter at Anthorn, 
where the site is at the extremity of a 
lowlying peninsula on the Solway Firth. 
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To improve the ground conductivity 
still further, copper wires of 4mm 
diameter, buried to a depth of 30cm, 
radiate from the centre of the aerial 
system at 2° intervals, and extend over 
the whole area covered by the aerial. 
Alternate conductors, i.e. those at 4° 
intervals, extend to the edge of the site. 

Mechanical construction 
The usual method of supporting the 
aerial system is by means of guyed 
masts, which are cheaper than self -sup- 
porting towers. Lattice masts with a 
triangular cross -section are normally 
used, as this shape provides anchoring 
points 120° apart for the stays, which 
are usually fitted at heights of every 
50m or so. 

The conductors which form the aerial 
down -lead and top capacity are usually 
steel -cored aluminium cables of about 
2.5 to 4cm diameter, similar to those 
used for overhead electric power trans- 
mission. This diameter cable is neces- 
sary to prevent corona, rather than for 
its current carrying ability. Anti -corona 
rings and insulators are fitted at the 
support points. It is interesting to note 
that at v.l.f. the onset of corona occurs 
at a voltage about 17% lower than on 
50Hz power systems. 

Some unusual aerials 
The aerials so far mentioned have been 
fairly conventional in design, but there 
have been some unusual systems. 

One of these was the German Goliath 
transmitting station built in 1943 near 
Kalbe on the marshes of the river Milde 
(ref. 7, p.144). This aerial used three 
identical interconnected hexagonal 
shaped top capacitances, shown in Fig. 

6. Each hexagon had an insulated 
tubular centre mast which was tuned 
with its own a.t.i., and a fourth a.t.i. was 
connected between the transmitter 
output and the common connection to 
the six up leads at the centre of the 
system. 

By using this multiple tuning tech- 
nique a very high overall efficiency was 
achieved, resulting in a radiated power 
varying from 300kW at 15kHz to 900kW 
at 60kHz. 

The chief reason for the improved 
efficiency of the multiple tuned aerial is 
that the earth current is shared by the 
earth systems. Suppose the system 
consists of n aerials, each being tuned 
and carrying a current of I amps. If the 
earth resistance were R2 ohms, the total 
power loss would be nI2Rg watts. If only 
one aerial were used, having the same 
earth resistance Rg, but with a current 
of nl amps, then the power loss would 
become (n1)2Rg watts, which is n times 
as great as with multiple tuning. The 
earth losses are therefore reduced in 
direct proportion to the number of 
multiple sections. 

A similar technique has been used in 
the U.S. Navy station at Cutler, Maine, 
where the aerial consists of two separ- 
ate star -shaped umbrella systems, each 
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Rugby Anthom Goliath Cutler Tsushima 
Number of masts 12 13 18 26 1 

Average height (m) 250 200 175 258 450 
Site area (km`) 3.0 2.5 2.6 9.5 0.13 
Static capacitance (" F) 80 95 115 225 34.4 
Effective height (m) 133 112 137 145 200 
Radiation resistance (míì) BO 56 85 100 73 
0 of system - - 500 365 470 
Normal working voltage (kV r.m.s.) 110 120 180 210 170 
Power output (kW) 450 550 700 2000 135 
Radiated power (kW) 65 50-100 350 1550 10 

at from at at at 
16kHz 16 to 16kHz 14.7kHz 10.2kHz 

20kHz 
Percentage efficiency 14.4 9.1 50 77.5 7.6 

at at at at at 
16kHz 16kHz 16kHz 14.7kHz 10.2kHz 

similar to the Anthorn aerial but larger. 
Each system has its own tuning induc- 
tors and they are normally operated in 
parallel. 

Hills and valleys have also been used 
for v.l.f. aerials. The Post Office Station 
at Criggion, built during the Second 
World War as a standby for Rugby, 
originally used only three masts, the 
other two supports for the aerial array 
being situated on adjacent hill tops. 
Valley span aerials are also used, in 
which the transmitter is located in the 
dip between the hills and the top 
capacitance spans the valley. Such a 
system has been planned for the Omega 
station in Hawaii. 

Japan's Omega station 
The Omega transmitter being built by 
Japan 10 is situated by a bay in the 
north -west corner of the island of 
Tsushima in the Korea Strait. Its aerial 
is unique in that it employs a single 
insulated tubular mast, 450 metres high, 
with a top capacitance consisting of 16 
4cm diameter conductors radiating 
outwards and downwards from the top 
of the mast. The active length of each 
top conductor is about 315 metres. The 
earth system consists of 90 radial 
conductors, each about 200 metres long, 
spaced at 4° intervals. 

The mast itself is about three metres 
diameter, and is made up of 68 cylindri- 
val sections. The weights of the sections 
vary from about 19 tons for the lower 
units to 16 tons for the upper ones. Stays 
are spaced approximately 120° apart, 
and fitted at six levels. Each stay is 
broken up into separate lengths by 
means of six insulators. 

The whole assembly is supported on 
an insulator unit, comprising six insu- 

transmitter 
teed and 

tuning unit 

Fig.6. "Top hat" of Goliath aerial. 

lators, which is designed to stand a 
maximum working load of 3300 tons. 

Typical aerials 
The major physical and electrical 
characteristics of some of the aerials 
mentioned are listed in the table. For 
comparison, the effective height, radia- 
tion resistance, and Q of the communi- 
cation aerials have been normalized to a 
frequency of 16kHz. Performance 
figures for the Omega station are based 
on the scale model described in refer- 
ence 10 and they refer to a frequency of 
10.2kHz. 

Figures marked "Q of system" are 
approximate and refer to the Q of the 
aerial earth system plus the a.t.i. The 
effective Q of the aerial circuit under 
working conditions will be less than the 
figure quoted due to the output impe- 
dance of the transmitter. 

Efficiency is tabulated as the ratio of 
radiated power to transmitter output 
power. This is not necessarily the 
maximum possible efficiency, as damp- 
ing resistors are sometimes included to 
widen the bandwidth. 
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Research 
Notes 

E.E.G. test for 
telepathy? 
Research on extra- sensory perception 
at Stanford Research Institute, Califor- 
nia, has produced what looks like a 
useful screening process for picking out 
people who possess telepathic powers 
without themselves being aware of the 
fact. It results from a chance observa- 
tion made during an experiment which 
failed. In this experiment one subject, 
the "home" subject, had a light flashed 
in his eyes at frequencies of 6 or 16 
flashes per second. This tends to lock 
the alpha rhythm (normally about 
10Hz). If by telepathy the "remote" 
subject's alpha rhythm were also locked 
the e.e.g. would reveal the effect. In fact 
no such effect was observed, but in a 
few remote subjects the alpha rhythm 
was depressed in amplitude while the 
light was flashing. The remote subjects 
who showed this effect had no .cons- 
ciousness of the state of the light. 
When asked to say when it was flashing 
they did no better than chance. 

Better propagation 
forecasts? 
A new way of predicting solar activity 
has been discovered by G. M. Brown of 
University College of Wales, Aberyst- 
wyth. It stems from his observation that 
there is a strong correlation between 
the sun's effect on the earth's magnetic 
field and the number of sunspots six 
years later. The reason for this is not 
known, but it holds good over a time 
span which goes back to 1885, and the 
correlation is very close indeed. If it 
proves to be a genuine effect and not a 
freak of statistics then it could give 
radio propagation experts a valuable 
method of improving their short-wave 
propagation predictions. 

The magnetic effect in question oper- 
ates on the horizontal component of the 
earth's field. This normally goes 
through a minimum at about 11.00 
hours local time, but on "Abnormal 
Quiet Days" (AQDs) the minimum is at 
some other time. It is the AQDs which 
predict the sunspot numbers. Since 
AQDs are most frequent at sunspot 

minima it could be that they mark the 
beginning of new cycles of solar activity 
rather than the end of old ones. "If this 
relationship proves valid it implies that 
the sun 'breathes' with an 
11- year -period, such that the size of a 
solar activity maximum is determined 
at the very beginning of a cycle, or, 
perhaps the very end of the preceding 
cycle, from the "depth" of the solar 
minimum." 

Wave power looks good 
The subject of a piece of writing which 
contains the words wavelength, band- 
width, matching, resonant, tuned, and 
reciprocity might be expected to be 
some sort of electrical circuit. Yet all 
these terms (and others familiar to the 
electrical or electronic engineer) are to 
be found in a letter to Nature (vol. 254, 
p504) about a purely mechanical device. 
It is a gadget for extracting the energy 
from ocean waves. First proposed by S. 
Salter of the Mechanical Engineering 
Department at Edinburgh University, 
the "Salter cam" has now been investi- 
gated by the Marchwood Engineering 
Laboratories of the CEGB. The Salter 
cam is a floating boom whose cross 
section is roughly the shape of a duck's 
body. As a wave passes beneath it, the 
cam is given a twist. This exploitation of 
the twisting part of the wave's energy is 
the important element in the design. 
The question is: how much wave energy 
is extracted? The Marchwood results 
show that with exact matching of the 
dimensions of the cam to the wave- 
length the efficiency can exceed 90%, 
while the 3dB bandwidth covers about 
one octave. These results hpve been 
obtained using small cams in a test tank, 
and have yet to be confirmed with full 
sized devices in real sea conditions, but 
certain losses in the system are fre- 
quency- dependent and should be less 
for full -sized ocean waves. 

Some means of transferring the 
energy to the shore will have to be 
developed. Possibly the motion of the 
cams could be used to pump water. 

A useful consequence of the effi- 
ciency of the cam is that the water 
behind it is calm, most of the wave 
energy having been extracted. So the 
device seems to have possibilities as a 
floating breakwater. 

Digital filters reveal 
weather trends 
Statisticians have long used a mathe- 
matical device, the moving average, for 
removing the short -term peaks and 
troughs from a time -series of data and 
so revealing the underlying trend. The 
"moving average" process is analogous 
to a low -pass filter, which removes - 
high- frequency noise and lets pass a 
low- frequency signal. 

Information stored in electrical form 
can be passed through a real low -pass 
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filter. Scandinavian research workers 
have been using this trick to very good 
effect to smooth away the short -term 
fluctuations from climatological data. 
The data go back about 1 000 years and 
were smoothed by means of a digital 
low -pass filter whose cut -off was set at 
various intervals up to 200 years. The 
results reveal an unexplained correla- 
tion between the climate in England 
and that in Greenland, with a time -lag 
of 286 years. On this basis, the further 
outlook in Britain is colder. 

Ear temperature clue to 
brain - damage 
Measurements taken with the aid of a 
thermistor probe suggest that the tem- 
perature just inside a newborn baby's 
ear may provide a diagnostic test for 
brain damage. When doctors at the 
London Hospital Medical School com- 
pared the temperature of the ear of a 
newborn baby with that of the oeso- 
phagus they found that the ear temper- 
ature was consistently 0.2deg.0 higher. 
This is not surprising in view of the 
discovery that in a normal baby 70% of 
the body heat is generated in the brain . 

compared with less than 20% in a resting 
adult. It is hoped that ear temperatures 
may vary from the norm in brain - 
damaged babies and so provide a simple 
means of diagnosis. 

Holes in the ionosphere 
to aid radio astronomy? 
The exhausts from large space- rockets 
make holes, in the ionosphere. The 
release of large quantities of gas mops 
up free electrons and so reduces ioniza- 
tion. The Spacelab launch made an 
ionospheric hole which persisted for 
several hours. 

A suggestion has been made that 
such a hole, in the right place, would 
permit radio astronomy at frequencies 
which normally do not reach the earth. 

Towards the 1 2G Hz 
consumer f.e.t. 
When direct TV broadcasting from 
satellites begins there will be a need for 
cheap active devices for use in home 
receivers. In Japan, a process for 
making gallium arsenide microwave 
f.e.ts is under development. Only one 

'mask is required. This creates titanium 
gate contact strips 3 microns wide, on a 
surface layer of p -type gallium alumin- 
ium arsenide grown on the n -type layer 
of GaAs which forms the channel. A 
etching process removes unwanted gate 
material and undercuts the base contact 
strips by 1 micron. The undercut strips 
act as umbrellas to shield the channel 
material from the subsequent metal - 
lisation processes which create the 
source and drain contacts. 
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A digital waveform synthesizer 
Variable a.f. function generator 

by R. A. J. Youngson 

The output of the wavetorm generator 
is a series of consecutive, negative - 
going, voltages of equal duration and 
of independently variable level. Thus 
'complex waveforms can be 
synthesized. 

The circuit described (see Fig 2) 
divides each cycle into 32 bits provid- 
ing control of up to the fifteenth 
harmonic. Fig. 1 shows the synthesis 
of a sinusoid. The amplitude A of each 
pulse is adjusted to form an approxi- 
mation to the curve required. 

Circuit 
Essentially, the circuit is designed to 
decode a series of five -digit binary 
numbers to a one -of- thirty -two out- 
put. A square -wave oscillator, using a 
Schmitt trigger (1/2SN7413) and a few 
external components, drives a chain of 
six binary dividers (one SN7493 and 
one SN7473). The purpose of the first 
divider is to ensure that the mark - 
space ratio of the input square -wave is 
1:1, otherwise a variation in the output 
pulse width would result. The Q 
outputs of the next four divider stages 

r-- 

are connected to the A, B, C, D inputs 
of two SN74154 four- bit -binary to 
one -of- sixteen decoders. These inputs 
are common to both decoders. The Q 
and Q outputs of the last divider stage 
are coupled to the strobe inputs of the 
two decoders as shown in Fig. 2. This 
arrangement ensures that the 
decoders operate alternately as the 
states of the outputs of the last divider 
change. The normal state of the 
decoder outputs is logic 1 and for any 
output this is switched to 0 when the 
binary code corresponding to that 
ouptut is applied to the A, B, C, D 
inputs, There are two strobe inputs in 
each decoder. If either or both of these 
is at logic 1, than all the outputs will be 
at 1 regardless of the state of the A, B, 
C, D inputs. Only if both of the strobe 
inputs are grounded will the device 
perform the decoding function. Fig. 3 

shows a truth table for the switching 
of the decoders. 

Each of the thirty -two ouptuts is 
grounded through a 20kí2 potentio- 
meter, the moving contact of each 
being connected to an output bus via a 

Q 

7493 

C 

Q 

L- --------O- -o- - 

C C 

Q, 

100kO isolating resistor. In the logic 1 

state, the outputs of the decoder are at 
about + 4V but because of the large 
number of paralleled resistors, this is 
dropped to between 150 and 200mV, 
still allowing an adequate signal to 
noise ratio. The output impedance lies 
between 3 and 4kO. 

Since there are six stages in the 
divider chain, the output frequency is 

Y 

Synthesis of a sinusoidal 
waveform. 

Fig.2. Circuit diagram of synthesizer. 
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onlyl /64 of the input frequency,sothe 
oscillator has to run at up to about 
1MHz to achieve an output frequency 
range of from a fraction of a hertz to 
about 20kHz. The clock oscillator 
described is capable of covering about 
four octaves with a single capacitor. If 
a second capacitor, of exactly equal 
value, is switched in parallel, the 
frequency drops by an octave -a 
useful characteristic in a musical 
instrument. 

The t.t.l. short rise ana fall times 
permit a precise output waveform 
with no easily detectable gaps 
between pulses. In addition, the 
frequency- determining elements 
should be stabilized against tempera- 
ture or voltage changes. The levels of 
all the outputs from the decoders are 
uniform, permitting accurate calibra- 
tion of the 32 controls. 

The circuit requires only one 5V 
supply, but this must be well stabi- 
lized.This ii most conveniently accom- 
plished by using an i.c. regulator. The 
current consumption of the whole 
circuit is less than 140mA. 

The output waveform is most readi- 
ly appreciated on an oscilloscope. For 
some purposes a stepped waveform is 
inconvenient, and a 0.01µF capacitor 
wired across the output will filter out 
the steps to give a smooth waveform. 
This value is sufficient at most audio 
frequencies but a larger value is 
required (i.e., 1 or 2µF) if the device is 
used as an envelope generator at very 
low frequencies. 

Construction 
The main circuitry is conveniently 
fitted on Olin pitch Veroboard. It is 
best to arrange the two decoders so 
that all the outputs can be taken from 
one edge of the panel in the correct 
order. The miniature potentiometers 
used were mounted in two rows of 16, 
an inch apart, but an alternative 
arrangement may be preferred. Co- 
lour -coded wires are recommended for 
the connections between the circuit 
board and the control panel. 

Applications 
The original purpose of the device was 
as a generator of musical waveforms 
but there are wider applications. 
When used as a musical tone synthe- 
sizer, waveform patterns, such as 
photographs of oscilloscope tracings, . 
may be copied. Due observance of fine 
detail will be found to be important. 
One should, however, bear in mind 
that the waveform is not the only 
parameter that governs the sound. 

The device may be used as an 
envelope generator to control a vol- 
tage- controlled amplifier supplied 
with tones from a further waveform 
generator, so producing accurate 
attack and decay curves each time a 
note is played. It can be arranged that 
the first half of the generator cycle is 
used for the attack curve and the 
second for the decay curve. 

DIVIDER OUTPUTS DECODER (a) DECODER (b) 

Q. Q 

1 0 all outputs 'I decoding 

o 1 decoding all outputs 1 

Fig.3. Truth table for decoder 
switching. 

The form of the output is, of course, 
entirely independent of frequency and 
a third application is the use as a 
rhythm generator by appropriately 
reducing the clock frequency. A 
sequence of up to 32 beats in a bar may 
be produced, the loudness as well as 
the presence or absence of each being 
independently controllable. Realistic 
effects are possible ranging from 
single beats to a drumroll. 

Yet another application is as a 
voltage source for a voltage -con- 
trolled oscillator so as to produce a 
sequence of 32 controllable pitches. 
The device could, for instance, be 
programmed to play the bass notes of 
a short musical composition. 

Acknowledgement: The author is 
indebted to earlierworkers who evolved 
the basic ideas on which this device 
operates), 2. 

References 
1. Horsnab, A. Audio- frequencyWaveform 
Synthesizer. Electronic Engineering, No- 
vember 1966, p.736. 
2. James, J. R. and Potok, M. H. N. Repetitive 
Function Synthesizer and Spectrum Display. 
Electronic Engineering, no. 792, 1973, p.35. 

What are Circards? 
Circards are a unique way of collating 
and presenting data about circuits in a 
compact and easily retrievable form. 
The sets of 203 x 127mm (8 x 5in) dou- 
ble -sided cards are designed for easy 
filing in standard boxes and for easy 
access at the desk or at the bench, 
where transparent plastic wallets keep 
the cards in good condition. 

Each card normally describes opera- 
tion of a selected circuit, gives mea- 
sured performance data and graphs, 
component values and ranges, circuit 
limitations and modifications to alter 
performance. Suggestions for further 
reading are included together with 
cross references to related circuits. The 
Circard concept was outlined more fully 
in the October 1972 issue of Wireless 
World, pp.469/70. 

Topics covered so far in Circards are: 
1 active filters 
2 switching circuits (comparator and 

Schmitt circuits) 
3 waveform generators 
4 a.c. measurement 
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5 audio circuits (equalizers, tone con - 
trols,filters) 

6 constant -current circuits 
7 power amplifiers (classes A, B, C & 

D) 
8 astable multivibrator circuits 
9 optoelectronics: devices and uses 

10 micropower circuits 
11 basic logic gates 
12 wideband amplifiers 
13 alarm circuits 
14 digital counters 
15 pulse modulators 
16 current -differencing amplifiers - 

signal processing 
17 c.d.as -signal generation 
18 c.d.as - measurement and detection 
19 monostable circuits 
20 transistor pairs 
21 voltage to frequency converters 
22 amplitude modulators 
23 reference circuits 
24 regulator circuits 

RC Oscillators - Circards 25 & 26 
Set 25 of Circards is available August. 
Topics for this set, covering RC oscilla- 
tors, are listed beneath. A background 
article to RC oscillators will appear in 
the next issue, introducing root locus 
plots, amplitude control methods, sin- 
gle- element controlled circuits, and the 
various kinds of oscillators generated 
by combining a variety of active and 
passive networks. 
Cards in set 25 have the titles 

Nullors, networks and n.i.cs 
Current- driven Wien oscillator 
RC oscillators 
Op -amp Wien oscillator 
Amplitude control methods 
Baxandall RC oscillator 
NIC oscillator 
Single -element -control oscillator 
Set 26 will cover further types of RC 

oscillator. 

How to get Circards 
Order a subscription by sending £13.50 
for a series of ten sets to: 

Circards 
IPC Electrical -Electronic Press Ltd 
General Sales Department, Room 11 

Dorset House 
Stamford Street 
London SEl 9LU 
Specify which set your order should 

start with, if not the current one. One 
set costs £1.50, postage included (all 
countries). Make cheques payable to 
IPC Business Press Ltd. 

We regret that, owing to rising costs 
of production, it will be necessary to 
increase the price of all Circards from 
the date of issue of set 27. One set will 
cost £2.00, postage included (all 
countries), and a subscription for a 
series.' of ten sets will cost £18.00. In 
these circumstances readers interested 
in sets 1 to 10 will note that our book 
"Circuit designs - 1, Collected Cir- 
cards", which reprints sets 1 to 10 
corrected and up- dated, will be relati- 
vely good value at £10.40. (See adver- 
tisement in this issue and editorial 
announcement in the July issue p.322.) 
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How speech can be compressed 
and expanded 
Methods of speeding or slowing speech reproduction without 
distorting nuances or intelligibility 

by S. L. Silver 

In past years, variable speech -control devices employing electromechanical techniques have 
been commercially available as an auxiliary unit for reel -to -reel tape machines. Recently, 
however, with the advances in sophisticated electronics and complex solid -state circuitry, 
rate- variable equipment has been produced as a built -in facility in cassette machines for the 
time compression and expansion of recorded speech. 

In our speech -oriented technology, the 
recorded voice is becoming increasingly 
significant in the transfer of informa- 
tion. But owing to the physiological 
limitations of the organs of speech, we 
lack the ability to produce speech as 
rapidly as the ear -brain perceptual 
mechanism can process it. Normally, 
average speaking rates range from 
about 110 to 175 words per minute, 
whereas the capacity of the human 
auditory system to absorb speech in real 
time is more than twice that rate. It 
follows, therefore, that in order to cope 
with the proliferation of audio data, we 
should take advantage of our higher 
listening -rate capability by utilizing 
some form of rate -controlled speech 
processing. 

The simplest approach is to reproduce 
tape- recorded speech at a faster rate 
than it was originally recorded. This 
may be feasible for small speed -up 
ratios, but larger variations (in the order 
of 50 percent) would result in serious 
deterioration of quality and intelligi- 
bility. What happens, of course, is that 
the speech spectrum is proportionately 
scaled -up in time, thus distorting the 
normal voice pitch. One solution to the 
problem lies in compressing the record- 
ed speech signals as a function of time 
during playback, so as to accelerate the 
speaking rate without altering the pitch 
or tonal quality of the voice. Converse- 
ly, the speech rate could be slowed 
down by expanding the recorded signals 
in a pitch- invariant manner. 

With these methods, the listener is 
allowed to control the playback rate of 
audio presentation and, hence, select 
his optimum listening speed without 
sacrificing intelligibility and compre- 
hension. 

Potential applications 
Although rate -controlled speech has 
already proved its usefulness in some 
fields, modern methods have opened up 

a wide range of potential applications. 
For example, listening to time -com- 
pressed speech can provide an efficient 
learning medium for individuals with 
special educational problems, such as 
the visually handicapped. With high- 
speed listening, recorded conference 
proceedings can be reviewed rapidly, 
since more subject matter is reproduced 
in a given time. 

In transcribing recorded speech dir- 
ectly to the typewriter, the word rate 
can be adjusted according to the 
individual's typing ability. Also, pro- 
gramme material for a radio broadcast 
transmission can be played back within 
the desired time limit, without the need 
for editing the recorded text. 

During expansion, recorded speech 
can be slowed down to a convenient 
word rate for teaching retarded chil- 
dren, and in speech therapy in general. 
Low -speed listening can also be helpful 
in learning a foreign language, where 
the listener is able to set his own 
listening pace, making it easier to 
imitate the articulatory gestures of 
speech production. Similarly, in lin- 
guistic studies, a low word rate enables 
the listener to make more precise 
phonetic transcriptions. 

In order to gain better insight into the 
technical aspects of compressed and 

Fig. 1. Schematic representation of the 
human vocal system. 

vocal cords 
acoustical 
oscillator 

expanded speech in time, one must 
appreciate the dynamic and phonetic 
characteristics of vocal sounds. There- 
fore, before considering the methodo- 
logy of rate -altered speech, it would be 
useful to explore briefly some of the 
fundamental features of the speech 
process in acoustical terms. 

Speech production 
Speech signals consist of rapid fluctua- 
dons in air pressure, wherein sound 
energy is generated and radiated by the 
vocal system. A schematic representa- 
tion of the voice -producing mechanism 
is shown in Fig. 1. A column of air is 
expelled from the lungs, passes through 
the glottal aperture, and drives the 
vocal cords into forced oscillation. The 
vocal cords, acting like an acousto- 
mechanical relaxation oscillator, chop 
up, or modulate the air stream into 
near -periodic sawtooth pulses. These 
time- pressure patterns, in turn, excite 
the vocal tract where the position 
of the articulators (tongue, lips, palate, 
etc.) establish certain resonant condi- 
tions. 

Sample- and -discard methods 
Human speech may be regarded às the 
process of transforming a message from 
sequence of basic sound units - the 
phonemes - into a continuous acousti- 
cal signal that conveys information to 
the listener. Phonemes are considered 

velum 
(valve) 

muscle force 
(power supply) 

lurgs 
(air reservoir) 

trachea 
8. bronchi 

glottal 
aperture 

nasel tract 

nostril output 

oral output r 
vocal tract 

speech 
signal 
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to be the minimum recognizable speech 
components that can be distinguished 
from any other speech sounds pro- 
duced. Natural connected speech, how- 
ever, does not merely consist of isolated 
sound elements or discrete events. The 
acoustical attributes of each sound unit 
constantly change the flowing speech 
pattern due to the merging influence, or 
interaction, between adjacent phon- 
emes. In this process, phonemes are 
produced at the rate of about 10 to 20 
per second, the duration of a single 
sound element ranging_upto 100ms. 

Fortunately, the tinte interval of the 
average phoneme in continuous speech 
exceeds the minimum duration neces- 
sary for intelligible perception by the 
listener. The temporal redundancy of 
vocal communication, in effect, is 
sufficiently high to permit direct mani- 
pulation of the time -scale of a complex 
waveform. This is an important factor 
when considering the sample -and- 
discard method of speech processing. 

In an experimental demonstration of 
speech compression, Garvey12 edited 
recorded voice tapes in such a way as to 
produce speech sounds with a high 
word rate. Using a manual sampling 
technique, he carefully cut the tape into 
periodic sections (independently of the 
speech content), discarded tiny -inter- 
spersed segments, and spliced the 
remnants together. He found that the 
shortened composite tape, when repro- 
duced at normal speed, retained most of 
the original voice quality. 

Subjective tests were then carried out 
to determine the effects of increased 
compression rates on intelligibility. The 
results are illustrated by the curve 
plotted in Fig. 2. Here the compression 
rate, expressed in percentage, is defined 
as the ratio of the playback speed to the 
normal recording speed, e.g., a com- 
pression rate of 100 percent corre- 
sponding to normal reproducing speed. 
Speech compression at 200 percent 
indicates that reproduction is twice as 
fast, so that playback time is 50 percent 
of recording time. Clearly, the curve 
shows that intelligibility is remarkably 
good at compression rates up to 200 
percent after which it declines sharply 
to 400 percent, where it becomes 
extremely poor. 

It should be pointed out that a 
distinction must be drawn between the 
intelligibility of single words and the 
comprehension of complex information. 
A word is considered intelligible if the 
listener can recognize it and repeat it, 
but comprehension signifies the reten- 
tion of ideas in which specific facts can 
be subsequently recalled. Generally, as 
the word rate of compressed speech is 
accelerated, comprehension declines 
more rapidly than intelligibility. 
Another point of consideration is that 
the degree to which speech sounds can 
be speeded up without loss of listening 
comprehension is highly dependent 
upon the difficulty of the recorded 
passages and the familiarity of the 
listener with the subject matter. 

Electromechanical techniques 
Obviously, the manual sample-and-dis- 

card method is time -consuming and . 

impractical, and it would be necessary 
to implement the control of speech rate 
by automatic means. It is possible to 
perform time compression by the eli- 
mination of those pauses between 
words that exceed a preset time inter- 
val. Pause suppression can be accom- 
plished by means of a fast -acting 
stop -start clutch, which automatically 
stops the tape player during the pause 
interval and restarts it in the presence of 
speech signals. 

Unfortunately, such a system ignores 
the fact that speech is not merely a 
chain of words randomly linked 
together, but is structured by gramma- 
tical rules to transmit complex data to 
the hearing mechanism. In this process, 
the pauses (as well as the stress levels, 
intonation patterns, and inflections) 
introduced by the talker are used by the 
listener to decode these complex ideas. 
Accordingly, the natural pause -to- 
speech sound relationship at the junc- 
ture of phrases and sentences, and even 
the intermittant hesitation pauses 
between words, should be maintained 
for maximum listening comprehension. 

In order to preserve the relative 
rhythm of the original recorded speech 
sounds during speech processing, 
time -controlled speech may be achieved 
by automatically sampling the signals in 
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Fig. 2. Speech intelligibility versus 
compression rate curve (after Garvey). 
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Fig. 3. Schematic view of the rotary 
head assembly (after Springer). 
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periodic segments. About thirty years 
ago, Gabor3 proposed an electrome- 
chanical scheme for compressing 
speech by implanting a magnetic head 
assembly in a rotating wheel and 
scanning a magnetic tape. 

In the 1950s, Fairbanks et a1.4 deve- 
loped apparatus employing multiple 
pickup heads set in a revolving drum 
operating in conjunction with a mag- 
netic tape loop. The differential tape- 
to-drum speeds could be varied 
independently to attain any degree of 
compression or expansion. Subse- 
quently, the Acoustical Time Regulator 
designed by Springer,5 utilized a rotary 
head assembly capable of direct repro- 
duction because of synchronization 
between tap speed and head rotational 
speed. Further development of this 
device produced the Information Rate 
Changer, which combined the functions 
of pitch and tempo regulation. 

Rotary -head processor 
Referring to Fig._ 3 the rotary -head 
processor incorporates four separate 
playback heads mounted in quadrature, 
with the tape wrapped around the head 
assembly for one -quarter of the peri- 
meter. Signal outputs from all heads are 
connected in series and passed through 
a slip -ring arrangement, then fed to a 
pre -amplifier in a conventional way. In 
the tempo- change function, the rota- 
tional speed of the playback heads is 
linked in such a way with the rotational 
speed of the capstan, i.e., the linear 
speed of the tape, that a constant pitch 
is maintained over a wide range of 
speeds. 

In the compression mode, the play- 
back time is shortened by skipping 
individual segments of the taped 
speech. Here the head assembly rotates 
in the same direction as tape travel, 
with the tape -to -head gap velocity 
equal to the speed at which the tape was 
recorded. The absolute tape velocity 
(with respect to the tape deck) deter- 
mines the time duration of the corn- 
pressed speech. During this operation, 
one head gap leaves the tape- contact 
area while an arriving head establishes 
contact. However, at the instant of 
transition, a definite interval will recur 
when the tape- segment signal between 
the head gaps will be effectively omit- 
ted, thus contributing nothing to the 
reproduced output. 

In the expansion mode, the playback 
time is lengthened by repeating indivi- 
dual segments of the recorded tape. 
Here the head assembly rotates in a 
direction opposite to tape action, while 
maintaining a constant relative tape 
velocity equal to the recorded speed. In 
this case, two head gaps establish tape 
contact almost simultaneously; one 
head gap picks up an individual tape 
segment as the next head gap repro- 
duces the same segment. In order to 
prevent the occurrence of detectable 
distortion, the repetitive interval during 
expansion (or the discard interval 

111 



Wireless World, September 1975 435 

unprocessed 
speech in -111' 
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low pass 
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rate control 
(motor speed) 

adjustment 

during compression) must be shorter 
than the average basic sound unit. For 
this reason, the segmented lengths are 
fixed precisely in time, say 30ms, which 
is considered below the perception 
threshold of audible disturbances. 

In the pitch- change function, it is 
possible to raise or lower the pitch 
simultaneously with, or independently 
of, the tempo. Under these conditions, 
rotating the head assembly in the 
direction of tape motion and decreasing 
the relative tape -to -head gap velocity 
will result in a lowering of the pitch. 
Rotating the heads in a reverse direc- 
tion will have the opposite effect. The 
pitch- change function may have poten- 
tial value as an aid for individuals with 
certain types of hearing impairment. 
For example, by shifting the voice 
spectrum down by some factor, say one 
octave, in real time, speech sounds can 
be transposed within the range of 
hearing of partially deaf persons. 

Electronic techniques 
In contrast to electromechanical sys- 
tems, speech compression can be per- 
formed electronically without discard- 
ing discrete portions of the input signal. 
An example' of this approach is the 
Harmonic Compressors which uses 
spectral analysis and synthesis to 
produce a pitch -normalized output. 
Initially, the speech signal is applied to a 
bank of 36 bandpass filters (covering 
the range from 200 to 7,400Hz) which 
separate the signal components into 
200 -Hz bands. The filtered output of 
each channel, in turn is fed to its 
corresponding frequency divider, thus 
halving the frequencies of the narrow - 
band signals. The output from all 
channels is finally combined in a 
summing network, and filtered to 
remove the distortion components. 

To restore the half -frequency signals 
to their normal values, the synthesized 
speech is recorded on tape and then 
reproduced at double speed. The word 
rate is now twice the normal rate, with 
the voice pitch normalized with the 
original speech signal. Although the 
Harmonic Compressor is restricted to a 
compression factor or two, the prin- 
ciple, of course, is applicable to other 
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Fig. 4. Simplified block diagram of a 
speech processor using electronic sam- 
pling techniques. 

speed -up ratios. Speech expansion may 
be accomplished by frequency multipli- 
cation instead of division. 

At present, time compression /expan- 
sion of speech is being implemented 
with digital processing using electronic 
sampling techniques.' The sampling 
theorem states that if the sampling rate 
is a minimum of twice the highest 
frequency components of a continuous 
signal, the sampled version of that 
signal can be converted back to its 
original form. Accordingly, the speech 
signals to be processed are low -pass 
filtered at the input to ensure that there 
is no acoustic energy above the maxi- 
mum frequency of interest, then applied 
to an analogue -to- digital converter at 
the appropriate sampling rate. If, for 
example, the desired upper frequency 
limit of the filtered signal is 7kHz, and 
the speech to be compressed is speed - 
ed-up by a factor of 2.5, then the 

`sampling rate is required to be a 
maximum of 35kHz. 

In the electronic speech processor 
shown in Fig. 4, the input counter stores 
the sampled signals in successive loca- 
tions of the random -access memory 
(r.a.m.), with the final location followed 
by the initial one. The stored samples 
are retrieved by the output counter (at a 
fixed rate) from consecutive locations 
of the memory. Finally, the data is 
converted back to analogue form, then 
low -pass filtered at the output to 
reconstruct a rate -altered version of the 
original speech signal. 

In effect, the r.a.m. provides a means 
for sequential storage and presentation 
of signal samples, and, since the fre- 
quencies of the original signal have 
been restored with respect to memory 
space, they are reproduced at their 
normalized values. The relationship 
between the variable read -in rate and 
the constant read -out rate determines 
the compression and expansion ratios of 
the pitch -corrected output. Thus, if the 
read -out rate from the memory is made 
variable, the speech processor can 
function as a pitch- changer. 

In a commercially available cassette 

output 
low -pass 

filter 
rate -controlled 

speech out 

machine which incorporates a digital 
signal processor, the basic assembly is 
made up of printed circuit cards. In the 
playback mode, the listening speed can 
be varied continuously (with a single 
control) from 0.5 to 2.5 the normal 
recording speed, without altering the 
pitch characteristics of the signal. Tape 
speed automatically reverts to normal 
when the machine operates in the 
record mode. The transport mechanism 
employs servo- regulated speed control 
with tachometer feed -back to establish 
a linear relationship between read -in 
rate and capstan motor speed. Also, an 
input facility is provided to compress or 
expand audio signals from an external 
variable -speed source. 

Another electronic sampling 
approach to speech processing makes 
use of analogue shift registers, com- 
monly known as bucket -brigade 
devices. These units, however, are still 
undergoing development, the main 
objective being to integrate the basic 
system on a low -power chip. 

This article has been reprinted from 
the American sound engineering maga- 
zine db. 
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Sorting out signs 
Sign conventions in electric and magnetic circuits 

by A. T. Morgan, M.Sc.,M.I.E.E., M.I.Mech.E. 

Middlesex Polytechnic 
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To correctly interpret the results of calculations about electrical networks, it is important 
to be logical and consistent. This article outlines a logical system using conventional 
methods of treating circuit and phasor diagrams. 

The matter of notations and sign 
conventions is one which often causes 
confusion. For example, one often reads 
the statement that induced e.m.f. in an 
inductance coil is -Ldi /dt without any 
indication of which is the positive 
direction of applied voltage, induced 
e.m.f. or current! Also, from many 
transformer circuit diagrams, it is 
impossible to decide what the relative 
polarities of the two winding voltages 
are. 

To write the equations that describe 
the behaviour of an electrical network 
and correctly interpret the results of 
calculations, it is essential to make clear 
a logical and consistent 'system of 
notations and sign conventions. 

Scroggie* has pointed out some of the 
difficulties and confusions that may be 
encountered and has suggested a new 
and interesting method of labelling 
currents and voltages in circuit dia- 
grams and phasor diagrams. This article 
outlines a logical system using conven- 
tional methods of dealing with circuit 
and phasor diagrams. 

Resistance circuit 

Consider first the simplest possible 
circuit consisting of a single resistance 
with an applied voltage v. First choose a 
convention for the positive direction of, 
v as shown by the arrow (arrow head 
positive) and for eR, the voltage drop 
across the resistance, which is clearly 
the same voltage see Fig. 1(a). Now 
choose a positive direction for the 
current i as shown by the arrow. With 
the selected positive directions of 

(a) 
Fig. 1 

(b) 

1eR 

voltage and current, a positive applied 
voltage would give a positive current. 
The power, which is the product of 
voltage and current, is positive i.e. 
passing from the source to the resis- 
tance. Also, as a positive applied voltage 
v would give a positive current i, then if 
v is sinusoidal then i will be sinusoidal 
and in phase with y, i.e. the power factor 
is unity and the phase angle zero, see 
Fig. 2(a). One can write 

v =eR =iR 
where R is a positive quantity. 

We use lower -case letters for instan- 
taneous values of quantities and 
upper -case letters for phasors. 

1r 

(a) 

ER 

(b) 
Fig. 2 

Suppose that the positive voltage and 
current directions had been selected as 
shown in Fig. 1(b). Notice that in this 
case all voltage and current arrows 
point the same way round the loop. The, 
applied voltage y and the resistor 
voltage eR are now equal and opposite, 
i.e. 

v +eR =O or v = -eR. 

Also v= iR and eR = -iR. 

The phasor diagram is shown in Fig. 

2(Y)ou may find this convention for 
resistance strange. However it is quite 
common when considering an induc- 
tance to consider applied voltage and 
inductor voltage or "induced e.m.f." as 

' Phasor Diagrams by M. G. Scroggie (Iliffe). 

(a) 

Fig. 3 

(b) 

ieL 

equal and opposite. The above conven- 
tion would thus make for consistency! 

Notice that in this case the supply 
power P (vi) is positive while the resistor 
power PR (eRi) is negative. Thus positive 
power is power generated and negative 
power is power dissipated. It is not 
necessary to know if a source or sink of 
power exists between any pair of 
terminals, as the algebraic sign of the 
power indicates whether power is being 
generated or dissipated. One can write 
the energy equation P+ PR = O. 

Inductance circuit 
Consider the simple inductance cir- 
cuit shown in Fig. 3. The sign conven- 
tions for voltage and current have been 
selected and Figs. 3(a) and (b) show two 
alternative choices for the positive 
direction of inductor voltage eL. (Com- 
pare with Figs. 1(a) and (b).) 

Consider first diagram (a). If the 
current is positive and increasing then 
the inductor voltage will be in the 
opposite direction to the current i.e. 

positive. Thus 

e= +Ldi /dt. 

Kirchhoff s law gives 

v -eL =O, thus 

v = eL = Ldi /dt. 

Putting the operator d /dt equal to j 
for a.c. sinusoidal operation: 

V= EL= j4)L1 =XLI, where XL =jwL. 

The phasor diagram is as shown in Fig. 
4(a). Notice that the expression for eL 
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Fig. 4 

above does not contain the usual minus 
sign. It is however correct. 

Next, consider Fig. 3(b). If the current 
is positive and increasing the inductor 
voltage eL which is in the opposite 
direction to the current, is now negative 
i.e. in the opposite direction to the new 
positive direction. Thus 

e,= Ldi /dt or EL = j coLI. 

Also v +eL =O; so v = eL. 

The phasor diagram is shown in Fig. 
4(b). 

Notice that the expression for eL now 
contains the customary minus sign. The 
minus sign is usually quoted but 
without any meaning as explained 
previously. Also notice that the state- 
ment sometimes made that the minus 
sign signifies that the voltage eL 

opposes the current is incorrect. It is 
sometimes in the same direction as the 
current. It does of course oppose the 
change in current. 

In the rest of this article the conven- 
tions for resistance and inductance are 
as shown in Figs. 1(a) and 3(a) i.e. with 
positive voltage and current arrows in 
opposite directions. This is not any 
better than other alternatives. All that is 
required is a statement of the conven- 
tions adopted followed by consistency 
in the use of them. Remember that at 
any pair of terminals, positive voltage 
and current arrows in the same direc- 
tion means that positive power is power 
generated, whereas positive voltage and 
current arrows in opposite directions 
means that positive power is power 
dissipated. 

RL circuit 
Consideration of an RL series circuit is 
now straightforward. In Fig. 5(a), 

v -eR-eL = O 

v =eL +eR 

and the phasor diagram is below (b). 
One often sees the phasor diagram for 

this circuit drawn as shown in Fig. 6(b). 

eR 4-- 

(a) 

v 

(b) 

This corresponds to the conventions 
shown in Fig. 6(a), although this is 
rarely stated. Notice that the positive 
direction of voltage eL is taken to be the 
same way as positive current whereas 
positive resistor voltage is taken the 
opposite way to current. 

v eR +eL =O 
V=eR +( eL) 

where eR = + iR and eL = Ldi /dt. 
i.e. applied voltage is equal to resistor 
voltage plus a term equal and opposite 
to inductor voltage. This seems to be 
unnecessarily complicated. 

i 

Fig. 6 

ieL v 

Circuit with two way power flow 
In Fig. 7 both boxes can act as either 
sources of power or sinks. In this case 
the power flow may be from left to right 
or vice versa. With the positive voltage 
directions as shown it would be equally 
logical to adopt either of the alterna- 
tives shown in Fig. 7 for positive current 
direction i.e. indicating positive power 
flow from left to right or vice versa. 

(a) 

(b) 
Fig. 7 

i 

ty2 

Adopting alternative (a), positive 
power flow from left to right, and 
drawing the phasor diagram as shown 
in Fig. 8(a), the phase angle between 
current and voltage indicates the direc- 
tion of power flow. If I has a component 
in phase with Vi then the power flow is 
positive, i.e. from left to right. If I has a 
component in antiphase with V, as in 
Fig. 8(b) then the power flow is negative 
i.e. from right to left. 

For an impedance Z between the two 
boxes, as'shown in Fig. 9, the corre- 
sponding phasor diagrams will be as 
shown in Fig. 10. Equation representing 

Fig. 5 Figs. 10(a) and (b) is V, = V2 + IZ. 

Vi V2 

I 

(b) 
Fig. 8 

(a) 
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Vi V2 

Fig. 9 

(a) 

(b) 
Fig. 10 

(a) 
Fig. 11 

v, 

l 
VE 

(b) 

The above example could represent an 
a.c. machine where V2 is the generated 
e.m.f., V1 the terminal voltage and Z the 
impedance. It could also represent a 
transmission line of impedance Z and 
voltages V, and V2 at either end. 

Capacitive circuits 
In accordance with the principles 
already discussed, the circuit and 
phasor diagrams for capacitive circuits 
may be drawn as follows. 
Simple capacitive circuit - Fig. 11(a) 
When the current is positive, the 
voltage ec will be increasing positively. 
Thus 

i=+C de/ dt. 

In terms of a.c. phasors 

I= +jwCEe or k=-I j/wC 
Also 

v -er= 0 or v =ee 

The phasor diagram is shown at (b). 
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eR 
4 

Fig. 12 

RC circuit - Fig. 12(a) 
We have 

(a) 

(b) 

v eR ec = O 
v =eR +e, 

The phasor diagram is shown at (b). 

eR t- eL 
t-- 

Fig. 13 

(a) 

RCL circuit - Fig. 13(a). 
We have 

v eR eL ec = 0 
v= eR +eL +ec 

The phasor diagram is shown in (b). 

Magnetically coupled circuits: 
transformers 
For two magnetically -coupled circuits, 
i.e. a transformer. Assume as usual that 
an alternating magnetizing current and 
the flux produced by it are in phase i.e. 
they are proportional to each other 
(linear magnetic circuit assumed) and a 
positive current gives a positive flux. 
Thus the positive direction of flux 
linking a coil is that produced by a 
positive current. As self inductance is 
defined as the ratio of flux linkage to 
current, we are defining self inductance 
as a positive quantity. 

Mutual inductance however (also 
defined as the ratio of flux linkage to 
current) will be taken as an algebraic 
quantity, positive or negative. Once 
positive flux directions are defined for 
both coils, one can say that if a positive 
current in one coil produces a flux in the 
negative direction in the other coil, then 

the mutual inductance is negative and 
vice versa. Notice that we are giving 
more information than the commonly 
used dot notation, as the dot notation 
does not tell us the direction of flux 
produced by a current. 

Now consider a transformer consist- 
ing of two co -axial coils wound in the 
same sense as shown in Fig. 14(a). For 
simplicity, assume unity turns ratio i.e. 
the two coils are identical. For the 
moment, neglect resistance and leakage 
flux i.e. assume maximum coupling. 
Then L, = L2 = M. 

Positive directions of voltage and 
current in the two windings have been 
selected as previously outlined; also the 
positive flux directions in both coils. As 
this is the same direction in both coils, 
the mutual inductance is positive. 
Notice that the power must be positive 
at one pair of terminals and negative at 
the other, i.e. input power at one pair of 
terminals and output power at the 
other. In electro- mechanical devices of 
course, it is possible to have positive 
power i.e. power input at both termin- 
als. We then must obtain energy in 
some other form e.g. mechanical energy 
output. 

Assume that the primary winding has 
a sinusoidal applied voltage V, and the 
secondary winding is open circuited. 
(The terms primary and secondary are 
purely arbitrary.) The instantaneous 
values of voltages el and e2 

e, =+L, dit /dt 
e2= +M di, /dt 

Notice that e, and e2 have the same sign 
if M is positive. This clearly must be so 
as a positive current in either coil 
produces flux in the same direction. The 
a.c. phasor equations are as follows 

E,= +jc.,L171 
E2= +jwMI1 

E, and E2 are in phase, as shown in Fig. 
14(b) 

V E.VE2 

(b) 

Fig. 14 

I 

VIEIV2E2 

(a) 

(c) 

Wireless World, September 1975 

Also for identical coils with maximum 
coupling L, = L2 = M and thus E, = E2 

Also 

V1 E, = 0 and V2E2= 0 
Thus V, _ +E, and V2 = +E2 

If the secondary winding was wound 
in the opposite sense, making the 
mutual inductance negative, then e, 
and e2 would be of opposite sign, and E1 

and E2 would be in anti -phase. However, 
the previous conditions can be restored 
merely by reversing the positive 
directions of current and voltages in the 
secondary winding. 

Reversing the positive current direc- 
tion will restore M to a positive value 
and thus reverse the sign of e2. But the 
reversed value of e2 acts in the opposite 
direction due to the reversal of the 
positive e2 direction. Thus the answers 
obtained are still correct. 

Now consider the transformer to be 
carrying a load current 12 due to the 
connection of an impedance across the 
secondary terminals. The current 12 is 
shown in the phasor diagram of Fig. 
14(c). V2 and 12 represent a negative 
power i.e. output power. There will be 
an additional current I2 in the primary 
circuit whose flux cancels that of I2 i.e. 
always of opposite sign and of equal 
magnitude i.e. in phase opposition, Fig. 
14(c). Otherwise the total flux and also 
El would alter. This cannot be so since 
E, is equal in magnitude to V the r.m.s. 
value of which is assumed to be 
constant. The total primary current is 
given by 

I,= 71« + ( -12) 

where Ito, is the value of I, with the 
secondary open circuited, Fig. 14(b). 
E, and E2 are now given by 

E,= +jwL,I1 +jwMI2 

E2= +jwL2I2 +j(dMI, 

As L, =L2 =M for identical coils and 
maximum coupling. then 

E1 =E2= +j WWI +12) 

As I1 +12 =I1oc from the equation above, 
we see that the values of E, and E2 are 
unchanged from the open circuited 
condition, as already stated. 

Now include winding resistances R, 

and R2 and leakage inductances 1, and l2. 

The diagrams will now be as shown in 

Fig. 15 (a) (b). The two circuit equations 
will be 

VIERIEuE1=0 

V2ER2E12E2 = 0 

where 

ERI= + R111 and ER2= + R212 

E11= +jwllIl and E12= +(1212 

Thus 
VI=1,R1+jwllIl+E1 

V_2= 12R2+jw1272+E2 
Also El= E2+jwL(I1+I 
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Iron losses 
Iron losses can be taken into account in 
the usual way by inserting a suitable 
resistance across the voltage e,. The 
phasor representing the no load current 
is then at an angle less than 90° to the 
voltage el. 

Alternative transformer diagrams 
The diagrams shown in Fig. 16 show 
alternative circuit and phasor diagrams 
as they are often drawn for the trans- 
former. The diagrams also show the 
conventions which have been assumed, 
although these are usually not stated at 
all. 

The equations are 

V,= ( E,) +I1R, +jwl11, 

E2= V2 +I2R2 +jw1212 

Notice the following points. 
It is assumed that if winding impe- 

dances are neglected, the applied vol- 
tage and induced e.m.f. in the primary 
are equal and opposite. In the secon- 
dary, induced e.m.f. and terminal vol- 
tage are of the same sign. Notice the 
inconsistency. 

Positive electrical power in the 
primary is power input; positive power 
in the secondary is power output. 

As the secondary current i2 and the 
compensating primary current are 
equal and opposite, one concludes that 
a positive current in both windings give 
fluxes in the same direction. However, 
this convention is rarely, if ever, stated. 
As mentioned previously, if it is stated 
and positive currents are clearly 
defined, there is no need for the dot 
convention. 

eR7 

vit 

11 12 -. 4-- 

(a) 

(b) 

Fig. 15 

eR1 
4 4- 

L 

et2 eR2 
F 4- 

(a) 

(b) 

Fig. 16 

12 

jag 

110 

General coupled circuit theory 
The previous discussion has been 
concerned with the so- called "pgwer 
transformer theory." Now consider the 
general coupled circuit theory using self 
and mutual inductances. 

Refer again to the coupled coil system 
shown in Fig. 14 (a). The two circuit 
equations can be written 

v,= i1R, +L,dt +Mat 

v2=i2R2+L2 
dit 

sinusoidal operation, the equations 
become 

V,= 1,R, +jwL1I +jwMI2 (1) 

V2=12R2 +jwL212 +jWW1 (2) 

Let V, be an applied voltage and let 12 

be obtained by connecting an impe- 
dance Z =R +j wL across the winding. 

V2 =Z12 (3) 
Notice that with the positive direc- 

tions defined as in Fig. 14 (a) a positive 
voltage applied to Z would give a 
negative current. Hence the minus sign 
in equation (3). 

Equations (1), (2) and (3) can be 
solved to give 

V, 

II 

2M2 
R, + 

IZsI2 
Rs 

+jw 

(w 2M2 
LI 

IZsI2 
. Lsl (4) 

where 
Rs =R +R2, Ls =L +L2, Zs= Rs +jwLs 

Also equations (2) and (3) give 

(R2 +jwL2 +Z) 
1, = -I2 jwM 

(5) 

From equation (5) the phasor for I, leads 
12 by an angle between 90° and 180° . 

From equations (1), (2), (4) and (5) we 
can sketch the phasor diagram as 
shown in Fig. 17. The phasors for VI, 

V2, II and IZ in Fig. 17 would of course be 
identical to those in Fig. 15. 

Networks with more than one mesh 
Fig. 18 shows a more complex network 
with more than one mesh (three in this 
case.) The positive directions of the 
three mesh currents are indicated. Also, 
the positive directions of the branch 
currents in the inductances have been 
indicated to obtain mutual inductance 
voltage terms correctly. The voltage 
equation for mesh three is 

VI= R,13 +jc.iL1(13 I) +jwM13(12 -11) 
+ jwM12(13 -12) + j w1-2(13-12) 
+jw M23(12 -11) +j w M21(13 I1) j /C3 

The other equations will be obtained 
similarly. 

Before the problem can be completed, 
the sign of the various mutual induc- 
tances must be specified. For example, if 
a current in the indicated positive 
direction in L3 produces a positive flux 
in L, i.e. a flux in the same direction as a 
current in the indicated positive direc- 
tion in L, would produce, then M13 is 
positive. This information could be 
given by means of the dot convention, 
but it should be noted that when there 
are more than two coils, it may be 
necessary to use different types of dots 
for different pairs of coils. 

Electro- mechanical device 
In the simple electro- mechanical device 
shown in Fig. 19, mechanical energy is 
involved by the movement of the 

Fig. 17 
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R1 c, 

Fig. 18 

-. F 

Fig. 19 

plunger under the action of the elec- 
tromechanical force on it. The assumed 
positive directions of the electromag- 
netic force F and the distance of the 
plunger from a fixed point x are shown 
in Fig. 19. Mechanical energy will be 
produced by the device if the force F 
moves in the direction of the force i.e. if 
F and dx /dt are both positive or both 
negative. 

The mechanical power is 

Pm = Fdx /dí 
Thus a positive value of Pm signifies 
mechanical power output. 

The electrical power input to the coil 
is 

Pe=v i=i (Li + Ri 

=i2R+ 
+ 

t2 
dt 

The rate of increase of stored energy 
in the field is 

Pf = 
d 

(1/21.0) =Li- di 1i2dL 
dt at dt 

Now if Ph is the energy converted to 
heat, i.e. i2R, the energy equation is as 
follows 

Summary 
If the positive directions of all 
quantities are clearly defined, writ- 
ing and solving the equations of 
any electrical network or electro- 
mechanical device is straightfor- 
ward and no confusion should 
arise. The procedure is summarized 
below. 

Indicate chosen positive direc- 
tions of currents. 

Indicate positive voltage direc- 
tions by arrows (heads positive). 
The branch of the network will be 
as shown in Fig. 20 (a) or (b). 

note the meaning of positive 
power. In Fig. 20 (a) positive power 
is dissipated power. In Fig. 20 (b) 
positive power is generated power. 

If a branch of . the network 
contains an impedance Z, we have 

Vz= +ZI Fig. 20 (a) 
or VZ = ZI Fig. 20 (b) 

where Z is R or j w L or 1/ w C for 
a.c. sinusoidal conditions. 

For circuits with magnetically 
coupled coils, determine the alge- 
braic sign of all mutual inductances 
with reference to the chosen posi- 
tive current directions in the 
inductances. 

V '= +Z'I' using the system of 
Fig. 20 (a) 
or VZ= Z7' using the system of 

Fig. 20 (b) 

where Z= w,M and M is the mutual 
inductance between the impedance 
across which V. exists and an 
impedance in another branch car- 
rying a current F. 

The electrical network equations 
can now be written. 

For mechanical devices, define 
positive directions of force, posi- 
tion, speed, etc and note the 
significance of positive mechanical 
power, i.e. input power to the 
device or output power. 

The results of calculations will 
now give the correct signs and thus 
directions of all quantities. 

(a) 
J 

( b) 

Fig. 20 

a 
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Pe= Ph +Pf +Pm 

i2R +iL di +i2 dt = dt 

Lida +V2í2 L +F a +i2R 

F 
dt 1dt 
F= 1/2i2 

dx 
dL 

This is a familiar answer, but in which 
direction is the force? Clearly, from the 
diagram, dL /dx is negative, i.e. for 
increase in x, L decreases. Also i2 must 
be positive. Therefore F must be nega- 
tive, i.e. in the direction such as to close 
the gap. 

( Books Received 

Control Technology - pupils' assignments 
and follow -up sheets are two tutotial books 
aimed at pupils who are taking science 
subjects. The first publication deals with 
mechanics and electronics projects, the 
second book is a progression from the first 
with the same subjects being dealt with in 
more detail. Price £1.80 each. Pp.108 and 150. 
The English Universities Press Ltd, Saint 
Paul's House, Warwick Lane, London EC4V 
4AH. 

Small Appliance Repair Guide Vol. 2 by Leo 
G. Sands, 4 Channel Stereo from Source to 
Sound by Ken Sessions, Practical Circuit 
Design for the Experimenter by Don Tuite, 
and Basic Digital Electronics by Ray Ryan. 
Tab Books, Blue Ridge Summit, Pa.17214, 
U.S.A. 

Wideband Voltage Amplifiers by C. W. 
Davidson, is a soft -back handbook which 
explains the design procedure of amplifiers 
operating from d.c. to tens of MHz. Basic 
principles and circuits, feedback, input /out- 
put stages, and high gain amplifiers are dealt 
with in six chapters, a concluding section 
covers applications of high gain d.c. ampli- 
fiers. Price £1.95, Pp.112. Intertext Publishing 
Ltd, 158 Buckingham Palace Road, London 
SW1W 9TR. 

Electrical Installations and Regulations by 
Michael Neidle is intended to assist students 
studying for the City & Guilds electrical 
installation work, (No. 235) course B certifi- 
cate. The Macmillan Press Ltd, 4 Little Essex 
Street, London, W.C.2. 

A Review of the Principles of Electrical and 
Electronic Engineering Vol.4 - Microwaves, 
Communications and Radar edited by L. 
Salymar. Six chapters by four authors 
discuss microwaves, aerials, communication 
theory, noise, communication systems and 
radar. The book is suitable for students or 
those interested in the above topics and 
contains formulae and diagrams where 
applicable. Price £2.50. Pp.190. Chapman & 
Hall Ltd, 11 New Fetter Lane, London EC4P 
4EE. 
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VHF 
The 1990R Series of Eddystone General 
Purpose VHF Receivers provides reception 
facilities for AM, FM, CW and pulse 
transmissions. 
Model 1990R/1 covers the band 25- 235MHz. 

r e s e v e r Model 990R/2 has additional ranges 
extending the coverage to 25 -500M Hz. 

All 1990R receivers are equipped for 
high -stability working with either 
a synchroniser (illustrated) or a 

10- channel crystal facility. Provision 
is also made for operation with 
externally derived oscillator signals 
as an alternative to continuous tuning 
with the free -running local oscillator. 

Eddystone Radio Limited 
Member of Marconi Communication Systems Limited 

Alvechurch Road, Birmingham B31 3PP, England 
Telephone : 021 -475 2231 Telex : 337081 
A GEC - Marconi Electronics Company 

WW -004 FOR FURTHER DETAILS 

A clear 
view of 
the band 

Eddystone EP961 Mkll Panoramic Display 
Units provide visual monitoring of all 

signals in a selected band. 
Mkl I -A is tunable from 50kHz to 800kHz, 
matching the IFs used in MF and HF 

communication receivers. 

Mkl I -B covers 500kHz to 36.5M Hz. It is 

ideal for use with VHF and UHF receivers 
for monitoring FM broadcasts and 
communication transmissions, and its 

usefulness extends into the laboratory 
field. 
Both versions can be used with direct 
aerial input in many applications. 

Eddystone Radio Limited 
Member of Marconi Communication Systems Limited 

Alvechurch Road, Birmingham B31 3PP, England 
Telephone : 021 -475 2231 Telex : 337081 
A GEC - Marconi Electronics Company 

WW -037 FOR FURTHER DETAILS 
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BARB & STROUD 
ELECTRONIC FILTERS 

The 3 aspects of ou r service 

'I. System EF3 

A flexible system of filter instrumentation 
using a modular approach to give plug -in 
interchangeability. The mainframe carries 
a power unit and accepts up to two filter 
units of either Low Pass or High Pass 
function. Integral switching allows indi- 
vidual or cascade operation and can give 
Band Pass, Band Stop, Band Separate or 
Band Combine modes. 

2. Active Filter Modules 
These are compact, solid state, encap- 
sulated units providing basic filter func- 
tions to be customer set for cut -off 
frequency and characteristic. The present 
range contains Low Pass and High Pass 
types with cut -off frequency coverage 
from 1.0Hz to 30kHz in overlapping 
ranges, with attenuation rates up to 
24dB /octave /module. Universal modules 
specifically for Band Pass and Band Stop 
operation are part of the range. 

BARR & STROUD LIMITED 
London Office: 1 Pall Mall East, London SW1Y 5AU 
Telephone: 01- 930 1 541 Telex: 261877 

WW -065 FOR FURTHER DETAILS 

3. Custom Build Service 
If our standard filter range does not meet 
your specification we welcome the 
opportunity to study your requirement. 
Broadly our capability stretches from d.c. 
to 25MHz with experience in passive and 
active designs. We can work to normal 
commercial standards or strict defence 
requirements and construction can be as 
dictated by the environmental conditions 
of your application. 

Glasgow and London 
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IJ]E news 

atittr: 

Last Intelsat IV launch 
The seventh link in the current chain of 
global communications satellites now 
ringing the Earth was launched earlier 
this year from Cape Canaveral, USA. 
The 3,000 -pound satellite was launched 
towards a 22,300- mile -high synchron- 
ous orbit to become the second such 
spacecraft over the Indian Ocean. 
Operation of the satellite segment of 
the Intelsat -owned system is conduct- 
ed by the Communications Satellite 
Corporation. Comsat said that each 
satellite has an average use of 4,000 
telephone circuits or a capability of 
providing 12 television channels, or 
various combinations of telephone, 
television and data transmissions. The 
current Intelsats are the fourth and 
largest generation of communications 
satellites since Early Bird (Intelsat I) 
joined Western Europe and the United 
States with telephone and television 
service ten years ago. Since 1965 
trans -oceanic telephone traffic has 
grown from an estimated three million 
calls a year to more than 50 million in 
1974, a steady growth rate of 20 per 
cent annually. To handle the predicted 
growth, Hughes, under contract to 
Intelsat, is building a new generation of 
satellites called Intelsat IVA. Six 
spacecraft are under construction. The 
first in the series is scheduled to be 
launched from Cape Canaveral this 
summer for service over the Atlantic 
Ocean. 

Communications 
satellite moves to India 
The largest and most powerful com- 
munications satellite ever built was 
moved a third of the way around the 
globe early in June to place it in a 
position for an instructional television 
experiment involving several thousand 
villages in India. NASA's Applications 
Technology Satellite -6 was launched 
into a geosynchronous orbit on May 30, 
1974 and has since been used in the 

experimental tracking of spacecraft, 
ships and aircraft and also in the use of 
satellite television for education and 
even medical diagnosis. The satellite 
provided one communications link 
during the US- Soviet Apollo Soyuz test 
project. After ATS -6 arrived at its new 
station about July 1, it was checked 
out prior to use in mid -July to track the 
Apollo and Soyuz spacecraft and to 
relay television and data from the 
orbiting spacecraft to Earth. This was 
the first time that a satellite had been 
used to relay television from a manned 
spacecraft to the planet's surface. 

The satellite move was designed to 
bring it within range of India for the 
Satellite Instructional Television Ex- 
periment, scheduled to be formally 

Rotation modulation collimator, 
Experiment A, on board Ariel 5, the 
Science Research Council's X -ray 
astronomy satellite, was an 
experiment to accurately determine 
the positions of cosmic X -ray sources. 
The accuracy in determining the 
position of a source is limited by 
counting statistics and accuracy in the 
knowledge of the satellite's pointing 
position, which can be determined by 
the experiment itself if an already well 
determined source is in the field. 

inaugurated on August 1. The experi- 
ment is a joint effort by NASA and the 
Indian Space Research Organization. In 
this experiment, the spacecraft will be 
used by the Indian Government to 
relay daily TV programmes to 5,000 
villages and cities in seven states 
through India. About half the villages 
will be equipped with TV sets aug- 
mented by converters and small 
antennas to receive the television 
signal after it is rebroadcast from a 
ground terminal in the area. Following 
the year -long experiment in India, the 
satellite will be returned to a position 
in range of the USA for further 
experimental use. 

ASTP's ranging system 

The v.h.f. ranging system for the Apollo 
Soyuz Test Project used the Command 
Module and Soyuz v.h.f. link to provide 
a ranging capability of 200 nautical 
miles with ±250 feet accuracy. The 
system consists of a Lunar Module v.h.f. 
set, a command module v.h.f, set, a 
Lunar Module Ranging Tone Transfer 
Assembly (RTTA) and Command 
Module Digital Ranging Generator 
(DRG) from the Apollo programme. The 
Lunar. Module v.h.f. sets and Ranging 
Tone Transfer Assemblies were 
installed in the Soyuz. 

European Space Days 

Approximately 200 people from 30 
countries including Algeria, Brazil, 
Canada, India, Iran and Nigeria parti- 
cipated in the European Space Days, 
May 27 -29, organized at the European 
Space Research and Technology Centre, 
Noordwijk, Netherlands. The aim was 
to demonstrate Europe's space capabi- 
lity to an invited audience representing 
telecommunications authorities and 
other users of space systems. 

Speaking at the presentation of 
European space programmes, the 
Secretary General of the International 
Telecommunications Union, Mr M. 
Mili, said that the ITU welcomed and 
encouraged Europe's firm intention to 
play an important role in the peaceful 
uses of outer space. He believed that 
the programmes of the new European 
Space Agency offered a particularly 
well- chosen range of satellites for 
research and for applications of 
unquestionable value. The Secretary 
General of Eurospace, Mr Y. Demerliac, 
recalled that since 1962 Europe had 
developed 43 satellites, including four 
for telecommunications and /or tele- 
vision. European industry had built 36 
of the 104 ground stations or antennas 
of the Intelsat network, and had sold 
more than two -thirds of these to 
non- European countries. 
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World of 
Amateur 
Radio 

Less television 
interference 
The latest television and radio 
interference complaints report from the 
Home Office Radio Regulatory Depart- 
ment - covering 1974 - shows a 
marked decline in the total of all 
complaints ( -21.7% to 48,371) and also 
in those ascribed to amateur radio 
transmitters ( -26.6% to 886). This is the 
first time for many years that the 
number of complaints traced to ama- 
teur operation has fallen below a 
thousand: l.w. /m.w., 75; Band 1, 140; 
Band 2, 71; Band 3, 108; Bands 4 -5, 480; 
mobile services, 12. The biggest decline 
is in complaints to v.h.f. television 
which are down by over a half, with 
u.h.f. complaints holding fairly steady. 
Part of the credit must go to the 
television industry which at last seems 
to be making efforts to design u.h.f. 
domestic receivers reasonably immune 
to strong local signals. Indeed, if only 
television sets did not radiate so many 
harmonics from line timebases and 
switched -mode power supplies it seems 
that real progress could be made in 
bringing viewers and amateur radio into 
a happy relationship. 

SOE's suitcase sets 
Still to be heard on the amateur bands 
are numbers of the B2 suitcase sets 
produced during the war for the Special 
Operations Executive (later part of 
Special Forces) the British "cloak and 
dagger" organisation set up in July 
1940. SOE's appointed task, until it 
disbanded in 1946, was to co- ordinate 
and initiate subversive and sabotage 
activities against the enemy and its 
Signals Directorate was responsible for 
providing clandestine radio links into 
Europe and elsewhere, independently of 
the secret Intelligence radio circuits. 

Many of the SOE signals people were, 
or later became, radio amateurs, 
including some of the base station 
operators who were often girls recruited 
into FANY. 

Sir Colin Mc V. Gubbins has claimed 
that the most valuable link in secret 

operations were the agents with h.f. c.w. 
sets - "without these links we would 
have been groping in the dark." Tragic- 
ally such communications were extre- 
mely vulnerable to enemy interception 
and "funkspiel" radio games, such as 
the German North Pole operation in 
Holland, and much of SOE's later 
signals work was in developing techni- 
ques to speed up communications to 
counter the highly organised D/F 
teams. They also produced many me- 
thods of charging batteries in the field 
including the "beach chair" pedal 
generator, bicycle generators, wind 
generators and even portable 
steam -driven generators and thermo- 
couple chargers. 

At the recent 30th anniversary dinner 
of the Special Forces Club, at which 
Prince Charles was guest of honour, a 
display was staged on the theme of 
communications. Codes and signal 
plans were provided by Leo Marks; 
450MHz S -phone equipment, originally 
conceived in 1941 by the late Bert Lane, 
was shown by Flt Lt Charles Bovill; and 
suitcase sets and MCR1 miniature 
communications receivers by Major 
John Brown, G3EUR, who was largely 
responsible for the development of the 
A2, A3, B1, B2, B3 and MCR1 equip- 
ments. 

Sun shines on 28MHz 
Mid -summer in a sunspot minimum 
year is not the most likely time for 
transatlantic 28MHz openings: the 
exception that proves the rule that you 
can never be sure was the evening of 
July 4. K3NPV was so surprised at what 
he found on "ten" that he changed to 
21MHz and sent out a "QST" message: 
"28MHz is wide open to Europe," as 
indeed also was 21MHz. By that day 
Mike Matthews, G3JFF of Portsmouth, 
had already worked 28 countries on 
28MHz this year and even when the F 
layer is reluctant to bounce back 28MHz 
signals, Sporadic E can provide useful 
contacts. Early July was also a good 
period for v.h.f. propagation with the 
Gibraltar beacon reported heard in 
London on July 2 and Danish stations 
worked through the London GB3LO 
repeater on July 5. 

When portable is fixed 
My dictionary defines "portable" as 
"movable (article), convenient for 
carrying" but it seems the Home Office 
is having semantic problems over this: 
suddenly it has become hot and bother- 
ed about amateurs using hand -held 
equipment "while walking." In a cur- 
ious decision it has pronounced that 
the operation of such equipment is at 
present covered neither by the normal 
licence (which permits "portable" ope- 
ration) nor by the amateur (sound 
mobile) licence; walking use of equip- 
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ment is therefore being sanctioned by a 
special letter of authorisation to the 
mobile licence. This means amateurs 
will need the extra mobile licence to 
exercise this facility: presumably if you 
stand still you are working "portable" 
but if you move while transmitting you 
become a "pedestrian mobile." It seems 
a little like the old regulation that 
allowed the young ladies at the Wind- 
mill Theatre to appear in the altogether 
only so long as they maintained a rigid 
pose, and presumably the Home Office 
is now tackling the problem of how 
many amateurs can transmit while 
dancing on a pin head. 

In brief 
Honorary secretary of the Radio Ama- 
teur Invalid and Bedfast Club, is now 
Mrs Rita Shepherd, G3NOB, 59 Pantain 
Road, Loughborough, Leics, LE11 
3LZ With five 144MHz repeater 
stations now operational in the UK the 
FM Group London reports that addi- 
tional stations are being planned for 
Martlesham, Suffolk; Barnsley, York- 
shire; Black Hill near Glasgow; Buxton, 
Derbyshire; Luton, Beds (432MHz); 
Bacton, Norfolk; Cambridge (432MHz); 
Newquay, Cornwall; Aberdeen; Bir- 
mingham; and Carmel, Dyfed. The 
Carmel repeater hopes to use the 
callsign GB3WW which some readers 
recall was used from the Wireless World 
offices at Dorset House in connection 
with the journal's 60th anniversary 
during April 1971.... At Kingston - 
upon- Thames Magistrates Court an 
amateur recently pleaded guilty to 
causing interference and using a 
station for wireless telegraphy without 
a licence in connection with interfer- 
ence to the London repeater station 
GB3LO.... September mobile rallies 
include those at Peterborough (Walton 
School) on September 21; Castle 
Grounds, Antrim on September 21; and 
Netteswell School, Harlow on Sep- 
tember 28.... Paid up membership of 
the British Amateur Radio Teleprinter 
Group is almost 350 of which about 230 
hold British callsigns and some 100 
British r.t.t.y. stations are active on 144 
MHz An amateur 625 -line PAL 
colour television station with an effec- 
tive radiated power of 12kW (vision) 
and 600 watts (sound) is being operated 
daily in Sydney, Australia by Vic 
Barker, VK2ZVV /T and Ian Mac- 
Kenzie, VK2ZIM /T with a vision fre- 
quency of 442.3MHz and a 64- element 
phased array aerial.... The GB3SN 
repeater at Four Marks, Hampshire is 
now fully operational on 145.125MHz 
input, 145.725MHz output. Coverage 
extends from Devon to Kent and north 
into Wales and Cambridge. The station 
is run by the UK FM Group (Southern) 
and the transmitter has an e.r.p. of 70 
watts from aerials 250 metres above sea 
level (access tone 1750Hz for 0.5s 
followed by callsign). 

PAT HAWKER, G3VA 
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New 
Products 

Temperature protection 
unit 
A temperature protection unit designed 
for use with positive temperature 
coefficient thermistors (to BS4999) and 
intended for the protection of electric 
motors, has been introduced by ITT. 
The thermistors are embedded in the 
winding of motors and electrically 
connected to the ZK1 unit which is 
mains powered and has a switching 
capability up to 2.2kVA at 240V a.c. ITT 
Components Group Europe, Thermistor 
Division, Stephen Street, Taunton, 
Somerset. 
WW 310 for further details 

Adhesive cable clips 
A small adhesive cable clip measuring 
about two cm square will secure a 
bundle of cables up to five cm diameter 
and'support up to 55g. To fix the clip a 
backing paper is removed and the 

WW310 

WW302 

mount is pressed onto the required 
surface which must be clean, dry and 
smooth. Panduit Ltd, Sittingbourne 
Industrial Park, Unit 22a, Crown Quay 
Lane, Sittingbourne, Kent. 
WW 302 for further details. 

Desoldering gun 
The Ersa Vac 40 is a de- soldering gun 
that operates by melting the solder and 
"sucking up" the molten metal via a 
regulated vacuum. A separate mains - 
powered power /vacuum supply is pro- 
vided and the total power consumption 
is around 50W. Greenwood Electronics, 
Portman Road, Reading RG3 1NE. 
WW 303 for further details 

Ten -turn potentiometer 
A ten -turn potentiometer, model 3541, 
uses a new composite called Hybriton 
which combines a wirewound and 
conductive plastics element. The 
makers say this provides a potentio- 
meter with long life, infinite resolution, 
and a low temperature coefficient. The 
component is available with resistances 
from 1 to 100kO, has a linearity within 
±0.25%, and a resistance tolerance of 
± 10%. Bourns (Trimpot) Ltd, Hodford 
]House, 17 High Street, Hounslow, 
Middx TW3 1TE. 
WW 305 for further details 

Charge -coupled image 
sensor 
'The SID51232 from RCA is a 512 x 320 
element silicon image sensor which can 
replace conventional TV camera tubes. 
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This sensor is a self- scanned device 
based on c.c.d. technology and is 
claimed to be the first solid -state image 
sensor to generate standard 525 -line 
video, compatible with existing TV 
monitors and accessories. The sensor is 
supplied in a hermetically- sealed, 
24- connexion ceramic package con- 
taining an optical glass window. RCA 
Electro- Optics & Devices Division, 
Lincoln Way, Sunbury -on- Thames, 
Middx. (See August issue, p.362). 
WW 317 for further details 

High -voltage resistors 
Mullard has introduced a new range of 
metal -glaze resistors which will with- 
stand 10kV d.c. at .power levels up to 
1W. Resistance values extend from 1 to 
68M0 with a tolerance limit of ±5 %, 
and resistance stability of typically less 
than 1% change after 1000 hours at 0.5W 
in an ambient temperature of 70 °C. 
Mullard Ltd, Mullard House, Torrington 
Place, London WC1. 
WW 304 for further details 

F.m. - receiver filters 
The Toyocom TQF 2599/3079 and QN 
0071 are claimed to be the lowest price 
crystal -filters available for broadcast - 
band stereo f.m. receivers. The filters 
are designed to be used in pairs - one 
being separated from the other by an 
isolating amplifier stage. In this confi- 
guration the filters provide a 3dB 
bandwidth of 120kHz either side of the 
10.7 MHz i.f., with the -70dB point at 
around ±300kHz. Walmore Electronics 
Ltd, 11 Betterton Street, London WC2H 
9BS. 
WW 309 for further details 

WW303 
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Micromotors 
The Escap 23D series of motors com- 
prises the 23D21 -216 and 23D21 -213 
which offer a mechanical time constant 
of 10ms; moments of inertia of 5.80 and 
4.45 x 10 -' kgm2 respectively; starting 
torques of 295 and 245 x 10 -4 Nm 
respectively. The motors, which are 
claimed to have an efficiency of around 
80%, operate from 12 and 15V, have 
outputs of 3.8 and 3.4W with no -load 
speeds of 4900 and 5250 rev /min. 
Portescap (UK) Ltd, 204 Elgar Road, 
Reading, RG2 ODD. 
WW 301 for further details 

Capacitors 
A range of miniature metalized plas- 
tic -film capacitors designated type 
MKM are manufactured by Siemens. 
Components are cut from a "mother" 
capacitor of known value, in this way a 
uniformity of electrical characteristics 
is achieved. Ratings are 0.01 to 0.68µF at 
100V d.c., and 0.1, 0.15 and 0.22µF at 
250V d.c. LST Electronic Components 
Ltd., Victoria Road, Chelmsford, Essex. 
WW 311 for further details 

WW301 
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Magnetic cartridge 
Condor Electronics are now marketing 
the Tenorel T2001 magnetic cartridge. 
This is a low priced unit (£5.45 excluding 
VAT) which is claimed to equal the 
performance of cartridges such as the 
Shure M75 /B, the Philips GP400, and 
the Goldring G820. Manufacturers 
specifications for the device are: fre- 
quency response 15Hz to 25kHz; separ- 
ation more than 25dB at 1kHz; output 
5.5mV at 1kHz and 5cm /s; tip mass 1mg; 
and a playing weight of between 11/2 and 
3 grammes. Condor Electronics Ltd, 100 
Coombe Lane, London SW20 OAY. 
WW 314 for further details 

Logic -state analyzers 
The model 1600A is a self -contained 
analyzer incorporating a c.r.t. which 
can display a 16- channel sequence of 
data in word form using the 1 and 0 
format. A model 1607A does not have a 
c.r.t., but provides both analogue and 
digital outputs. These analogue outputs 
can be used to convert most oscillos- 
copes, with d.c. coupled X, Y and Z 
inputs, into an analyzer display. If the 
two models are combined a 32- channel 
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display can be achieved with both units 
capable of operating at clock speeds up 
to 20MHz. If used separately, the 
instruments may operate with different 
clock rates and the two displays can be 
compared using an exclusive -OR 
comparison. Hewlett -Packard Ltd, King 
Street Lane, Winnersh, Wokingham, 
Berks RG11 5AR. 
WW 315 for further details 

F.m. intercom 
A frequency- modulated intercom sys- 
tem provides speech communication by 
transmitting through the 240V s.c. 
mains supply lines. Once the stations 
are located and connected to the supply 
the system will transmit up to distances 
of around 1 km provided that both 
stations are plugged into the same 
power line. Hadley Sales Services, 112 
Gilbert Road, Smethwick, Warley, West 
Midlands B66 4PZ. 
WW 313 for further details 

Transient generator 
The model 510 is a transient generator 
which produces signals that comply 
with the I.E.E.E. standards for surge 
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capability tests. The instrument pro- 
vides bursts of damped sine waves with 
amplitudes adjustable up to 2.5kV and 
50% decay times around 6µs. The bursts . 

can be single -shot, free running, or 
synchronized to mains frequency. Nom- 
inal frequency of the sinewave oscil- 
lator is 1.25MHz and the output is 
available at selectable impedances of 
100, 150, 600 or 1200 ohms. Euro Elec- 
tronic Instruments Ltd, 27 Camden 
Road, London NW1 1YE. 
WW 306 for further details 

Circular -chart recorder 
A circular -chart recorder that offers 
radial recording of information has a 
loin diameter chart and can be equipped 
with up to three pens. The recorder is 
fitted with a stepping -motor servo 
system which is claimed to provide high 
accuracy without overshoot. Rotational 
speeds of the instrument are one 
revolution every 8, 12 or 24 hours. Full 
scale response is 0.8s from any input 
between 50 and 300mV and any direct 
current from 100µA to 100mA or alter- 
nating current from 250µA to 500mA, 
selectable by plug -in cards. These 

ranges may be extended by means of 
external shunts /current transformers. 
Boyle Industrial Gauging Systems Ltd, 
Burch Road, Northfleet, Kent DA11 
9NE. 
WW 307 for further details 

Low -current scanner 
Keithley Instruments have introduced a 
low- current scanner designed for 
switching currents from picoamperes to 
tens of milliamperes. The unit provides 
ten channels of single -pole switching; 
channels not connected to the output 
are grounded to complete current paths. 
Front panel controls of the scanner 
permit either manual channel selection 
or automatic sequential scanning. The 
automatic scan rate is variable from 10 
channels per second to 1 channel per ten 
second. Keithley Instruments Ltd, 1 

Boulton Road, Reading, Berks. 
WW 316 for further details 

Batteries 
The range of batteries known as 
Wonder Top are individually stamped 
with the stated shelf -life which is up to 
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two years at 19 °C. The batteries have a 
plastic cap and a protective cover over 
the positive terminal. The cap can be 
unscrewed for testing and overscrewed, 
breaking off the cover, for installation. 
The batteries, which are suitable for 
instrumentation, are priced at between 
9 and 25p depending on quantity and 
type, and are available from West Hyde 
Developments Ltd, Ryefield Crescent, 
Northwood, Middx HA6 1NN. 
WW 308 for further details 

Microphone calibrator 
A high pressure microphone calibrator, 
type 4221, consists of a pressure exciter 
with piston, a high -pressure coupler and 
a low -frequency coupler. It provides a 
frequency range up to 1kHz and down 
to 0.001Hz with the two couplers 
respectively. Due to a high ratio 
between the mass of the exciter body 
and the mass of the moving element 
(150:1) and the small piston amplitude 
the vibration level at the microphone is 
small which, say the manufacturers, can 
be an important feature. B & K Labora- 
tories Ltd, Cross Lances Road, Houns- 
low, Middlesex. 
WW 312 for further details 
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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. 

