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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 mailed out free to all micustomers 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 
engineers 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 there 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? 

mi: THE COMMUNICATORS 
MARCONI INSTRUMENTS LIMITED 

Longacres St. Albans Hertfordshire AL4 OJN England Telephone: St. Albans 59292 Telex: 23350. 
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LOW COST VOLTMETERS 

PORTABLE INSTRUMENTS 
These highly accurate instruments incorporate many use- 
ful features, including long battery life. All A type models 
have n" scale meters, and case sizes 5 "x7 "x 5 ". B types 
have 5" mirror scale meters and case sizes 7" x 10" x 6 ". 

A.C. MICROVOLTMETERS 
VOLTAGE & db RANGES: 15µV, 500V, 150µV ... 500V f.s.d. 
Acc. f 1% ± 1% f.s.d. f 1 pV at 1 kHz. - 100, - 90 ... + 50dB, 
scale -- 20dB/ + 6dB rel. to 1 mW /6000. 
RESPONSE: ± 3dB from 1 Hzto3MHz, f03dB 
from 4Hz to 1 M Hz above 500 pV. Type TM3B can be 
set to a restricted B.W. of 10Hz to 10 kHz or 100 kHz. 
INPUT IMPEDANCE: Above 50mV : > 4.3M O < 20pf. 
On 50 pV to 50mV : > 5M 0 < 50pf. 
AMPLIFIER OUTPUT: 150mV at f.s.d. 

type type 
TM3A £6 5 TM3B 

f80 

BROADBAND VOLTMETERS 
H.F. VOLTAGE Er dB RANGES: 1 mV, 3mV,10mV ... 3Vf.s.d. 
Acc. ± 4% ± 1% of f.s.d. at 30 M H z. - 50dB, - 40d B, - 30dB 
to + 20dB. Scale - 10dB /+ 3dB rel. to 1 mW /50 0. f 0.7dB 
from 1 M Hz to 50M Hz. ± 3dB from 300kHz to 400M Hz. 

L.F. RANGES : As TM3 except for the omission of 15µV and 150µV. 

AMPLIFIER OUTPUT: Square wave at20Hz on H.F. with 
amplitude proportional to square of input. As TM3 on L.F. 

TMBA £110 TMBB £ 1 25 

D.C. MICROVOLTMETERS 
VOLTAGE RANGES: 30µV, 100 pV, 300pV...300V. 
Acc. f 1%, ± 2 %f.s.d., ± 1 pV. CZ'scale. 
CURRENT RANGES: 30 pA,100 pA, 300 pA, 300 mA. 
Acc. ± 2 %, ± 2% f.s.d., ± 2 pA. CZ scale. 
LOGARITHMIC RANGE: t 5µV at ± 10% f.s.d., f 5 mV at f 50 %f.s.d., f 500 mV at f.s.d. 
RECORDER OUTPUT: ± 1V at f.s.d. into > 1kO 

type 
TM10 £ 7 

D.C. MULTIMETERS 
VOLTAGE RANGES: 3pV, 10µV, 30pV...1kV. 
Acc. i 1% ± 1% f.s.d. ± 0.1 pV. LZ & CZ scales. 

CURRENT RANGES:3pA, 10pA, 30pA... 1 mA (1A for TM9B P) 
Acc. ± 2% ± 1% f.s.d. f 0 3pA. LZ & CZ scales. 

RESISTANCE RANGES: 3 52,10 52, 30 52... 1 kM i2 linear. 
Acc. ± 1%, ± 1% f.s.d. up to 100M Q. 

RECORDER OUTPUT: 1 V at f.s.d. into > 1k 52 on LZ ranges. 

type type 
TM9A £95 TM9BP £114 

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

Prices include batteries and U.K. delivery. V.A.T. extra. 

Optional extras are leather cases and mains power units. 
Send for data covering our range of portable instruments. 

WW -039 FOR FURTHER DETAILS 
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Who else but the Italians could have 
produced the most sophisticated range 
of mixing and fading facilities ever 
offered in such a beautifully designed 
range of equipment. 

Yet still apply the most precise and 
exacting manufacturing standards to 
provide the operational stability and 
reliability such complex electronics 
demand. 

This is why we are able to guarantee 
all Goodmans / Galactron equipment for 
three years. 

And your guarantee will be signed 
personally by the quality controller who 
tests it before it leaves the factory in Italy. 

Galactron Mk 10 
Stereo Integrated Amplifier 

A remarkably compact pre and 
power amp combination with 90 watts 
RMS per channel. Features 5 mixable 
stereo inputs, 5 plug -in- modules -two 
of which can be cross -faded by slide 
potentiometer. 

Galactron Mk 16 
Stereo /Quad Amplifier 

No comparable equipment has all 
these 3 functions. 5 inputs,indepen- 
dently mixable and equalised by plug -in 
modules. Twin graphic equalisers having 

10 filters each ( ±16dB) at octave intervals 
from 32Hz to 16kHz. Plug -in quadro- 
phonic decoder panels for discrete and 
matrix systems allied to 4 output level 
controls. 

Galactron Mk 100 
Stereo Power Amplifier 

Originally designed as a monitor 
amp for recording studios, the Mk 100 
is designed for use with the Mk 16 
preamplifier.100 watts RMS per channel 
output. 