Vertical deflection i.c. 
All the functions of a colour TV receiver 
vertical deflection system - oscillator, 
voltage ramp generator, pre- amplifier 
and power amplifier - are available 
from the TDA 1270 i.c. The chip is 
housed in a 12 -pin dual in -line package 
and operates from supplies up to 40V. 
WW351 for further details SGS ATES 

Microcomputer 
A p- channel single m.o.s. -chip micro- 
computer contains an 8192 -bit read - 
only memory programming, a 256 -bit 
random -access memory for data stor- 
age, and a 4 -bit binàry arithmetic and 
logic unit. The chip, TMS1000, also has 
an oscillator activated by an external 
resistor and capacitor which, at a 
nominal frequency of 500kHz, provides 
an instruction cycle time of 12p. s. 

WW352 for further details Texas 

Blue /u.v. photodetectors 
A new series of photodiodes offer a 
spectral response between 250 and 
550nm. The three devices in the range 
are planar diffused, oxide passivated 
silicon diodes with a response time of 
0.5µs. 
WW353 for further details Techmation 

Variable shift register 
The MC14557CP is a 1 to 64 bit c.m.o.s. 
variable length shift register that can 
be used for variable digital delay lines or 
to produce an odd length shift register. 
The device can operate at 8MHz from a 
10V supply in the temperature 
range -40 to + 85 °C. 
WW354 for further details GDS 

Hall- effect switches 
Two Hall- effect solid state switches 
designated ULN3006 and UL3006T 
are now available housed in transistor 
packages. The devices consist of a 
silicon Hall generator, amplifier, trigger 
and output stage integrated with a 
voltage regulator on a monolithic chip. 
The former device has an operating 
temperature range from 0 to +70°C 

while the latter switch operates in the 
range from -40 to + 150 °C. 
WW355 for further details Sprague 

Variable frequency 
source 
The MC14411 c.m.o.s. generator 
provides 16 clock frequencies which are 
available simultaneously. The device 
contains a crystal oscillator, a pro- 
grammable rate -select circuit, and 
divider chains. When connected to a 
1.8432MHz ±0.05% crystal, 14 fre- 
quencies from 75Hz to 9600Hz are 
produced. The oscillator frequency and 
a signal at half the crystal frequency 
provide the other two outputs. 
WW356 for further details Motorola 

Interface i.c. 
AMI Microsystems have introduced the 
S1883 - a single chip m.o.s. /l.s.i. 
universal asynchronous receiver /trans- 
mitter. The device is capable of trans- 
mitting and receiving in full duplex 
mode at data rates up to 12.5k baud. 
WW357 for further details AMI 

240V transistor 
The type BUX80 power transistor is 
designed for use in high -frequency 
switched -mode power supplies operat- 
ing from a 240V mains supply. A glass 
passivation construction is used in the 
transistor which is rated at 100W with 
aVcEO of 400V. 
WW358 for further details Mullard 

16K r.o.m. 
The RO- 3 -8316A is a high yield 8 -bit 
word read -only memory which costs 
about £6 and is for use with micropro- 
cessors. The device operates from a 
single 5V supply and offers an access 
time of 850ns with a power dissipation 
of around 200mW. 
WW359 for further details G.I. 

Fast recovery rectifiers 
A range of axial lead silicon power 
rectifiers from Semtech offer a 3Ons 
reverse recovery time. The devices are 
claimed to be 98.5% efficient and are 
available with current ratings from 0.5 
to l0A and p.i.v. ratings up to 150V. 
WW360 for further details Bourns 

275V f.e.ts 
A new family of junction f.e.ts with 
interchangeable sources and drains 
have a guaranteed minimum break- 
down voltage of 275V. 
WW361 for further details Silico nix 

Audio amplifier 
An audio amplier packaged in a SOT32 
type case will deliver 10W into 40 with 
a distortion figure of under 1% at 7W. 
The circuit incorporates frequency 
compensation and requires one external 
capacitor for complete stability. 
WW362 for further details Texas 

Count /display i.c. 
Ferranti have recently added the 
2N1040E to their range of i.cs. This 
device is a universal count /display 
circuit that can be adapted to drive most 
types of display. The chip uses the 
collector diffusion isolation technique 
and can count from 0 to 5MHz in a 
forward or reverse direction, 
WW363 for further details Edmundson 

Telephone i.cs 
Plessey Semiconductors has introduced 
two i.cs for telephone applications, 

'the MP9100 push- button telephone 
dialler and the MP9200 repertory tele- 
phone store. The 9100 is a p- channel low 
threshold m.o.s. circuit containing the 
logic required to interface between a 
standard keyboard and a Strowger type 
telephone system. 

The 9200 uses a similar construction 
and contains the logic and storage 
capability to form a self- contained 
repertory telephone number store of up 
to ten 22 -digit numbers. The two 
devices can bé used together to form a 
complete repertory dialling system. 
WW364 for further details Plessey 

SGS -ATES (UK) Ltd, Planar House, 
Walton Street, Aylesbury, Bucks, HP21 
7QN. 
Texas Instruments Ltd, Manton Lane, 
Bedford. 
Techmation Ltd, 58 Edgware Way, 
Edgware, Middx HA8 8JP. 
GDS Sales Ltd, Michaelmas House, Salt 
Hill, Bath Road, Slough, Bucks. 
Sprague Electric (UK) Ltd, 159 High 
Street, Yiewsley, West Drayton, Middx. 
Motorola Ltd, Semiconductor Products 
Division, York House, Empire Way, 
Wembley, Middx. 
AMI Microsystems Ltd, 108A Commer- 
cial Road, Swindon, Wiltshire. 
Mullard Ltd, Mullard House, Torrington 
Place, London WC1. 
General Instrument Microelectronics 
Ltd, 57 Mortimer Street, London WIN 
7TD. 
Bourns (Trimpot) Ltd, Hodford House, 
17 High Street, Hounslow, Middx TW3 
1TE. 
Siliconix Ltd, 30a High Street, That - 
cham, Berks RG13 4JG. 
Edmundson Electronic Components 
Ltd, 30 Ossory Road, London SE 1 5AN. 
Plessey Semiconductors, Cheney Man- 
or, Swindon, Wilts SN2 2QW. 



Celestion make a pure sound 
look perfect with the new UL loudspeakers 

Celestion present UL. An entirely 
new ultra modern range from the 
specialists who concentrate 
exclusively on the development and 
perfection of loudspeakers. Who 
continuously research new materials, 
new techniques and new processes 
in the constant endeavour to produce 
purer sounds, new subtleties and 
greater accuracy in the presentation 
of fine sound -for the benefit of the 
fastidious enthusiast. 

The new UL range offers you a 

choice of three superb loudspeaker 
systems, each purpose -designed for 
its intended setting and appropriate 
ancillary equipment. 
The UL6: Slim, sleek, discreet appear- 
ance. incorporating a new smoother 
tweeter unit extending beyond the 
limits of human hearing; a new mid - 
bass range unit employing a 1.5 inch 
(38mm) voice -coil, massive magnet 

system and specially treated Bextrene 
diaphragm. Also, a new ABR (auxiliary 
bass radiator) which ensures excel- 
lent bass response, raises sensitivity 
and reduces distortion to very 
negligible limits. 

The ULB: Next in order of size, 
cost and performance, has the new 
HD10OO tweeter, providing excep- 
tional dispersion and complete 
freedom from 'listener fatigue' 
effects The mid -bass has an 8 inch 
specially processed Bextrene 
diaphragm and 1.5 inch (38mm) 
voice -coil The complementary ABR 
ensures superior response to bass 
notes. Results are equivalent to those 
normally obtained from substantially 
larger enclosures. 
The UL1O: A loudspeaker intended 
for use with associated amplifiers 
and signal sources of the highest 
quality.This truly excellent 

Please send list of appointed Celestion UL dealers where I may hear a 

demonstration. I would also like a specification sheet. 

Name 

Address 

WW -097 FOR FURTHER DETAILS W3 

loudspeaker will provide sound 
reproduction of the very highest 
standard, pleasing to the most 
discriminating Iistener.Three trans- 
ducers are used to encompass 
the extreme frequency range. 

The middle range and upper 
range transducers are both 
of soft -dome pressure -unit 
type. the low range trans- 
ducer employs a treated 
Bextrene cone and 1.5 inch 
(38mm) voice -coil. An elab- 
orate L/C crossover filter 
divides the frequency 
band to allow a response 
of exceptional 
smoothness. 

The whole system is 

generously -ated and 
when useo under normal 
conditions, overloading 
is virtually impossible. 

Ce.estion UL Studio quality loudspeakers 
are guaranteed for five years and carry 
a promise of many hours of superb 
entertainment. 

Celestion 
Studio quality High Fidelity Loudspeakers. 
Rola Celesticn Limited. Dittor Works, Foxhail Road. Ipswich. S.otfolk IP3 8J P 

Telephone. Ipswich 104731 731 31. Cables. Voicecod Ipswich.7elex 98365. 



a48 

Sinclair Project 80 

°IIIIIIIII IíIII lI--Ilililll 
sinaTr li 

- =111I'lll-' I'i, -1)) li'll 
I - 6 .ILI 

I "71I1-1 IIIIi_li L 

The watts... 
14 different hi -fi modules. 

Between them they cater 
for every variety of hi -fi set -up, 
from a tuner amp to a full CBS 
SQ quadrophonic system. 

The value for money's 
amazing. A genuine 25 W per 
channel quadraphonic 
amplifier for under £80... 

a 12 W per channel stereo amp 
for around £30... 

And the satisfaction's even 
greater! If you can handle a 
soldering iron, you can handle 
Project 80. And if you can't... 
use Project 805 - the same 
modules but with solderless 
clip connections. 

and the wherefores. 

The WattS 
and the wherefores 
of Sinclair 
iefi. lets rangs 
tact. file 

of Sinclair hr R Pr0.000 . 

N,.r fr.... inclair... 

Take a look at some of the hi -fi 
systems you can build... 

Get the full technical 
specifications... 

See what impartial hi -fi 
journals thought of its 
performance... 

And read up on the rest of 
the Sinclair hi -fi range... 

It's all in the Sinclair hi -fi 
range fact -file. 

Send for Sinclair's 
fact -file - now! 

See if the answer's here - 
the information on the 
component you've been 
looking for. 

Simply cut the coupon and 
send it to the no- stamp- needed 
FREEPOST address below. 

We'll send you the Sinclair 
fact -file - giving you all you 
need to know about Project 80, 
and the rest of the Sinclair 
hi -fi range. 

Plus information abouta 
few extras you're sure to find 
rather interesting. 

You've plenty to gain... 
so cut the coupon - now! 

Sinclair Radionics Ltd, 
London Road, St Ives, 
Huntingdon, Cambs., PE174HJ 
St Ives (0480) 64646 

Please send me the Sinclair range fact -file immediate:y 

I Name 

I Address 

WW/ P80/9 

To: Sinclair Radionics Ltd, Please print 
FREEPOST, St Ives, 
Huntingdon, Cambs., PE174BR siñclair 
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/Marshall's 
A. Marshall (London) Ltd Dept. WW 
42 Cricklewood Broadway London NW2 3ET Tel .01- 4520161/2 
Telex: 21492 
& 85 West Regent St Glasgow G2 2QD Tel: 041 -332 4133 
& 1 Straits Parade Fishponds Bristol BS16 2LX 
Tel 0272 654201 /2 
& 27 Rue Danton Issy Les Moulineaux Paris 92 Tel 642 2985 

Catalogue price 25p Trade and export enquiries welcome 

OUR RANGE COVERS OVER 7,000 ITEMS 
THE LARGEST SELECTION IN BRITAIN 

TOP 200IC'S TTL, CMOS & UNEARS 
CA3018A 0.15 CD4043 1.80 NE565 4.41 SN7448 0.90 SN741t7 0.96 
CA3020A 100 CD4044 1.80 SL414 1.80 SN7450 0.16 SN74160 1.10 
CA3028A 0.79 CD4045 2.66 SL610C 1.70 SN7451 0.18 SN74161 1.10 
CA3035 1.37 C04046 284 SL611C 1.70 SN7453 0.16 SN74162 1.10 
CA3046 0.70 CD4047 1.66 SL612C 1.70 SN7454 0.16 SN74163 1.10 
CA3048 2.11 CD4049 0.81 SL620C 2.60 SN7460 0.16 SN74164 2.01 
CA3052 1.62 CD4050 0.66 SL621C 2.60 5N7470 0.33 SN74165 2.01 
CA3089E 1.95 LM301A 0.41 SL623C 4.811 SN7472 026 SN74167 4.10 
CA30900 4.23 LM308 2.50 SL640C 3.10 SN7473 0.36 SN74174 1.25 
CD4000 036 L005TL 1.50 SN7400 0.18 SN7474 0.36 SN74175 0.90 
CD4001 0.36 LM380 1.10 SN7401 0.18 5N7475 0.60 SN74176 1.44 
CD4002 0.36 LM381 2.20 SN7401AN 036 SN7476 0.35 SK/4180 140 
CD4006 1.61 LM702C 0.76 SN7402 0.16 SN7480 0.50 SN74181 1.96 
CD4007 0.36 LM709 0.35 51.17403 0.16 SN7481 1.21 SN74190 2.30 
CD4008 1.63 EDIL 049 SN7404 0.19 SN7482 0.76 SN74191 2.30 
CD4009 1.16 14DIL 0.40 SN7405 0.19 SN7483 0.96 SN74192 1.16 
C04010 1.11 LM710 0.47 SN7406 0.46 SN7484 0.95 SN74193 1.16 
CD4011 036 LM723C 0.90 SN7407 0.46 SN7485 1.25 SN74196 1.60 
CD4012 0.36 LM741C 0.40 SN7408 0.19 SN7486 0.32 SN74197 1.68 
CD4013 OAS BOIL 0.40 SN7409 0.22 SN7490 0.46 SN74198 2.25 

. CD4014 1.72 14DIL 0.38 5N7410 0.16 SN7491 0.85 5N74199 2.25 
CD4015 1.72 LM747 1.06 SN7411 0.25 SN7492 0.46 SN76003N 2.92 
C04016 0.66 LM748 0.50 SN7412 0.211 SN7493 0.46 SN76013N 1.96 
CD4O17 1.72 LM1401L 0.73 SN7413 0.35 SN7494 0.82 SN76023N 1.60 
CD4018 2.66 LM3900 0.70 SN7416 0.35 SN7495 0.72 SN76033N 2.92 
C04019 006 LM7805 2.00 SN7417 0.35 510496 0.75 TAA263 1.10 
CD4020 1.91 LM7812 2.50 SN7420 0.16 SN74100 1.21 TAA300 100 
CD4021 1.72 LM7815 2.50 SN7423 0.29 SN74107 0.36 TAA350A 2.10 
CD4022 1.66 LM7824 2.50 SN7425 0.29 SN74118 1.00 TAA550 0.60 
C04023 0.36 MC1303L 1.60 SN7427 0.29 SN74119 1.92 TAA611C 2.18 
C04024 1.24 MC1310P 2.59 5N7430 0.16 SN74121 0.37 TAA621 2.03 
CD4025 0.32 MC1330P 0.90 SN7432 0.25 SN74122 0.60 TAA861 B 1.32 
CD4027 0.43 MC1351 P 000 SN7437 0.35 SN74123 0.60 TBA641 B 2.25 
CD4028 1.50 MC1352P 000 SN7438 0.35 SN74141 085 TBA651 1.69 
CD4029 3.60 MC1468L 3.60 SN7440 0.16 SN74145 0.90 TBA800 1.40 
CD4030 087 MC 1469R 2.75'SN7441AN OAS SN74150 100 784810 1.40 
CD4031 6.19 NE555V 0.70 5N7442 0.66 SN74151 0.86 784820 1.16 
CD4037 1.93 NE556 1.30 SN7445 0.90 SN74153 036 TBA920 4.00 
CD4041 106 NE560 4.48 SN7446 0.96 SN74154 1.50 OIL sockets 0.17 
C04042 138 NE561 4.45 SN7447 0.96 SN74155 1.50 

BRISTOL 
10% discount for callers at our new shop 
at 1 Straits Parade, Fishponds, Bristol 
BS16 2LX during August. Tele: Bristol 
654201 /2. 

POPULAR SEMICONDUCTORS 
2N696 022 2N3906 027.AF139, 085 80139 0.71 MPSA56 0.31 
2N697 0.16 2N4037 042 AF23y 0.66. BD140 007. 0C28 0.766 
2N698 0.62 2N4036 17.67 AF240 0.90 BF115 0.36 OC35 0.60 
2N699 0.69 2N4058 0:18 AF279 0.70 BF117 0.55 0C42 0.50 
2N706 0.14 2N4062 0.15 AF280 0.79 BF154 0.20 0C45 0.32 
21708 0.17 2N4289 0.34 AL102 1.00 BF159 027 TIP29A 0.49 
2N916 0.28 2N4920 1.10 BC107 0.14 BF180 0.35 TIP29C 0.58 
2N918 032 2N4921 083 BC108 0.14 BF181 036 TIP31A 0.62 
211302 0.185 2N4923 1.00 BC109 0.14 8F184 0.30 TIP32A 0.74 
2N1304 026 2N5245 0.47 BC1478 0.14 BF194 0.12 TIP33A 1.01 
2N1306 0.31 2N5294 0.48 8C1488 0.15 8F195 0.12 TIP34A 1.51 
2N1308 0.47 2N5296 0.48 BC149B 0.15 8F196 0.13 TIP35A 2.90 
2N1711 OAS 2N5457 0.49 BC1574 0.16 BF197 0.16 TIP36A 3.70 
2N2102 0.60 2N5458 0.46 8C1584 0.16 BF198 0.18 TIP42A 0.90 
2N2147 0.78 2N5459 0.49 BC1678 0.15 8F244 0.21 TIP2955 0.98 
2N2148 0.94 2N6027 0.45 BC168B 0.15 BF257 0.47 TIP3055 0.50 
2N2218A 0.22 3N128 0.73 BC1698 0.15 BF258 0.63 TI543 0.28 
2N2219A 026 ,3N140 1.00 BC182 0.12 8F259 0.66 ZTX300 0.13 
2N2220 0.25 3N141 081 BC182L 0.12 BFS61 0.27 ZTX301 0.13 
2N2221 0.16 3N200 2.49 BC183 0.12 BFS98 0.25 Z1X 500 0.16 
2N2222 0.20 40361 0.40 BC183L 0.12 BFR39 0.24 /TX 501 0.13 
2N2369 0.20 40362 0.46 8C184 0.13 BFR79 0.24 ZTX502 0.18 
2N2646 0.66 40406 0.44 BC184L 0.13 BFX29 0.30 1N914 0.07 
2N2904 0.22 40407 0.35 BC212A 0.16 BFX30 0.27 113754 0.16 
2N2905 0.26 40408 0.50 BC212LA 0.16 BFX84 0.24 1N4007 0.10 
2N2906 0.19 40409 0.62 BC213LA 0.16 BFX85 0.30 1N4148 0.07 
2N2907 0.22 40410 0.62 8C214L8 0.18 8FX88 0.25 1N5404 0.22 
2N2924 0.20 40411 2.00 BC237B 0.16 BFY50 0.226 1N5408 0.30 
2N2926G 0.12 40594 0.74 BC238C 0.15 8FY51 023 44119 006 
2N3053 0.26 40595 0.84 BC239C 0.16 8FY52 0.205 BA102 0.25 
2N3054 0.60 40636 1.10 BC257A 0.16 BRY39 045 BA145 0.18 
2N3055 0.76 40673 0.115 BC258B 0.16 ME0402 0.20 BA154 0.12 
2N3391 0.28 AC126 020 BC2598 0.17 ME0412 0.18 BA155 0.12 

2N3392 0.15 AC127 0.20 BC301 0.34 ME4102 0.11 BB103B 0.23 
2N3393 0.16 AC128 0.20 BC307B 0.17 MJ480 0.96 BB104B 0.45 
2N3440 0.59 AC151 0.27 8C3084 0.15 MJ481 1.20 BY126 0.12 
2N3442 1.40 AC152 0.49 BC309C 0.20 MJ490 1.06 BY127 0.16 
2N3638 0.16 AC153 0.35 8C327 0.23 MJ491 1.46 BYZ11 0.51 
213702 0.12 AC176 0.30 BC328 0.22 MJ2955 1.00 BYZ12 0.51 
2N3703 0.13 AC187K 0.36 BCY70 0.17 MJE340 0.48 0A47 0.06 
2N3704 0.15 AC188K 0.40 BCY71 0.22 MJE370 0.65 0481 0.18 
2N3706 0.15 AD143 '0.88 BCY72 0.16 MJE371 0.75 0A90 0.06 
213708 0.14 AD161 0.50 Bb121 1.00 64JE520 0.60 0A91 0.06 
2N3714 1.38 40162 0.50 BD123 0.82 MJE521 0.70 W02 1 A200 0.32 
2N3716 1.80 AF106 0.40 BD124 0.67 MJE2955 1.20 95164 0.67 
2N3771 2.20 AF109 0.40 B0131 0.40 MJE3055 0.75 5T2 dlec 0.20 
2N3773 2.65 AF115 0.36 B0132 0.60 14P8113 0.47 40669 1.00 
2N3789 2.06 AF116 0.35 8['135 0.43 91PF102 0.39 TIC44 0.29 
2N3819 0.37 AF117 0.35 BD136 0.47 M PSA05 0.25 C1060 0.65 
2N3820 0.64 AF118 0.35 BD137 0.56 MP5A06 0.31 ORP12 0.60 
2N3904 0.27 AF124 0.30 80138 0.63 1141,5A55 0.31 
Prices correct at July, 1975. but all exr )usixe of V A T Post & Package 25p 



Wireless World, September 1975 a49 

S- 2020TA STEREO TUNER/AMPLIFIER KIT 
.. SOLID 

S 0 
9,41, ". G MAHOGANY 

CABINET 

Mag. input,. Tape In/Out facility (for noise reduction unit, etc), THD less 
etc, are PC mounted for ease of assembly. Tuner section: uses Mullard 
IF, INTERSTATION MUTE, and phase -locked IC stereo decoder. LED 
30dB mono S/N @ 1.81.1V.THD typ. 0.4 %. 

£47.95 + 99p p &p+ VAT. 

NEW PRODUCT I 

A high quality push-button FM Varicap 
Stereo Tuner combined with a 20W r.m.s. 
per channel Stereo Amplifier. 
Brief Spec. Amplifier: Low field Toroidal transformer, 
than 0.1% at 20W into 8 ohms. All sockets, fuses, 
LP1186 module requiring no RF alignment, ceramic 
tuning and stereo indicators. Tuning range 88- 104MHz. 

PRICE: 

NELSON -JONES STEREO FM 
TUNER 

A very high performance tuner with Brief 
dual gate MOSFET RF and Mixer rejection 
front end, triple gang varicap IC stabilized 
tuning, and dual ceramic filter /dual unit. 
IC IF amp. 

PRICE: Mono 
With Portus -Haywood 

With ICPL Decoder 

Spec. Tuning range 88- 104MHz. 20dB mono quieting @ 0.75pV. Image 
-70dB. IV rejection -85dB. THD typically 0.4 %. 

PSU and LED tuning indicators. Push -button tuning and AFC 
Choice of either mono or stereo with a choice of stereo decoders. 

£25.46 + 85p p &p+ VAT; 
Decoder £31.96+ 85p p &p+ VAT; 

£29.73+ 85p p &p+ VAT. 

*, 
, 
; . 

"TEXAN'' 4 ... 
and fuses 

than 0.1% THD. Mag. PU input S/N 60dB. Radio input S/N 72dB. Head 
unit, etc). Toroidal mains transformer. 

+ 99p p &p+ VAT. 

NEW PRODUCT 

S -2020A AMPLIFIER KIT 
Developed in our laboratories from the highly successful 
design. PC mounting potentiometers, switches, sockets 
are used for ease of assembly and to minimize wiring. 
Typ. Spec. 20+ 20W r.m.s. into 8 -ohm load at less 
phone output. Tape In /Out facility (for noise reduction 

PRICE: £29.95 

STEREO MODULE TUNER 
A low -cost Stereo Tuner based on the Mallard LPI186 RF module 
requiring no alignment. The IF comprises a ceramic filter and high - 

PLL stereo decoder IC. 
range 88- 104MHz. LED sig. strength indicator. LED Stereo indicator. 

&p+ VAT. Mono £22.40+ 85p p &p+ VAT. 

- 
performance IC. Variable IN7ERSTATIONMUTE. 
Typ. Spec. Sens. 30dB S/N mono @ 1.8pV. Tuning 
THD typically 0.4 %. 

PRICE: Stereo £26.32+ 85p p 
ALL THE ABOVE KITS ARE SUPPLIED COMPLETE WITH ALL METALWORK, SOCKETS, FUSES, NUTS AND.BOLTS, 
KNOBS, FRONT PANELS, SOLID MAHOGANY CABINETS AND COMPREHENSIVE INSTRUCTIONS. 

SUB ASSEMBLIES 
BASIC NELSON -JONES TUNER 
Supplied as a printed circuit board with all components and screening box to build a varicap tuner module. Performance 
spec as above for complete N -J Tuner. For suitable stereo decoders see below. (Illustrated without screening box.) 

PRICE: £12.88+ 25p p&p+ VAT. 
BASIC MODULE TUNER 
Supplied as a printed circuit board with all components ana screened Mullard LP1186, to build a mono or stereo tuner module. 
Performance spec as above for Stereo Module Tuner complete kit. 

PRICE: Mono £11.11 + 25p p&p+ VAT; Stereo f13.89+ 25p p &p+ VAT. ,:_ 

PORTUS -HAYWOOD PHASE -LOCKED STEREO DECODER 
Mk II version of this design (WW Sept. 1970). The lowest distortion phase -locked stereo decoder kit available (Typ. 
0.05% @ N -J Tuner 0/P level). Separation 40dB up to 15KHz. 
Complete kit comprises PCB and all components, inc. stereo LED. 

PRICE: f7.68+ 25p p &p+ VAT. 

PHASE -LOCKED IC DECODER 
Integrated circuit phase -locked stereo decoder based on the MC 1310. THD typically 0.3 %. Separation 40dB @ 1KHz. 

PRICE: f4.27+ 20p p&p+ VAT. 
PUSH -BUTTON UNIT 
The six -position push- button unit used in our tuners and tuner /amp. Each track has the required diode law for stability of ?ice 
tuning. There are approx. 40 turns on each button and there are six separate moving pointers. An AFC disable switch, is 
incorporated with each button. The unit is finished in black with red pointers. 

PRICE: £3.00+ 20p p &p+ VAT. 

Please send SAE for complete lists and specifications.. 
Church INTEGREX. LIMITED , Tel. Swadlincote (0283 87)'5432. Telex 3771 

Burton-on-Trent, Staffs, DE1 1 9PT. 

WW -075 FOR FURTHER DETAILS 
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CASED TRANSFORMERS 
Noua/ 6e said rpm asiS dei crin with 3 core 
ewer table ono magi emcees. NNW primary miming 
. IsolabK types ere flics with 37íe sutler sockets ana 
sri milaele with 110 welt or 240 rit output (Please 
[tala. Ado types are Ires w0 2 -pe lier style 
Mckals up 4 500 VA. 3-pte Nickels iron 750 M 3000 
VA Sae kb N INiIaces maws for Arica. Plugs 
extra. 

SAFETY ISOLATING 
Prim 120/240V Sec 120.240, Centre Tap with screen 

PRICE 

TRANSFORMERS 

VA 

IWATTSI 

REF 

at 
PRICE 

Cooed 

E 

nags 
2 Pin + 1 Earth 

E 

PRICE 

Opee 

E 

P6al 

E 

60 149 8.35 088 4.37 0.56 
100 150 9.15' 088 4.90 0.64 
200 151 11.45 0.88 8.14 0.80 

250 152 12.90 088 9.80 0.88 
350 153 15.50 0.88 11.88 0.95 
500 154 17.25 038 13.62 1.13 

750 156 27.10 1.10 20.59 0.8. 

1000 156 35.40 1.10 29.15 OA. 

1500 157 42.00 1.10 33.37 0A. 
2000 158 49.75 2.64 37.10 0A. 
3000 159 73.15 2.64 58.55 O.A. 

MINIATURE & EQUIPMENT 
Primary 240V with Screen 

'VOLTS 

sec.( Ssc.2 
AMLAMPS 

Sec .l Sec .2 
TYPE 

Na. 
PRICE 

E 

Peel 
E 

383 _ 210 238 1.50 0.25 

ob g6 500 500 234 1.30 0.05 

o5 
459 

54 1000 
100 

1000 212 
13 

1.90 
1.40 

0 07 

025 
09 0.6 330 330 235 1.60 025 
04.9 049 500 500 207 1.93 0.34 

049 049 Ime 1000 206 2.75 047 
15515 - 40 240 1.35 025 
0-15 0-15 291 2110 236 1.38 0.25 

200-20 30 241 1.35 025 
020 0-20 150 150 237 1.38 025 
0.15.20 015-20 500 500 200 2.73 056 
0-20 0-20 300 300 214 193 617 
0-20 - - 3500 No Soma 1116 3.30 0.64 

20.120 - 700 - 22I 220 0.47 
12 -20 I0.GI 

0 -1620 615.20 1000 1000 206 350 0.56 
01627 61527 50D 500 203 390 0.56 

01527 0-15-27 1000 1000 204 385 0.56 

12 and 24 VOLTS PRIMARY 200 -240 Volts 
TYPE PRICE Past 

I7V 246 Mo. E 

0.3 0.15 242 1.58 0.34 

0.5 0.25 III 1.38 0.34 

0.5 213 1.74 047 
71 2.30 OA/ 

4 18 2.96 0.56 

6 70 4.18 056 

6 IM 4.56 0.64 

10 72 5.20 0.72 

12 116 5.51 0.72 

16 17 7.00 030 

20 115 10.42 089 

30 107 13.25 1.01 

40 20 232 14.85 0.A. 

so 30 226 1633 0.A. 
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30 VOLTS 
PRIMARY 200/2409 
SECONDARY 

AMPS Vol 

4e. 

0.5 112 

117 

I 

50 VOLTS 
PRIMARY 200/2408 
SECONDARY 

AMPS 

0.5 

2 

3 

4 

fi 

8 

0 

60 VOLTS 
PRIMARY 200/2409 
SECONDARY 

Apps AM. 

.5 124 

126 

127 
125 

123 

IN 
121 

122 

119 

12. 15, 20, 24, 309 
. Price 

E 

1.90 
79 0.40 
3 350 

20 4.50 
21 5.15 
51 6.40 

7.16 
88 9.55 
99 9.67 

19, 25, 33. 40. 509 

Rel. Pr /Ni 

02 2.58 
03 3.48 
as 5.03 
05 5.01 

06 7.51 
07 12.30 
19 13.20 
19 17.02 

24, 30. 48. 60V 

Pyka 
2.30 
3.41 
5.09 
7.52 
8.75 

40 9.75 
11.20 
15.00 
11.20 
18.50 

Pat 
E 

0.47 
0.56 
0.56 
0.61 
0.72 
0.72 
0.88 
0.95 
0.95 

Peet 
0.17 

0.56 
0.64 
0.72 
0.88 
0.95 
1.13 

O.A. 

Pool 

0.56 
0.56 

0.72 
0.80 
0.95 
0.95 
1.01 

1.19 
0.1. 
0A. 

BRIDGE RECTIFIERS 

ONE AMP 
50 P.I.V. 

100 P.I.V. 

200 PIN. 
600 P.I.V. 

FOUR AMP 
100 P1.6. 

200 P.I.V. 

400 P.I.Y. 

, t 
600 P.I.V 

WOO AMP 
M P.I.Y. 

1m P.I.Y. 

200 P.I.V. 

400 P.I.Y. 

SIX AMP 
50 P.I.V. 

100 P1.Y. 

200 P.I.V. 

400 P1. V. 

Price 
0.20 
0.20 
0.28 
0.30 

0.55 
0.59 
0.65 
0.75 

0.35 
0.40 
0.45 
0.50 

0.65 
0.70 
0.08 
0.90 

POWER UNIT 
TYPE 

CC12 -05 

Mter ewilches 3. 4.5. 6. 7.5. 9 and 12 Yslls at 

500.90.C. OprsMS Iron 240 V onw. aitere 
la RaeeL Tape Recerdas. burl Royat. sM. 

Ws 7.5 x 53 x 143 cm. Price E335 Poll 
25g. 

AUTO TRANSFORMERS 

VA Ref PRICE 
(Wand No Cased 

Tapped at 115. 220. 240 Volts 

PRICE 
Plugs 

2 6 3 pin 
PRICE 
Open 

E 

Post 
E 

20 113 
Tapped at 115. 200. 

395 
220. 240 Volts 

0.20 1.71 0 47 

150 4 6.38 0.20 4.12 o 56 
200 65 7.04 0.20 4.95 0 64 
300 66 8.00 0.20 5.81 0 72 
500 67 10.99 0.20 8.85 0.88 
750 83 13.82 0.85 10.80 0 95 

1000 84 1 7.27 0.85 13.68 1.13 
1500 93 21.87 0.85 18.31 0.A 
2000 
3000 

95 
73 

33.11 
47.94 

1.80 
2.10 

2425 
35.10 

O.A. 
0A 

NEW! 2" AND 4" 
PANEL METERS 

211 

SIZE 60mm Wide x 45 
x 40mm Deep. 
Memew8 

Rieh 

IA. 
Ohms 

4" 
SIZE: 1 10m Wile x 82mm Nigh 

x 43mm Bap. 
Mawr I.R 

Ohms 
0 -9 were A. 1250 050 Om A 1400 
0 -810 micro A 580 0-100 micro 730 
0.690 Mere A 170 0-500 mkn A 200 

0-1.9 170 0.160 200 a'.9 1.70 0-5.9 200 

0-P3mA 6 0-10 NA 

025 mA 

0-110 eoA 

as 
0.5 

050 el 
0190.9 

0.5 
0.5 

0910l A 0.5 0500 mA 0.5 

0.1 AMP 0.5 a l AMP 0.5 

0 -2 AMP 05 0.2 AMP 0.5 

an 6111 15K 0-25 60 15K 

0-90 Voll 50K 050 Volt 50K 

5110 Volt 300K 0300 Yoh WOK 

"p' Meter 170 "p" *Mr 200 
VU Meter 9250 YU Maw 5250 

VII Meters are complete with deteclerc. /Wont wide view. Price 2" (3.20 
Pat 100. Rice 4" E4.00 Post 10. Lamps 60p per sal.. 

C1000 MULTI -METER 
Compact 6eaaer Purpoa Knl WARP 
lopin MislNiCe IMO Om per rail 

Rape úC Voltz 0 -15 50 250 1000 Veils 
t6C Vohs 0.10 50 250 1000 Vils 
IC Correa' 0-1 mA 0 -190 roA 

Menace 0.150K lams 
d'An 60 x 24 x 90 ma 
I:aplre wilt Ranales. Tat Press. lulrudleas 

Sper.lal price £3.30 Post 251, 

1/4-WATT CARBON FILM RESISTORS 
also avulable '/e wan at 70' CE 12 range 10(7-IMO 5% WI above 
470KC 10% tot. at 96p per 100 

MINIATURE NEONS 
6mm dia 1 2mm length leads length approx. 20mm Recommended 
bailast resistor 150K ohms for 240 Volt operation Price. Packet of 
10 for 60p. Postage 15p 

PLEASE ADD VAT 

Send 25p for Catalogue A S 3Pill LTD. 

(DEPT. WW9). SIMMONDS ROAD, WINCHEAP 

CANTERBURY, KENT. Tel: (0227( 52436 

Don't miss your copy of 
HENRY'S 
NEW 
ATA 

FM 5 
Plus 200 

P& P, S 
117 

f- 

* OVER 5,000 ITEMS - largest UK range o 
electronic components for home 
constructors. 

* 200 PAGES - every aspect of electronics and 
components for amateurs and hobbyists - 
kits, projects, test gear. 

* DOZENS of new lines and new ranges. 
* MANY price reductions throughout the new 

Catalogue. 
* A Discount Voucher with every copy, worth 

50p. 

ALL HENRY'S PRICES NOW INCLUSIVE' 

OF VAT 

Write for your copy, enclosing 70p remittance 

ELECTRONIC FOOTBALL & TENNIS 
WITH THE FABULOUS 

VIDEO SPORT 
ON YOUR OWN TV 

Play three exciting electronic ball 
games. FOOTBALL. TENNIS. HOLE 
IN THE WALL on your own TV! Just 
plug Video Sport into the aerial 
socket of your TV and away you go. 
Completely sate for you. your 
children and your TV. Mains 
operated 

OUR INCREDIBLE PRICE 

BUILD THE TEXAN + FM TUNER 
TEXAN 20 + 20W STEREO AMP. 

glass fibre PC board. Gardners 
low held transformer 
5 -IC "5 ,O-transistors 

p ú áoôes. e 

s Designed by Texas 
instruments engineers 

£29.50 inc. VAT 
DEMONSTRATIONS 
NOW IN ALL CENTRES' 

for Henry's and 

/ P W. 1972. Overall, 
maire .15,, x 2'A" ee 6'4" 

operated. Free Web sleeve 

£29.95 (CARRIAGE Kip) with every kn 

fits, built and tested E39 95) 

Stereo FM Tuner 
Features capacity diode tuning. lead and tuning mere, 
,,,deators. mains operated 
Mph performance and s n iuvity. Overall size in teak sleeve 
A" n 21/4 ' x 63/4" Complete kit with teak sleeve. 

£26,25, (CARRIAGE 50p)., 
ialso buds and tested £31 201 

JOIN THE LARGE BAND OF 
CONSTRUCTORS! 

AM /FM MODULES 
LP1179 LP1171 

Combined AM /FM tuner 
modules. together with a small 

tuber of R C s Ferrite Aerials. 
mak e up a sensitive 
FM / MW/ LW tuner. 
6 Volts supply. supplied with 
data and circuit sheets. 

LP1171 combined IF strip 
E4.60. 
LP1 1 79. FM front end and AM 
gang E4.60 
E8.62 the parr 
Suitable Ferrite aerial 87p 

UHF TV TUNERS 
625'bne receiver UH transistorised boners L K operate: 
Brand new (Post / packing 25p each). 
TYPE A variable tuning slow motion drive E3.50 
TYPE B 4 -bunon push bunon (adjustable) E4.60 
TYPE C vanne tuning 12.90 
TYPE D 6-button -UHF tuner E5.20 

SPECIAL OFFER. GARRARD CT4 
STEREO CASSETTE TRASPORT 

MECHANISM 
FEATURES 
* STEREO HEADS 
* BUILT -IN MOTOR STASI LISOR 
* AUTO STOP + EJECT 
* PAUSE CONTROL 
* 12v DC OPERATION 
Robust precision engineered mechanism based on 
the " STARR- patented design. Ideal for use in car 
stereo cassette players. hi-fi stereo cassette 
recorders, Industrial and many other applications 
Suitable for the 'PVT Ascot Stereo Cassette Deck 

£13.50 Inc. VAT P &P 35p 
FREE: - 
SEND NOW FOR OUR FREE 
LIST NO. 36 FOR OUR COM- 
PLETE RANGE OF OVER 
10,000 SEMI -CONDUCTOR 
DEVICES AT NEW LOW 
PRICES 

Now Open Supermarket. 
Browse Round The New 
Supermarket at 404 
Edgware Road 

HENR5'S 
lectromc en res 

404 -406 Electronoc Components & Eautpment 01 -402 8381 
154 PA- Disco -Lighting High Power Sound 01 -402 5854 

303 SpecIal offers and bargaons store 
All mail to 303 Edgware Read London W7 113W 

Ho Fo and 
Electronics 
Centres Open 
9 am - 6 prie 

Prices Correct at tome of preperatoon. Subject to change without notice E. &O .E 
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PROJECTS FOR YOU TO BUILD 
4 -digit clock, 6 -digit clock, 10W high quality power 
amp., High quality stereo pre -amp., Stereo Tuner, 
F.M. Stereo decoder, etc., etc. 

CIRCUITS ... Frequency Doublers, Oscillators, Timers, 
Voltmeters, Power Supplies, Amplifiers, Capacitance 
Multiplier, etc., etc... . 

Full details and pictures of our wide range of components, 
e.g. capacitors, cases, knobs, veroboards, edge connectors, 
plugs and sockets, lamps and lampholders, audio leads, 

adaptor plugs, rotary and slide potentiometers, presets, 
relays, resistors (even 1''o types! 1, switches, interlocking 
pushbutton switches, pot cores, transformers, cable and 
wire, panel meters, nuts and bolts, tools, organ components, 
keyboards, L.E.D.'s, 7- segment displays, heatsinks, 
transistors, diodes, integrated circuits, etc., etc., etc... 
Really good value for money at just 40p. 

The 3600 SYNTHESISER 
The 3600 synthesiser includes the most popular features of the 
4600 model, but is simpler. Faster to operate, it has a switch 
patching system rather than the matrix patchboard of the larger 
unit and is 

particularly 
suitable for live r ̀+ r . _v r r 
performance 
and portable 
use. 

Price list available 
when series in 
ETI completed. 

The 4600 
SYNTHESISER 

We stock all the parts for this brilliantly designed synthesiser, 
including all the PCB's, metalwork and a drilled and printed front 
panel, giving a superb professional finish. Opinions of authority 
agree the ETI International Synthesiser is technically superior 
to most of today's models. Complete construction details 
available shortly in our booklet price £1.50, or S.A.E. please 
for si 'cI .ii i 

GRAPHIC EQUALIZER 
A really superior 
high quality stereo 
graphic equaliser 
as described in 
Jan. 1975 issue 
of ETI. stock 
all parts (except 

1 1 t 1 t t woodwork) 
including all the 
metal work 
drilled and 
printed as required to suit our components and PCB's 
Complete reprint of article - price 15p 

NO MORE DOUBTS ABOUT PRICES 
Now our prices are GUARANTEED (changes in VAT excluded) for two month periods. We'll tell you about price changes in advance for 
just 30p a year (refunded on purchases). If you already have our catalogue send us an s.a.e. and we'll send you our latest list of 
GUARANTEED prices. Send us 30p and we'll put you on our mailing list you'll receive immediately our latest price list then every 
two months from the starting date shown on that list you'll receive details of our prices for the next GUARANTEED period before the 
prices are implemented! plus details of any new lines, special offers, interesting projects and coupons to spend on components to 
repay your 30p 
NOTE: The price list is based on the Order Codes shown in our 
catalogue so an investment in our super catalogue is an essential 
first step. 

Call in at our shop, 284 London Road, Westchff on Sea, Essex. 
Please arllress ,iii mail to 

ELECTRONIC ORGAN 
Build yourself an exciting Electronic 
Organ. Our leaflet MES51, price 15p, 
deals with the basic theory of electronic ww 
organs and describes the construction of Sr 
a simple 49-note instrument with a single 
keyboard and a limited number of stops. 

¡ J 
Leaflet MES52, price 15p, describes the 
extension of the organ to two keyboards 
each with five voices and the extension 
by an octave of the organ's range. 
Solid -state switching and new footages along with a pedal board 
and a further extension cif the organ's range are shown in 
leaflet MES53, also priced at 15p. 

MAPLIN ELECTRONIC 
SUPPLIES 
P o Box 3 R Essex SS6 8LR 

ill1M111111111IMIIIIMIIIIIIIMMI1111 , I enclose Cheque, P.O. value 
For copy /copies of your 

Name 
Address 

Catalogue 

MAPLIN ELECTRONIC SUPPLIESEsssexB SSb8LRe'l 
MOMMIIMMONIMMINNUMMIMMORIW 
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RST VALVE MAIL ORDER CO. 
1 6a Wellfield Rd., London, SW16 2BS 
Tel: 01 -677 2424 Telex: 946 708. 

VALVES ÉCH42 0 .8s 
EZ80 030 
EZ81 031 

PEN45DD 
075 

UCL83 0.70 
UF41 0.75 

6CD6G 1.60 
6CH6 1.50 

12BH7 0.60 
30015 1.00 

AZ31 060 ECH8I 035 EZ90 0.45 PFL200 0.70 UF89 050 6E5GT 0.75 30C17 1.00 
AZ41 070 ECH83 0.50 GY501 0.90 PL36 063 UL41 0.85 6F23 0.90 30C18 090 
CBL31 1.40 ECH84 050 GZ30 0.65 PL38 1.25 UL84 0.50 615G 0.45 30F5 1.00 
CL33 1.50 ECL80 0.60 GZ32 065 PL81 055 UY41 0.55 615GT 0.55 30FLI 100 
CY31 0.60 ECL82 0.42 GZ34 0.75 PL82 0.50 UY85 0.46 6J7GT 0.45 30E214 1.00 
DAF91 0.40 ECL86 0.55 H63 0.90 PL83 050 VP4B 1.25 6K6GT 0.80 30LI5 0.95 
DAF96 050 ECLL800 HL41DD PL84 0.50 VR75/30 6K7GT 0.35 30217 0.95 
DCC90 1.35 3.50 0.70 PL500 065 6K8GT 0.50 30P12 1.00 
DF91 040 EF37A 1.20 HN309 1.50 PL504 0.65 VR 105/30 6P25 2.50 30P19 0.95 
DF96 080 EF39 1.25 KT61 2.50 PL508 0.90 6Q7GT 0.43 3OPLI 0.95 
DK9I , 0.50 EF41 075 KT66 295 PL5119 1.55 VR 150/30 65G7 0.50 30PL13 1.10 
DK92 1.00 EF55 1.50 KT81 (7C5) PL801 1.00 0.45 6S17GT 0.30 30PL14 1.10 
DK96 0.75 EF80 0.35 1.30 PL802 120 Y63 125 6SL7GT 35L6GT0.00 
DL92 050 EF85 0.45 KT88 3.25 PY32 063 1125 0.50 0.55 35W4 0.60 
DL94 041 EF86 0.50 KTW 61 1.50 PY33 063 ISS 040 6SN7GT 35Z3 0.80 
DL96 055 EF89 0.35 KTW 621,50 PY81/800 1T4 0.40 0.55 35Z4GT 0.70 
DM70 070 EF9I 044 N78 3.50 050 3S4 0.50 6U4GT 0.76 5.005 0.70 
DY86/7 0.45 EF92 050 0A2 045 PY82 0.45 3V4 085 6U5G 1.60 50CD6G 
DY802 0.47 EF98 0.80 OB2 0.45 PY83 0.50 5R4GY 1.00 6V6GT 0.80 1.20 
EABC80 EF183 0.40 OZ4 0.55 PY500 1.10 5U4G 0.55 6X4 045 80 0.75 

038 EF 184 0.40 PC86 065 PY801 055 5V4G 0.60 6 XSGT/G 807 160 
EAF42 0.70 EH90 0.60 PC88 0.65 SP4I 3.00 5Y3GT 0.65 055 6080 2.50 
EA F801 EL33 250 PC900 055 SP6I 0.85 5Z4G 0.65 7B6 0.60 6146 3.00 

075 EL34 0.70 PCC84 0.45 T41 1.00 6/30L2 0.90 7B7 0.60 Tu @ES 
EBC33 1.00 EL37 2.50 PCC89 055 U25 1.00 6AL5 030 7C5 1.30 21301 4.00 
EBC4I 075 EL4I 000 PCC 1890.65 1126 0.85 6AQ5 0.50 7C6 1.00 3BP1 4.50 
EBCBI 040 EL42 1.65 PCF80 0.40 U 191 0.75 6AS7G 1.00 7H7 0.80 3DP IA 4.00 
EBF80 040 EL84 0,35 PCF86 0.65 U404 075 6AT6 0.60 7S7 2.26 3EG I 8.00 
EBF83 0.40 EL91 1.00 PC F801 0.60 U801 1.11 6AU6 0.40 7Y4 0.80 3FP7 2.00 
EBF89 032 EL95 0.60 PCF8020.55 UABC80 6AV6 0.5A 12AC6 0.80 3GPI 5.00 
EBL31 2.00 EL360 460 PCF805 0.90 0.40 6BA6 0.3$ 12AD6 0.10 58P1 8.00 
ECC40 1.00 ELL80 2.00 PC F806 0.60 UAF42 0.75 68E6 045 12AE6 0.75 5CP I 500 
ECC81 0.45 EM80 0.55 PCF8081.00 UBC41 0.60 6BH6 0.75 12AT6 0.46 88D 15.00 
ECC82 038 EMBI 0.60 PCL82 0.45 UBF80 0.50 6616 0.75 12AT7 0.416 CV429 27.50 
ECC83 0.38 EM84 040 PCL83 0.70 UBF89 0.50 6BQ7A 055 12AU6 0.60 DG7 -5 12.00 
ECC85 0.45 EY51 045 PCL84 0.50 UCC85 050 6BR7 1.20 12AU7 0.36 VCR I38 
ECC88 0.50 EY86 0.45 PCL85 0.60 UCH42 010 6BW6 1.00 12AX7 0.36 10.00 
ECF80 045 EZ40 0.60 PCL86 050 UCH81 050 6BW7 1.00 12BA6 0.60 VCR 139A 
ECF82 0.45 EZ4 I 0.75 PD500 1.50 UCL82 0.10 6C4 0.40 128E6 0.60 8.00 

TRANSISTORS & ICs 2N697 0.16 
2N706 0.12 

3N141 081 
40360 0.40 

SN7476 045 
SN7480 OM 

AA119 07 13F179 0.33 0C44 020 2N706A 0.12 40361 0.45 SN7482 0.87 
AAZ13 0.12 8F180 0.36 0C45 0.20 2N1131 0.25 40362 0.40 SN7483 1.10 
AAZ15 0.10 13F181 0.35 0071 0.18 2N1132 0.24 40430 0.85 SN7484 1.00 
AC107 0.51 BFI94 0.10 OC72 0.2$ 2N1302 0.18 SN7400 0.16 SN7486 0.47 
AC126 625 SF195 013 0076 0.30 2N 1303 0.18 SN7401 0.18 SN7490 0.55 
AC127 0.25 8F197 0.15 0077 064 2N 1304 0.28 SN7402 0.16 SN749 I A N 
AC128 0.15 BF200 032 0081 0.20 2N1305 0.22 SN7403 0.16 1.00 
AC176 0.25 BFS61 025 OCSID 0.20 2191306 0.28 SN7404 0.26 SN7492 030 
AC187 0.21 BFS98 025 .008IZ 045 2N1307 028 SN7405 0.22 SN7493 0.70 
AC 188 0.20 BFW 10 0.61 0083 027 2N1308 025 SN7406 0.42 SN7494 0.80 
ACY21 0.22 BFX29 0.28 OC140 1.14 2N1309 030 SN7407 042 SN7495 680 
ACY39 0.78 BFX88 024 OC170 0.30 2N1613 0.21 SN7408 020 SN7496 0.95 
AD140 0.50 BFY50 0,21 0C 171 0.30 2N1614 0.45 SN7409 021 SN7497 317 
AD149 0.50 BFY51 020 0C200 054 2N2147 0.78 SN7410 0.16 SN74100 1.89 
ADI6I 0.44 BFY52 0.20 OC201 1.00 2N2160 0.78 SN7411 025 SN74107 0.45 
AD162 0.44 BY100 0.27 0C202 010 2N2369A 016 SN7412 030 SN74110 0.58 
AF115 0.25 BY126 0.14 0C203 0.55 2N2646 0.50 SN7413 0.31 SN741 1 1 0.86 
AF116 0.25 BY127 0.12 OCP7I 120 2N2904 0.20 SN7416 0.36 SN74118 090 
AFI(7 0.24 BZX61 series ORP12 '0.60 2N2904A 0.25 SN7417 0.30 SN74119 1.68 
AF186 0.48 0.20 ORP60 055 2N2905 0.32 SN7420 0.10 SN74121 0.50 
AF239 0.44 BZYS8 series TIC44 0.29 2N2905A 0.25 SN7422 026 SN74122 670 
ASY27 0.33 0.10 TIC226D 1.60 2N2906 0.20 SN7423 037 SN74123 1.00 
ASY28 0.25 CRS 1-05 0.35 TIL209 020 2N2926 012 SN7425 0.37 SN74141 0.90 
BA102 0.25 CRS Id0. 050 ZTXI07 012 2N3053 0.18 SN7427 037 SN74145 1.26 
BA115 0.10 CRS3-05 0.40 ZTX108 0.$ 2N3055 0.45 SN7428 0.40 SN74150 1.75 
BC107 614 CRS3-40 ZTX300 013 2N3525. 0.91 SN7430 0.16 51974151 1.00 
BC 108 0.13 MJE340 

.65 
t.47 ZTX301 014 2N3614 0.65 SN7432 0.37 SN74154 2.00 

BC109 0.14 M1E370 068 ZTX302 0.18 2N3615 0.65 SN7433 0.37 SN74155 1.00 
BC113 0.15 M1E520 063 ZTX304 024 2N3702 0.11 SN7437 037 SN74156 1.00 
0C117 021 MJE2955 1.27 ZTX500 013 2N3703 012 SN7438 0.37 SN74157 0.95 
BC143 0.30 MJE3055 0.77 ZTX501 0.15 2N3704 014 SN7440 0.22 SN74170 2.52 
BC147 0.10 MPF102 0.40 ZTX503 016 2N3705 0.15 SN744 IAN SN74174 1.57 
BC148 0.8 MPF103 0.38 ZTX53I 0.25 2N3706 0.11 012 SN74175 1.10 
BC 169C 0.15 MPF104 0.35 ZTX550 018 2N3707 0.13 SN7442 0.70 SN74176 1.28 
BC182 0.12 MPF105 0.36 1N914 0.pp,, 2N3708 0.07 SN7450 0.16 SN74190 2.00 
BC182L 0.12 NKT404 0.66 IN4001 2N3709 0.10 SN7451 011 SN74191 2.00 
BC184L 0.13 OAS 0.72 1N4002 0.7 2N3710 011 SN7453 0.16 SN74192 2.00 
BCY32 0.05 OAIO 040 IN4003 0.$ 2N371 I 0.11 SN7454 0.18 SN74193 2.00 
BCY33 0.38 0A79 0.10 IN4004 0.0 2N3819 0.38 SN7460 0.16 SN74194 1.30 
BCY34 0.45 OASI 0.18 IN4005 010 2N3820 0.50 SN7470 0.26 SN74195 1.10 
BCY70 0.10 0A91 07 1N4006 012 2N3823 0.50 SN7472 030 SN74196 1.20 
BCY71 0.22 ] 0A200 008 IN4007 012 2N3903 015 SN7473 041 SN74197 1.20 
BCY72 0.15 0A202 0.06 1N4009 0.08 2N3904 020 SN7474 042 SN74198 2.77 
BCZ 11 065 OC 16 1.00 IN4148 0.06 2N3905 0.25 SN7475 059 SN74199 2.52 
BD121 1.00 0C20 2.00 15131 013 2N3906 0.25 
BDI24 0.65 0C23 1.25 15921 0.07 2N4058 0.15 
0D131 0.42 0C25 0.40 152033 020 2N4059 0.10 
BD132 0.50 0C28 066 IS2051A 0.20 2N4060 0.13 

OIL 14 pin 15p 8F115 0.20 0C35 0.55 IS2100A 0.20 2N4061 0.13 
8F167 0.25 0C36 
BF173 0.28 0C42 

0.60 
0.40 

153010 0.25 
2N696 0.15 

2N4062 0.14 
2N4289 030 SOCKETS 16 pin 17p 

INDUSTRIAL VALVES 
I83GT 
1024 
1835A 
1863A 
IN21 
IN21B 
I N 230 
IN23CR 
I X2A 1 X2 
2A3 
2 ASIS 
2C26A 
2C34 
2C39A 
2C43 
2D21 
2D21 W 
2E26 
2131 
2133 
2150 
2154 
2156A 
2K25 
2K26 
2K28 
21(45 
2X2A 

3A/107A 
3A/IOSA 
3A/1088 
3A/109B 
3A/1 10A 
3A/1 10B 
lA/146J 
3A/167M 
3A5 
38/240M 
3B/24IM 
3824 
3828 
3629 
3C22 
3C23 
3C 24/240 
3C45 
3CXIOOAS 
3E29 
3J/121E 
31/160E 
31/170E 
3 /150E 
3Q/195E 
3S4 
3 V/340B 
IV/390A 
3 V/390B 

4125A 
4 -250A 
4 -400A 
4032 
4C35 
4CX250B 
4E27 
4.150 
4552 
4152A 
4.153 
4X 150A 
4X150D 
4X2508 

50/25IM 
5B/252M 
5B/254M 

501256M 
5B/257M 
5C22 
5D21 
5R4GY 
5U4GB 
5Z3 
5Z4G 

6AF4A 
6AK5 
6AM5 
6AM6 
6AN5 
6AN8 
6AR5 
6AS6 
6AU4GTA 
6AU5GT 
6AU6 
6AV5GTA 
6AWSA 
6AX5GT 
6B4G 
68A8A 
681(4 
6BK7A 
6BL7GTA 
6BN6 
6BR7 
6BS7 
6BX7GT 
6BZ6 
6CB6 
6CH6 
6CL6 
6CW4 
6DK6 
6DQ6B 
6EA8 
6F33 
6H6(meoall 
6K7GT 
6U8A 
6V6GT 

11E3 
11E13 
I2AY7 
12B4A 
I2BY7A 
12E1 
12E14 
13E1 
28D7 
29C1 
53KU 
75B1 
75CI 
83A I 

85A 1 

85A2 
90AG 
90AV 
90C1 
90CG 
90CV 
95A1 
100TH 
150B2 
150B3 
150C1 
150C2 
150C3 
150C4 
250TH 
328 
329 

705A 
715A 
7158 
723A/O 
725A 

801 
803 
805 
807 
808 
811 
81IA 
812A 
813 
815 
828 
829B 
830B 
860 
866 
866A 
866E 
872A 
881 
891R 

954 
955 
956 
957 

1625 

2050 
2050W 
2051 

4003A 
4212E or H 
4242A 
4313C 
4328A 
4687 
5544 
5545 

5642 
5644 
5651 
5670 
5672 
5676 
5687 
5696 
5702 
5718 
5719 
5725/ 

6AS6W 
5726/ 

6AL5W 
5727/ 

2D21W 
5749 
5750 
5751 
5802 
5814 
5823 
5840 
5963 
5965 

6005ZZ6AQ5W 

6Ó7 5 
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 

9001 
9002 
9003 
9004 
9005 
9006 

13201A 

A1834 
A2087 
A2134 
A2293 
A2426 
A2521 
A 2900 
ACTE 
ACT9 

BIC IE 
0590 
BS156 
BT5 
BT35 
BT45 
BT79 
BT83 

CcIC 

CV5 
CV25 
CV26 
CV28 
CV31 
CV32 
CV45 
CV 3 

CV 3 
CV74 
CV 5 

CV118 
CV 21 
CV 24 
CV V, 

C VI31 
CV 132 
CV133 
C V 135 
CV 136 
CV 137 
CV 138 
CV 140 
CV 144 
CV 160 
CV 173 
CV 187 
CV 188 
CV190 
CV220 
CV261 
CV273 
CV284 
CV286 
CV287 
CV315 
C V 329 
CV337 
CV 342 
CV34S 
CV354 
CV 359 
CV360 
CV371 
CV 372 
CV 378 
CV 391 
CV 395 
CV 397 
CV428 
C V 434 
CV447 
CV449 
C V 466 
CV469 
CV488 
CV491 
CV492 
C V 493 
CV7I7 
C V808 
CV 1072 
CV 1076 
CV 1092 
CV1219 
CVI343 
CV 1475 
C V 1476 
CV 1477 
CV 1478 
CV 1794 
CV 1480 
CV 1481 
CV1482 
CV 1787 
CV 1832 
CVI833 
CV1835 
CV 1994 
CV 2000 
CV2I71 
CV2154 
CV2155 
CV2160 
CV2179 
CV2235 
C V 2237 
CV 2238 
CV2253 
C V2289 
CV2520 
CV2522 
C V 272 I 

C V 2901 
(' V 3523 

V 7929 

CV3986 
C V3988 
C V 3991 
C V 3998 
CV4001 
C V4002 
CV4003 
C V4004 
C V4005 
C V4006 
CV4007 
CV4008 
CV4009 
CV4010 
CV4OPI 
CV4012 
CV4013 
CV4014 
CV4015 
CV4016 
CV4017 
CV4018 
CV4019 
C V 4020 
CV4022 
C V 4023. 
C V 4024 
C V 4025 
C V4028 
C V 4033 
CV4035 
CV4038 
C V4039 
CV4040 
CV4056 
CV4059 
C V 4060 
CV4062 
C V4063 
C V4064 
C V4079 
CV4501 
CV4502 
CV4503 
CV4504 
C V 4507 
C V 4508 
CV5060 
CV6004 
CV6008 
CV6045 

DA30 
DA41 
DA42 
DA100 
DET22 

E55L 
E8OCC 
E8OFC 
E8OF 
E8OL 
E8OT 
E81CC 
ESIL 
ES2CC 
E83CC 
E83F 
E88CC 
E9OCC 
E9OL 
E9IH 
E92CC 
E 160CC 
EA50 
EA52 
EA76 
ECC35 
ECF804 
EF50 

EF54 
EF55 
EF804 
EFP60 
EL91 
EN30 
ENS! 
EN32 
EN9 I 

ESU74 
ESU76 
ESU77 

F6057 
F6060 
F6061 
F6063 
FX219 
FX225 
FX227 

G1/37I K 
GI20/IB 
G150/28 
G 180/2M 
G240/2D 
G400/1 K 
GN4 
GT I C 
GTRI2OW 
GTR 150MS 
GU 18 
GU20/2 I 

GU50 
GXUI 
KT66 
KT67 
KT88 

M8079 
M8080 
M8081 
M8082 
M8083 
M8091 
M8096 
M8097 
M8098 
M8100 
M8136 
M8I37 
M8140 
M814I 
M8142 
M8144 
M8149 
M8157 
MS 161 
M8162 
M8163 
M8167 
M8179 
M8190 
M8196 
M8204 
M8212 
M8214 
M8223 
548224 
M8225 
M8232 
M8237 
M8245 
ME I400 
ME 1401 

0A2 
0A3 
OA4G 

OB3 

OD3 
OG3 
OZ4 

OZ4A 

PT15 

QA2400 
QA2403 
QA2404 
QA2406 
QA2407 

B3% 00 
Q03-5-750 

B4-1100 
F41 
F45 

QQv03-610 
Q V03-20 
Q V03-20A 
QQV04 15 
QQV06-40 
QV06-40A 
S70/20 
S75/20 

0575/40 

QS83/3 
QQSqq2/10 
QS95/10 

S105/45 
QS 150/40 
QS 150/45 

QS 1200 0 
Q51202 
QS I203 
151205 

U37 
V03.12 
VO4-7 

QV05-25 
0V06-20 
QY3-125A 
QY4-250A 
QY4-400A 

RIO 
R17 
R4 8 

SIIE12 
S130 
S 1 30P 
STV280/40 
ST V280/80 
SUOI 
SU42 

TD03- IO 
TTI 5 
TT2I 
TTR31 MR 
TZ40 

U17 
U19 
U27 

V LS631 

Z300T 
Z759 
Z803U 

VAT 
VALVES & 

TRANSISTORS 25% 
INTEGRATED 
CIRCUITS 8% 

THIS MONTH'S 
OSCILLOSCOPE TUBES 

TYPE DG 7 -5. VCR 139A, CV 1526 

Price £8.00 P & p 25p add VAT 8% 

SPECIAL OFFER 
-Terms of Business: Mon to Sat. Open for callers 9 a.m. to 5 p.m. Closed Sat. 1 p.m. to 3 p.m. Express postage 10p for one valve; 2p each additional valve. Express postage: 10p per 
order for transistors. AN orders over £5 post free. (Full valve availability list on request, S.A.E.). Prices correct when going to press. This applies to the U.K. 

1 Audio Connectors 
Broadcast pattern jackfields, jackcords, plugs 
and jacks. 

Quick disconnect microphone connectors 
Amphenol (Tuchel) miniature connectors with 
coupling nut. 

hlrschmann 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 -028 FOR FURTHER DETAILS 

ANALOGUE & HYBRID COMPUTERS 

Illustrated is the C180, one of our standard range of 
analogue and hybrid computers which offer high 
performance and extremely good value for money. This 
model has 18 I.C. operational amplifiers all of which 
may be switched for use as integrators, automatic 
function selection and meter switching, 3 -Four 
quadrant Multipliers, Individual Pot -Set Facilities, 1% 
accuracy, built -in Stabilised Power Supplies, D.V.M. 
optional extra. Many other features at this very low price 
of £940 complete with patching leads and instruction 
Book. 

We are specialists in producing computers designed for your own specific research or 
engineering requirements at prices which are very little more than those for our standard 
range. 

Phone or write for details of our Analogue or Hybrid apparatus. 

PHYSICAL & ELECTRONIC LABORATORIES LTD. 
MANUFACTURERS OF PRECISION ELECTRONIC EQUIPMENT 

28 Athenaeum Road. Whetstone, London N20 9AE Tel 01 445 7683 

WW -079 FOR FURTHER DETAILS 
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TIE-TI a i á =C electronics 
Dept 5, 56. Fortis Green Road, 

Muswell Hill, London. N10 3HN. 

telephone: 01 883 3705 

C - /NOS 74 TTL LINEAR /.C's 

CD4000AE 
CD400IAE 
CD4002AE 
CD4006AE 
CD4007AE 
CD4008AE 
CD4009AE 
CD4010AE 
CD401 I AE 

CD4012AE 
CD4013AE 
CD4014AE 
CD4015AE 
CD4016AE 
CD4017AE 
CD4018AE 
CD4019AE 
CD4020AE 
CD4021AE 
CD4022AE 
CD4023AE 
CD4024AE 
CD4025AE 
CD4026AE 
CD4027AE 
CD4028AE 
CD4029AE 
CD4030AE 
CD4035AE 
CD4040AE 
CD4042AE 
CD4049AE 
CD4050AE 
CD4051AE 
CD4052AE 
CD4056AE 
CD4060AE 
CD4066AE 
CD4068AE 
CD4069AE 
CD4070AE 
CD407I AE 

CD4077AE 
CD4081AE 
CD4082AE 
C04085AE 
C04086AE 
CD4093AE 
CD4099AE 

1 -24 

23p 
23p 
23p 

£1.59 
23p 

£1.75 
Use 
Use 

23p 
23p 
69p 

E1.75 
f1.75 

69p 
El .75 
£2.51 

809 
£1.97 
£1.75 
El .83 

23p 
E1.76 

23p 
£2.79 

98p 
E1.53 
EI .12 

71p 
£1.75 
£2.01 
f1.49 

69p 
69p 

E2.78 
£2.78 
£2.12 
E2.51 
E1.13 

28p 
28p 
28p 
28p 
71p 
28p 
28p 

E1.28 
£1.28 
E1.56 
£2.95 

25 -99 100up 

19p 
19p 
19p 

f1.33 
19p 

E1.46 
CD4049 
CD4050 

19p 

19p 

58p 
E1.46 
E1.46 

58p 
£1.46 
E2.09 

66p 
E1.64 
El .46 
£1.53 

19p 
E1.05 

19p 

E2.33 
82p 

E1.28 
£1.76 

59p 
£1.46 
f1.68 
£1.24 

58p 
58p 

£2.32 
£2.32 
El .76 
£2.09 

94p 
24p 
24p 
24p 
24p 
59p 
24p 
24p 

E1.06 
£1.06 
E1.20 
E2.46 

15p 
15p 

15p 
£1,06 

I5p 
£1.17 

15p 
15p 

46p 
E1.17 
£1.17 

46p 
E1.17 
£1.67 

53p 
E1.31 
E1.17 
E1.22 

1 

84p 
15p 

£1.86 
65p 

£1.02 
£1.41 

47p 
E1.17 
£1.34 

99p 
46p 

46p 
£1.85 
£1.85 
E1.41 
EI.67 

75p 
19p 
19p 
19p 
19p 
47p 
19p 

19p 

85p 
85p 

£1.04 
E1.96 

7400 
7401 
7402 
7403 
7404 
7408 
7409 
7410 
7413 
7417 
7420 
7427 
7430 
7432 
7437 
7441 

7442 
7445 
7447 
7447A 
7448 
7470 
7472 
7473 
7474 
7475 
7476 
7482 
7485 
7486 
7489 
7490 
7491 

7492 
7493 
7495 

74100 
74107 
74121. 

74122 
74141 

74145 
74154 
74174 

'74180 
74181 
74192 
74193 
74196 

1-24 25-99 100 + 

I4p 
14p 
14p 
I5p 
16p 

16p 

16p 

16p 

29p 
27p 
16p 
27p 
16p 

27p 
27p 
75p 

65p 
85p 
95p 
95p 
85p 
30p 
25p 
30p 
32p 

47p 
32p 
75p 

E1.30 
32p 

E3.56 
49p 

65p 
57p 
49p 
67p 

£1.08 
359 
34p 
47p 
78p 

68p 
EI.75 
£1.00 
E1.06 
E3.20 
£1.35 
E1.35 
f1.64 

12p 
12p 
12p 
121p 

13p 
13p 
lap 
13p 

24p 
221p 
13p 

221p 
13p 

221p 
221p 
62p 
55p 
7lp 
839 
83p 
7lp 
25p 

219 
259 
26p 
390 
26p 
62p 

£1.09 
26p 

£2.80 E2 

40p 
55p 
46p 
40p 
55p, 
890 
289 
289 
39p 
63p 
58p 

£1.48 
83p 
88p 71p 

£2.50 E1.90 
£1.14 90p 
£1.14 901, 
El .34 99p 

10p 
lOp 
I0p 
10p 1 l 
1Ip 
I IP 1 l 
200 

20P 
11p 
I8p 
I lp 
I8p 
18p 

50p 
43p 
57p 
67p 
67p 
57p 
20p 
I7p 
20p 

21p 
31p 
2Ip 
50P 
87p 
2Ip 
IO 

32p 
45p 
36p 
32p 
45p 
72p 
22p 
23p 
31p 
53p 
48p 

86P 
67p 

SIEMENS L CDs LINE-O-LICHT 
LIQUID CRYSTAL DISPLAY complete with 

socket ord removable reflective booking, 
Ref AN4132R 13mm character height . Can 

be directly driven by National Semiconductors 
Alone Clock chip MM5316. £13.99 

I 1 1 1 1 1 l I I I _I 

PHOTO -DARL INCTON 

A10101.11/ 

7/ 
NEW LED Linea, Cursors 
euch device contains 10 light 
emGring diode, in o 20pin dual - 

n -line pockoge. Ideal lof solid 

t 

rs nologe mete os dials. 
Type 101 RED E2.26 

555 (8 pin dip) V 55p 
555 (TO -99) T 81p 
556 (14 pin dip) E1.29 

703 (RF/1F Amp) 68p 
709 (8 pin dip) 38p 

709 (T0 -99) 45p 

709 (14 pin dip) 39p 
710 (8 pin dip) 39p 
710 (T0-99) 45p 

710 (14 pin dip) 44P 

711 ('TO -99) 51p 
711 (14 pin dip) 4.4p 

720 (A.M. Radio) £1.76 
723 (T0 -99) £1.09 
723 (14 pin dip) 74p 
741 (8 pin dip) 369 
741 (T0 -99) 43p 
741 (14 pin dip) 36P 
747 (14 pin dip) £1.04 
748 ( 8 pin dips 42p 
748 (T0 -99) 46p 
748 (14 pin dip) 49p 
753 IF .M Ist. 1.9.1 £1.08 

75491 

75492 
88p 

£1.10 

Regulators 100 mA 

78105WC R0 -921 60p 
78LI2WC (T0 -921 60p 
78LI5WC (T0 -927 60p 

Regularas 100 sA 

78L05AWC ITBA62SA190p 
7BL12AWC (TBA6258190p 
78L15AWC ITBA625C)90o 

Regulotors 500.nA 
78M05HC £1.35 
78 MI2HC El .35 
78M15HC E1.35 
78M18HC E1.35 
78M24HC E1.35 

Regulators IA 
7805KC 1T0-3) 
7812KC .TO-3) 
7815KC ITO-3) 
7818KC ero-3 
7824KC no-3/ 

E2.09 
£2.09 
E2.09 
E2.09 
£2.09 

Regulators IA 
7805UC iT0-220' £1.72 
7812ÚC 40-2211 £1.72 
7815UC (TO-220) £1.72 
7818UC 110-220i E1,72 
7824UC eT0-220r E1.72 

ICL8038 E3.52 

AY-1-0212 
AV-I-5051 
AY-5-I224 
AV-5-3500 
AV-5-3507 
AV-5-4007 

£6.93 
E1.44 
£3.95 
£6.59 
£6.59 
£7.94 

BHA0002 £3.01 

CA2111 E1.19 
CA3045 £1.69 
CA3046 88p 
CA3053 59p 
CA3065 01.60 
CA3075 £1,64 
CA3078 £1.26 
CA3080 590 
CA3081 £1.86 
CA3082 £1.86 
CA3089E (T DAIM) £2.43 
CA3097E £1.67 
CA3I23E £1.76 
CA3401E I1M390E) 68p 

CA3600E £1.44 

CT7001 E5.34 

1.005T1 40.3) £1.46 
L036T1 IT0.3) £1.4r1 
L037T1(T0-3) £1.46 
L129 (SOT-321 85p 
LI301SOT-321 85p 

1131 (SOT-321 85p 

LM301 T (T ̂  -99) 65p 
1.301 S (E. pin di pl 59p 
1143014. T(TO -991 67p 
IM301A S (8 pin dips 59p 
146307 T (T0 -991 59p 
164307 5 18pin dial 57p 
164308 T 1T0 -991 £1.96 
U4308 S 18 pin dip) 98p 
LM308A T (T0- 991E7.92 
1643084 S 18 pin dips 

£6.90 
£2.34 
£2.25 
£2.85 
£2.08 
£1.99 
£2.99 
£2.71 
£1.25 
£1.85 
£1.66 

LM309K 
LM339 

Uv1370N 
164371 

LM372N 
LM373N 
1M377N 
1.18380 

LM381 
LM387 
LM703 

LM 1820 
LM2111 
LM3900 

MC 13031. 

MC 13069 
MC1310P 
MCI312 
MC1314 
MC1315 
MC 1327 

MC 13309 

MC 13399 
MC1350 
MC1351 
MC 1352 
MC1357 

68P 

£1.03 
£1.12 

69p 

£1.84 
80p 

£2.39 
£2.42 
£4.13 
£4,62 
£1.129 

839 
£1.52 

64p 

88p 
88p 

£1.52 

MC1358 CA3065. EI.16 
MC1375 E1.48 

SN76544N £1.81 
SN76550-2 (TAA550) 89p 
SN76552-2 8Ip 

MC1455 (555T) 62p 5N76660N (TBAI20) 75p 
MC1456CG £1.68 SN76666N (CA3065) £1.12 
MC1458C91 84p 
MCI468G E2.18 TAA263 £1.50 
MCI495L £4.24 TAA300 £2.16 
MC1496G 96p TAA310A £1.87 

TAA320 £1 44 
MC3302P £1.50 TAA350 £2.43 
MC3401 P 74p TAA370 £3.45 

TAA550 75p 
MFC40008 84 TAA570 0.74 
MFC4060A 79p TAA700 E5,03 
MFC6030A 79p 
MFC6040 96p TBA1205 £1.25 
MFC6070 £1.66 TBA231 £1.02 

TBA281 (723) £2,59 
MM5314 £4.80 TBA5000 £3.16 
MM5316 E9.99 TBA5200 £3.85 

TBA5300 £3.27 
MVRSV (T0-3) E1.45 TBA5400 £3.72 
MVRI2V (T0-3) E1.45 TBA5500 f5.29 
MVRISV (T0-3) £1.45 TBA560CQ E5.29 

NE540L E1.25 TBA625A E1.03 
NE546A £1.16 TBA6258 £1.03 
NE555V 73p TBA625C £1.03 
NE556 E1.29 
NE560B £5.06 TBA651 E1.87 
NE56I8 f5.06 TBA7200 £2,79 
NE562B £5.06 TBA7500 £2.79 
NE563 £2.96 TBA800 £1.11 
NE56SN E2.63 TBA810S £1,24 
NE566V £1.87 TBA810A5 £1.24 
NE567V £2.63 TBA820 86p 

TBA9200 £4.71 
SL414A £2.09 TBA990Q £4.71 
SL415A £2.75 
SL437D £7.50 TCA2700 £5.24 
51440 £2.84 TCA760 £2.16 

TCA8000 E7.24 
SL610C £2.03 TCA8305 £1.04 
51611C £2.03 TCA940 £2.25 
5L612C £2,03 
SL613C E4.31 iDA1054 11,50 
SL620C £3.06 TDAI200 £2.43 
SL62IC E3.06 TDA1405 80p 
SL622C £7.62 TDA1412 80p 
SL623C £5.57 TDAI415 80p 
SL624C E2.84 TDA2010 £3,00 
SL630C £1.87 TDA2020 £3.75 
5Lb40C £3,75 
51.641C £3.75 ULN2111A £1.52 
SL645C £3.75 
SL650C £9.85 

ZN414 E1.26 
SN7S491 N 
SN75492N 

88p 
El .10 MITRON 

5N76001N (TAA611) £1.82 
5N76003N £3.30 
5N76013N £1.98 
SN76023N £1.98 
SN76227N 1MC13271 E1.89 
SN76532N £1.8b 

Minitran Filament Display 
bi- fitectional 0.36" 
3015F 0 -9 1/H d .pt . 

3015G -1 £1.08 

2N5777 
Viceo, Vcbo 25v, Vebo 8v 

Viceo: Vcbo 254, VERO 8v t` 
hfe 2500. Ic 250 mA 35P. 

I.C. SOCKETS 

P Du l-a-in-line 705 
Pin; 9 14 l' 24 28 36 40 8 10 

Price 13p 15P I5p 26p 30p 399 44p 31p 35p 

enables litronix 

L 07 909; 111747 E 
0.3' 0 6" 

Red 

Green 
Orange 
Yellow 

L.E.De's 
Free snop-Sn plastic retomer 

dia. lens 
17112091 

I. 10. 100' 

16p 

27p 

27p 
34p 

15p 13p 

249 22p 
24p 22p 
319 29p 

Low Cost Red GaAsP 
Motorola MLED 500 
in o 0092 pact age I5P 

0 16" s` 2" 
dia, lens dia. lens 

MLED 650' 
1- 10- 100 I- 10- 100 ,, 
27p 
33p 

33p 
35p 

24p 22p 

30p 27p 

30p 27p 

32p 29p 

18p 16p 14p 

30p 27p 25p 
30p 27p 25p 
35p 33p 30p 

NEW Op+o- isolates 
ILI (4N75 o 711116) 
6 pin indus'r y stondord pacloge 
2.5KV isolotion El 00 

NEW 

Litroni. Double Digit Displays 
0.5 "; Common Anode 2 R/H 

DL721 gives ' 1.9 
DL727 gives 0.0. to 9.9 
Suitable for Clocks. Instruments; 
T .V . Channel Indicator 
Our Price E4.75 each. 

NOTICE 
Postoge 8 Pack ing Charges 

With the recent Inc. in 
postal charges ando -on, roving 
ncrease in packaging c 

we hove been lo r. d to ,eview 
our policy. 
Hencefmwo, d. 
1. Orders volved at £5 or 

more will be post (tee. 
2. All D.K. 'smell package' 

orders will go First clots mail. 
3. Minimum postage 8 pocking 

charge will increase to 20p. 

Monsanto 

0.3 

0.41" 

0.6" 

COMMON COMMGN COMMON COMMON Oc, 
ANODE ANODE ANODE CATHODE Price 
R'H L'H - I R/H 
Dec. 't Dec. Pt, Dec. Pt. 

RED DL707R , D1707 DL701 DL704 £1.82 

GREEN M=.N51 MAN57 MAN53 MAN54 E1.82 
RED MAN7I MAN72 MAN73 MAN74 E1.82 
YELLOW MANBI MAN82 MAN83 MAN84 E1 .82 
ORANGE MAN3610 MAN3620 MAN3630 MAN3640 EI .82 

GREEN XANSI sN52 XAN54 E1 .49 e 

RED XAN7.1 XAN72 - XAN74 El 49 

YELLOW XANEI X.ANB2 - XAN84 E1.49 

GREEN MAN451C MAN4520 MAN4530 MAN4540 £2.32 
RED MAN47IO MAN4720 MAN4730 MAN4740 £2.32 
YELLOW MAN481C MAN4620 MAN4830 MAN4840 £2.32 
ORANGE M.AN4610 MA N4620 MAN4630 MAN4640 E232 

C A L H C A C C. LH ç C. 
Dec. Pr - 1 Dec Pr - 1 

RED DL747 01746 DL750 01749 E2 42 

NOTE. M.^,N4000 series pino,'s we 14 pin dit me come os Á64N50;70 8 80 series 

'1'l' INCLUDED 
Items marked with o include 8% VAT 
Items unmorked include VAT at 25% 

ADVERT. No.t. of Series B. 
CALI ERS WELCOME 

WW-079 FOR FURTHER DETAILS 
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REDIFON TELEPRINTER RELAY UNIT No. 12: ZA -41196 and power supply 
200 -250V a.c. Polarised relay type 33SEITR. 80 -0V 25mA. Two stabilised valves 

`CV 286. Centre Zero Meter 10 -0 -10: Size 8in. x 8ih. x Bin. New condition. £10. 
Carr. 75p. 
.SOLARTRON PULSE GENERATOR TYPE GI101 -2: £75.00 each. Carr. £2.00. 
TELEPRINTER TYPE 7B: Pageprintct 24V d.c. power supply, speed 50 bauds per 
min. second hand cond. (excellent order) no parts broken. £20 each. Carriage £3. 
INSULATION TEST SET: 0 -10 kV negative, earth with amplifier provision for 
checking ionisation. I10/230v a.c. input. S /hand, good cond. £35 + £1 carr. 
BRIDGE MEGGER: 250V. (Evershed Vignoles) series 2. £30 each. Carr. £1. 
BRIDGE MEGGER: 2,400V., series 1. £30 each. Carr. £1. 
CRYSTAL TEST SET TYPE 193: used for checking crystals in freq. range 
3000- 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. E25. Carr. .E1.50. 

SOLARTRON 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. 

TELEGRAPH TERMINAL UNIT (A.T.E.) TYPETFS3t Converts signals from 
'Receivers into d.c. pulses. Complete with monitor. £75 each. Carr. £2. 

FURZHILL SENSITIVE VALVE VOLTMETER V.200: Freq. 10Hz -6MHz (can be 
used beyond 6MHz). Probe in circuit - voltage range lmV -1kV in 6 decade 
ranges; full scale deflection 10mV, 100mV -1kV. Without probe.100µV -100V in 6 
decade ranges; full scale deflection ImV, 10mV -100V. Accuracy ±5 %. £30 each. 
Carr. £1. 

NOISE FIGURE METER TYPE 113 (Magnetic AB, Sweden): £125. Carr. £1. 

PRECISION PHASE DETECTOR TYPE 205: Freq. 0.1 -15MHz in 5 ranges. 
Variable time delay microseconds 0 -0.1c, 115V input. £55 each. Carr. £1. 
RHODE & SCHWARZ HF MILLIVOLTMETER: 30Hz -30MHz Type UVH, 
lmV -I V in 7 ranges, 220V. £75 each. Carr. £2. 

'PHILIPS VALVE VOLTMETER TYPE GM6014: 1 -300mV in 6 ranges, 70- 20dB;- 
probe 1000Hz- 30MHz, 300mV maximum. £35 each. Carr_£1. 
TF- 1345/2 DIGITAL FREQUENCY COUNTER: Range 10KHz- 100MHz with 
extension units. Details on request, s.a.e. £100. Carr. £2. 

UHF MICROWAVE MILLIWATTMETER TYPE 14: Direct reading, can be used 
to measure power from 100MHz upwards. F.S.D. on 4in. scale meter 2.5mW. £40 
Bath. Carr. £1. 

MARCONI HF SPECTRUM ANALYSER OA. 1094/3. Further details on request. 
£250 each. Carr. £5. 
Q METER: 30MHz- 200MHz. £55. Carr. £1. 

AVO TRANSISTOR ANALYSER CT.446: £35, carr. £1.50. 
ALL CARRIAGE QUOTES GIVEN ARE FOR 50 -MILE RADIUS OF LONDON 
ONLY. 

ALL U.K. ORDERS SUBJECT TO VALUE ADDED TAX. THIS MU 

SIGÑAL GBNERATORÀIRMEC TPE 701. 30KHz- 30MHz, 7 ranges. E65. Carr. 
£1. 
TF- 1278/1 TRAVELLING TUBE WAVE AMPLIFIER: £25. Carr. £2. 
BPL A.C. MILLIVOLTMETER TYPE VM.348 -D Mk. 3: 2 millivolts -2 volts, 6 
ranges. £30. Carr. £1. 
WAYNE KERR WAVEFORM ANALYSER A.221: Low scale 0 -1200 c /s. High 
scale 1 -20 Kc /s, 600 ohns. Harmonic level is 0 -55 dB in 12 steps. £75. Carr. £1.50. 

. SPECTRUM ANALYSER TYPE MW.69S (Decca): Further details on request. 
£200. 
MARCONI DUAL TRACE UNIT TM -6456: £30. Post 60p. 
SIGNAL GENERATOR TS- 403B/U (or URM -61A): (Hewlett Packard). A 
portable, self -contained, general -purpose test equipment designed for use with 
radio and radar receivers and for other applications requiring small amounts of 
RF power such as measuring standing -wave ratios, antenna and transmission 
line characteristics, conversion gain, etc. Both the output freq. and power are 
indicated on direct- reading dials. 115V, AC, 50 c /s. Freq.- 1800 -4000 Mc /s. CW, 
FM, Modulated Pulse - 40-400 pulses per sec. Pulse Width - 0.5 -10 microsecs. 
Timing T Undelayed or delayed from 3 -300 microsecs from external or internal 

'pulse. Output - 1 milliwatt max., 0 to -127 dB variable. Output Impedance - 
1 500. Price: £120 each + £2 carr. 
ITV. TRANSFORMER: 8000/8000. Output 300mA. rms. Size: 12in. x 12in. x 36in. 
230V input. £40. Carr. £4. 

FIREPROOF TELEPHONES: £25.00 each, carr. £1.50. 
POWER UNIT: 110/230 volts a.c. input. 28 volts d.c. at 40 amps output. £30.00 
each, carr. £3.00. 
SMOOTHING UNIT (for the above): £10.00 each, carr. £2.00. 
X -BAND MODULATOR CALIBRATOR TYPE MC- 4420 -X: Mnfr. James Scott. 
£125 each.Carr. £1. 
HP -766D DUAL DIRECTIONAL COUPLER: 940- 1975MHz. £35 each, 75 post. 
BACKWARD WAVE OSCILLATOR TYPE SE -125: 6.3 heater, 105V Anode, 
7.9mA. Mnfr. Watkins & Johnson. £85 each. Carr. £1. 
TEKTRONIX TIME MARK GENERATOR TYPE 180 -51: 5, 10, 50 MHz. £65. 
Carr. £2. 
TRANSISTOR ANALYSER TA 1001 (K. &N. Electronics Ltd): £95. Carr. £3. 
CHRONOTON MODEL 25E: 0.4 -10 seconds in seven ranges. £50. Carr. £1. 
MARCONI SIGNAL GENERATOR TYPE TF -144G: Freq. 85 Kc /s -25 Mc /s in 8 
ranges. Incremental: ± 1% at 1 Mc /s. Output: continuously variable 1 microvolt 
to 1 volt. Output Impedance: 1 microvolt to 100 millivolts, 10 ohms 100mV -1 volt 
- 52.5 ohms. Imternal Modulation: 400 c/s sinewave 75% depth. External 
Modulation: Direct or via internal amplifier. A.C. mains 200/250V, 40 -100 c /s. 
Consumption approx. 40 watts. Measurements 29in. x 121 /4in. x loin. Secondhand 
condition. £32.50 each. Carr. £2.50. 
ROTARY INVERTERS: TYPE PE.218E - input 24 -28V d.c., 80 Amps. 4,800 rpm. 
Output 115V a.c. 13 Amn 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 E20 + £1.50 carr. Unused as 
new condition complete with headset, spare valves, charts. £35 + £2.00 carr. 
ST BE ADDED TO THE TOTAL PRICE (including post or carriage)__ _ _ 

If wishing to call at 
stores, please telephone 
for appointment W. MILLS 3_& 3a MALDOCK STREET, WARE, HERTS. 

and at ELSTOW STORAGE DEPOT. Phone: Bedford 740605 (STD 0234) 

7400 13p 
7401 14p 
7402 top 
7403 16p 
7404 16p 
7405 16v 
7406 3ßP 
7407 36p 
7408 14p 
7409 2014 

7410 13p 
7412 23p 
7413 32p 
7414 6014 

7420 14p 
7422 1sp 
7423 34p 
7425 30p 
7427 37p 
7430 14p , 

7432 25p 
7437 25p 
7440 14p 
7441 64p 
7442 8014 

7447 75p 
7448 70p 

7451 
450 1514 

7453 1ßp 
7454 16p 
7460 tsv 
7470 27p 
7472 25p 
7473 30p 
7474 30p 
7475 45p 
7476 30p 
7480 SOp 
7481 95p 
7482 70p 

7483 80p 
7484 95p 
7485 120p 
7486 30p 
7489 270p 
7490 40p 
7491 750 
7492 45p 
7493 40p 
7494 75p 
7495 8 
7496 78p 
74107 30p 
74121 30p 

74123 8p 
74141 65 
74151 72p 
74153 asp 
74154 150p 
74155 76p 
74156 78p 
74160 99p 
74161 99p 
74162 99p 
74163 99p 
74164 120p 
74166 126 
74174 1í0p 

74180 1ß00p 
74181 298p 
74142 5214 

74185 1350 
74190 144p 
74191 144p 
74192 120p 
74193 120p 
74194 108p 
74195 75p 
74198 198p 
74199 180p 

C -MOS LOGIC 
LCs NEW 

LOW PRICES 

CD4000AE 1914 

CD4001AE 19 p 
C040024E 1914 

CD4009AE 670 
CD4011AE lap 
CD4012AE 1914 

CD4013AE 55p 

CD4017AE 1200p p 
CD4O1SAE 17514 
CD4020AE 250p - 

CD4022AE 170p 
CD40234E 1914 

CD40244E 1200 
CD40254E 190 
CD4026AE 19614 

CD4027AE 10014 

CD4028AE 140p 
C040294E 175p 
CD4030AE 55p 
CD4042AE 137 
004043ÁE í02p 

CD4047AE 1544pp 

CD4049AE 8314 

c04054AE 19414 

CD4055AE 196p 
CD40564E 
CD4060AE 229p 
CD4071AE 27p 
0D40ß1 AE 27p 
CD4082AE 271. 
CD45104E 160p 
C04511AE 236p 
CO4528AE 120p 

OP. AMPS 
1458 Dual Op. Amp. Int. Comp 8 pin OIL 70p. 

Ext. 
3130 COSMOSiBiPolarMraFet 8 pin DIL 10014 
3900 Ouad. Op. Amp. 14 pin DIL 7514 

5367 FET Op. Amp. TO -99 27514 

709 Eat Comp. 8/ 14 pin DIL 3014 

710 InI Comp. 14 pin DIL 
25p 741 Im. Comp. 8/14 pin OIL 25p 

747 Dual 741 14 pin DIL 7014 ' 

Tae Eat. Comp. 8 pin DIL 3ßp 
?76 Programmable Op. Amp. TO .5 14014 

AC126 11p 
AC127 11p 
ÁC128 1114 

AC141 18p 
ÁC142 18 
ÁC176 lip P 
ÁC187 
AC188 11 p 
AD149 43p 
ÁD161 36p 
AD162 36p 
AF114 13p 
AF115 1314 
ÁF116 1314 

ÁF117 13p 
ÁF118 5014 
ÁF121 33p 
ÁF124 3 
ÁF125 3014 
AF126 3014 
ÁF127 30p 
ÁF139 33p 
AF181 45p 
AF186 48p p 

801307 
38p 

9p 

50109 1014 

BC109C 12p 
BC147 714 

8C14ß 714 

BC149C 8p 
BC157 1014 

8C158 8p 
BC159 913 

BC169C 12 
BC177 1814 
Bc178 17p 
BC179 1814 
BC182 1Op 
8C1ß3 1014 
BC184 11p 
BC212 30p 
BC212 11 
80213 1014 

BC214 14p 
50478 30p 
BCY70 18p 
BCY7 t 22p 
BDl 23 10014 
BD124 65p 
80131 36p 
BD132 40p 
BD135 43p 
BD139 63p 
BDY60 7 

TRANSISTORS 
BF1 t5 22p 
BF167 2314 
BF170 23p 
BF173 2514 

BF1 77 2614 
BF178 

33p BF179 33p 
BF180 33p 
BF181 3314 
BF182 33p 
BF184 22p 
BF185 2214 
BF194 1014 

BF195 9p 
BF196 1414 
8E197 150 
BF200 32p 

BFR39 3014 

BFR40 30p 
BFR79 30p 
BFR80 -30p 
BFX29 3014 

BFX30 30p 
BFX84 26p 
BFX85 25p 
BFX86 25p 
BFX67 2014 

BFX88 24p 
BFY50 16p 
BFY51 18p 
BFY52 160 
BRY39 34p 

BSX19 18p 
BSX21 22p 
M E340 45p 
MJE295599p 
MJE305565p 
MPSA0630p 
M08Á125014 
M08Á563214 
MPSU0662p 

5674 

0C28 55p 
0035 4ßp 
OC36 56 
0041 1514 

OC42 t 514 

OC44 11p 
0C45 11p 
.0070 11p 
0071 11p 
73C72 11 p 

0073 6014 

0074 3014 
OC81 12 P 
0082 1214 

0Cß3 2014 
0084 1ßp 
T1041Á 85p 
71P42Á, 7 
710295570/4 
ZTX300 13p 
ZTX500 1514 
íN697 1314 
íN696 3014 
2N706 lap 
2N708 18p 
2N918 40p 
2N92ß top 
2N930 1 
2N1131 18p 
2N1132 18p 
2N1302 17p 
2N1 30317p 
íN1304 2114 
2N1305 21p 
2N1306 28p 
2N1307 28p 
2N1308 28p 
2N1309 28p 
2N1613 20p 
2N1711 20p 
2N1893 30p 
2N2218 21p 
2N2219 20p 

2N2221 20p 
2N2222 20p 
2N2369 14p 
2N2484 30p 
2N2904 2014 
2N2905 2 
2N29062011 
2N2926R 7P 
2N2926ß 7p 
íN29260 
2N2926Y 9P 
2N2926G 914 

íN3053 1ßp 
íN30544014 
íN3055 SOp 
íN3439 67p 
2N3441 80p 
2N3442140p 

2N3702 lip 
2N3704 1114 

2N3706 10p 
2N3707 1114 

2N370ß sP 
2N3709 9p 
2N3772 

180P 
2N3773 

ZZO P 
2N3866 70p 
2N3903 1ep 
2N3904 1ßp 
2N3905 
2N3906 18 
íN4058 1614 
2N4059 1 

P 

2N406013p 
íN4269 2014 

2N4347130p 
2N434ß18 
40360 

Op 
4O 

40362 BP 400' 
40409 55 55p 
40410 55p 
40411 í26p 
40594 75p 
40595 ßb14 

FETB 
BF244 3ßp 
MPF102 30p 
MPF103 30p 
MPF104 3014 
MPF 105 3014 

2N3820 22p 
2N3823 
2N5457 30p 
2N5458 30p 
2N5459 3014 

MGSFETs 
3N128 75p 
3N140 -85p 
3N141 75p 
40603 58p 
40673 58p 

UJT9 
TIS43 27p 
2N2160 80p 
2N2646 35p 
2N4871 30p 

PWT 
48. 

DIODES 

SIGNAL 
0Á47 7p 
0A70 9p 
0Á81 Bp 
0A85 10 P 
OA90 7p 
0A91 7p 
0Á95 7p 
0A200 8p 
0A200 10 
IN914 4p 
IN4148 4p 

RECTIFIER 
BY 100 1514 

BY126 12p 
BV127 1214 

BYZ10 4514 

BYZ11 45 
BYZ12 45p 
BYZ13 45p 
IN4001 5p 
IN4004 6p 
IN4007 7p 

3.3V 1Eo 33v 
400mal 9p 
1W 18 P 

TUNNEL 
AEY11 50P 

VARICAP 
88105 25p 

LOW NOISE 

-. 

BRIDGE 

RECTIFIERS 
25A 100V top 

1Á500v íáp 
1A 400V 27p 
1Á600V Sop 
2A 50V 30p 
2A 100V 35p 
2A 400V 45p 
6A 50V 6014 
sA 1O0'µ 5514 

- LINEAR 
t.Tras 

Transistor Array 14 pin OIL 50p 
Ì0L803880 VCO Fun. Gen. 14 pin DIL 55014 
ICL8O38CC VCO Fun. Gen. 14 pin OIL 275p 

LM3801 StereuPrae p 14 pin DIL 18óp 
MC1370P. FM Stereo Dec. 14 pin DIL 200p 
M0131í 

pin P MC1314 SO Quad Dec 14 DIL 1130 

MFC41000-/ 1 /4W Audio Amp. PCB 7014 

MFC6040 Electronic Attenuator PCB 70p 
NE555 Timer 8 pin OIL 45p 
NE556 Dual Timer 14 pin OIL 100p 
NE561 PLL with AM Demod. 16 pin OIL 325p 
NE562 PLL with VCO 16 pin DIL 325p 
NE563 PLL FM /F Demod 16 pin. DIL 300p 
NE565 PLL 14 pin OIL í50P 

NESS? PLL Tone Dec 8 pin óíi 
200p 

7BÁ800 5W Audio Amp. OIL 9 OP 
7BÁ810 7W Audio Amp GIL 10014 
TBA820 2W Audio Amp OIL 80p 
ZN414 7RF Radio Receiver 70.18 1100' 

Basic data sheets on above at 10p each +S. A. E. 
- 

- 
- ' LAIN PROFILE DIL SOCKETS BY TEXAS - - -- 

8 qn 1314 14 pin 14p, 16 pin 15p, 24 pin 90p. 

INSULATORS Mice +2 Bushes for T03 & TO66 5p 

- 

VOLTAGE REGULATORS 
PLASTIC - 

5V 7805 14014 
12V 7812 140p 
15V 7815 140p 
18V 7818 140p 
24V 7824 140p 

VARIABLE 
723 14 PIN DIL 

3 Te 
299mA (7051 - - 

7812 99p 
7815 99p 
- - - - 

sheets on rags 
each + s.a.e. 

-Vnale 

7905 260p 
7912 250p 
7915 260p 
7918 250p 
7924 250p 

Data 
45p at 1014 

SCR - SCR B710s 
14/700V stud 140p 

to 50V 705 4014 C106D 
1Á100v 705 azp 3Á/400V Fles0c 55p 
14400V T05 52p MCR101 
14600V 105 70p 0.5A /15V TO-92 25p 
34100V stud asp 2N3525 

7Á100V 105 +HS 8óp íN4444 
lass Sop 

74400V TO5 +HS 90p 84 /600V Plastic 185p 
BA 50V Plastic ,3014 íN5060 

124400V Plastic 160p 0.84/30V TO -92 34P 
164100V Plastic 160p 2N5062 
16Á400V, Plastic 180p O.8A /100V TO -92 37p 
16Á800V Plastic 2200 2N5064 

O.84/200µ TO-92 aop 

TRIACS OTHER 
1o0v 400V 500V' 

6 Amp BSp 12014 15óp 40486 99p 
10 Amp 109p 154p 165p 40669 95p 
15 Amp 145p 140p 220p BRIO0 

OPTO-ELECTRONICS 
OCP70 30p SEVEN SEGMENT DISPLAYS 
OCP71 90p 3015F 0 3 in DIL 120p 
ORP12 50p MAN3M 0.127 in PCB 114p 
ORP60 60p DL704 0.3 in. DIL 1360 
ORP61 Bp DL707 0.3 in. DIL 135p 
2N5777 40p DL747 0.6 m. Du 225p 

LEDS:TIL209 Red 16p; TIL21 1 Green 35p SPECIAL 
OFFERS 

00+ 
555 34p 
741 20p 

VAT RATES 
8% TILL GMOS. SCRs. TRIACS. OPTO -DEVICES. V. Rs. and DIL 
SOCKETS 

L OT ERS EXCEPT OME I _ . 

Minimum Order E2 
P&P 200 

Please add ;VAT to total 

Di-_ 21 

All first grade devices 
Vtsitor9. byappotntment. welcome. 
Govt Colleges. etc orders accepted 

T E C H N 
54 SANDHURST 
Tel r1-1 _704 4333 

2N3705 11 

O M AT 
ROAD, LONDON, 

2N6027 

I C LTD. 
NW9 
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7400 Series TTL 

SN7400 
SN7401 

SN7402 

567403 
SN7404 

SN7405 

SN7406 

S87407 

SN7408 

C-MOS Types 
I 25 00+ 

40WAE 024 0.19 0.16 
40015E 0.24 019 0.16 
40025E 0.24 0.19 0.16 
40040E 4.90 4.80 4.70 
40060E 1.55 1.50 1.45 

41110E 0 2 0.19 0.16 
40085E I 60 I.55 1.50 
40090E 0.35 0.34 0.30 
40100E 0.50 0.48 0.46 
40116E 0.24 0.19 0.16 
4012AE 0-24 0.19 0.16 
40135E 0.59 0.47 0.39 
40140E 1.65 1.33 1.10 
40150E 1.65 1.33 1.10 

4016AE 0.62 0.50 0.41 
40170E 1.62 1.31 1.08 
4018A1 2.45 2.40 2.30 
40196E 0.62 0.50 0.41 
40208E 1.82 1.46 1.21 

40210E 1.65 1.33 1.10 
4022AE 1.65 1.33 1.10 
4023AE 0.24 0.19 0.16 
40240E 1.13 0.91 0.75 
4025AE 0.24 0 1 0.16 
4026AE 6.50 6.40 6.30 
40270E 0.42 0.4I 0.40 
40280E 1.41 1.14 0.94 
40290E 1.95 1.57 1.30 
40300E 0.62 0.50 0.41 
4033AE 2.80 2.70 2.60 
40350E 1.71 1.38 1.14 
4040AE 1.82 1.46 1.21 

40410E 0.90 0.85 0.80 
40420E 1.00 0.90 0.80 
4043AE 1.00 0.90 0.80 
4044AE I.00 0.90 0.80 
40470E 1.50 1.45 1.40 
40480E 1.30 1.25 1.20 
40495E 0.54 0.44 0.36 
40505E 0.54 0.44 0.36 
40514 1.77 1.43 1.18 
40520E 2.00 1.90 1.80 
40530E 2.70 2.60 2.50 
40551 : 2.60 2.50 2.40 
40564E 1.35 1.09 0.90 
40605E 2.25 1.82 1.50 
40665E 0.95 0.90 0.85 
40694F 0.38 0.30 0.25 
40714E 0.34 0.27 0.23 
10764E 1.45 I 40 1.35 

91141.0157 2.10 2.05 2.00 
S1043198 2.40 2.33 2.27 
S87413160 270 2.62 2.54 
0N7416161 2.70 2.62 254 
51145170 5.92 5.80 5.60 
0111403174 3.02 2.92 2.82 
S0743175 2.90 2.82 2.74 
S0743181 3.72 3.62 3.52 
007413251 2.55 2.49 2.40 
S47413253 3.05 3.00 2.85 
0117415260 0.58 0.56 0.54 

SN93122 1.80 1.76 170 
3093L24 2.80 2.72 260 
5893128 3.70 3.60 3.42 
5693634 4.00 3.70 3.50 
0N93138 4.20 4.10 3.90 
5N93640 5.50 6.30 5.90 
0193141 6.50 6.30 5.90 
5883660 3.00 2.90 2.70 
5893186 2.70 2.65 2.55 

0.14 0.13 0.12 
0.14 0.13 0.12 
0.14 0.13 0.12 
0.14 0.13 0.12 
0.15 0.14 0.13 
0.15 0.14 0.13 
0.30 0.29 0.28 
0.30 0.29 0.28 
0.15 0.13 0.12 

4081ÁE 0.34 0.27 
4510ÁE 1.75 1.70 
45160E 1.76 1.42 
45180E 2.17 1.75 
45200E 1.65 1.60 1.50 
49015E 0.37 0.35 0.33 
4911ÁE 0.37 0.35 0.33 

SN7409 0.15 0.13 0.12 
SN7410 0.14 0.13 0.12 
SN141I 0.23 0.22 0.21 
SN7412 0.19 0.18 0.17 
SN7413 0.30 0.29 0.28 
SN7414 0.71 0.70 0.69 
SN7415 0.30 0.29 0.27 
SN7416 0.28 0.27 0.26 
SN7417 0.28 0.27 0.26 
SN7420 0.14 0.13 0.12 
947421 0.95 0.94 0.93 SN7445 

5417422 0.25 0.24 0.23 SN7446 

SN7423 0.26 0.25 0.22 917447 
S117425 0.26 0.25 0.22 SN7448 

587426 0.26 0.25 0.22 0117450 

SN7427 0.26 0.25 0.22 SN7451 

SN7428 0.39 0.38 0.37 SN7453 
0447430 0.14 0.13 0.12 081454 
SN7432 0.25 0.24 0.22 SN7455 
SN7433 0.36 0.35 0.34 SN7460 
S87431 0.27 0.26 0.22 917462 
SN7438 0.27 0.26 0.22 SN7464 
SN7439 1.10 1.08 1.06 081465 
SN7440 0.14 0.13 0.12 SN7470 
0147441 0.70 0.69 0.66 SN7471 

SN7442 0.63 0.60 0.53 581472 
SN7443 1.00 0.99 0.90 SN7473 
SN7444 1.08 1.07 1.05 SN1474 

SN7475 

SN7476 

SN7478 

SN7480 

947481 

SN7482 
SN7483 

SN7484 

SN7485 

SN7486 

SN7489 

5N7490 
0.23 SN7491 
1.65 5117492 

I.IB 587493 
1.45 SN7494 

a55 

HERE'S O `LOGICOL' SHOPPING LIST 

84741576 0.92 0.90 0.88 
9174378 0.92 090 0.88 
367415107 0.92 0.90 0.08 
917413109 0.92 0.90 0.88 
397413112 0.92 0.90 0.88 
91743113 0.92 0.90 0.88 
91140114 0.92 00.0 0.88 
817413138 2.38 2.32 2.26 
51741.0139 2.38 2.32 2.26 
07415151 2.10 2.05 2.00 
5017415153 2.38 2.32 226 

SN93L38 3.20 3.10 
5893109 1.80 1.75 
5133610 2.80 2.75 
589361I 4.20 4.10 
01531.12 1.80 1.75 
S883L14 1.70 1 

S1J3016 3.20 3 

0603121 1.50 1 

01741320 0.58 0.56 0.54 
SN14521 0.58 0.56 0.54 
SN741322 0.58 8.56 0.54 
SN14L327 0.64 0.62 0.60 
06741.030 0.58 0.56 0.54 
1X740332 0.64 0.62 0.60 
0X741351 0.58 0.56 0.54 
S174L554 0.58 0.56 0.54 
0X748055 0.58 0.56 0.54 
SN74513 092 0.90 0.88 
00741314 0.92 0.90 0.00 

SN74L51 0.34 0.33 0.30 
SN7473 0.74 0.71 0.68- 
5974674 0.89 0.87 0.80 
007490 1.62 1.58 1.50 
SN74L93 1.74 1.71 1.65 
SN74L95 1.62 1.58 1.50 
SN93L00 1.50 1.45 1.40 
SN83101 1.60 1.55 1.50 

2.90 
1.70 
2.65 
3.90 
1.70 
1.60 
2.95 
1.42 

LOW-POWER 
SCHOTTKY TTL 

I 25 100 + 
5N74000 0.58 0.56 0.54 
16741.301 0.58 0.56 0.54 
1874L302 058 0.56 0.54 
5X741303 0.58 0.56 0.54 
06740304 0.63 0.61 0.59 
SM141305 0.63 0.61 0.59 
SN74L30N 0.58 0.56 0.54 
SN74L309 0.58 0.56 0.54 
00740010 0.58 0.56 0.54 
00741311 0.58 0.56 0.54 
3674L015 0.58 0.56 0.54 

YOU C i 'T OFFORD TO MISS 
0.85 
1.03 
1.03 
0.85 
0.14 
0.14 
0.14 
0.14 
0.40 
0.14 
0.45 
0.45 
0.45 
0.30 
0.60 
0.25 
0.30 
0.31 
0.40 
0.31 
0.65 
0.43 
1.00 
0.75 
0.81 
0.90 
1.25 
0.31 
3.50 
0.45 
1.00 
0.45 
0.45 
0.48 

0.83 
1.00 
1.00 
0.83 
0.13 
0.13 
0.13 
0.13 
0.39 
0.13 
0.44 
0.44 
0.44 
0.27 
0.59 
0.24 
0.27 
0.29 
0.39 
0.29 
0.63 
0.41 
0.95 
0.70 
0.80 
0.86 
1.15 
0.28 
3.20 
0.42 
0.95 
0.42 
0.42 
0.45 

SCHOTTKY TTL 
25 100+ 

0X14000 0.45 0.43 0.39 
0X74302 0.80 0.75 0.70 
00740133 0.75 0.71 0.68 
SX14SO4 0.75 0.71 0.68 
SN74508 0.80 0.75 0.70 
0X14310 0.75 0.71 0.68 
SN74511 0.65 0.63 0.61 
5X74320 0.80 0.75 0.70 
5974030 0.80 0.75 0.70 
0X74332 0.80 0.75 0.70 

LOW-POWER TTL HIGH-POWER TT 
I 25 100+ I 25 103+ 

SN74000 0.34 0.33 0.30 S874800 0.34 0.33 0.30 
0974102 0.34 0.33 0.30 5X74901 0.34 0.33 0.30 
0974803 0.39 0.37 0.34 SN74004 0.38 0.37 0.34 
SN74L54 0.39 0.37 0.34 SN74N05 0.37 0.36 0.33 
5874110 0.34 0.33 0.30 974N08 0.40 0.39 0.37 
0074120 0.39 0.37 0.34 SN74H10 0.36 0.35 0.33 
5874842 1.62 1.58 1.50 5074X11 0.36 0.35 0 33 

0.70 
0.85 
0.85 
0.70 
0.12 
0.12 
0.12 
0.12 
0.38 
0.12 
0.42 
0.42 
0.42 
0.25 
0.58 
0.21 
0.26 
0.26 
0.38 
0.26 
0.61 
0.36 
0.90 
0.62 
0.68 
0.85 
1.00 
0.25 
3.00 
0.35 
0.90 
0.35 
0.35 
0.40 

.m) 

AUGAT. 

587495 0.60 0.56 0.50 
587496 0.70 0.67 0.60 
587497 0.70 0.69 0.68 
5874100 1.35 1.30 1.25 
5874104 0.31 0.29 0.26 
5674105 0.31 0.29 0.26 
8874107 0.31 0.29 0.26 
5874109 1.00 0.97 0.95 
5874110 0.55 0.50 0.45 
5874111 0.81 0.80 0.76 
SN74114 1.00 0.97 0.95 
SN74115 1.00 0.97 0.95 
SN74118 1.00 0.95 0.90 
5574121 0.31 0.29 0.25 
5874122 0.44 0.41 0.37 
5874123 0.62 0.58 0.50 
5674125 0.70 0.65 0.60 
5974126 0.75 0.70 0.65 
SN74128 1.40 1.35 1.30 
SN74132 2.10 2.05 2.00 
0874136 0.95 0.90 0.85 
5674140 2.50 2.45 2.40 
5974141 0.75 0.70 0.62 
5874145 1.15 1.10 1.05 
5874147 2.95 2.90 2.85 
S874148 2.30 2.25 2.20 
SN74150 1.35 1.30 1.25 
SN74151 0.68 0.62 0.55 
5874152 1.55 1.50 1.45 
SN74153 0.68 0.62 0.55 
SN74154 1.55 1.50 1.45 
8874155 0.68 0.62 0.55 
SN74156 0.68 0.62 0.55 
8874157 0.90 0.85 0.80 
SN74158 1.50 1.45 1.40 
SN74160 0.95 0.90 0.80 
SN74161 0.95 0.90 0.80 
5674162 0.95 0.90 0.80 
S474I63 0.95 0.90 0.80 
SN74164 1.60 1.55 1.50 

5674040 0.80 0.75 0.70 
5174351 0.80 0.75 0.70 
0174064 0.80 0.75 0.70 
3674374 1.30 1.25 1.20 

0074085 6.10 6.00 5.30 
0074386 2.70 2.65 2.58 
SN74SII2 2.20 2.10 2.00 
59743113 1.50 1.45 1.40 
1X743132 3.60 3.50 3.25 
56743133 0.90 0.87 0.84 

0974420 0.36 0.35 0.33 
0974421 C.36 0.35 0.33 
0074422 0.36 0.35 0.33 
3074830 0.36 0.35 0.33 
0174440 0.36 0.35 0.33 
5174450 0.36 0.35 0.33 
3974N51 0.36 0.35 0.33 

S874165 1.60 1.55 1.50 
5814166 1.40 1.30 1.15 

5574170 2.40 2.30 2.20 
5074173 1.65 1.60 1.55 
5874174 1.15 1.10 1.00 
8874175 0.97 0.90 0.80 
SN74176 1.10 1.05 1.00 
SN74177 1.10 1.05 1.00 
5674180 1.10 1.05 1.00 
8874181 3.50 3.45 3.35 
8974182 1.10 1.05 1.00 
SN74184 1.60 1.55 1.50 
S874185 2.30 2.25 2.20 
5674188 4.90 4.85 4.80 
0474190 1.75 1.70 1.65 
8874191 1.70 1.65 1.60 
5474192 1.25 1.05 1.00 
S474193 1.25 1.05 1.00 
S814194 1.10 1.05 1.00 
5574195 0.90 0.85 0.80 
8874196 1.05 1.00 0.95 
SN74197 1.05 1.00 0.95 
5674198 2.05 2.00 1.70 
5974199 2.05 2.00 1.70 
5814200 6.00 5.95 5.80 
SN74221 1.80 1.75 1.70 
5874251 1.80 1.75 1.70 
SN74278 3.00 2.90 2.80 
5874279 1.20 1.15 1.10 
SN74293 1.00 0.95 0.90 
S974298 2.60 2.55 2.50 

SX741138 2.40 2.30' 2.20 
51745139 2.40 2.30 2.20 
SN740140 0.90 097 0.84 
511743151 2.40 2.30 2.20 
59743153 2.40 2.30 2.20 
01741157 2.40 2.30 2.20 
ßN141158 2.40 2.30 2Q0 
08740160 4.70 4.60 4.40 
SN14S161 4.70 4.60 4.40 
011741174 3.30 3.20 310 

0174X52 
5X74853 
0914X54 
0074455 
3974X60 
0X744161 

5X741162 

0X74171 

0.36 
0.36 
0.36 
0.36 
0.36 
0.36 
036 
0.80 

0.35 
0.35 
0.35 
0.35 
0.35 
0.35 
0.35 
0.78 

65 
.10 PART NO. DESCRIPTION 1+ 100+ 506+ 1000+ 
46 30B -06370 Ti, - Kink 13 IO 9 8 

30886380 Gold - Kink 17 15 13 2 

30846390 Ti - No Kink 13 10 9 8 

30886400 Gold - No Kink 17 15 13 2 

31406370 in - Kink 15 13 12 9 

314Á638D Gold - Kink 24 21 18 5 

31446390 Tie - No Kink 15 13 12 9 

3140.6400 6e14 -110 Kok 24 21 18 5 

31606370 Tin - Kink 16 14 12 0 

31646380 Gold - Kink 28 23 20 7 

31646390 Tin - No Kink 16 14 12 0 

31640400 0011 - No Kink 20 03 20 7 

31846370 in - Kink 17 IS 13 I 

318-56380 Oold.01.6 30 25 22 B 

31846390 Tin - No Kink 17 15 13 I 

31806400 bold - No 68k 30 25 22 8 

Coolans are Beryllium Capper. Tin or Gold pleled. Societe with kinked Mods ere sell- rosining In 0.035" holes. sockets wÁ9 6rognl leads ere snite6le or (roles down to 9.0025'. 

R9STR8 ELECTRONICS LTD. 
AC275 -281 King Street Hammersmith London W6 9NF 
Tel. 01-748 3143/2960 Telex 24443 

0.33 
0.33 
D.33 
0.33 
0.33 
0.33 
033 
0.75 

7- SEGMENT 
DISPLAYS 

TYPE 827 I 25 100+ 
03' OA 0.90 0.90 0.75 
Cona Á6.N. 14-164 OIL 114 LEO 

EOOIO: 889 7, 01707. 410.7. 
5082 -7730 

011740175 3.30 3.20 3.10 

00145181 10.20 9.70 9.00 
39743199 5.10 4.90 4.70 
S9743194 3.30 3.20 3.10 
011740195 3.30 3.20 3.10 
011745251 2.40 2.30 2.20 
011740253 2.40 2.30 2.20 
91740257 2.40 2.30 2.20 
011740258 2.40 2.30 2.20 
09740260 0.90 0.87 0.84 
50140280 5.70 5.50 5.20 

38741172 0.74 0.73 070 
09741173 0.90 0.88 0.85 
1974874 0.87 0.85 0.81 

0974476 0.90 0.88 0.85 
91701101 0.80 0.78 0.75 
087411102 0.80 0.78 0.75 
097411103 1.10 1.09 1.05 
09748106 0.95 0.93 0.90 

All goods brand new, to fall manufacturer's spec. No substandard parts sold. Visitors TERMS. Non -Account Customers. Cash with Order. Stardard P &P 40p. Please add VAT to 
welcome, by appointment. Colleges. Govt. and Account orders welcomed. overall total. 
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Sinclair hi-fi 

The watts... 
The Sinclair range of hi -fi 
products. Three different ways 
of achieving hi -fi excellence - 
whatever area of hi -fi you're 
interested in. 

And the Sinclair range 
fact -file gives you the full 
run -down on all of them. 

On Project 80 -the 
build-as- you -please hi -fi 
module system. 

On IC20 - the revolutionary 
integrated circuit amplifier kit. 

And System 4000 - the 
luxury hi -fi amplifier and 
matching tuner. 

and the wherefores. 
The watts 
and the 
wherefores 
of Sinclair 
hifi 

teCt. tile on 

of Sinclair hi 1Ì produc 
Ste 

range 

5 a 

The Sinclair range fact -file 
shows you the whole story. 
Technical specifications... 
complete descriptions... 
big, clear pictures... and test 
reports by impartial hi -fi 
journals. 

A real bundle of goodies. 

Send for Sinclair's range 
fact-file-now! 

See if the answer's here - 
the information on the 
component you've been 
looking for. 

Simply cut the coupon and 
send it to the no- stamp- needed 
FREEPOST address below. 

We'll send you the Sinclair 
fact-file - giving you all you need 
to know about Sinclair hi -fi. 
And information about a few 
extras you're sure to find rather 
interesting. 

Sinclair Radionics Ltd, 
London Road, St Ives, 
Huntingdon, Cambs., PE174HJ 
St Ives (0480) 64646 

Please send me the Sinclair range fact -file immediately 

I Name 

IAddress 

WW/HF/9 

To: Sinclair Radionics Ltd, 
FREEPOST, St Ives, 

I Huntingdon, Cambs., PE174BR 

Please print 
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HART ELECTRONICS 
Audio Kit Specialists since 1961 

B AILEY /BURROWS /QUILTER PRE AMP This is the tone control section of the best 
pre-amp kit currently available. Consider the advantages: -First quality fibreglass 
printed circuits with roller tinned finish and all component locations printed on reverse. 
* Low noise carbon film and metal film resistors throughout. *Finest quality low -noise 
ganged controls with matched tracks and shafts cut to length. *Well engineered layout for 
total stability. *Special decoupling and earthing arrangements to eliminate hum loops. 
*Controls. switches and input sockets mount directly on the boards to TOTALLY 
ELIMINATE wiring to these components. (We know of one pre -amp kit which claims its 
controls mount directly on the board -and so they do. by their shaft bushes! You still have 
to wire them up! I) 

*We incorporate the Gunter modification which is most important as it reduces distortion 
and increases the bass and treble control range. 
As can be seen from the photograph the tone control unit is very slim only 1}" from 
front to back) and may therefore be used in many other applications than pur Bailey 
metalwork which it is designed to fit. 
METALWORK AND WOODEN CASES These have been under review for some time: 
please send for latest information. 
F.M. TUNER This latest addition to our range is designed to offer the best possible 
performance allied to the ease of operation given by push button varicap tuning. We 
have taken great care to look after the constructors point of view and there are no 
coils to wind. no RF circuits to wire and no alignment is required. in fact the whole unit 
can be easily completed and working in an evening as there are only 3 transistors. one IC 
and two ready built and aligned modules comprising the active components. We have 
abandoned the concept of having a tuner as large as the amplifier and this new unit has a 
frontal size of only 1* in. X 4 in. It can be mounted on the side of our Bailey amplifier 
metalwork thus turning it into a tuner /amplifier whilst only increasing its width by ti in. 
Cost of tuner chassis no case) is £22 for mono. £25.45 for stereo. Metal case £3.55 
An extended wooden case to fit tuner and amplifier will be offered shortly. 
STUART TAPE CIRCUITS Our printed circuits and components offer the easy way to 
convert any suitable quality deck into a very high quality Stereo Tape unit. Input and 
output levels suit Bailey pre amp. Total cost varies but around £35 is all you need. We can 
offer tape heads as well if you want new ones. 
All above kits have fibreglass PCB's. Prices exclude VAT but P &P is included. 
FURTHER INFORMATION ON ALL KITS FREE if you sand us a B in. X 4 in. S.A.E. 
REPRINTS Post free. no VAT 
Bailey 30W 18p. 
STUART TAPE RECORDER Ail 3 articles under one cover 30p. 
BAILEY /BURROWS /QUILTER Preamp circuits. layouts and assembly notes 15p. 
All prices exclude VAT. 

Penylan Mill, Oswestry, Salop 
Personal callers are always welcome, but please note we are closed al,, day Saturday 

DIGITAL CLOCK 
MATCHED_CHIP & DISPLAY 

DISPLAY 
Only Price 

£6.36 
Inc. VAT 

£9.56 
Inc. VAT. Post & Packing 

FUTABA 5- LT -01. 7 SEGMENT 
Phosphor Diode. 1 2.5mm Digit 
AM PM and colon 

CHIP 
Only Price 

£5.50 
Inc. VAT 

PACKAGE TYPE 

CALTEX CT7001. MOS LSI 
28/30/31 Day Calendar 
24 -hour Clock 
Snooze Alarm 
Clock Radio Feature 
Easily Settable Counters 

Payment with order 
IMTECH PRODUCTS LTD. 

IMP HOUSE, ASHFORD ROAD, ASHFORD, MIDDX. 
Telephone: Ashford 44211 

Telex: 936291 
1 
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Pack Price 
1 Fibreglass printed circuit board for front 

end, I F strip. demodulator. AFC 
and mute circuits f2.15 

2 Set of metal oxide resistors, thermistor. 
capacitors. cermet preset for 
mounting on pack 1 £4.80 

3 Set of transistors, diodes. LED. integrated 
circuits for mounting on pack 1 £6.25 

4 Pre-aligned front end module, coil 
assembly. three -section ceramic 
filter 

5 Fibreglass printed circuit board for 
stereo decoder 

6 'Set of metal oxide resistors. capacitors 
cermet preset for decoder 

7 Set of transistors LED. integrated 
circuit for decoder 

8 Set of components for channel 
selector switch module including 
fibreglass printed circuit board, 
push -button switches. knobs. LEDs 
preset adjusters, etc. 

E8.80 

E1.10 

£2.60 

f3.45 

£8,30 

Pack - Price 
9 Function switch, 10 turn tuning 

potentiometer. knobs f5.30 
10 Frequency meter. meter drive components . 

fibreglass printed circuit board £8.60 
11 Toroidal transformer with electrostatic 

screen. Primary: 0- 117V -234V f 4.45 
12 Set of capacitors, rectifiers, voltage 

regulator for power supply E2.95 
13 Set of miscellaneous parts. including 

sockets, fuse holder. fuses. inter- 
connecting wire. etc. E 1.50 

14 Set of metal work parts including silk 
screen printed facia panel, acrylic 
silk screen printed tuning indicator 
panel insert. internal screen. fixing 
Darts. etc. E6.50 

15 Construction notes (free with complete 
kit) £0.25 

16 Teak cabinet 
One each of packs 1 -16 inclusive are 

required for complete stereo 
FM tuner 

Total cost of individually purchased packs 

C9.85 

E76.85 

FREE TEAK CASE WITH FULL KITS 

KIT PRICE only £66.15 carriage free (U.K.) 

NOVEL STEREO FM TUNER 

In the Aprii and May issues of Wireless World there was published a 

novel design for an f.m. tuner which combines consistent high 
performance with the elimination of the critical setting -up procedure 
required by too many earlier tuners. This original circuit has been 
developed further and is used as the basis for our new slimline unit. 
The front end is a ready built pre-aligned module which then feeds an 
amplifier driven screened three section ceramic filter leading to an 
integrated circuit five -stage limiting amplifier providing excellent a.m. 
rejection. This is followed by a single coil integrated balanced 
demodulator from which the audio output may be taken. Temperature 
compensated varicap tuning allows stations to be selected either by a 
ten -turn tuning potentiometer or by a choice of six preset push -button 
controls. Each of the preset controls can be adjusted on the front 
panel with the settings being indicated by six LED lamps behind an 
acrylic silk screen printed facia panel insert. Additional circuitry 
includes temperature compensated AFC restricted to less than station 
spacing, inter- station muting. a single -lamp LED tuning indicator and 
a linear scale frequency meter. The stereo decoder, built on a separate 
board, is based on a weN- proven integrated circuit phase- locked -loop 
to which has been added active filters to remove sub-carrier 
harmonics and 'birdies'. The power supply, to ensure station holding 
stability, uses an integrated circuit voltage regulator which is powered 
via a low -hum field specially designed TOROIDAL TRANSFORMER. 

STYLED TO COMPLEMENT THE WORLD -WIDE 

ACCLAIMED LINSLEY -HOOD 75W AMPLIFIER 

THE FM TUNER KIT 
YOU HAVE WAITED FOR! 

for further information please write for FREE LIST 

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

' FROM POWERTRAN 
ELECTRONICS 

DESIGNER APPROVED KIT 
In Hi -Fi News there was published by Mr Linsley -Hood a 
series of four articles (November 1972 -February 1973) 
and a subsequent follow -up article (April 1974) on a 
design for an amplifier of exceptional performance which 
has as its principal feature an ability to supply from a 
direct coupled fully protected output stage, power in 
excess of. 75 watts whilst maintaining distortion at less 
than 0.01% even at very low power levels. The power 
amplifier is complemented by a pre -amplifier based on a 
discrete component operational amplifier referred to as the 
Liniac which is employed in the two most critical points 
of the system, namely the equalization stage and tone 
control stage, positions where most conventional designs 
run out of gain at the extremes of the frequency spectrum. 
Unusual features of the design are the variable transition 
frequencies of the tone controls and the variable slope 
of the scratch filter. There is a choice of four inputs, two 
equalized and two linear, each having independently 
adjustable signal level. The attractive slimline unit pictured 
has been made practical by highly compact PCBs and a 
specially designed Toroidal transformer. 

Pack 
1 Fibreglass printed -circuit board 

for power amp. 
2 Set of resistors. capacitors, pre -sets 

for power amp. 
3 Set of semiconductors for power 

amp. (now using BDY56. 
BD529. 80530( 

4 Pair of 2 drilled. finned heat sinks 
5 Fibreglass printed- circuit board 

for pre -amp. 
6 Set of low noise resistors. capacitors. 

pre -sets for pre -amp. 
7 Set of low noise. high gain semicon- 

ductors for pre -amp. 
8 Set of potentiometers (including 

mains switch) 
9 Set of 4 push- button switches. 

rotary mode switch 
10 Toroidal transformer complete 

with magnetic screen/housing primary 
0.117 -234 V, secondaries: 
33.0.33 V. 25 -0 -25 V. 

Hi -Fi News Linsley -Hood 75W /Channel Amplifier 
Mk III Version (modifications as per Hi -Fi News April 1974) 

MORE 

ON 

NEXT 

PAGE! 

Full circuit descriptior 

in handbook 

(pack 15 -price 30p) 

Price Pack 
11 Fibreglass printed -circuit board 

f0,85 for power supply 
12 Set of resistors. capacitors, 

E1.70 secondary fuses, semicon- 
ductors for power supply 

13 Set ofmiscellaneousoarts 
E6.50 including DIN skis. mains 
£0.80 input skt, fuse holder. inter- 

connecting cable. control 
£1.30 knobs 

14 Set of metalwork parts including 
E2.70 silk screen printed fascia 

panel and all brackets. fixing 
£2.40 parts. etc. 

15 Handbook 
£2.05 16 Teak cabinet 

2 each of packs 1 -7 inclusive 
£3.70 are required for complete 

stereo system 
Total cost of individually 

purchased packs 
E9.15 

FREE TEAK CASE WITH FULL KITS 

KIT PRICE only 262.40 
Price 

£0.65 

carriage free (U.K.) 

VAT Flease add 25 %" 

to al! U.K. orders 
I or at current rate if changed) 

£3.50 U.K. ORDERS - Carriage free (MAIL ORDER 
ONLY) 
SECURICOR DELIVERY: For Securicor delivery to 

E4.25 mainland -add £2 + VAT per kit. 

OVERSEAS - Postage at cost + 50p 
special packing 

Dept. WWO9 
POWERTRAN ELECTRONICS 

PORTWAY INDUSTRIAL ESTATE 

E6.30 
£0.30 
E9.85 

£72.25 ANDOVER, HANTS SP10 3NN 

WW -074 FOR FURTHER DETAILS 
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from 1st GRADE COMPONENTS MOTOROLA MULLARD 
MONSANTO FERRANTI 

SIGNETICS 
GIM 

We hold £250,000 worth of components and all items listed in this advetisemen-t- are ex-sick at the time of going to press. All products 
guaranteed,_No minimum order. charge. 

SIGNETICS 774 serle. ITL 

N7400 
N7401 
N7402 
N7403 
N7404 
N7405 
N7406 
N7407 
N7408 
N7409 
N7410 
N7411 
N7413 
N7414 
N7416 
N7417 
N7420 
N7421 
N7426 
N7430 
N7432 
N7433 
N7437 
N7440 

149 
149 

lip 
lap 
20p 
41p 
41p 
41p 
20p 
15p 
21p 
29p 
45p 
27p 
27p 
15p 
21p 
23p 
15p 
23p 
27p 
27p 
18p 

N7442 
N7443 
N7444 
N7445 
N7446 
N7447 
N7448 
N7450 
N7451 
N7453 
N7454 
N7460 
N7470 
N7472 
N7473 
N7474 
N7475 
N7476 
N7480 
N7483 
N7485 
N7486 
N7490 
N7491 

70p 
El.35 
E1.35 
£1.35 
E1.35 
E1.12 
£1.35 

18p 
18p 
18p 
18p 
18p 
38p 
24p 
36p 
30p 
54p 
37p 
SOp 
99p 

E1.17 
32p 
63p 
90p 

#7492 02p N74158 Sap 
N7493 49p N74160 99p 
N7494 90p N74161 Np 
#7495 72p N74162 99p 
N7496 E1.63' N74163 Np 
N74100 £1.35 N74164 £1.26 
N74107 32p 'N74165 01.26 
N74109 54p N74166 91.28 
N74116 E1.36 N74170 91.90 
N74121 354, N74174 E1.13 
N74122 50p N74175 11p 
N74123 90p N74180 90p 
N74125 43p N74181 £3.24 
N74126 43p N74182 90p 
N74128 45p N74190 E1.44 
N74132 45p N74191 £1.44 
N74145 90p N74192 [1.44 
N74147 £1.44 N74193 E1.44 
N74148 E1.25 N74194 91 08 
N74150 62.45 N74195 90p 
N74151 E1.44 N74198 E1.09 
N74153 65p N74199 £1.50 
N74154 E1.44 N74221 90p 

N74155 72p N74279 72p 
N74156 72p N74298 £1.28 

MOTOROLA C-MOS. 
MC14000CP 19p 
MC14001CP 19p 
MC14002CP 19p 
MC14006CP £1.45 
MC14007CP 19p 
MC1400SCP £1.54 
MC14009CP 91p 
MC14009CP 91p 
MC14010CP 19p 
MC14012CP 19p 
MC14013CP 53p 
MC14014Cp E1.42 
MC14O15CP £1.17 
MC14018CP 53p 
MC14O17CP E1.13 
MC14021CP £1.17 
MC14022CP E1.64 
MC14023CP 19p 
MC14O24CP £1.14 

MC14025CP 19p 
MC14O27CP 78p 
MC14O28CP E1.31 
MC14032CP £1.70 
MC14034CP E3.59 
MC14035CP E1.34 
MC14038CP E1.70 
MC1404OCP E1.21 
MC14042CP E1.14 
MC14046CP 91.67 
MC14O49CP 53p 
MC14050CP 53p 
MC14O71CP 19p 
MC14076CP E1.80 
MC14081CP 19p 
MC14500 SERIES 
Complete list available 
on MC14500_ 
series. Send see. 

MOTOROLA DVM KIT 
MC14435VP 
MC1405L 
MAN 73 
MAN 72 (3 off) 

DVM logic (MOS) E7.35 
A/D convener subsystem E4.95 
i1 display E1.34 
L.H, decimal display .. E1.34 

TOTAL E17.68 
£15.00 SPECIAL KIT PRICE 

TILmftype esses, Mph Irstendty MV51 748 orange 
MV5074B red 16p MV5274B green 
All lads come complete with mounting collets. MV53748 yellow 

32p 
32p 
32p 

VOLTAGE REGULATORS 
MOTOROLA VARIABLE 
MCI 723CP2 pos or neg. 2.37 volts 150mA dc. ... 49p 
MC1461G positive 0-40v 500mA dc. E1.81 
MOtOROLA FIXED 
MC7805CP 5v positive £1.28 MC7905CP 5v negative .... £1.80 

'MC7812CP 12v positive £1.25 MC7912CP 12v negative 
MC7815CP 15v positive E128 MC7915CP 15v negative . 

MC7818CP 18v positive ... 61.25 MC7918CP 18v negative 
MC7824CP 24v positive . 61.28 MC7924CP 24v negative 
MIM 309K 5v positive T0 -3 can 

SPECIAL INTRODUCTORY OFFER 

FREE! 10 G.I.M. 1N4001 rectifier diodes with every order over £5. 
Clip this box end send with order to quality. Offer ends 31st 
December. 1975. 

LINEAR I.C.s 
SIGNETICS 
L19301AV EEL camp. spere9Md mealier 

%p 
U1307191. seep. eperdkeel simplifier 

11[14581 Owl camp. epleellesel eeplif4N 
171, 

SESOIA RNs min* £1.58 
EE540L MN peter N e e £1.17 
1145551 Thar 44p 
NE5588 Owl 555 14 pie 959 
NE5618 Pews Inked leap WI A.M. lud 

C2.70 
1E5626 Plea «6M Pep 419 V.C.D. 

£2.70 
BEM Rase NMN Nap Incite IN. 

£1.50 
*PA2316 Aa I.e Nlae ream. 959 
eÁ7 4ICY Op. sm. 42p 
MUM Onl q. ewe %p 

MOTOROLA 
18C130:1L Oval glen pre-up .. £1.49 
*MCI305P 'nW Noe sap. 64p 
MCI304P E.M. tsNlpn dose /eeledsl lsr 

£1.12 
*RC1316P Dee Neaèlur ... £142 
*&5[13129 AdreM.ek Meader lilt El .94 

AI c0 

MULLARD CONSUMER I.C..I 
*103504 £1.98 

*1840901) 12.36, *TÁ0550 
*T8A700 El 84 

164570 £2.19 
*1107009 £1.% 1AM30 £3.80 *116720ÁQ £2.23 *144100 04.03 189750 (223 *1110100 [1.35 *1867509 Q.35 *TIMMM £1.75 

*T844400 E2.114 

116500 12.42 
*T1Á5000 12.53 
*116510 12.42 
1165100 Q.35 
*116520 £2.99 
*1805200 £3.06 

£2.53 
*1885300 U.62 
*116540 12.84 
1165400 12.97 
*T64550 £4.14 
*1145500 £4.23 
1165600 £4.14 
18456000 £4.23 
*114570 £1.30 
*1905100 £1.47 
180673 12.19 
1#590 £2.23 

W Arne Beers. Males. CA 37 

Ulu - 1 *AIM MM. Ip esq. 

Dept. WW, 5 Northfield In 
Beresford Ave, Wembley, 

PONENTS Telephone: 01 -903 3168 
Postage 20p 

*111[13149 Gosirepbeek Amide 19 
£3.31 

&5[13159) £3.59 
&5[13309 Lee IMI efts Nieder . 67p 

MC14966 AMI, 0811cal Mrs ... 77p 
_CNN (Week MNeear 77p 

O.I.M. CONSUMER CIRCUITS 
416-1224 12/24 He KINN clack sind( 

£4.25 
Al -53510 34 6p1 EMI Mitre .. £8.10 
Á7.I0212 Mader Ins 9Nne#r £5.55 
*AI.I -5051 4 sip. /Mier £1.20 
*41.14721/5 5 elge NNW £1.30 
61- 1472/6 6 slag Wier £1.45 
*81.1 -5050 7 gags Bealr £1.75 
£550 1 991 ukulele clip £5.50 
CM 9 11911dcebtor ship £3.25 

SIGNETICS MEMORIES 
9DD068 2561n Spar BAM £4.50 
a828 MOS 1024 II shalt RAM £3.90 

FARRANTI 
711040E Universal coaster beady cal 

£12.00 
791034E Prnakn liter act.. £2.99 
29414 AM. aisle cecd £1.00 - 

NU9 drub N25414 5p. 

*7&5920 C3.88 
*T819200 E3 77 
*1169900 £3.77 
TGI608 12.84 
ICAI90C E1.93 
*TÚ270 £4.09 
IC42700 £4.18 
*TEAM E2.78 
TCM20l £1.96 
TG730 £3.22 
TG740 12.81 

1C4750 12.19 
T01700 £1.73 
TCA800 £5.75 
1581002 £1.61 
T001003 £1.31 

1061004 C2.99 
T161005 £3.45 

70112640 EI.% 

£1.80 
E1.80 
£1.80 
£1.80 
E1.73 

MONSANTO LEDS AND DISPLAYS - THE FINEST IN THE WORLD 
0.3" swan segment displays 

RED GREEN YELLOW 
MAN71 MAN51 MAN81 common anode R.H. decimal E1.34 
MAN72 MAN52 MAN82 common anode L.M. decimal E1.34 
MAN73 MAN53 MAN83 common anode overflow (! 1) E1.34 
MAN74 MAN54 MAN84 common cathode R.H. decimal E1.34 
MAN3M 0.127" red seven segment display a ... 65p 

,MULLARD AUDIO i RADIO MODULES 
*1.P1162 5.W. Audio Amp £4.20! 
*LP1173 10.W. Audio Amp E1.61 
*LP1181 RF -IF £3.94' 
HLP1183/2 Stereo Pre -amp Module £4.32 
*£91184/2 Very lowdistonion pre -amp- stereo E7.15 

*LP1185 FM IF Amplifier £5.56 
* 91186 FM Tuner Module £6.88 
,a.P1400 Stereo Decoder Module £7.22 
Den NM suggested circuits stallsble, pace 5p per 
Models.. 

TRANSISTORS, DIODES, ETC. 
2AC176/128 Sip ÁD140 31p 
2AD181/162 93p AD149 45p 
AÁ119 9p AD162 36p 
AAZ15 199 AF114 25p 

22p 
19p 
lep 
60p 
10p 
24p 
22p 
31p 
40p 
15p 

AC122 19p 
AC126 19p 
AC127 18p 
AC128 13p 
AC153 Bp 
AC175K 30p 
AC176 18p 
AC176/181 18p 
AC187/188/0185p 
AC188 30p 
ACY19 30p 
ACY20 16p 
ACY22 Bp 
ACY22D Bp 

AF115 
AF116 
AF117 
AF118 
AF121 
AF125 
AF126 
AF139 
AF239 
BA102 
BA114 
BA154 
BA155 
BA 156 

BA163 78p BC115 16p *BC237 11p 
BA182 18p BC121 l6p *BC237A 12p 
BAVIO 9p BC131C 15p vrBC237B 12p 
BAW62 Bp BC136 20p *BC238 9p 
BAW63 35p BC137 20p *3C238A 10p 
BAX13 Sp *BC147 10p 48C2388 lOp 

4681056 20p 48c148B 12p 48C239C 11p 
*813105G 19p *8C149 Sp 48C2398 12p 

BC107 11 BC153 lip *9C239C 13p 
8c107A 13p *8C157 12p BC261 12p 
BC107A 13p *9C158 11p 0c261A 15p 
BC108 13p *BC159 139 BC288A 1 l 
BC108A 13p 8C170 15p *BC307 11p 
BC10813 13p BC177B 19p *BC307A 12p 

9p BC109 15p BC178 1Sp 48C3078 13p 
Sp BC109B 17p BC179 20p *8C308 10p 
9p BC109C 15p BC208A 10p 48C308A 11p 

- 9p- BC113 10p . BC214K 10p 48C308B 12p 

ustrial Estate Terms of Business: Cash with order. 

Middx. HAO 1SD PRICES EXCLU3IVE OF V.A T. WHICH MUST BE ADDED AS 
SHOWN BELOW 

U K. L 1 overseas V A T except where marked thus *. These items 25% 

Semiconductor 
Data 

THE SEMICON * INTERNATIONAL TRANSISTOR INDEX 
1975/6 (6th Edition) NOW AVAILABLE 

Easy reference alpha- numeric listings of about 24,000 

transistors of international origin. Over 400 pages. 

Updating guarantee for 1 year. 

EXTENSIVE SUBSTITUTION GUIDE 
CV & BS NUMBERED DEVICES 

TERMINATION OUTLINE DRAWINGS 

ALTERNATIVE 
MANUFACTURERS 

AND AGENTS ADDRESSES 

ORDER NOW £9.40 includes postage in UK. 
(outside UK add 80p postage by surface mail) 

FROM 
SEMICON INDEXES LTD. 

2(WW) DENMARK ST, WOKINGHAM. Berks. RG11 2BB 
Tel: Wokingham (STD 0734) 786161 

This is Vol,1 of the Semicon Index Series 
Vol.2 (Diodes & SCRs) and Vol.3 (ICs) available soon 
All same price. 10% discount if all 3 ordered together. 

INTEGRAL SYSTEMS 
PRESENT THE 

A1679 PULSE GENERATOR 

Contains features previously found only on instruments FIVE TIMES the 
price. 

Wide Frequerícy Range - 10Hz to 10MHz. 
tWidle Pulse Width -. 50mS to 50nS. 
single Shot Facility. 
Exceptionally Fast Rise and Fall Times. 

LED Indicator 

Battery Operated or Mains Operated (A1679M). 
Taking advantage of integrated system techniques Integral Systems present 
one of the most versatile low cost pulse generators ever produced. 
Ideal for development, laboratory. amateur or educational requirements, it 

can be used for: 

checking ICs 

computers 

oscilloscope testing 
pulse responses of amplifiers 

signal injection for medical research 

Price A1679 £30.00 A1679M £35.00 
incl. VAT + p. & p. 

Manufactured by 
INTEGRAL SYSTEMS 
24 HUNGER HILL, DURSLEY 
GLOUCESTERSÑIRE Te /. Dursley 3851 

WW - 063 FOR FURTHER DETAILS 
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QUALITY AMPLIFIER KITS b 
WIRELESS WORLD AMPLIFIER DESIGNS 
Component packs for a choice of three outstanding amplifiers are stocked together with packs 
for a regulated power supply suitable for use with a pair of any of them. Also stocked are 
packs for a very well -established pre -amplifier -the Bailey- Burrows design which features six 
inputs, a scratch and rumble filter and wide range tone controls which may be either rotary 
or slider operating. 

30W BAILEY 
Pk. 1 F, Glass PCB 
PL 2 Resistors. capacitors. pots 
Pk. 3 Semiconductor set 

20W LINSLEY -HOOD 
Pk. 1 FGlass PCB 
Pk. 2 Resistors. capacitors. pots 
Pk. 3 Semiconductor set 

60V REGULATED POWER SUPPLY 
Pk. 1 F /Glass PCB 
Pk. 2 Resistors, capacitors. pots 
Pk. 3 Semiconductor set 

BAILEY- BURROWS PRE -AMP 
Pk. 1 F /Glass PCB 
Pk. 2 Resistors. capacitors. pre -sets, 

transistors 

20 WATTS/CHANNEL 

£0.80 
E1.75 
£4.70 

Pk. 3R Rotary potentiometer set 
Pk. 35 Slider potentiometer set 

with knobs) 

£ 1.60 

E2.70 

£0.85 STUART TAPE RECORDER 
£2.40 A set of three printed- circuit boards has been 
£3.35 prepared for the stereo integrated circuit 

version of this high- performance Wireless 
£0.75 World published design. 
£ 140 TRRP Pk. 1 Reply amplifier F /Glass PCB £0.90 

£3.10 TRAC Pk. 1 Record amp, /meter drive cct. 
F /Glass PCB £ 1.40 

TROS Pk. 1 Bias/erase /stabilizer cct. 
£2.05 F /Glass PCB £1.00 

For details of component packs for this design 
£4.95 please write for free list. 

POWERTRAN 

ELECTRONICS 

TOROIDAL T20 + 20 
Developed from the famous Practical Wireless Texan 

Designed by Texas engineers and published in 
a series of articles in Practical Wireless. The 
TEXAN was a remarkable breakthrough in 
delivering true Hi -Fi performance at excep- 
tionally low cost. Now further developed to 
include a true Toroidal transformer. this 
slimline integrated circuit design. based upon 
a single F /Glass PCB. features all the normal 
facilities found on quality amplifiers, including 
scratch and rumble filters, adaptable input 
selector and headphones socket. 

Pack Price 
1 Set of all low noise resistors £0.95 
2 Set of all small capacitors £1.50 
3 Set of 4 power supply capacitors £ 1.40 
4 Set of miscellaneous parts including 

DIN sockets. fuses. fuse holders. 
control knobs. etc. £ 1.90 

5 Set of slide and push -button 
switches, £ 1.20 

6 Set of potentiometers and 
£2.00 selector switch 

7 Set of all semiconductors £7.25 
8 Special Toroidal Transformer £4.95 
9 Fibreglass PC Panel £2.50 

10 Complete chassis work, 
hardware and brackets £4.20 

11 Preformed cable /leads £0.40 
12 Handbook £0.25 
13 Teak Cabinet £4.50 

FREE TEAK CASE and HANDBOOK 
with full kits 

SEMICONDUCTORS AS USED IN OUR RANGE OF QUALITY.AMPLIFIERS 
2N699 £0.25 2N5830 f0.30 8C214L £0.14 MJ481 £1.20 TIL209 f0.30 
2N1613 £0.20 40361 £0.40 BCY72 £0.13 MJ491 £1.30 TIP29A £0.50 
2N1711 f0.25 40362 f0.45 BD529 £0.85 MJE521 £0.60 TIP30A £0.60 
2N2926G £0.10 BC107 E0.10 B0530 £0.85 MPSA05 £0.25 TIP29C £0.71 
2N3055 £0.45 IBC108 £0.10 BDY56 £1.60 MP5Al2 £0.55 TIP30C £0.78 
2N3442 £1.20 BC109 £0.10 BF257 E0.40 MPSA14 £0.35 TIP41A £0.74 
2N3711 £0.09 BC109C £0.12 BF259 £0.47 MPSA55 £0.25 TIP42A £0.90 
2N3904 £0.17 BC125 £0.15 BFR39 £0.25 MPSA65 f0.35 TIP 419 E0.82 
2N3906 f0.20 BC1z6 £0.15 BFR79 £0.25 MPSA66 £0.40 TIP 4213 E0.88 
2N4062 £0.11 BC182 £0.10 BFY51 £0.20 MPSUO5 £0.60 1N914 £0.07 
2N4302 £0.60 BC212 £0.12 BFY52 £0.20 MPSU55 £0.70 1N916 £0.07 
2N5087 £0.42 BC182K £0.10 CA3046 f0.70 SBA750A £2.50 15920 £0.10 
2N5210 £0.54 BC212K £0.12 LP1186 £5.50 SL301 £1.30 5805 f1.20 
2N5457 £0.45 801821 £0.10' MC1310 £2.90 SL3045 £1.60 FILTERS 
2N5459 £0.45 80184E f011 MC1351 £1.05 sN72741P £0.40 FM4 £0.80 
2N5461 £0.50, BC212L £0.12 MFC4010 £0.95 $N72748P £0.40 SFG10.7MA 

£2.80 

ACTIVE FILTER CROSSOVER 
An essential and critical component in a high -quality speaker system is the crossover unit convention- 
ally comprising of a series of passive networks which unfortunately, though introducing reactive 
impedances between the amplifier and the speakers, result in the loss of the advantage of high 
amplifier damping factor and renders the speakers prone to overshoots and resonances. An elegant 
solution to this problem, described by D. C. Read in Wireless World, involves the use of a series 
of active filters splitting the output of the pre -amplifier into three channels. of closely defined band- 
width, each of which is fed to the appropriate speaker by its own power amplifier. A design for a 
suitable 20 -watt amplifier. based on a proven Texas circuit, was also described by Mr Read. The 
printed- circuit board for this has been designed such that three amplifiers may be stacked and 
mounted together on a common heat sink to achieve a conveniently compact module. 

ACTIVE FILTER 
Pack 
1 Fibreglass PCB (accommo- 

dates all filters for one 
channel) £1.05 

2 Set of pre -sets. solid 
tantalum capacitors, 2% 
metal oxide resistors. 2% 
polystyrene capacitors E4.20 

3 Set of semiconductors £2.65 
2 off each pack required for stereo 
system 

SUITABLE ALSO FOR FEEDING 
ANY OF OUR HIGH -POWER 
DESIGNS 

READ/TEXAS 20wamp. 
Pack 
1 Fibreglass PCB £0.70 
2 Set of resistors. capaci- 

tors pre-sets (not includ- 
ing 0/P coupling capa- 
citors) £1.10 

3 Sets of semiconductors £2.40 
6 off each pack required for stereo 
system 
4 Special heat sink as- 

sembly for set of 3 
amplifiers £0.85 

5 Set of 3 0/P coupling 
. capacitors £1.00 

2 off packs 4, 5 required for 
stereo system 

POWER SUPPLY 
FOR 20W /CHANNEL STEREO 
SYSTEM 

Pack 
1 Fibreglass PCB 
2 Set of rectifiers. zoner 

diode. capacitors. fuses. 
fuse holders 

3 Toroidal transformer 

MORE KITS 
ON PAGE 57. 

for further information please write for FREE LIST NOW! 

£0.50 

£2.60 
£4.95 

KIT 
STILL ONLY28 25 

post free (U.K.) 

* SPECIAL OFFER * 

SLIDER POTENTIOMETER SALE! 

Most values 10K -1 M lin, 1K-1M log available 
Normal price Sale Price 

Single 35p 25p 
Dual 55p 35p 
Knob 15p 10p 

Potluck: Mixed bags - our choice 

'10 singles 10 duals £3 r2 

V.A.T. Please add 25W 
to all U.K. orders 

1 *or at current rate if changed) 

U.K. ORDERS -Post free (mail order only) 

SECURICOR DELIVERY -for this optional 
service (Mainland only) add f2.00+ VAT per kit 

OVERSEAS- Postage at cost+ 50p 
special packing, handling 

Dept. WW09 

POWERTRAN ELECTRONICS 

PORTWAY INDUSTRIAL ESTATE 
ANDOVER, HANTS SP10 3NN 

WW -075 FOR FURTHER DETAILS 
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TRANSISTORS 
AC107 0.16 BC158 0.li CV7464 0.10 2G106 0.21 
AC126 0.16 BC159 0.13 CV7594 0.25 2G306 0.44 
AC127 0.16 BC171 0.16 CV7648 0.30 2G345Á 0.18 
AC128 0.12 80172 0.16 CV8762 0.40 26402 0.25 
AC138 0.20 60173 0.16 MOS33 0.30 25526 0.16 
AC141 0.20 BC184 0.18 ME4102 0.12 2N697 0.15 
AC142 0.20 BC208 0.12 MJE2021 0.65 25715 0.35 
AC153 0.22 BC209 0.13 MJE2955 0.95 2N726 0.25 
AC154 0.22 BC2121. 0.14 MJE3055 0.60 2N753 0.65 
AC167 0.21 BC2131 0.12 NKT162 0.25 2N1303 0.16 
AC168 0.27 BC214L 0.14 NKT164 0.25 251304 0.19 
AC169 0.16 80301 0.30 NKT212 0.20 2N1305 0.19 
AC176 0M6 BC337 0.16 NKT221 0.15 201754 0.25 
AC128) 

0.25 
80111 0.40 NK7224 0.15 201484 0.20 

AC128) 0.25 BD131 0.40 NKT270 0.15 252484 0.30 
AC1 77 0.28 80132 0.40 NKT278 0.15 2N2923 0.18 
AC178 0.25 61)131) MP 0C22 0.50 2N2924 0,78 
ACY17 0.26 60132) 0.75 0C28 0.50 252925 0.15 
ACY18 0.22 6D139 0.70 OC35 0.45 2N2926G 0.14 

' ACY19 0.22 BD140 0.70 0C36 0.55 2N2926Y 0.12 
ACY20 0.20 60243 0.85 0C44 0.17 252926R1FT7 
ACY21 0.16 BD244 0.85 0C45 0.14 2529260.0.11 
ACY27 0.20 1F167 0.24 OC70 0.11 2529268 0.11 
ACY28 0.22 8E181 0.33 0071 0.11 2N3053 0.19 
ÁD740 0.53 BF182 0.40 0072 0.15 252054 0.60 
AD 142 0.59 8E183 0.40 OC81 0.17 253055 0.50 
AD149 0.55 6E194 0.12 OC200 0.28 253702 0.12 
ÁD161 0.43 8E195 0.30 0C201 0.32 253703 0.12 
AD162 0.49 5E196 0.15 0C202 0.27 253704 0.14 
AD161) MP BFI 97 0.16 OC203 0.28 2N3705 0.13 
A0162) 0,85 BF200 0.5Q OC204 0.28 2N3707 0.14 
AF115 0.26 13F274 0.38 0C445K 0.20 253710 0.10 
AF116 0.26 BU105 2.00 SGS26920 .15 253711 0.10 
ÁF124 0.33 BFX29 0.28 56526942 .14 253713 1.20 
AF125 0.31 BFX84 0.33 SGS26949 .15 2N3094 0.33 
AF178 0.50 BFX85 0.33 50527022 .18 2N3905 0.31 
ASY5I 0.26 BP/50 0.20 ,SU2O3 0.85 2N3905 0.31 
ASY52 0.22 BF751 0.16 TK100 0.75 2N3906 0.30 
BC107 0.11 BFV52 0.20 TI590M 0.33 254058 0.13 
BC108 0.11 BFY81 0.85 TIS91M 0.33 2N4059 0.15 
BCi42 0.11 BSV39 0.20 0.30 254287 0.20 
BC143 0.30' BSY4O 0.31 V10 /Á 0.25 2N4291 0.20 
BC143 0.30 65541 0.31 2116 0.40 2N4291 0.22 
BC147 0.10 Cl 0.31 1116 0.75 25322 0.46 
BC148 0.10 0111 0.50 Z7 %107 0.12 25322 0.48 
BC149 0.10 C111 E 0.55 ZTX302 0.17 25712 0.46 
BC157 0.11 CV5441 0.20 ZTX502 0.17 25745 0.45 

I.C.s 74 SERIES 

SN7400 0.14 SN7413 0.30 SN7442 0.73 SN/492 0,75 
SN7401 0.14 SN7416 0.30 SN7450 0.15 SN7493 0.73 
SN7402 0.14 SN7417 0.29 SN7460 0.16 SN7494 0.80 
SN7403 0.14 SN7423 0.40 ,557472 0.90 .5574121 0.49 
SN7404 0.14 SN7425 0.39 SN7473 0,41 SN74122 0.70 
SN7405 0.15 SN7430 0.14 SN7474 0.40 SN74123 0.70 
SN7406 0.39 SN7432 0.39 'SN7476 0.42 'SN74151 1.05 
SN7407 0.37 SN7433 0.40 SN7480 0.16 SN74153 0.95 
SN7408 0.26 .557440 0.16 SN7486 0.34 SN74195 1.07 
SN7409 0.23 SN7441 0.70 'SN7490 0.50 SN74196 1.20 

JETs S UPER BARGAIN PACKS 
No. Qty. Contents Price 
J1 1 Pre -amp component kit plus data 0.85 
J2 3 Transistors AF115 new and marked 0.85 
J4 4 Transistors 25726 new and marked 0.85 
J5 8 Zener diodes top het type 75 volt 0.85 
J7 50 Metres con /wire mixed colours 0.85 
J8 25 Metres con /wire 4 Metres 60/40 solder 0.85 
J9 100 Resistors HI /STAB 'hw mixed values 0.65 
.J10 100 Resistors HI /STAB Vw mixed values 0.65 
J12 250 Resistors mixed values 0.65 
J14 100 Capacitors miniature mixed values 0.65 
J15 5 Terminal blocks brand new 12 way 0.65 
J18 12 switches 5 push to make 5 off /on 0.65 
J19 12 Standard cre driers crocodile clips 0.85 
J19 12 Screwdrivers 5 inches long 0.85 
J20 1 Pack nuts & bolts self tappers. etc., etc. 0.65 
J22 20 Volume controls lin & log mixed values 0.65 

930 SERIES LOGIC I-C.. MC948 0.15 
MC962 0.15 

MC932 0.15 MC933 0.15 MC946 0.30 MC9097 0.40 
MC932 0.15 MC944_ 0.16 MC946 0.14 MC9097 0:40 

, SN76115 1,20. TCA2706 3,00' 1 MCI 103L 1.50 

LM 3805 0.95 
- 

LM 1S10 1.26 in 39 D.I.L. D.LL. SOCKETS 14 6 16 p J13 755yn/ rubber grommets mrxeásaT 0.65 
J25 20 Screw on rubber ieet?41ncE íaóepprox 0.65 
J26 1 Pack marker sleeve mixed colours & sues 0.65 
J27 5 lengths ferrite rod mixed flat 6 round 0.65 
J28 20 Tag strips assorted lengths 0.65 
J29 4 Micro switches brand new 0.65 
J31 20 Preset pots Im & log mixed 0.85 
J32 20 Capacitors can type mixed values 0.65 
J33 50 Ceramic plate capacitors mixed values O.65 
J34 1 Pack copper clad paxolin board 0.65 
J35 20 Fuse holders mixed 0.65 
J36 B Metres multi /core solder 60/40 22swg 0.65 
J37 10 3.5mm Jack sockets chrome 0.65 
J38 8 Sockets 5 pin & 2 pin 0.65 
J39 2 Relays 12 6 24 volt 0.65 
J40 l Pack of component boards IC5 Transistors etc 0.65 

.5 

__ 
TESTED S -C -Re. 

50 PIV LAMP TO -5 CASE 0.31 
100 PIV 1 AMP TO-5 CASE 0.31 
200 PIV 1AMP TO -5 CASE 0.32 

TESTED S.0 -Ra. 

50 PIV 3AMP TO -66 CASE 0.29 
100 PIV 3AMP TO -66 CASE 0.35 
200 PIV 3AMP TO -66 CASE 0.35 
400 PIV 3AMP TO -66 CASE. 0,47t 
600 PIV 3AMP TO -66 CASE CO 
1800 PIV 3AMP 70 -66 CASE 0.70 

- 

_ P14Ö AMP -TO-5 0.37 
6ÒÒ PÌ1' LAMP TO -5 CASE 0.49 
800 PIV 1 AMP TO -5 CASE 0.78 

THYRISTOR BT109 CON /BRI 
E1 

TRIAC 6AMP 400v CASE 66 
0.86 

811100E RECTIFIERS 
50 RMS PLASTIC CASE 0.40 

100 RMS PLASTIC CASE 0.45 
200 RMS PLASTIC CASE 0.49 
400 RMS PLASTIC CASE 0.52 

OPTOELECTRONICS 
ORP 12 BRAND NEW 0.56 
ORP 60 BRAND NEW 0.56 
OÇP 71 BRAND NEW 0.54 
ET57, 3819 0.26 

J PACKS ONLY ADD 10% TO TOTAL ORDER PLEASE FOR POST & 
PACK. 

UJT 256027 BRAND N-EW 
. 026 , 

TRIAC 6AMPs 66 CASE 200v PAPST TAPE MÖTÓR 220v 50HZ E2.50 p&p 25p. 
AMPLIFIER 9 volt 500 Mw 0,96 p &p IOp. 
TELEPHONE DIALS BRAND NEW E1.00 p &p free. 
P.A.R. BISTASLE RELAY LATCHING 24v DC4 C/O CONTACTS 
0.65. 
RELAY KEYSWITCH 24v 1 POLE 2 WAY NEW & BOXED 0.55. 
RELAYT.M.C. MINIATURE 3 300 ohms 2 pole'4 way 0.55 
SWITCH 4 POLE 2 CHANGE /OVER 0.15. 

, 080 
ELECTROLYTICS 0.02/250v 4.0/64v 4.7/16v 6.8 /40v 
10 /35volt 33cF/35v 40cF/ 16v ALL ONE PRICE 0.7 each 
47 vF /35v 100cF /10v 0.Seach. 125uF/16v 220cF/40v 680 
uF /16v 6.3V /1500uF 0.12each 16- 16NF /500V 32- 324F/275V 025 each. 32.32NF /450v 0.35 each BARGAIN PRICES. 

OUR BONANZA CAPACITORS PACK IS STILL AVAILABLE ONLY E1.50 
POLYCARBONATE. 0.01 1.4F /250y 0.033vF/250v104F/250v 
01oF /250v 0.22.F/250v all 0.Paach. 1cF /250v 0.12 each, 
2.2PF/250v IDEAL CROSS -OVER 0.26 each. 

100 MIXED VALUES & TYPES VALUED AT OVER ES (LATEST TYPES) 

TWIN V/U METERS PLASTIC APPROX. 40mm BY BOmm BRAND 
NEW READS 20 TO 1 MINUS ZERO TO 3 PLUS. LIA BARGAIN ONLY 
E2.55. POLYESTER 0.0015/400v 0.022/160v 0.22/250v 6.8/400v 

0.03 each QUOTATION GIVEN FOR 1000 of. 
DIODES 81'100 0.16 OA200 0.07 N4002 0.05 
2/ 0.05 BY127 0.12 0.07 N4003 0.05 
2/ÁA119 0.09 BY164 0.38 N34Á 0.08 54004 0.06 
AAZ15 0.11 BYX38/300 N202 0.09 N4005 0.07 
BÁ90 0.10 0.46 N252 0.10 N4006 0.08 
8A111 0.18 1311213 0.28 N914 0.06 N4007 0.09 
BA112 0.19 BZY95 0.15 N984B 0.10 N4151 0.06 
BAX78 /1 0.10 0A10 0.12 N1124 0.09 N4148 0.04 
BAY31 0.14 0A47 0.10 N3064 0.10 N4244 0.07 
BAY74 0.12 °A81 0.08 N4001 0.05 S3036Á 0.15 

MINIATURE EDGE LEVEL METER LOTS OP USES ONLY 0.95 
METALISED FILM CAPACITORS, 0.047NF/250v 0.15 /2511`d 
0.04 each -. FREE OFFER ONE J PACK OF YOUR OWN CHOICE WITH ALL ORDERS 

VALUED AT OVER E5 

PLEASE ADD 10p MIN. TO ALL ORDERS WHERE NOT STATED 
FOR P &P 

VAT INCLUDED AT CURRENT RATE 
OVERSEAS POST AT COST 

CAPACITORS O 0015/ 350v 0.0047/500 0.047/400v 
0.1 uF/ 160v 0.25NF/250v 125NF/ 10v all 0.05 each. 

SPECIAL OFFER LC.e 
BULK PURCHASE 
BRAND NEW 14 PIN 
DECADE COUNTERS 2 
SN749O FOR ONLY 
'E1.o0- 

SPECIAL OFFER RESISTORS 
CARBON FILM CR 25 TYPE 
10% 10 1 20 4701( etc. 200 
E1.Á6. 

SPECIAL OFFER 
BULK PURCHASE 
BRAND NEW BC337 
TRANSISTORS NPN 
84. CASE 20 
£1.25, 

1M2, 2M2, 
mixed for only 

TO 
FOR 

SPECIAL 
10 
FOR 

LOOK 
50 1 wen Re- 
sistor 
NEW, 21.00- 

OFFER 
256027 P U T 
ONLY E7.25. 

MAIL ORDER DEPT. ONLY 
(Callers by appointment) 

J.E.T. ELECTRONICS 
90Á MAWNEY ROAD, ROMFORD, ESSEX RM7 70A 

ROMFORD 61486 

ZENER DIODES' ZENER 

400 ',IVY 2 -33v ALL O.9 each 

DIODES ZENER DIODES 

I1 Wat 1 5 & 2 -33v ALL 0.18 jach 
_TELEPHONE: 

SPECIAL OFFERS ARE AVAILABLE ONLY WHILE STOCK 
LASTS 

LOW LOSS CO /AX CABLE 17p A METRE. TWIN St nAKE5 CABLE Sp 
A METRE. 

TRANSFORMERS 
AND CHOKES 

7 DAYS DELIVERY 
for prototypes and special designs 

Manufacturers of all wound components. Also a 
large range of standard transformers including 
portable low voltage are held in stock for immediate 
delivery. 

ELECTRIC WINDINGS (LONDON) LTD. 
Avenue Works, Gallows Corner 

Romford, ESSEX RM3 OAJ 
Ingrebourne 46677 

WW -054 FOR FURTHER DETAILS 

L ECTRÖVA 

EIE0°' 
pNE 

Why hunt 
around 

when there's 
Catalogue 7 
issue no 3? 

UP -DATED PRODUCT 
& PRICE INFORMATION 

REFUND VOUCHER 

We have made it just about as comprehensive and up -to -the- minute as possible. 
Thousands of items from vast ranges of semi -conductors including I.C.s to components, 
tools, accessories, technical information and diagrams are included as well as a refund 
voucher worth 25p for spending on orders list value £5 or more. SEND NOW FOR YOU R 

COPY BY RETURN, It's an investment in practical 
money -saving and reliability! 30p post paid 

+E.V. PRICE STABILIZATION POLICY 
This is one of reviewing prices every 3 months rather than trying to keep up with day by 
day changes as they occur. We have in fact held prices for two such periods (Jan. 1 J my 1 ) 

and our next price review is due October 1st. 

+E.V. DISCOUNT PLAN 
Applies to all itemsexcept the few where prices are shown NETT. 5% on orders from £5 
to £14.99. 10% on orders value £15 or more. 

+FREE POST 81 PACKING 
In UK for pre -paid mail orders over £2 (except Baxandall cabinets), If under there is an 

additional handling charge of 10p. 

+QUALITY GUARANTEE 
All goods are sold on the understanding that they conform to makers' specifications. No 
rejects, seconds or sub -standard merchandise. 

ELECTRWR LTD 
All communications to Section 2 / 8 

28 ST. DUDES ROAD, ENGLEFIELD GREEN. WHAM. SURREY TW20 OHB 

Telephone Egham 3603. Telex 264415. Shop hours. 9 -5.30 daily, 9- 1 p m Sars 
NORTHERN BRANCH: 680 Bumage Lane, B ge, Manchester MI9 INA 
Telephone 1061) 432 4945. Shop hours Daily 9 -5 30 p m. , 9-1 p m. Sats. 
U.S.A. CUSTOMERS are invited to contact ELECTROVALUE AMERICA. P.O. Box 27, Swarthmore PA 19081 
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The new Oryx 50 is temperature con - 

i ORVr 
Cn 

trolled, light, small, easy to handle, rapid 111A.7V 
heating and high performance. It has a 
temperature control within ± 2C and 
adjusted in seconds whilst running to any 
value between 200C and 400C. Long life 
iron -coated tip as standard (11 sizes YORYXSR3A available) 
'Oryx Ds- Soldering Irons-small model DESOLDERING 
SR3A instantly removes solder from TOOL 
printed circuits, etc., accurate, reliable, 
simple. PTFE nozzle. Larger instrument 
SR2 gives more suck, less recoil as only 
piston moves. De- Soldering Tools 

SR3A £5.62 
SR2 £6.70 
Oryx 50 Iron 
1 @£6.65 
Safety Stand £2.56 
'Prices include PAP. ,And 8% VAT. Prices correst Jitly 75_ 

L-IYM Printed Circuit System 

TEMPERATURE 

CONTROLLED IRON 

Lower 
prices for 

quantities 

Is simple. inexpensive, and fits into low -cost 
West Hyde cases. The System comprises six 
cards (two styles. three sizes), connectors 
and five types of board guide. Connectors are 
double -sided and all contacts gold -plated. 
Shown: Mod -301 case with boards 421. 
guides 311, 21 -way connectors. Prices: 

Mntf -3O1 linclud in.. çFffssisj_ 
1£5.40. Connector 21 -way 
98p; Boards 421 & 422 £1.21 (up to 8 DILS on each board); Card 
guide pairs 311 £2.13. Prices include P. &P. and 8% VAT. Much 
less for quantites. 
LEDs with chromium -plated screwed case suitable for 5.5 mm. hole 
or unmounted LEDs 3.2 mm. dia. 

1 off inc. P & P and 8% VAT 
Cased red OP w/o case 27P 

Cased green 71 p. w/o case 44p 
Much less for quantities. Send for catalogue. Prices correct July 
1 7 

Tough little cases 
in glass -fibre poly- 
ester add' very 

little to the cost of the 
job. Grey. with protected aluminium front 
panel (16 s.w.g.), and chassis and feet. 

BRADR4D, 
DRILLING AND 

DEBURRING 

TOOL 

Equals eleven drills. One cut 
drills and deburrs the normal 
.run of steels, aluminium, 
brass, copper and all types of 
'plastics, perspex, fibreglass, 
etc., and hardboard. Should 
the need arise, it is designed 
To overcome all the problems 
;associated with drilling thin 
'materials - it drills interlock- 
ing holes for instance. 
1/4" -21/2" in Vs" steps or 
6 -36mm in 3mm steps. 
Both with /2" shanks 
£12.39. Also 1'/2 "- 21/2" 
and 36 -60mm £33.34. 
All prices include P. &P. and 

Available in 2t.gauge 

`OTIL six sizes in 21 -gauge 

Lntec with blue Acrylic 
texture. From panels 

white Toltec steel or 

PVC/Aluminium. 

One off 
Elf 6 "X4 "X4" 11.97 
Long EN 9" X 4" X 3" £2.44 
Giant Elf 8" x 54" X 5" 63.44 
Also available less panels. 
No handles obtainable. 
Prices correst July 1975. 

Less for quantities. 
Prices include feet, P & P and 8% VAT. 

Five off 
£1.80 
£2.26 
£3.32 

QMAX 
METAL PUNCH 

Q. MAX PUNCHES 

3/9" £1.56 
1/2" & ye" £1.78 
3/4"&t/a"£1.88 
1", 1'/e 1 1/4 

£2.22 
1'h" £2.57 
Prices correct 

July 1975 
8% VAT. 

TEXTURED 
CASES 

ADEL 
NIBBLING TOOL 

'The Adel cuts holes of 
virtually any shape and size 

a starting from a hole, cut - 
ting clean like a punch and die. 
Ideal for notching clearances 
nn flanges of cabinets or 
chassis. E7. 

Extra for 
Width Depth Height No. _Case cost ali panel 

' 7" 5" 5" 755 £7.37 13p 
8 6 7 867 £8.67 26p'. 
9 7 5 975 £8.67 26p 

12 7 7 1277 £9.87 15p 
12 7 7 1 277 ' -£7.54 unpainted 
16 12 7 16127'£13.87 36p Less for quantities. Prices 
19 10 10 191_010'£18.91 include steel panel with feet 

['races correct July 1975 and screws, P. & P. and 8% VAT. 

Write or phone for our latest catalogui. 

WEST HYDE 
WEST HYDE DEVELOPMENTS Ltd, Ryetield Cres., Northwood Hills, Northwood, Midde HA61NN. 

Tel: Northwood 24941/26732 

WW -046 FOR FURTHER DETAILS 
Telex 923231 
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Sinclair System 4000 

Nam mmr.mmmmmm 

The watts... 
Black, beautiful, and incredibly 
good value. Sinclair's two self - 
contained hi -fi units - in one 
handsome, elegant style. 

A17 watts per channel 
amplifier and a matching 
FM tuner. 

The amplifier offers 17 W 
RMS per channel output... 
0.05% total harmonic 
distortion... and a price tag 

of around £50. 
The System/4000 tuner 

completes a handsome, hard- 
working system. 

Engineered and designed 
to accompany the System 
4000 stereo amplifier, the FM 
tuner matches it in specification 
and design - and at around £40 
completes a system of 
outstanding value. 

and the wherefores. 

The watts 
and the 
wherefores 
of Sinclaur 
h3af 

e Ne comp *tango 
pOl -ttxoduce 

Lair Project 80 
concept in 

hi -fi 

Get the full technical 
specifications... 

See what impartial hi -fi 
journals thought of its 
performance... 

And read up on the rest of 
the Sinclair range... 

It's all in the Sinclair hi -fi 
range fact -file. 

Send for Sinclair's 
fact -file now! 

See if the answer's here - 
the information on the 
component you've been 
looking for. 

Simply cut the coupon and 

send it to the no- stamp- needed 
FREEPOST address below. 

We'll send you the Sinclair 
fact-file - giving you all you 
need to know about System 
4000, and the rest of the 
Sinclair hi -fi range. 

Plus information about a 
few extras you're sure to find 
rather interesting. 

You've plenty to gain ... so 
cut the coupon now! 

Sinclair Radionics Ltd, 
London Road, St Ives, 
Huntingdon, Cambs., PE174HJ 
St Ives (0480) 64646 

Please send me the Sinclair range fact -file immediately 

I Name 

IAddress 

WW/4K/9 

To: Sinclair Radionics Ltd, 
FREEPOST, St Ives, 

'Huntingdon, 

print 

tingdon, Cambs., PE174BR sinlair 
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P F RALFL Phone 

CHAPEL LONDON NW1. 

SIGNAL GENERATORS 
MARCONI TF80ID /IS. 10 -480 mHz P.O.A. 
MARCONI TF80IB /2S. 10 -480 mHz £225. 
MARCONI TFI44H 10kHz -72 mHz P.O.A. 
ADVANCE SG63D. AM /FM 7.5- 230mHz £125. 
HGN MS4U AM /FM 9.6- 240mHz. N.Dev.Fac. 
ROHDE& SCHWARZ SMLR 15 -30mHz power generator. P.O.A. 
RACAL /AIRMEC 20IA. 30kHz- 30mHz. As new. P.O.A. 
ADVANCE SG2I VHF Square -wave generator 9kHz- 100mHz. L25. 

OSCILLOSCOPES 
TEKTRONIX 661 Sampling scope with4S1 & 5T1A ``.' . 
plug -in units. 3GHz. £200. '-.'; 
TEKTRONIX 545A with CA unit. DC- 30mHZ. Price ,.>e 
only £295.00 
TEKTRONIX 531 DC -1 5mHz with L type plug -in 
TEKTRONIX 535 DC -1 5mHz with L type plug -in 
TEKTRONIX 545B DC -30mHz with 'CA' plug -in. 
TEKTRONIX 585A. DC -80mHz with type 82 plug -in. 
TEKTRONIX 6548. Storage oscilloscope. 
TEKTRONIX 502. 200uV. Sens. X -Y. 
TEKTRONIX C27 Polaroid Camera. Series 125 with 560 series adapter. 

MISCELLANEOUS TEST EQUIPMENT 
MARCONI TF1400S double pulse generator with TM6600 /S secondary 
pulse unit. £105. 
MARCONI TF7910 deviation meter, 4- 1024mHz. 0- 100kHz deviation. 
MARCONI 455E Wave Analyser £120. 
MARCONI TF2600 Valve Voltmeter 1 mV -300V. Excellent. £75- 
ROHDE & SCHWARZ USVD calibrated receiver 280- 940mHz (4600mHz). 
ROHDE & SCHWARZ A.F. Wave Analyser type FTA 0 -20kHz plus 
log /lin AF meter incorporated. Excellent condition. 
ROHDE & SCHWARZ URV milli -voltmeter BN10913 (late type) 
1mV -10V. With 'T' type insertion unit, free probe and attenuator heads. 

'1kHz- 1,600mHz. £175. 
COSSOR 1453 True RMS milli -voltmeter. Excellent. £75. 
AIRMEC TYPE 210 modulation mete.. Excellent condition. 
ROHDE & SCHWARZ "SCR" V.H.F. Signal Generator 1000-1900 mHz. 
ADVANCE type SG68 low distortion A.F. oscillator. 1.5 I z- 150kHZ. 
Sine and square wave. Battery operated.£75. 
MARCONI type TF936 Impedance Bridge..£85.00. 
GERTCH Phase Angle V. Meters. Range 1 mV -300V, in 12 ranges. 
SOLARTRON oscillator type CO 546. 25Hz- 500kHz. £30.00. 
GAMBRELL Precision 4 Decade Resistance Box. 1 -11. 110 ohms. 
£24.50. 

BOXER INSTRUMENT 
FANS 
Dimensions 4-5 x 4.5 x 1.5 ins. 
Very quiet running. precision fan 
specially designed for cooling 
electronic equipment, amplifiers 
etc. For 110V. AC operation- 
(practise is to run from split 
primary of mains transformer or 
use suitable mains dropper). CC 
only II Watts. List price over CIO 
each. Our price, in brand new 
condition. is f4.50. 

AVO VALVE TESTERS 
Brief -case type 160. Full working 
condition throughout. L65. 

AERIAL CHANGE /OVER RELAYS 
of current manufacture designed espec- 
¡ally for mobile equipments, coil voltage 
12v., frequency up to 250 MHz at 50 watts. 
Small size only, 2 in. x tl in. Offered 
brand new, boxed. Price LI.50, inc. PAP. 

RACAL /AIRMEC VHF /UHF Milli - 
voltmeter type 301A. Frequency 
range 50Hz- 900mHz. Voltage range 
3000-3V in eight ranges. Co -axial 
input 50 and 75 ohms BNC con- 
nectors. DC Ranges 100µV -IOV in 
ten ranges. Light- weight mains 
operated instrument in as new con - 
dition with handbooks. Other 
makes of voltmeter also available 
from stock. 

-- - -- --- - - - - -- T- -r, 
POWER SUPPLIES 

WEIR Electronics modular unit. JeJ O .AR Regulated & sta- 
bilised. 0 -7V @ 2A. £9.50. 
APT Electronics, model TCV250. 
Dual- scaled metered supply. Cur- 
rent limiting. Variable 0 -50V @ 

.2A. £70.00. 0 -40V @ 3A, 
£75.00. EDDYSTONE RECEIVER 

type 770R 
Continuous coverage from 
27- 165mHz. AM /FM. Also 770U, 
150 -500 mHz., and model 770S, 
500 -1000 mHz. All in first class 
condition. Prices upon application 

- 
'MANY TYPES of RF plugs and 
sockets in stock:- 
BNC plugs 50n. 30p. BNC sockets 
Son. 25p. N. Type plugs 50D. SOp. 
Burndept plugs. 40p. Burndept 
sockets. 40p. Miniature PYE. 20p. 
Miniature sockets. 20p. 

All connectors are brand ne . 

Immediate delivery. Please add 
aparop£iatoattage. 

HEWLETT PACKARD/ 
BOONTON TYPE 89008 
Peak -power calibrator. Measures 
true peak power f.6 db absolute. 
Frequency range 50- 2000Mhz. RF 
power range 200mW peak, full - 
scale. RF Impedance 50 ohms. 
P.O.A. AEI miniature uniselectors. Type 

220ÚC. 3 banks. 1 bridging. 2 
12 non -bridging wipers. positions. 

Coil resistance 50 ohms. Complete 
with bases. Brand new. £4.50 each. 
20 -way BPO Jack strips to accept 
316 type Jack plugs. Also quantity 
of 316 plugs available. All good 

MARCONI TF995A2/M AM /FM 
R.F. SIGNAL GENERATORS. 
1.5- 220mHz. 0- 100kHz Deviation. 
1 pV -100mV output. Sold in excel - 
lent condition. P.O.A. 

-condition. 

PLEASE ADD 8% V.A.T. TO THE TOTAL AMOUNT 
WHEN ORDERING. INCORRECT AMOUNTS WILL 
CAUSE DELAY IN DESPATCH. THANK YOU. 
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electronic 
insirumenis 
exhibition 
London and Bristol 
Bloomsbury Centre, WC1 

23 -25 September 1975 

Bristol Esso Hotel, Filton Road, 
Hambrook 

30 September -2 October 1975 

The Electronic Instruments CE") London Show open from 09.30 
Exhibitions are organised on(--\ p % to 18.00 daily (09.30 to 17.00 
behalf of the Electronic / on the final day). 
Promotion Group in \' Bristol Show open from 

09.30 to 18.00 daily (9.30 to 17.00 
on the final day). 

Send for brochure of either show 
(includes exhibitors and product list) 
to the Electronic Instruments 
Exhibition, Industrial and Trade 
Fairs Limited, Radcliffe House, 
Blenheim Court, Solihull, West 
Midlands B91 2BG 
Tel: 021 -705 6707 Telex: 337073 
Cables: Indatfa Sol 

co- operation with the publication 
'Electron'. 

They bring together many of the 
leading electronics manufacturers 
of the United Kingdom and give 
you on excellent opportunity of 
seeing the new equipment and 
talking to the people who produce 
it. Don't miss the EPG show near 
you. 

Admission is free. 

PRICES * RCA SLASH PRICES * RCA SLASH PRICES * RCA 
CMOS from the leading manufacturers at the new manufacturers' 1 off prices 

SINTEL for CMOS 
C040mAE 
C04001AE 
CD/0@AE 
CDA006AE 

C64007AE 

C0400BAE 

C0/009AE 

C04010AE 
C04011AE 
C04012AE 
014013AE 
C04014AE 
CD4015AE 

0040161E 
C04017AE 

C04019AE 

C14019AE 

0140015E 

0.17 
0.17 
0.17 
0.97 
0.17 
0.79 
0.46 
0.46 
0.17 
0.17 
0.46 
483 
0.93 
0.46 
0.93 
0.63 
0.46 
0.92 

C04021 AE 

C04022AE 

C04023AE 

C04024AE 

C04025AE 

C040261E 
C04027AE 

CDU28AE 

CD4029AE 

CD4030AE 

C04031AE 
C04032AE 

C040LAE 
C04034A0 
C04035AE 

C04a36A0 

C14037AE 
C04038AE 

0.63 
0.79 
0.17 
0.64 
0.17 
1.42 
0.46 
0.74 
0.94 
0.46 
1.81 
0.16 

1.14 
7.83 
0.97 
7.47 
0.78 
0.68 

C0403910 
CD40/0AE 
C04041AE 
C04042AE 
CDAU431E 

C01061AE 

CO/OA:J1E 

C04046AE 

C04047AF 

C04048AE 
C04049AE 

004050AE 
C04057AE 
C04052AE 

C01053AE 
c0405ME 
c04055AE 
C04056AE 

7.47 
0.88 
0.69 
0.69 
0.83 
0.77 
1.15 
1.10 
474 
446 
0.46 
0.46 
0.77 
0.77 
0.77 
495 
1.08 
1.08 

C04057A0 
C04059A0 
cousant 
C041161A0 

c04062Ar 
C040638E 

C0/066AE 
C040tiB9E 
CD4861313E 

C04B709E 
CD4011BE 
040728E 
C04073BE 

C04075BE 
C040 756E 

CD4D779E 
C04078BE 

C04081BE 

20.35 
10.64 
0.92 
16.43 
7.33 
0.90 
0.58 
0.18 
0.18 
0.18 
0.18 
0.18 
6.18 
0.18 
1.27 
0.18 
0.18 
0.18 

C040829E 
0145016E 
C040868E 

C04093BE 
C04095BE 

C04099BE 
MCI4501CP 
MCI 4502CP 
MC14508CP 

MC14510CP 
MC14511CP 
MCI4518CP 
MC14520CP 

MC14528CP 
ML14553CP 
MC14566CP 

AC14585CP 
AIM 74C1411 

0.18 
0.57 
0.57 
0.66 
0.86 

1.50 
0.32 
n.65 
4.20 
1.26 
1.95 
187 
1.87 
0.87 
4.07 
1.21 
1.45 
1.16 

RCA 1975 CMOS Databook 400 pages of data sheets and 200 pages of 
circuits, applica ions and other useful information 2.301No VAT + 37p P &P 
6 digit Alarm Clock Kit - the kit contains all components necessary. except for 
'the case, to build a 6 digit alarm clock with bleep alarm snooze function, 
intensity control. .3" LED displays £19.86 
32.768 kHz Min. Quartz Crystal - High accuracy and stability for Clock & 
Watch timebases; ideal for WW watch design £3.60 
Xtal Timabas. Kit: Will provide stable 50cps for clock IC's giving time 
accurate to a few secs a month: contents small PCB. 32.768 kHx Xtal. 3 CMOS 
IC's. trimmer C's R's. IC skts £6.40 

COMMON CATHODE LED 
DISPLAYS 

DL704E 0.3" only 85p 
FND500 0.5" .... £1.50 
MAN3M 0.13" 48p 
DL33MMB 3 digs in 12 pin DIL 

£1.25 

5LT01 £5.80 
4 digit 0.5" Green Phosphor 
Diode (Vacuum Fluorescent) 
Clock Display with am /pm 

IC's 
MK50253 4 or 6 digit 12 or 24 hr Alarm Clock IC with snooze £5.60 
MK50206 4 digit 12 hr clock and programmable appliance timer £11.50 
MK503OM CMOS watch IC for LED display with date and seconds £19.50 
M M5314 4 /6 digit 12/ 24 hr clock £4.44. AY51224 4 digit clock E4.25 

HARDWARE 
SOLDERCON PINS for Lowest Cost IC sockets for TTL. CMOS. IC's. 
displays. Strop of 100 for 50p. 400 for £2. 1000 for £4. 3000 for 10.50 
LSI Sockets (Soldercon Pins with nylon supports) 22. 24. 28 or 40 pin 30p 
ea. 20 way Colour -Coded Flexible Flat Cable E1 per metre: £8.50 for 10 
metres 
ADD VAT AT 8% - new 25% rate does not apply to any of the above goods. 
15p P &P on orders under f3. All orders processed on the day of receipt. 
Official order welcomed. written, phoned or telexed, from Polys, Univs, 
Schools. Govt. Dept. Nat. Inds.. Rated Cos. Fastest delivery for R & D. 
Export Orders No VAT. Add 35p (Europe) 70p (Overseas) for P &P (at cost if 
morel 

SINTEL 53c Aston Street, Oxford 
Tel 0865 43203. Tlx: 837650 A/B ELECTRONIC OXFD 
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BIPREPAK 
The people for component bargains 
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audio equipment 

ORIGINATORS OF PRE -PACKED COMPONENTS IN BRITAIN - AND STILL LEADING! 

AUDIO MODULES - today's most challenging values! 
POWER AMPS 

SS103 
Compact I.C. amp. 3 watts R.M.S. Single channel 
On P C.B. size 31/2"x2 ". Needs 10 -20V supply. 

SS 103-3 
Stereo version of above. (Two I.Cs.) 

mono). 

£1.75 

£3.25 

NEW! SS105 Mk. 2 
A compact all- purpose power amp. Size 31/2"52 ". Useful 
5w output (mono) into 30 using 12V. Excellent value. Two 
20w at 1 2V 4 p.a. £2.25 

SS110 Mk. 2 
Similar in size to SS105 but will give 10w output into 40 
using 24V (mono). Two in stereo give first -class results, 
suitable for many domestic applications. £2.75 
Now - the SS120 gives 20w V.M.S. into 4 ohms from 
34V. Size 31/2"x2 ". -£3.00 

SS140* 
Beautifully designed. Will give up to 40w R.M.S: into 40 
Excellent S.N.R. and transient response. Fine for R.A., disco 
use, etc. -Operates from 45V DC. Two in bridge formation 
will give 80w R.M.S. into'80 . £3.75 

3 
SPECIAL 
OFFERS 

LM 380 AUDIO IC 
(Marked SL60745) Brand 
new and to spec 3 watts 
R M S. out With data. 

0.00 
2 X SN 7490. Brand new 

1 C to spec. decode 
'counters 'E1.00 
3 X SN /400 Quad 2 

input Nan gate ICs '50p 

PRE -AMP /CONTROL MODULES 
SS100 
Active tone control to provide Bass and Treble (stereo). With 
full instructions' £1.60 
SS101 
Pre -amp for stereo ceramic cartridges, radio and tape £1.60 
SS102 ' 

Pre -amp for low- output stereo magnetic cartridges, radio 
and tape £2.25 
BUILD A STEREO F.M. TUNER 
WITH THESE MODULES 
55201 
Front End assembly. Ganged tuning with well engineered 
slow- motion geared drive in robust housing. A.F.C. facility. 
Requires 7 -10V. Excellent sensitivity. 88- 108mHz. £6.25 
SS202 
I.F. Stage (with I:Ç.). Designed to use with SS201 uses I.C. 
Carefully checked before despatch. For 9 -16V. £5.25 
SS203 
Stereo Decoder. Designed essentially for use with SS201 
and SS202, this excellent decoder can also make a stereo 
tuner of almost any single channel FM tuner. Supplied ready 
aligned. A L.E D. can easily be fitted 9 -1 6V £5.62 
SAVE £5 ON THE S/S TUNER 
By buying Units SS.201, SS.202 and SS.203 together, the 
price is £1 2.12 - a genuine saving of £5 on this very 
efficient timer. £12.12 

SUNDRY 
P.I PAK - Approx.' 170 short -lead 
semi -conductors and components. PNP, NPN, 
diodes. rectifiers, etc. on ex- computer panels. 
At least 30% factory marked. Some data 
supplied. 150p. 
UHF 625 line tuner, rotary. £2.50. 
Rev Counter (for cars) (8 %). £1.00. 
Books by Bernard's Publications, Newnes- 
Butterworth's, etc. 

I- 
I THE FREE CATALOGUE I 

New edition better than ever. Its I 
t'our's for free and well worth getting - only please send large S.A.E. with I 
10p stamp if we have to post it to you. 

L J 
V.A.T. - IMPORTANT 
Rates quoted in good faith in accordance with 
Customs & Excise rulings. In the event of 
overpayment by customers the difference will 
be credited 

NEW RANGE TRANSISTOR & COMPONENT PACKS 
TP SELECTION 

TP5 20 Transistors. PNP German- 
ium, Red Spot A.F. 

TP6 20 Transistors, PNP German - 

ium, White spot RF. 
TP7 1 2N1 74 1 50w 80Vice Power 

Transistor, with mounting 
assembly. 

TP19 100 diodes, mixed Germanium, 
Gold- bonded, etc. Marked /Un- 
marked. 

TP23 Twenty NPN Silicon uncoded 
T05. - Similar to BFY50 /2, 
2N696, 2N1613. etc. Comple- 
mentary to TP24. 

TP24 Twenty PNP Silicon, uncoded 
T05. Similar to BFY64, 
2N2904/5. 

TP29 8 power diodes 400V, 1 25A 
Silicon FST 3,4 

UT SELECTION 
UT1 

UT2 

UT4 

UT5 

UT7 

UT9 

50 PNP's Germanium, AF & RF 

150 Germanium diodes, min. 
glass. 

100 Silicon diodes, min.'glass, 
similar to IIN914, IN916. 

40 250mW Zener diodes OAZ 
'240 range: average 50% good. 

30 Silicon rectifiers 750mA, 
mixed voltages. Top Hats, etc. 

40 NPN Silicon planers. Similar 
to 2N3707 -11 range. Lpw noise 
amps. 

ÚT12 25 2N3702/3 Transistors, PNP 
Silicon. Plastic to 92 

CP SELECTION 
Cm Mixed bap of capacitors - 

Electrolytic, Paper. Silver Mica 
(Approx. 150 - sold by weight). 

CP2 200 (approx.) Resistors, various 
types. values, watts. (Sold. by 
weight.) 

CP3 40 Wire -wdund resistors, mixed. 

Cp4 12 pots - pre -set, w /wound. 
carbon. +dual, with /without 
switches - all mixed. 

Cpl Heat sinks, assorted. To fit SO -2 
(0072) TO -1 (ÁC128) etc 

ALL ABOVE PACKS - 6Op EACH.TP Tested & Guaranteed. UT Untested unmarked. CP Components 

CAPACITOR DISCHARGE IGNITION KIT 
Simple to assemble and fit Improves car performance, 
saves on fuel P/P 30p £7.50 
BI- PRE -PAK X -HATCH GENERATOR MK. 2 

Four -pattern selector switch 
3'+x51/4 "x3" 
Ready -built 
and tested 
In kit form 

£9.93* 
£7.93'* 

Please add 33p for postage and packing. 
Is invaluable to industrial and home user alike. Improved circuitry 
assures reliability and still better accuracy. Very compact; 
self- contained. Robustly built. Widely used by TV rental and other 
engineers. With reinforced fibreglass case, instructions, but less 
batteries, (Three U2 type required.) 

TV SIGNAL STRENGTH METER* 
Complete kit ás described in Television. El 9 50 plus 40p for P &P 

TERMS OF BUSINESS: 
VAT al 25 °'e muss he added to total value of order. except for items marked' or 15%l. 
when VAT is to be added at A°.. No VAT on overseas orders. POST & PACKING Add 
22p for UK orders except where shown otherwise. Minimum mail order acceptable - 
fl. Overseas orders, add fl for postage. Mt difference will be credited or charged. 
PRICES Subject to alteration without notice. AVAILABILITY All items available at 
lime of going to press when every effort is made to ensure correctness of information, 

BI-PRE-PAK LTD 
rn R1.1 NoR:lrltn 

222 224 WEST ROAD,WESTCLIFF-OPI-SEA,ESSEX SSO 90F. 

TELEPHONE: SOUTHEND f0702) 46344. 

FOUNDED IN 1959 

SS300 POWER SUPPLY STABILISER 
Add this to your unstab feed supply to obtain a steady working 
voltage from 12 to 50V for your audio system, workbench, etc 
Money saving and very reliable. £3.25 
PLASTIC POWER TRANSISTORS 
40 WATT SILICON * 
Type Polarity Gain VCE Pries 
40N1 NPN 15 15 20p 
40N2 NPN 40 40 30p 
40P1 PNP 15 15 20p 
40P2 PNP 40 40 30p 

90 WATT SILICON e4 

Typs 
90N1 
90N2 
90P1 
90P2 

Polarity 
NPN 
NPN 
PNP 
MVP 

Gain 
15 
40 
15 
40 

VC E 

15 
40 
15 
40 

Pries 
25p 
35p 
25p 
35p 

It you prefer not to cut coupon out please mention WW8 when writing. --- s-- .1..1.- =MI=Mil 
To BI- PRE -PAK, 222 -224 WEST ROAD I WESTCLIFF -ON -SEA, ESSEX ' Please send 

for which I enclose 

NAME 

ADDRESS 

nc VA I 

IM M11=1B110 MI NM MEIER B1 NM 

1 
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STD- 
NATO SYNCHROS 
EX STOCK Requirement Schedules please 

SPECIALIST STOCKISTS OF SERVOMOTORS, SYNCHROS, TEST EQUIPMENT, METERS AND CONNECTORS 

,I n I 
()rye and (Iiecirente ales ,C:id 

Established 1953 
24 HIGH ST., LYDD, KENT. Tel. Lydd 20252 (STD 0679) VAT No. 201 -1296 -23 TELEX 965265 

TYPE TAD 

Dint 48 66 85 1)8 150 

.. 42 50 70 106 110 -.. 50uA £3.63 E3.81 MO E1.90 E5.16 

500.4 0.34 0.51 E3.72 UV E5.22 

Imo 027 0.44 0.fí4 E4S3 0.13 g 15410 0.30 0.49 0.67 0.51 2526 
3000C E3.47 0.66 0.114 E4.73 Fá.38 

NEW ADDITIONS to our range of 
PANEL METERS available at resent only P 

in MANUFACTURING QUANTITIES 

7 /. 

SE45 64 x 52 mm 'x 

ALL PRICES INCLUDE 8% VAT 

LEMANIA AIRCREW CHRONOGRAPHS 
Starnkss Steel case with screw 
back, luminous hands and 
markings. One -fifth sec. sweep 

le hand ntrdled independently of 

m...} 
main movement by press to stan 

- `( stop and return to bunonn. 
-R,- 15 jewel movement Many 1 

? e these watches are as new but all 
have have been completely over- 
hauled and checked for occur -' 

acy Fined strap White face E18.30. Black tace £19.25 Inc P & P 

All watches: Inspection against remittance. 

TYPE SA 

Dims 43 51 61 82 
in A , , , 
mm 43 51 61 78 

50..4 E3.52 059 0.87 E4.12 
500.4 0.21 0.28 E3.53 E375 
ImA all 011 E3.43 £3.72 
15vOC 0.15 £322 0.50 E376 
300vAC 0.39 0.46 0.67 E391 

t 
' 

iv \ mA 

- - 

- 1 

SE52 80 x 60 mm V 
SE65 100 x 80 mm 
SE85 120 X 100 mm 

¢ 

1 

@ 

n 

mA SU45 69 x 53 mm 
SU55 87 X 63 mm 
SU65 105 X 77 mm 

GS WATCHES all with brushedl ain - ;;a, 
less steel rase with screw back and black 
faces. Manufactured by CYMA VERTEX ." 
RECORD etc. to a standard speefic% ,,. 

, bon Completely overhauled Fitted strap n 
E8.851inc. P & P. We also have limited 
quantities of these watches by OMEGA. 
LONGINES. BUREN. HAMILTON. 
JAEGER LE COULTRE and IWC at 
E15.30 inc P & P. 

- 

FOR YOUR PRODUCTION REQUIREMENTS USE Q 

ALPS PANEL METERS 
FULL RANGE PRICE LIST -SAE PLEASE! 

Substantial quantity discounts to manufacturers 
Remember! We are the sole importers! 

Distributors and Industrial freelance salesmen required 

69 6C TYPE SR 
liiiil c en 

78 92 Oi 7 / G Dims 

' AA 
, , s / mm a 63 72 

50 °A 0.0 E4.18 E4.42 
500.4 0.58 0.83 E40$ 
IM 0.48 E3.73 098 
19.00 0.60 0.N E4D9 
3871st 073 1781 E122 

it 

Above meter forms are for moving coil movements only and 9 Y 

m y house S -meter and VU -meter instruments. 

VU METERS 
SF1 00 72 X 68 m m 

SFI04 63 x 60 ma 

SF 106 63 x 60 m m 

` ,k 

1 
. -- ... - 

All meters can be supplied with special or personalised scales. pP P P 
internal illumination, coloured front lenses, mirror scales, 
special pointer forms, etc. 

Full details and rips on request P 9 

DRY REED INSERTS 

Overall length 1 85in (Body length 1 1 m L Diameter 0 14m to switch up 
to 500mA at up to 250vDC Gold clad contacts 74p per do: E4.15 per 
loo, £29.95 per 1.000. £272 per 10.000 All carriage paid U K 

Operating Magnets 95p per doz. £6.95 per 100. £87 per 1,000 All 
carriage paid U K 

Operating Coils for 12e supply to accept up to four standard reeds E2.50 
per doz £12.80 per 100 All carnage paid U K. 
Heavy duty type. (Body length 20 Diameter 0 22i to switch up to lA 
at up to 250vAC Gold clad contacts £1.45 per dot_ £6.95 per 100. 
£52.00 per 1.000. Changeover Heavy Duty typo E2.80 per do: All 
carnage paid U K 
Magnets agne for HD reeds E1.50 do: Avery few mils available for HD reeds 

TELEPRINTER PAPER. Standard rolls. 1 ply E4.40 per doz 2 ply £4.40 
per do:. 3 ply £4.80 per doz, 4 ply £5.10 per doz. All P. Pd U.K. Telex 
your order now 

OYER 300,000 IN STOCKf 
MULTIWAY AND R.F. CONNECTORS 

by twenty different companies) Send us your detailed 
requirements quoting Nato numbers if known. 

Tantalum Capacitors Metal Oxide Resistors 
( Kemet, ITT, Plessey, (Electrosil & Welwyn) 

etc.) 

LABORATORY 
TYPE SA65E 

Metric ens 82 s 70ma `- 

50.4 E6.51 

500,4 126 
le4 E6.06 
IA MI5 
15.00 MI6 
3001C E5.15 

ALL ABOVE PRICES INCLUDE 
P. & P. and VAT 

TAPE STORAGE CANS. Brand new finished steel acts oripmally 
intended for 16mm film but ideal for storing 7in. reels of tape Our last 
supply at 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 (6.50 inc P & 
P and V A T Sample order. 10 for E1-50 Inc P & P. and V A T 

SOLAR CELLS. Ferranti silicon MSIIBE. active area 390 sq mm Open 
CCT voltage 550mV at 3000 lumens /sq It Slit Cut Current 60mA. 
Optimum load 90 ohms Dia. 34nim Thickness 6mm Ex made up panel. 
E1.35 (inc. P 5 P. and VAT). 

CONTINENTAL CUSTOMERS - we have a direct link by air from Lydd 
to Beauvais (also Channel Islands) and are 35 -45 minutes' ov m dre from 
Dover -Folkestone with direct hovercraft and sea links with France and 
Belgium. 

WW 066 - FOR FURTHER DETAILS 

t#tdoIt s 
(ELECTRONICS) LTD. 

9 & IO CHAPEL ST., LONDON, N.W.I 
01 -723 7851 01 -262 5125 

ADJACENT TO EDGWARE ROAD MET. LINE STATION 

STEP DOWN AUTO TRANSFORMERS 
Open type Terminal block connections Tapped 0- 25- 35- 45- 55.65.75- B5- 95.240v 600 watts 
conservatively rated Size 51/2 x 41/2 x 4'h £4.75. Carr. 75p. 300 watts F3.00. Carr 50p 200 
watts £2.00. Carr 50p Gardners enclosed type auto transformers Tapped 
0- 110.115- 210-230.250v conservatvely rated 60 watts. Totally enclosed f2.00. P P 50p. 
Partridge mains booster transformer Tapped 0 -220- 230 -240 250V 500 watts open type terminal 
block connections £3.00. Carr. 50p. Drake isolation transformer PRI 200220.240v Sec 110v 50 
warts Open type. Terminal block connections f2.75. Carr 50p 
Other type. Available. 80 -1500 watts, fully shrouded. with American socket outlet and 6 ft 
mains lead. Let us know your requirements. Lists available 

CURRENT RANGE OF NEW L.T. TRANSFORMERS 
FULLY SHROUDED TERMINAL BLOCK CONNECTIONS 

ALL PRIMARIES 220/240e 

Type 
4A 
to 
1C 
to 
2A 
2B 
2C 
2D 
3A 
3B 
3C 
4A 
48 
4C 
5A 
58 
5C 
6A 
68 
7A 
78 
7C 
BA 
9A 
10A 
11A 

Sec Taps 
25- 33- 40 -50v 
25- 33- 40 -50v 
25- 33- 40 -50v 
25 33 -40 50v 
4.16- 24.32v 
4-16.24.32v 
4-16.24.32v 
416.24 -32v 
24.30 -36v 
24-30-36v 
24.30.36v 
12- 20.24v 
12- 20.24v 
12-20-24v 
3- 12 -18v 
3.12.18v 
3.12 -18v 
48- 56.60v 
4856 -60v 
6 -12v 
6.12v 
6 -12v 
17-32v 
12.24e 
9 -15v 
8.0 -8v 

Amps 

111 

6 
3 

2 
1 0 

5 
2 

20 
10 

20 
10 

2 

20 
10 

5 

2 
2 

Price 
£15.50 
£13.25 

£9.50 
£8.25 

E11.25 
E8.75 
E5.25 
E3.85 

£10.00 
£8.25 
(3.85 

£13.25 
£8.25 
E5.25 

£11.25 
(7.75 
E4.95 
E4.95 
E3.85 
(B.50 
E5.25 
E3.85 
£8.50 
£2.70 
£270 
£2.70 

Postage 
El 00 
E1.00 

85p 
85p 

E1.00 
85p 
65p 
60p 
85p 
65p 
60p 

El 00 
85p 
65p 

El 00 
85p 
65p 
65p 
60p 
65p 
65p 
60p 
850 
50p 
50p 
50p 

PARMEKO ISOLATION 
TRANSFORMERS 

Pri. tapped 115.200 -220.2500 + or - 5% 
and 10% sec. 115v 13 -5A. Very conservati- 
vely rated. Metal shrouds. Table top 
connections Size 11 x 91h x 8 inches 
£35.00. Carr E3. Pri tapped 200- 220 -240v 
+ 10 %. Sec tapped 90-100-110-120v 7.5A 
Very conservatively rated. Metal shrouds. 
Table top connections. Sien 8 % 8 x 7 inches 
E20.00. Carr £2 

HIGH VOLTAGE WORKING 
L.T. TRANSFORMERS 

Pri tapped 200- 220 -240v Sec tapped 
4.5.6.3v. 12A and 2 5v, 35A 10Ko ACwk9 
Open type Terminal connections £10.00. 
Carr E2 Gardiners encapsulated type Pr, 

230 -240v Sec 2 -0 -2v 11A 25Kv DC wkg 
E8.50. Carr El 50 Parmeko potted type pri 
110v- 200- 220.240v sec 2 5.0 -2 5v 30A 
twice 5Kv wkg E8 50 Carr El 50 Pri 

115-200-220-240v sec 2.0.2v 24A and 6 4v 
0 5A £5.00. Carr E 1 

- 3 PHASE TRANSFORMER 
Pn. 100.105- 110 -200220 -240v Sec. 12v 
85A 3ph built in metal case. Size 14 x 15 x 
81/2 inches. One only £25.00, ex- warehouse. 

A 
TIC. HEAVY DUTY AUTO 

TRANSFORMER 
Input 240v. Output 150v. 4Kva Size 9 x 81 

7 inches Terminal block connections 
E15.00. Ex- warehouse Isolation type. Pri 
240e Sec tapped 265 -270 -275v, 1400 
wens. Sue 8 x 8 0 7 inches Terminal block 
connections £20.00. can E3 

4 

PARMEKO L.T. TRANSFORMERS 
Open types. Pri 110- 220 -240v Sec 30v 5.5 
amps and 12v 2.2 amps Table top 
connections. £4.95, P P 75p Pri '240v. Sec. 
26v 10 amps and 12v 0.1 amps Table top 
connections £5.50, P P. 75p Potted types. 
Pri 115 -230v Sec 24-30 -32v 2 amps 
£2.75, P. P 35p Pri 220 -240v Sec 50v 04 
amps. f1.50, P P 35p Pri 115 -230v tapped 
40 -45 50v 5 amps. f8.50, P P 75p. Prr. 
115- 220.230e Sec. 6.6v twice. and 5v 6A 
£4.75, Carr 75o. Pri. 110-220 240-250v 
Scr Sec 2 -0-2v 24 amp, 6 4v O 5 amp High 
voltage insulation £5.50, carr E1 25. 

NIL 

HEAVY DUTY UNSHROUDED TYPES 9 INCH FLYING 
LEADS ALL PRIMARIES 240v 

Type No Sec Volt Tap 

1 24-30-36 
2 1 2 -20 -24 
3 3 -12-18 
4 6.12 

Amps Price 
£15.75 
£15.75 
£1 5.75 
E15.75 

20 
30 
30 
50 

Cal: 
El 25 
El 25 
01.25 
E 1 25 

CENTRE TAPPED L.T. TRANSFORMERS 
Fully shrouded Terminal block connections Po 220 -240v Screen. Tapped 
sec 30- 25- 025 -30v 2 amps (4.95. cary 60p. 36- 25- 0- 25.36v 5 amps 
£9.95, carr 85p 28 -0-28v 10a £12.50, cary E1 

PLEASE ADD 8% V.A.T. TO ALL ORDERS INC. CARR 

WODEN MULTI- TAPPED L.T. 
TRANSFORMERS 

!00 220.240v secs All separate windings 
Ile 7A 26v 5A 16v 4A. 16v 4A 25v 2A 
25v 2A open frame type Table top 
connections £8.50, cari E 1 50 

H.T. SMOOTHING CHOKES 
Gresham Potted type 9H 500M /A 5Kv 
working. Sae 9.8x8 inches £5.50, cary E2 C 

Core types 10H 350M /A E3.50, cart E1 

20í 180M /A £2.50, can 75p 5H 180M /A 
£1.75, P P 50p Potted types 15H 180M /A 
£2.00, Carr 75p I0H 250M/A E2.00, carr 
75p 20H 40M /A 75p, PP25p Parmeko 
Poned type 10H 180M /A E2.00, can 50p. 

GRESHAM 
E.M.T. TRANSFORMERS 

Pr, 240v Sec. 2300 M/A 6 3v 1.5A Table 
top connections Size 503' /.x3% ins 
E3.00. Carr 50p 

L.T. CENTRED TAPPED 
TRANSFORMERS 

Pri 117.220 240v sec 28.0 28v 3A 
30.0.30v 100M 'A 6v IA open type Size 4 
x 23/4 x 31/4 inches E3.00. P P 65p Pri 
115.200. 220 -240v sec 18v 2A Twice open 
type 3 +k x 21/4 x 3'z inches E2.00 P P 

50o 

L.T. TRANSFORMERS BY 
FAMOUS MAKERS 

No. 1 GARDNERS Poned type. Pri. 220.240v 
Scr. Sec. 24v in one volt steps. 4 amps £4.95. 
P P 75p. No 2 Pri. 220 -240v. Scr. Sec. 24v 

1 Amp and 24v 0.75 amp E3.00, P.P 75p. No 
3 Pri 110- 220 -240v Scr Sec. rapped 
4.3 -5 3- 6.3v-10- 12- 22.24.260 1 amp and 
55v 1 amp E3.25, P.P. 75p No. 4 Pri 
115 -220 -240v Scr Sec 4 -5v 10 Amps 
Intermitted E1.50, P P 35p. No 5 OPEN 
TYPES Pn. 110-220-240 Scr. Sec 17 -0 -17v 
1.2 amps and 36v 50M /A. No. 6 Pri 
220-240v Scr. Sec. 55v 1/2 amp E2.00, P. P 

50p C Core Table Top connections. No 7 Pri 
220.240v. Sec. 2.65 -0-2 65v 42 amps 
£4.50, P P 75p. No 8 Pri 110.220v Sec 
2.5v 10 amps and 2 5v 5 amps twice £3.50. 
P.P 75p. No 9 Pri 220 -240v Sec. 24v 3 
amps E3.00, P P 50p. No 10 pri. 220 -240v 
Sec 25 -0 -25v 154M/A and 7v 1 35 amps 

P P 25p No 11 Pri 220 -240e Sec 
36v 350M /A E1.00, P P 25p No 12 Pri 
230v. Sec 1.25-0-1 25v 10 amps £2.00, 
P P 35p 
HILGER AND WATTS Prr 
200 -210-220- 230-240-250- 270 -3200 Scr 
Sec 12v 17A open type. Terminal connec- 
tions. £6.95, cart. Cl Well known makes. 
Open type. Terminal block connections No 1 

Pri 110. 205.220 -235v Scr Sec 12v 2.2A 
and 12v 1A and 200v 35M /A E2.00, P P 

50p No 2 Pro 112- 205- 225-245v Scr Sec 
17v 2A and 6 3v 0.5A E1.75, P P 50p No 3 
Pri 220 -240v Sn. Sec tapped 30 -31e 3A 
0.50, P P 50p. No. 4 Pri 110- 220 -240v 
Scr Sec 13v 10OM /A and 6 3v 4A and 160v 
80M /A E2.00. P.P 50p 

FERRANTI H.T. TRANSFORMERS 
Encapsulated type Pri 200-220 -240v Sec 
650-0 -650v 277M/A 6 3v 5A 6 3v 2A 5v 
4A. Sue 644 x 544 x 5 inches E7.50, cary 
E1 50 

GEC L.T. TRANSFORMERS 
Pri 220.240e Sec tapped. 
51- 61- 65- 67 -69v 10A. Unshrouded terminal 
block connections. E8.75. Carr. E1.25. Pri 
220 -240v. Sec tapped 58- 63- 69 -74v. 3A. 

£3.75. Carr 75p. 

POTTED H.T. TRANSFORMERS 
BY FAMOUS MAKERS 

No 1 Pri 110.220 -240v Scr Sec tapped 
408-200-0-200-408v High taps 165M /A 
Lev taps 500M /A £5.50, carr E1 No 2 Pri 
115.220.240e Scr Sec 400- 0.400v 
400M /A £5.75, c arr E1 No. 3 Pri 
115-220-240v Sur Sec 350-0 -350v 
200M: A. 6 3v BA. 5v 3A £4.50, cary El 
No 4 Pri 115 -220.240 Scr Sec 
330-0-330v 200M /A, 6 3v 6A. 5v 3A 
£4.00, can E 1 No 5 Prr. 220 -240v Sec. 
2500 -250v 320M /A. 6 3v 10A £4.50, carr 
El. No 6 Pri 110-220-240v Sc, Sec. 1875v 
60M/A and 500v 31M /A E5.00, cary E1 

No 7 Pri 110220 -240v Scr Sec 230v 
200M /A. 63v 7A E3.00, carr 75p No 8 
Po 220 -240v Scr Sec 250 -0 -250 75M /A. 
6.3v 2A. 6.3v 1A, 6 3v lA E3.00, can. 75p. 
No. 9 Pri. 220 -240v Scr Sec tapped 
170. 180 -190 -200- 210- 220 - 230 -240v 
175M/A. 6.3v 3A. 6 3v 2A, 6 -30 2A E3.75, 
can 75p. Na 10 Pn 220.240v Scr Sec. 
250-0 -250v 100M /A. 6.3v 3A, 6 3v 3A. 5v 
2A E3.00, cary. 75p. 

L.T SMOOTHING CHOKES 
C core type 15 M/H 3 8A £2.00, P P 50p 
50 M H 2 5A £2.00, P P 50p 12 M H 7A 
E3.00. P P 60p 140 NA /A 140 M H 5A 
E3.50. Carr 85p 10 M H 25A E8.75. Carr 
El 25 Open type top panel connections 4 8 
M H 10A E3.00. P P 50p Potted type 100 
M H 20 £3.50. P P 751/ C core swinging 
types 7 5 M H 6A -75 M H 0 5A E3.95. P P 

7 5 p 10 M H 4A.100 M H O SA E3.00. P P 

50p 50M HSA -100M H05A E2.75.PP 
50p 

AEI AC 240V CONTACTORS 
Type LSb -L11 02 2 make. 2 break tamaris 
20 amps £1.25, P P 200 Type LSE L11 01 
3 make 1 break c°ntncts £1.25. P P 20p 

GENTS ALARM BELLS 
6 von DC 6 inch dia Gong Overall size 
41/2 x6 x6 inches. E3.50. P P 50p 

SMITHS CLOCKWORK 
TIMERS 

30 mies D P 15amp 250v switch contacts 
Overall sae 2m die x 21/2rn Less control 
knob 79p. P P 25p. 

ITT LEVER SWITCHES 
Type 601 AAO 72-42 4 CO contacts. overall 
size I'4X 2 xK ins. White lever gold flash 
contacts 50p. Three for £1.50, post paid 
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SERVICE TRADING CO 
RELAYS 

1 2 4 

SIEMENS PLESSEY, etc. 
MINIATURE RELAYS 

1 2 3 4 

52 4-8 2c /o 70p" 700 18-24 4 M2B 80p 
185 e--112 6 M !Óp' 1250 18-38 2 c/o 000p 
230 
430 91 -1242 c/o 

70p1i 2500 38-45 6 M 110p. 

700 12 -24 2 c/o 660p" 9000 40-70 2 c o 
15k 85 -1106M 80p 

(1) Coll ohms; (2) Working d.c. voile; (3) Contacts; (4) 
Price HO -Heavy Duty, All Post Paid. (*Including Basa) 

OPEN TYPE RELAYS 
6 VOLT D.C. 1 make con. 35p. Post 15p. 

9 VOLT D.C. RELAY 
3 c/o 5 amp contacts. 70 ohm coil 75p. Post 15p. 

12 VOLT D.C. RELAY 
3 c/o 5 amp contacts, 120 ohm coil 75p. Post 15p. 

24VOLT D.C. 3 c/o 800 ohm coil 78p. Post 15p 
2 HD c/o 700 ohm coil 75p. Post 15p. 
4 c/o 300 ohm coil 85p. Post 15o. 

ENCLOSED TYPE RELAYS 
24V D.C. 3 c/o 75p. Poet 15p, Base. 15p. 

24 VOLT A.C. Mfg ITT 3 h d. c/o contacts 55p. 
Post 15p. Base 15p extra. 

55 VOLT A.C. 
3 heavy duty c/o contacts. Price 88p. Post 15p. Base 15c 

100 VOLT A:C. 
2 c/o sealed type. octal base 78p. Post 15p, Base 15p. 

240 VOLT A.C. RELAY 
240V A.C. heavy duty 3 co contacts. 
Price 75p, Post 15p. Octal base 15p extra. 

220 /240 VOLT AC RELAY 
3 c/o 5 amp cont. Sealed M.f g. ISKRA, £1.25. Post 15p. 
Base 15p extra. 

ARROW 230/240V AC 2 c/a 15 amp contacts. 
Amp connectors. MOO. Post 15p. 

110 VOLT A.C. 2 c /o. 20 amp. £1,26. Post 15p. 

CLARE-ELLIOT Typo RP 7641 G8 
Miniature relay. 675 ohm coif. 24 volt D.C. 2 c /o. 70p, P.P. 

MANY OTHERS FROM STOCK, PHONE FOR DETAILS 

PRECISION CENTRIFUGAL 
BLOWER 
Mfg. Airflow Developments Ltd. continuously 
rated smooth running, 230/240v A.C. motor 
80 c.f.m. £6.60. Post 50p. 

BLOWER MINIATURE MODEL 
Mfg. by Smiths Industries, Series SE /200. Size 95mm x 
82mm x 82mm. Aperture 38mm e 31 mm. 12 c.f.m. 12.76. 
Post 25p. 

230V FAN ASSEMBLY 
Continuously rated, removable aluminium 
blades. Price £1.25. Post 25p. 
VAT 25% 1 
SUB-MINIATURE REED RELAY 3-9 VOLT O.C. 250 o hm coil' 

Single make, eue 11/4" x M" x M ". 
OUTSTANDING VALUE ONLY £1.00 for six. 
£1.50 for ten. Post 15p. (Min, order six), 

VERY SPECIAL OFFER 
Hoa ywell Type 15100 10 amp. change over 
micro switch 10 for £2.50. Post 25p. 

B utton Micro Switch. 5 amp. c/o contects. NEW. 20 for 12.00. Post 
10p (Min order 20.1 Ditto. Prase to break. 20 for 11150. Post 10p. 

LATCHING RELAY 
Twin latching relay. 'flip -flop 2c /o each relay 
Mains contacts. 115 volts A C or 50 volt D.C. 
operation or 240 volts A.C. with 2.5K resistor, 55p. 
Post 15p. 

COIN MECHANISM (Ex- London Transport) 
Unit containing. selector mechanism for 1p. 2p & 5p coins. 
Micro switches. relays. solenoid- operated hopper, 24,volt D.C. 
Precision built to high standard Incredible VALUE at only 
12.60. Post 70p. VAT 25 %. 

230 -250 VOLTA.C. SOLENOID 
Similar in appearance to illustration. 
Approximately 11 lb. pull. Size of feet 11" x 
14,". Price £1.00 Post 15p. 

SOLENOID HEAVY DUTY MODEL 
Approx. 141b. pull, 4" long e 2%" wide e 3" high, £2.50. 
Post 30p. 

24 VOLT DC SOLENOIDS 
UNIT containing: 1 heavy duty solenoid approx 25 lb pull 
at I in. travel. 2 solenoids of approx. 1 lb. pull at j in. travel. 
5 solenoids of approx. 4 oz. pull st L in. travel. Plus t 24V D.C. 

1 heavy duty 1 make relay. Price £2.50. Post 75p ABSOLUTE 
B ARGAIN. 

600 WATT DIMMER SWITCH 
Easily fitted. Fully guarantees by makers. Will 
control up to 600 watts of all lighting except fluor- 
escent at mains voltage. Complete with simple 
instructions. £2.75. Post 25p. 

2000 WATT POWER CONTROL 
For Power tools. Heating. Lighting etc. incorporating 13 amp. 
outlet and mains lead. MOO Post 27p. 

VARIABLE VOLTAGE TRANSFORMERS 
INPUT 230 v. A.C. 50/60 
OUTPUT VARIABLE 0/260 Y. A.C. 
BRAND NEW, All types. 
200W (1 Amp) £10.00 
0.6 KVA (Max. 21/2 Amp) £11.50 
1 KVA (Max. 6 Amp) 118.60 
2 KVA (Max. 10 Amp) 130.00 
3 KVA (Max. 15 Amp) 133.00 
4 KVA (Max. 20 Amp) 180.00 

(max. 37.5 Amp) 1102.50 
1 Amp OPEN TYPE 

(Panel Mounting) £10.00 

300 VA ISOLATING TRANSFORMER 
115/230 -230/230 volts, Screened Primary two separate 0 -115 
volts for 115 or 230 volts. Secondary two 115 volts at 150 VA 
each for 115 or 230 volts output. Can be used in series or parallel 
connections. Fully tropicalised. Length 13 5 cre Width 11 cm. 
Height 13.5 cm. Weight 15 lb. SPECIAL OFFER PRICE Only 
£5.00. Carr. 80P, 

Carriage extra 

LT TRANSFORMERS 
O. 8. 12 volt a 10 amp. £5.80 Post 70p. 
0, 10, 17, 18 volt n 10 amp. £7.90 Post 70p. 
O. 6 12 volt n 20 amp. £9.00 Post 70p. 
O. 12, 24 volt e 10 amp, £9.20 Post 70p. 
O. 4. 6.24. 32 volt n 12 amp £9.90 Post 70p 
O. 6. 12. 17, 18, 20 volt a 20 amp. £10.40 Post 70p. 
Other types to order at short notice- Phone your enquiries. 

AUTO TRANSFORMERS 
Step up Step downo 115 200,220'240 volts 
Ar 75 watt 02.64 Post 409. 150 watt £3.50 Post 50p, 300 watt 
£6.20 Post 60p. 500 watt £9.20 Post 75p. 1000 watt £12.00 
Post 90p. 

TIME SWITCH 
Horstmenn' Type V Mk II Time Switch. 200/250 volt 
A.C. Two on /two oil every 24 hours, at any menuelly 
preset time. 30 amp contacts. 36 -hour spring reserve 
in case of power failure. Day omitting device. Fined in 
heavy high impact case, with glace observetion 
window. Built to highest Electricity Board spec 
individually tested. Price [7.75- Post 50p. (Total inc. 
VAT E8.91 1 

A.C. MAINS 
TIMER UNIT 
Based on an electric clock. with 25 amp != 
single -pole switch. which can be preset for t 
any period up to 12 hrs, ahead to switch 
on for any length of time, from 10 wins. to 6 
hrs. they switch off. An additional 60 min. audible timer is also 
incorporated. Ideal for Tape Recorders. Lights. Electric Blankets. 
etc. Attractive satin copper finish. Size 135 mm . 130 mm 
60 mm. Price £2.00. Post 40p. (Total inc. VAT & Post £2.59 

TIMERS 
230)240 Volt A.C. 15 RPM Motors. 
Each cam operates s c/o micro 
switch. Ideal for lighting effects, 
animated displays etc. Ex equip- 
ment tested similar !o illustration. 
2 cam model 15 r.p.m. £2.00 post 35p 
4 cam model 15 r.p.m. £2.60 Wst 35p 
8 corn model 20 r.p.m. £4.75 post 40p 
B cam model, each cam fully adjustable 
Magnetic Devices. £7.50. Post 355. 

6 r.p,m. M.f.g. by 

NICKEL CADMIUM BATTERY 
1.5 Volt. 15 Amp. Size 154mm high. 76mm wide. 29mm deep. Price 
El .50 post 50p. 

POWER 
RHEOSTATS 
New ceramic construction, vitreouh 
enamel embedded winding, heavy duty 

brush assembly, continuously rated. 
25 WATT 10.25. 100. 150 250 500. 1k. 1.5k. 2.5k ohm 
£1.70 Post 15p. 50 WATT 1. 5. 10. 25. 50 100. 500. 1k 

ohm £2.10. Post 20p. 100 WATT 1 1025'50'100250' 
500 1 k' 1.5k2.5k/5k ohm £3.30. Post 25p 
Black SllverSkirted knob calibrated in Nos. 1 -9. I ) 
in. dia brass bush. Ideal for above Rheostats, 22p ea. 

TRIAC 
Raytheon Tag symmetrical Triac. Type TAG. 250 500V. 
10 amp. 500 p.i.v. Glass passivated plastic tria Swiss 
precision product for longterm reliability. C1.00 Post 10p. 
Incl. data and application sheet. Suitable Disc. 18p 

INSULATION TESTERS (NEW) 
Test to I.E.E. Spec. Rugged metal con- 
struction, suitable for bench or field 
wnrk, constant speed clutch. Size L. 8 in., 
W. 4 in., H. 8 in., weight 5 lb. 
500 VOLTS. 500 megohms (30.00. 
Post 80p 
1000 VOLTS 1000 megohms £36.00. 
Post 80 

VAT VAT AT 8% 

MUST BE ADDED 

TO ALL ORDERS 

FOR THE TOTAL VALUE OF GOODS INCLUDING 
POSTAGE UNLESS OTHERWISE STATED 
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STROBE! STROBE! STROBE! 
* FOUR EASY TO BUILD KITS USING XENON WHITE h 

LIGHT FLASH TUBES SOLID STATE TIMING + 
TRIGGERING CIRCUITS, PROVISION FOR EX. * 

* 
TERNAL TRIGGERING. 230 -250v. A.C. OPERATION. 

* RANGE OF 4 STROBE KITS FROM STOCK. * * PRICES FROM £6.30- £22.00. SAE FOR 11. 

* DETAILS. 'S 

* * * * * * * * * * * * * * * * * * * * * * * * * * *: 
BIG BLACK LIGHT 4t 
400 Watt. Mercury vapour ultra violet lamp. 
Extremely compact and powerful source of u.v. 
Innumerable industrial applications also ideal for 
stage. display. discos etc. P.F. ballast is essential 
with these bulbs. Price of matched ballast and bulb 4t 

[21.00. Post E1 Spare bulb 011.00. Post 40p. 
* * * * * *1t ** * * * * * * * * * * *ir * * * * ** i BLACK LIGHT FLUORESCENT U.V. TUBES 
aft. 40 wen £5.50 (callers only). 2H- 20 wan £4.25. Post 40p. 
(For use in aten bLein fittings) MINI 121n. S wan £1.50. Post 
25p. SM. S wan 11.30. Pon 25p. Complete ballast unit and 
holders for either 9" or 12" tube. £1.70. Pon 25p. (gin. x 12ín. 4, 
measures approx.) 

* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* * * * * * * * * * * * * * * * * * * * * * * * *.A 4t 

METERS NEW 
Diameter. 

Type 65C5 2A D.C. M /C, 5A D.C. M/C, t0A D.C. M /C. 
20A D.C. M /C. 50A D. C M/C 
Type 6272. 1A A C M!I, 204 A.C. M /I: 300V A.C. M /I; ALL ABOVE 
12.50. Post 20p. 
Type 65L5. 300V A,C. R /MIC: £2.75. Post 20p. 

54mm x SSse.. RECTANGULAR 
Type 85C1. 5A D.C. WC, C, 20A D. C. M/C. 
Type85L1 5A A.0 R /M /C; 10A A.C. R/ M/C, 300V A.C. R /M /C. All 
at 13.00. Poe 20p 

'CARTER 230 VOLT A.C. 
GEARED MOTOR 
230/ 240 volt A.C.. smooth, powerful. continuously rated. 

Two types: 32 r.p.m. or 110 r.p.m. 
Either type £4.50 post 60p., 

'FRACMO'240VOLTA.C. 
50 cycle SINGLE PHASE 
GEARED MOTOR 
33 r.p.m. 30 lb. ins. Reversible, fitted 
with mounting feet. Brand New. 
£14.00. Post E1.00. (Total price incl. 
VAT E16.20.) 

REVERSIBLE MOTOR 
A E.I 1 /10th h.p. reversible motor. 100/ 
120V A.C.. 50/80 cycle, 1400/1680 r.p.m. 
Flange fixing. Dia. 4 length 8} ", shaft 
1" x a ". Price £2.50 Post 50p. Brand 
new. Suitable 110/240V 150 watt Auto 
Transformer. £3.50 Post 50p. (Post for 
both items together 75p.) 

20 r.p.m. GEARED MOTOR 
230.240 volt 20 r.p.m. motor. £1.00 Post 15p. 

BODINE TYPE N.C.I. 
GEARED MOTOR 
(Type 11 71 r.p.m. torque 10 Ib. in. 
Reversible 1 /70th h.p. cycle 38 amp. 
(Type 2) 28 r.p.m. torque 20 lb. in. 
R Ibis 1 /80th h.o. 50 cycle .28 amp. The above two 
precision made U.S.A. motors are offered in as new 
condition. Input voltage of motor 115v A.C. Supplied com. 
plate with transformer for 230/240v A.C. Input. 
Price, either type £6.25 Post 65p. or less transformer £3.75 
Post 5íp 
These motors are ideal for rotating aerials. drawing curtains. 
display stands. vending machines. etc. etc. 

BENDIX MAGNETIC CLUTCH 
A superb example of Electro- mechanics! The main 
Cody is in two sections. The coil section is fixed and 
has a Min. sleeve. The drive section rotating on the 
outer perimeters. The uniting plate has Shin. ID 
tearing concentric with main section end 1B -tooth 

Wwheel. 
hen energized transmission is extremely powerful. 24V d.c 

MA OUR PRICE JUST 12.50. Post 30p. 
at 240 

ROTARY VACUUM AIR 
COMPRESSOR AND PUMP 
Carbon vane. oil -less, 100/115V AC 1/12 
h.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. 
£12.00 Post 50p. Suitable transformer 
13.60. Post 50p. 

240 V A.C. SOLENOID OPERATED 
FLUID VALVE 
Rated 1 p.s. i. will handle up to 7 p.s.i. Forged 
brass body. stainless steel core and spring. } in. 
b. s.p inletioutlet. Precison made. British mfg. 
PRICE. E2 00. Post 25p. NEW original packing. 

'GENTS' 6" ALARM BELL 
200/250 volt AC /DC. Brend New. Price: 
16.00. Post 60p (Illus.) VAT 26% 

'STC' 6" RED ALARM BELL 
Brand New. Price' 14.00. Post 50p. 24/45V DC. VAT 25% 

UNISELECTOR SWITCHES -NEW 
4 BANK 25 WAY FULL WIPER 25 ohm coll, 24v. D.0 
operation 16.90. Post 30p. 
5 BANK 25 WAY FULL WIPER 25 ohm 
coil, 24 v. D.C. 17.90. Post 30p. 
B BANK 25 WAY FULL WIPER 
24 v. D.C. operation 19.50. Post 40p. 

4111res >- 

ALL MAIL ORDERS, ALSO CALLERS AT 

57 BRIDGMAN ROAD, CHISWICK, 
LONDON, W4 5BB. Phone 01- 995 1560 

Closed Saturdays. 

SERVICE TRADING CO. 
SHOWROOMS NOW OPEN 

AMPLE PARKING 

PERSONAL CALLERS' ONLY 

9 LITTLE NEWPORT STREET, 
LONDON. WC2H 7JJ. 

Tel.: 01 -437 0576 
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itami 
ITAM 805 (8TRACK) 
MASTER RECORDER 

Fully modular elec- 
tronics using plug - 

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

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

£1790 + VAT Full console optional extra. 

Compatible 8- output Mixer available 
£1260 + VAT 

Industrial Tape Applications 
WW -096 FOR FURTHER DETAILS 

OTARI DP -4050 

CASSETTE COPIER 
Ideal for one copy 
or ten thousand. 
Eight times copy 
speed, foolproof 
operation for non - 
skilled personnel, 
modular construc- 
tion, servo -con- 
trolled direct cap- 
stan drive. 

Immediate delivery 

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

5 Pratt Street, London NW1 OAE 
Telephone: 01 -485 6162. Telex: 21879 

T010 %OFF MEMOREX 

BASF SCOTCH 
POST FREE ON 
ORDERS OVER £10 

i¡TDK 

LEADING BRANDS OF CASSETTES - REPLACEMENT GUARANTEE * ** ** 

PLASTIC 
SNAP PACK 

BASF LM 
BASF 

SUPER S/M 
BASF 
Cr 02 

SCOTCH 
DYNARANGE 

SCOTCH 
Cr 02 

ONE 10 ONE 10 ONE 10 ONE 10 ONE 
, 

i 10 

C60 £0.44 E4.35 £0.57 £5.60 E0.88 E8.70 £0.48 £4.50 £0.88 E8.70 
C90 E0.114 E6.20 £0.79 £7.30 £1.16 E11.55 £0.65 £6.45 E1.18 E11.70 
C120 £0.80 E7.90 E1.08 E10.50 £1.47 E14.65 £0.87 £8.80 E1.47 E14.65 

PLASTIC AGFA LH AGFA GO2 MEMOREX MRX MEMOREX CRO2 TDK DYNAMIC 
SNAP PACK 

ONE 10 ONE 10 ONE 10 ONE 10 ONE 10 

C60 E0.38 £3.70 £0.71 £6.90 £0.61 E8.00 £0.84 E8.30 £0.43 £4.25 
C90 E0.49 £4.815 £0.94 £9.35 £0.87 £8.60 E1.11 £11.00 E0.68 E6.35 
C120 £0.68 £6.50 E1.27 £12.60 E1.17 E11.20 - - £0.88 £8.60 

EAOING BRANDS OF TAPES - FULLY GUARANTEED 

BASF LH AGFA 
REEL TO REEL TAPES LH LOW NOISE 

/11 pl astis 
SCOTCH 

MEMOREX 
LOW NOISE in 

LOW NOISE 

library bor 
HI -FI boxe 

pI ec l brary boy 
in 

i,hr.rvahfl 

LONG PLAY ONE 10 ONE 10 ONE 10 ONE 10 

5" 900' E1.65 £15.00 £1.84 E17.90 £1.34 £12.90 E1.22 E12.10 
53/4" 1200' E1.78 £17.50 E2.40 £22.78 - - E1.60 016.00 
.7" 1800' £2.32 E23.00 £2.60 E25.50 E2.10 E20.50 £2.18 £21.00 

DOUBLE PLAY ONE 10 ONE 10 ONE 10 ONE 10 

5" 1200' E1 80 £17.75 E2.40 £22.78 £1.48 E14.00 £1.52 £14.49 
53/4" 1800' E2.57 E26.00 E3.00 E28.52 - - £2.20 E21.00 
7" 2400' £2.85 £28.00 £3.35 £32.50 £2.60 £25.00 E2.80 E25.50 

IRIPLE PLAY ONE 10 ONE 10 ONE 10 ONE 10 

5" 1800' E2.52 E25.00 £3.00 E28 -52 - - 'E2.30 £22.20 
5W' 2400' E3.20 E31.00 E3.65 E35.95 - - E2.85 E27.75 
7" 3800' E3.90 E38.00 £5.25 £51.92 - - £3.50 E34.50 

I 0'h" 3600' LP NAB £4.82 E46.00 
101" 4200' LP NAB or CINE E5.20 £49.00 

TERMS: ADD 15p p &p. ORDERS OVER E 10 post tree. Prices shown in lude VAT at 8 %. but are subied rn 

change without noti e Offers apply to U K members only 
MAIL ORDER ONLY - CASH WITH ORDER 

CITY AUDIO 
STRAND HOUSE,GREAT WEST ROAD, BRENTFORD,MIDDX. 

TEL: 01 -560 4191 
SPECIAL AUDIO & VIDEO TAPES SUPPLIED - RATES ON REQUEST , 

QUARTZ 

CRYSTALS 

-FAST! 

AEL GATWICK HOUSE, HORLEY, SURREY, ENGLAND 
Tel: Horley (02934) 5353 
Telex: 87116 (Aerocon Horley) Cables: Aerocon Telex Horley 

WW -104 FOR FURTHER DETAILS 

SCOPEX 
INSTRUMENTS 

LTD. 
Will be exhibiting a range of portable 
oscilloscopes at E.P.G. in London / 
Bristol, September /October, 1975. 
They will be pleased to welcome 
visitors to their stand. 
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Distributors of TOKO coils, tunerheads, filters for AM,FM etc. 

a flull 't INTERNATIONAL. 
Ambit are the wireless specialists. We supply a comprehensive 
range of coils, filters, ICs, modules etc for AM /FM radio. We have 
systems for voltage tuned radio at ALL frequencies, available as 

components, kits, or ready built assemblies. A comprehensive 
folder of product information and prices is available for 40p., inc. 
PP. Alternatively, a complete shortform pricelist is available free 
of charge - to all requests accompanied by an SAE. 

Tuners, tunerheads, IF modules 
Larsholt 7252 tunerset. 1 uV for 
26dB S /N.. Scan, AFC, AGC, 
muting, dual MOSFET input 
4 twin varicap tuned stages. A 
complete 88- 108MHz receiver 
system for HiFi /Monitor uses. 
Built and tested .. .. £24.00 . 

Ambit ET8000: As described 
for the ETI international FM 
tuner. A kit, with TOKO tuner, 
3089/1310 IF and decoder, cer- 
amic IF filters, PSU with stab- 
ilizer, pilot tone filter. 
Kit price (with EF5603) £28.00 
EF5600 tunerhead .. .£10.00 
EF5603 tunerhead .. .. £9.05 
EC3302 tunerhead .. £5.00 
Larsholt 8319 tunerhead £9.00 
All the above are varicap tuned 
MT3302 FM tuner with AM 
gang capacitor and 3:1 drive 
(3 stage FM tuning) .. £5.00 
993090 deluxe MPX decoder - 
40mV composite input, AF pre - 
amps, 19 &38kHz filters. £7.60. 

Wireless system components. 
Varicap tuning accessories: 
WS150: 150mm WW slider pot 
for direct scale readout. £3.00. 
9932: 6 preset 40 turn pots for 
fixed station selection. £3.40. 
Edgewise meters for frequency, 
tuning, sig.strength. £2.50 ea. 
(Includes 12v bulb at 50mA). 
78series voltage regs for tuning 
voltage 12, 15, 18v @ 1 A £1.55. 
Y,A versions for 20, 24v £1.20. 
Varicap AM wireless systems: 
EC720:Ant, RF and Osc. tuned 
by MVAM varicap diode. IC 
signal processing system, ceram- 
ic IF filter. For ferrite rod or 
loop antenna. Kit .. .. £8.00 
MVAM1 3x300pF varicap di- 
ode. £2.75, or MVAM2 2 di- 
ode version £1.05. (2% matçh) . 

All prices exclude VAT. PP 

is 20p per order. Minimum 
invoice £7.50, min. cwo £2. 

37 High Street, Brentwood, Essex. CM14 4RH. 
tel: 227050 telex: 995194 (Ambit Brentwood). 

SHADED 4 POLE AC MOTORS 
Slow drive speed. 
Smooth running and freedom from 50 Hz vibration. 
Low magnetic leakage field. 
No electrical interference. 
Speed torque characteristics adaptable to individual requirements. 
Full load power up to 4 watts. 
Particularly suitable for tape recorders, record players, 
instrumentation. 

Also DC Motors up to 10 watts output 

A. D. Bayliss & Son Ltd. 
PFERA WORKS 
REDMARLEY Tel. Bromesberrow 364 & 273 
GLOUCESTER GL19 3JU STD 053 -181 -364 & 273 

WW -103 FOR FURTHER DETAILS 
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Sinclair IC20 

The watts... 
The Sinclair IC20 is a 
revolutionary new 20 watts 
stereo amplifier kit. 

It incorporates state- of -the- 
art integrated circuits - two 
monolithic silicon chips each 
containing the equivalent of 
over 20 transistors! These 
deliver 10 W per channel into 
4 ()speakers. 

And the IC20 has integral 
short- circuit protection and 
thermal cut -out - it's virtually 
indestructible. Use it for 
converting your mono record 
player to stereo... for upgrading 
your existing stereo... or for 
improving your car radio /tape 
player. 

Its cost? Only £7.95 + VAT! 

and the wherefores. 

Get the full technical 
specifications... 

See what impartial hi-fi 
journals thought of its 
performance... 

And read upon the rest of 
the Sinclair hi-fi range... 

It's all in the Sinclair hi -fi 
range fact -file. 

Send for Sinclair's 
fact -file now! 

See if the answer's here - 
the information on the 
component you've been 
looking for. 

Simply cut the coupon and 

send it to the no-stamp-needed 
FREEPOST address below. 

We'll send you the Sinclair 
fact -file - giving you all you 
need to know about IC20, and 
the rest of the Sinclair hi -fi 
range. 

Plus information about a 
few extras you're sure to find 
rather interesting. 

You've plenty to gain... 
so cut the coupon - now! 

Sinclair Radionics Ltd, 
London Road, St Ives, 
Huntingdon, Cambs., PE174HJ 
St Ives (0480) 64646 

Please send me the Sinclair range fact -file immediately 

I Name 

IAddress 

To: Sinclair Radionics Ltd, 
FREEPOST, St Ives, 
Huntingdon, Cambs., PE174BR 

ww;ic /9 I 

Please print 

Sinclair 
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THE NEW SEMICONDUCTOR SOURCE 

OC72 

6úió6-o2 2:is 
BU108 3.33 

44719 0.11 BC140 0.34 BCY42 0.25 BF120A 0.63 .BFV64 0.69 BU126 1.61 

44Z13' 0.11 8C741 0.28 BC554 0.96 8F121 0.25 BFV90 0.74 8U133 1.61 
AC126 0.17 8C142 0.23 9C570 0.14 BF123 0.28 91Y154 2.93 BU204 2.30 
AC127 0.18 8C143 0.23 9CY71 0.21 8F125 0.25 9RC4443 0.86 BU205 2.41 
AC128 0.17 BC144 0.25 BCY72 0.14 8F127 0.28 BSV64 0.66 BU206 2.76 
4C141 0.18 BC147 0.11 B0115 0.63 8E157 0.23 3SV68 0.46 BU208 3.56 
AC142 0.21 BC148 0.11 00130 0.80 8E177 0.28 0SX19 0.16 BY100 0.17 
AC141K 0.32 BC149 0.11 90131 0.36 5F178 0.29 BSX20 0.17 5Y103 0.23 

AC142K 0.30 BC152 0.17 130132 0.50 8F179 0.34 BSX2I 0.23 BY133 0.23 
AC176 0.32 BC153 0.18 e0/33 0.66 BFI81 0.34 8S776 0.21 BY142 0.23 

AC187 0.21 BC157 0.13 130135 0.36 13E185 0.19 86541 0.46 65184 0.32 
AC187K 0.34 9C158 0.13 130136 0.39 8F194 0.11 BSY52 0.41 95198 0.23 

AC188 0.21 BC159 0.13 00137 0.41 9F195 0.12 130553 0.39 B5199-400 0.21 
AC188K 0.32 BC160 0.32 BD138 0.43 6F196 0.14 BSY54 0.44 E15201-2 0.23 
A0140 0.48 BC161 0.34 B0139 0.47 6F197 0.14 6SV55 0.74 BY201-3 0.28 
AD142 0.52 BC168B 0.11 60140 0.51 8F219 0.28 BSY56 0.82 81201.4 0.34 
AD143 0.46 BC1714 0.11 50144 2.53 6F220 0.28 BS565 0.16 BY201.5 0.36 
AD149 0.55 5C1718 0.11 BD181 0.86 8F224J 0.14 BSY76 0.23 135201-6 0.40 
AF114 0.14 BC182, 0.14 BD182 0.92 BF240 0.34 BSV78 025 BV203-12 0.17 
AF115 0.14 BC182L 0.14 8D183 0.97 BF244 0.17 BSV95A 0.11 8V203-16 0.24 
AF116 0.14 8C183 0.10 60226 0.55 8F2454 0.34 8T101-3009 1.51 8V204-4 0.27 
AF117 0.14 BC1831 0.10 BD227 0.55 BF257 0.34 BT101-500R 1.72 135204-8 0.29 
AF118 0.52 BC184 0.13 80228 0.62 8F258 0.41 8T102-3009 1.38 85204-10 0.34 
AF367 0.63 13C1841 0.73 BD229 0.62 8F259 0.57 BT102-500R 1.49 85206 0.17 
AFZ11 1.10 8C212 0.11 9D230 0.66 6F336 0.34 BT106 0.97 8Y207 0.21 
AFZ12 1.32 BC212L 0.16 BD231 0.66 8F337 0.40 BT107 1.72 BVX10 0.23 
41100 0.78 6C213 0.14 130233 0.52 BF338 0.44 81108 1.72 BVX22-200 0.23 
AL102 0.74 BC213L 0.14 BD234 0.54 BFT41 0.40 BT709 1.12 BYX22-800 0.28 
AL103 0.74 BC214 0.16 BD235 0.58 BFT42 0.40 8T116 0.97 BY%36-600 0.17 
eA102 0.18 BC214L 0.16 eD236 0.61 BFT43 0.36 87119 2.53 B5X38-300 0.50 

84108 0.41 6C237 0.17 8D237 0.64 BiW30 1.97 BT120 2.53 8YX38-600 0.57 
BA115 0.08 BC238 0.17 BD238 0.67 BFW59 0.18 8Tx18.100 0.96 9Y538.900 0.62 
134130 0.14 BC300 0.34 BD433 0.74 BRN60 0.18 BTX18-200 1.15 85X38-1200 0.68 
84141 0.31 8C301 0.34 80434 0.78 BFX29 0.29 BTX18-400 1.61 85X39.600 0.98 
8A144 0.16 BC303 0.46 80435 0.86 BFX30 0.29 8TX18-500 1.72 BYX39-900 1.12 
BA145 0,15 8C307 0.11 BD436 0.94 BFX34 0.97 81Y79-100R 2.71 8V%70-300 0.34 
BA148 0.14 BC327 0.18 80437 0.96 BFX52 0.43 8TY79-200R 3.08 BYZ10 0.34 
BA154 0.14 BC328 0.17 BD438 1.10 BFX84 0.25 81V79-3008 3.33 8VZ11 0.32 
9A155 0.13 8C337 0.17 80X32 3.04 8F%85 0.29 B7Y79-400R 3.80 6VL12 0.28 
BA156 0.14 BC338 0.17 BEP/10 0.97 BFX86 0.23 BTV79-500R 4.16 BYZ13 0.23 

8C107 0.16 BC377 0.23 BDY1 1 1.03 6F587 0.23 BTY79-600R 4.53 5Z%61-C15 0.23 
BC108 0.15 BCV30 0.49 BDY20 0.92 BFX88 0.25 BTV79-800R 6.67 8ZX61-C18 0.23 
8C109 0.16 BCY3I 0.57 BD538 0.69 8FY18 0.34 61Y87-100R 3.22 8Z%61-C20 0.23 
9C1078 0.18 8CY32 1.23 9DY60 0.80 BFV40 0.55 8TV87-200fl 3.56 87X61-C22 0.23 
9C108C 0.18 BC533 0.40 BDY61 0.69 BF541 0.57 8TY87-400R 4.14 .132X61-C24 0.23 
8C109C 0.23 8C534 0.52 130V62 0.66 8F550 0.23 8TY87-600R 5.06 67X61-530 0.23 
BC117 0.21 BCY38 0.48 BDY90 3.27 8F1'51 0.21 13r/91-200R 4.51 81561-539 0.23 
6C125 0.16 8C539 1.43 BDY91 3.13 8FY52 0.22 BTV91-4009 5.29 BZX61-C43 0.23 
BC126 0.21 8C540 0.78 8DY92 2.53 0FY53 0.23 87591.6009 6.39 61X61-C47 0.27 

THYRISTORS lamp T05 3amp C106 Typa 6 amp 10220 8 amp 10220 10emp T0220 L.E.D's 
50 V 0.29 0.40 0.41 0.42 0.47 111704 1.03 

100 V 0.29 0.46 0.47 0.48 0.54 L1T707 1.03. 

200 V 0.38 0.58 0.58 0.58 0.68 L11747 2.01 

400 V 0.46 0.70 0.87 0.88 0.98 
600 V 0.58 0.86 1.09 1.19 1.26 

TRIACS 
1.6amp T05 
(al (b) 

4 amp 10220 
lal Ihl 

6.5amp 70220 
lal Ibl 

8.5amp T0220 
lal Ibl 

10amp 70220 
la) Ibl 

16amp T0220 
(a) Ibl 

100 V 0.32 0.32 0.60 0.60 0.70 0,70 0.78 0.78 0.83 0.83 1.01 1.01 

200 V 0.34 0.34 0.64 0.64 0.75 0.75 0.87 0.87 0.87 0.87 1.17 1.17 
400 V 0.41 0.44 0.77 0.78 0.80 0.83 0.97 1.01 1.13 1.19 1.70 1.74 
600 V 0.51 056 0.96 0.99 0.87 1.01 1.21 1.28 1.42 1.50 2.11 2.17 

NB TRIACS ARE AVAILABLE WITH Qji WITHOUT AN INTERNAL TRIGGER DIA C. (a) ISDICATES PflICEFOR 
TRIACS WITHOUT AN INTERNAL DIAC. (b) INDICATES PRICES OF TRIACS WITH AN INTERNAL TRIGGERDIAC. 
PLEASE INDICATE CLEARLY WHICH TYPE OF DEVICE IS REQUIRED - 

az 6i-c6á 
0.23 0C140 0.34 

1N4454 0.09 
92X61-C72 0.23 0C171 0.23 194740A 0.19 
BZX70-C30 0.34 0C172 0.23 1N4742A 0.19 
BZX83Series0.11 0C200 0.63 1547464 0.19 

or 0C206 1.43 1N4749A 0.19 
BZY88Series0.11 0C207 1.61 1547514 0.19 
C106F 0.40 OCP71 1.03 1N5060 0.23 
C106A 0.46 gA53104F0.63 195404 0.17 
C106B 0.57 TAA435 0.52 1N5405 0.21 

C106D 0.69 7AA550 0.46 1N5406 0.23 
C111 0.28 TAA611 1.49 1558374 0.14 
CR51/05 0.28 TAA861 0.57 2N173 2.07 
CRS1/10 0.28 TBA120S 1.12 25174 1.72 
CRS1/20 0.38 TBA530 2.64 25404 0.23 
CRS1/40 0.46 TBA5300 2.99 254574 1.26 
CR53/05 0.34 TBA560 3.56 2N525 0.34 
CRS3/10 0.46 784570 1.15 2N696 0.17 
CRS3/20 0.52 TBA641 0.92 2N697 0.14 
CRS3/40 0.63 TIC44 0.35 2N706 0.11 
CRS3/60 0.86 TIC45 0.39 2N708 0.17 
D32(DIAC) 0.23 TIC46 0.49 25718 0.28 
F1222 0.32 TIC47 0.69 29731 0.64 
FCH101 1.21 TIL209 0.18 2N929 0.17 
FCH141 1.21 TIP29A 0.49 2N930 0.17 
GET885 0.34 TIP304 0.58 25986 0.57 

1M301 
0.55 11P314 0.62 2N995 1.06 

LM307 0.55 TIP32A 0.71 251131 0.18 
LM309K 2.07 TIP41A 0.74 2N1132 0.18 
MJ480 0.89 TIP42A 0.80 251302 0.17 
MJ481 1.20 T1S26 17.94 2N1303 0.17 
MJ490 1.01 U235 2.53 251304 0.23 
MJ491 1.32 ZT%109 0.15 251305 0.23 
MJE340 0.46 ZTX313 0.25 251306 0.28 
MJE370 0.57 ZTX504 0.44 251307 0.28 
MJE371 0.66 1N542 0.07 251308 0.30 
MJE520 0.55 1N645 0.23 2N1309 0,30 
MJE521 0.66 157464 0.14 251613 0.21 
NE555 0.69 1147504 0.14 251711 0.21 

0A5 0.69 1N914 0.04 252102 0.52 
OA9 0.23 1N914A 0.07 2N2217 0.34 

OA90 0.0$ 1511904 2.64 2522194 0.52 
0491 0.08 1511994 0.46 2522214 0.34 
OA95 0.08 1512004 0,57 2522224 0.40 
OC41 0.17 1N1201A 0.63 2N2270 0.34 
OC42 0.17 1N1202A 0.74 252368 0.21 
0C43 0.34 1512044 1.03 252369 0.17 
0C44 0.09 . 1512064 1.35 2523694 0.17 
0C45 0.09 1512084 2.24 252401 0.52 
0C46 0.23 1N2069 0.16 252405 0,86 
0070 0.09 1N2070 0.17 2N2484 0.23 
0071 0.09 194001 0.06 252613 0.31 

0.11 1N4002 0.07 252646 0.46 
0075 0.09 1N4003 0.074 252711 0.11 
0081 0.14 1N4004 0.08 252712 0.11 
OC83 0.14 154005 0.09 2N2800 3.06 
OCB4 0.14 194006 0.10 293055 0.48 
OC122 0.69 194007 0.11 253133 0.23 
OC139 0.28 154148 0.05 253134 0.28 

All prices VAT mclusrve 
Audio transistors can be matched for gain Matching charge CO 20 extra per pair 

Postage and packing charge CO 20 entre per order 
New devices constantly being added to our range Please ennurn t v u 

see your requirement in this list 

2N3233 1.09 
2N3415 0.14 
2N3439 0.69 
2N3440 0.63 
2N3442 0.92 
2N3702 0.13 
2N3703 0.13 
2N3704 0.13 
253705 0.13 
2N3706 0.11 
2N3707 0.11 
2N3716 1.49 
2N3724 0.63 
2N3725 0.69 
253771 1.43 
253772 1.61 
2N3773 2.51 
2N3794 0.23 
253819 0.34 
253904 0.14 
253909 0.14 
254032 0.46 
254123 0.14 
2N4124 0.14 
2N4235 2.53 
254248 0.13 
2N4288 0.14 
2N4290 0.14 
2N4292 0.14 
2N4347 1.38 
254348 1.38 
254918 0.67 
2N4919 0.75 
2N4920 0.85 
2N4921 0.55 
2N4922 0.63 
294923 0.65 
255061 0.25 
255062 0.27 
255064 0.28 
2N5321 0.60 
2N5322 0.69 
2N5323 0.67 
255496 0.65 
2N5757 1.44 
2SC643A 1.49 
2SC117212.96 
252894 0.34 
2N28944 0.52 
2N2904 0.21 
252905 0.19 
2N29054 0.25 
2N2925 0.13 
2N2926R 0.11 
2529260 0.09 
2N2926Y 0.09 
2N2926G 0.10 
2N3053 0.17 
2N3054 0.44 

LYNX ELECTRONICS (LONDON) LTD. 
8 CULLEN WAY, LONDON NW10 

TEL: 01 -965 2243 

CHEQUERBOARD 

PATCHBOARDS .. 
Systems Simulator & KARNAUGH MAPPING 

TRUTH TABLE DISPLAY 

CUT DESIGN TIME 

REDUCE ENGINEERING ERRORS 

CHECK PRINTED CIRCUIT DESIGNS 

USE FOR TEMPORARY TEST FACILITY 

ELIMINATE DAMAGE TO INTEGRATED CIRCUITS 

PROVIDE EFFECTIVE SYSTEM DEMONSTRATIONS 

TEXAS PATCHBOARDS BN 440 -442 and 444 FORMALLY MANUFACTURED BY 

TEXAS INSTRUMENTS, NOW AVAILABLE TOGETHER WITH ASSOCIATED 

MODULES CARRIERS and PATCHCORDS AS MANUFACTURED BY US. 

FAIRHURST INSTRUMENTS LTD., 

DEAN COURT 
WOODFORD ROAD 
WILMSLOW SK9 2LT 

CHESHIRE ENGLAND 

TELEPHONE 09964 -25694 

TELEX 667760 

WW -101 FOR FURTHER DETAILS 

PROFESSIONAL - FREQUENCY COUNTERS 

BY HOYMITZ 
Up-to -the- minute design. All five of our range of 
frequency -period -ratio counters are directly gated. For 
best resolution - FAST. 

Stability. Electronic controlled crystal oven 3 parts 10' 
Bright. .63" character height display. (All Nine) 

CHOICE. Filament or LED with Polaroid Filter. 

All counters have suppressed leading zeros and auto 
decimal point positioning for easy positive readings. The 
memory is also standard. 

Suffix F- Filament Suffix L- LED 

Type DG110L 

Type 06100F 

Sensitivity 10mV 

Frequency 100 Mhz 

PRICE £199.00 

Type DG32L 

Type DG32F 

to digit only) 

Sensitivity 10mV 

32 Mhz 

DG400L 

Type 06400F PRICE £349.00 

Sensitivity AMP 1.00 -150 Mhz. 10mV 

Sensitivity AMP 2.40 Mhz -400 Mhz. 

10mV 

Type DG500L 

Type DG500F PRICE £475.00 

Sensitivity AMP 1.DC -150 Mhz. 10mV 

Sensitivity AMP 2.40 Mhz -500 Mhz. 

10mV 

Frequency z SPECIALS TO ORDER 
PRICE £169.00 Telephone Today (431 24 Mbro) 

Hoymitz Electronics Ltd. 
9 Albert Terrace Middlesbrough 

Type DG700L Cleveland, TS1 3PA 
Type 06700F 

Sensitivity AMP 1.DC -200 Mhz. 10mV. PRICE £569.00 
Sensitivity AMP 2.40 -700 Mhz. 10mV 

Prices exclusive of VAT 

WW -102 FOR FURTHER DETAILS 
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TELETYPE 28 
TELETYPE 28 without keyboard. Good 
condition (can be used as receive only) £42.50 
ea. 

TELETYPE 28 with housing, keyboard and 
Power supply £55 ea. 

Limited quantities - information in process of being obtained - this may not be available when 
orders are dispatched but we guarantee to forward comprehensive information at the earliest 
possible time. 

Ex-BEA 
Control Units by Univac. 

Consisting of 2 -50 way plug /socket; 3 

multiway switch assembly; a 2 & 4 
decade push button assembly electrical 
reset; etc. Very good value. £12.50 
each. 

MARCONI TF801A/1 Signal Generator 10 to 
310 MHZ £55 ea. 

MARCONI TF801 B Signal Generator £120 eà. 

MARCONI Valve Voltmeter type TF1041 B 

£45. 

MARCONI TF934/2 FM Deviation Meter £35. 

MARCONI TF1020A RF Power Meter 150 
and 300 Watts. As New £75 ea. 

MARCONI TF1020A RF Power Meter 50 and 

100 Watts. As New £50 ea. 

MARCONI TF1094A/S HF Spectrum Analyser. 
Late model. Must go. £160. 
MARCONI TF1434/2 Counter Range extension 
unit 10- 100MHz £25 ea. 

KELVIN & HUGHES Single Channel Recorders 
with spare paper £18 ea. 
DAWE Digital Printer type 3094A. As new 
£27.50 ea 

WESTON THERMOPROBE -60 to +100 
degrees Centigrade £70. 
FURZEHILL Valve Voltmeter V200. 10mv full 
scale. 1218 ea. 
PROSSER SCIENTIFIC IIÑSTRUMENTS 
Model A100 Waveform Generator. Multi wave 
forms £160. 
RHODE & SCHWARZ Admittance Meter 
VLUK- BN3511 . As new £140. 
HEWLETT PACKARD DB Oscilloscope type 
175A. 3dB -50MHZ twice. Large 6 X 10cm 
screen £185. 
BRUEL & KJOER Voltmeter type 2409 2 cs 
to 200k /cs. £85 ea. 
ROHDE & SCHWARZ RECEIVER. ESM 
180 BN 15073,/2 £425. 

SOLARTRON Multpurpose stab PU type 1094. 
Standard mains input. Outputs: +250V DC 

200MA: +18V DC 2A; +6V DC 8A: -3.5V DC 

100MA: -6V DC 8A: - 18V DC 4A: 25V AC 
150MA. All DC lines will withstand short- 
circuits to earth. With copy of manual £20 ea. 
DUAL TRACE PLUG -IN units for CD1212 
Scopes DC -24MHz £35 ea. 
TEKTRONIX Colour Monitor type 654 £550. 
TEKTRONIX RM527 Waveform Monitor £250. 
TELONIC Sweep Generator SM2000 /1. Main 
frame with 0 -20kHz plug -in £300. 
COLLINS RECEIVER IP- 10ULR. 90MHz to 
10GHz in 8 bands. Panoramic, Analyser or DF 

modes. With power unit £350 ea. 

TEKTRONIX Oscilloscope type 516 £240. 
TEKTRONIX Oscilloscope type 422 £430. 

AB POTENTIOMETERS 
100K + 100K LIN DUAL GANG 25p 

ea. 
Discount- for quantities. P. & P. extra 

EX- MINISTRY CT436 Double 
Beam Oscilloscope DC -6 megs. 
Max Sensitivity 10mv /cm. Small 
compact. Size 10 X 10 X 16 in. 
Suitable for Colour TV servicing. 
Price £85 each including copy of 
manual. 

FHACHI RAMP MODULE FX21 24 
Volt DC input for 18 volt saw tooth 
output. Requires only external capacitor 
and 100K ohm potentiometer to control' 
frequency range up to 100KHZ (eg 50 
mfd electrolytic gives sweep of approx. 1 

cm per second). In or out sync capability. 
Price £5.75. P. & P. 20p. 

TELEPHONES 
MODERN STYLE 706 BLACK OR T J0 -TONE GREY £3.76 ea. P. & P. 

45p. STYLE 7006 TWO -TONE GREEN OR GREY £3.75 ea. P. & P. 45p. 
HANDSETS complete with 2 insets and lead 75p ea. P. & P. 37p. 
DIALS ONLY. 75p ea. P. & P. 30p. 
STILL AVAILABLE MODERN STANDARD TELEPHONES IN GREY 
OR GREEN WITH A PLACE TO PUT YOUR FINGERS LIKE THE 746. 
£3.00 ea. P. & P. 45p. 

CAPACITOR PACK 50 Brand new componerts 
only 50p. P. & P. 27o. 
P.C. MOUNT SKELETON PRE -SETS. 
Screwdriver adjust 10. 5 and 2.5M n 2p ea. 
1M 500. 250 and 25K u 4p ea. Finger ad. 

just 10. 5 and 2.5M n 3p ea. 1M. 500. 250 and 
25K .a 5p ea. Min. P. & P. 15p. 

Beehive Trimmer 3/30 pf. 
Brand new. Qty 1-9 13p ea. P. & P. 15p: 

10-99 10p ea. P. & P. 25p: 100-999 
7p ea. P. & P. free. 

r 

DELIVERED TO YOUR DOOR 1 cwt. o 
Electronic Scrap chassis. boards, etc. No 
Rnhhish. FOR ONLY £4. N. Ireland E2 extra 
P.C.B. PACK S & D. Quantity 2 sq. H. -no. 
tiny pieces. 50p plus P. & P. 25p. 
- TRIMMER PACK, 2 Twin 50200 pf ceramic 

2 Twin 10/60 pf ceramic; 2 min strips with z 

preset 5/20 pf on each: 3 air spaced preset 

30/100 pf on ceramic base. ALL BRANO NEW 

25p the LOT. P. & P. 15p. 
PHOTOCELL equivalent OCP79 . 13p ea. 
GRATICULES. 12 cm. by 14 cm. in Hign 
Quality plastic. 15p each. P. & P. 8p. 

Vast quantity of good quality components 
-NO PASSING TRADE -so we offer 
3 LB.of ELECTRONIC GOODIES . 

for El .70 post paid 

HF Crystal Drive Unit. 19 in, rack mount 
Standard 240V input with superb crystal oven 
by Labgear (no crystals) £5 ea. Carr. E2. 
20: 50: 100: 200: 500 ohms: 1: 2: 2.5: 5:.10: 
25K at 36p ea. ALL BRAND NEW. 
RELIANCE P.C.B. mounting. 270: 4721 
500 ohms: 10K at 35p ea. ALL BRAND NEW. 
T-EN TURN POTS. Ex. equ. As new. Micropot 
Model 205. Two point nine ohms 0.1% @ 
£1.50 ea. P &P 20p. 
Boums Model 35075 -3 -101. 100 ohms 
£1.25 ea. P &P 150. 

VENNER Hour Meters -5 digit. wall mount - sealed case. Standard mains. £3.75 ea. 
P. & P. 55p. _ 
TRANSFORMERS. All standard inputs. 
Gard /farm /Part. 450 -400 0 400 -450. 180 
MA. 2 x 6.3v. £3 ea. 

LFANTASTIC VALUE 
Miniature Transformer. Standard 240V 
nput.. 3V 1 amp output. Brand New. 

e5p ea. P. & P. 20p. Discount for 
quamity. 

FIBREGLASS PRINTED CIRCUIT BOARD. 
Brand New Singld or Double sided. Any 
size lip per sq. in. Postage 20p per order. 

HIGH VALUE PRINTED BOARD PACK, 
no two boards the same -no short leaded 
computer boards. £1.75 post paid. - 

METER PACKS -3 different meters for £2. 
P & P. 55p. 

RESETTABLE COUNTERS -4 digit by 

Stonebridge /Sodeco. 1.000 ohm' coil. E2 ea 

p. 5 P. 35p. 

E.H.T. CAPACITORS 
1 mfd 7.5KV working, 2 mfd 5 KV working. 
8 mid 2.5KV working. 0.5 mfd 10KV 
working £2 each. 

RAPID DISCHARGE 
1 mfd 5.6 KV £2.50 ea. 0.9 mid 15KV 
£3.50 ea. 0.15 mfd 120KV £7 ea. Carriage 
extra.. 

FHACHI VCO MODULE 
FX11- 10- 100KHZ ' 

Size 2 x 1' /e x % "H. Input 12V to 24V DC (not 
centre tapped) 18V input givingl OV constant 
amplitude output. Requires only a 1 meg ohm 
potentiometer to tune entire range - or can 
be swept with a saw tooth input. Price E5.75. 
P. & P. 20p. - 

DON'T FORGET 

YOUR MANUALS 

S.A.E. WITH 

REQUIREMENTS 

LOW FREQUENCY WOBBULATOR 
For alignment of Receivers, Filters. etc. 250KHz to 5MHz, effective to 30MHz on harmonics. Three controls -RF level, sweep 
width and frequency. Order LX63. Price £8.50 P. & P. 35p. 
As above but can have extended cover range down to 20KHz by addition of external capacitors. Order LX63E. Price £11.50 P. & P. 

35p. 
Both models can be used with any general -purpose oscilloscope. Requires 6.3V AC input. Supplied connected for automatic 50Hz 
sweeping. An external sweep voltage can be used instead. These units are encapsulated for additional reliability. with the exception 
of the controls (not cased, not calibrated). 

20HZ to 200KHZ 

SINE AND SQUARE WAVE GENERATOR 
In four ranges. Wien bridge oscillator thermistor stabilised. Separate 
independent sine and square wave amplitude controls. 3V max sine 
6V max square outputs. Completely assembled P.C. Board, ready to use. 

9 to 12V supply required. £8.85 each. P. & P. 25p. Sine Wave only 
£6.85 each. P. & P. 25p. 

WIDE RANGE WOBBULATOR 
5 MHZ to 150 MHZ (Useful harmonics up to 1.5 GHZ) up to 15 MHZ sweep width. 
Only 3 controls, preset RF level, sweep width and frequency. Ideal for 10.7 or TV 

IF alignment, filters, receivers. Can be used with any general purpose scope. Full 

instructions supplied. Connect 6.3V AC and use within minutes of receiving. 

All this for only £6.75. P. & P. 25p. (Not cased, not calibrated.) 

TYPE A 
Input 12V DC 

Output: 1.3kV AC 1.5MA 

Price £3.45 

TRANSISTOR INVERTORS 
TYPE C 

Input: 12V to 24V DC 

Output: 1.5kV to 4kV AC 0.5MA 

TYPE B 
Input: 12V DC 

Output: 1.3kV DC 1.5MA 

Price £4.70 Price £6.35 
Postage & Packing 36p 

TYPE D 
Input: 12V to 24V OC 

Output: 14kV DC 100 micro amps at 24V. 
Progressively reducing for lower input voltages 

Price £11 

MAKE YOUR SINGLE BEAM SCOPE 
INTO A DOUBLE WITH OUR NEW 
LOW PRICED SOLID STATE SWITCH. 
2 HZ to 8 MHZ. Hook up a 9 volt battery and 
connect to your scope and have two traces 
for ONLY £6.25. P. & P. 25p. 
STILL AVAILABLE our 20 MHZ version 
at £9.75. P. & P. 25p. 

Unless stated - please add £2.00 carriage to all units 

VALUE ADDED TAX not intluded in prices -please add 8% 

Official Orders Welcomed, Gov./Educational Depts., Authorities, etc., otherwise Cash with Order 

Open 9 a.m. to 5.30 p.m. Mon. to Sat. 

buy it with :loses N LTD 
7/9 ARTHUR ROAD, READING, BERKS. (rear Tech. College, Kings Road) Tel.: Reading 582605,65916 
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D 1-PAK SEMICONDUCTORS 
TRANSISTORS 4F 74 SERIES T.T.L. I.C: s 

AC107 0.20' 
AC113 0.19 
ACII5 0.20 
AC117K 0.30 
AC122 0.12 
AC125 0.18 
AC126 0.18 
AC127 0.19 
AC128 0.19 
AC132 0.15 
AC134 0.15 
AC137 0.15 
AC141 0.19 
AC141K 0.30 
AC142 0.19 
AC142K 0.26 
ACI51 0.16 
AC154 0.20 
AC155 0.20 
ACI56 0.20 
AC157 0.25 
ACI65 0.20 
AC166 0.20 
ACI67 020 
AC168 0.25 
AC169 0.15 
AC176 0.20 
AC177 0.25 
AC178 0.29 
AC179 029 
AC180 0.20 
AC180K 030 
AC181 0.20 

jAC181K 0.30 
AC187 022 
AC187K 0.23 
AC188 0.22 
ACI88K 0.23 
ACY17 0.26 
ACYI8 0.20 
ACY19 0.20 
ACY20 0.20 
ACY2I 0.20 
ACY22 0.17 
ACY27 0.19 
ACY28 0.19 
ACY29 0.36 
ACY30 029 
ACY31 0.29 
ACY34 0.21 
ACY35 0.21 
ACY36 0.29 
ACY40 0.18 
ACY4I 0.19 
ACY44 036 
ADJ30 0.39 
AD140 0.49 
AD142 0.99 
AD143 0.39 
AD149 0.51 
ADI61 0.36 
AD162 0.36 
AD161 & 
AD162(MP) 069 
ADT140 0.51 
AF114 0.25 
AF115 0.25 
AF116 0.25 
AF117 025 
AF118 0.36 
AF124 0.31 
AF125 0.31 
AF126 0.29 
AF127 0.29 
AF139 0.31 
AF178 0.51 

AF179 0.51 
AF180 0.51 
AF181 0.51 
AF186 0.51 
AF239 038 
AL102 0.68 
AL103 0.68 
ASY26 0.26 
ASY27 0.31 
ASY28 0.26 
ASY29 026 
ASY50 0.26 
ASY5I 0.26 
ASY52 0.26 
ASY54 0.26 
ASY55 0.26 
ASY56 0.26 
ASY57 0.26 
ASY58 0.26 
ASY73 0.26 
ASZ2I 0.41 
BC107 0.08 
BC108 0.08 
BC109 0.08 
BC113 0.10 
BC114 0.16 
BC115 0.16 
BC116 0.16 
BC117 0.19 
BC118 0.10 
BC119 0.31 

BC120 0.81 

BC125 0.12 
BC126 0.19 
BC132 0.12 
BC134 0.19 
BC135 0.12 
BC136 0.16 
BCI37 0.16 
BC139 0.41 
BCI40 0.31 
BC141 0.31 
BC143 0.31 
BC145 046 
BCI47 0.10 
BC 140 0.10 
BC149 0.12 
BCI50 0.19 
BC151 0.20 
BCI52 0.18 
BCI53 0.29 
BC154 0.31 
BC157 0.19 
BC158 0.12 
BCI59 0.12 
BC160 0.46 
BCI61 051 
BC167 0.12 
BC168 0.12 
BC169 0.12 
BC170 0.12 

BRAND NEW. FULLY GUARANTEED 
BCI71 01S BFX88 0.22 2N718 
BCI72 0.15 BFY50 0.20 2N718A 
8C173 0.15 BFY51 0.20 2N726 
BC174 015 BFY53 0.20 2N727 
BC175 022 BFY53 018 2N743 
BC177 0.19 BSX19 016 2N744 
BC178 0.19 'BSX20 0.16 2N914 
BC179 0.19 BSY25 0.16 2N918 
BCI80 0.25 BSY26 0.16 2N929 
BC181 0.25 BSY27 0.16 2N930 
BC182 0.15 BSY28 0.16 2N1131 
BC182L 0.15 BSY29 0.16 2N1132 
BC183 0.15 BSY38 0.19 2N1302 
BC183L 0.15 BSY39 0.19 2[41303 
BC184 020 .BSY40 029 2N1304 
BCI84L 0.20 BSY4I 0.29 2N1305 
BCIB6 0.29 BSY95 013 2N1306 
BC187 0.29 BSY95A 0.13 2N1307 
BC207 0.11 BU105 2.04 2N1308 
BC200 0.11 CIIIE 051 2N1309 
BC209 0.12 C400 031 2N1613 
BC212L 012 C407 0.26 2N1711 
BC213L 0.13 C424 026 2N1889 
BC214L 0.17 C425 051 2N1890 
BC225 0.26 C426 920 2[41893 
BC226 0.36 C428 0.20 2N2147 
BC301 028 C441 0.31 2N2148 
BC302 0.25 C442 0.31 2N2160 
BC303 0.31 C444 0.36 2N2192 
BC304 0.37 C450 0.22 2N2193 
BC440 0.31 MATI00 0.19 2N2194 
BC4rA 0.37 MATI01 0.20 2N2217 
BCY30 025 MAT120 019 2N2218 
BCY31 0.27 MAT121 020 2N2219 
BCY32 0.31 MJE52I 0.56 2N2220 
BCY33 0.22 MJE2955 0.88 2N2221 
BCY34 0.26 MJE3055 0.57 2N2222 
BCY70 OI5 MJE3440 OSI 2N2368 
BCY7I 0.20 MPFI02 0.43 2N2369 
BCY72 015 MPF104 0.38 2N2369A 
BCZIO 0.20 MPF105 0.38 2N2411 
BCZ11 0.26 OCI9 036 2N2412 
BCZI2 0.26 OC20 065 2N2646 
BDI15 0.63 0C22 0.47 2N2711 
BD116 0.81 OC23 0.49 2N2712 
BDI21 0.61 0C24 0.57 2N2714 
BD123 0.67 0C25 0.39 2N2904 
BDI24 0.70 OC26 030 2N2904A 
BD131 0,51 0C28 0.51 2N2905 
BDI32 0.61 0C29 051 2N2905A 
BDI33 0.67 OC35 0.43 2N2906 
BDI36 0.41 0C36 0.51 2N2906A 
BD137 0.46 OC41 0.20 2N2907 
BD138 031 0C42 0.25 2N2907A 
BDI39 056 OCM 0.16 2142923 
BD140 061 0C45 0.13 2n2924 
BDI55 0.81 0070 0.10 2N2925 
BD175 0.61 0071 0.10 2N2926G 
BD176 0.61 0072 0.13 2N2926Y 
BD177 0.67 0074 0.I5 2N29260 
BD178 0.67 0075 0.16 2N2926R 
BD179 0.71 0076 0.16 2N292613 
BD180 071 0077 0.26 2N3091 
BDIO5 0.67 °CBI 0.16 2N3011 
BD186 067 OC81 D 016 2N3053 
BD187 0.71 0082 0.16 2N3054 
BDI88 0.71 0082D 0.16 2N3055 
BD189 0.77 OC83 0.20 2[43319 
BDI95 0.77 OCI39 0.20 2N3391A 
BD195 0.87 OC140 0.20 2N3392 
BD196 0.87 0C169 0.26 2N3393 
BD197 0.92 OC170 0.26 2N3394 
BD198 0.92 OC171 026 2N2295 
BD199 0.98 0C200 0.26 2N3402 
BD200 0.98 0C201 029 2N3403 
BD205 0.81 0C202 029 2N3404 
BD206 0.81 0C203 0.26 2N3405 
BD207 0.98 C)C204 026 2N3414 
130208 0.98 0C205 0.36 2N3415 
BDY20 1.02 OC309 0.41 2N3416 
BF115 0.25 OCP71 *0.44 2N34I7 
BF117 0.46 ORPI2 *0.44 2N3525 
BF118 0.71 ORP60 *041 2N3614 
BFI 19 0.71 ORP01 *0.41 2N3615 
BF121 0.46 P20 *0.51 2N3616 
BF123 0.31 P346A 0.20 2N3646 
BF125 046 P397 0.43, 2N3702 
BF127 0.51 ST140 0.13 2N3703 
BFI52 0.56 Sr141 0.18 2N3704 
BF153 0.46 TIP29 0.44 2N3705 
BF154 0.46 TIP30 0.52 2N3706 
BFi55 0.71 TIP31A 0.56 2N3707 
BFI56 0.49 TIP32A 0.68 2N3708 
BF157 056 TIP4IA 0.68 2N3709 
13E158 056 TIP42A 081 2N3710 
BFI59 061 1-I543 *0,31 2N3711 
BF160 0.41 UT46 *028 2N3819 
BF162 0.41 ZN414 1.11 2N3020 
8E163 0.41 20301 0.19 2N3821 
BF164 0.41 2G302 0.19 2N3823 
BFI 65 0.41 2G303 0.19 2N3903 
BF167 0.22 20304 0.25 2N3904 
BF173 0.22 2(-r306 0.41 2N3905 
BF176 0.36 20308 0.36 2N3906 
BF177 0.36 P0309 0.37 2N4058 
BF178 031 20339 0.20 2N4059 
BFI79 0.31 2G339A 0.17 2N4060 
BF180 0.31 20344 0.19 2N41161 
BF181 0.31 20345 0.17 2N4o62 
BE102 0.41 20371 0.17 2N4284 
BEIM 2N4285 
BEIM 0.26 

2G3716 0.12 
20373 018 2N4268 

BF185 031 2G374 0.18 2N4287 
BFI87 020 20377 0.31 2N4280 
BEIM 0.41 2G378 0.17 2N4289 
BEIM 2N4290 
BF195 0.12 

2038] 0.17 
20382 0.17 2N4291 

BF196 O.la 20401 031 2N4292 
BF197 0.15 20414 031 2N4293 
BF200 046 2G417 0.26 2N5172 
BF222 0.98 2N380 0.36 2N5194 
BF257 0.46 2N300A 0.56 2Nfi294 
BF258 0.61 2N404 0.20 2N5296 
BF259 12.02 2N404A 0.29 2N5457 
BF262 2N524 0.43 2N5450 
BF263 056 241527 050 2N5459 
BF270 036 2N590 0.43 2N6122 
BF271 0.31 2 [4599 0.46 25301 
BF272 0.81 2N696 0.13 25302A 
BF273 0.36 214697 0.14 25302 

0.25 25303 BF274 0.36' 2", 
BFW10 0.61 2N699 21304 
BFX29 

0.36 
028 25305 

.1'6.. 022 
2N70ì 0.08 
2N706A 0.09 25306 

BFX85 0.31 2N706 0.12 25307 
BFX86 0.22 2N711 0.31 25321 
BFX87 025 2f.717 036 25322 

025 
0.51 
029 
0.29 
0.20 
0.20 
0.15 
031 
021 
0.31 
0.20 
0.22 
0.15 
0.15 
018 
018 
0.21 
0.21 
0.24 
0.24 
0.20 
0.20 
0.32 
0.46 
0.38 
0.73 
0.58 
061 
0.36 
0.36 
0.36 
0.22 
020 
0.20 
0.22 
0.20 
0.20 
0.18 
0.15 
0.15 
025 
0.25 

*0.48 
021 
0.21 
021 
0.18 
0.21 
0.21 
0.21 
0.16 
0.19 
0.20 
0.22 
0.15 
0.15 
0.15 
0.13 
0.11 
CIO 
0.10 
0.10 
0.71 
9.15 
0.18 
0.47 
042 
0.15 
0.17 
0.15 
0.15 
0.15 
0.18 
0.21 
0.21 
0.29 
0.34 
0.16 
0.16 
0.29 
029 

*0.77 
0.66 
0.76 
076 
0.09 
0.12 
0.12 
0.13 
0.12 
0.12 
013 
0.08 
0.09 
0.00 
0.09 
0.29 
0.51 
0.36 
0.29 
0.29 
0.31 
0.29 
0.28 
0.12 
0.10 
0.12 
0.12 
0.12 
0.18 
0.18 
0.18 
0.18 
0.18 
018 
0.18 
0.18 
0.18 
0.18 
0.12 
0.56 
0.56 
0.56 
0.32 
0.32 
0.41 
0.69 
051 
0.43 

BI -PAK STILL LOWEST IN PRICE. FULL SPECIFI- 
CATION GUARANTEED. ALL FAMOUS 

MANUFACTURERS 
Type Quantities Type Quantities 

1 25 100+ I 25 100+ 
7400 0.14 0.13 0.12 7486 0.32 0.31 0.30 
7401 0.14 0.13 0.12 7489 3.70 3.47 3.24 
7402 014 0.13 0.12 7490 0.60 0.58 0.36 
7403 0.14 013 0.12 7491 1.02 0.97 0.93 
7404 0.14 0.13 0.12 7492 0.69 0.66 0.59 
7405 0.14 0.13 0.12 .7493 0.69 0.66 0.59 

7406 0.39 0.31 029 7494 0.79 0.76 0.69 
7407 0,39 0.31 029 7495 0.79 0.76 0.69 
7406 0.23 0.22 021 7596 0.89 0 86 0.80 
7409 023 0.22 0.21 74100 1.39 1.34 1.30 
7410 0.14 0.13 0.12 74104 0.56 0.54 0.51 
7411 0.23 022 0.21 74105 0.56 0.54 0.51 
7412 0.26 0.25 0.24 74107 0.41 0.39 0.37 
7413 0.30 0.29 0.28 74110 0.56 051 0.46 
7416 0.28 0.27 0.26 74111 0.83 0.81 0.78 
7417 028 0.27 0.26 74118 0.93 0.88 0.63 
7420 0.14 0.13 0.12 74119 1.39 1.30 1.20 

7422 0.28 0.27 0.26 74121 0.46 0.44 0.41 
7423 0.37 0.36 0.35 74122 0.65 063 0.60 
7425 0.37 0.36 0.35 74123 0.69 0.68 0.65 
7426 0.37 0.35 0.33 74141 079 0.76 0.73 
7427 0.37 0.35 0.33 74145 1.20 1.16 1.11 

7428 0.42 0.39 0.37 74150 1.39 1.30 1.20 
7430 0.14 0.13 0.12 74151 1.02 0.97 0.93 
7432 0.37 0.35 0.33 74153 0.93 0.18 0.83 
7433 0.39 0.37 0.35 74154 1.57 1.43 1.48 
7437 0.32 0.30 0.28 74155 1.11 1.06 1.02 

7438 0.32 0.30 0.28 74156 1.11 1.06 1.02 

7440 0.14 0.13 0.12 74157 0.93 0.88 0.83 
7441 0.69 0.66 0.59 74160 1.30 1.25 1.20 
7442 0.69 0.66 0.59 74161 130 1.25 1.20 

7443 1.11 1.06 1.02 74162 1.30 125 1.20 

7444 1.11 1.06 1.02 74163 1.30 1.25 1.20 

7445 1.48 1.44 1.39 74164 1.67 1.62 1.35 

7446 I I I 1.06 1.02 74165 1.67 1.62 1.55 

7447 1.02 0.99 087 74166 1.48 1.44 1.39 
7448 1.02 0.99 0.97 74174 1.48 1.44 1.39 

7450 0.14 0.13 0.12 74175 1.02 0.97 0.93 
7451 0.14 0.13 0.12 74176 1.16 1.11 1.00 

7453 0.14 0.13 0.12 74177 1.16 1.11 1.06 

7454 0.14 0.13 0.12 74180 1.16 I.I 1 1.06 

7460 0.14 0.13 0.12 74181 3.66 3.56 3.47 

7470 0.30 0.27 0.25 74182 1.16 1.11 1Á6 
7472 0.30 0.27 0.25 74184 1.67 1.62 1.55 

7473 038 0.36 0.32 74190 181 1.76 1 71 

7474 0.38 0.36 0.32 74191 1.81 1.76 1.71 

7475 0.56 0.54 0.52 74192 181 1.76 1.71 

7476 0.41 0.40 0.39 74193 1.81 1.76 1.71 

7480 0.56 0.54 0.51 74194 1.20 1.16 1.11 

7481 1.02 0.97 0.93 74195 1.02 0.97 0.93 
7482 0.83 0.79 0.74 74196 1.11 1.06 1.02 

7483 1.11 1.06 0.97 74197 1.I1 1.06 1.02 

7484 0.93 0.90 0.88 74198 2.55 250 2.45 
7985 1.48 1.44 1.39 74199 2-31 2.21 2.11 

Devices may be mixed to qualify for quantity price (Tl L 74 
series only) data is available for the above series of I.C.'s in 

booklet Term. PR IC 35p 

* D.T.L. 930 SERIES 
Type Quantities .lYpe 

I 25 100+ 
BP930 0.14 0.13 0.12 
BP932 0.15 0.14 0.13 
BP933 0.15 0.14 0.13 
BP935 0.15 0.14 0.13 
BP936 0.15 0.14 0.13 
BP944 0.15 0.14 0.13 
BP945 0.28 0.26 0.23 
BP946 0.14 0.13 0.12 

Dquey mrio 
n 
mcao 

t onaD30 

Quantities 
1 25 100+ 

P948 0.28 0.26 0.23 
P951 0.63 0.60 0.56 
P962 014 0.13 0.12 
P9093 0.42 0.40 0.38 
P9094 0.42 0.40 0.38 
P9097 0.42 0.40 0.38 
P9099 0.42 0.40 038 

qe pce. Larger 

4F THYRISTORS 

PIV 0.6A 08A IA 3A 5A 5A 7A IOA I6A 30A 
TO18 T(N12 TO5 TO66 TO66 TO64 TO48 TO48 TO48 'íO48 

10 

20 0.15 0.18 
30 0.19 0.22 
50 0.22 0.28 0.20 0.25 0.36 0.36 0.48 051 0.54 1.18 

100 0.25 030 025 0.25 0.48 0.48 0.51 0.57 0.58 1.43 
150 0.31 038 
200 038 0.44 025 0.30 0.50 0.50 0.57 0.62 0.62 1.63 
400 030 0.39 0.55 0.57 0.62 0.71 0.77 1.79 

600 039 0.48 0.09 0.69 0.78 0.99 0.90 

5(0 0.58 0.55 081 081 0.02 122 1.39 4.07 

LINEAR LC.'s 

Type Quantities Type 
I 25 1011+ I 

2ua 
25 

íes 
100+ 

72702 046 0.44 0.42 TAA350A 1.71 1.67 1..37 
72709 0.23 0.21 0.19 uA703C 0.26 0.24 022 
72709P 0.19 0.18 0.17 uA709C 0.19 0.18 0.17 
72710 0.32 0.31 0.28 u471 IC 032 0.31 0.28 
72741 028 0.27 0.26 uA712C 0.32 0.31 028 
7274IC 0.26 0.25 0.24 uA723C 045 0.43 0.40 
7274IP 0.28 0.27 0.26 76003 1.39 1.34 1.30 
72747 0.79 0.74 0.61 76023 1.39 1.34 1.30 
72748P 0.25 0.33 031 7fi(iel) 0.68 066 0.83 
Sl20IC 0.46 0.42 0.37 LM:380 0.93 0.90 0.88 
SL701C 0.46 0.42 0.37 N1:555 0.43 0.43 0.40 
SL702C 0.46 0.42 0.37 N1:5.56 0.88 0.86 0.83 
TAA263 0.74 065 0.36 TBA800 1.39 1.34 1.30 
TAA29? 11.93 0.88 0.83 7.N4)4 1.11 - 

JILIl,4J1V ICC.I. I Ir 10x20 

PIV :300mA 750tnA IA I 5 3.4 IOA 30A 
(D07) 151116) Plastic (SO16) ($0101 r'5010) (T048) 

50 0.05 0.06 1N4001 0.05 0.07 0.14 *0.19 *0.56 
100 0.05 0.07 11440112 0.06 0.09 0.16 *0.21 +0.69 
20tí u.tai 0.09 IN406:1 0.07 0.12 0.20 *0.23 *0.93 
400 0.07 0.14 IN 4004 0.08 0.14 0.28 *0.35 00.25 
644.1 0.00 0.16 1144005 9110 0.16 0.33 *0.42 *1.76 
8481 0.11 0.10 1N4006 V0 0.18 0.35 *0.51 *1.94 

1000 013 0.28 1144007 lsl 023 0.44 *0.60 *2.31 
1200 032 --- 028 0.54 *0.69 *298 

0.43 
0.56 
0.71 
080 
0.80 
080 
0.75 
0.43 

-% I RIM\,J 

Case 100V 200V 400V 
2 Amp ros 0.31 051 0.7 
6Amp T066 051 0.61 0.77 

II/Amp T048 0.77 0.92 1.12 

SUPER UNTESTED PAKS 

Pak No. Description Price 
U 1 120 Glass Sumbmin. G.P. Germ. diodes 0.60 
U 2 50 Mixed Germanium transistors AF /RF 0.60 
U 3 75 Germ. gold bonded sub -min. like 0A47 . 0.60 
U 4 30 Germ. transistors like 0081. AC128 060 
U5 60 200mA sub -min. silicon diodes 060 
U 6 30 Sil. trans. NPN like BSY95A, 2 [4706 . . 0.60 
U 7 18 Sil. rect. 750mA up to 1000 .. 0.60 
U 8 50 Sil. diodes 00.7 250mA like 0A200/202 . 0.60 
U 9 20 Mixed voltages, 1 Watt Zener Diodes 0 60 
U10 20 BAY50 charge storage diodes DO.7 0 60 
U I l 20 PNP Sil. trans. TO.S like 2N1132. 2 [42904 0.60 
U13 30 PNP -NPN Sil. trans. 0C200 & 25104 060 
U14 150 Mixed silicon and germ. diodes 0.60 
U15 20 NPN Sil. trans. TO -5 like 2 [4696 0 60 
U16 10 3Amp Sil. rect. stud up to 1000 PIV ..... 0.60 
U17 30 Gern). PNP AF trans TO -5 like ACY 17 -22 0.60 
U18 86 Amp sil rect. BYZ13 tope up to 600 PIV 0.60 
U19 20 Silicon NPN trans. like BCZOB 060 
U20 12 15 Amp sil. rect. top hat up to 1000 PIV 0.60 
U21 30 AF. Germ. trans. 2G300 series & 0071 0.60 
U23 25 MADT's like MHz series PNP series . 0.60 
U29 20 Germ. 1 Amp rect. GJM up to 300 Ply 0.60 
U25 25 300MHZ NPN sil. trans. 2 [4708. BSY27 060 
1126 30 Fast switching sil. diodes like IN914 . 0.60 
U29 10 I Amp SCR's TOS up to 600 PIV .*1.20 
U32 25 Zener diodes 400mW D0.7 3-33 volts mixed 0.60 
U33 15 Plastic Amp sil. rect. IN4000 series 0.60 
UM 30 Sil. PNP trans. TO -5 BCY26 25302/4 0.60 
U35 25 Sil. trans. PNP TO.18 2 [42906 0.60 
U36 20 Sil NPN trans. TO -5 BEY50/51 /52 060 
U37 30 Sil. trans. SO -2 PNP 00200. wS322 0.60 
U38 30 Fast switch sil. trans. NPN 400MHz 9.60 
U39 30 RF.Germ. PNP trans. 214 1301 /5 TO -5 0.60 
U40 10 Dual trans. 6 lead TO -5 2 [42060 0.60 
U43 25 Sil. trans. plastic TO.18 BC113/ 114 . 0.60 
UM 20 Sil. trans. plastic TO -5 BCI15 . 0.60 
U45 7 3A SCR. TO66 up to 600 PIV * 1.20 

U46 20 Unijunction trans. similar to TI543 *0.60 
U47 10 TO2204B plastic triacs 50V 6A ..... .. *1.20 
U413 9 NPN sil. power trans. like 2N3055 .. 1.20 
U49 12 NPN sil. plastic power 60W like 2N5294 .... 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. 

QUALITY TESTED PAKS 

Pak No. Price 
f 

Q 120 Red spot transistors PNP 0.60 
Q 2 16 White spot R.F. transostors PNP ... 0.60 
Q 3 4 0077 type transistors 0.60 
Q 4 6 Matched transistors OC44/45/81 /81 D 0.60 
Q 5 4 OC75 transistors 0.60 
Q 6 5 OC72 transistors 0.60 
Q 7 4 AC 128 transistors PNP high gain 0.60 
Q 8 4 AC126 transistors PNP 0.60 
Q 9 7 OC81 type transistors 0.60 
QIO 7 0071 type transistors 0.60. 
QII 2 ACI27 /128Compmentary pairs PNP NP` 0.60 

12 3 AFI16 type transistors 0.60 
13 3 AFI17 type transistors 0.60 

Q14 3 OC171 H.F. type transistors 0.60 
QI5 7 2 [42926 Sil. Epoxy transistors mixed colours 0.60 
QI7 5 NPN2 x ST141 & 3 x STI40 0.60 
QIO 4 MADT's 2 x MATIO0 & 2 x MATI20 060 
Q19 3 MAT's2 x MATI01 & I x MATI21 060 

0.60 
0.60 
0.60 
0.60 
0.60 

Q20 4 0CM Germanium transistors A.F 
Q21 4 AC127 NPN Germanium transistors 
Q22 20 NKT transistors A.F. R.F. coded 
Q23 10 OA202 Silicon diodes sub -min 
Q24 8 OAS] diodes 
Q25 15 IN914 Silicon diodes 75PIV 75mA .. 0.00 
Q26 8 OA95 Germanium diodes sumb- m)rt IN59 ... 0.00 
Q27 2 IOA 500 PIV Silicon rectifiers 154258 *0.60 
Q28 2 Silicon power rectifiers BYZ13 00.60 
Q29 4 Sil. transistors 2 x 2 [4696. I x 3 [4697, I x 2N698 0.60 
Q30 7 Silicon switch transistors 2 [4706 NPN 0.60 
Q31 6 Silicon switch transistors 2N708 NPN 0.60 
Q32 3 PNP Sil. trans. 2 x 2N1131. I x 2141132 060 
Q33 3 Silicon NPN transistors 2 [41711 0 60 
Q34 7 Sil. NPN trans. 2 [42369. 500MHz (Code P397) 0.60 
Q35 3 Silicon PNP TO.S 2 x 2 [42904 & 1 x 2 [42905 0.60 
Q36 7 2 [43646 TO -I8 plastic 300 MHz NPN.. 0.60 
Q37 3 2 [43053 NPN Silicon transistors 0.60 
Q3ß 5 PNP transistors 3 x 2 [43703.2 x 2 [43702 0.60 
Q39 5 NPN transistors 3 x 2[43704, 2 x 2 [43705 0.60 
Q40 5 NPN transistors 3 x 2 [43707. 2 x 2N370í 0.60 
Q41 3 Plastic NPN T018 2 [43904 0.60 
Q43 5 BC107 NPN transistors 0.60 
Q44 5 NON transistors 3 x BC 108, 2 x BC 109 0.60 
Q45 3 BC113 NPN TOMB transistors 0.60 
Q46 3 BCIIS NPN TO -5 transistors 0.60 
Q47 4 NPN high gain transistors 2 x BC167. 2 x BC 168 

0.60 
Q48 3 BCY70 PNP transistors TO -I8 0.60 

9 3 NPN transistors 2 x BFY51. I x BFY52 0.60 
7 05Y28 NPN switch transistors TO. IS 0.60 

I 7 BSY95A NPN transistors 300MHz 0.60 
52 8 BY100 type silicon rectifiers .... 1.20 
53 25 Sil. & Germ. trans.. mixed all marked ne,, 1.50 
54 6 TI1.209 Red LED 1.20 

AV )EL BOND 

SOLVE THOSE STICKY 
PROBLEMS! 
with 

gel 
CYANOACRYEATE C2 ADHESIVE 

The wonder bond which works in 
seconds- bond plastic, rubber, transistors, 
components permanently, immediately! 

OUR PRICE ONLY 60p 

for 2gm phial 

UNTESTED 
TTL PAKS 

Pak no Contenta 
U1C00 1207400 
UIC01 1207401 
UICO2 12x7402 
UIC03 12x7403 
UICM 12x7404 
UIC05 1287405 
U1C06 0x7406 
UIC07 807407 
UIC10 1207410 
UIC13 807413 
U1C20 12x7420 
UIC30 1207430 
UIC40 12x7440 
UIC41 5x7441 
UIC42 5x7442 
UIC43 5x7443 
U1C44 507444 
UIC45 5x7445 
UIC46 5x7446 
U1C47 5x7447 
UIC48 507448 
UICSO 12x7450 
UIC51 1207451 
UIC53 1207453 
UIC54 12x7454 
UIC60 12x7460 
UIC70 807470 
U1C72 807472 
UIC73 807473 
U1C74 807474 
UIC75 807475 
UIC78 807476 
UIC80 5x7480 

' UIC81 507481 
UIC82 507482 
U1C83 5x7483 
UIC88 507486 
UIC90 507490 
UIC91 507491 
U1C92 507492 
UIC93 507493 
UIC94 507494 
UIC96 507495 
UIC96 557496 
UIC100 5x74100 
UIC121 5x74121 
U1c141 5x74141 
UIC15l 5074151 
UIC154 5074154 
UIC193 5x74193 
UIC199 5074199 
UIC Xl 25 Assorted 74s 

VOLTAGE 
REGULATORS 

TO.3 Plastic Encapsulation 
pA7805/L129 

5V (equiv. to MVRSV) 
uA.7812/L130 

12V (Equiv. to MVR12V) 
uA.7815/L131 

ISV (Equiv. to MVR15V) 
uA.7818 

18V (Equiv. to MVR18V) 

ALL PRICE 
EXCLUDE V. 

Postage & pack 
add 20p overs 
add extra for air 
Minimum order 7 

D.I.L. SOCKETS 
1 25 10 

7501414 pin type 0.310.280 
T5016 16 pin type 035 0.32 0 

TS024 24 pin type 0.69 0.64 0 

BPS88 pin type (low cost) 0.14 0.12 0 

BPS14 14 pin type (low ci 
0.15 0.13 0 

BPSI6 16 nin type (low c1 

0.10 0.14 0 

DIODES 

AA119 0.08 BYZI6 0. 
44120 0.00 BTZ17 0. 
AA129 0.08 BYZ18 0. 
AAY30 009 BYZ19 0. 
AAZI3 0.10 CG62 
BAIIxI 0.10 (OA91Eq) 0. 
BA116 021 CG651 
BAI26 0.22 (OA70-0A79) 
0A140 0.13 0. 
BAI54 0.12 OASShon 
BA155 0.15 Leeds 0. 
BA165 014 OAIO 0. 
BAIT! 0.15 OÁ47 0. 
BBI04 0.15 OA70 0. 
BY100 0.16 0A79 O. 

HY1111 012 0461 0. 
BYI05 0.18 0A85 0. 
BYI14 012 0A90 0. 
BY124 0.12 OA91 O. 

BY 1211 0.15 0A95 O. 

BY127 0.16 OA200 0. 
BYI20 0.16 08,202 0! 
BYI:8) 5.17 SDIO 0./ 
BY133 0.21 SD19 Oi 
BY164 0.51 IN34 0.1 

BYX38 30 0.43 IN34A 11.1 

BYZIII 0.311 IN914 0.1 

BYZII 0.31 IN916 0.1 

BYZ12 U.31 1N4I48 0.1 

BYZ13 0.26 15021 0./ 
15951 0.1 
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PO BOX 6 WARE HERTS 
AL 60 ONLY £3.95 

50w. PEAK (25w. R.M.S.) 
Max Heat Sink temp 90 °C Frequency Response 20Hz to 100K Hz Distortion better than 0.1 at 1KHz 
Supply voltage 15 -50 volts Thermal Feedback Latest Design Improvements Load - 3, 4, 5 or 16 

ohms Signal to noise ratio 80dH Overall size 63mm x 105mm x 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. 

I STABILISED POWER MODULE SPM80, 
SPM80 is especially designed to power 2 of the AL60 Amplifiers, up to 15 watt (r.m.s.) per channel simultaneously. This 
module embodies the latest components and circuit techniques incorporating complete short circuit protection. With the 
addition of the Mains Transformer BMT80, the unit will provide outputs of up to 1.5 amps at 35 volts. Size: 63mm x 105mm 
x 30mm. 
These units enable you to build Audio Systems of the highest quality at a hitherto unobtainable price. Also ideal for many 
other applications including: -Disco Systems. Public Address Intercom Units, etc. Handbook available lop. 

TRANSFORMER BMT80 £2.60 PRICE £3.00 
STEREO PRE -AMPLIFIER TYPE PA100 

1 

Built to a specification and NOT a price, and yet still the greatest value on the market, the PA100 
stereo pre- amplifier has been conceived from the latest circuit techniques. Designed for use with the 
AL50 power amplifier system, this quality made unit incorporates no less than eight silicon planar 
transistors, two of these are specially selected low noise NPN devices for use in the input stages. 
Three switched stereo inputs, and rumble and scratch filters are features of the PA100 which also has 
a STEREO /MONO switch, volume, balance and continuously variable bass and treble controls. 

£13.20 
MK 60 AUDIO KIT TEAK 60 AUDIO KIT 
Comprising: 2 x AL60, 1 x SPM80, I x BTM80, I x PA100, 1 front panel, 1 kit of Comprising: Teak veneered cabinet size 16W' x 111/2 x 314 ", other parts 
parts to include on-off switch, neon indicator, stereo headphone sockets include aluminium chassis, heatsink and front panel bracket, plus back 
plus instruction booklets. panel and appropriate sockets, etc. 
COMPLETE PRICE: E27.55 plus 45p postage. KIT PRICE: £820 plus 45p postage. 

PLEASE ADD V.A.T. 
AT 25% TO ALL 

ITEMS EXCEPT 
-)F ADD 8°0 
# NO Y.A.T. 

GIRO NUMBER 
388 -7006 

STEREO 30 COMPLETE AUDIO CHASSIS 
7 + 7 WATTS R.M.S. 

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 
pickup, 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, mains switch, fuse & fuse holder and 
universal mounting bracket, enabling it to be installed in a record plinth, cabinets of 
your own construction or the cabinet available. 

Ideal for the beginner or advanced constructor who 
requires Hi -Fi performance with a minimum of PRICE £15.75 Plus 45p 

difficulty. Can be installed in 30 min s. postage & packing 

TRANSFORMER £2.45 plus 45p TEAK CASE £3.65 plus 45p £3. postage & packing postage 8c packing 

AL 10/AL 20/AL 30 
The ALTO, AL20 and AL30 units are similar in their appearance and in their general specification. However, careful, 
selection of the plastic power devices has resulted in a range of output powers from 3 to 10 watts R.M.S. 
The versatility of their design makes them ideal for use in record players, tape recorders, stereo amplifiers and cassette 
and cartridge tape players in the car and at home. 

E.M.I. LEK 350 Loudspeakers 
Enclosure kit in teak veneer, 
including speakers. Rec. retail price 
E4.50 per pair. 

OUR SPECIAL PRICE 
ONLY £27.75 per pair P &P £3 

WHILE STOCKS LAST! 

AL10 £2.30. AL20 £2.65, AL30 £2.95 

1HEADPHONES 

4 -18 ohms impedancd 
frequency response 
20 to 20,000 Hz ster- 
eo /mono switch and 
Volume Control E4.55 

!FRONT PANO: 

FOR PA100. 
Attractive matt silver. 
Finish with black trim 
and lettering. Adds 
that professional 
touch. E1.10 only. 

LM.P.A.30j 
:njoy the quality of a magnetic cartridge with 
your existing ceramic equipment using the new 
li -Pak M.P.A.30 which is a high quality 
we- amplifier exist for the use of ceramic 
artridges only. 
Jsed in the construction are 4 low noise, high 
:ain, silicon transistors and it is provided with a 
tandard DIN input socket for ease of 
onnection. 
lupplied with full, easy to follow instructions. 

PRICE £2.65 

ISTORAGE -CARRY CASES LCARTRIDGES-I 
GPOS GP91- ISCß00mV at c É1.I1 
GP93-1 280mv at Icm /sec £1.45 
GP96 -1 IOOmV at Icm /sec £2.31 
7`rc' J -2005 ,Crystal /Hi Output £0.97 

J-2010C Crystal/Hi Output EI.11 
Compatible 

)-2006,S Stereo/Hi Output É1 ß1 
J -2105 'Ceramic /MedOutput 
J -2203 Magnetic 5mV /Scm /sec E4 78 

including stylus 
J -22038 Replacement stylus for above 
AT -55 Audio -technica magnetic f4.06 

cartndge4mV /5cm /sec 

DYNAMIC MICROPHONE 
RECORD CASES 

7 in E.P. 18 3 /8th in. x 7 in x B in (50 records) .tAB 
12 in L.P. 134in x 7 3 /8th in x 12% in (50 records) *tug 
CASSETTE CASES . 
Holds 15. loin x 33in x 5in. Lock and handle 

El.50 
8 -TRACK CARTRIDGE CASES 
Holds 14. I3in x 5in x bin. Lock and handle 

a£2.20. 
Holds 24. 13 3 /8th in x 8 in x 5 3 /8th in Lock and 
handle .x,20 

TYPE B1223 200 ohms impedance. Complete 
with stand, 

Suitable 
off switch and 

tape 
recd and 3.5mm 

plugs. Suitable for cassette tape recorders. 
PRICE £1.87 

JUST OUT! 
STEREO FM 

TUNER 

WRITE NOW FOR 
FULL DETAILS 
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For all who want to 
knowabput 

e lectronc circuts 
Here's a book of very special appeal to all 

concerned with designing, using or 
understanding electronic circuits. It comprises 
information previously included in the first ten 
sets of Wireless World's highly successful 
Circards - regularly published cards giving 
selected and tested circuits, descriptions of 
circuit operation, component values and ranges, 
circuit limitations, modifications, performance 
data and graphs. Each of the ten sets - including 
additional circuits- in this magazine size hard 
cover book has been updated where necessary,. 
and is preceded by an explanatory introduction. 
Circuit designs (I) is the first collection of its 
kind. 

Circuits covered are 
Basic active filters 
Switching circuits 
Waveform generators 
AC measurements 
Audio circuits 
Constant -current circuits 
Power amplifiers 
Astable circuits 
Optoelectronics 
Micropower circuits 

circuit 1ì 
designs 
Collected Circards 

PV\illiams J Carruthers J H Evans J Kinsler 

R9 

A WRELESS WORLD PUBLICATION 

A new book from Wireless World 
ORDER FORM 

To: General Sales Department, 
IPC Business Press Limited, 
Room I I , Dorset House, 
Stamford Street, London SE 19L1J. 

Please send me copy /copies of 
Circuit Designs - Number I at £ 10.40 
each inclusive. I enclose remittance 
value £ (cheques payable to 
IPC Business Press Ltd.) 

NAME (please print) 

ADDRESS 

Company regi Aered in England and a subsidiary of Reed 
International Lim ted Registered No 677128 Regd. office 
Dorset House, Stamford Street, London SE I 9LU. 
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PERMEABILITY TUNERS 
M.W. two stage Ideal for use 
with 2N414 or similar circuit. 
Price 15p each + post and VAT 
15p. 

EDGE MOUNTING MOVING COIL METER 

Size 23/4" x 1" by Weston. 100 uA 
movement scaled DB, unused still in 
original maker's cartons. E2,50 each 
+ post and VAT 50p 

AUDIO AMPLIFIER 
Pert of the famous Reditune background music system 
secondhand. but believed in good order. However, no guarantee. 
we are selling for spares value only. These are 6 valve amplifiera 
the output valves are 2 x EL 84 in push /pull, complete with 
mains transformer. rectifier and ample smoothing equipment. 
The mains transformer alone, today, would cost at least E4. Size 
is 91/2" x 51/2" x 41/2". Price only £2.00 + postage and VAT 
E1.50. 

HIGHLY SENSITIVE MOVING COIL RELAY 
panel mounting with glass window, 
this measures approx. 5' /a" x 4" x 5 ", 
triggering current can be varied from a 
fraction of a milliamp to 5 milliamps by 
removing the front and adjusting the 
setting level, Price E8 each + post and 
VAT 95p. 

DC HIGH CURRENT PANEL METERS 
31/2" wound wide angle 240 move- 
ment meters, flush mounting fitted 
with external shunts, made by 
Crompton Parkinson. brand new. still 
in maker's cartons. These are a real 
bargain at E5.50 each Reasonable 
quantities available in the following 
ranges. 0 -10 amps, 0 -20 amps. 0 -30 
amps, 0 -40 amps, 0 -50 amps. Post and VAT 80p each 

24v POWER PACK 
Normal mains input with a 

thermal safety device, 800 mA 
output, 4000 mfd of smoothing 
and full wave rectification, 
completely enclosed in plastic 
box and with flex for mains and 
terminal block for output. Price 
£1.75 + E1 post and VAT 

GPO PUSH 
BUTTON DIALLING UNIT 

Will take the place of the normal 
rotating dial, has 10 numbered keys, 
so suitable for other digital systems. A 
desk mounting unit with rubber feet, 

ithis is a very intricate and expensive 
piece of apparatus. New and unused - 
our price only E9 each + E 1.36 post 
and VAT. 

OVEN THERMOSTAT 
Made by the famous Diamond H 

Company, this has a sensor joined by 
a capilliary to a variable control and 
when fitted with a knob is ideal for 
many ovens or processes. 50p each 
+ post and VAT 15p 

BREAK -DOWN UNIT 
Contains hundreds of useful parts some of which are as 
follows - 66 silicon diodes equivalent OA 91. 68 
resistors, mostly 'h watt 5% covering a wide range of 
values. 4 x 1 mfd 400v infd condensers. t 5 x .01 mfd 
100v condensers. 2 RF chokes. 8 x B9 valve holders. 1 x 

4H choke. 1 x 115v transformer. 1 boxed unit 
containing 4 delay lines also tag panels. trimmer 
condensers, suppressors, etc., on a useful chassis sized 
approx. 9" x 5" x 7 ". Only 75p (the 66 diodes would 
cost at least 10 times this amount). This is a snip not to 
be missed. Post and VAT 75p. 

INFRA RED BINOCULARS 
Made for military purposes during and immediately after 
last war to enable snipers, vehicle drivers. etc. to see m the 
dark The binoculars have to be fed from a high voltage 
source 15KV approx 1 and providing the objects are in the 
rays of an infra -red beam, then the binoculars will enable 
these objects to be seen Each binocular eve tube contains 

a complete optical lens system as well as the infra -red cell. 
technics! data on which is available. The binoculars are 
unused, believed to be in good order In fact they were 

never issued and are still in originel cases but since they were made a long time ago. they can hardly be 

called new Said without guarantee Price E15.50 per set. 

HORSTMANN 24-HOUR TIME SWITCH 
With 6 position programmer. When fitted to hot water systems this 
could programme as follows: 

Programme Hot Water Central Heating 
0 Off Off 
1 Twice Daily Off 
2 All Day Off 
3 Twice Daily Twice Daily 
4 All Day All Day 
5 Continuously Continuously 

Suitable, of course, to programme other than central heating and hot water, for 
instance, programme upstairs and downstairs electric heating or heating and cooling or 
taped music and radio. In fact, there is no limit to the versatility of this Programmer 

Mains operated. Size 3in x 3in X tin deep. Price EB-B0. Post and VAT 85p 

SWITCH TRIGGER MATS 
So thin is undetectable under carpet but will switch on with slightest 
pressure. For burglar alarms, shop doors, etc. 24in x 18in £1.80 
plus 30p post and VAT. 13in x 10in E1.50 plus 25p post and VAT. 

Please add 30p towards packing etc on orders under ti5. 

J. BULL (ELECTRICAL) LTD. 
(Dept. W.W.) 

103 TAMWORTH ROAD CROYDON CRO 1XX 

NEW ITEMS THIS MONTH 
These end many other Items were listed la our Monthly 
Advencod Advertising Newt for July. You can receive These 

letters and yearly catalogue by subscribing El yearly. 

EMT transformer. American made, sealed in a steel 

case measuring 6'r" k 6" a 5'5" high with large porcelain 
stand-off insulators, it is extremely well-matte, looks good 

enough to give 10 kv at I amp. intended for American 

mains, its primer/ would have to be led through a esrian or 

similar. Whh 90v input EHT output is 5.5v. Price E 15 each 

+ carriage and VAT E3. 

Sticker strip Inter -phone Cable. This is 4 copper 

wires mounted on an adhesive tape intended for telephone 

extensions. it can also be used for FM aerie's. etc. It is 

invisible under (hick wallpaper and of course carpet or 

other floor coverings. Price E5 per 100' reel + postage 

and VAT 60p. 

2':" panel meter. 0.9 amps. flush mounting. these were 

made for military applications. probably measurements cl 

RF power. They work on the hot wire principia so they are 

suitable for AC or DC measurements. These instruments 

Ihave a considerable interest and they are seldom 

on offer these days. Consequently they are very suitable 

for school labs. museums and exhibitions. Price EI.50 

each + pool and VAT 40p. 

Instrument Mains Transformer, 6.3v al It amp end 
II5v at 100mA. This is an upright mounting open 

construction. smell size (2" x 21." x 2'. "). Price 
El .40+ postage and VAT 60p. DITTO. 6.3v al I amp and 

150e at 200mA. This is s fully shrouded upright mounting 
transformer, size approx. 2'7" s 3" t 3 ". Price 

£1.95 + post and VAT BBp. 

Instrument power supply mounted on a chassis size 

9" x 2`t" x 4 . ", This Is suitable for instruments which 

use valves and Ms AC output of 6,3v al I amp and a lolly 
smoothed DC outputs al 150v and 200v. Price £3.00 + 
post and VAT 74p. 

FM band amplifier. This is a 4 valve amplifier. tunable 
to cover FM and nearby frequencies. Tuning is by 

lechelineu in lully screened compartments and the whole 

is mounted on a heavy metal chassis size 9" x 2" a 2' i" s 

3'i. This requires a separate power supply of 150v OC al 

100 mil and 6.3v at I amp. Price E3.75 + post and VAT 

El 

Instrument case. grey steel finish size 9'r" s 3'." x 

2'f ". These cases are not secondhand but come Iron partly 

aaembled equipment. so the (root panel has a few holes 

already punched through. However. these are very suitable 

for toggle switches. etc. There are no really big holes. 50p 

each + pot and VAT 36p. 

Instrument case. out 9" a 9" s 5' i ". made from sheet 

steel grey hammer finish. No holes in these. 75p + post 

and VAT 49p. 

Pilot lamp bargain. Boo of IO x 24v 05 amp tubular 

MES lamps made by Philips. the selling price of which is 

25p each - our price only 50p per box. 

VALVES 
41065 1.25 
AR8 0.55 
ATP4 0.50 
B12H 3.00 
CY3t 0.50 
DAF96 0.50 
DF96 0.55 
DK96 0.55 
DL92 0.40 
DL96 0.80 
DY86/87 0.40 
DY802 0.45 
E88CC/011.20 
E180CC 0.70 
E182CC 1.25 
EA50 0.40 
EABC80 0.40 
EAF42 0.76 
EB91 0.30 
EBC33 1.00 
EBC41 0.75 
EBF80 0.40 
EBF83 0.50 
EBF89 0.40 
EC52 0.35 
ECC81 0.40 
ECC82 0.36 
ECC83 0.35 
ECC84 0.36 
ECC85 0.40 
ECC86 0-90 
ECM 0.50 
ECC189 0.70 
ECF80 0.40 
ECF82 0.40 
ECF801 0.75 
ECH42 0.60 
ECH81 0.35 
ECH83 0.46 
ECH84 0.46 
ECL80 0.55 
ECL82 0.35 
ECL83 0.70 
ECL86 0.50 
EF36 0.85 
EF37A 1.20 
EF40 0.75 
EF41 0.55 
EF80 0.30 
EF83 1.26 
EF85 0.35 
086 0.35 
EF89 0.30 
EF91 0.45 
EF92 0.50 
EF95 0.40 
5E183 0.35 

EF184 
EFL200 
EL33 
EL34 
EL36 
E1.41 
EL81 
EL82 
EL84 
EL85 
5186 
EL90 
EL504 
54131 
EM80 
EM84 
EM87 
EY51 
5Y81 
EY86 
EY88 
EZ40 
5241 
EZ80 
EZ81 
GY5o1 
GZ34 
GZ37 
4166 
4188 
Mild 
ML6 
0A2 
082 
PABC80 
PC97 
PC900 
PCC84 
PCC85 
PCC89 
PCC189 
PCF80 
PCF82 
PCF84 
PCF86 
PCF200 
PCF201 
PCF801 
PCF802 
PCF805 
PCF8o6 
PCF808 
PCH200 
PCL81 
PCL82 
PCL83 
PC184 

0.35 
0.75 
2.50 
0.70 
0.80 
0.80 
0 co 
0.55 
0.30 
0.80 
0.45 
0.45 
0.80 
0.80 
0.65 
0.40 
1.00 
0.46 
0.45 
0.40 
0.50 
0.70 
0.75 
0.30 
0.30 
0.75 
0.70 
1.00 
2.50 
3.20 
0.75 
0.85 
0.45 
0.45 
0.40 
0.50 
0.50 
0.40 
0.40 
0.50 
0,80 
0.40 
0.40 
0.80 
0.60 
0.75 
0.75 
0.56 
0.50 
0.90 
0.75 
0.90 
0.80 
0.55 
0.40 
0.85 
0.45 

PCL86 0.50. 2801U 2.70 6445 0.40 
PCL805 0-60' 2900T 1.20 6448 0.40 
PFL200 0.70 1A3 0.55 6415 0.30 
PL36 0.60 114 0.25 6AL5W 0.55 
PL81 0.50 344 0.50 6AM6 0.45 
P182 0.45 105 0.40 6858 0.45 
PL83 0.45 154 0.30 6405 0.45 
PL84 0.45 tT4 0.30 6405W 0.70 

Many of t ese valves are imponed and 
prices vary Or each delivery so we reserve 
the right t change prices for new stock 
when unevo dable 

P1504 0.80' 1X24 0.60 P1508 1.00 1X28 0.75 PL509 1.35 2D21 0.50 P1802 1.75 2425 9.00 
P533 0.60 3D6 0.40 
PY80 0.40 3S4 0.40 
PY81 0.40 3V4 0.85 
PY82 0.40 5B/254M 4.50 
PY83 0.40 513255M 4.50 
PY88 0.45 5R4GY 0.90 
PY500 1.00 5U4G 0.50 
PY800 0.45 
PY801 0.50 
QQV03-10 

1.40 
R19 0.75. 
SC, r 400 3.00 
SCI 600 5.00 
SP61 0.76 
TT21 5.00 
U25 0.85 
U26 0.75 
U27 0.55 
U191 0.75 
U801 0.75 
UABC80 0.40 
UAF42 0.85 
UBC41 0.80 
UBF80 0.40 
UBF89 0.40 
U8L1 1.00 
UBL21 0.70 
UCC85 0.45 
UCF80 0.75 
iJCH42 0.75 
UCH8/ 0.45 
UCL82 0.45 
UCL83 0.65 

iUF41 0.70 
UF80 0.35 
UF85 0.45 
UF89 0.50 
UL41 0.70 
UL84 0.40 
UY41 0.45 
UY85 0.40 
VR105/300.45 
)10150/300.45 
X66 0.65 
Z800U 2.70 

6456 
6416 
6ÁU6 
6ÁV8 
6AX4GT 
68X507 
687 
6846 
68E6 
68G60 
66J6 

0.50 
0.45 
0.40 
0.45 
0.75 
1.00 
0.70 
0.35 
0.40 
0.90 
0.55 

6116 0.75 
6D6 0.55 
6E48 0.55 
6F7 1.10 
8F8G 0.75 
6F23 0.90 
6F32 0.75 
6F33 3.50 
6513 0.35 
6J4WA 1.25 
6J5 0.85 
6J5GT 0.50 
6J6 0.30 
8J7 0.80 
6J7G 0.40 
8K60T 0.80 
647 0.55 
6470 0.30 
64801 0.50 
6425 1.00 
131.6 1.90 
6L6G 0.60 
6L7G 0.40 
6547 0.50 
6SA7GT 0.40 
6SC7GT 0,40 
6SC7 0.50 
6SJ7 0.55 

6X501 0.50 
6Y6G 0.90 
6Z4 0.66 
6.3012 0.90 
787 0.60 
7Y4 0.60 
9D6 0.40 
902 5.00 
12AG 0.65 
'T'2Á6 0.45 
12ÁT7 0.40 
12ÁU7 0.35 
12AV6 0.50 

VAT 25% 
EXTRA 

VALVES AND TRANSISTORS 
Telephone enquiries for valves, transis- 
tors. etc., retail 749 3934, trade and 
export 743 0899. 

5V4G 
5Y3GT 
513 
5Z4 
5Z4TG 
6487 
6ÁC7 
6456 

0.55 
0.55 
0.80 
0.80 
0.55 
0.60 
0.80 
0.70 

6BQ7A 
6BR7 
6BW6 
6BW7 
6C4 
6C6 
6C86 
SCH6 

0.80 
1.20 
1.00 
1.00 
0.40 
0.50 
0.50 
1.45 

6SJ7GT 0.36 
65K 7 0.55 
651707 0.50 
65N7GT 0.50 
65Q7 0.5S 
6V6GT 0.50 
6X4 0.40 
6X5G 0.40 

12AX7 0.35 
12846 0.45 
128E6 0.50 
128H7 0.50 
11C8 0.55 
12E1 3.50 
1245 1.10 
12K7GT 0.50 
1248GT 0.70 
120701 0.70 
125A7GT 0.70 
12SG7 0.55 
12SJ7 0.55 
12Y4 0.40 
1457 1.00 
194E15 0.65 
1903 8.00 
1906 6.60 
1955 14.00 
20P3 0.60 
20P4 1.10 
25160T 0.70 

THE VALVE WITH A 
GUARANTEE 

30C15 1.00 76 0.75 
30C17 1.00 78 0.70 
30C18 0.90 80 0.75 
30F5 1.00 8542 0.75 
3OFL1 1.00 723a/b 9.00 
30FL12 1.10 803 5.00 
30F114 0.90 805 14.00 
30115 0.95 807 0.65 

'301.17 0.95 813 9.90 
30P12 1.00 866A 1.20 
30P19 1.00 931A 5.00 
3OPL1 0.95 954 0.50 
30PL13 1.10 955 0.50 

956 0.50 
957 0.50 
1829 0.70 
2051 1.00 
5933 3.00 
6057 0.75 
6060 0.70 
6064 0.50 
6065 1.00 
6080 2.30 
6146 3.35 
61488 3.95 

300114 1.10 8020 5.00 
35L6GT 0.75 9001 5.00 
35W4 0.50 9002 0.50 
3524GT 0.70 9003 0.70 
5005 0.60 9004 0.35 
5DCD6G 1.10 9006 0.35 
75 1.00 
7501 0.75 

TELEPHONE 

TYPE J 

10 UNES 

MAGNETO 

SWITCHBOARDS 

Open 9- 12.30, 1.30 -5.30 p.m. 
Closed Saturdays 

ACt13 
AC126 
AC127 
ACI28 
ACI76 
ACY16 
ACY19 
ACY20 
ACY28 
ACY39 
ACY40 
AD149 
AD161 
AD162 
ADZ11 
ADZ12 
ÁF114 
AF/15 
AF116 
AF117 
AF118 
ÁF124 
ÁF125 
ÁF126 
ÁF127 
ÁF139 

TRANSISTORS 
Please write or phone for current price of any 
of the transistors, diodes shown below. 

AF178 
AF1B6 
AF212 
ASY26 
ASV27 
ASY28 
BC108 
BC118 
BC119 
BC136 
BC137 
BC148A 
BC172 
BC172A 
BC212A 
BCY31 
BCV33 
BCY72 
8E115 

BF167 
BF185 
BP/51 
BFY52 
BY90 
BSY27 
BSY38 
BSY95A 
Bell 
CRS1/10 
CRS 1/20 
CR51/30 
CR51/40 
CR53 '10 
CRS3 20 
CRS3 30 
CR53/40 
CRS25 

025 

GET115 
GET116 
GEX66 
941222 
0A5 
0447 
0470 
0471 
0473 
0479 
0491 
0A200 
04202 
042200 
0C22 
0C26 
0C28 
0C29 
0C39 

0C36 
0C42 
0C44 
0C45 
OC70 
OC73 
0078 
OC78D 
0081 
0082 
00820 
0C82DM 
0083 
OC139 
OC140 
OC170 
OCT72 
oC200 
0C206 

5X754 
2011 
ZR21 
16234 
1625 
16324 
19388 
1643 
1970 
19277 
16415C 
1144148 
2N458A1 
2N708 
26918 
261304 
291305 
261307, 
261309 

292062, 

292411 
262989 
2N3053 
263054 
263055 
293390 
293391 
263730 
253731 
253819 
264038 
264058 
294061 
264785 
265295 
36128 
35154 
36159 
25303 
404 
2082 
40250 
40251 
40668 

C.R.TUSES 

DG7-5 12.00 
DG13.2 15.00 
DG 7-32 15.00 
NW 13.3535.00 
VCR139A 8.00 
3501 4.50 
680 9.00 
8BJ 8.00 
881 9.00 

SPECIAL 
VALVES 

CV239 45.00 
M503 -2J42 

42.00 
4301 7.00 
413624 8.00 
J25Á 29.00 

OTHERS IN STOCK . 

integrated circuirs, CRT R 

special valves Min, Mail 
Order. F'1 U K Postage 
'1.2, 17p. '2.3. 30p. 

over 4 free C O SOP 

extra 

TF 801D/1/8 S1 - Range 
10 -485 MHz in five ranges. R.F. output 0 1 AV -1V 
source e.et t. Dial calibrated in volts, decibels and 
power relative to thermal noise Piston type eeenuator. 
500 output impedance. Internal modulation et 1 kHz et 
up to 90% depth. also external sine and pules 
modulation. Built-in SMHz crystal ullbretor. Separate 
R.F. and mod, meters. P.0 .4. 
176018/2. Spec as for TF801D but minor circuit 
differences. Working order. t99. 
TF801811 £135. 
Other Marconi equipment:- 
141123 Triple Diversity IS receivers 
TF 5268 Oscillator 6 Detector unit 
TF 12268. TF t 225A, TF 577A white noise test set 
TF 12584 VHF Spectrum Analyser 
TS 1077/ 1 FM Signal Generator 
TF 142F Distortion Factor Meter 
TF1053 (Cr207) Noise Generator. 
Rant equapizient:- 
RA17.RA17Mk11.RA171:RA17W receivers 
MA1688 Diversity switch 
RA98A SS8 adaptor 
54550 (CT488) Universal Courser /timer 
Tektronac equipment:- 
545 Oscilloscope 

G, 1, D plug in units 
Hewlett-Packard equipment - 
175A Oscilloscope 
524C Electronic Counter /timer 
5408 Transfer Oscillator 
200A8 Audios vacillator 
3004 Harmonic Wave Analyser 
Rhoda 8 Schwan egWgnertt:- 
ZDU Z -g Diagraph 
Polyskop Swob 
VHF wanmeter 6 matching indicator 
UDND VHF voltmeter 
NRD Microwave power meter 
51.16 Frequency synthesizer with frequency indicatoi 
FKM 

Tethni al ManarW Corp equipment: - 
Exciter: transmitter Mode Selector 
F.S.K. Exciter 
Kahn SSB Adaptor model RSS8 -62- 18 
Boonton FM/AM Signal Gen 202E 
EMV Power Supply 
EMI oscilloscope on trolley 
FOR EXPORT ONLY 
Transmitter C -13 
Radton Transmitter Receiver GR 410 2.15mce. 100W 
pep, SS8 er AM on up to 4 crystal controlled channels. 
RACAL COMMUNCAt1ON EQUIPMENT 
500/250W Medium Wave Broadcast Transmitter. 

COLOMOR ELECTRONICS 

170 Goldhawk Rd., London, W.12 
Tel. 01 -743 0899 
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BENTLEY ACOUSTIC 
CORPORATION LTD. 

7A GLOUCESTER ROAD, LITTLEHAMPTON, SUSSEX. Tel. 6743 
ALL PRICES SHOWN INCLUDE V.A.T. 

OB2 0.50 6AX4 0.88 6K7G 035 12ÁU6 0.53 311FL14 0.82 AC2PENDD EAF901 080 
OZI 0.55 6B8G 0.35 6K8G 0.53 12AU7 0.39 300.1 035 1.17 E834 0.40 
1A3 0.65 6BA6 0.41 6L1 2.34 12AV6 0.59 30L15 0.82 AC6/PEN E1391 023 
IA5GT 0.59 61303 0.88 6I8GC 0.68 12AX7 0.39 301.17 0.76 0.60 EBC4I 0.88 
IA7GT 0.70 613E6 0.41 81.7(M) 0.50 12AY7 0.94 30P4MR AC/PEN(7) EBC81 0.45 
IB3GT 0.59 613G6G 123 6L12 0.47 12BÁ6 0.53 1.05 1.17 EBC90 0.53 
1C2 1.15 6BH6 0.75 OL18 0.64 12E6 0.59 30P12 0.80 AC/THI LOO EBC91 0.53 
IG6 1.17 6816 084 6.19 2.34 12BH7 0.59 30P19/ ALSO 1.17 EBF80 0.46 
I HSGT 0.80 6BK7A 0.85 64D12 0.45 I2Y7 0.85 30P9 0.88 ARP3 070 EBF83 0.50 
IIA 0.30 6BQ5 038 6LD20 0.88 12E1 3.51 30P16 0.43 ATP4 0.50 EBF89 0.40 
ILDS 0.70 6BQ7A 0.64 6N7GT 0,70 12J5GT 039 30P18 0.50 AZI 0.50 EBL2I 2.34 
1 LN5 0.70 68R7 1.20 6PL12 0.45 12.17GT 0.70 30PLI 1.00 AZ31 0.65 EC52 1.00 
I NSGT 0.76 6®I8 125 6P15 0.36 12K5 1.17 30PL12 0.45 AZ41 0.50 EC53 1.00 

1R5 0.50 6857 1.61 6Q7G 0.80 12K7GT 0.59 30PL13 1.20 131,63 2.34 EC54 1.00 

154 0.39 6BW6 1.00 6Q7GT 0.60 12Kß 0.85 30PL14 1.29 CL33 185 EC86 0.80 
155 0.40 66W7 0.65 6Q7(M) 0.64 I2Q7GT 0.53 30PL15 0.94 CV6 0.82 ECM 0.90 
114 0.35 68X6 030 6R 7G 0.70 I 2SA7GT 35A3 0.76 CV63 1.00 EC92 055 
1U4 0.70 6BY7 0.40 6R7(M) 0.88 0.70 35C5 0.85 CV988 0.29 ECC32 1.25 
IUS 0.88 6826 0.57 65A7 0.55 12SC7 0.59 35D5 090 CYIC 1.00 ECC33 2.50 
2D21 060 6C4 0.47 6SC7GT 0.50 12507 0.55 35L6GT 0.88 CY31 0.70 ECC35 2.00 
2GK5 0.75 6C5G 0.59 6507 052 125147 0.50 35W4 0.60 D63 030 ECC40 1.20 
2X2 0.70 6C6 0.47 65147 0.55 12SJ7 0.60 35Z3 0.88 DAC32 0.80 ECC81 0.40 
3A4 0.70 6C9 2.00 6517 0.64 12SK7 0.64 35Z4 0.82 DAF91 0.40 ECC82 039 
387 0.53 6C10 0.95 65K7GT 452 12SN7GT 3525GT 0.90 DAF% 0.80 ECC83 0.39 
3B28 4.50 6CB6A 047 65Q7GT 0.53 0.75 42 1.00 DC90 0.70 ECC84 0.41 
3D6 0.47 6C12 0.40 6U4GT 082 12SQ7GT 5085 1.00 DD4 0.80 ECC85 0.47 
304 0.85 6C17 234 6U7G 0.55 0.76 5005 0.70 DF33 0.76 ECCtl6 1.00 
3Q5GT 0.70 6CD6G 1.60 6V6G 0.30 125127 0.75 50CD6G 1.46 DF91 0.35 ECC88 055 
354 0.47 6CG8A 0.88 6V6GT 0.53 14117 0.64 50E245 0.88 DF96 0.65 ECCI89 0.80 
3V4 0.82 6CL6 0.76 6X4 0.47 1457 1.10 50.6GT 1.00 DH63 0.60 ECC804 080 
4C86 0.75 6CL8A 0.84 6X5GT 053 I8 1.17 72 070 DH76 0.53 ECC807 1.41 

5CG8 0.75 6CM7 0.88 6Y6G 0124 19AQ5 0.65 77 0.70 DH77 0.53 ECF80 0.50 
5R4GY 0.94 6CU5 0.88 6Y7G 1.17 191306G 85A2 0.75 DH81 0.88 ECF82 0.50 
5T4 0.47 6CW4 1.17 7A7 1.00 1.17 85A3 0.75 DK32 0.70 ECF86 0.88 
5U4G 0.50 6E43 0.75 7136 0.88 1906 7.00 90AG 2.93 DK40 0.82 ECF804 2.63 
5V4G 0.59 6DE7 088 7B7 082 19141 4.00 90CG 281 DK91 0.50 ECH2I 2.34 
5Y3GT 0.55 6DT6A 0.88 7F8 1.76 20D1 0.80 90CV 2.81 DK92 1.15 ECH35 1.80 
5Z3 088 6EW6 488 7137 0.88 20)4 2.34 90C1 0.88 DK% 0.70 ECH42 0.95 
5246 0.55 8E5 1.17 7V7 1.76 20F2 0.88 15082 1.00 01.92 0.47 ECH81 0.40 
5Z4GT 0.55 6F1 080 7Y4 0.88 2001 1.29 2155G 0.59 DL94 0.82 ECH83 0.52 
6/30L2 0.80 6F6G 0.60 7Z4 094 20P1 0.64 301 1.17 40.06 0.84 ECH84 0.50 
6A8G 1.48 6F12 0.50 9BW6 0.88 20P3 0.94 302 1.17 DM70 0.80 ECL80 0.50 
6AC7 0.60 6F13 0.90 9D7 0.78 20P4 1.17 303 1.17 DM71 1.78 ECL82 0.45 
6AG5 0.35 6E14 0.88 10C2 0.76 20P5 ISO 305 1.17 DW4/350 ECL83 082 
6AH6 0.80 6F15 0.78 IODI 082 25A6G 0.70 807 1.17 1.17 EC184 0.70 
6AI5 0.76 6F18 0.84 IODE7 0.88 251.60 0.70 956 0.00 DY87/6 0.41 EC185 0.70 
6AJ8 0.40 6F23 0.62 IOFI 0.88 25Y5 0.80 1821 1.17 DY802 0.47 ECL86 0.47 
OAKS 0.47 6F2A 1.00 10F3 1.17 25Y5G 0.80 4033X 7.61 MCC 2.57 EF22 125 
6AK6 0.70 6F25 1.17 1UF9 0.76 25240 050 5702 1.20 E80F 2.20 EF40 0.88 
6A K8 0.45 6F26 0.40 10E18 064 25Z5 0.75 5763 1.76 E83F 1.80 EF4I 0.82 
6AL5 0.23 6E28 0.78 10.14 0.53 25ZOG 0.80 6057 1.00 ECC 120 EF42 OJN 
SAMOA 0.70 6F32 0.70 1011411 0.82 2ßD7 2.00 6080 1.00 E92CC 0.70 EF73 1.78 
6AN8 082 6G8G 0.80 10PL12 0.45 3OÁ5 0.76 6067 1.00 E18OCC 082 EF80 0.30 
6ÁQ5 0.53 fiGHBA 088 10P13 0.08 30C1 0.47 7193 0.82 EI80F 1.17 EPOS 1.45 
6AQ8 0.47 6G K5 0.76 10P14 2.34 30C15 0.82 7475 1.17 E182CC 300 EF85 0.40 
6AR5 080 60 U7 0.88 I0P18 049 30C17 0.90 %02 0.59 E1148 0.82 EF86 0.50 
6A R8 1.17 6H6GT 0.29 12A0 0.75 30018 1.10 9006 0.50 EA50 0.40 EF89 0.35 
6A57 1.17 6J5GT 053 12AC6 090 35E5 0.75 AIffi4 1.17 EA76 1.40 EF91 0.50 
6AT6 0.53 636 0.35 12AD6 0.90 30FLI 1.10 A2134 3.00 EABC80 EF92 0.60 
6AU6 440 617G 035 12AE8 0.90 30FL2 1.10 A3042 6.00 0.45 EF93 0.41 
61V6 453 617(M) 0.65 12AT6 0.47 30FL12 1.05, AC2PFN EAC9I 065 EF94 0.40 
6AW8A 090 6JU8A 0.88 2AT7 0.40 30FL 1.1 0.64 1.17 FAF42 0.88 F:F97 0.94\ 

EP1B 495 
EF183 0.40 
FF184 0.40 
EF804 1.75 
EH90 0.53 
EK90 441 
EL32 0.60 
EL33 3.00 
EL34 1.00 
EL35 300 
£1.37 3.00 
EIA1 0.80 
E1.81 0.70 
EIB3 070 
ELM 0.36 
91.86 0.60 
0190 0.53 
EL360 1.80 
04.506 1.20 
ELI80 2.50 
EMSO 0.53 
EM81 0.78 
EM83 0.84 
EMM 047 
08485 120 
EM87 1.10 
EMM80S 

250 
0.50 
0-50 
0.70 
0.92 
0.40 
0.60 
050 
0.53 
055 
055 
0.35 
0.35 
0.47 
1.00 

FW4/500 
1.17 

FW4/800 
1.17 

GY501 0.82 
GZ30 0.55 
GZ32 0.59 
GZ33 1.46 
07.34 0.80 
GZ37 1.20 
H ABCHO 

0.80 
HL13C 010 
HL23 0.70. 
HL23DD 

0.80 
HIAI 1.80 
HLAIDD 

1.S0 
HL42DD 

1.00 
HN309 1.78 
HVR2 137 
HVR2A 1.17 
KT2 0.118 

KT8 2.93 
KT4I 1.17 
KT44 1.17 
KT63 0.80 
KT66 293 
KT81 2.10 

EY51 
EY81 
EY83 
EY84 
EY87 /6 
EY88 
EY91 
EZ35 
EZ40 
EZ41 
EZ80 
EZ81 
F290 
FC4 

KTW61 1.78 

KTW62 1.78 P1.83 0.47 UE89 0.47 X65 1.46 ADI61 0.59 BY127 0.23 0A200 012 

'4020 

KTW63 1.17 P184 050 Gill 0.75 X66 1.46 ÁD162 0.59 BYY23 129 OA202 0.13 
048102 1.00 PL302 0.88 UI84 049 X76M 085, AF102 1.16 BYZIO 033 0A210 0.62 
MHL4 1.00 P1504/500 UM80 0.80 XSG15 1.17 AFIÖ6 eel" BYZII 033 0A21 0.88 
MHLD6 1.00 0.02 URIC 1.00 2329 0.75 AF114 023 BYZI2 033 OC19 1.62 
MKT4 1.17 PL505 1,85 UU5 1.17 2749 0.82 AF115 0.20 BYZ13 0.33 0C22 0.49 
MU12/14 P15o8 1.10 UU9 0.55 Z759 5.85 AF117 0.25 BYZ15 228 0C23 0.49 

1.17 P1.500 185 UU12 035 AF121 0.39 CG 12E 0.26 OC24 0.49 
N308 1.05 P1801 0.80 UY41 0.50 AFI24 033 CG64H 028 0C25 0.49 
N339 1.29 PM84 0.78 UY42 0.80 Transistors AF125 0.22 FSYIIA 029 0C28 0.77 
N379 0.50 PY31 0.52 UY85 0.50 and Diodes AF126 0.23 FSY41A 0.29 0C29 0.81 
P61 0.60 PY33/2 0.50 U10 1.17 I N1124A 0.88 AF139 0.84 GD4 042 OC36 0.55 
PABC80 PY80 0.47 U12/14 1.17 I N4749A 0.18 AF178 0.88 GD5 036 OC38 0.55 

0.45 PY81 0.40 U16 1.17 I N4952 084 AF180 0.62 GD6 0.36 0C41 0.64 
PC86 0.70 PY82 0.40 U 17 080 2N404 0.23 AF186 0.71 GD8 0.26 OC42 081 
PC88 070 PY83 0.45 U18/20 1.17 2N966 0.68 AF239 0.49 GD9 0.26 0C43 1.52 
PC95 0.70 PY88 0.47 U 19 5.00 2N1756 464 ASY27 0.55 ODIO 026 OC44 0.13: 
PC97 0.55 PY301 0.59 U22 0.85 2N2147 1.10 ASY28 0.42 GD12 0.26 0C45 0.14 
PC900 0.47 PY500 1.11 U25 0.70 '2N2297 0.29 ASY29 0.64 0014 0.64 0C46 020 
PCC84 0.35 PY500A 1.11 U25 065 2N2369A 0.18 BA102 059 GDI5 0.52 0065 1.45 
PCC85 0.50 PY800 0.47 U31 0.50 2N2613 0.50 BAI 15 0.18 GD16 0.26 0070 0.16 
PCC88 0.65 PY801 047 U33 1.75 2N3053 0.42 BA116 0.23 0E1'113 0.26 0071 0.14 
PCC89 0.00 P230 0.50 U35 1.75 2N3121 3.22 BA129 0.16 GETI18 028 0072 0.14 
PCC189 0.80 QP2I 1.10 U37 2.05 2N3703 025 BA130 0.13 GET119 023 0074 0.29 
PCC805 0.82 
PCC806 0.76 

QQV03/ 10 

2.10 
U45 1.17 
U47 0.70 

2N3709 026 
2N3866 1.29 

BA153 0.20 
BCYIO 0.59 

GET573 0.49 
GET587 0.55 

0075 0.14 
0076 0.20 

PCF80 0.47 Q575/20 1.00 U49 0.85 2N3988 0.64 BCY12 0.64 GET872 1.23, 0077 0.35 
PCF82 0.50 0595/10 1.00 U50 055 25323 0.64 BCY33 0.26 GEr873 0.20 0078 020. 
PCFB4 0.70 QSI50/15 U76 0.82 AA1I9 0.20 BCY34 0.29 GEr082 084 0078D 0.20 
PCF86 0.60 1.90 U78 0.47 AA120 0.20 BCY38 029 GET887 0.29 OC79 052 
PCF87 0.90 QV03/12 1.76 U81 0.80 AA129 0.20 BCY39 033 QEre89 029 0081 0.14 
PCF200 1.00 1.17 'U153 040 AA213 0.23 BC107 0.16 GET890 0.29 OC81 D 0.14 
PCF201 1.05 

,QV04/7 
Rl] 0.80 U 191 0.59 AC107 020 BC108 0.16 GET898 0.29 0082 

PCF800 0.82 R16 2.05 U192 0.40 AC113 0.33 BC109 0.16 GEr897 0.29 0082D 0.14 
PCFS01 0.65 R17 1.00 U193 0.47 AC114 0.52 BC113 033 GEr8% 029 OC83 0.26 
PCFS02 0.62 R18 0.92 U251 0.94 AC126 0.16 BC 115 0.20 GEXl3 023 0014 031 
PCF805 1.10 R19 0.75 U281 0.75 AC 127 0.22 BCI16 0.33 GEX35 029 OC 123 0.29 
PCF806 0.60 R20 0.65 U282 0.70 AC 128 0.28 BCI18 0.29 GEX36 0.64 OC 139 0.29 
PCF808 0.02 R52 0.55 U291 050 AC132 0.26' BCZ11 0.49 GEX45 0.42 OC I40 1.23 
PCH200 1.00 RK34 1.00 U301 0.85 AC154 033 8E154 033 GEX55 0.97 OC 169 029 
PCL82 0.45 SP13C 0.74 U329 0.94 AC156 026 8E158 0.23 GT3 0.33 OC 172 0.46 
PCL83 0.55 TH4B 1.00 U339 0.59 AC157 033 8E159 0.33 MI 0.20 0C200 0.59 
PCL84 0.50 TH233 1.00 U381 0.511 AC165 033 8E163 026 MATIOO 0.50 OC 201 0.59 
PC186 0.55 TP2820 1.00 U403 0.90 AC166 033 8E173 0.49 MATIOI 0.55 OC 202 0.55 
PC L.88 1.29 TP22 1.00 U404 0.75 AC167 0.77 13E180 039 MAT120 0.50 0C203 039 
PC1800 1.11 TP25 1.00 U801 0.80 AC168 0.49 8E181 0.52 0A5 0.38 OC204 0.39 
PCL805/ UABC80 0.47 U4020 075 ACI69 0.42 8E185 0.52 0A9 0.16 0C205 0.55 
PCL85 0.70 UAF42 0.75 VPI3C 0.70 AC 176 0.71 8E194 0.20 OAK, 055 0C206 1.17 
PEN4DD UBC41 0.70 . VP23 065 AC177 0.36 BFY50 0.29 0A47 0.13 OC812 0.52 

2.00 UBCBI 0.60 'VP41 0.88 ACY17 0.33 BFY51 0.25 0A70 0.20 ORP12 O.BB 
PEN45 1.00 UBF80 0.47 VR105 0.59 ACYI8 0.26 BFY52 0.28 oA73 0.20 56M1 033 
PEN45DD UBFB9 0.47 VTBIA 0.78 ACY19 025 BTX34/400 0A79 0.12 SMI 036 0.64 

1.% UBI21 2.34 VT501 0.59 ACY20 023 2.57 OA81 0.12 ST1276 0.64 
PEN46 0.80 UC92 0.60 VUI11 0.80 ACY21 0.25 BY100 0.23 OA85 0.12 SXI/6 0.23 
PEN453DD 

2.00 
UCC84 0.90 
UCC85 0.53 

VU120 1.17 
VU120A 1.17 

ACY22 0.20 
ACY28 0.23 

BY101 0.20 
BY105 0.23 

0A86 026 
OA90 0.18 

U14706 033 
XZ3D 0.33 

PENA4 1.17 UCF80 0.90 VU133 0.80 AD140 0.47 BY114 023 0A91 0.12 Y543 023 
PENDD/ UCH21 2.34 W76 0.53 AD149 0.64 'BY126 020 0A95 0.12 Y728 0.23 

1.00 UCH42 088 WHIM 1.17 
MATCHED TRANSISTOR SETS PFL200 0.82 UCH8I 0.47 W 107 0.75 

PI33 0.50 UC182 0.45 W729 1.17 tP15(AC113 AC154, AC157 AA120), 68p per pack. 
PL36 0.70 UC1.83 0.64 XE3 585 1/003113 and 2/OC81, 55p. 
PL38 1.76 11F41 0.82 XFY12 0.56 1 /0044 and 2/0045, 5Sp. 
P1.81 0.53 UF42 0.82 XH15 0.56 I /00821) and 2/OC82. 62p. Set of 3/0073. 84p. 
PIBIA 0.60 11480 0.41 X41 1.00 I watt Zenners, 2.4v., 2.7v., 3v., 3.6v., 43v.. 4.7v., 5.1v., 
R.82 0.43 UFOS 0.52 X61 1.46 13v., 15v., 16v.. 18v., 20v., 24v., 30v., 23p each. 

All goods are unused and ubject to the manufacturers' guarantee. Business hours Mon..Frì. 9 -5.30 
p.m. Closed 1 -2 p.m. 
Terms of business. Cash or cheque With order. Despatch charges: -Orders below EIO in value. add 25p 
for post and packing. Orders over EIO 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. 

The SECOND -USER Computer Specialists 
Peripherals and Systems for Data Processing 
Systems, Equipment and Components 

Mini --Computer 
Exchange 

Our Mini Computer Exchange has systems for immediate 
delivery at greatly reduced prices. A few examples of our 
stock include: 

PDP8L 8K Processor 
PC8I Reader Punch & Control 
PDP8E 8K Processor + ASR33 
PDP 8E 32K Processor + ASR33 
PDP8M 8K Processor + LA30 
PDP11 /15 4K Processor 
PDP11 /15 16K Processor 
DEC 6ft. Cabinets 
DEC Modules - send for list 
Ring now for prices. Other 
models becoming available all 
the time - let us know your 
requirements. 

TERMINALS ASR33 and 35 KSR33. IBM Model B and, Selecrnc. 
COSSOR and HA2ELTINE VDUs p o a 

PAPER TAPE PUNCHES & READERS 

TELETYPE BRPE 110 

cps Synchronous Punch 

5/7/8 channel. Sell-con- 
tained mains-operated 
unit consisting 01 punch 
unit. base. motor and tape 

supply spool. Price 
4145.00. Sound - red9e- 
ing cabinet available al 

425.00. 

INVAC P135 solenoid 
111131ed punch. 35 cps. 
5/6/7/8 channel. Com- 
pact unit Pr" x 6'/s" x 
5 ". Power requirements: 
Tape transport solenoids 
26V DC 2A. Punch scion. 
aids 26V 4.54. Punch 
return solenoids 26V 24. 
Minimum pulse width 16 

millisec. Price F69.50. 

DATA DYNAMICS 1114 Rack- Mounted 110 cps Punch, as new. 
,Mounted in sound -reducing rack calumet and complete with control and 
interface electronics and power supply unit with short circuit and 
overload protection. Asynchronous operation up to 110 cps Our special 
price 4680. 
DIGITAL PRINTING MECHANISM TYPE EPICI 
Capacity 21 columns, 16 print positions (O -9 + - E 0) Parallel dete 
envy. Column spacing 3 5mm, Line spacing 5 1 mm. Character 
dimensions 1 8mm wide n 2.9mm high. Power requirements 15V DC 
Current 150mA non- prinong up to 410mA maximum printing load 
Ve£49ry 

.00 (P 
com&P pact unit measuring 0'85"x4" OUR BARGAIN PRICE 

E 1). 

COMPUTER SALES & SERVIC ES 

Keyboards 
NEW REED- SWITCH KEYBOARDS BY CLARE -PENDAR WITH 

READ ONLY 
MEMORY 

ASCII - 
CODED OUTPUT 

Ideal for communications equipment. OSSI. prototype designs. elc. 
68-key positions plus II instruction keys. Positive logic. Input voltage 
-12V 0C +5V. 

OUR INCREDIBLE PRICE £29.50 
(DUE TO SPECIAL PURCHASE) + £1.00 P &P 
ELECTRO- MECHANICAL NUMERIC AND ALPHA 
NUMERIC KEYBOARDS originally de- 
signed for BO- column card punch and 
verifier machines Numeric with 12 
character keys and 8 instruction keys 
Alpha- numeric with 47 character keys and 8 
nstrucuon keys. Price Numeric 44.80 + 
E1 00 P&P Alpha- numeric E 1 5 + E3 00 
P&P 
4 RANK HONEYWELL ALPHANUMERIC KEYBOARD - BRAND NEW 
Mounted on printed circuit board (non- coded) 53 character keys + 10 
instruction keys and 2 space bars. Layout can be re-arranged as required 
Ideal for prototypes and special applications Hall -effect switches Power 
requirement + 5V 420 rnA. Price 420 00 (P&P t 1) 

REED -SWITCH 4 -BANK ALPHANUMERIC KEYBOARD mounted 
on printed circuit board with ASCII coded output. 43 character keys + 2 
shift keys and 1 2 instructional keys Ideal for data displays computer 
programming, etc (a) Ex- equipment, housed in metal case. 430.00 + 
E3 00 P &P. (b) Brand new mounted on PC board only 430.00 + 
Et 00 P &P 

JUST ARRIVED - SPECIAL 
PURCHASE OF DISK STORAGE 
DRIVES BY CDC. WILL ACCEPT 
6 -SPEED DISK -PACKS. AVAILABLE 
EITHER 2 OR 4 MEG CAPACITY. 
NEVER OFFERED BEFORE. PRICES 

(EQUIPMENT) LIMITED FROM175000 

49/53 Pancras Road, London N W 1 
Add 8 °° VAT to all prices shown. 2QB. Tel. 01 -278 5571 Carriage extra - details on request. 

Callers welcome - 
day to Friday 9 a m S 

pm 

WW - 098 FOR FURTHER DETAILS 
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GOVERNMENT 
COMMUNICATIONS EQUIPMENT 

/i 

500 watt M.F. transmit- 
ter /receivers suitable for 
setting up a radio -telex 
network or for C.W. or 
speech communication. 

Overseas installation staff 
can,be provided if required. 

The equipments are avail- 
able for immediate deli- 
very in reasonable (but 
limited) quantity and are 
packed in transit cases with 
adequate spares provision. 
Frequency range 1.5 to 
26MHz. Full information on 
request. 

500 Watt 
Transmitter 

Rack 

HEAVY DUTY FLEXIBLE POWER CABLES 
Type A 2 core, each 750 amp 440V A C 

Type B 4 core :each 200 amp 440V A C 

Both in 100 foot lengths on drums. 

D.13 EQUIPMENT AND MASTS 
Switch box - Nato number 
Z1/5930-99-900-6762. 
Teleprinter send/rec. Switch - Identity 
HI-130:0191-01. 
Test set radio - ZA 56236. MWB / W H /1153. 
Aerial insulator lead in No. 32 - Z1ZA 51 786. 
Control remote - Z1/5820- 99- 900.6731 
MWB /WO/ 689. 
Interconnecting box - ZA/54915 MWB. 
Change over system - ZA 54983 MWB /XA /907. 
Adaptor aerial to receiver - ZA 54912 - 
MWB /XE /866. 
Operators control unit(M). 
Control indicator radio Xmitter D.13 - ZA 56971 
MWB /WC/124. 
Dummy lóad - ZA 56235 MWB /E /AS 201 XA. 
Switch box - ZA 54985 MWB /WM/878. 
Teleprinter send /rec. switch type No. 54A3A. 
Mast - Clark type, SCAM 40' mast - Nato stock No. 
6985-99-104-415. 
All items are in unused condition. 

ONE ONLY 10kW MF 
Also transmitter (CW). 4MHz to 

30MHz. 

The following companies are co- operating in making this offer: 

G.W.M. RADIO LTD. 
40/42 Portland Road, Worthing, Sussex 

Tel. 34897 

SERVO AND ELECTRONIC SALES LTD. 
24 High Street, Lydd, Kent TN29 9AJ 

Tel Lydd (0679) 20252. Telex 965265 

WW 056 - FOR FURTHER DETAILS 

WirelessWorld 
FULL COLOUR WALLCHART 
OF FREQUENCY 
ALLOCATIONS 
80p 

The wallchart shows the allocation of 
frequencies within the radio spectrum 
ranging from 3 kHz to 300 GHz and is scaled 
on eight logarithmic bands contriving 15 
main categories of transmissions which are 
identified by colours. All the important spot 
frequencies and 'special interest' frequencies 
are marked. The information is taken from 
the ITU and has been condensed into easily 
read chart form. Measures 2' 11 " x 1 ' 11 ". 

r -- 

I 
L 

ORDER FORM 

To : IPC Electrical - Electronic Press Ltd., 
General Sales Dept., Room 11, 
32 Stamford Street, London SE1 9LU 

Please send me copies of the 
Wireless World Wallchart of Frequency 
Allocations at 80p each inclusive. 

I enclose remittance value £ 

(cheque /p.o. payable to IPC Business 
Press Ltd.) 

Name 
(please print) 
Address 

Registered in England No. 677128 
Regd. office: Dorset House, Stamford Street, 
London SEI 9LU 

r 
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PATTRICK Et KINNIE 
191 LONDON ROAD ROMFORD ESSEX 

ROMFORD 44473 RM7 9DD 

E.H.T. POWERUNIT .110 /240v. 50Hz giving 5Kv at 50 m/a 
METERED OUTPUT. £18.50. P.P. £1.50. 

COPPER LAMINATE P.C. BOARD 
8V x 6 x 'Vi,, Inch, 312r 75p. P.P. 25p 
10 a 4 x yiii inch, 5-for 75p. P.P. 25p._ 
101/2 x51/2 x'd,; inch, 3 for 75p. P.P. 25p. 
10 x131/2 xyn; inch. 3 for Cl. P.P. 25p 
17 x 9'/2 x TAR inch, 2 for E1.20. P P ?5p. 

i 
PRECISION A.C. MILLIVOLTMETER (SOLARTRON) 
1.5mv. to 15v., 60dB to 20dB. 9 ranges. Excellent condition 
£24. P.P £2. 

TELEPHONE DIALS (new) £1. P P 15p 

EXTENSION TELEPHONES (Type 
706). Various colours. E3.96. P.P. 75p. 
RATCHET RELAYS (310 ohm). Various }I 

types E1.20. P.P. 20p. ,,' 0 
UNISELECTORS (New) 25 way, 12 1) 

Bank (Non bridging), 68 ohms. £8.50. D 

P.P. 50p. 
1,000 TYPE KEY SWITCHES. 

Single 2 x 4 c/o Locking. 50p. P.P. 10p Bank of 4 -2 x 4 

c/o each switch (one biased). E1.20. P.P. 15p. 

OVERLOAD CUT -OUTS. Panel mounting (13/4 x 11/2 x 1/2 in.), 

800 M /A/ 1 8 amp. -10 amp. 45p. P.P. 5p. 

ALL PRICES INCLUDE V.A.T. EXCEPT WHERE 
SURCHARGE IS INDICATED 

QUADROPHONIC DECODER MODULE. C.B.S. /S. Q. Type, 
using A.C. MC 1312P. With slight modification direct substitute 
for P.E. "RONDO" Board. Complete with Data. £4 each. 

15% VAT Surcharge 

S.T.C. CRYSTAL FILTERS (10.7 Mhz). 15% V.A.T. 
445 -LQU -901A (50 Khz spacing), £3. P.P. 20p. Surcharge 
445 -LQU -901 B (25 Khz spacing). £4. P.P. 20p. 
V.M.F. /U.H.F. POWER TRANSISTORS (Type BLY38). 3 watt 
output at 100 -500 Mhz. £2.25. P.P. 10p. 

15% V.A.T. 

HIGH CAPACITY ELECTROLYTICS 
1,0000/100v (4 x 12Aein.) 60p. P.P. 20p. 1,4001/200v 
(41/4 x 2in.) £1. P.P. 20p. 2.200mf/ 100v (4 x 1 3/4in.) 90p. 
P.P. 20p. 2,5000/100v (4 x 2m.) 90p. P.P. 20p. 4,000 
+ 3,0000/70v (41/2 x 2in.) 75p. P.P. 20p. 
10,000 oaf/ 25v (41/2 x 11/2in.) 75p. P.P. 20p. 
25,000uf/40v (43/4 x 21/2in.) E4. P.P. 20p. 

H.D. ALARM BELLS. bin. Dome, 6 /8v. D C £2.75. P P 

97p 

MULTICORE CABLE. 6 -core )6 colours) 14/0076 
Screened P.V.C. 22p per yard; 100 yards at £16.50. P.P. 
2p a yard. 7 -core (7 colours) 7/22mm. Screened P.V.C. 
22p per yard; 100 yards £16.50. P.P. 2p per yard. 30 -core 
(15 colours) 25p per yard; 100 yards £20. P.P. 2p per 
yard. 

RIBBON CABLE (8 colours). 10m. £1.65. P.P. 20p. 
100m. 8-core 7 /.mm Bonded side by side £11.50. P.P. 
El. 
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WE REGRET THAT ALL ORDERS VALUE UNDER £5 
MUST BE ACCOMPANIED BY THE REMITTANCE. 

HIGH -SPEED MAGNETIC 
COUNTERS. 4 digit (non reset) 24v. 
or 48v. (state which), 4 x1 x lin. 66p. 
P.P. 15p, 

5 digit (non resei) 24v. £1.15. P.P. 
15p. 

3 digit 12v. (Rotary Reset) 2' /a e 124 x 1'/ in. E1.30. P.P. 
15p 6 digit (Reset) 240v. A.C. £3.50. P.P. 25p. 

RELAYS. SIEMANS /VARLEY. PLUG -IN. Complete with 
transparent dust cover and base. 2 pole c /o. 45p; 6 -make 
contact 50p; 4 -pole c/o contact 60p each P.P. 10p each. 
6-12-24-48v. types in stock. 

MINIATURE REED RELAYS (3/6v). 1 make (30 x 8mm) 
20p; 2 make (32 x 12mm) 30p. 
12v. 2 c/o 5 amp. H.D. RELAY, 85p. P.P 15p. 

240v. A.C. RELAY (PLUG -IN TYPE). 3 c/o 10 amp. contact 
with base. 85p. P.P. 25p. 

10 TURN POTENTIOMETERS (M.P.C.) 10 K ohm. 0.5% 
Lin. 38mm x 22mm. 14mm Standard Spindle. £2. P.P. 15p. 
(Dials 50p each.) 

rGARRARD PLINTH & COVER. For 'Zero -100' etc. 
Ibeautifully finished in brushed aluminium and black with 
hinged smoke /grey perspex lid.£6.75 P.P. £1. 

24v. A.C. RELAY (PLUG -IN). 3 pole c/o 75p. P.P. 15p. 
2 -pole change over. 55p. P.P. 15p. 
BULK COMPONENTS OFFER. Resistors/ Capacitors. 60o 
new components. E2.50. P.P. 35p. Trial order 100pcs. 80p. 
P.P. 20p. 15% V.A.T. 
REGULATED POWER SUPPLY. Input 110/240v., output 
9v. D.0 11/2 amp., 12v. D.C. 500 m /a. £4.75. P.P. 75 
MINIATURE "ELAPSED TIME INDICATORS. (0 -5000 
hours), 45 x Bmm. 75p. 

ADVANCE TRANSFORMERS "VOLSTAT". Input 242v. 
A.C. 
C.V.50. 38v. at 1 amp; 25v. at 100 m /a; 75v. at 200 m /a, 
£2.50. P.P. 65p. 
C.V.75. 25v. at 21/2 amp. £3. P.P. 75p. 
C.V.160. 50v. at 2 amp.; 50v. at 100 m /a. E3.75. P.P. 75p., 
C.V.250. 25v. at 8 amp; 75v. at 1/2 amp. E6.50. P.P. £1.50. 
C.V.500. 45v. at 3 amp; 35v. at 2 amp. £10. P.P. £1.75. 
H.T. TRANSFORMER. Prim. 110/240v. Sec. 400v. 100 
m /a. £2.50. P.P. 65p. 

L.T. TRANSFORMER 'TOROIDAL ". Prim. 240v. Sec. 30v. 
at '' /2 amp. Size 3 in. dia. thick. £1.65. P.P. 20p. 

L.T. TRANSFORMER. Prim. 240v. Sec. 27 -0 -27 at 800 m /a. 
7.5 amp. E2.25. P P. 50p. 

TRANSFORMERS 
L.T. TRANSFORMER. Porn. 110/240v. Sec. 0/24/40v. 11/2 

amp. (Shrouded) £1.95. P.P. 50p. 

L.T. TRANSFORMER. Prim. 200/250v. Sec. 20/40/60v, at 

2 amp. (Shrouded) £3. P.P. 50p. 
L.T. TRANSFORMER (H.D.). Pem. 200/250e, Sec. 18v. at- 

27 amp.; 40v. at 9.8 amp.; 40e. at 3.6 amp.; 52v. at 1 amp. 
25v. at 3.7 amp. £17.50. P.P. £2.50. 
L.T. TRANSFORMER. Pem. 240e. Sec. 16- 0 -16e. at 2 amp. 
E2. P.P. 50p. 

L.T. TRANSFORMER PRIM. 120-0-'70v. Sec. 12v, at I 

amp. 70p. P.P. 20p. 

L.T. TRANSFORMER PRIM. 240v. Sec. 18v. 1 amp. Et. 
P P 2Op 

POWER UNIT (TRANSFORMER /RECTIFIER). Prim.. 

240e., output 171/2v. (unsmoothed) at 1 amp. £1.85. P.P. 45p. 

L.T. TRANSFORMER ( "C" CORE). 200/240v. Secs. 
1- 3- 8 -9 -v. All at 1.5 amp. 50e. at 1 amp. £2.50. P.P. 50p. 
L.T. TRANSFORMER ( "C" CORE). 200/240v. Secs. 
,l- 3- 9 -27v. All at 4 amp. £4. P.P. 50p. 
L.T. TRANSFORMER ( "C" CORE). 200/240v. Secs. 
1 -3 -9 -27v. All at 10 amp. £7.50. P.P. £1.50. 
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. Secs' 
1- 3 -9 -9v. All at 10 amp. £6.50. P.P. 75p. . 

L.I. TRANSFORMER ("C" CORE). 11O/240v. Secs. 

1 -3 -9v. 10 amp. 35v. 1a.:50v. 750 M /A. £6.50. P.P. 75p. 

IFIruflJ 
MONEY BACK PP mar SATi$FI ED. 

ElaOlfrnnias lilt AALLBRA 
STOCKS. LOW PRICES, 

DLI. S 
W 

SPEC LLER9 WELCOME, 
;y ER K$. FREE SEND 

58160 G ROV E RDI BARCLAYCARD & ACCESS x POST. 

SEND C.W.O. ADD VAT TO ALL PRICES IN U.&.P&P 15p. EXPORTS 60p, 

Digital Displays 

g SLA7 RED LED 0.3" DIGIT 0 -9DP 89p ea 
GREEN&YELLOW £1.40 

JUMBO LED 0.6" 747 
DISPLAY [2.25 ea. 

3015F 0 -9DP £1 ea. 

ZENON FLASH TUBE 
£4. Data I5p. 

LEDS Qsd 113p 
LEDS 209 STYLE ONLY 13p ea 
TIL 209 WITH CLIP RED 15p ea 
TIL 211 & CLIP GREEN 29p ea 
LARGE 0.2" a CLIP RED 17p ea 
LARGE 0.2" CLIP GREEN 30p ea 
209 STYLE OR ,2 "ORANGE 29p ea 
INFRA RED LED £1.2N5777 330. 

PH0r o KC E3 VP 
TEC12 PHOTO AHP /SCMITT /RELAY 
DRIVER or LED TTL INTERFACE 81p 

K=z3 
FLUORESCENT LIGHTS 12V MADE IN UK 
8 WATT 13" £3. 13W 22" [3.50 

OICITALOLOOIi 
IC AY51224 4 DIGIT CLOCK [3.75 
MM5311/4 6 DIGIT CLOCK £7 

CASSETTE (1 )..? mechanic: 
NEW 8tk CARTRIDGE MECHANISM £8 

STEREO CASSETTE MECHANISM [13.75 
Suitable for 'PR ASCOT' recorder 
with heads etc.SEND 15p for DATA 

INTEGRATED 
CIRCUITS 

709 DIL14 29p 
555 TIMER 54p 
703 RF/IF 28p 
709 1099 23p 
709 DIL 14 28p 
710 DIL 14 34p 
723 Reg. 54p 
741 DIL 8 27p 
741.DIL 14 29p 
741 1099 29p 
747 2x741 70p 
748 DIL 8 33p 
7805 5V C1.40 
7812 & 15 £1.40 
76013 6W AF C1 

8038 SIG GEN C3 
CA3028 C1 

CA3046 55p 
CA3048 £2 
CA3052 £1.50 
CA3054 [1 

LM300 2-20V £2 
LM301 OPA 45p 
LM304 0-40V C3 
LM307 OPA 49p 
LM308 HSBo 95p 
LM309K 5V £1.48 
LM372 IF £1.80 

LM377 2x2WC2.87 
LM380 2W AF 89p 
LM381 2xPre £2 

LM3900 4xOPA69p 
MC1303 £1.20 
MC1306 49p 
MC1310&LEDf2.65 
MC1312 SQ £2.10 
MC1330 69p 
MC1339 2xPre C1 
MC1350 55p 
NE536 fetOPA £2 
5E540 Driver [1 

NE550 2vRef 79p 
NE555 Timer 55p 
NE556 2x" f1.20 
NE560 PLL 0.15 
NE561 PLL C3.15 
NE562 PLL £3.19 
NE565 PLL £2,69 
SN72709 709 28p 

SN72741 741 26p 
SN72748 748 33p 
SN76660 IF £1 
SN76611 IFC1,25 
TAD110 &IF [2 
TBA810 7WAF 99p 
ZN414 RX £1.09 

SPECIAL OFFERS 

253055 FULL HIGH SPEC 115W 37p 
741C SPIN DIL 27p.MFC4000B 33p 
NE555 TIMER S5p.ZN414 RX [1.09 
BC109 9p.2N3819e 16p.BFY51 15p 

74i1 111 
r)í)'2 7473/74/76 29p 

7400 GATES 13p 7475 45p 
7404 INVERT 17p 
7401 /2 /10etc14p 
7413 SCMITT 31p 
7440 BUFFER 14p 
7447 DRIVER 89p 
7470 a 7472 29p 

7490 52p 
7491/2/3/4 59p 
741n0 74175 C1 

74121 32p 
74123 59p 
74141(47441)73p 

TRANSISTORS 
a DIODES 

Price each 
AC127 & 128 16p 
ACI87 & 188 19p 
AD149 43p 
AD161 & 162 33p 
BC107 a 108 9p 
BC109 lOp 
BC147/8/9 lOp 
BC157/8/9 12p 
BC167/8/9: 12p 
BC177/8/9 18p 
BC182/3/4A4L10p 
BC212/3/4ABLllp 
BCY70/1/2 17p 
BD131 & 132 39p 
BFR51 
BFR50/51 
BFR50/51 
BFR88 250V 

MATCHING 16p 
INS.BUSR SET10p 
TIP 41 70p 

vero 
VERO PINSx36 28p. 

0towPPICip 
COPPER CLAD VEROBOARD 0.1" 

2)"x5" 
3) "x5" 

29p 2)x3)" 
31p 3)x 17" 

26p,3)x3) 
C1.50 

"31p. 

TIP 42 88p DIL IC's BOARDS 6x4)" f1.50 

TIP 2955 gOp 29 way edge connector 6Op. 

TIP 3055 S5p 36 way 90p, PLAIN 3) "x17" fl. 

TIS43 eee2N2645 
FACE CUTTER 45p.FEC ETCH PAK 50c 

154009 
&301 143pp st- ¡0 ap85. -- 

154004 & 7 7p PRINTED CIRCUIT BOARD KIT £1,69 
1N4148 1 914 4p DECOY NO MESS ETCH PAK NEW 69p 
25697 14p DECON DESOLDER BRAID REEL 59p 

HEATSINKS 2N70658 lip 
252646 UJT 32p 
2N2904 a 5 20p 5F /T05 & 18F/T018 5p ea.TV4 13p. 

23p 2N2926royg 9p TV3 /T03 16p.EXTRUDED 4" 4Y1 1/p. 
23p 2N3053 lip 

TGS308 GAS DETECTOR £1.80 ea. 
29p 2N3055 115W 37p 

BFY 50/1/2 15p 2N3563 & 64 16p 
253614 40p 

BSX19 /20/21 16p 2N3702 & 3 9p 
MJE2955 90p 2N3704 & 5 10p 
MJE3055 65p 2N3706 a 7 9p 
MPU131 PUT 49p 2N3708 & 9 8p 
0591 0A81 6p 2N3710 & 11 lop 
OA81 & OA91 6p 2.153819E FET 16p 
TIP 29 & 30 52p 2N3823E FET 17p 
TIP 31 Jig 32 69p 2N3904/5/6 15p 

FULL SELECTION IN OUR FREE LISTS, 

NEW TRAMPUS FULL SPEC PAKS 

PAK A 10 RED LEDS our choice C1 
PAK B 4 741 OP AMP " C1 
PAK C 4 2N3055 £1.0 12 BC109 il 

PAK E 10 BC182 [1.F 11 253704 C1 

PAK G 8 BFY51 C1.H 9 2N3819e[1 
PAK J 9 253053 CI.K 40 15914 £1 

BZY88 400mW 
SENER DIODES 9p 

BRIDGE RECT 
IA 50V 20p 

1A/50V SCR 36o 
TAG1 /400. 55p 
ring a 7 SCR DI 

4A /400V 53p 
SC1460 TRIAL 

BR100 DIAL 25p 10A 400V '-p 

LOGIC PROBE TTL TESTER PEN ì5 

CAPACITORS 

CERAMIC 22pí to 0.luf 50e 5p. 
ELECTROLYTIC:10 /50 /100 u1 in 
10v 5p.25v 6p.50v 8p.2uf /10v 5p. 
1000 of /25v 18p.200/500 25v 9p. 

POTENTIOMETERS (POTS) AB or EGIN 

LIN or LOG ROTARY 13p,SWITCH 14p 
DUAL 45p.S$LIDERS 29P.STEREO 57P 
KNOBS 7P. RESETS 6PRESISTORS LIP 

SWITCHES: SPST 18p. DPDT 25p. 

DIN PLUGS ALL 12p. SOCKETS lop, 
ALI CASES AB5 /AB7 50p.AB13 65p. 
TRANSFORMERS IA 8v6v or 12v12v 
Only f1.34.100mA type CT 75p. 

OIL sockets 
TEXAS GOLD 
LOW PROFILE ea 

8,14,5 16 PIN 13p 

SOLDERCON STRIPS: 
100 PINS 50p,IK [3. 

WW -071 FOR FURTHER DETAILS 



Wireless World, September 1975 

PRACTICAL PAPERBACKS 
FROM 

FOULSHAM -TAB 
INDEXED GUIDE TO 
MODERN ELECTRONIC 
CIRCUITS 
by Robert L. Goodman £1.90 

MODEL SAIL AND POWER 
BOATING ... by remote con- 
trol 
by George Siposs £1 .80 

RF AND DIGITAL TEST 
EQUIPMENT YOU CAN 
BUILD 
edited by Wayne Green £1.95 

AMATEUR FM CONVERSION 
& CONSTRUCTION 
PROJECTS 
by Ken Sessions, Jnr. £2.10 

CAR STEREO SERVICE 
& INSTALLATION 
by Paul Dorweiler and 
Harry Hansen £1.95 

COLOUR TV TROUBLES 
(FACTBOOK) 
by The Editors of Electronic 
Technician / Dealer £2.30 

ELECTRONIC TEST EQUIP- 
MENT - and how to use it 
by Joe Risse £1.85 

ELECTRONICS UNRAVELLED - 
A new commonsense approach 
by James Kyle £1.90 

SIMPLIFIED COMPUTER 
PROGRAMMING - The easy 
RPG way 
by Kelton Carson £1.95 

INSTALLING TV & FM 
ANTENNAS 
by Leo G. Sands £1.75 

JAPANESE CONSUMER 
ELECTRONICS SCHEMATIC/ 
SERVICING MANUAL 
by TAB Editorial Staff 

£2.50 

MODERN GUIDE TO CAR 
TUNE -UP AND EMISSION 
CONTROL 
SERVICING 
by Paul Dempsey £1 -95 

FOULSHAM-TAB LTD. 
YEOVIL ROAD, SLOUGH, BERKS. 

DIRECT ELECTRONICS LTD. 
TELECOMMUNICATIONS DIVISION 

Intercom telephone instruments and systems. 
Simple 2 way up to 15 way with single or 
multiple conversation circuits. 
Entrance phones and electric door locks. 
Telephone instruments for automatic line 
working - P.O- types 332, 706, 746, 722 
(Trimfone) etc. Also ultra- modern instruments 
including the "Gondola" International, 
Ericofone (Horn type), and touch- button -dial 
types. 
Enquiries welcomed from trade and individual 
users. Installation kits supplied complete with 
everything needed including instructions OR 

installation work undertaken. 
In addition to the above new equipment, we 
also carry large stocks of recovered and 
refurbished items. 
It it's telephony ask us - we can probably do 
it. 

FINAL CLEARANCE 
Due to these important developments in our 
telecommunications division, all items advertised in 

July WW and other stock except telephones and 
telephone apparatus are now offered at clearing prices 
as long as available. Many bargains to be had - 
come along and do a deal with us. 
TRADE ENQUIRIES INVITED. 

34 LISLE STREET 
LONDON WC2H 7BD 
Tel: 01-437 2524 
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TRANSFORMERS 
ALL EX- STOCK -SAME DAY DESPATCH 

MAINS ISOLATING 
PRI 120/240V SEC 120/240V 

CENTRE TAPPED AND SCREENEC 

Ref. VA P &P 
No. (Watts) E p 

38 
45 
45 
53 
73 
73 
91 
BRS 
BRS 
BRS 
BRS 

07' 20 2.60 
149 60 4.37 
150 100 4-89 
151 200 8.13 
152 250 9.33 
153 350 11.38 
154 500 13.35 
155 750 20.51 
156 1000 29.15 
157 1500 33.23 
158 2000 37.37 
'115 or 240 sec only 

Ref. 
No. 

30 VOLT RANGE 
SECONDARY TAPS 
0-12-15-20-25-30 
Amps E PPP 

30 
38 
38 
45 
53 
53 
60 
67 
73 

112 0.5 1.81 
79 1.0 2.40 

3 20 3.49 
20 3.0 4.53 
21 4.0 5.13 
51 5.0 6.41 

117 6 0 7.16 
88 8.0 9.87 
89 10.0 9.90 

60 VOLT RANGE 
SECONDARY TAPS 
0- 24- 30- 40 -48 -65 

Ref. 
No. 

Amps £ 
P&P 
p 

124 0 5 2.33 38 
126 1.0 3.41 38 
127 2.0 5.08 45 
125 3.0 7.52 60 
123 4.0 8.75 67 
40 50 9.75 73 

120 6.0 11.30 85 
131 8.0 15.00 BRS 
122 10.0 17.52 BAS 
189 120 19.98 BRE 

HIGH VOLTAGE 
MAINS ISOLATING 

PRI 200/220 OR 400/340 
SEC 100/120 OR 200/240 

P&P 
VA Ref. E p 

60 243 4.37 63 
350 247 10.41 75 

1000 250 27.06 BRS 
2000 252 41.07 BRS 

SPECIAL OFFER 
Cased Isolator Trans, 1 

KVA. PRI 240v, sec. 115v. 
Few only £33.50. BRS. 

PLUS 
BRIDGE 

RECTIFIERS 
50v 2A 3Pp 

100v 2A 35p 
200v 1A 40p 
400v 4A 60p 
600v 2A 45p 
500v 10A 
PM7A6 500v 10A E2 35 

P &P 15p 

METERS 
AVO8 Mk 5 E50 80 
AV072 E19 75 

.U4313 £13.85 
U4315' £11.80 

'(USSR). inc. steel cane 
P &P 95p 

MAINS 
KEYNECTORS 

£3.25. P &P 25p 

12 and /or 24 -VOLT 
PRIMARY 220 -240 VOLTS 

Ref. AMPS 
No. 12v 24v 

1 1 0.5 0.25 1.35 
2 3 1.0 0.5 1.74 

'1 2 1 2.29 
8 4 2 2.86 
0 6 3 4.12 

188 8 4 4.56 
2 10 5 5.14 

1 6 12 6 5.52 
7 16 8 7.28 

1 5 20 10 10 -39 
117 30 15 13.59 
2 :6' 60 30 16.83 

E 
P&P 

P 

23 
30 
38 
38 
45 
45 
53 
53 
60 
73 
83 
BRS 

50 VOLT RANGE 
SECONDARY TAPS 
0-19-25 33 -40- 50 

3ef- 
No- Amps- £ 

102 0.5 2.58 
103 1 0 3.38 
104 2.0 4.68 
105 3.0 5.81 
106 4.0 7.60 
10' 6.0 12.10 
118 8.0 12.98 
119 10.0 14.99 

P&P 
p 

30 
38 
45 
53 
67 
67 
85 
BRS 

ALTO TRANSFORMERS 
Ref. VA 
No (Wets) 

113 
64 

4 
66 
67 
84 
93 
95 
73 

20 
75 

150 
303 
50) 
1030 
1500 
2000 
3000 

AUTO TAPS P&P 
P 

0-115-210-240 1.67 30 
0-115-210-240 2.90 38 
0.115-210-220-240 4.12 45 

5.82 53 
8.82 67 

13.88 91 
18.11 BRS 
24.20 BRS 
35.09 BRS 

SCREENED MINIATURES 

Ref. 

238 
212 

13 
235 
2C7 
208 
236 
214 
221 
2C6 
2C3 
2C4 
5112 

P&P 
M 1, Vohs £ P 

200 3 -0 -3 1.54 10 
1A1r, 0 -6, 0 -6 1.84 30 
100 9 -0-9 1.41 13 
330 330 0 -9, 0 -9 1.58 19 
500 500 0 -8 -9, 0 -8 -9 1.92 30 
IA A 0-8 -9, 0-8 -9 3.30 38 
20C 200 0 -15. 0 -15 1.43 19 
30C 300 0.20, 0.20 1.93 30 
70C (DC) 20.12- 0 -12 -20 2.17 38 
1A A 0- 15-20, 0 -15 -20 3.46 38 
`OC 500 0- 15 -27, 0 -15 -27 3.00 38 
1A A 015 -27, 0 -15 -27 3.85 38 
50( 12, 15, 20, 24, 30 1.88 37 

CASED AUTO. TRANSFORMERS 
240v mtms lead input and OSA 2 -pin outlets 
20VA £3.21, P&P 3Bp. Ref. 113W 
15CVA EB.00, P &P 54p. Ref. 4W. 
500 VA E1C_45, P &P 80p. Ref. 67W. 
1000 VA f17.51 BRS. Ref. 84W. 

B.ATTEI Y CHARGER 6/12v, 4A. 
FUSED - WITH METER £4.20 P &P 53p 

BURGLAR ALARM 
(Mains /Batt.) 

For home or commercial use. any number of 
sensors may be used including aluminium 
tape fcr windows. 
Details ar 4 price on application. 

POWER UNITS 
Cí12 -05. Output switched. 
3-- 5- 6- 7.5 -9 -1 2v. at 500mA 

E4.08. P &P 30p 

CAPACITORS 
MINIATURE CERAMICS 

2: pf -0.047 mfd. 30p per doz. 
Páoer (metal cased) 

01, .025, .05, 1 mfd. 
85p per doz. P &P 15p 

PLEASE ADD VAT AFTER P &P 
ELEC -ROSIL AND SEMICONDUCTOR 

STOCCIST - SEND STAMP FOR LISTS 

Barrie Electronics Ltd. 
3,THE MINORIES, LONDON EC 3N 1BJ 

TELEPHONE: 01 -488 3316/8 
NEAREST TUBE STATIONS: ALDGATE & LIVERPOOL ST. 
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Choose the right hi -fi and you're constantly rewarded. Choose the 
wrong hi -fi and you could be handing customers and profits to your 
corn petitors. 

Audio Fair '75 helps you arrive at the right buying decision, by bringing 
together under one roof, the finest equipment for you to see, hear and 
compare. 

Audio Fair '75 lets you become acquainted with new products, new 
ideas and new refinements in your price range. 

Don't miss Audio '75 - it could save you a lot of money and anxiety. 

sored by THE OBSERVER 

THE 1975 NTER\ATIO\AL 
AU DIO FESTh/AL& FA R. 

OLYMPIA LO \DO\ 20th -26th OCTOBER. 
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NEW 1 AMERICAN STYLE CRADLE 

TELEPHONE AMPLIFIER 

ONLY 

£11.95 
+ VAT 96p 

Latest transistorised Telephone Amplifier 
is completely automatic with detachable 
plug -in speaker. Placing the receiver on 
to the cradle activates a switch for 
immediate two -way conversation with- 
out holding the hand -set. Many people 
can listen at a time. Increase efficiency 
in office. shop, workshop. Perfect for 
"conference" calls: leaves the user's 
hands free to make notes. consult files. 
No long waiting. On /Off switch, volume 
control. Model with tape- recording 
facility £12.95 + VAT £1 .04. P. & P. 65p. 
C.W.O. 10-day price refund guarantee. 

This NEW. versatile De Luxe 4- 
Station Transistorised Intercom 
(1 Master and 3 Subs) for desk or 
wall mounting can solve your com- 
munication problems instantly. Effec- 
tive range 300ft. Call /talk/listen from 
Master to Subs and Subs to Master. 
With selector switch. Ideally suitable 
for office, shop, home or surgery. 
Adaptable for Mains. Complete with 
three 66ft. connecting wires and 
accessories. On /Off switch volume 
control. P. & P. 65p. 

WEST LONDON DIRECT SUPPLIES (W/W) 
169 Kensington High Street, London W.8 

Wi/kinsons 
RE LAYS A 

P.O. 
600E 

3000 

Built to your own specifications and require- 
ments. The best known of all relays with a 

large variety of contact arrangements. 
Complete banks of contacts made to order and 
component parts supplied. We offer the 
highest quality at competitive prices with a 

gtick delivery service. Quotations by return 
home and overseas. We are specialists in 

export orders. 
MINIATURE UNISELECTOR P-.0. Type 2201a. 12 owlets. 2 bodging. 1 nombridglnp wipers. This 

comma ratchet -driven 3-level selector is of unique design and occupies no more space then a standard 

3000 type Relay, E11.50 ea. Available from stock a complete range of G.E.C. Miniature Sealed and 

Ericsson cylindrical type relays. Post Office type 88 end 89 series and Type 100 AM 2 x 53 ohms. 

IMHOF ROWER UNITS in a standard 19" rack mounting assembly with Glass Fibre Air Filter and 

directions! duct capacitor fan. Motor 1/ 50 h.p. 200/260 volts or 100/ 125 volts AC 50 cycles 2800 rpm, 

HIGH SPEED COUNTERS E1.75 each 3'/ m. X 1 In. 10 counts per second 
with 4 figures. The following DC voltages are available 6 v., 12 v.. 24 v.. 50 v . or 

100 v. Auxiliary conteas, normally open. 40p Ostra. 
RECTIFIER UNITS WESTALITE TYPE 11C1.3 MI. Input 200/ 250 volts AC. Output up to 6 volts 16 

amps DC. Heavily damped 0/20 ammeter Moving Coil 21/2 M. reads true charging current, which is 

regulated by a four position rotary witch and sliding resistance. A ballast is fined to smooth out mains 
variations AC and DC fuses feted. Size 171/4 in. a 13114 in. a 12m,. designed to stand on bench or fit to a 

well EIS each 
MINIATURE DIGITAL INDICATOR. Size of digits %in.. illuminated by 28 volt lamps. reading -p to 9 

with decimal points, quick disconnect at rear of unit for easy lamp replacement. This miniaturised digital 
display operates on a rear -projection principle, when one of the twelve lamps at the rear of the unit is 
lighted. Me lamp projects the corresponding digit on the condensing lens through a projection fens on to the 
viewing screen at the front of the unit. £4.50 each Illustrated details available. 

All prices shown are carnage paid UK only but subject to VAT et the standard one 
L. WILKINSON (CROYDON) LTD., LONGLEY HOUSE 

LONG LEY RD., CROYDON. CRO 3LH. Phone 01 -684 0236. Grams: WILCO CROYDON 
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8 DECADE RESISTANCE BOX 

* 1Q-100MQ * 0.1 %Accuracy 
* Colour coded digits, O yellow, KC white, MO red 

TIME ELECTRONICS LTD. 
Botany Industrial Estate Tonbridge, Kent 

Tel. Tonbridge (07322) 5993 (3 lines) 

WW -036 FOR FURTHER DETAILS 

HAVE YOU 
GOT YOURS? 

CATALOGUE NO. 4 
FULLY 
ILLUSTRATED 

66 PAGES 

3000 ITEMS 
600 PICTURES 

YOUR 

COMPLETE 

ELECTROAC 

STORES. 

MAIL 

ORDER 

ANO 

SHOP 

COMPLETE WITH 
DISCOUNT 
VOUCHERS 

WORTH 20p 

* DISCOUNTS 
* ALL NEW 

STOCK 
* SATISFACTION 

GUARANTEE 
* DEPENDABLE 

SERVICE 

B H COMPONENT FACTORS LTD. 

LEIGHTON ELECTRONICS CENTRE, 59 NORTH ST., 
LEIGHTON BUZZARD, BEDS. 'LL7 7EG. Tel. (05253) 2316. 

TRANSISTORS 
Type Puce IT ' 

AC107 0.35 
AC117 0.24 
AC126 0.25 
AC127 025 
AC128 0.25 
AC141 0.26 
AC141K 0.27 
AC142K 0.19 
AC153K 0.28 
AC154 0.20 
ACt 76 0.25 
AC178 0.27 
AC179 0.27 
AC187 0.25 
AC187K 0.25 
AC188 0.25 
AC188K 0.25 
AC 193K 0.30 
AC194K 0.32 
ACY28 0.26 
ACY39 0.S8 
AD140 0.50 
AD 142 0.52 
qD143 0.51 
AD149 0.48 
A0161 0.48. 
A0162 0.48 
AF114 0.25 
AEI 15 0.25 
AF116 0.25 
AF117 0.20 
'AF118 0.50 
AFI 21 0.32 
jAF124 0.26 
AF125 0.26 
AF126 0.25 
AF127 0.25 
AF139 0.35 
AF147 0.35 
AF149 0.45 
AF178 0.55 
AF779 0.50 
AFt80 0.55 
AF181 0.50 
AF186 040 
AF239 0.40 
AF279 0.84 
gL100 1.10 
AL102 1.10 
AL103 1.10 
AL113 0.95 
AU103 
AU110 190 

290 
gC107 0.12 
BC1075 0.40'SC303 

,BC708 0.12 
ÌBC106A 0.12BC308A 
BC1088 0.13 
BCtOBC 0.14 
BC109 0.13 

BC1103C 0.13 
8C114 0.20 
BC715 0.20 
8C116 0.20 
8Ct17 0.20 

TYpe Price I7 

BC119 0.29 
BC125 0.22 
BC126 0.20 
BC132 0.15 
BCt34 0.20 
BC735 0.19 
6c136 0.20 
BC137 0.20 
BC138 0.20 
6C142 0.30 
BC143 0.35 
BC147B 0.13 
8C148 0.12 
Oc149 0.14 
BC749B 0.15 
BC152 0.2% 
BC153 0.20 
BC154 . 0.20 
BC157 0.15 
5C158 0.13 
Bc159 0.15 
gC161 0.48 
BC167B 0.15 
BCt68B 0.13 
BC169C 0.13 
BC170 0.15 
BC771A 0.15 
BC172 0.14 
aC173 0.20 
BC176 0.22 
BC177 0.20 
BC178 0.22 
BC1788 0.22 
BC779 0.20 
BC179B 0.21 
BC182L 0.11 
6C183 0.11 
BC183K 0.12 
5C183L 0.11 
BC794L 0.13 
8Ct86 0.26 
BC187 0.27 
BC208 0.12 
SC212L 0.12 
8C213L 0.12 
BC214L 0.15 
BC238 0.12 
aC261A 0.28 
5C262A 0.18 
BC263B 0.25 
6C267 0.16 

8C294 0.37 
BC300C 0.60 
BC301 0.35 

0.608F224J 
BC307B 0.12 

O./q 
BC309 0.15 
BC323 0.88 
BC377 0.22 

BC461 1.58 
9CV42 0.16 
BCV71 0.22 
BCY87 4.65 
.t1CV88 2.42 

Type Pricel?- 

BD115 0.65 
BD123 0.98 
130124 0.80 
601307 1.42 
BD131 0.45 
BD132 0.50 
80135 0.40 
B0136 0.46 
50137 0.48 
90138 0.50 
BD139 0.56 
BD140 0.82 
50144 2.19 
60145 0.75 
80163 0.67 
80183 0.58 
80234 0.75 
B0519 0.78 
80520 0.76 
BDX18 1.45 
BDX32 2.55 
BD716A 0.38 
130718 1.78 
e0120 0.99 
6F115 0.20 
BF117 0.45 
5F120 0.55 
5F121 0.25 
8E123 0.28 
BF125 0.25 
BF127 0.30 
BF158 0.25 
5i159 0.27 
BF160 0.22 
6F161 0.46. 
5F162 0.45 
BF163 0.45 
8E167 0.25 
8F173 0.25 
8F177 0.30 
5F178 0.33 
5F179 0.33 
0F180 0.35 
10181 0.33 
BF182 0.44 
8E183 0.44 
5F184 0.25 
BF185 0.26 
BF194 0.15 

F195 0.1e 
8F196 0.15 
BF197 0.17 
8E198 0.20 

BF200 0.35 
BF218 0.35 
8F222 1.08 

0.15 
BF240 0.20 
5F241 0.22 
10244 0.18 
5E254 0.45 
5F255 0.45 

BF2567 0.49 
8E258 0.55 
8E259 0.93 
BF262 0.70 
6F263 0.70 

TYpe Price (9 

BF273 0.16 
BF336 0.35 
13F337 0.36 
8F458 0.50 
8F459 0.53 
BF596 0.70 
8F597 0.15 
BFR39 0.24 
BFR41 0.30IME6002 
BFR61 0.30 
BFR79 0.24 
8F743 0.55 
BFWtO 0.55 
BFW11 0.55 
BFW18A 1.70 
aFW30 1.38 
BFW59 0.19 
BFW60 0.20 
BFW90 0.28 
BFX16 2.55 
8FX29 0.30IMPSA05 
8FX30 0.35 
BFX84 0.251MPS65660.21 
BFX85 0.28'MPSU05 
BFX86 0.28 
BFX87 0.28 
8F588 024 
BFV18 0.5310C26 
BF140 0.40 
BFY41 0.43 
BFV50 0.25 
BFY51 0.23 
8F752 0.23 
BFY57 0.32 
BF764 0.42 
97Y72 0.31 
8F790 0.70 
gLy15A 0.79 
8P125 1.90 
BPX29 1.70 
5PX52 190'OC81D 
BRC4443 0.66 
gRY39 0.47JOC140 
BRVSfi 0.40 aim, 0.47 
13SW64 0.38 
BSX19 0.13 
BSX20 0.15 
5SX76 0.15 
BSX82 0.52 
50719 0.52 
9SV41 0.22 
BSY52 0.45 

55756 090 
BSY65 0.15 
BSy78 0.40 
BSY91 0.28 
87106 1.24,T1P31A 
BT116 1.20 
BU105/021.9eTIP33A 
But 08 3.261T1P344 
BU12fi 2.SS 

BU205 198 
5U207 3.00 
51.1208 3.15 
BU209 2.56 
BUY77 2.50 

Type H,ce,9 

;C106F 
C1 11E 
CRS1 /40 
CRS3/40 
04051 
E1222 

,65024 
ME6001 

0.49 
0.56 
0.7 , 

0.95 
0.45 
0.55 
0.20 
0.16 
D.17 
0.18 
0.68 
0.72 
0.65 
0.86 
0.95 
1.20 
1.65. 
0.74 
0.70 
0.40 
0.47 
0.50 

0.66 
0.76 
1.25 
1.28 
0.38 
0.85 
0.59 
0.54 
0.55 
0.25 
0.32 
0.32 
0.32 
0.32 
0.51 
0.25 
0.53 
0.57 
0.76 
0.80 
0.25 
0.30 
0.92 
2.19 
0.65 
0.55 
2.05 
2.96 

1,54 

0.44 
0.58 
0.49 
0.582N3702 
0.55 
0.57 
0.99 
1.73 
0.80 

0.30 
1.35 
0.12 
0./8,2N3772 
0.22 

Type Price l9Type 
ZTX310 0.10 
ZXT313 0.12 
ZTX500 0.17 
ZT0502 0.17 
ZTX504 0.42 
ZTX602 0.24 
25526. 0.86'253877 
2N696 0.23 
2N697 0.15 
25706 0.12 
2N706A 0.15 
25708 0.96 
2N744 0.30 
25914 0.19 
2N916 0.20 
25918 0.42 
25930 0.35 
251304 0.21 
251305 0.21 
2N1306 0.31 
251307 0.22 
251308 0.26 
251309 0.36 
2N1613 0.34 
251711 0.45 
2N1890 0.45 
251893 0.48 
252102 0.51 
252217 0.35 
252218 0.50 
292219 0.50 
21122214 0.41 
2522224 0.50 
2523694 0.42 
252401 0.80 
052484 0.41 
292570 0.18 
292646 0.53 
252712 0.12 
292904 0.22 
252904A 0.25 
2N2905 0.25 
2529054 0.28 
252926G 0.13 
2529267 0.12 
2529260 0.12 
2N3019 0.75 
253053 0.21 
2N3054 0.55 
253055 0.60 
263133 0.54 
253134 0.50 
2N3232 1.32 

253254 0.28 
2N3323 0.48 
253391A 0.23 

0.13 
2N3703 0.15 
253704 0.15 
253705 0.11 
253706 0.10 
253707 0.13 

2N3724 0.72 
2N3739 1.18 
2N3771 1.70 

1.90 
2N3773 290 

Pete l9 
2113790. 4.16 
2N3794 0.20 
253819 0.35 
2N3820 0.49 
2N3823 1.45 
253866 1.70 

0.25. 
2N3904 0.16 
2N3905 0.18 
2N3906 0.15 
2N4032 0.43 
2N4036 0.52. 
254046 0.35 
2N4058 0.17' 
254123 0.13, 
254124 0.15 
254126 0.20' 
2N4236 1.90, 
254248 0.12 
254284 0.19, 
2N4286 0.16 
254288 0.13 
254289 0.20 
2N4290 0.14 
2N4291 0.15 
2N4292 0.20 
254871 0.24 
254902 1.30 
2N5042 1.05' 
255060 0.32 
255061 0.35 
255064 0.45. 
2N5087 0.32 
2N5294 0.36' 
255296 0.57, 
295298 0.58 
295322 0.86 
2N5449 1.90 
255457 0.30. 
255458 0.35 
2N5494 0.85 

,2N5496 1.05 
2N6027 0.65 
256178 0.711 
256180 0.92 
2SC643A 1.35 
25C11727 

2.60 
3N140 1.21: 
40250 0.50 
40327 0.87 
40361 a0.48 
40362 0.510 

404.39 2.57 
AC28/ 

0.80 

AC176 0.52 
AC141K/ 
AC142K 0.55 
AC187/ 

' 

AC188 0.60 
AC187K/ . 

AC188K 0.87 

AC194K/ 0.71 
40161/ 
40162 0.95 
BC142/ 
eC143 0.70 

DIODES 
Type Pdce L9 
gÁ113 0.16 
A4119 0,09 
g4129 0.20 
AA143 0.10 
AAZ13 0.30 
ggZ17 0.12 
Bg100 0.15 
BA102 0.25. 
9A1100 0.30 
BA115 0.12 
BA141 0.17 
gA145 0.17 
54148 0.17 
BA154 0.13 
BA155 0.15 
9A156 0.15, 
t1A757 0.25 
BAX13 0.06 
ggX16 0.07 
BAY72 0.11 
BB1058 0.52 
BB1108 095 
gg1pO 0.55 
67100 0.15, 
BY103 5.22 
87126 0.16 
5y127 5.17 
gy133 0.23. 
6Y140 1.40 
BY164 0.55 
BV176 1,86 
gY179 0.70 
5y206 0-31 
gyXlO 0.15 
0A47 0.07 
Og81 0.12 
OA90 O.OS, 
0491 0.07 
OggS pp7 
pA200 0.10 
0A202 0.10 
OA270 0.29 
N914 0.07 
N916 0.10 
N4001 0A5 
54002 0.05 
54003 0.07 
54004 0.08 
54005 0.09 
54006 0.11 
54007 0.14 
54148 0.05 

0.10 
N5400 0.16 
N5401 0.17 
55402 0.20 
N5403 0.22 
55404 0.25 
N5404 0.27 
55406 0.30 
N5407 0.34 

ZENERS 
I400mW 
3-33V 0.12 
1W 
3.3-100V 0.16 

THYRISTORS, TRIACS 

WITH TRIGGER 

IF VFW: 50V 
3A -/- /- 
4A 26/-/- 
6A 29/-/- 
8A 32/-/- 
10A 36/-/- 
16A -/-/-: 
Notes: All prizes are 
second is trier:, tM 
rating and device type 9 
enquiries welcomed 

AND TRIACS 

100V 
t 

200V 
-/26/30 -134/36 30/-/- .. 38/-/- 
33/4d/46'I 41[/56/56 
38/50/52 41/64/61 
42/50/53 51/74/78 
-/52/90 I -/88/95 

in pence per unit. First 
d is triac with 'rigger. Encapsulation 

ype. Connection data supplied p 

400V 
-/50/52 60/-/- 
68/60/84 
75/92/97 
84/104/109 
-/132/140 
pjlce in each g 

depends 
with each 

600V 
-/66/7U 75/-/- 

80/100/105 
90/114/120 
100/128/13 

oup is thyristor, 
on current 

device. Quantity 

ME8001 
MJE340 
MJE341 
MJE370 
MJE520 
,MJE521 
IMJE2955 
MJE3000 
MJE3055 
MM721 

,MPF102 

,MPSA55 

MPSU06 
MPSU55 

tMP5U56 

0028 
0C35 
0C36 
0C42 
0C44 
()C45 
0070 

j0071 
0072 

,0073 
0075 
0081 

OC139 

0C170 
act 71 

OCP71 
05188 
011236A 
ORP12 
920085 
R20108 
TAG3/400 

T1C46 
TC47 
T1C29A 
TIP30A 

TIP32A 

T1P41A 

T1543A 
71873 
ZTX109 
ZTX300 
ZTX304 

- 
INTEGRATED 
Type P... (9 
CA3045 1.40 
CA3046 0.70 
CA3065 1.90 
MC1307P 119 
MC1310P284 
MC1327P0 

101 
MC1330P 0.76 
MC1351P 0.75 
MC7352P 092 
MC1358P0 

1.85 
MC1496L 0.87 
MC3051P 0.58 
MFC40008 

0.43 
MFC4060A 

0.70 
MFC60d0 0.91 
NE555 0.72 
NE556 1.34 
SL414A 191 
SL9018 3.84 
SL917B 6.12 
55760035 

2.92 
SN76013N 

1.95 
51176073140 

1.72 

1.72 
5N76023N,3 

11.95 
SN76033N 

. 
2.92 

.6576530P5 95 
SN76533 11.20 
TAA300 11.75 
TAA320 0.94. 

TAA435A 0.85 
TAA450 2.70. 
TAA550 0.55 
TAA570 2.02 
7AA8118 1.85 

CIRCUITS 

Type Prier ) 

TAA6300 
4.18 

TA56305 
4.18 

TAA700 4.18 
TAA840 202 
TAA8614 

0.49 
TAD100 2.66 
TBA120S 099 
784240A 

2.97 
TBA4800 

1.90 
TBA500 196 
TBA5500 

2.00 
TBA510 199 
1645200 3.34 
TBA530 2.71 
TBA5300 2.71 
TBA540 3.21 
TBA5400 3.21 
TBA5500 4-10 
764560C 4.09 
TBA560C0 

4.10 

T8A641 0.76 
TBA673 328 
TBA700 2.59 
TBA72002A5 
T8A7500 2.33 
TBA800 1.78 
784810A5 

1.75 
TBA9200 4.23 

TBA99000 l4:;b. 
TCA2700 4.18 
25414 1.25 
u6A995159 

2.25 

THIS MONTH'S 
SPECIAL OFFERS: 

741 DIL 8 
£35/100 

£105/500 
555 Timers 

£55/100 
£205/500 

PLEASE ADD 25% FOR VAT 

P&P; U.K. £0.12 PER ORDER. OVER- 
SEAS AIR MAIL: AT COST. 

All den., advertised ex-stock on magazine 
copy date. All prices subject to availaóili- 
ty. Our new catalogue is now available at 
30p (refundable). 

GIRO A/C 23 532 4000 

EAST 
CORNWALL 
COMPONENTS 
CALINGTON 

CORNWALL PL17 8PZ 

Tel5phwse: Swim Climslend (05797) 
439. Telex: 45457 A/B MERCURY 
CALGTON. 
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ELECTRONIC BROKER 
SIGNAL SOURCES 

FM AM SIGNAL GENERATTR TYPE 202H 
is super gen- 

erator in grade 
one condition, r F.M., A.M., 

- C.W. & pulse 
11r4 a coverage 54 to 

ç. 216MHz. 
Used to test- 

.fil - `.-.- ing and ca 
bration of 

F M receiving systems. V.H'F.. T.V., Mobile 
and general Communications. Freq. range 
54- 216MHz + 2 Bands. R.F. stability 
0.01 %. R.F. output 0.1 AV -0.2V. V.S. W.R. 
1.2. Signal to noise ratio 50dB below 10KHz. 
Dimensions 16 %" x 101/4" x 1844". 
PRICE NEW OVER £1,0001 
OUR PRICE £495 

ADVANCE 
Audio Signal Generator HIB 15Hz -50 KHz, 
200µV -20Vmt 2dB. Sine Wave & Square 
Wave £65 
Audio Signal Generator JIB 15Hz -50KHz 
0.2V-25V £65 
VHF Square Wave Generator SG21 
9KHz100MHz. Max 0/p 2V E35 
Signal Generator D1 £39 
A.F. Signal Generator J.2E 15Hz to 50KHz in 3 
ranges Cal. Accuracy ±2 % +1Hz; Output 25v to 25V variable. Overall distortion at 
full Power output above 100Hz is <2% . £55 
A.F. Signal Generator J.211 ...... ... E45 
A.F. Signal Generator J.2 £35 
AIRMEC 
Signal Generator 702 30Hz30KHz in 3 bands 

£60 
Signal Generator 701 £60 
H F Signal Generator 201 30KHz -30MHz in 7 

Bands. Int.Xtal calibrator o/ p level variable 
1µV -1.1V 75 ohms impedance Int. Mod. at 
1KHz. Ext. Mod 30Hz -10KHz . £75 -£115 

GENERAL RADIO 
Unit Oscillator 1218 -A . P.O.A. 
Unit Oscillator. General Radio Type 1209C. 
Freq 250 -920 MHz. Accuracy 1 % Drift 0.2 %. 
Output into 50 ohms = 150 MW with PSU 
1201 - CQ18 as illustrated £215 
HEWLETT PACKARD' 
U.H.F. Signal Generator 614A 900- 2100MHz 
1% Accuracy. Output 0.1uV -0.2V into 50 
ohms. Modulation: CWlnt. or EXT. FM & Pulse 
S.H.F. Signal Generator 618C 3.8-7 6G Hz ± 
1% 50 ohms £550 
Signal 6088 10- 400MHz 
0.1µV -O.8 £195 
Signal Generator 612A 450MHz- 1230MHz 
Internal & Ext. A.M. 50 ohms . . E495 
Audio Oscillator Type 201C. 20 Hz -20 KHz. 
0 -40 dB in 10 dB steps. Distortion less than 
0.5 %. Also 200 CD & 2008 £95 
Audio Generator 206A 20Hz- 20KHz. Calibra- 
tion accuracy ±2 %. Distortion < 0.1% at 
frequencies above 50Hz and < 0.25% from 
20Hz to 50Hz. 0/P Attenuators 1 1 1 dB in 0.1 
dB steps E145 
Audio Oscillator 201C 20Hz- 20KHz. Calibra- 
tion Accuracy «1 %. Output (600 ohms) 3W 
Max. Distortion 0.5% £95 
Audio Oscillator 202C 1Hz- 100KHz Cal. 
Accuracy ±2 %. Max. Distortion 0.5% (above 
5Hz) 0/P Impedance 600 ohms ... £95 

MARCONI INTS. 
Oscillator TF1247 20- 300MHz (Suitable for 
'use with Marconi TF 1245 & 1245A "Q" 
Meters) £135 
FM /AM Signal Generator TF 995A/3S. 1.5 
Mhi -220 MHz. 2u V- 200mV. Superb 
condition £385 
U.H.F. Signal Generator TF 1060/2. 
450 -1200 MHz. 0.150V- 447mV. Sine and 
pulse mod. facilities £420 
u. H.F. & S.H.F. Signal Generator TF _1058 
1600 -4000 MHz. 0.1µV -445mV . E295 
Phase /AM Signal Generator TF 2003. 
0.4-12 MHz. Bargain price - super condition 

£150 
R.C. Oscillator TF 1370 Freq. Range 
10Hz- 10MHz. Square Wave 10Hz- 100KHz. 
Direct outputs up to 31 6V £99 

WAYNE KERR 
Video Oscillator. 0.22D. 10 KHz -10 MHz 

£150 
A.F. Oscillator 5121. 10 Hz -120 KHz £45 

SWEEP GENERATORS 

HEWLETT PACKARD 
Sweep Oscillator 6920 2 -4GHz .... £495 
Sweep Oscillator 6938 4 -8GHz .... £495 
JERROLD 
Sweep Signal Generator 900B Centre Freqs. 
500KHz- 1200MHz Sweep widths narrow as 
10KHz to 400MHz wide 50 ohms 

PULSE GENERATORS 

ADVANCE 
Double Pulse Generator PG.56 
Pulse Amplitude 0.1 V10V. Sq. wave 0 -10V 
Rise Time lOnsec. (typically) .. £87.50 
Pulse Generator PG.55 P.0 A 

Modular Pulse Generator Advance Type 
PG.52. System of 5 Signal generating & 
Processing units. Repetition fregs up to 
20MHz & Output pulses to 20V (50 ohms) 
Rise & Fall times 5nsec. Its versatility enables 
the production of complex pulse & ramp 
waveforms not obtainable from conventional 
pulse generators £250 

MARCONI 
Double Pulse Geneibtor TF 1400/S. Min. 
type CT.434. c/w TM 6600 Sec. Pulse gen. 
Plug In. 1OHz- 100KHz 100nsec- 100µsec. 
Negative pulses up to 200V E.M.F., +VE 
pulses up to 60V E.M.F. & Simultaneous +VE 
& --VE pulses up to 20V E.M.F. . P.O.A. 

SOLARTRON 
Precision Pulse Generator 0.0.1377. 100V 
single or double pulses. 0.2 amp paraphase 
outputs. Simultaneous +VE & --VE outputs. 
Square wave to 5MHz 1Onsec, Rise time 
Pulse repetition freq. - 10Hz -1MHz. Pulse 
duration 0.1 µsec- 100msec ' £125 
Fulse Generator OPS. 100C P. 0 A. 

TELEPHONE 
TEST EQUIPMENT 

Siemens Level Meter 3D 335 10KHz -1 7MHz. 
Complete system by Siemens Comprising 
3W.518 Level Oscillator. 3D. 335 Level 
Meter, 3W. 933 Sweep Attachment, 30.346 
Screen Level Tracing Receiver P.O.A 
Siemens Level Meter 3D 332, 0.3- 1200KHz 
Level Oscillator 3W.29, 0.3- 1200KHz P.O.A 

S.T.C. 
Octave Filter 74143A. 37.5- 12,800Hz For 
analysing noise and interference on comms. 
systems. particularly useful with 74142 
psophometer . P.O.A. 
Selective level Measuring Set 74184B 
60.1364KHz P.0 A. 
Measuring Set 74831A P.0 A. 

A.T.& E. 
Telegraph Distortion Measuring Set. Various 
types 56V. 5BV3, 6BV, 6A ... P.O.A. 

MURPHY RADIO 
Receiver VHF field strength RX.506 & 
interference measuring set c/w Power Unit 

P.O.A. 

OSCILLOSCOPE 
TEST EQUIPMENT 

TEKTRONIX 
Pulse Generator Type Ill. 0.5µsec risetime' 
Amplitude ± 5V. 30 to 250 nsec. difference 
between trigger and output pulses ... C50 
Time Mark Generator 180A £86 
Pulse Generator 109 0.25 nsec. Risetime 
0 -55V Calibrated variable amplitude. Impe- 
dance 50 ohms E36 
Pre- Trigger Pulse Generator III ... °E60 

T.V. TEST EQUIPMENT 

Wandel & Golterman VZM.2. Distortion 
measuring set for phase & amplitude mod. For 
multighannel FM Radio Systems up to 12MHz 
Base bands £406 

MARCONI 
Sine Squared Pulse & Bar Generator 
TF 2905/8 £225 

GRESHAM LION 
Waveforn Generator 625 lines. Sine squared. 
Pulse & Bar P O.A. 
Waveform Generator 625 lines staircase 

P.O.A. 

WANDEL & GOLTERMAN 
Measuring Set VZM 1 

Generator & Receiver. VZM.83 
£495 
E275 

COMPONENTS 

Numeric Tube 
8.5853 0 -9 
Digit 1.4" 
height Brand 
New £1.00 

Also Alpha 
Numeric Nixie 
Tube 

B.7971. Displays alphabet & 0 -9 numerals 
99p 

X -Y & U/V RECORDERS 

ADVANCE 
X -Y Recorder HR. 92/1 

BELL & HOWELL 
U V. Recorder 5/ 127. without Galvo's £225 
BRYANS 
X -Y Recorder 20021 
ELECTRONIC ASSOCIATES 
Vari- Plotter 
SE3006 UV. 

£195 

£145 
POA 

INSULATION TESTERS 
EVERSHED & VIGNOLES 
Circuit Tester Ohmeter 0 -3 ohms 0 -39 -ohms 

Circuit Tester Ohmeter 0 -1000 
£18 

ohms, 
100 -200 kohms £18 
Megger Series +II 250V E12 
Megger Series III Mk. 3 250V £20 
Megger 250V £20 
Megger 500V £37 
Battery Megger 500V ... £37 
PYE 
insulation Tester 1013 500V E25 

MISCELLANEOUS 

Transfer Oscillator Type 7580HBy Beckman. 
DC -1 5GHz with counter. 7.5MHz -1 5GHz 
without counter. Sensitivity 100mV (R.M.S.) 

MARCONI 
£360 

Distortion Factor Meter TF. 142F. Fundamen- 
tal Freq. Range 100Hz -8KHz. Dist. measure- 
ment ranges 0 -5% & 0 -50% E60 
Portable Recener Tester TF.888/ 3, 
70KHz- 70MHz, Xtal check 500KHz & 5MHz. 
1 KHz A.F. Oscillator, A.F. _Power 10mW, 
l00mW & 1W £69 
Wave Analyser TF 455E E96 
Noise Generator TF 1301. 200 -1700 MHz 

£60 
Amplitude Modulator TF 1102. Basic Carrier 
Frequency Range 100KHz- 300Mhz/ 500MHz 
CW or FM output of any conventional signal 
generator can be amplitude modulated, 
including sine waves, square waves pulses, 
picture signals E25 
SOLARTRON 
Resolved Component Indicator VP 
253.3 P.O.A. 
Low Freq. Decade Oscillator OS 103.3 P.O.A. 
EKCO INSTS 
(Nucleonics) 
Ratsmeter N.6008 P.O.A. 
S.T.C. 
Level Measuring Set 74307A .. P.O.A. 
RADIOMETER 
1MHz Capacitance Comparator Type CMB 
11bS2 - P O A 
BELL 
Gaussmeter 120 P 0 A 
CROMPTON PARKINSON 
3 Phase Wattmeter 0 -4000 Watts 4 wire. 
Double Element P 0 A 
ADVANCE 
Recorder Calibrator HC.20 £20 
Printer PR.1 Intended for use with almost any 
kind of counter, 7 digit display, 2" wide paper 
print -out £55 
B. P.L. 
Megohmeter RM.160. For insulation resis- 
tance up to 400 million M ohms £35 
1" Meter T1 f 7S 

Component Comparator CZ457; 5 P.O.A. 
AIRMEC 
Modulation Meter 210 . E75 
Modulation Meter 210A E135 
EDDYSTONE 
Receiver 770R/1 £285 
HEWLETT PACKARD 
Microwave Link Analyser 3701 /02/03 

£2000 
Distortion Analyser 380C P 0 A 
Ratio Meter 416B P.O.A. 
Univerter 207H (for use with 202H and J 
Generators) ...... P.O.A. 

MUIRHEAD 
Facsimile Transmitter Receiver Type 900. 
Easily convertible to receive weather pictures 
from satellite systems £850 
SAVAGE 
Amplifier Mark II Star Model tKM2Z, 1 KW 
output. Freq. 50 -10 KHz. Good condition 

£1850 
W4YNF YFRR 

E150 Vid<. 'Jni Mi ,iei M 131 E75 

WW- 09511FOR FURTHER DETAILS 
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he test equipment people 
Come and visit Europe's first Electronic 
Instrumentation Centre 

49 -53 Pancras Road 
London NW1 2QB 
Tel: 01 -837 7781 

Next to KING'S CROSS ST. PANCRAS 

VISIT OUR STAND AT THE 15th 
ELECTRONIC INSTRUMENTS EXHIBITION 
The Bloomsbury Centre. London W.C.1 

on September 23/24/25 

OSCILLOSCOPES 
& PLUGS INS 

TEKTRONIX 
The most versatile oscilloscopes ever 
produced by Tektronix to accept Multi trace. 
Differential, Sampling, Spectrum Analysers, 
and special purpose Plug -ins, etc. A few 
examples offered below: 
IA1 - DC 50 Meg. 5mV /cm Dual Trace 

£125.00 
1A2 - DC 50 Meg. 50mV /cm Dual Trace 

£90.00 
CA - DC 24 Meg. £89.50 
IA4 - Four trace amplifier 
10mV /cm £390.00 
5458 DC to 33 Meg. calibrated sweep delay 

£325.00 
546 Dual time base /Delayed sweep. DC 50 
Meg. £275.00 
547 Dual time base / Delayed sweep /alternate 
display. DC 50 Meg. £325.00 

HEWLETT PACKARD 

Model 130C 200vV /cm Oscilloscope. This 
scope is a versatile all purpose instrument for 
laboratory, production line, industrial process 
measurements and medical applications. The 
outputs of rf detectors, strain gauges, 
transducers, and other low level devices may 
be viewed directly without preamplification. 
The Model 130C is easy to operate even by 
inexperienced personnel. Specification Time 
Base Range - t us /cm to5s /cm, 21 ranges 
in a 1.2,5 sequence; accuracy ± 3 %, vernier 
provides continuous adjustment between 
steps and extends the 5 s/ cm step to at least 
12.5 s /cm. Automatic triggering (baseline 
displayed in the absence of an input signal). 
Vertical and horizontal amplifiers. Bandwidth 
d.c. coupled, dc to 500 KHz; ac coupled 
(input), 2 Hz to 500 KHz; ac coupled 
(amplifier), 25 Hz to 500 KHz at 0.2 mV/ cm 
deflection factor E175 
Sampling Scpe 1858 DC -3 5 GHz E395 

MARCONI 
Scope TF 2200A/1. c/w TV Differential plug 
in TM 6457A. DC - 30 MHz. 50 
mV/ cm E190 

TELEQUIPMENT 
Dual Beam Scope D31R DC -6MHz ... £75 

D31 & D31 R. Dual Beam DC -6MHz 
100mV /cm E75 
S.32A. Single Beam . £50 
S.43. Single Beam. DC -15MHz @ 
100mV /cm. DC -1MHz @ 10mV /cm. E70 
D.53. Dual Beam E120 

HEATHKIT 
Model 10 -12u. Assembled 50mV /cm @ 1 

KHz '_3dB 3Hz to 4.5MHz. 3 Month 
Warranty. Suitable for use by electronic 
service engineer or by radio amateurs. Wide 
range of facilities e.g. push -pull horizontal & 
vertical amplifiers with a very wide range, 
switch selected internal or external sync.. & a 
wide range of time base speeds. The critical 
parts of the power supply are electronically 
stabilised £49 

MULTIMETERS 

£29.50 
Avo Ever -ready Carrying Case . E5.50 
Avo Leads. Clips & Probes (New) ... £3.95 
U4323 Multimeter /Generator 20,000opv 
Simple Unit with audio /IF Oscillator suitable 
for general receiver tuning E7.70 

- . 
.. . ---..- . ,.. 

SUPER- 
TESTER 
680R 
ICE 
20,000 
Ohm 
per 
Volt 
sensi- 
tivity 
Fully 

screened against external magnetic fields. 
Scale width and small case dimensions (1 28 x 

95 x 32mm). Accuracy and stability (1% in 
D.C.. 2% in A.C.) of indicated reading. 
Simplicity and ease of use and readability. Full 
ranges of accessories. 1000 times overload. 
PenteC Circuit board is removable without 
de- soldering. More ranges than any other 
meter. Ask for free catalogue £18.50 

Accessories (extra) available to convert 
Microtest 80 & Supertester 680R into 
following: SIGNAL INJECTOR, GAUSS 
METER, ELECTRONIC VOLTMETER, AMPER- 
CLAMP, TRANSISTOR TESTER. TEMPERA- 
TURE PROBE. PHASE SEQUENCE 
INDICATOR -Send for details 

MORE RANGES 
FOR LESS 
MONEY! 
AC / DC Multi - 
meter type 
U4324. A -DC 
0 06 -3A - 6 
Ranges.- A -AC 
0.3A - 5 
Ranges. V -DC 
0.6 -1200V - 9 
Ranges. V -AC 
3 -900V - 8 
Ranges. Freq.: In 
the range of 45 to 
20kHz. Resis- 
tance- 500 ohm 
to 5 Mohm - 5 

Ranges Decibel: 
--10 to +12dB. 
Accuracy- 2.5 % 

DC 1-4% AC.D - 

mensions 167 x 

98 x 63mm. 
Only £9.25 

All above Multimeters (except AVO) are brand 

VOLTMETERS 

H F. Mullivoltmeter Philips Type GM 6014. 
Ranges 1mV -300mV in 6 Ranges. Facility 
also for 100mV -30V Meter equipped with dB 
scale. Accuracy at 30KHz less than 3% F S.D. 
Amplitude characteristic flat within 1-.5% £55 
HEWLETT PACKARD 
D.0 Vacuum Tube Voltmeter -12A 
1 mV -1000V 1% Accuracy. Can also be used 
as Ohmeter & Ammeter £75 
VTVM. 400D 1mV to 300V FSD. 12 ranges 
10Hz to 4MHz. 2% accuracy. Input 
Impedance 10Mohms £85 
VTVM. 400L. Logarithmic version of 400D. 
Reads RMS value of sine wave. Log. voltage 
scale 0.3 to 1 & 0.8 to 3. Linear dB scale. 
Input Impedance 10Mohms... £90 
MARCONI 
Sensitive Valve Voltmeter TF.1100. 
100pV -300V AC Freq. coverage 
10Hz- 10MHz. Meter has dB scale facility £85 
ADVANCE 
77B AC Millivoltmeter. 50Hz- 4.E MHz 
0.001V to 300V FSD. Input Impedance 
1OMohms E42 

DIGITAL VOLTMETERS 

D.C. Digital Voltmeter. Solartron Type 
LM.1420.2 2.5uV -1 KV in 6 Ranges. 0.05% 
DC Accuracy. 250KHz Counter Facility £235 
DYNAMCO 
DM.20225 10pV -2kV. Max. reading 39999. 
Accuracy 0.02% £245 
D.V.M. DM2001 Mk. II £125 
D.V.M. DM2004 £95 
SOLARTRON 
Autoranging Digital Voltmeter LM 1480. 
Accuracy: 0.005 %. 10uV - 20/ DC. 
Resolution 1 part in 30,000. 20.000 M input 
resistance. 6 Operating modes. Long term 
accuracy stability. Suitable for the Standards 
Room. Laboratory or Industrial uses. 

RECORDERS 
RECORD 
ELECTRICAL 
Single Pen Recorder. 3" 
chart sensitivity 1 mil - 
lianip chart speed 1 and 
6" per hr. Size 8" x 11" 
x 6 ". Offered complete 
with pen assembly. List - 

new ed at over £120 - this 
month's special price due 
to bulk purchase. 
1 mA version .... E50 
500a A version £80 

Avo Meter £29.50 plus Postage & Packing 
£1.00. All other meters Postage & Packing 
50p. 

York VJ a: 

i 

All followin 
H Series. 
Brand New 
H3020 8mA FSD 5Hz 80mrn per channel. 
0.1- 25mm'sec chan drive inc., time and 
event market £80, 3 pen £130 
H327 8mA FSD 100Hz transistorised amp, as 
above .. £180, 3 pen £310, 5 pen £435 
H390 AC /DC recorder., 5mA -5 amps, 
5- volts -500V, 20- 5400mm /hr £78 

H30.Ten channel event recorder . . E82 
RECORD- 5000A single channel 1 "/6" per 
hr £59 
RECORD 1 mA version ........ £49 
RUSTRACK 88 1mA 

SPECIAL OFFER 
Also available Audio Signal Generator AG9U 
10Hz to 100KHz. 8 Output ranges, 3mV - 
10 volts. > 0.1% Distortion (20- 20Kcsl 

£29.50 
Harmonic Distortion Meter 1M 5BU 
20 -2,000 Hz - 5 ranges 1 - 100%, 4 

voltmeter ranges 1 - 30 volts .... £29.50 

SOLARTRON CD 1014 Dual beam ! 5MHz 
100mV /cm 

on 

sensitivity. 
more sensitive 

Timeb ebase 
luS /cmto 

1% 
i ,*,x, . 1S /cm. 

LIMITED 
STOCK PRICE 
£89.50. 

BRUEL 8, KJAER 
Bruel & Kjaer Portable Sound Leve 
Vibration Meter 2203 E275 

Shown 
o 

sae Jut a fewese pages 
maples of our stock If the it muge 

pl se. 
is not shoVYñu 

give 
us a 
ring 

ELECTRONIC BROKERS LIMITED =NI = member of the EB Group 

Carriage and pecking charge extra on Please note: All instruments offered are secondhand and 
all items unless otherwise stated. tested and guaranteed 12 months unless otherwise stated. ADD 8% VAT TO ALL PRICES 

WW-1 I3 FOR FURTHER DETAILS 
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0A2 0.45 

042 0.45 
0C3 0.45 
OD3 0.45 
1A3 0.55 
147 0.60 
1ÁD4 1.20 
-1 B3GT 0.55 
1F5 0.75 
1N5 0.70 
1R4 0.60 
185 0.55 
154 0.40 
1S5 0.40 
1T4 0.40 
1U4 0.70 
1U5 0.80 
1V2 0.70 
1X28 0.75 
2A7 0.70 

64T84 0.90 

6AU5GTA 1.50 
6AÚ6 0.40 
6AV5GT 1.00 
6416 0.60 
6AW8A 0.75 
6AX5GT 1.00 
6844 1.20 
688 0.60 
68C8 0.80 
6BE6 0.45 
613F5 1.00 
68F6 0.75 
68H6 0.76 
68J6 0.75 
68K4B 1.40 
6BK7B 0.75 
68N6 0.50 
6858 0.59. 
6807 0.65 
6887 1.20 
6688 1.00 
68S7 1.40 
68U84 0.86 
6BW7 1.00 
68X7GT 1.20 
68Z6 0.55 
6827 0.70 
6C4 0.40 
6C5GT 0.60 
6C854 1.75 
6CB6 460 
6CO6GA 1.60 
6CG7 0.70 
6C16 0.75 
6C1_84 0.90 
6CS7 0.85 
6CU5 1.00 
6CX8 1.00 
6CY5 0.75 
6CY7 1.00 
6DK6 0.80 
60Q68 1.00 
60T64 0.80 
6DT8 0.80 
6E48 0.76 
6E55 0.85 
6EW6 0.80 
6F1 0.55 
6F6GB 0.50 
6F1 t 0.65 
6F13 0.75 
6F15 0.70 
6Fí6 0.60 
6F23 0.90 
6F24 0.80 
6F25 1,00 
6F28 0.75 
6G1184 0.75 
601(5 0.70 
6GK6 0.65 
6J5GT 0.56 

6J6 0.35 

6.16813 1.30 
6K4P 0.60 
.6K5GT 0.75 
6K6GT 0.80 
6K8GT 0.55. 
6L6GT 0.60 
6118 0.60 
61_020 0.60 
6Q7 0.60 
6544 0.86 
6547 0.55 
6SG7 0.50 
65J7 0.60 
6SL7GT 0.55 
6007G1 0.55 
6507 0.80 
6087 0.60 
6557 0.40 
6U8Á 0.55 
6V6GT 0.60 
6X4 0.45 
6X5GT 0.55 
6X8 0.80 

7A7 0.80 
7AÚ7 0.80 
786 0.80 
7C5 1.30 
7F8 1.00 
747 0.80 
7S7 240 
7Y4 0.80 
10C2 0.70 
1002 0.70 
100E7 0.80 
10E1 475 
10F9 0.65 
10E18 0.70 
1011 0.75 
101011 0.75 
10P13 0.75 
1103 0.70 
1105 0.70 
12485 0.80 
124C6 0.80 
12406 0.80 
124E6 0.75 
124L5 0.65 
12405 0.55 
124T6 0.45 
12477 0.45 
124U6 0.50 
124U7 0.38 
12ÁV6 0.60 
124V7 0.90 
124X7 0.38 
12844 0.80 
12646 0.50 
128E6 0.60 
128117 0.60 
12816 0.70 
128Y74 0.70 

12CU6 0.90 

12FSGT 0.55 
12F8 0.70 
12H6 0.40 
12J5GT 0.40 
12J7GT 0.70 
12K7GT 0.60 
12K8 0.70 
12Q7G1 0.50 
12SC7 0.55 
125E7 0.65 
125G7 0.56 
12SH7 0.50 
12SJ7 0.55 
12SL7GT 0.75 
12507 0.65 
12587 0.60 
12X4 0.60 
12Y4 0.40 
14J7 0.90 
í4N7 0.80 
19405 0.75 
19BG6G 0.50 
20D1 0.70 
20F2 0.75 
2011 1.10 
20P1 0.50 
20P3 0.60 
20P4 1.10 
20P5 1.20 
25L6GT 470 
30A5 0.70 
30C1 5 1.50 
30F5 1,00 
30FL12 1.10 
301_15 0.95 
301_17 0.95 
30P12 1.00 
30P19 0.95 
30P11 0.95 
30PL13 1.10 
30PL14 1.10 
30P115 1.10 
35A3 0.70 
3585 0.70 
35C5 0.70 
3505 0.80 
3516GT 0.80 
35W4 0.60 
35X4 0.60 
35Z3 0.80 
35Z4GT 0.70 
35Z507 0.50 
5085 0.85 
SOCS 0.70 
50CD6G 1.20 
50EH5 0.85 
50L6GT 1.00 
75Cí 0.75 
8541 4.50 
90AG 2.80 
90C1 0.85 

FULLY 

9OCG 2.80 
92AV 3.00 
15082 1.00 
807 0.65 
8664 1.50 
684 1.00 
955 0.50 
2050 1.20 
5642 1.50 
5654 0.55 
5670 1.00 
5751 0.80 
5763 1.50 
5814A 0.80 
5842 2.60 
5886 4.00 
5963 0.75 
5965 0.76 
6021 1.75 
6072 1.00 
6080 2.50 
6136 0.65 
6146A 3.75 
61468 4.00 
6360 1.40 
6870 3.50 
6939 3.50 
7360 4.00 
7551 2.50 
7586 3.00 
7587 3.00 
7591A 1.20 
7895 3.00 
8056 1.50 
9002 0.55 
9003 0.70 
A2293 2.75 
AC /HL,DD 

0.75 
ACTH1 0.75 
AC5.PEN 0.70 
ARB 0.60 
AZ1 0.75 
AZ12 0.75 
AZ21 0.60 
CBL31 1.40 
CL4 1.00 

GUARANTEED 

VALVES 

CV1 0.50 
CY31 0.60 
DAC21 0.75 
DAF91 0.40 
DAF92 0.80 
13ÁF96 0.80 
DF21 1.00 
13F96 0.60 
DH3 /91 1740 
DK40 0.70 
DK91 0.55 
DK92 1.00 
DK96 0.75 
DL66 1.25 
DL91 0.40 
DL92 450 
D193 0.60 
DL94 480 
DL95 0.75 
DL96 0.65 
DM70 0.70 
DM160 1.20 
DY51 0.65 
0Y66 0.42 
DY802 0.47 
E88CC 2.40 
E80F 2.20 
1841 0.75 
E88CC 1.00 
E9OCC 0.60 
E90F 2.50 
E91H 0.70 
F.92CC 0.70 
E180CC 0.75 
6180E 1.10 
E182CC 3.00 
El 88CC 1.60 
6280F 3.70 
E282F 2.50 
E810F 2.90 
EA76 1.30 
EABC80 0.40 
EAC91 0.55 
EAF42 0.70 
EAF801 0.65 
E841 1.00 
EBC33 0.70 

® 

EBC41 0.75 
EBC81 0.40 
E8F80 0.45 
EBF83 0.50 
EBF89 tit. EBL1 1.00 
EBL21 1.00 
EBL31 3.00 
EC86 0.75 
EC88 0.75 
EC9I 2.40 
ECC34 0.60 
ECC40 0.80 
ECC81 0.45 
ECC82 0.38 
ECC83 0.38 
ECC84 0.35 
ECC85 0.45 
ECC86 1.25 
ECC88 450 
ECC189 480 
ECC807 140 
ECF80 0.45 
ECF82 0.45 
ECF86 0.75 
ECF801 0.75 
ECF802 0.75 
ECH21 1.00 
10142 0.85 
ECH81 0.50 
EC683 0.50 
ECH84 0.50 
ECH200 0.70 
ECL80 0.40 
ECL82 0.42 
ECL83 0.75 
ECL84 0.60 
ECL85 0.65 
ECL86 0.55 
ECLL800 4.00 
EF9 0.90 
EF37A 1.00 
EF41 0.75 
EF42 0.80 
EF50 0.40 
EF55 1.50 
EF80 0.35 

EEO 0.40 
EF89 0.35 
EF91 0.60 
EF92 0.50 
EF93 0.38 
EF94 0.40 
EF95 0.45 
EF96 0.35 
EF97 0.70 
EF98 0.80 
EF183 0.35 
6E184 0.40 
EF800 2.00 
EFL200 0.75 
EH90 0.60 
EK90 0.45 
EL32 0.60 
E134 0.70 

0.60 
EL41 0.60 
EL42 1.20 
E181 0.60 
EL82 0.80 
EL83 0.60 
EL84 0.35 
EL86 0.50 
EL90 450 
EL95 0.70 
EL360 1,80 
EL504 0.80 
11803 2.00 
EL622 2.10 
ELL80 2.00 
EM80 0.55 
EM8I 0.60 
EM83 0.50 
EM84 0.40 
EM85 1.00 
EM87 1.00 
EY51 0.45 
EY81 0.45 
EY87 0.50 
1588 0.50 
EZ41 0.75 
EZ8CL 0.30 
EZ81 0.35 
EZ90 0.45 
GU50 6.00 
GZ30 0.65 
0233 2.00 
GZ34 0.75 
HBC81 0.50 
HL4 0.75 
KT33C 1.20 
KT44 0.80 
KT66 2.95 
KT68 3.25 
KTW61 1.50 
ME91 0.75 
ME1400 1.50 
MH4 1.00 

ML44 0.86 
ML6 0.75 
NSP1 9.00 
PABC80 0.40 
PC86 0.65 
PC88 0.65 
PC92 0.65 
PC95 0.70 
PC96 0.50 
PC97 0.55 
PC900 0.55 
PCC84 0.45 
PCC85 0.46 
PCC88 0.65 
PCC89 0.55 
PCC189 0.66 
PCF80 0.40 
PCF82 0.40 
PCF86 0.65 
FCF200 O.SO 
PCF201 0.85 
PCF801 0.55 
PCF802 0.66 
PCF806 0.80 
PCH200 0.75 
PCL81 0.65 
PCL82 0.40 
PCL83 0.70 
PCL84 0.50 
PCL85 0.60 
PCL86 0.60 
PCL200 0.75 
PCL805 460 
P0500 1.50 
PE6400 475 
PEN25 475 
PEN36C 140 
PEN45 0.85 
PEN45D0 0.75 
PEN46 0.60 
PEN383 0.85 
PEN384 0.85 
PENDD4020 

0.75 
PF1200 0.70 
P133 0.40 
PL36 0.60 
PL81 0.55 
PL82 0.50 
P183 0.50 
P184 0.50 
PL95 0.70 
PL504 0.90 
P1500 0.90 
PL509 1.30 
PT4 1.00 
PY31 0.50 
PY33 0.63 
PY81 0.45 
PY82 0.45 
PY83 0.50 

PY800 010 
PY801 0.55 
p240 0.40 
0P25 0.60 
QV03 -10 1.40 
S130 2.00 
S13OP 2.00 
SP2 1.00 
TH233 0.65 
TH2321 0.75 
TP22 0.80 
TP25 0.70 
TP2620 0.70 
WO 1.00 
U19 5.50 
U18/20 1.00 
U22 0.85 
U25 1.00 
U26 0.85 
U81 0.80 
U191 0.75 
U281 0.60 
0282 0.60 
U301 0.55 
U403 0.75 
U404 0.75 
U801 460 
UABC80 0.50 
UAFA42 0.70 
UBC41 0.60 
UBC81 0.50 
UBF80 0.50 
UBF89 0.50 
UBL21 0.75 
ÚC92 0.50 
UCC84 0.75 
UCC85 0.50 
UCF80 0.75 
UCH21 0.70 
UCH42 0.80 
UCH81 0.50 
UCL11 0.70 
UCL82 0.40 
UC183 0.70 
UF9 0.70 
UFt1 0.70 
ÚF41 0.75 
ÚF42 0.75 
ÚF80 0.40 
ÚF85 0.50 
ÚF89 0.50 
U141 0.70 
U184 0.50 
UM80 0.50 
ÚM81 0.75 
ÚM84 0.40 
UYIN 0.60 
Unl 1.00 
UY41 0.55 
ÚY42 045 
Úv82 0.60 

SPECIAL TELEVISION 
BARGAINS 

RS 
820088 

FIRST GRADE TRANSISTORS 
£0.95 

R20108 E1.65 
BU126 E1.55 
BU133 £1.55 
BU208 E2.00 

OPERATIONAL AMPLIFIERS 741 
8 -pin Dual -in -line 

E0.30 s.. 

LINEAR I.C. AMPLIFIERS 
TAA263. 3 -stage low level amplifier. Band - 
width DC to 600kHz. Supply voltage 10mW 
T072 4 -lead case £0.65 
TÁ4293. Medium frequency amplifier with 
reSpOnse up t0 160mW. Dissipation 160 mW. 
power output 1 omW into 1500. TO74 7 -lead 
case £0.65 
TAA320. M.O.S. low frequency pre- amplifier. 
Most stage by bi -polar transistor followed b a 
Power dissipation 200mW. T018 3 -lead case 

£0.60 
Data shees£0.10 ware per type 

2C26A 0.75 
2C40 7.00 
2051 0.55 

2CW4 1.00 
2021 0.55 
2X2 038 
3A3 0.80 
3A4 0.60 
3A5 1.00 
3A8GT 0.85 
3B4 0.90 
38P1 4.00 
306 0.40 
3Q4 0.75 
305 0.80 
364 0.50 
3V4 0.80 
4THA 0.75 
5R4GY 1.00 
5Ú4G 0.55 
5U8 0.75 
5V4G 0.65 
5W4GT 0.65 
5X46 0.80 
5Y3GT 0.65 
5Z4G 0.65 
6/3012 0.90 
6AB4 0.50 
64C7 0.60 
6A05 0.35 
6AG7 0.60 
64H6 0.70 
6ÁJ5 0.55 
6ÁK5 0.45 
64K6 0.70 
6ÁL5 0.30 
64M6 0.60 
6A05 0.50 
6A05 0.70 
6456 0.80 
64511 1.00 
64T6 0.60 

SILICON AVALANCHE RECTIFIERS 
1AS029. 1000p I v. 1.5 amps D.C. max 
Surge current 125 amps. wire ended £0.30 
RAS310AF, 1000 p.i.v. 1.5 amps, D.C. max. 
Surge current 40 amps. Wire ended £0.35 
RAS508AF. 960 p.i.v. 6 amps, D.C. max 
Surge current 100 amps. Stud mounted 

£0.40 

Send stamped and addressed envelope and 
S 

Send 
for f0.20 
stamped 

an our new 
addressed envelope 

1975 
illustrated catalogue of valves, semiconduc- 
tors, test equipment and passive components. 
12 pages of transistor equivalents. Over 3000 
types of valves always in stock. yp 

Prices do not include VAT and carriage. When 
remitting cash with order please add £0.1 5 per 
£, subject to a minimum charge of £0.25. VAT 
at 25% should then be added to the total. 

Z & I AERO SERVICES LTD. Retail Branch: 

Head Office: 44A WESTBOURNE GROVE, LONDON W2 5SF 
Loo 

o Court Road 
nddon 

nt 
W 1 Tel: 580 8403 

Tel.: 727 5641 Telex: 261306 
WW -012 FOR FURTHER DETAILS 

ALL MAIL ORDER BY 
RETURN, C.O.D. SERVICE 

WELCOME 
C. T. ELECTRONICS 

We are open from 9.30 a.m. -6.00 p.m., Monday- Saturday 

All mail order and enquiries to 270 Acton Lane, Chiswick, London W4 5DG. Tel: 

SEMICONDUCTORS 
AA/12 25p BL18:11. 12p Br x85 30p 
AC107 35p BC184 12p BFX86 30p 
AC125 25p BC184L 12p BFX88 3op 
AC126 25p BC185 35p BENI 35p 
ACI 27 25p BC186 27p BFY44 50p 
AC128 25p 60212 12p BFY50 25p 
AC176 25p BC212L 14p BFY51 25p 
AC187 27p BC213 12p BFY51 25p 
ACI 88 27p BC2131 12p BFY52 25p 
.ACY17 25p BC214 lap BFY53 25p 
ACY18 25p BC214L 15p BFY90 65p 
ACY1 9 25p BC238 15p, BSV456 65p 
ACY20 25p BC239 15p BSV68 40p 
ACY21 25p BC300 30p BSW63 65p 
AD140 60p BC 301 30p BSW68 80p 
AD142 60p BC302 30p BSX21 25p 
ADt61 45p BC303 40p 8Y127 20p 
AD162 45p BCY31 55p BY164 65p 
AF114 25p BCY32 95p 15100 15p 
AF115 25p BCY33 60p 15103 15p 
AF116 25p BCY34 65p' MJ340 5op 
AF117 25p BCY38 65p MJ481 95p 
AF118 50p BCY39 95p MJ2801 £1.25 
AF124 30p BCY55 E1.50 MJ2901 £1.95 
AF239 60p BCY70 20p MJE340 50p 
BA 102 30p BCY71 20p MJE370 75p 
84112 50p BCY72 20p MJE371 90p 
BA114 16p 80121 75p MJE520 65p 
BA155 16p 80123 85p MJ2955 E1.20 
BA/56 15p 50124 70p MJE3055 75p 
BC107 13p 80131 40p MM1613 45p 
BC108 12p 813132 5op MM1717 6op 
BC109 14p 60135 SOp MPF102 45p 
BC109c 16p BD136 50p MPF103 
BC113 13p BD139 75p 12954571 35p 
BC114 13p BD140 87p MPF104 
BC115 15p 80153 80p I2554581 35p 
BC116 15p BD156 80p MPF105 
BC117 20p BDY17 £1.50 12954591 40p 
BC118 15p 8DY18 £1.75 0447 10p 
BC119 30p BDY19 E1.90 0A70 10p 
BC143 25p BDY20 E1.20 0A79 10p 
BC147 12p 8E152 20p 0481 10p 
BC148 12p 6E166 30p 0490 10p 
BC149 12p 9.51,78 35p 0A91 10p 
BC149c 14p BF180 35p 0A200 10p 
BC157 14p 8F194 16p 04202 10p 
BC158 14p 6E105 16p 04210 35p 
BC159 15p 8E196 lap 04211 35p 
BC167 74p 8E197 16p OC16 90p 
BC168 14p 8E200 35p OC19 85p 
BC169 14p BF224 18p 0C22 55p 
BC169c 15p 8F244 18p 0076 65p 
BC172 13p 13E245 45p 0C28 60p 
BC182 .BF259 55p 0C35 60p 
BC' 821 12p p BFX29 3op 0C36 65p 
BC183 12p BFX34 30p 0C42 40p 

25% VAT; QTY. DISCOUNTS 1 2+ 10%. 25+ 

0C44 
0C45 
OC70 
OC 71 
0072 
0075 
OC 76 
0077 
OC81 
OC83 
0084 
OC139 
0C170 
0C171 
0C200 
0C201 
0C202 
TIP29A 
TIP30 
nP31A 

T IP32A 
TIP33A 
TIP34A 
TIP35A 
TIP414 
TIP42A 
TIP42A 
TIP298 
TIP308 
TIP318 
TI P326 
TI P33 B 

TIP348 
TIP35B 
TIP 356 
111,3613 
TIP41 B 
TI P426 
n P2 9C 
TIP30C 
TIP31C 
11P 32C 
TIP33C 
TI P34C 
TIP35C 
T IP38C 
TIP41 C 

n P42C 
TIS50 
ZTA107 
ZTX300 
ZTX500 
Z1X 501 
ZTX 504 
ZTX531 
XT%550 
15659 
19914 
IN916 

2op 
250 
15p 
3op 
2op 
250 
25p 
40p 
25p 
25p 
25p 
30p 
25p 
30p 
60p 
60p 
75p 
45p 
55p 
57p 
69p 

£1.00 
E1.40 
E3.20 

7op 
B5p 
85p 
54p 
60p 
65p 
77p 

£1.06 
E1.62 
E1.62 
£2.71 
£3.50 

78p 
95p 
68p' 
72p 
80p 

E1.00 
E1.20 
E1.80 
£3.00 
E3.70 

90p 
E1.00 

40p 
15p 
15p 
16p 
20p 
50p 
30p 
25p 

8p 
8p 
Sp 

N4001 Op 
N4002 
N4003 9p 
N4004 10p 
N4005 12p 
N4006 14p 
N4007 16p 
N4148 7p 
2N696 25p 
2N697 250 
20698 25p 
2N706 12p 
2147064 14p 
20708 15p 
2N929 22p 
20930 20p 
201132 25p 
201302 30p 
2N1303 30p 
201304 30p 
251305 30p 
201306 30p 
251307 30p 
2N1308 30p 
2N1309 30p 
201613. 30p 
2N1711 30p 
2N1890 60p 
202146 150 
2N2147 900 
202150 Bop 
2N2217 25p 
2N2218 25p 
2N2219 25p 
2N2222 20p 
2022224 25p 
2N2306 70p 
2N2369A 50p 
252477 30p 
252646 50p 
252846 £1.56 

Op 
252904 25p 
2N2905 30p 
202906 25p 
2N2907 25p 
2N2926 13p 
2N3053 25p 
203055 50p 
2N3232 £1.35 
3N3442 E1.20 
2N3525 E1.10 
2N3553 E1.40 
2N3643 30p 
253702 12p 
253703 12p 
2193704 12p 
253705 12p 
253706 12p 
253707 12p 
353708 14p 
253709 14p 
353771 £1.50 
2N3772 1.60 
2N3792 E1.80 
253794 30p 
253819 35p 
253820 55p 
203823 70p 
2N3866 85p 
2N3904 22p. 
2N3905 25p 
253906 25p 
2N4014 80p 
254036 62p 
254037 tap 

2N4Ubö 14p 
254059 14p 
254060 12p 
2N4061 12p 
2N4062 12p 
2N4126 18p 
2N4286 25p 
2N4287 25p 
254288 27p 
254289 30p 
2N4290 25p 
204291 32p 
2N4302 45p 
2N4444 £1.00 
254871 35p 
254903 E1.80 
2N4919 90p 
2N5063 E1.30 
255191 96p 
2N5192 E1.20 
2N5194 £1.10 
255195 E1.40 
2N5245 46p 
255296 55p 
2N5298 5op 

35p 
35p 
40p 
55p 
55p 
65p 
40p 

45p 

255458 
2N5459 
2N5485 
255490 
255555 
255777 
2N6027 
256028 

103 VOLTAGE REGULATORS 
L005 5V 650mA 
L036 12V 600mA 
L037 15V 450mA E1.60 ea. 

BRIDGE 
RECTIFIERS 

W02 IA 200V 38p 
131164 1 4A 200V 

57p 
MDA952/2 6A 

100V 80p 
2ENER DIODES 

BZY88 Series 
400mW 

3.3V -33V. 5% ltp 
1 5W range 25p 
10W range 45p 

L.E.D. 
TIL20938p 
HP5082 28p 
MA2082R 20p 

ORP12 60p 
NE555 Timer 80p 
B NC PLUGS at 35; 
each 
UHF (N) PLUGS at 
500 each 

UHF VSWR probes 
ex UHF 
tranvnmers E5 each 
+ 8 %VAT 
All the above are new 

orignal packets. 
Please add 8'K, VAT 
P&P 30p 
POTENTIOMETERS 
Linear or Log 
Rotary Pots 
Rotary Switched 

Sing,. Double 
17p 45p 
25p 

V.A.T. 
Unless otherwise stated all prices are exclusive of 
VAT Please check whether the goods you are 
ordering are 25% or 8 %. Carnage orders under 
E5 please add 33p Orders over E10 post free m 
U K only This to be at our d screbon 

01 -994 6275 
** SPECIAL OFFERS ** 

MINIATURE MAINS TRANSFORMER. P8í2401 
SEC 12V 100Ma Manut Hinchley Sae 36 x 45 x 

40mm F C 53mm 
Price 1.55. 100 60p sa. 1.000 50p ea. 10.000 40p 
s. B %VAT 

MINIATURE MAINS TRANSFORMER. Pnmary 
115 /240v Sec IBv/250 Ma at 80p ea. + VAT & 
posage 33p. 8% VAT. 
MULLARD POT CORE TYPE FX2241 at 60p a.. + 
33p pp. 8 %VAT. 
24V O.C. SOLENOID by MAGNETIC DEVICES 60p 
each 21/2 long x 15 x hm. + 8% VAT. 
240VA.C. SOLENOID. Reversible operation twin 
mil Sae approx 274 x 1'h x 13/0n 90p. 
30 unmarked OC71 transistors E1.00 
25 Unmarked 250mW Zener diodes. 4 7V 5 1V 
6 2V. 7 5V. 9 1 V. 10V. Measured and tested E1.00 
Please stage voltage required 
50 GE Diode 0A47 equivalent E1.00 
8..F 600V WKG PAPER CAPACITORS, ideal for 
Strobe Constructors E1.50 each + 8%, VAT + 33p 
post 
Many other values of PAPER CAPACITORS in stock 
Phone for details 
JACKSON AIRSPACED CAPACITORS to suit Yin 
sprdle 

100pF Two Gang at 55p + 25%, 
500pF Two Gang at 75p + 25.. 

MULLARD TUBULAR CEREAMIC UHF TRIM- 
MERS (PROFESSIONAL) 

Type 092 0 8-2 2p 1 

801 0 8 -2.2p 
11 Pere 10p rio 

991 0 5 -1 3p 

LINEAR I.C.s 
LM304 Neg Voltage 

Reg £2.10 
LM309K 5V IA. 

Voltage Reg 
E2.10 

1M 723C 2 37V 
1 50inA 
Voltage Reg 

E1.05 
MFC4000 250mW 

Audio 75p 
TBA800 SWatt 

Audio 99p 
709C Op Amp 

D I. L 1099 35p 
74 1 C Op Amp 8/14 

DIL -7099 35p 
747C Dual Op 

Amp E1.20 
7480 Op Amp 

D I L 75p 
ZN414 Radio I C 

E1.26 
TAD 100 Radio I C 

Inc. Filter £1.90 
CA3014 £1.55 
CA3018 E1.00 
CA3028 E1.20 
CA3036 £1.00 
CA3046 95p 
CA3048 E2.35 
C43075 E1.60 
CA3089E E1.90 
CA3090Q E4 85 
MC1303L £2.20 
MC1310P E2.80 
S576023N 5 wat 

Texas IC E1.60 
SN76660 EQ 

TBA120 65p 

** SPECIAL OFFERS ** 
MULTICORE CABLE. 20 wa 
14 0076 +Scroen at 70p per yard + postage b 
welt' ht 
MULTICORE CABLE. 2S-way individual) 
screened. 14 0076 E1.00 per yard +VAT 
Postage by weight 

3 CORE PVC INSULATED MAINS CABLE 
GREY ML6650 30/0 2mm Pric 
100mE4.50. 1.000m 435. 10.000m-E330. 
METAL OXIDE RESISTORS TR4/5/6 i 

lock All values 1off price 3p each Discounts 
qua ne ty 

10 TURN TRIMPOTS by Bourns. Mec. Painton 

15%., 100+ 20 %,etc 
All values in stock 50p each Discount on went,/ 

Y 

e 

KOKUSAI MECHANICAL FILTER. 455 Kc S. 
6 Kc' S overall Ideal for A M E5 each INC VAT 
Postage 33p each 

TRANSFORMER 240V A C Pot-nary 
1185- 0.1185V at 360Me Secondary El2 +8% 
VAT +t l 50 postage 

OMRON OCTAL RELAY 240V A.C. 3P coo 
75p each +8% .VAT 

SLEEVING 2000 pieces approx sue '4 e 

2mm Price E1 +33p P&P +VAT 8'X. 

FREE basic short form list available Sae 

METAL BOXES .8% VAT 
ALUMINIUM BOXES IDEAL FOR VEROBOARD 

WITH BASE & P.K. SCREWS 
AB7 71a" Long 5" Wide 1' 4" high 55p 
AR8 4" 4 11/2" S5p 
A89 4" 2,4" 1' -, ,, 55p 
A810 4" 5'4" 1 r: /,. 
ÁB11 4" 21/4" 2" 65p 
A612 3" 2" 1" 50p 
A013 6" 77p 
41314 7" 5" 2':':" 90p 
A1315 8" 6" 3" E1.16 
4816 10" 1" 3" E1.32 
4617 10" 4' 3" E1.10 
A818 12" 3" £1.32 
ÁB19 12" 8" 3" E1.80 

ALUMINIUM BOXES WITH SLOPING TOP 
PANEL -IDEAL FOR PRE -AMPS, ETC., USING 
SLIDER CONTROLS 
4820 8" Long 9" Wide 31/4" High at back E2.20 

2" High at bunt 6" Slope to Iront 
With P K Screws 

4B21 As above but 10" Long E2.20 
ÁB22 As above but 12" Long £2.60 
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Wireless World Dolby noise reducer 
Complete kits for the Wire less World 
Dolby B noise reducer are available 
through the address given below. 
The two -channel design features: 

a weighted noise reduction of 9dB 
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 align- 
ment 

suitability for both open -reel and 
cassette tape machines 

check tape switch for encoded 
monitoring in three -head machi- 
nes 

The kit includes: 
-complete set of components for a 

stereo processor 
-regulated power supply compon- 

ents 
-board -mounted DIN sockets and 

push- button switches 
-fibreglass board designed for 

minimum wiring 
-solid mahogany cabinet, chassis, 

two meters, front panel, knobs, 
mounting screws and nuts. 

Price is £43 inclusive. 

A single -channel printed- circuit 
board, with f.e.t. costs £2.50 or 
£8.63 with all components inclusive 
(excluding edge connector, £1.37 
extra). Selected field- effect transis- 
tors cost 68p each inclusive, £1.20 
for two and £2.20 for four. 

DOLBY KIT ORDER FORM 

Calibration tapes are available, 
costing £1 .94 inclusive for 9.5cm /s 
open -reel use and for cassette 
(specify which). 

Send cash with order, 
making cheques payable to 
IPC Business Press Ltd, to: 

Wireless World noise reducer 
General sales department 
Room 111, Dorset House 
Stamford Street 
London SE1 9LU 

Allow three weeks for delivery. 

Please supply me with the complete Wireless World kit for a Dolby noise reducer. 

I enclose remittance value £43.00 inclusive 

Name 

Address 

Additional items required 

enclose remittance value £ payable to I.P.C. Business Press Ltd. 
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Appointments 
Advertisements accepted up to 12 

noon Wednesday, September 3rd, 
for the October issue subject to 
space being available. 

DISPLAYED APPOINTMENTS VACANT: £6.99 per single col. centimetre (min. 3cm). 
LINE advertisements (run on): 99p per line (approx. 7 words), minimum three lines. 
BOX NUMBERS: 40p extra. (Replies should be addressed to the Box numbers in the 
advertisement, c/o Wireless World, Dorset House, Stamford Street, London SE1 9LU). 
PHONE: Allan Petters on 01 -261 8508 or 01 -261 8423. 
Classified Advertisement Rates are currently zero rated for the purpose of V.A.T. 

RHM MANAGEMENT SERVICES LIMITED 

AN ENGINEER 
with experience of computer 

communications equipment is required to 
join a small team providing technical support 

for the RHM Management services Computer Network. 
The RHM Group is one of the Country's largest Food 

Manufacturers and Distributors. The engineer will liaise 
with Manufacturers installing and maintaining computers, 

peripherals, modems, Post Office lines and terminals. He will also 
assist in resolving interfacing and other diagnostic problems involving 

the Post Office and equipment Manufacturers. 

Computer 
Communications 

A knowledge of teleprocessing techniques would be extremely valuable as 

an engineer without TP experience will be expected to rapidly acquire 
this knowledge during the course of his work. If you would like to 

know more about this unique opportunity to join a really 
progressive outfit, please write or telephone for an 

application form to.- 
Mrs. M. E. Saunders, Personnel Manager 

RHM Management Services Limited 
Joseph Rank House, Northgate 

The High, Harlow, Essex CM20 1 LX 
Tel. Harlow 26831, Ext. 113 

EXPERIENCED AVIONIC TECHNICIANS required 
Interesting and varied work on Navigation and 
Communication Equipment including VHF, VOR, 
ADF, HF, Radar, Transponder /DME and Cabin 
Address Systems: 

* Salary from £3,000 p.a. de- 
pending on experience. 

* 5 -day week. 
* 4 weeks' holiday p.a. plus 

statutory holidays. 
* Generous assistance with 

house removals 
* Pension Scheme available. 

Interested? then contact ROBIN SHOPLAND at: 

I TRANSPORT (CHARTER) (C I ) LTD. 

7 WILLOW ROAD 

COLNBROOK. BUCKS. 

Tel: Colebrook 2654/5/6 



Wireless World, September 1975 a85 Appointments 

T.V.Transm fitter Systems 
Security and 

opportunity with an 

international leader 
in T.V. Broadcast 

Engineering. 

WI 1 
r ;:rr_ 

Engineers. 
Pye TVT Limited is an international leader in 

broadcast engineering. We took colour TV to 
ZANZIBAR -the very first colour service in the 
whole of Africa. In OMAN we were awarded 
probably the largest single broadcasting contract 
ever placed -a complete TV and radio turnkey 
project. TORONTO's giant CN Tower will have 
one of 14 UHF TV transmitters sold into Canada 
against stiff American competition. We have other 
stimulating new projects and can offer professional 
engineers the kind of opportunities that are rare in 
1975. We need men with initiative and a spirit of 
adventure, capable of leading others - to success. 
With Pye TVT you can really go places. 

Senior Installation and 
Commissioning Engineers 
Self reliant engineers capable of working 
independently, or leading small teams installing 
and commissioning VHF and UH F TV transmitters. 
Mary projects are outside Europe and the 
engineers will be required to spend periods abroad. 
Several years' practical experience in broadcasting 
is essential. Generous overseas allowances paid 
in addition to basic salary and subsistence. 

Senior Systems Engineers (Transmitters) 
Self motivated engineers capable of aligning 
complete TV Transmitter systems to customer 
specifications using modern test equipment. 
Applicants should be able to locate and rectify 
complex faults involving the whole system or 
individual items of equipment, and be able to work 
with customers' engineers of many nationalities. 
Ideally the applicants should have had some 
experience of high power TV transmitters, but 
relevant experience in UHF and klystrons and /or 
high power transmitters will be considered. 

The appointments are based in Cambridge. 
Relocation expenses are paid in approved cases in 

addition to the usual employee benefits. 

Applications, giving brief details, should be sent to 
Mrs J A MacNab, Personnel Manager, 

Pye TVT Limited 
Coldhams Lane, Cambridge CB1 3JU. 
Tel : Cambridge (0223) 45115 

rMs JIMPOPM"..""".,_. 

4861 
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PAPUA NEW GUINEA UNIVERSITY OF TECHNOLOGY 
Academic Position Available 1976 

The University is geographically situated in the pleasant coastal town of Lae enjoying a tropical climate all year round. 
Applications are invited for the following academic position available from January, 1976: 

No. 22 

TECHNICAL INSTRUCTOR OR SENIOR TECHNICAL 

INSTRUCTOR COMMUNICATIONS ENGINEERING: 
To teach technical subjects in the Communications Diploma course of Technician engineering Standard, and to assist in the 
general development of the course, training aids and laboratories. 
QUALIFICATIONS - Applicants should have wide experience in the telecommunications field and have been actively 
engaged in telecommunications training at technician engineer level. Qualifications of at least HNC or City and Guilds full 
technological standard are required. Specialist experience in one or more of the following fields would be an advantage: HF, 
VHF, Microwave, Tropascatter, Broadcasting. 

GENERAL INFORMATION 
Salaries within the ranges: 
Instructor K8,266 range K9,173 per annum 
Senior Instructor K9,403 range.K12,908 per annum 
(K1 = SAust. 1) 

Appointment within these salary ranges will be according to qualifications and experience. 
Allowances additional to salary are payable as follows: Married K2,300 per annum. Single K1,300 per annum. In certain 
circumstances a child allowance of K1 56 per annum is also payable. An educational allowance and additional fares may be 
provided for children being educated away from their parents place of residence. Other benefits include furnished housing (hard 
goods only) supplied at nominal rental, leave fares to place of recruitment every second year and equivalent fares to Canberra, 
Australia each alternate year and six weeks annual leave. Superannuation benefits apply in most circumstances. Study leave of 6 
months will accrue after three years service. Taxation is presently two thirds of that applicable in Australia. 

Appointments will be on a contract basis for a maximum of three years in the first instance. 

Applications in duplicate should include number of post applied for, particulars of age, nationality, marital status, family if any, 
qualifications, experience, present post and the names and addresses of three referees from whom confidential enquiries can be 
made. 

The University reserves the right to make no appointment or to make an appointment by invitation at any stage. 

Further information will be forwarded to all applicants. Applications are required by 30 September, 1975, and should be sent to 
the Registrar, The Papua New Guinea University of Technology, P.O. Box 793, LAE. PAPUA NEW GUINEA. An additional 
copy should be sent to the Association of Commonwealth Universities (Appts), 36 Gordon Square, London WC1 H OPF by the 
same date. 

4860 

If you are 
a skilled 
Electronic 
Technician and 
want to hear more 
about career 
prospects salaries etc 
contact J.Prodger 

MARCONI 
INSTRUMENTS 

Longacres, Hatfield Road, 
St Albans, Herts. 
Tel : St Albans 59292 

UNIVERSITY OF ST. ANDREWS 
DEPARTMENT OF PSYCHOLOGY 

TECHNICIAN GRADE 5 
ELECTRONICS 

Applications are invited for the above post in the 
Electronics Workshop of the Psychology Depart- 
ment, tenable from October 1975. Applicants 
should have a good electronics background 
together with practical experience in the develop- 
ment and construction of digital equipment and 

- computer interfacing. The person appointed will 
work together with other members of the technical 
staff on the development of on -line experimental 
systems using the Department's Data General 
Computer facility. The duties will also involve the 
maintenance and application of -other equipment 
and facilities used in the Department. 
Salary on scale £2439 - £2895. Applications, with 
full details of career to date, and the names of two 
referees, should be sent to the Establishments 
Officer of the University, College Gate, St. 
Andrews, Fife, as soon as possible. 148421 

CITY OF LONDON POLYTECHNIC 

SENIOR TECHNICIAN 
GRADE 5 (ELECTRONICS) 

required immediately in the Department of 
Biological Sciences for the maintenance, construc- 
tion and operation of electronic and other 
instruments, espeically those used in Neurophysio- 
logy. The successful candidate must possess the 
relevant qualifications at HND /HNC or CGLI level, 
together . with at least seven years' relevant 
experience (including training period). 

Salary: £2850£3306 including London Weighting. 
Apply, in writing, giving full details of qualification, 
experience, etc., and including the names and 
addresses of two referees, to the Laboratories 
Superintendent, Biological Sciences, Calcutta 
House Precinct, Old Castle Street, London, El 7NT. 

(4853) 
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a87 Appointments 
Are you an experienced Engineer with exceptional ability, 

capable of working with minimum supervision and able to 
devise your own test methods? 

If so, and you have knowledge in depth of complex equipment 
associated with the following we shall be glad to hear from you: 
Radar, E.C.M. systems, valve or solid state equipment, R.F., 
Microwave or pulse techniques, or 3rd line servicing of a wide 
range of defence equipment. 

Employment conditions include generous holidays, a 371/2 hour 
week, subsidised restaurant and other fringe benefits. 

For more details please to ephor e, 
call or write to 
R.F. Honnor, Personnel Manager, 
G & E BRADLEY LTD., Electral Hou ;e, 
Neasden Lane, London N.W.10. 
01 -450 7811 

BRADLEY 
electronics 

.i , . A 

TELECOMMUNICATIONS 
ENGINEERS (Grade TT0111) 

required by 

METROPOLITAN POLICE - ENGINEERING DEPARTMENT 

Applicants should ideally have experience of work in professional 
broadcast studios on audio and video tape recorders. They should be 
fully conversant with checking tapes for quality and defects. Ability to 
innovate would be regarded as an added advantage. Successful candi- 
dates will be working in close collaboration with Police Officers. 
QUALIFICATIONS : ONC or City and Guilds Intermediate Telecom- 
munications Technician Certificate or an equivalent qualification. 
SALARY : £2,545' (at age 21) to £3,475 (at age 28, maximum entry 
point) rising to a maximum of £3,780 per annum. 
Additional London Allowance amounts to £410 per year. 
ANNUAL LEAVE : 4 weeks 2 days rising with service to 6 weeks. 
PROSPECTS : There are prospects of promotion to higher grades. 
Apply for further details and application form to : 

THE SECRETARY, ROOM 213 (TTE /WW); 
105 Regency Street, London SW1 

or Telephone 01 -230 3122 (24 hour service). 
; 
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VTR /TELECINE 
ENGINEER 

The Distributive Industry Training Board is about to embark on 
the construction of a custom built video unit at Knutsfdrd 
Cheshire, for the production of training programmes for its 
industry. 
The maintenance and technical operation of the PYE colour 
installation will be the responsibility of a small highly 'qualified 
team to which we now propose to add a VTR /Telecine 
Engineer. 
The successful candidate is likely to hold an HNC in Electronic 
Engineering or equivalent qualification and have had at least 1 

year's experience of operating and maintaining 2" quad VTR 
equipment in a professional unit together with a good working 
knowledge of 1 6mm colour telecine equipment. 
Complementing a high standard of technical competence must 
be the willingness and versatility to tackle a variety of jobs and 
work irregular - though not arduous - hours to meet work 
time schedules. 
The post will carry a commencing salary of not less than 
£3,000 per annum within a scale increasing by increments to 
£3,999 per annum. 

Please write for application form, quoting REF: VU /42, 
to The Controller, Personnel & Services, Distributive 
Industry Training Board, MacLaren House, Talbot Road, 
Stretford, Manchester, M32 OFP, within the next seven 
days. 

(4873) 

E 
CALIBRATION 

ENGINEERS 
We have vacancies for 

TEST ENGINEERS to fault -find and test a wide variety 
of electronic control and nucleonic equipment 

CALIBRATION ENGINEERS with experience in the 
maintenance, repair and calibration of our high -grade 
electronic test and laboratory equipment. 

Academic qualifications. whilst desirable. are less 
important than sound experience. Minimum age 25 years 
These positions would be ideal for ex- service men 

Good rates of pay, 4 weeks holiday, pension and 
sick pay schemes. 

Ring Sylvia Borra 01 -692 1271 Ext 393 

or write to her at 

The Personnel Department (4898) 

GEC - ELLIOTT PROCESS INSTRUMENTS 
Century Works. Connington Road, 

Lewisham, London SE13 7LN 
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Pye Ether Ltd. -a member of the international 
Pye /Philips group of companies have an interesting 

big opening for an exceptional man to join them as an WI 

Ow Electronic 
Project Leader 
We are looking for a first class engineer to develop 

Iii and expand our power electronics range of instruments. 
The successful applicant will lead an exciting 2 activity in power control using thyristors, triacs, 
power transistors and associated low signal control 
circuits. He will be responsible for the development 
of new and existing products and their application 

N IS in the industrial field. 
The man we seek should have several years 

big experience of design, he will be an ideas man with an 
HNC, degree or its equivalent who likes challenge and 
responsibility. We can promise him job satisfaction and 

V good remuneration as well as a place in a well 
integrated expanding team. If you think that this will be 

hid of interest to you then please phone for an informal 
discussion with the Development Manager, 

Mr. W. G. Ashman on Stevenage 4422 or y write to the PersonnelManager at 

iT' T, I s«,er.3rie (04381 4422 

!trstieLeu.rst [ 
4578 

PR 

PR 
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PR 

PR 

TV Studio 
Engineer 
The Road Transport Industry Training Board has in 

operation at its Wembley Headquarters a 3 camera 
broadcast -quality colour television studio with full 
telecine and video recording facilities which includes 
R.C.A. TR50 and 1" Helical Scan systems. We now 
wish to appoint an experienced studio engineer to join a 

small team working on the production of training and 
educational television programmes. The applicant 
should not be less than 24 years of age and have a 

good working knowledge of the above equipment. 

The starts l salary will be in the region of £4,000 
depending on qualifications and experience; other 
benefits include four weeks' holiday, contributory 
pension and life assurance scheme. 

Please send relevant personal history stating how the 

above requirements are met, and quoting reference 
ZH.462, to: 

1:1 Mrs. H. M. Brown. Personnel Manager 
Road Transport Industry Training Board 
Capitol House. Empire Way 
Wembley. Middlesex HA9 ONG 
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All the benefits of the world's largest radio -telephone exporters, could soon be yours. if you value your expertise highly, pg 
this is where to get most mileage from it. 

kil 
Career progression paths are long and wide -the Company's expansion rate has been unaffected by the present economic 

situation. Equally significant is the importance Pye Telecom rightly attaches to fault- finding and testing to exacting - hil specifications their VHF /UHF advanced design communications equipment. Reasons are obvious - not only is relia- 
bility crucial in furthering the Company's progress, but frequently lives depend on the performance of the equipment, 
because fire, police and ambulance services use it extensively. 

III 
So if you have practical experience of this work, maybe in the armed forces, it will pay you handsomely to get full 
information about the conditions, the relocation assistance and other attractions. Work and live in the attractive 
university city of Cambridge: alternatively in the nearby expanding town of Haverhill where there are excellent 
possibilities for private and rented housing. 

11111 Phone or write today to 

Mrs Audrey Darkin 
big Pye Telecommunications Ltd 

Cambridge Works or 
Elizabeth Way, Cambridge CB4 1DW hi Tel : Cambridge 58985 

Mrs Cath Dawe 
Pye Telecommunications Ltd 
Colne Valley Road 
Haverhill, Suffolk CB9 8DU 
Tel: Haverhill 4422 

1E7 PyeTelecommunications Ltd 

PR 

pg 

PR 

PR 
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UNIVERSITY OF EXETER 

ELECTRONICS TECHNICIAN 
GRADE 5 

The University of Exeter has a vacancy in the 
Department of Biological Sciences for an Electronics 
Technician, Grade 5. Duties include the servicing 
and repair of a wide range of electronic analytical 
instrumentation, and the design, construction and 
modification of electronic units concerned with 
instruments. 
Minimum qualifications: O.N.C. or equivalent. 
Salary: £2,439- E2,895 p.a. 
Applications to: The Secretary, University of Exeter. 
Northcote House, The Queens Drive, Exeter, 
Devon. Closing date: 1st September, 1975. 
Please quote reference no. 1 / 75/ 5055. 

(4888 

TELEVISION TECHNICIANS wanted for Middle 
East position. Five years heavy maintenance 
required. Send resumes and copies of certifi- 
cates to Box WW 4851. 

CHELSEA COLLEGE 
University of London 

TECHNICIAN 
GRADE 5 

required to be responsible for the running 
and technical development work of Physics 
and Electronics Undergraduate Teaching 
Laboratories in Chelsea, SW3. Salary 
L2849-13305 per annum, including London 
Al lowance. 
Further details and application form from Mr. 
M. E. Cane (5 PET), Chelsea College 
Department of Physics and Electronics, 
Pulton Place, London SW6 5PR.. 4872 

ELECTRONICS TECHNICIAN aged 20 -30, We 
are a small Company situated in S.W. London. 
We require a technician to join our young 
electronics team working on professional audio 
equipment. He will be responsible for the 
alignment, testing and maintenance of digital, 
analogue and audio circuitry, and should have 
some practical experience in one of these 
fields. The company operates a profit sharing 
scheme. Telephone Mr. Evans. at 01.592 1171. 

(4869) 

CHELSEA COLLEGE 
UNIVERSITY OF LONDON 

ELECTRONICS /TECHNICIAN 
required to take charge of Electronics Workshop for 
the design and production of prototype electronic 
equipment for electronics and physics reseach and 
teaching, and also for the servicing and maintenan 
ce of a wide range of commercial electronic 
equipment. A wide practical experience and a 
sound theoretical knowledge of electronics is 
essential. Experience in microwave instrumentation 
would be an advantage. 5 -day 37'/ -hour week 
Salary (Grade 5) £3,254- E3,860 p.a. including 
London Allowance. Further details and application 
form from Mr. M. E. Cane (EW6), Chelsea College 
(University of London), Departments of Electronics 
and Physics, Pulton Place, Fulham, London SW6 
5PR. 

(4886 

STUDIO IN KENSINGTON AREA requires 
JUNIOR TECHNICIAN (18-22 years) to assist 
with maintenance and tape editing. Contact 
Graham Stephens, 108 Cromwell Road, London 
SW ?. Tel. 01 -370 1442. (4881) 
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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. 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 vacancies at some of our 
coastal radio stations, so if you're 19 or over, write to: 
ETE Maritime Radio Services Division (R /B /9), 
ET 17.1.1.2., Room 643, Union House, St. Martins-le- 
Grand, London EC1A lAR. 

Post Office Tellecommurgc tQ Ins 

ENGINEER 
£2500 -£3100 + car allowance 

The man appointed will be engaged 
principally on the maintenance of ITEL 
automatic typewriters both at our premi- 
ses and in the field. Applicants should 
therefore have, a working knowledge of 
the IBM Selectric, and should live in the 
S.E. London /Kent area. 
It is hoped, however, that someone with a 

wide -ranging interest in electronics and 
able to work on a variety of other projects 
will be appointed. 
It is anticipated that the post might appeal 
to a young man to whom an informal and 
flexible environment is not a disincentive. 
Phone: Raymond ffoulkes (Godstone 
3106) for details, or write naming two 
referees: 

COMPUTER APPRECIATION 
Castle Street, Bletchingley 

Surrey, RH1 4NX 4896 

o 
Opportunities in the 
ELECTRONICS 

FIELD 
Men with analogue or digital qualifica- 
tions / experience seeking higher paid 
posts in: TEST SERVICE - DESIGN - 

SALES. 

Phone: Mike Gernat, Ref. W.W. 

NEWMAN APPOINTMENTS 
360 Oxford Street, W.1, 

01 -629 0501 (941 

Equipment Dept., 
Chiswick,W4. 

Interesting work testing new electronic equipment made by the BBC 

for its colour television and stereo radio services, involving analogue 
and digital techniques over a frequency range from D.C. to U.H.F. 

Qualifications O.N.D., O.N.C. or C. & G. Part II in 
Telecommunications or Electrical Technician certificate. Initial salary 
range normally £2,127 to £2,31 9 rising to £2,952. Good 
opportunities for promotion to Senior Laboratory and Engineering 
Technicians with salaries rising to £3,762. Further promotion to 
Engineer grades is also possible. 

Staff will be based at Equipment Department, Chiswick which is 
within easy reach of British Rail and London Transport services and 
the M4, North and South Circular roads. 

Good club and canteen facilities are available. 

The posts are pensionable with four weeks' leave annually. 

Requests for application forms to The Engineering Recruitment 
Officer, BBC, Broadcasting House, London W 1 A 1 AA, quoting 
reference 75.E.4047/WW. Please enclose an addressed envelope 
at least 9" x 4" with your application; no stamp required. Closing 
date for completed application forms is 14 days after publication. 

0 (4877) 
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WIRELESS 
TECHNICIANS 

There are vacancies at Home Office Wireless Depots through- 
out England and Wales for Wireless Technicians to assist with 
the installation and maintenance of VHF and UHF Systems. 
Ability to drive a car and possession of a current driving licence 
is desirable. 

Salary 
is £2010 (at 17), £2450 (at 21) and £2905 (at 25) rising to 
£3385 a year. 
A London Weighting Allowance of up to £410 a year is also 
payable for staff in London. 

A Secure Future 
with a non -contributory pension scheme, good prospects of 
promotion and a generous leave allowance. There are oppor- 
tunities for day release to obtain higher qualifications. 

Qualifications 
Candidates should have good experience in Telecommunica- 
tions and preferably hold a City and Guilds Intermediate 
Telecommunications Certificate or equivalent. 

Interested ? 

Then write or telephone for further details and application 
form to: 

Mr. C. B. Constable, 
Directorate of Telecommunications, 
Home Office, 
60 Rochester Row, 
LONDON SW1 P 1JX. 
Telephone No. 01 -828 9848 (Extension 734). 

JH/ 

TECHNICIAN TRAINEES 
Intelligent practical young school leavers 
offered opportunities to train ultimately as 
Public address and sound recording 
Engineers, Day release scheme, must be 
of smart appearance and live with parents 
in Central London area. Write or telephone 
for interview to - 

Mr. G. Hansen 
Griffiths Hansen (Recordings) Ltd. 

Tel. 01-499 1231 (4832 

SABAH AIR 
requires 

Licensed Helicopter Engineers. Appli- 
cants must possess current C.A.A 
Licences for Bell 212 and 206B. 
Attractive Salary / Fringe benefits. 
Please apply in confidence to:- , 

The Personnel Officer 
Sabah Air 

P.O. Box 747 
Kota Kinabalu 

Sabah, Malaysia 
(4893 

DESIGN ENGINEER 
(POWER) 

required for 

THE SPECIALIST IN POWER CONVERSION 
Applicants should have HND or better qualifications, preferably with some 
Industrial Design experience in transformers from five to several hundred 
kVA and /or industrial semi -conductor rectifier equipment. - Training in the 
design of the Company's specific products will be given. 
Salary commensurate with qualifications and experience and four weeks 
annual holiday. 
Assistance will be given with removal expenses where appropriate. 

Please apply in writing to 

Mrs J. Davey, Personnel Services 
(484 

BRENTFORD ELECTRIC LIMITED 
Manor Royal,Crawley RH10 2QFTel:Crawley 27755 
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ELECTRICITY 
ENGINEERING DEPARTMENT 

COMMUNICATIONS AND MEASUREMENT 

FIRST ENGINEER -DESIGN AND APPLICATION 
A First Engineer is required for duties in the Technical Section of the Chief 
Engineer's Department at Manweb Head Office, Sealand Road. Chester. 

He should have a sound theoretical knowledge and extensive practical experience in 

the communications field. 
The post involves work on projects in the following branches of communications: 

(1) AUTOMATIC TELEPHONY 
(2) POST OFFICE TELEPHONY 
(3) PRIVATE RADIO SYSTEMS 
(4) DATA TRANSMISSION 
(5) CARRIER LINE TRANSMISSION 
(6) COMPUTER PRINCIPLES AND APPLICATIONS 

(A) The First Engineer will be required to share responsibility for the design of 

extensions to the communications systems and of new applications of computer 
technology. 
(B) To negotiate on engineering design matters with Post Office.engineers and 

manufacturers of communication equipment, and must be able to prepare technical 
specifications of communication equipment. 
(C) And to control development work at a technical workshop close to Head Office 
and also at a computer terminal located at Head Office and provided with 
communication links to the Manweb computers and to the private communications 
systems. 
Manweb is operating an extensive communications system linking district offices and 

depots at the ten districts with Head Office, and the first stage in the provision of links 

between districts and the Head Office computers has been implemented. 
Salary within the range£4630 -f 6680 per annum + El 20 responsibility payment + 

£229.35 threshold payment. 
Applications, giving full details, should be sent to the Secretary (Personnel), 
Manweb, Head Office, Sealand Road, Chester, to arrive not later than 8th 
September, 1975. (4840' 

UNIVERSITY OF SHEFFIELD 
RESEARCH TECHNICIAN 

(Grade 3-5) 
required for the Space Physics Group within the Department of Physics for an initial 
period of 2 years. The successful candidate would be primarily concerned with the 
research, development and construction of pay loads for use with ionospheric sounding 
rockets. Experience of design and /or construction in one or more of the following areas 

would be advantageous: 
(a) low noise analogue circuitry D.C. - 100 KHz 

(b) Radio frequency circuitry 100 MHz - 1 500 MHz and modulation methods 

(c) Ultra reliable equipment for use in extreme environments and /or prolonged periods of 
unattended operation. 

A current driving licence is essential, the duties may include some travel both within the 
U.K. and abroad for periods up to several weeks. 

Salary scales £2013 -E2343 p.a. or £2247 -£2628 p.a. or £2439 -E2895 p.a. 

Please write to the Deputy Director of Services (Ref. S356 /WW), The University, Sheffield 
S10 2TN. (4844) 

VALVES WANTED 
WE BUY new valves, transistors and clean new 
components, large or small quantities, all de- 
tails, quotation by return - Walton's, 55 Wor- 
cester St., Wolverhampton. (62 

NEW GRAM AND SOUND EQUIPMENT 

GLASGOW. Hi Fi, Cassette Decks, Tape Record- 
ers, Video Equipment, always available we 
buy, sell and exchange for Hi Fi sets and 
photographic equipment. VICTOR MORRIS 
Audio Visual Ltd, 340 Argyle Street, Glasgow, 
Gl, 8/10 Glassford Street, Glasgow, G2, 31 

Sauchiehall Street, Tele: 041 -221 8958. (11 

ARTICLES FOR SALE 

DUBILIER CAPS .02 12KV, -01 15KV, 21.50; .05 
4KV, 13KV, .01 10KV fl; .05 2KV, .0144KV, 
.001 IOKV, 60p. P.p. 15p. G adio Barrel 

Meters W'meter, 55 -400Mc £5. Old 4f" MA £1. 
Old 12V po relays 2 for £1. Photomalt. CU337 
£4. C.W.O. Plasma, Elects, PO Box 59, Ux- 
bridge. (4892) 

STODDART RADIO INTERFERENCE MEASUR- 
ING SET. 3 Units range from 15m/cs to 
1000mc /s. In perfect working order. £2,500.00 
Hewlett Packard Spectrum Analyser Type 
8551A. Not working on suitable for spares. 
£400.00. Telephone evenings only 01449 6548. 

(4881 

CNNOUNCEME\T 

EURO CIRCUITS LTD. 
Due to GOVERNMENT V.A.T. REGULATIONS the cost of the additional 
office work involved in applying ow 21/2% discount is prohibitive. We have 
no option but to reluctantly withdraw cur discount for the present. This does 
not reflect our policy but is directly due to GOVERNMENT REGULATIONS. 
We hope you will join with us in looking forwa-d to better times and to a more 
sane fiscal policy. 

EURO CIRCUITS LTD. 
(Manufacturers of Printed Circuit Boards) 

Highfieid House, West Kingsdown, Nr. Sevenoaks, Kent 
Tel: West Kingsdown 2344 
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Natural Environment 
Research Council 

British 
Antarctic 
Survey 
Electronic Engineer (graduate or 
H.N.C.) required for maintenance, deve- 
lopment " and operation of radio -echo 
sounding equipment. This is a pulsed 
radar system working at 60 MHz used in 
aircraft to measure ice thickness in the 
'Antarctic. The same equipment is used on 
the surface to measure glacier flow. 

Candidates should be familiar with radar 
theory and digital logic, and have 
experience in design and construction in 
these fields. The successful candidate will 
be based in Cambridge (Scott Polar 
Research Institute) and must be prepared 
to work in the Antarctic for periods of up 
to four months. 
Salary according to age and experience 
from £2,012. In addition, a Cost of Living 
Supplement of £229.68 per annum is 

payable. 
Please write for further details, stating full 
qualifications to: 
The Establishment Officer, British An- 
tarctic Survey, 2 All Saints Passage, 
CAMBRIDGE CB2 3LS. 
Tel: Cambridge (0223) 61 188 
Please quote reference BAS 1 . 4883 

DESIGN /DEVELOPMENT ENGINEER 
We are a young but expanding Electronics Company moving 
to a modern well- equipped factory. An opening has arisen for 
an Engineer to join our research and development 
department. 
The successful applicant will be involved in all sides of project 
engineering and should have experience in both analogue 
and digital electronics. 
The job offers an exciting future with rapid advancement to 
Senior Management for the right person. 

SALARY £2400 p.a. 
Apply Technical Director 
LANGMORE SYSTEMS LTD. 
Faraday Way. Orpington, Kent 
BR5 3QW (4890 

ARTICLES FOR SALE 

LABORATORY and Test Equipment. Oscilli- 
scopes- Cosser CDU 1'50 DB '35MHz 2225. 
Solartro.ns, CD1212 DB 24MHz £90. CD523S2. 
SB 10MHz 145, CCD711S2 DB 10MHz with Xtal 
marker £40. CD513.2 SB £37. ,CD513 SB £25. 
Airmec 723 110. SIG GENS- CT373, inc VVM 
and distortrion meter, 17,112 -170KHz £65. 
Solartron OS101. 25Hz- 250KHz £24. Sullivan RC 
40Hz- 125KHz £20. CT378 Avo 2- 220MHz £25. 
Avo 50KHz -80MHz £20. Marconi TF1'44G 85KHz- 
21MHz f25. Pulse 0.5us- 1600us 115. CT202 sweep 
7 -70MHz fis. Marconi TF1073A sweep 10KHz 
-30MHz £15. CT432 Xtal 100KHz 1M.Hz 10MHz 
and ext. £7.50. Marconi Saunders 1.3-4 2GHz 
£95. All plus VAT 8/, Amperon Ltd.. 39 Kent 
Road, Dartford. Kent. Tel. 20433, (4891) 

MIKES WANTED. Old ribbon mike Marconi/ 
EMI type ABXT with stand. working condition, 
also other pre -war mikes. Mr K. E. Eriksson, 
Radjursvagen 22 S -440 03 FLODA, Sweden. 

(4902) 

VIATRON VDU TERMINAL incorporating Key- 
board. 320 character VDU, MOS microproces- 
sor, and twin Philips -type cassette station. 

'£190. VIATRON incremental DATA RECORDER, 
manufactured 1972, £95. MDS 1320 LDNE 
PRINTER, as new, £1200. FLEXOWRITE'R'S 
(paper tape typewriters with 1/0) from £50. 
EMI AUDIO Echo Unit, £55. GE Model 861A 
High Speed incremental paper tape reader 
(half rack mount) c/w drive & read amps.. 
£50. NEW paper tape 'gelfball typewriter, £350. 
HONEYWELL G -115 PROCESSOR Module with 
4k store, Powe, Supply Module, and Control 
Console (System installed 1971), ALL £165. 
(.Honeywell Series 200 Magtapes (four with con- 
troller), £85 per unit or £225 the lot, COM- 
PUTER APPRECIATION, Godstone 3106, Otford 
3256. (4897) 
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APPOINTMENTS 

AGRICULTURAL 

RESEARCH COUNCIL 

WEED RESEARCH ORGANISATION 

ELECTRONICS 

ENGINEER 
This new post involves preventive maintenance, 
repair and development of new electronic 
devices. Equipment involved includes electronic 
aspects of controlled environment cabinets and 
rooms, monitoring instrumentation, general 
laboratory equipment, and data collection and 
handling facilities. The engineer will work 
closely with research staff to apply the 
potentialities of contemporary electronics to a 
wide range of research activities. Hence, in 
addition to general proficiency in electronics, a 
broad knowledge, inventive ability and capabi- 
lity to communicate with other specialists will all 
be required. 

Minimum qualifications required are ONC or 
equivalent qualification in Electronics Engineer- 
ing. 

The appointment will be in the grade of 
Professional and Technology Officer Ill (E3,450 
x 5 to E3,925). 

Non-contributory pension scheme. 

For further particulars and application form 
write to The Secretary, Weed Research 
Organisation, Begbroke Hill, Yarnton, Oxford 
0X5 1PF, quoting 7/75. Closing date for 
applications 10th September, 1975. 

(48751 

ppointments 

AUDIO 
ENGINEER 

Experienced in development of consumer audio 
products, as a member of a small and busy 
engineering department engaged on a variety of 
projects for an expanding manufacturing company, 
currently 300 strong, based in one of the most 
attractive parts of the U.K. The company offers 
bright prospects to ambitious, diligent and 
progressive people and the social and sporting 
amenities and general living environment of Perth 
are outstanding. 
Salary will be offered commensurate with age, 
experience and seniority, together with payment of 
removal expenses and assistance with rehousing. 
Please write in the first instance giving details of age, 
marital status, academic qualifications, previous 
experience and current salary. 

To: Mr. J. Bandeen 
Executive Director (Administration) 

G.R. INTERNATIONAL ELECTRONICS LTD. 
Almondbank, Perthshire PH1 3NQ 

ARTICLES FOR SALE 

NO TUBE SHORTAGE 
with TOSHIBA from C.P.C. 

New Toshiba Tubes 
19" A49/191X £48.95 
20" 510DJB22 £50.75 
22" A56/120X £54.25 

Better Value - Lower Prices 
The fully guaranteed quality tubes 

No delivery charge - Settlement discount 
5% 7 days and 2% monthly. 

Write or phone for full details now! 

:1111 Combined Precision 
Components (Preston) Ltd. 
194 -200 North Rd., 
Preston PR1 1YP 
Tel. 55034 

4855 

COMPUTER TAPE STATION 
ICL Modei Pi i Potter MT120 7 -track 
'L" tape deck. EC120 PSU. MA315 
Read & Write Amplifier Unit etc 240V 
50Hz operation Size 
1 6mx0 78mx0 61 m L80. Carriage 
by arrangement 
Also Mallard core stare AW661 48 
planes each 64x64 F22 +t 1 carr. 
IBM Mag Tape Unit. type 72. less 
head i-25 +carr 
GNT Model 34 Paper Tape Punch 
40Ch p s t25 
ICL 1 91 1 Card Reader L220 

Prices exclude VAT 
SAE Fnowrnas 

GREENWELD ELECTRONICS 
51 Shirley Park Road. Southampton S01 4FX 

Tel 0703) 772501 

DISCOLIGHTS. Best. Cheapest. Reliable. 
Bumper Catalogue, - Aarvak, 98A(W) West 
Green Road, N15 5NS. 01 -800 8656. (23 

LOW COST 1C MOUNTING. Use Sbldercon IC 
socket pins for S fo 40 pin DILs, 70p (plus 
5p VAT) for strip eì 1(10 pins, £1.50 (plus 12p 
VAT) for 3 strips of 100, E4 (plus 32p VAT) 
for 1,000. Instructions supplied. Send for sam- 
ple. Sfntel, 53c Aston Street, Oxford. Tel: 
0065 43203. (17 

LADDERS unvarnished 14ft lin, closed, 25ft 
41n extd. (21.40 delivered. Tel: Telford 586644. 

(16 

WOLTHAM 20W Audio Power Amplifier Module 
119741 confidently challenges any performance - on ear or paper. £9.60 inc. S.O.R. Detailed 
spec. on request, Audio Fluttermeter to BS1988. 
£95.0110 inc. Sydney House, 35 Villiers Road. 
Watford 138757). (4799 

16MM B & H 631 Sound projectors c/w speaker 
and transformers £135. - Hilton Cine, 9 West 
Hill, Dartford -T, 20009. (15 

HUNDREDS of Dual Standard Colour TVs for 
sale. Contact: S. H. C. Televisions Ltd.. 024- 
026 (Radnage) 3:t21. (20 

VACUUM is our speciality, new and second- 
hand rotary pumps, diffusion outfits, accessor- 
ies coaters, etc. Silicone rubber or varnish 
nutgassing equipment from f40. V. N. Barrett 
(Sales) Ltd., t Mayo Road, Croydon. 01-684 
2017. (24 

" r UNDERSTANDING SOLID -STATE ELEC- 
TRONICS " is the simplest. easiest -to- follow 
book yet n the subject. Includes 12- lesson self - 
teaching course with "quizzes." 242 pages. 
technical glossary with each chapter. And only 
í1.26 post paid. Send a cheque /P.O. for your 
copy now to: MS21/WW1, Bonk Sales. Texas 
Instruments Ltd., Manton Lane. Bedford, 
MK41 7PA i.5854 

Hair 
Transplant 

For free brochure, clip 
this ad. and send to: 

Room 6 
HAIR TRANSPLANT 

INTERNATIONAL 
502 Eccleshall Road, Sheffield 

14224 

THE SCIENTIFIC WIRE CO. 
.1-,opper - Nickel - Chrome - Eureka 

Litz - Manganin Wires. 
Enamelled - Silk - Cotton - Tinned 

Coverings. 
* No minimum charges or quantities. 
* Trade and export enquiries welcome. 
* S.A.E. brings List. 

P.O. BOX 30, LONDON E4 9BW 

BUDGET MIINI AUDIO MIXERS 
With Professional Facilities 

Slider Faders * Tone Controls * Momtonny * 
VU Meter 

Mono or Stereo * Ready to use or kits 

Derails Ref. WW 
PARTRIDGE ELECTRONICS 

21 -25 Hart Road, Benfleet, Essex 
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The St op Wírdow for the Very Best.., 

1:111 

COMBINED 
PRECISION 

COMPONENTS 
(PRESTONILTD 

194 -200North Rd, 
Preston PR1 1 Y P 

Tel: 55034 
Telex 677122. 

TOSHIBA VALVES 

Type Price (p) 
DY87 30.0 
DY802 30.0 
ECC82 28.0 
EF80 29.5 
EF183 34.5 

34.5 
35.5 
24.5 
40.0 
41.0 
31.5 
39.0 
42.0 
40.0 
39.0 
39.0 
44.5 
41.0 
59.5 
55.5 
25.0 
64.5 

EF184 
EH90 
PC900 
PCC89 
PCC189 
PCF80 
PCF86 
PCF801 
PCF802 
PCL82 
PCL84 
PCL85 
PCL86 
PFL200 
PL36 
PL84 
PL504 
PL508 
PL519 £1.60 
PY88 35.5 
PY800 33.0 
PY500A 85.0 

SEMI CONDUCTORS 
Price 

Type Each (p) 
AC127 17 
AC1í8 13 
AC141K 25 
AC142K 25 
AC151 20 
AC154 18 
AC155 18 
AC156 20 
AC176 22 
AC187 19 
AC187K 24 
AC188 17 
AC188K 26 
AD142 45 

Price Price DIODES 
Type Each (p) Type Each (p) Type Each (p) 

BA115 7 
BA145 14 
BA148 19 
8A154'201 11 

BY126 11 

BY127 12 
BY199 27 
BY206 21 

BY238 25 
0A90 6 

0A202 7.5 TBA800 E1.50 
1960/0A91 5 T649200 E2.90 
NEW TOSHIBA TUBES TBA990C1 £2.90 
19- A49/191X £48.95 TCA2700 E2.90 
20. 5100J822 £50.75 ETTR6016 £2.00 
22' Á56/120X £54.25 SN76013ND £1.50 

EHT MULTIPLIERS MONOCHROME (BRC) 
9 Price Each 
8 2HD 950MKI, 960 £1.70 

2T0 950MK2. 1400 01.85 
2DAK 1500 (17' S 19 ") El .86 
2TAK 1500 (23" 5 24 ") £2.00 

EHT MULTIPLIERS - COLOUR 
lITAD ITT CVCI, 2 5 3 

ITN GEC /Sobell 
1ITAZ GEC 2110 
11 TAM Philips G8 
I I TBD Philips 550 
3TCW Pye 691 /693 
1 TH Decca 30 Series 
I1 TAO Decca'Bradford 
3TCU Thorn 3000 3500 
11 HAA Thorn 8000 
11 HAB Thorn 8500 

AD149 
AD161 
A0162 
AF114 
AF115 
AF116 
AF117' 
AF118 
AFI 39 
AF178 
AF180 
AF181 
AF239 
AF240 
BC107 
BC108 
8C109 
BC109C 
BC113 
BCI16A 
BC117 
BC125B 
BC132 
8C135 
BC1 37 
BC138 
BC142 
BC143 
BC147 
BC147A 
BC' 48 
BC149 
BC153 
BC154 
BC157 
BC158 
BCf59 
BC173 
BC178B 
BC182L 
BC183L 
BC187 
BC2141 
BC328 
BC337 

40 
38 
38 
24 
21 
22 
19 
50 
35 
45 
45 
45 
40 
60 
11 
10 
14 
14 
13 
19 
14 
15 
25 
15 
19 
26 
23 
25 
11 
11 
10 
10 
15 
15 
14 
10 
11 
18 
20 
12 
12 
25 
15 
28 
19 

BD124 
B0131 
BD132 
BD160 
130235 
80237 
BDX32 
BF115 
BF160 
BF 167 
8E173 
8E178 
BF179 
BF180 
BF181 
13F184 
BF185 
BF194 
BFI 95 
BF196 
BFI 97 
BFIgR 
BF200 
BF218 
BF224 
BF258 
BF336 
8E337 
BF355 
BFX86 
BFY50 
BFY52 
BSY52 
57106 
BÚ105/02 
BUI 08 
BU208 
E1222 
MJE340 
0071 
0072 
R2008B 
R2010B 
RCA16334 
RCA16335 

75 
45 
39 

£1.38 
49 

52 
£2.40 

20 
15 
20 
20 
35 
40 
31 
32 
25 
25 

INTEGRATED 
CIRCUITS 
Type 
TAA550 
TAA700 
TBA120AS 
TBA12OSQ 
TBA4800 
TBA5200 
T BA5300 
TBA5400 
TBA56OCO 

Price 
Each 
49p 

C2.95 
E1.00 
£1.00 
E1.40 
E2.35 
E1.75 
£1.75 
£2.40 

10 
12 
23 
25 
30 
23 
34 
28 
35 
54 
28 
19 
20 
35 

E1.20 
C1.95 
E2.10 
E2.95 

30 
45 
15 
16 

C2.00 
[2.00 

80 
80 

£4.50 
£4.50 
£4.85 
£4.50 
£4.50 
£3.50 
£4.50 
E4.50 
C5.00 
C1.90 
£4.25 

PRICES SUBJECT TO 28% V.A.T. 
All goods subject to settlement 
discount of 5% 7 days and 2% 
monthly. 
No postage charges or minimum 
order values. 
Write or phone for full details now. 

...In Prices, Quality and Service. 

Fibre optic 5uppicr 
MARE'S TAIL Decorative Display. 22" dia. 7.000+ Fibres E10.00 
PISROFLEX SIZE 1 440 Strand Flexible Glass Light Cordial. 1.14mm. 
Active Dia.. Bieck Sleeth, lOm E3.00; 100m £21.00. 
FIIROFLEX SIZE 4 1.760 Strand E1.50 per metre. 10m £12.00 
CROFFON 1610 Flexible 64 Strand Plastic Light Conduit. Active Dia 
1.8mm. O.D. 3.3.mm E1.20 per M.; 10m E6.00 
PLASTIC OPTICAL MONOFIORE Flexible Light Guide Die. 10. 20, 40, 60 
thou. FP10 100m E2.00. FP20 (0.5mm) 100m E4.00. FP40 10m E2.20. 
100m £14.00. FP60 10m £4.00; 100m E30.00 
QPTIKIT 103 2m CROFON 1610 + 5m each FP20. FF40, FP60 E4.60 
OPTIKIT Le S Convex Glass Lenses Du. 7/14/21/26 /47; 55mm E3.00 
OPTIKITB 855 Five Retro-Reflectors for 0 kcal /Infra -(Red beam systems. 
Dias. 22/36744/83mm + 15Omm Stop (2.50 
ULTRASONIC TRANSDUCERS Sensitive 4068e Te /Rx pair £3.00 
ULTRASONIC TRANSDUCERS *NEW* 25kHz To !Rs pur £3.80 
e I11CU4LAR POLARISERS Reduce glare on all types of instrument 
POD /A,MBER /GREEN or NEUTRAL. 50mm so 70p; 75mm so E1.40 
OPTOLECTRONICS LIGHT SOURCES S. DETECTORS 
MV54 2mm Red LED 20p. MLED500 7092 Red LED 20p. 
XC209 -Red (3mm) 20p. XC209.Y. XC209 -G (Amber. Green) 30p. 
MLED92 Infra Red Emitter 30p. MLS203 Photo -Thyristor £1.20. 
295777 High Sensitivity Photo -Darlington 25V 60p. 
MRD 150 2mm High Speed Photo -Transistor (4 uS) 40V 70p 
Please add 8% VA7 to prices. S. A. E please for short fern /date 
RIRE OPTIC SUPPLIERS Gen 2 L0000UN 110(6 MEWS. LONOON UWE 808 

4857 

SELLING RADIO TIMES, Listener, Radio 
World, Wii0eless. (Magazine, BBC handbooks 
(1I920's to 1940's). Telephone Colwyn Bay 
311185. (4876) 

60 KHz MSF Rugby and 75 KHZ Neuchatel 
Radio Receivers Signal and audio outputs. 
Small, compact units. Two availablte versions. 
Tooles, Bristol Road, Sherborne (3211), Dorset. 

(21 

PAL colour bar generator FP684R 1120. Tel - 
equipment D54 Oscilloscope £160. Both as new. 
D. J. Denham, Lawerfield, Ladford, Credition, 
Devon- Ladford 241. (4845 

COUNTERS, 6 DIGIT ELECTRO -MECHANICAL 
with manual reset finished in grey plastic. 
23V.D.C. at 40 I.P.S. -£2.25 ea. 24V -D,C, at 25 
I.P.S. -£2.00 ea. - Ring 01 -969 9388. (4772 

VALVE TESTER. AVO 160. Portable suitcase 
model with handbooks, £30 o.n.o. St. Albans, 
69236 anytime. (4847 

COLOUR. UHF and TV SPARES. Colour and 
UHF lists available on request. New cross 
hatch kit And Sync and UHF Modulator units 
aerial in -put type £11 p &p 45p. CRT reagtivator 
kit for colour and mono £16.80 p &p 60p. Signal 
strength meter kit £18.00. P/P 45p. 625 TV. If 
unit, suitable for Hl -Fi amp or tape recording, 
£6.75 P/P 35p. Bush CTV 25. New conver- 
gence panels plus yoke and blue lat., £3.85, 
P/P 40p. New Philips single standard conver- 

Pwlad. 

controns, 
.B. sú ches,es 43.75P/P 50p.Ne Coilour 

Scan Coals, Mullard or Plessey plus convey -. 
glance yoke and blue lateral, £9.20, P/P 55p. 
Mullard AT 1023/05 Convergence Yoke £2.30 p/p 
50p. Mullard or Plessey Blue Laterals, 7r51p P/P 
210p. BRC 3000 type Scan Coils, £2.00 P/P 40p. 
Delay Lines DL2O, £3.50, DLIE, DLI, £1.00, PIP 
35p. Lum Delay Lines, 50p, P/P i5p. EHT 
Colour Quadrupler for Bush Murphy CTV 25 
111/174 series, £7.50. P/P 60p ERT. Colour 
Tripler ITT TH25/11TH suitable most sets, £2.010 
P/P 35p, GEC 2040 colour tripler £1.75 P/P 35pp 
Colour surplus/salvaged Phillips G8 panels 
part complete; Decoder, .2.50, IF incl. 5 
modules, £2.25. T. Base, £1.00, P/P 28p. CRT 
base, 759, P/P 1,5p. GE:C 2040 panels, for 
spares Decoder £3.50, Time Base 91.00 P/P 
50p. B9D valve bases 110p, P/P 6p. VA LICAIP 
TUNERS. UHF ELC 1043 NEW, £4.20. ELC1043/ 
05 £5.00. ELC1042 (VHF) £5.50, Salvaged VHF 
and UHF Varioap tuners, £1.4'0, P/P 25p. UHF 
TUNERS NEW, Transistorised. Inld. slow 
motion drive, .3.80. 4 positron and 6 pos. 
push-button transistorised £4.20. P/P 45p. 
Philips, Bush, Decca, Integrated UHF /VHF 
transd tuners 14.50 P/P 60p Murphy 600 /700ser- 
ies corn. UHF conversion kits incl. tuner, drive 
assy, 625 IF amplifier, 7 valves, acces., housed 
in cabinet plinth assembly, £5.50, P/P 65p. 
THORN 050 Dual standard time base panel, 
50p, P/P 50p. PHILIPS 625 IF amplifier panel 
incl. oct., 50p P/P 45p. VHF turret tuners 
AT7650 incl. valves for K.B. Featherlilght, 
Phillips 19TG170, GEC 2010, etc., £2.50. PY'E 
miniature incremental for 110 to 830, Paan 
and Invllcta, £1.00. A.B. miniature with UHF 
injection suitable K.B. Baird, Ferguson, 75p. 
New fireball tuners Ferguson, HMV, Marconi, 
£1.00 P/P all tuners 50p. Mullard 110° mono 
scan coils, new suitable all standard Philips, 
Stei1a, Pye, Ekco, Ferranti, Inviata, £2.00, P/P 
35p. Large selection LOPTS, FOPTs available 
for most popular makes. 200 +200 +100 MFD 
350v Electrolytic £1.00 P/P 20p. MANOR 
SUPPLIES, 172 WEST END LANE, LONDON, 
N.W.B. Shop premises, callers wele me, (No. 
28, 59, 11159 Buses or W, Hampstead Bakerloo 
and Brit. Rail). MAIL ORDER: 64 GOLDERS 
MANOR DRIVE, LONDON, N.W.11. Tel. O1 -794 
8751. VAT PLEASE ADD 25% TO ALL PRICES. 

SCOPES 
AVAILABLE 

Absolutely perfect condition. Most as new. 

Tele- equipmentS 51b 3 meg. £60 
S 54 10 meg. £85 
D 43 15 meg. £90 
D53 15 meg. £135 
D54 10 meg. £125 
DM 53 1 5 meg. storage f225 

Ring: Mr. Lewis at 01 -882 1644 now 
and avoid disappointment 

4866 

SURPLUS TEST EQUIPMENT AND RADIO 
AMATUER GEAR. Bench power suppliers 200/ 
400 v. Precision millivolt meters, chart recor- 
ders, Vanguard, Cambrides, etc., etc., precision 
stanards room equipment. B &H COMPONENT 
LTD, Dept WW, 61, Cheddington Road, Pi stone, 
Nr. Leighton Buzzard, Beds. LU7 9AQ. Tel. 
Cheddington (0296) 668446. (49 

WIRELESS WORLD, 1934-1975. Earlier years not 
complete. - Offers to Mrs. Howe, Pinebrook, 
Offwell, Honiton, Devon. (4860 

LINSLEY -HOOD 75 watt amplifiers constructed 
and serviced. Filter switch click and mains 
borne interference suppression kit, with in- 
structions, £1.35. P & P 20p. Self- powered 
Motorola MC1310P decoder for Quad FM tuner. - SAE for details, I. G. Bowman, 35 Park Hill 
Road, Torquay, S. Devon. (4856 

HEWLETT PACKARD step recovery diodes type 
5082 -0253 for high and tow order harmonic 
power generation Fo- 12.5 GHZ. 10 available. 
Clark, 2 Waltham Road, Woodford Bridge, 
Esses. (4850 

CALCULATORS. Scientific. One each HP56 and 
HP35. Reasonable offers. St. Albans 69236 any - 
time. (4848 
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TERMS OF BUSINESS: CASH WITH ORDER 
ALL PRICES INCLUDE POST AND PACKING (UK B B A M B E R ELECTRONICS EXPORT ENQUIRIES WELCOME. CALLERS WELCOME 

ONLY) 
UES. -SAT. 

5 STATION ROAD, LITTLEPORT, CAM BS, CB6 1QE PLEASE ADD VAT. MINIMUM ORDER £1 TEL: ELY (0353) 860185 (TUESDAY- SATURDAY) 
PLEASE ENCLOSE STAMPED ADDRESSED ENVELOPE WITH ALL ENQUIRIES 

VAT ON ELECTRONIC 
COMPONENTS 

When the new rates came into force on May 
1st, we were informed that all our 
components would be subject to the higher 
(25 %) rate. However, since this time there 
have been consultations between the 
Customs and Excise and the Electronic 
Components Board and they have now 
revised the interpretation of the Act, and 
many of our items have been returned to the 
8% VAT category. We will endeavour to 
make these alterations clear on our new 
advertisements. Unfortunately, NO 
REFUNDS are possible on previous 
transactions, owing to the VAT content of 
these being passed on to the Customs and 
Excise, and not reclaimable. 

ALL BELOW -ADD 25 %VAT 
DUBILIER ELECTROLYTICS. 5000mfd. 
at 35V. 50p each. 
DUBILIER ELECTROLYTICS. 500uF, 
50V, 60p each. 
DUBIUER ELECTROLYTICS, 5000mfd. 
at 70V, 05p each. 
ITT ELECTROLYTICS. 6800mfd. at 25V, 
high grade, screw terminals, with mounting 
clip, 50p each, 
PLESSEY ELECTROLYTICS. 1 0000mfd. 
at 63V, 75p each 
PLESSEY CATHODRAY CAPACITORS. 
0.04uF at 12.5KVDC, screw terminals, 
£1.50 each. 

ALL BELOW - ADD 8% VAT 
RADIOSPARES 500WAT'T AUTO 
TRANSFORMER, 100 / 110 / 150 / 
200 / 220 / 240V tapped input and 
output step up or step down facility. ex. new 
equip., £6.00 

PLUGS AND SOCKETS 
25-WAY 1SEP PLUGS AND SOCKETS, 
40p set (1 plug + 1 skt). Plugs and sockets 
sold separately at 25p each. 
ANDREWS 44ÁN FREE SKTS. (N -type) 
for FH4 /SOB or FHJ4 /50B cable, E1.00 
each. 
BULGUR ROUND FREE SKTS. 3 pin, for 
mains input on test equipment. etc., 25p 
each 
50239 BACK TO BACK SOCKETS, 
£1.25 each 
BNC INSULATED SOCKETS (single hole 
type), 65p each 
PL259 PLUGS (PTFE). Brand new, 50p 
each. or 5 for £2.25. 
Reducers for above 15p each. 
50239 SOCKETS PTFE Brand new (4 (PTFE). ( 
hole fixing type), 50p each, or 5 for £2.25. 
N -TYPE SKTS. (4 hole chassis mounting, 
5Oohms, small coax lead type), 50p each. 
BNC PLUGS (Amphenal, new, packed), 
35p each (4 for £1.20). 
BNC SOCKETS (4 hole chassis mounting, 
lead type). 35p each (4 for E1.20). 

TERMINATIONS 
CATIONS CHASSIS 

LEAD TERMINATIONS (These are the 
units which bolt on to the chassis, the lead 
is secured by screw cap, and the inner of 
the coax passes through the chassis), 30p 
each, 4 for 11.00. 

VALVES 
OQV03 /10 (ex. equipment), 75p each 
2C39A (ex. equipment). £1.00 (ach. 
OQV02 /6 (ex. equipment), £1.00 each 
4CX250B (ex. equipment), £2.10 each 
4X2508 (ex. equipment), £1.50 each. 
DET22 (ex. equipment), 2 for £1.00. 
15082 MULLARD 150V REG. (Equiv. 
0A2) (new, boxed). 40p. 
TRANSISTOR HEATSINKS, to make 2 x 
TO1 8 transistors. screw -in clamps. block 
size 1 in x ' /ein z ' /sin with 2 holes for 
mounting 3 for 50p. 

ALL BELOW - ADD 8% VAT 
MULLARD TUBULAR CERAMIC 
TRIMMERS, 1-1 8pf, 6 for 50p. 
(as featured in Rad. Comm. Jan. p.25). 
IGe, some coded, 1 4DIL type, untested. 
mixed, 20 for 25p. 

TRANSISTOR INSULATOR SETS, 
10 for 50p. 
24V MIN. REED RELAYS, encapsulated 
single-pole make. 2 for 50p. 
24V 2.8W LAMPS, MES type, 6 for 20p. 
CHASSIS TAGS, 25p pack. 
RELAYS, single pole, changeover, 12 DC. 
approx %in. e Yin. x Thin., 35p each 
MINIATURE SLIDER SWITCHES, 2 
pole, 2 way, 5 for 50p. 
VHF RF CHOKES (wound on 2.2K '/:W 
Resistors), 5 for 35p. 
2 -6 pf.. 10mm circular: ceramic trimmers 
(for VHF /UHF work), 3 pin mounting. 5 for 
50p. 
CERAMIC HIGH VOLTAGE PILLARS 
(metal ends. tapped 4BA), approx. 1 in 
long, 10 for 60p. 
CURLY LEADS, 4 core telephone-type. 
11íín. closed, approx. 5ft. extended. 2 for 
201p. 
PC BOARD WITHDRAWAL HANDLES, 
mixed cols 8 for 50p. 
SOLDER, 20SWG, 60/40 alloy. approx 
9 yds. 25p. 
ROTARY SWITCHES 9 way 4 pole 
(separate wafers. plastic), 'h in. spindle, 40p 
each. 
FERRITE COILS on %in. dia ferrite rings. 
3 for 50p. 
BLACK PLASTIC KNOBS, :sin. dia 
Vain spindle, 4 for 50p. 
RINGS MAGNETS, 7mm inside die., 20 
for 30p. 
SMALL CHROME HANDLES, %in. dra, 
1 %in. between holes, 1 in. clearance, 
tapped 4BA (with screws & washers), 2 pair 
for 40p. 

MANUFACTURERS - SEND SAE FOR 
OUR LATEST BARGAIN CAPACITOR LIST. 

ALL BELOW - ADD 25% VAT 
HIGH QUALITY SPEAKERS, 8%in x 
6in , elliptical, tin. deep, 4ohms, inverse 
magnet, rated up to 10W. 11.50 each, or 2 
for (2.75 (Quantity discount available). 
T.V. PLUGS (metal type). 6 for 50p. 
T.V. SOCKETS (metal type). 5 for 50p. 
TN. LINE CONNECTORS (back -to -back 
skt 1 5 for 50p. 
MIXED ELECTROLYTICS, large bag. 
£1.00. 
0C200 TRANSISTORS, 6 for 50p. 
BSY95A TRANSISTORS, 6 for 50p. P 
PNP AUDIO TYPE T05 TRANSISTORS, 
12 for 25p. 
STUD RECTIFIERS, BYX42 /300R, 
300V at 10A 30p each, or 4 for £1.00 
DIN SKTS, 5 pin, 250 deg., 4 for 50p. 
DIN SPEAKER SKTS, 2 -pin, 4 for 50p. 
IF CANS, 1/21n square, suitable for rewind. 
6 for 30p. 
DUBILIER ELECTROLYTICS. 50uF, 
450V, 2 for 50p. 
DUBILIER ELECTROLYTICS. 100uF, 
275V. 2 for 50p. 
PLESSEY ELECTROLYTICS. 470uF, 
63V, 3 for 50p. 
TCC ELECTROLYTICS. 1000uF, 30V, 3 
for 60p. 
PLESSEY ELECTROLYTICS. 1000uF. 
180V. 40p each (3 for £1.00). 

ALL BELOW - ADD 8% VAT 
VARIABLE STABILISED PSU, solid 
state, 240V AC input, output 0 -24V DC at 
500mA + 32v at 50mÁ ( approx.). Size 

, 
7yzin. x 4in. x 21/tin. (voltage controlled by 
external 5k ohm pot) (less 5k ohm pot), 
£5.00 each. 
5k ohm pots, 3 turn, for above. 75p each. 

MAINS TRANSFORMERS 
All 240V input_ voltages quoted 

approx. RMS 
(Please quote Type No. only when 

ordering) 
TYPE 10/2 10 -0 -10V at 2A, £1.60. 
TYPE 18/2 18V at 2A. E1.65. 
TYPE 28/4 28V at 4A, 125V at 500mA, 
£4.00. 
TYPE 129 400V at 20mA, 200V at 10mA, 
6.3V at 500mA, £1.25. 
TYPE 72703 400V at 10mA, 200V at ' 

5mA, 6.3V at 400mA, E1.25. 
TYPE 70462 250- 0 -250V, 50- 0 -50V, 
6.3V, £1.75. 
TYPE 125BS, approx. 125V at 30mA, 
85p. 
MAINS ISOLATING TRANSFORMER 
(ex. equip), in metal cases, totally enclosed, 
tapped mains input. 110 -240V etc., output 
240V at 3A + 12V at 0.5A. £11.00. 
AS ABOVE, output 240V at 12A + 12V at 
3A + 72V at 2 5A 127.50. 

PYE RADIO -TELEPHONE 
EQUIPMENT 

Cambridge. Westminster, Motofone, Euro- 
pa series. Send s.a e. for full details. stating 
rep,nrements frequency. channel spacing 
lin 4863 

RHOTO ETCH 
LIMITED 

9 LOWER QUEEN STREET 
PENZANCE, CORNWALL, TR18 4DF 

Prototype or long run - we will supply 
your printed circuit requirements 

Also facilities for Design, Assembly and 
Test 

Prompt and efficient service assured 
contr.et David WAbr.tr.r 

PENZANCE t073e, 44712 

FOR SALE: 
MARINE RADIO EQUIPMENT 

by Marconi, Redifon, etc main and 
emergency transimtters, receivers, auto - 
alarms, VHF R/T and spares. 

Above also wanted 

Box WW 4800 

VALVES - , Radin - TV Transmitting & 
Industrial 19:30 to 1975. 2200 Types in stock 
many obsolete, List 20p. Quotation S.A.E. 
Postal export service. We wish to buy new 
and boxed valves, wholesalers. dealers, etc., 
stocks purchased. - Cox Radio (Sussex) Ltd.. 
The Parade, East Watering. Sussex. West Wit - 
tering 2023. 14868) 

SPECTRUM ANALYSER Hewlett- Packard ä.551B/ 
85IB. 10MHz tu 12.46Hz. Little used and in 
excellent condition. £1,850 plus VAT. - G. Lee - 

\'auhan. "%Vests." Brigstuck Road Thornton 
Heath, Surrey, CR4 7.1B. Ring Downland :55227. 

(48671 

CRYSTALS 
Fast delivery al prototype and production quantities to your specification for 
digital cocks, mobile radio. radar. etc. Examples: 

10 kHz. 100 kHz 0.03Ví 105 £2.22 each: £1.020 per 1.000 
100 kHz 0.005% HCI3 /U E3.00 each: E1.900 per 1.000 
I MHz 0.005% 14C6 /V £2.50 each: £1,600 per 1.000 
2.097152 MHz 0.0025% HC6 /U £3,05 each; £1,550 per 1.000 
3.2768 MHz 0.0025% HC6 /U E2.70 each: 11,500 per 1,000 
10.0 MHz 0.002% HCI8 /11 E2.00 etch: £1,100 per 1,000 

INTERFACE QUARTZ DEVICES Ltd.. 29 Market Street, 
Crewkeme, Somerset Telephone: 10460311 2578 Telex: 46283 
Importers and exporters of crystals. filters, oscillators and frequency 

counters from worldwide sources 1571 

SPECIAL CABLE OFFER 
Coax UR95 3p per Metre. UR70 6p per M UR67 25p per 
M. UR43 6p per M. 
Mains Twin PVC Oval, 16 /0.2mm 5p per M. 
4-core Screened 8p; 8 -core 10p; to Max 23m coils. 
20-core Screened 15p per M; toMax 7m coils, 
Equipment wire E1 per 100m; £4.26 per 500m; E8 per 
KM. 
Mains Isolation Transformers, 240V, 250 watt £2.95 post 
60p. 
All items indude VAT; Carriage Extra. SAE sample and lists 

W. H. WESTLAKE, CLAWTON, HOLSWORTHY, 
DEVON 4852 

PMR, TV, BROADCASTING, AMATEUR 
1.9MHz- 500MHz. Do you work on RF on these 
Frequencies? Then the new Range of Watt Meters, 
Thru -Line Watt Meters and Dummy Loads will be of 
interest. Four Instruments up to 1 KW rating are 
available. For full details send to 

J. H. ASSOCIATES 
52 Silver Street, Stansted, Essex 

(4846) 

TRADE BUYERS required for selling battery 
type antenna amplifiers in all parts of the 
world- The type we make are Bil- stereo VHF/ 
FM radio, B12 -VHF television, B45 -UHF colour 
and monochrome television. Trade price (2.75. - Electronic Mail Order Ltd.. Ramsbottom, 
Bury, Lancs, England. 14882 

ENAMELLED COPPER WIRE 
S.W.G. 1!b Reel ,Ib Reel 
10 -14 £2.05 -7.15 
15 -19 £2.15 11.20 
20 -24 £ 2.20 E1.25 
25 -29 £2.25 £1.30 
30 -34 £2.35 £1.38 
35-40 £2.50 £1.45 

All the above prices are inclusive in U.K. 

COPPER SUPPLIES 
102 Parrewooc Road, Withington, Manchester 20 

Telephone 061-445 8753 

ARTICLES WANTED 

SURPLUS COMPONENTS, Equipment and Com- 
puter panels wanted for cash. Ring Southamp- 
ton 772551, (4748 

COIL WINDERS WANTED. Any type considered 
including torruidal. For one application we 
would prefer Ave Macadie or newer equivalent. 
We specialise in audio inductors wound to 
your specification. Falcon Acoustics Ltd., 26 
Station Road, Bexhill -on -Sea. 0424- 219950. 

44894) 

WANTED surplus capacitors. resistors and tran- 
sistors in bulk for cash. - Electronic Mail - 
order Ltd.. Ramsbottom, Bury. Lancs. Tel (STD 
70682) 3036, (4751 

WANTED, all types of communications receiv- 
ers and test equipment. Details to R. T. & I. 
Electronics, Ltd., Ashville Old Hall, Ashville 
Rd., London, E,11. Ley 4986. (63 

WANTED: Book permanent magnets and mag- 
netism, D. Hadfield. Box No. WW 4849. 
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Economise on Semiconductors 
All prices include new rate VAT 

* Low Price CMOS * Low price DIL sockets 

* Lower Price 741 C * Plastic 3 terminal Regulators 

1+ 10+ 25+ 
TTL Mixed Prices 1+ 10+ 25+ 
7400 18 17 16 

709C Op Amp + data 8 pin OIL 37 35 33 7402 18 17 16 
723C Regulator + data 14 pin DIL 70 68 64 7403 18 17 16 
741C Op Amp + data 8 pin DIL 26 25 24 7404 19 18 17 
748C Op Amp + data 8 pin DIL 43 41 39 7405 19 18 17 
NE555 Timer + data 8 pin OIL 65 62 59 7410 19 17 16 
CA3045 Array 14 pin DIL 84 81 77 1413 36 34 33 
10111405 Reg. 5V 650mA 95 90 85 7420 18 17 16 
TOA1412 Reg. 12V 500mA 95 90 85 7430 18 17 16 
10Á1415 Reg. 15V 450mA 95 90 85 1442 77 73 70 
BCIO7. 108. 109 11 10.5 10 7447 99 94 89 
8C182.184 12 11.5 11 7473 42 40 38 
BC212. 214 13 12.5 12 7474 38 36 34 
HP LEO 'h" 20 19 18 7476 42 40 38 
HP LED 0.2" 21 20 19 7486 33 31 29 
CL Sockets 8 pie 12 11 10 7490 60 57 54 
Low Profile 14 pie 13 12 11 7492 60 57 54 

16 pin 14 13 12 7493 60 57 54 
74121 48 46 44 

abs O Mixed Prices 
4000 24 22 
4001 24 22 
4102 24 22 

BC108C 13 81Y88C- 10914 5 4007 24 22 
BCI71 21 303 -15V 12 154001 5 4011 24 22 
80178. 21 263702 13 164002 6 4012 24 22 
8F244 27 263704 13 1N4004 7 4013 68 60 
BF244B 30 263708 11 194148 5 4015 175 158 
BFY51 19 2143055 55 4023 24 22 

4025 24 22 
4027 97 87 
4010 72 65 

AS -5 -1224 Digital Clock TC, 12 or 24 hr.. 7 segment or BCD outputs. drives LEO. Minitron displays Simple 

interlacing. 16 pin OIL. IC + data + circuits £4.90. 
W5082 -7740 0.3" digits E2.00. IC + 4 0.3" digits (12.30. IC + 4 0.3" digits + transistors + transformer 

E14.30. 
TBA81DAS 7W Audio Amp with thermal protection + data + circuit E1.25 

TG94 IOW Audio Amp with thermal protection + current limit + circuit £2.40 
TÁ0100 Radio IC + IF filter + circuit E1.80 

Carbob film resistors. high stability 'AV 5'S, E12 Values 10 -2M2 le 28 ea.. IO I lo, 100 95p. 
By return service. Prices include 25% VAT. P&P 10p IUK). overseas al coal. All items new. TI. Motorola. Mollard. Sob. 

etc. SAE lists. enquiries. Schools. Colleges. etc. supplied. 

SILICON SEMICONDUCTOR SERVICES 
41 Dunstahle Road, Caddington, Luton LUI 4AL 40 
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COURSES 

YOUR CAREER in 

RADIO & 

ELECTRONICS 
BIG OPPORTUNITIES and big money await the qualified man 
in every field of Electronics today -both in the U.K. and 
throughout the world. We offer the finest home study training 
for all subjects in radio, television, etc., especially for the CITY 
& GUILDS EXAMS (Technicians' Certificates); the Grad. Brit. 
I.E.R. Exam.; the RADIO AMATEUR'S LICENCE: P.M.G. 
Certificates; the R.T.E.B. Servicing Certificates; etc. Also 
courses in Television; Transistors; Radar; Computers; 
Servo -mechanisms; Mathematics and Practical Transistor 
Radio course with equipment. We have OVER 20 YEARS' 
experience in teaching radio subjects and an unbroken record 
cif exam. successes. We are the only privately run British home 
study College specialising in electronics subjects only. Fullest 
details will be gladly sent without any obligation. 

To: British National Radio & Electronics School, P.O. Box 
156, Jersey, C.I. Dept. WWC 95 

Please send FREE BROCHURE to 

NAME Block 

ADDRESS 
Caps. 
Please 

BRITISH NATIONALRADIO AND 
ELECTRONICS SCHOOL 

4884 

SERVICE AND REPAIRS 

Be 
QUALITY 

GRAPHIC ELECTRONICS LTD 
PROFESSIONAL PRINTED CIRCUITS 

Small-Medium- Large Batch Runs 
Prototypes - Same Day Service 

Marsh Road, Tel: 036 -32 -3530 
Lords Meadow Industrial Estate, Crediton EX171EU 

CAPACITY AVAILABLE 

A.A.A. SERVICE. Small batch iproduction 
Wiring, assembly to sample or drawings. 
Specialists in printed circuit assembly. Cable- 
forms to order. Rock Electronics Ltd., 42 
Bishopsfield, Harlow, Essex. Tel. Harlow 
(M79) 33015. (488e) 

PROTOTYPE WIREMAN seeks ,part-time produc- 
töon circuit board assembly work to drawings 
or samples. - Apply Box No. WW 4864, Herts. 
area.. 

DESIGN, development, repair, test and small 
production of electronic equipment. Specialist 
in production of printed circuit assemblies. 
YOUNG ELECTRONICS LTD., 184 Royal Col- 
lege Street, London NWl 9NN. 01 -267 0201. (29 

PRINTED CIRCUIT BOARDS - Quick 
deliveries, competitive prices, quotations on 
request, roller tinning, drilling, etc., speciality 
small batches, larger quantities available. 
Jamiesons Automatics Ltd, 1 -5 Westgate, Brid- 
lington, N. Humberside, for the attention of 
Mr. J. Harrison. Tel: (0262) 4738/77877. (18) 

LABELS, NAMEPLATES, FASCIAS on anodised 
aluminium or perspex. Any quantity, superb 
quality, fast delivery. G.S.M. Graphics Ltd., 
1 -5 Rectory Lane, Guisborough (Tel. 02873- 
4443), Yorks. (26 

SMALL Batch Production, wiring assembly, to 
sample or drawings. Specialist in printing cir- 
cuit assemblies. D. & D, Electronics, 42 BIs- 
hopsfield, Harlow, Essex. Tel: Harlow 33018. 

(17 

CAPACITY available for the Assembly of Elec- 
tronic or Electrical Components P.C.B.s, etc. 
Small or large batch production. Remploy 
Ltd., Jupiter Road, Norwich NR6 6SU. (31 

CAPACITY available to the Electronic Industry. 
.Precision turned parts, engraving, milling and 
grinding both in metals and plastics. Limited 
capacity available on Mathey SP33 jig borer. 
Write for lists of full plant capacity to C.B. 
Industrial Engineering Ltd., 1 Mackintosh Lane, 
E9 6AB. Tel: 01 -985 7057 (14 

BATCH Production Wiring and Assembly to 
sample or drawings. Deane Electricals, 19B 
Station Parade, Ealing Common, London, W.5. 
Tel: 01 -992 8976. (13) 

AIRTRONICS LTD., for Coil Winding - large or 
small production runs. Also PC Boards Assem- 

quiries welccomed. 3a 1Valer nd Road, 
x 

Lo don, 
SE13 7PE. Tel: 01 -852 1706. (61 

Ormandy and Stollery 
Regal Works, Station Road 

Brightlingsea, Essex 

CUSTOM COIL WINDING SERVICES 
LARGE AND SMALL PRODUCTION 

RUNS 

Contact: K. BUSHNELL, Director 
Telephone: 

Brightlingsea 3636 
4895 

AUDIOMASTER BACKGROUND MUSIC . ser- 
vice, sales. Tape programmes. P. J. Equip- 
ments, 3 Onslow Street, Guildford 4801. (12 

TUBE POLISHING, mono £5.63, colour £5.94. 
C.W.O. Return carriage and VAT paid. Phone: 
N.S. 300, Retube Limited, North Somercotes, 
Lough, Lines. (27 

TUBE POLISHING, mono, £5.63, colour £5.94. 
C.W.O. Return carriage and VAT paid. Phone: 
N.S. 300, Retube Limited, North Somercotes, 
Lough, Lincs. (97 

THOR -HOLE CONVENTIONAL P.C.B.'s gold 
plating, roller tinning, prototypes, silk screen- 
ing, drilling. All or part service. - ELECTRO- 
CIRCUITS (P.C.) LTD., Delamare Road, Ches- 
nut, Herts. Tel. Waltham Cross 38600 or 20344. 

(84 
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COURSES 

CITY & GUILDS EXAMS 
Study for success with ICS. An ICS home study course 
will ensure that you pass your C. & G exams. Special 
courses for Telecoms. Technicians', Electrical 
Installations, Radio, TV & Electronics Technicians. 
Radio Amateurs 

Full details from ICS School of Electronics, Dept. 
325, Intertext House, London SW8 4UJ. Tel. 
01 -622 9911 (all hours). 

4134 

TECHNICAL TRAINING 
Get the training you need to move up into a higher paid 
job. Take the first step now - write or phone ICS for 
details of ICS specialist homestudy courses on Radio, 
TV, Audio Eng. and Servicing, Electronics, Computers. 
also self -build radio kits. 

Full details from ICS School of Electronics, Dept. 
326, Intertext House, London SW8 4UJ. Tel. 
01 -622 9911 (all hours). 

4735 

COLOUR TV SERVICING 
Learn the techniques of servicing Colour TV sets 
through new home study course provided by leading 
manufacturer. Covers principles, practice and 
alignment with numerous illustrations and diagrams. 
Other courses for radio and audio servicing. 

Full details from ICS School of Electronics, Dept. 
327, Intertext House, London SW8 4UJ. Tel. 
01 -622 9911 (all hours). 

4736 

EVENING COURSE 
IN TELEVISION 
,ENGINEERING 

The Admissions Officer (WD), School 
of Engineering and Science Registry, 

The Polytechnic of Central London, 
1 1 5 Cavendish Street, London, W1, 
will run a course in television 
engineering starting October 1975, for 
30 weeks on Wednesday evenings, 
6.30 to 9.30 p.m. The course is 
recognised for A3 endorsement, Fee 
£4. Tel. 486 581 1, ext 6241. 

4843 

BOOKS 

A Giant 
SEMICONDUCTOR DICTIONARY 

eN Nil /J1/,CJ e'J 

THE BIGGEST BARGAIN EVER OFFERED IN THE 
FIELD OF ELECTRONICS. This excellent electronics 
dictionary in 7 languages is the result of an intensive 
collaboration between scientists and technicians. In 2 
volumes are contained 1.373 pages. Although 
published at £1 6 we are pleased to make a special offer 
of this important reference work to readers at £6.50 per 
set, carriage 75p. The volumes are in leather styled' 
finish and must have cost over El 0 to print 

POWER SUPPLIES FOR ELECTRONIC EQUIP- 
MENT. J R. Nowicki. Published recently in 2 vols. A 
lull treatment of all power supplies is given. Originally 
E4 50 per volume. Bargain price E4 for the 2 
volumes postage 50p. 

CONFIDENTIAL FREQUENCY LIST HANDBOOK. 
Takes the raps oft and reveals for the first time the Hush 
Hush secrets regarding frequencies used by Ministry 
organisations, C.I.A., coastguards. spy stations, 
aeronautical voice networks and many others too hot to 
handle. £2.50 plus p & p 25p. 

FREE. THE TECHNICAL &' SPECIALISED 
BARGAIN BOOK BULLETIN. Contains techni- 
cal. radio, electronics, sciennfic and specialised 
books at bargain prices. Published monthly and 
sent free on request. 
FREE, THE BARGAIN BOOK GAZETTE. 
Contains thousands of interesting books at bargain 
prices. .Subjects include hobbies, transport. 
aviation, collecting, etc. Something for everybody 
Published monthly and sent free on request. 

DEPT. W.W. GERALD MYERS (Bookseller & 
Publisher). 138 Cardigan Rd., Leeds 6. Callers 
Welcome. Please add extra postage for 
abroad. 4859 

Faculty of Engineering 

C. Eng. 
We can offer Full -time and Part-tame day courses, commencing in September, 
1975, for the 

Part II Examinations of the Council of Engineering 
Institutions 
For full information regarding these courses, write or 'phone: 

Mrs. R. A. Earl, Engineering Faculty, Ref. PU 101 
North East London Polytechnic, Longbridge Road, Dagenham, Essex, RM8 2AS 
Tel. 01 -599 5141, ext 37 

North East London 
J Ij) P olytechnic 4880 

The Polytechnic 
V 

of North London 

Department of Electronic and Communications Engineering 

Interested in Electronics 
and Communications? 

* Join our B.Sc. Degree course in ELECTRONIC AND COMMUNICATIONS 
ENGINEERING. 

** Become a member of a Professional Institution and a CHARTERED ENGINEER. 
* ** Entry requirements: 2 'A' levels (Mathematics and normally Physics). 

* * ** Any recognized equivalent (ONC, OND, etc.). 
* * * ** Write to the Department of Electronic and Communications Engineering, 

Polytechnic of North London, Holloway, London N7 8DB (or telephone 01 -607 
6767). 

4862 

TAPE RECORDING ETC. 

RECORDS MADE TO ORDER 

DEMO DISCS 
MASTERS FOR 

RECORD COMPANIES 

VINYLITE 
PRESSINGS 

Single discs, 1.20, Mono of Stereo, delivery 4 days 
from your tapes. Quantity runs 25 to 1,000 records 
PRESSED IN VINYLITE IN OUR OWN PLANT. 
Delivery 3 -4 weeks. Sleeves /Labels. Finest quality 
NEUMANN STEREO /Mono Lathes. We cut for 
many studios UK /OVERSEAS. SAE list. 

DEROY RECORDS 
Po Box 3, Hawk Street, Carnforth, Lancs. 

Tel. 2273 (82 

RECEIVERS AND AMPLIFIERS - 
SIGNAL Generators, Oscilloscopes, Output 
Meters, Wave Voltmeters, Freguency Meters, 
Multi -range Meters etc., etc., In stock. R. T. 
& I, Electronics, Ltd., Ashville Old Hall, Ash- 
ville Rd., London, E.11. Ley 4986. (64 

HRO RxSs, etc., AR88, CR100, BRT400 G209, 
S640, etc., etc., in stock. R. T. & I. Electronics, 
Ltd., Ashville Old Hall, Ashville Rd., London, 
Ell Ley 4986. (65 

RADIO and Radar M.P.T. and C.G.L.I Courses. 
'Write: Principal, Nautical College, 1'leetwood 
FY7 8JZ, (25 

TENDERS 

GOVERNMENT OF 
PAPUA, NEW GUINEA 
DEPARTMENT OF POSTS & 

TELEGRAPHS 

Tenders 
will shortly be called for Supply, Installa- 
tion and Commissioning of High Frequency 
Radio Telephone Equipment for Subscriber 
Networks (Tender P &T 27). This equipment 
will replace an extensive existing AM 
system with an expanded SSB system over 
the next few years. 
Companies wishing to receive copies of the 
tender documents when available should 
advise- 

t 

The Secretary, Supply and Tenders Com- 
mittee, Department of Posts and Tele- 
graphs, P.O. Box 171, PORT MORESBY, 
Papua, New Guinea. 

Telex: Papua New Guinea 22167 
(POSTORE) 

Telegrams: POSTENDER Port Moresby 
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You've asked 
or it! 

Time and again we are asked for reprints 
of Wireless World constructional 

projects: tape, disc, radio, amplifiers, 
speakers, headphones. Demand 

continues long after copies are out of 
print. To meet the situation we have 

collected fifteen of the most sought after 
designs and put them in one inexpensive 
book. And we've updated specifications 

where necessary to include new 
components which have become 

available. A complete range of 
instruments is presented, from the 

Stuart tape recorder and Nelson -Jones 
f.m. tuner, through the Bailey, Blomley 

and Linsley Hood amplifiers, to the 
Bailey and Baxandall loudspeakers 

- some of which have been accepted as 
standard in the industry. 

high fidelity 
designs 

£r from newsagents and bookshops 
or £1.35 (inclusive) by post from the publishers. 

A book from 

Wireless World 

r 
To: General Sales Department, Room i t, Dorset House, 
Stamford Street, London, SEt 9LU 

Please send me .. copy copies of High Fidelity Designs 

at £ 1.35 inclusive. I enclose remittance value £ 
(cheques payable to IPC Business Press Ltd.). 

NA ME 
..please print) 
ADDRESS 

Company registered in England No 67-125 
Regd. office; Dorset House, Stamford Street, London SEt yLl: 
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EURO CIRCUITS WK 2344 

i 

Due to GOVERNMENT V.A.T. REGULATIONS the cost of the additional 
office work involved in applying our 2Ys% discount is prohibitive. We have no 
option but to reluctantly withdraw our discount for the present. This does 
not reflect our policy but is directly due to GOVERNMENT REGULATIONS. 
We hope you will join with us in looking forward to better times and to a 
more sane fiscal policy. 

EURO CIRCUITS LTD 
Manufacturers of 

Printed Circuit Boards 

Highfield House 
West Kingsdown 
Nr. Sevenoaks, Kent. 

SOWTER TRANSFORMERS 
FOR SOUND BECOMING MIO REPRODUCING EQUIPMENT 

We are suppliers to many well -known companies, studios 
and broadcasting authorities and were established in 1941 
Early deliveries. Competitive prices. Large or small 
quantities. Let us quote. 

E. A. SOWTER LTD. 
Transformer Manufacturers and Designers 
12 Dedham Place, Waterworks Street 

Ipswich 1P4 1JP. Telephone 0473 52794 
WW osi FOR FURTHER DETAILS 

SEMICONDUCTOR 
CIRCUIT DESIGN 

Vol. IV 
by TEXAS PRICE £5.45 
TTL COOKBOOK by D. E. Lancaster. 
Price £5.00 
SCR MANUAL inc. Trides by G.E. Price 
£2.00 
PRINCIPLES OF TRANSISTOR CIR- 
CUITS by Amos S. W. Price £3.55 
SOLID STATE HOBBY CIRCUITS by 
R.C.A. Price £1.25 
UNDERSTANDING CMOS INTE- 
GRATED CIRCUITS by R. Melen. Price 
£2.89 
TRANSISTOR CIRCUIT DESIGN by 
Texas. Price £5.60 
THEORY AND APPLICATION OF 
DIGITAL SIGNAL PROCESSING by 
Rabiner, L.R. Price £15.50 
DATA COMMUNICATIONS. An intro- 
ductory guide by Hebditch, D.L. Price 
£4.55 
LINEAR I.C. PRINCIPLES, EXPERI- 
MENTS & PROJECTS by Noll, E. N. 
Price £5.00 
MODERN RECORDING TECHNIQUE 
by Runstein, R.E. Price £5.35 

* PRICES INCLUDE POSTAGE * 

THE MODERN BOOK CO. 
SPECIALISTS IN SCIENTIFIC 

& TECHNICAL BOOKS 

19 -21 PRAED STREET 
LONDON W2 1NP 

Phone 723 4185 
Closed Sat. 1 p.m. 

QUARTZ CRYSTAL 
UNITS from 

1.0 -60.0 MNZ 

FAST DELIVERY 

HIGH STABILITY 

TO DEF 5271 -A 

TEL. HYTH E 848961 
STD CODE 0703 

WRITE FOR 

LEAFLET AT -1 

McKNIGHT 
CRYSTAL Co. Ltd. 
HAROLEY INDUSTRIAL 

ESTATE, HYTHE. 

SOUTHAMPTON 504 6ZY 

"SAVE IT BARGAIN 

500 WATT DIMMER SWITCH 
(not suitable for fluorescent lights) 

Basic Module with 1" Knob £2.00 
Complete on MK switch plate £2.50 

Larger 2" knob (BULGIN) 25p extra, P &P 25p. 
Please add 8% VAT to all orders inc. P &P. 

FRASER- MANNING LTD. 
40 TUDDENHAM ROAD, IPSWICH, IP4 2SL 

I 

PRINTED CIRCUIT 
BOARDS 

QUICK DELIVERIES 
Prototypes and small runs by return 

Longer runs 7 days 
For Photography, Drilling, Roller Tinning. 

Machining, Gold Plating, Silk Screening, the lot 

Harold Fisher (Plastics) Limited 
Grove Mills, Gynn Lane, Honley, Huddersfield 

P.C.B. 
ACID RESIST TRANSFERS 

See ad in this issue. Page number 37 
P.M.S. NAMEPLATES 

BROOK STREET 
HIGHER HILLGATE 

STOCKPORT. CHESHIRE 

EX- COMPUTER 
STABILISED POWER SUPPLIES 

RECONDITIONED, TESTED AND 
GUARANTEED 

Ripple <IOmV. Over -voltage protection, 
120 -130v. 50 c /s. Stepdown transformer to suit 
about £3. P & P E1.80. 
5/6v 8A. £18. 5/6v. 12A. L22 

PAPST FANS 41 x 4} x tin. 100 dm. 240v. 
50/ 60 c /s. £4 (35p). 

PAPST FANS 6; dia x 21} deep, type 7576 
E5.00 (35p). 250w light dimmers 12.70 (15p) 

TRANSISTORS p & p 10p 
BC107/8/9 BC147/8/9 BC157/8/9 all 9p 
B F 180 25p. B F 1 82 /3 40p. B F 1 84 17p. BF W 10 55p. 
2N3819 20p. 6F336 35p. 741 8 oil 28p. 2N3771 
E1.10. 8D131 40p. NE555 55p. 

ELECTROLYTICS 
2.800,, 100v 80p (20p). 2.240, 100v 75p (20p). 
4,500u 25v. 60p il3p). 30,000a 25v., 15,000, 
30v., 65p (35p). 5,000,, 35v. 40p (15p), 2,000u 
50v with clip 35p (11p) 2,200. 63v. 35p (1 1 p). 

EX COMPUTER PC PANELS 2 x 4 in. 
25 boards E1.20 (35p). 

OPCOA 7 seg led display SLA -7 7mm characters 
with dec. point ea E1 (10p) 
QH bulbs 12v. 55w 5Sp (Sp)) 
150 mixed HI STABS 60p (lip) 
250 mixed resistors 60p (15p) 
250 mixed capacitors 60p (15p) 
20A. 100 piv Si RECS 4for El (I2p) 
2N3055 Equiv 4for El (I2p) 
SMALL ELECTROLYTICS 
2 2.. 10/16v.. 10, 35v.. 50u 40v, 100., 40v., 
100.: 6v, 150,, 10v., 64, 10v., 300. 10ví 

12 for 45p (7p)I 

PIHER PRESETS 100mW 
220, 470, 4k7, 10k, 47k, 100k 12 for 50p (6p) 

Postage and packing shown in brackets 
Please add 25% VAT to TOTAL 

8% VAT ON P . u. FANS, BOARDS 

KEYTRONICS 
Mail Order only. 

44 EARLS COURT ROAD, LONDON, W.8 
01- 478 8499 
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EXCLUSIVE OFFERS 
WORLD -WIDE RANGE 

NEVER BEFORE OFFERED 
COMPLETE TRANSPORTABLE H.P. COMMUNICA- 
TIONS CENTRE housed in Air Conditioned TRAILER 
fitted two COLLINS KWT -6 500W 8,8,B. Transmitter - 
Receivers and one COLLINS Receiver all fully tuneable 
2 to 30 mica digital readout syntbeeised frequency 
control, with line amplifiers and Inputs, operating 
position and remote control facilities and ancillary 
equipment. Poser input 115V or 230V A.C. Full details 
on application. 

PHILOO BC -1611 POINT -TO -POINT STRIP RADIO HF 
RECEIVERS 21 : 

:0 mica. Ten fully tuneable channels to 
05 kca with synthesisers. Single and diversity reception 
on 18B, DAB, 148B with 4 sub-bands to each channel. 
Full details and prices on application. 

HIGHEST QUALITY I9" RACK 
MOUNTING CABINETS & RACKS 

CABINETS 
Oar Height Width Depth Rack Panel 
Ref. in inch, in inches in inched Space in ins. Price 

CL 30 60 36 42 012.50 
OR 69 30 25 024.00 
DM 70 20 26 138 £21.00 

FA 85 22 36 100 £22.00 

FC 52 25 22 47 £17.00 

FG I1 19 18 10 £11.00 
FH 15 21 17' 11 £12.00 
F3 15 21 15 12 £12.00 
FN 70 24 20 68 £ 17.00 
LIB I] 21 17 9 £15.00 
LL7 16 20 12 14 £15.00 
LIB IO 20 10 9 £15.00 
LIB 17 21 17 14 £15.00 
1.1.10 52 21 18 46 C15.00 

Also Consoles, twin and multl -way Cabinets. 
OPEN RACKS 

Our Sleight Channel Rack Panel 
Ref. in inches Depth Space Base Price 
RF 85 3 79 15 111.00 
RG 57 2 51 14 8900 

Full d sails of all above on re ug ee- 
We have a large quantity of "bits and pieces" 
we cannot list -please send us ypur requirement.+ 
we can probably help -all enquiries answered. 

Kintel Standard Voltmeter .001/600 Vx .001v C40.00 
Tally 5/8 Track rape Readers 35 cps E48.00 

Tally 5/8 Track Tape Readers 120 cps £65.00 
2 KVA Auto -Transformers £22.00 
Cossor 1035 Oscilloscopes £26.00 
Coolant 40v 30APowe Supplies C30.00 
15 foot 15 inch Lattice Steel Mast sections .29.00 
Cintel 2 KV Poem Supplies £35.00 
Vakadio 400 wart Inverters 24v to 230 VAC C22.00 

+ Cawkell FV4 Band Pass Filter Testers C60.00 
Bendix 313 Directional Couplers E4.00 
Racal RA -63 SSB Adautars. new E70.00 
Racal RA -237 L -W Converters, new E70.00 
19" Rack Panels 84iin. high E1.00 
.Apeco Lectro -stet Photo Copier Electrostatic £50.00 
Apeco Dial a Cory Photo Copier Electrostatic C75.00 
Omal Electromar Photo Copier Electrostatic E25.00 
Hewlett Packard560A Digital Recorder P lLR 
Hewlett Packard524C Digital Counter PUR 
Tektronix 519 Oscilloscopes 1 GMC P LI 
Ferrograph Series 4 Recorders C47.00 

+ Airmec 701 Sig. Generators 30 k /cs /30 m /cs C30.00 
Airmec 702 Sig. Generators 30 cyc /30 k /cs C23.00 

a CT.381 Test Sets Freq. Response £ 140.00 
a Rustrak Chart Recorders 1 -0-1 m/a (New) C30.00 
a Portable Mains Battery Floodlights E24.00 

400 channel Puls. Height Spectrum Analysers P.U.R. 

a Solartron 5/2500e eye. Oscillators C24.00 
Addo 5/8 track Tape Punches k_1841_0 

a Auto Electric Carillon Chimes E250.00 
Casellassman Electric Hygrometers C24.00 
Ampex Audio Stereo Tape Machines E250.00 
Astrodata 5190 Tme Code Generators E60.00 
Geotech 4983 Heho Amplifiers E16.00 

a IY' Chrome rack trims 14P' to 15" from £0.25 
DG7 /5 CRT's 2'd E3.00 

e 3AZP /31 CRT's' MOO 
+ Teletype 28. 3.speed tape printers C35.00 

We have a satried assurtnacnt of industrial and 
professional Cathode Ray Tuhcs :mailable. List on 
rrgro "t. 

INSTRUMENTATION -TAPE 
RECORDER- REPRODUCERS 

AMPEX 
'FR-600 1" and iA" 14 and 7 
tracks 4 speeds 
Transistorised 
Also !." 2 track 6 speeds 

MINCOM 
CMP -100 
1/4" r6" 1" 7 tracks 6 speeds 

E.M.I. 
STR -1 R -301. 

Several other smaller 
decks. 

Full details on request. 

Prices of above are 
from £100 to £400 

COMPUTER HARDWARE 
* l':A It U READER FO col. 600 c.p.Rt. * PRINT1:R, High speed 1000 lines p.m. * TAPE 11E,,DEI(, High speed 5/8 track 

P00 
Prices on Application 

PLEASE ADD V.A.T. AT APPROPRIATE 
RATE TO ABOVE 

P. HARRIS 
ORGANFORD- DORSET 

BH166ER 
BOURNEMOUTH ï65051 
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Wilmslow 
Audio 

THE firm 
for 

speakers! 
Baker Group 25, 3, 8, or 15 ohm £8.64 
Baker Group 35, 3' 8 or 15 ohm £10.25 
Baker Deluxe, 8 or 15 ohm £13.76 
Baker Major, 3, 8 or 15 ohm £11.87 
Baker Regent, 8 or 15 ohm E10.00 
Baker Superb, 8 or 15 ohm ..... £18.12 
Celestion HF1 300 8 or 15 ohm £7.76 
Celestion MF 1000 horn, 8 or 15 ohm .. £10.95 
Decce London and X over £37.50 
Decca DK30 and X over £24.06 
EMI 13 x 8, 150 d /c, 3, 8 or 15 ohm . £2.94 
EMI 13 X 8, Type 350 £9.56 
EMI 13 X 8, 25 watt bass £9.00 
EMI 21/2" tweeter 8 ohm £0.77 
EMI 8 x 5, 10 watt, d /c, roll /s 8 ohm .. £3.44 
Elac 59RM 109 15 ohm, 59RM 1 148 ohm £3.44 
Elac 61" d/c roll / s 8 ohm £4.06 
Fane Pop 15 watt 12" £5.25 
Fane Pop 20T 10" 20 watt £8.50 
Fane Pop 25T 30 watt 1 2" £7.50 
Fane Pop 50 watt, 1 2" £12.00 
Fane Pop 55, 12" 60 watt £13.95 
Fane Pop 60 watt, 1 5" £14.75 
Fane Pop 100 watt, 18" £29.95 
Fane Crescendo 1 2A or B, 8 or 15 ohm £34.50 
Fane Crescendo 15, 8 or 15 ohm £47.50 
Fane Crescendo 18, 8 or 15 ohm £82.95 
Fane 807T 8" d /c, rolls /s, 8 or 15 ohm £5.75 
Fane 8017 8" d/c roll / s 8 ohm £8.12 
Goodmans 8P B or 1 5 ohm £5.50 
Goodmans 10P 8 or 15 ohm £5.80 
Goodmans 12P 8 or 1 5 ohm £13.95 
Goodmans 1 2P-D 8 Or 15 ohms £16.95 
Goodmans 1 2P-G 8 or 1 5 ohms £15.95 
Goodmans Audiom 100 8 or 15 ohm . £13.90 
Goodmans Audiom 200 8 ohm £13.90 
Goodmans Axent 100 8 ohm £8.44 
Goodmans Axiom 402 8 or 15 ohm . . E20.00 
Goodmans Twinaxiom 8" 8 or 15 ohm £10.14 
Goodmans Twinaxiom 10" 8 or 15 ohm £10.75 
Kef 727 £6.06 
Kef T15 £6.94 
Kef 8110 £8.37 
Kef B200 £9.50 
Kef 8139 
Kef DNB 

£18.50 
£2.31 

Kef DN1 2 £5.75 
Kef DN13 £3.87 
Richard Allan HP8B 8" 45 watt £12.95 
Richard Allan CG8T 8" d/c roll / s £7.37 
STC 400 1 G super tweeter £6.56 
Baker Major Module, each £ 13.44 
Goodmans Mezzo Twinkit, pair £47.19 
Goodmans DIN 20, 4 ohm, each £13.44 
Helme XLK25, pair £25.44 
Helme XLK30, pair £17.19 
Helme XLK50, pair £46.25 
Kefkit 1, pair £48.44 
Kef kit Ill, each £42.50 
Peerless 3/1 5(3 sp. system) each £17.19 
Richard Allan Twinkit, each £10.37 
Richard Allan Triple 8, each £15.94 
Richard Allan Triple, each £23.12 
Richard Allan Super Triple, each £27.50 
Wharfedale Linton 2 kit (pair) £23.12 
Wharfedale Glendale 3 kit, pair £40.62 
Wharfedale Dovedale 3 kit, pair £63.12 
All Radford, Gauss, Castle, Jordan Watts, Eagle, 

Lowther, Tannoy units in stock. 

INCLUDING VAT AT 25% ON HI -FI, 8% ON 
PRO AND PA 

Cabinets for PA AND HiFi, wadding, Vynair, etc. 
Send stamp for free booklet "Choosing a Speaker" 

FREE with all orders over £7 - HiFI 
Loudspeaker 

Enclosures Book 
All units are guaranteed new and perfect 

Prompt despatch 
Carriage: Speakers 38p each,1 2" and up 50p each, 
tweeters and cross -overs 25p each, kits 75p each 

(El .50 pair). 

WILMSLOW AUDIO 
Dept. WW 

Loudspeakers 6r Export Dept: Swan Works, 
Bank Square, Wilmslow, Cheshire SK9 1HF. 
Discount HiFi, PA, etc: 10 Swan Street, 
Wilmslow. Radio, HiFi, TV: Swift of Wilms- 
low, 5 Swan Street, Wilmslow. Tel. (Loud- 
speakers) Wilmslow 29599, (HiFi, etc.) 

Wilmslow 26213 

WW -070 FOR FURTHER DETAILS 
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When you need to hire Video - 
it pays to contact the most experienced 

video company in the business 

R.E.W. HOUSE 
10. 12 HIGH STREET 
COLLIERS WOOD 
LONDON SW 19 2BE 
PHONE: 01 -540 9684 

J 
Also at CENTRE POINT 

20/21 ST. GILES HIGH STREET 
LONDON. WC2 
PHONE: 0I -240 3066 

ONDON CENTRA 
RADIO STORES 

TELEPHONE CABLE. Plastic covered grey 4 -core colour 
coded. 10p per yard. 
ELECTRICITY SLOT METERS (5p in slot) for A.C. mains. 
Fixed tariff to your requirements. Suitable for hotels, etc. 
200/250c. 15A. £8.38. 20A. £9.30. P.P. 75p, Other 
amperages available. Reconditioned as new. 2 years 
guarantee. 
MODERN TYPE DESK PHONES, red, green, blue or 
2 -tone grey or black, with internal bell and handset with 0 -1 
dial E8.50. 
5 -WAY PRESS -BUTTON INTER -COM TELEPHONES in 
Bakelite case with junction box handset. Throughly 
overhauled, guaranteed. Price £5.25. Send s.a.e. 
10 -WAY PRESS- BUTTON INTERCOM TELEPHONES 
in Bakelite case with junction box handset. Thoroughly 
overhauled. Guaranteed. Eß.76 per unit. Send s.a.e. 
20 -WAY PRESS -BUTTON INTER -COM TELEPHONES 
in Bakelite case with junction box. Thoroughly overhauled. 
Guaranteed. £7.75 per unit. Send s.a.e. 
QUARTERLY CHECK METERS 18A E3.90. 20A E4.22. 
P & P. 50p. 

All prices subject to fluctuation 
Multi Relay Units, Group selectors. Final end selectors and 
Relays in stock, 20 -way jack strips and tip ring and sleeve, 
plugs. For callers only. 

23 LISLE STREET, LONDON, W.C.2 
437 2969 

Open all day Saturday 

QUARTZ 
CRYSTALS 

Quality Units 2 - 105 MHz 
Competitive Prices 
Industrial and Mobile Radio Crystals a speciality 
Prompt Delivery (Appx. 3 weeks) 

For full details write or telephone: 

C &C electronics 
10 West Park, London SE9 4RQ 

Telephone 01 -852 9397 

WW -078 FOR FURTHER DETAILS 

J. LINSLEY HOOD 
HIGH QUALITY AMPLIFIERS AND TEST EQUIPMENT 

available from 

TELERADIO HI Fl 
Examples: 

75 Well Amplifier P.A. Module Kit E11.00 

Pre -amp Module Kit E10.25 

P.S. Units from Kil E 13.70 
F.M. Tuner. Basic Kil E30.00 

0e Luxe Kil E35.00 
Stereo Decoder. Made E 5.85 

Millivollmiter Kit E13.00 

Low Distortion Oscillator Kit E 8.95 
Tax extra. P &P extra jmin. 25pj 

FOR DETAILED AND ILLUSTRATED LISTS SEND S.A.E. 

Made E14.95 
E14.50 
E15.30 

p&p 70p 
p&p 70p 

FM Tuner 

UMW 
Ano 

Millivollmeter 

325 Fore St, Edmonton, London, N.9 
91 -807 3719 Closed Thursdays 

Crystal 
ACCURATE 

RELIABLE 

4,e) 

Private enquiries, send 7 Op in stamps for brochure 

HE QUARTZ CRYSTAL CO. LTD. 
Q.C.C. WORKS. WELLINGTON CRESCENT, 
NEW MALDEN, SURREY. 94, w'u a 2388 

i 

DIOTESTOR TRANSISTOR TESTER 

The DIOTESTOR detects faulty diodes and transistors 
when still in circuit without need for unsoldering. 

BRITEC LIMITED 
17 Devonshire Road, London SE23 3EN 

Tel. 01 -699 8844 Telex: 896161 

WW -015 FOR FURTHER DETAILS 

BROADFIELDS & MAYCO 
DISPOSALS 

21 Lodge Lane, N. Finchley 
London, N I2 8JG 

Telephone: 
01 -445 2713 01 -445 0749 01 -958 7624 

MAY WE ASSIST YOU TO DISPOSE OF 
YOUR SURPLUS AND REDUNDANT 
STOCKS. 

We will call anywhere in the British Isles, 
and pay SPOT CASH for Electronic 
Components and Equipment. 

WE PURCHASE ALL FORMS 
OF ELECTRONIC EQUIPMENT 

AND COMPONENTS, ETC. 
SPOT CASH 

CHILTMEAD LTD. 
7, 9, 11 Arthur Road, Reading, Berks. 

Tel: 582 805 

EURO CIRCUITS 
Printed Circuit Boards - Nester layouts - 

Photography - Legend printing - Roller tinning - 
Gold plating - Flexible films - Conventional 
fibre glass - No order too large or too small - 

Fast turnround on prototypes. 
All or part service available NOW 
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MICROPHONE PREAMPLIFIER 

Small pc board 70s90mrn) accepting two 30600 ohm microphones 
(balanced inputs) and feeding bads down to 5Kohm. Board plugs into 12 -way 
gold edge connector (supplied) and has presets for gam 1 5dB noise ligure. 
Supply +24V but will adapt for 10 to 40 volts Board built and tested E37. Kit 
E29. (2 channels) 

STEREO DISC AMP 
FOR BROADCASTING AND DISC MONITORING 

Magner , ridge t, balance lines wnh HF .nil If lilnrincI Excellent 
distortion and overload perfnrian ce MEETS 10A SPECIFICATION 
E95.00. 

10- OUTLET DISTRIBUTION AMP 
One balanced input- 10 isolated balanced outputs 

GENERAL STUDIO WORK to FEEDING MULTIPLE SLAVE PA 
AMPLIFIERS DRIVING FOLDBACK HEADPHONES 

Meets IBA signal path specification Complete boxed unit £94.00. 
Set of pads excluding case and all XLP connectors £55.00. 

PEAK PROGRAM METERS TO BS4297 
also 200K Ha version for high speed copying. 

Drive circuit 35 s 80ntrn for 1mA L H zero meter to BBC 

ED1477 Gold 8 way edge con supplied 
Complete kit £12.00 Built and aligned E17.00 
ERNEST TURNER PPM meters scalings 1 7 OR 22 4 Type 

642, 71 x 56mm £12.60. 643 102 x 79mm £15.00. 
Twin movement scale 86 x 54mm £37.00 

.1 3 4 3 0 
%y"11'B '4 

FREQUENCY 

\ 1 1 7 
G740 

\ 

FREQSi3ER 
FOR HOWL REDUCTION 

PUBLIC ADDRESS : SOUND REINFORCEMENT 
SHIFTERS IN BOXES .'. 7 ;" bypass switch 
BS4491 mains conne t,r .... ,y checast bones 
finished in attractive dur.ibli blue iCiyÌR Ja,k tir XLR audio con 
hectors. + 5H5 frequency shift allowing 4.8Db gain increase 
Type A 8 C 

Input impedance l00Kohm 200Kohei 10Kohm BALANCED 

Output impedance Rohm 20 or 600 ohm 20 or 600 ohm BAI 

PRICE £58.00 (68.00 (M00 

SHIFTER CIRCUIT BOARDS FOR WW July 1973 article 
Small enough to be built inside the cabineis of many amplifiers 

Complete kit and board £24.00 Irrrludiegpeu end DESIGNER 
Board built and aligned £31.00 mains flans former APPROVED 

SPECTRUM SHIFTER: variable shifts, 0.1- 100011x, 
for weird special effects and phasing. Ring for leaflets. 

SURREY ELECTRONICS 
The Forge, Lucks Green, Cranleigh, 
Surrey GU6 7BG. (STD 04866) 5997 
CASH WITH ORDER less 5% UK post free add VAT at 8% 

PRECISION 
POLYCARBONATE CAPACITORS 

All High Stability - Extremely Low Leakage 

440VAC(s10%) Hi V Range 31% n2% S5% 
01µF (1%"x1/2") 54p 047µF 58p 48p 36p 
022µF (I%"x%") LOPF 69p s 46p 
025µF (l4i'tt%') 62p 22pF 85p up 
0.471F (1%"x%') 71p 4.7pF E1.80p 30 C1.05 1V`p 
05pF (1%"x%') 75p 68pF C1.63 £1.29 E1.09 
O.fiBpF (2"xX") Mp IOOpF C2.00 £1.00 C 1.40 
LOAF (2"6%') 91p 15.0µF E2.75 0.15 £1.00 
20µF (2"xl) £122 22.0µF E350 E2.70 0.55 
TANTALUM BEAD CAPACITORS - Values available: 0.1. 
0.22, 047, 1.0, 2.24.8, 6.8pF t 15V/25V or 35V; 100 at 16V /20V 
or 25V; 220µF at 6V or 16V; 33.0µF at 6V or 10V; 47.0µF at 3V or 
6V; 100.0pF at 3V. ALL at 10p each. 10 for 95p, 50 for M. 
TRANSISTOR 
AC 128 14P BC213/213L ILe BF173 24p 
BC107/8/9 Sp BC214/214L 11p BF178 26p 
BC114 121 0C287 12p BF184 221 
BC147/8/9 I9µ ec oo.o /384 lip BF194/BF195 12p 
5C153/7/8 12p BC547/558A 12R BFI96 /BF197 13p 
BC182/182L lip BCY72 12 ' 13F200 27p 

BC183 /183L lip BD131 39; BF262 /BF263 Nip 
BCI84 /184L 12p BD132 39p BFY50/51/52 20p 
BC212/212L 14p BF115 /BFI67 2211 BRIO) 41p 

GET872 25p 2525281( lip TIPIDA 52p 
0C4410045 14p 2N3064 Up TP31A 55p 
0071 12p 2N3055 09p TIP32A 64p 
2N2B26G Up 253702/ TIP3055 .55p 
2429280 lip 2N3704 lip MPU 131 49p 

15414 £1.10 

POPULAR DIODES -1 N914 Bp, 8 for 45p,.18 for t10p; I N916 8p. 6 

for 45p 14 for 90p; 1S44 Sp, 11 for 50p, 24 fo E1.59; 1N4148 5p, 6 

for 27p, 12 for 48p; 1N4001 5%p; 002 6p; 003 0 %p; 004 7p; 006 Sp; 
007 Shp. 
IOW PRICE ZENER DIODES- 40051W. Tol. x5% at 5mA. 
Values available: 3V, 3.3V. 3.6V, 4.7V, 5.1V, 5.6V, 6.2V, 6.8V, 
75V, 81V, 91V, 10V, 11V. 12V, 13V, 135V, ISV, 16V, 18V, 20V, 
22V, 24V, 27V, 30V. All at 7p each; 5 for33p; 10 for45p. SPECIAL 
OFFER: 100 Zeners (may be mixed) for E6.00. 

'RESISTORS -High stability, low noise carbon Film 5 %. SSW at 
40 °C. SSW at 70 °C. Ell series only -from 220 to 2.20. ALL at Ip 
each, Sp for 10 of any one value, 70p for 100 of any one value. 
SPECIAL PACK. 10 of each value 2.20 to 2.2MO (730 resistors) 
£5. 
SILICON PLASTIC RECTIFIERS -1.5 amp. brand new wire 
ended D027; 100 P.I.V. 7p (4 for 26p), 400 P.I.V. Op (4 for 30p). 
BRIDGE RECTIFIERS -2% amp. 200V 40p, 350V 4Sp, 600V 55p. 

SUBMINIATURE VERTICAL PRESETS-0.1W only. ALL at Op 

each; 500, 1000, 2200 4700, 6800. 180, 2.200, 4.780, 6.880, 
1080 15kO, 2280, 4780. 6880 100100. 25080, 68080-1M0, 
ß5M0 5M0. 
PLEASE ADD 15p POST AND PACKING ON ALL ORDERS 
BELOW C5. ALL EXPORT ORDERS ADD COST OF SEA /AIR 
MAIL. 

PLEASE ADD 25% VAT TO ORDERS 
Send S.A.E. for lists of additional ex -stock items 

Wholesale price lists available to bona fide companies 

MARCO TRADING 
(Dept. D9) 

The Old School, Edstaston, Nr. Wem 
Shropshire 

Tel. Whixall (Shropshire) (STD 094872) 
464/5 

(Proprs: Minicost Trading Ltd.) 

.t1 01 

o G 
ELECTRONICS 
BRAND NEW 

AC 126 .13 BF 180 .26 2N2904 .16 
AC 127 .13 BF 181 25 2N2905 .18 
AC 129 .11 BF 200 25 2N2906 .19 
AC 151 .18 BF 194 A9 2N2907 .16 
AC 152 .25 BF 195 .09 2N2926G .09 
AC 153 .27 BF 198 .12 2N3053 .20 
AC 176 .14 BF 199 .12 2 N3054 .40 
AC 187K 27 BF 257 .24 2N3055 .46 
AC 188K 27 8F 258 .24 2N3393 .12 
AD 161 .35 BF 259 .24 2N3441 .66 
AD 162 .36 BFX 29 .22 2N3442 .80 
BA 102 .10 BFX 30 .22 2N3638 .10 
BAX 13 .03 BFX 84 .20 214363134 .10 
BAX 16 .04 BFX 85 .27 2N3702 .10 
BC 107 .09 BFX 88 .20 2N3703 .10 
BC 108 .09 OFT 50 .19 2N3704 .10 
BC t09 .09 BFY 51 .19 2 N3705 .10 
BC 107 .09 BEY 52 .19 2N3706 .10 
BC 148 .09 BY126 .11 2N3708 .10 
BC 149 .09 65127 .11 2 N3771 1.25 
BC 167 .10 0A47 .06 2N3772 1.35 
BC 168 .10 DAM .04 263773 2.00 
BC 169 .10 0491 .04 2N3904 .11 
BC 182 .09 0A200 .05 2N3906 .12 
BC 183 .09 0A202 .08 2145294 .35 
BC 184 .09 16914 .04 2N5296 .35 
BC 212 .095 :N4004 .05 2N5298 .35 
BC 213 .005 ,N4007 .06 2N3794 .20 
BC 214 .095 IN4148 .03 2143819 .30 
BC 237 08 15920 .05 2N3820 .55 
BC 238 All 15921 .05 2N4036 .55 
BC 239 .08 1S923 .05 2N4037 .40 
BC 307 A9 2N697 .15 2N4286 .20 
BC 300 .09 2N698 .14 2N4921 .80 
BC 309 .09 2N706 .10 2N5060 .25 
BC 327 .12 2N708 .10 264289 .25 
BC 328 .12 2N916 .23 2N5447 .12 
BCy 70 .13 2N1305 .25 2145449 .12 
B(Y 71 .13 2N1307 .25 2N5457 .30 
BCY 72 .12 2N1308 .25 2145458 .27 
BD 131 .30 2N1613 .15 266027 
BD 132 .30 251711 .15 40 361 .45 
BD 135 .25 262218 .175 40362 .40 
BD 136 26 2N2218A .16 40408 .42 
BO 137 .27 2N2219 .175 40409 .42 
BD 138 .28 2N2219A .18 40410 .42 
BD 139 .29 252221 .175 40602 .55 
BD 140 .32 2N2221A .18 40636 1.00 
BOY 56 1.00 252222 4(16 73 60 
BF 11s .20 2N264h 

.175 
.30 

FULLY GUARANTEED 
Mail order only VAT extra póp 200 
Bridge Electronics 
PO Boa No. 10 Fishponds Bristol BS16 2LX 

..c-wz.ris 
RE: ADVERTISEMENT 

INTEGRAL SYSTEMS PAGE 58 
Prices should read Al 679 £36 Al 679 £40 incl. VAT & P.P. 

CLASSIFIED ADVERTISEMENTS 
Use this Form for your Sales and Wants 

To " Wireless World" Classified Advertisement Dept., Dorset House, Stamford Street, London, SE/ 9LU 

PLEASE INSERT THE ADVERTISEMENT INDICATED ON FORM BELOW 

Rate: 99p PER LINE. Average seven words per line. 
Minimum THREE lines. NAME . 

Name and address to be included in charge if used in 
advertisement. ADDRESS 

Box No. Allow two words plus 40p 

Cheques, etc., payable to "Wireless World" and crossed 
"& Co..' 

REMITTANCE VALUE ENCLOSED 

PLEASE WRITE IN BLOCK LETTERS. CLASSIFICATION NUMBER OF INSERTIONS 
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LOW FREQUENCY 

ANALYSER 
50Hz -50kHz 

ASSEMBLY AND INSTRUCTION 

INFORMATION S.A.E. 

Board, modules and all 
components (excluding 
P.U.I. 

PRICE £27 p &p 75p 

12" CRT 
Magnetic Deflection. Blue Trace 
Yellow Afterglow (P7). Informa- 
tion and recommended circuits 
with all purchases. Brand new, 
boxed, £4 each. Carriage £2. 

V.A.T. at 8% 

100M Hz SCOPE 

TUBES 
MULLARD D13- 450GH -03. P31 PHOSPHOR. 

INTERNAL GRATICULE -6CM X 10CM 

RECTANGULAR. Y SENSITIVITY 3V PER 

CM x SENSITIVITY IIV PER CM. SINGLE 

GUN. DISTRIBUTED Y PLATES, TRACE 

ROTATE COILS. 

BRAND NEW BOXED. f30 each. Carriage £2. 

CHILTMEAO L_T 
7 -9 ARTHUR ROAD, READING, BERKS. (rear Tech. College). Tel. Reading 582605 

INDEX TO ADVERTISERS 
Appointments Vacant Advertisements appear on pages 84 -97 
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Aero Electronics Ltd. 
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Ambit International Ltd 
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THIS CARTRIDGE CAN EQUAL THE 
PERFORMANCE OF ALL THESE 

Re ' 
R P 

SHURE M75/6 £8,10 
Rec. R.P. 

G2G114 
GG`G`6 

G ße 

*;,1, 

URE M £1.145 
SH 

441 
GOIORING G800 £8.10 

Rec. R.P. 

Q 
g,11 6 

THE Nov 
tenoret 
STEREO 'MAGNEDUCT' CARTRIDGE 
TECHNICAL SPECIFICATIONS: 
Separation More than 25db at 1000 Hz 

Frequency Response 15 to 25000 Hz 

Compliance 20 x 10 -6 CM /DYNE 
Output 5.5 mV at 1000 Hz - 5cm/sec 
Playing Weight 11- 3 grammes 
Channel Balance 2db at 1 KHz -dB 
Tip Mass 1 mg 
Stylus Radius 0006 -15u (colour white) 
Load 47K ohms 
Weight 7 grammes 
Inductance 550 mH 

DC Resistance 520 ohms 
Measuring Records DECCA SXL 2057 B + K QR 2009 
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C DISTRIBUTORS REQUIRED IN ALL COUNTRIES. FOR 
DETAILS CONTACT TENOREL 
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: 

HOLLAND 

CONDOR ELECTRONICS LIMiITED, 100 COOMBE LANE. LONDON SW20 OAY. 

The fastest bird in the business TELEPHONE: 01 -946 0033 (4 LINES). TELEX: 928502. 

Distributors of cartridges, styli, record cleaners, condenser microphones, headphones, and adaptors etc. Guaranteed 24 hour despatch service. 
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Multicore- 
the complete answer for 
printed circuit soldering. 

Wireless World, September 19'; 

Most printed circuit soldering 
problems can be avoided by using 
quality products and seeking quality 
advice. Naturally, we suggest ours. 
First, let's talk about quality products. 

Extrusol and Multipure. 
EXTRUSOL Extruded Bars and 

MULTI -PURE Cast Bars are made 
from specially processed ultra high 
purity solder. EXTRUSOL bars and 
pellets are protected by plastic film 
from the moment they are made to 
the moment they are used. And 
MULTI -PURE bars are probably the 
smoothest and brightest solder bars 
you will ever see. 

Ersin Multicore Savbit. 
This cored solder has countless 

uses. For instance, it avoids erosion of 
copper plating and wires as well as 
prolonging the life of soldering iron 
bits. 

Liquid Fluxes. 
We have a whole family of them, 

so you're bound to find the right one 
for your job. One of our latest is PC 26, 
exceptionally fast but non -corrosive 
and non -conductive. Eliminates 
"icicles "and "bridging:' 

ROSIN BASE 
ERSIN 
Flux No. Type 

0360 non -activated 
5381 mildly activated. 

Chloride and Bromide free 
304D 1 mildly activated 
304W Halide Free 
PC.21A activated 
PC.26 activated (extra fast) 
368 activated (extra fast) 
366A -25 activated (extra fast) 
ORGANIC ACID 
PC.1o1 water base 
PC.112 solvent base,fast drying 
INORGANIC ACID 
ARAX water base 

extremely active 

Solderability Test 
Instrument. 

Already used by major electronic 
companies throughout the world, this 
novel instrument saves production 
costs by controlling solderability of 
component leads which, unlike a 
printed circuit, cannot be assessed by 
a simple "immersion and inspection" 
test. 

Multicore Soldering 
Chemicals. 

We make.a complete, compatible 
range to assist in soldering 
processes. They clean, protect and 
preserve. 

Right, those are the products. Now 
for the advice. And we can't really 
say any more than: if you've a 
soldering problem or question, call us. 
We really do have all the answers 
and the widest range of problem 
soldering test equipment. 

Solids 
Content 
w/w 

38% 

25% 

10% 
25% 

38% 

15% 

38% 

12% 
9.5% 

40% 

Specifications 

MIL- F- 14256D Type R: DTD 599A 
DIN 8527 F -SW 31 

MIL- F- 14256D Type RMA: 
DTD 599A 

DIN 8527 Type F -SW 32 
DTD 599A 

DTD 599A: DIN 8527.F-SW 26 
DTD 599A: DIN 8527,F-SW 26 
Meet DIN 8511 Type F -SW 26 and 
pass DTD 599A Corrosion Test 

Water soluble residues must 
be removed after soldering. 

Used with most "very difficult 
to solder" metals. Not for 
electronics assembly joints. 

%JYuiiicafe 
For full information on these or any other Multicore products, please write on your company's letterhead direct to: 

Multicore Solders limited, Maylands Avenue, Hemel Hempstead, Hertfordshire HP2 7EP. 

Tel: Hemel Hempstead 3636.Telex: 82363. 