Full facts and figures are available 
from Goodmans Loudspeakers Limited, 
Downley Road,Havant,Hants. 

Goodmans 
GALACTRON 

WW-080 FOR FURTHER DETAILS 

A member of The ThO(A Group 
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Module 
SP25 Mk IV 

Module 
Zero 100SB 

Module 86SB 

The quality of the sound you 
hear from your hi -fi depends on the 
quality of transcription from the 
record-so you won't want to skimp on 
quality. When you choose your 
turntable deck, you'll probably choose 
Garrard. 

Fifty -five years of Garrard 
experience and know -how in producing 
top-quality record playing equipment is 
concentrated in the range of record 
playing units now available. There are 
three modules complete with attractive 
bases and lift -off covers, ready -wired 
for instant installation. 

The SP25 mk N is the most 
popular budget unit on the market. It 
features the famous Garrard four -pole 
synchronous motor to ensure smooth, 
constant speeds, the finely engineered 
pickup arm with resiliently mounted 
counterbalance weight, calibrated bias 
compensation and damped cueing. 

The 86Sb represents just about 
the best buy in hi -fi today. It 
incorporates belt drive, the famous 
Garrard four pole synchronous motor, 
high inertia turntable, contoured mat, 
precision pickup arm with fine stylus 
force adjustment and bias compensation 
calibrated for elliptical and conical styli. 

The Zero 100SB has every 
quality feature you could expect to find 
on a record deck. What makes it truly 
unique is the tangential tracking pickup 
arm virtually eliminating tracking 
error and consequent harmonic 
distortion. Other features include, 
adjustable, resiliently- mounted, 
counterbalance weight, fine stylus force 

A PLESSEY QUALITY PRODUCT 

Garrard, Newcastle Street, Swindon, Wiltshire./ 4e ,o 
0 

/ 

adjustment, magnetic bias 
compensation calibrated for elliptical 
and conical styli, high inertia turntable 
with contoured mat, a record counter 
and the famous Garrard four -pole 
synchronous motor. 

Use the coupon to obtain 
your free copy of the full - 
colour brochure on the 
complete range of Garrard 
record playing units. 

/ 

623 P036 
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ANDERS mEANS mETERS... 
KESTREL RANGE 

Modern styling, with clearfront plastic 
case. 

Seven models, scale lengths from 1.3 " 
to 5.25". 

Extensively used by many leading 
manufacturers of electronic and 
electrical equipment. 

Available in all ranges, moving coil 
and moving iron. 

Competitive prices. 

Anders provide what is probably the largest 
range of meters available from a single source 
in Europe: MC /MI, dynamometer, vibrating 
reed, electrostatic, etc. in over 100 case styles 
and sizes, a few of which are shown below. 

Vulcan Moving Iron. 4 
models, 1.5", 1.8", 2.7 ", 
3.7" scales. Voltmeters, 
ammeters and motor 
starting meters. 

Regal Range 100° 
flattened arc. 2 models 
2.5" and 3.2" scales. 
Taut band. DC moving 
coil and AC moving coil 
rectified. 

Profile 350 edgewise 
4.3" scale. 
DC moving coil and AC 
moving coil rectified. 
Horizontal or vertical 
mounting. 

Popular models and ranges are stocked in depth 
while a specially equipped instrument depart- 
ment enables swift production of non -standard 
ranges and scales, to suit individual customer 
requirements, in large or small quantities. 

Oxford Long Scale 240`. 
2 models, 5.5 ", 8" scales. 
DC moving coil and AC 
moving coil rectified. 

Stafford Long Scale 240 
6 models, 3.5 " -11 5" 
scales. DC moving coil, 
AC moving coil rectified, 
AC moving iron. Also 98° 
scale. 

Models KE1 and KE2 
Miniature Edgewise 
Meters. Nominal scale 
lengths 1.2" and 2 ". 
Available in sensitivities 
from 50 microamps 
Moving Coil. 

Lancaster Long Scale 
240 °. 2 models, 4 ", 5.5" 
scales. DC moving coil 
and AC moving coil 
rectified. 

ANDERS ELECTR0N1t5 LIMITED 48/56 Bayham Place, Bayham Street, London, N.W.1. Telephone 01 -387 9092. 

Manufacturers and distributors of Electrical Measuring Instruments. Sole U.K. distributors cf FRAHM Resonant Reed Frequency 
Meters and Tachometers. Manufacturers of purpose built electrical and electronic equipment to customers requirements. 

WW -145 FOR FURTHER DETAILS 
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New automatic digital bridge 
from Wayne Kerr 

Wayne Kerr's new B900 is one of the best 
value- for -money bridges in the world. 

It is universal, has a wide range, and gives 
immediate digital readout of resistive and reactive 
terms -simultaneously. 

On all ten ranges, for every type of measure- 
ment available, the displays provide a complete 
indication of the numerical value (up to 19999), 
polarity, decimal points and units -automatically 
and in half a second. 

Direct measurements of Q, dissipation and dc volts. 
2, 3, & 4- terminal. Automatic lead compensation. 
4- Quadrant: + ve or - ve C, L,1 /C, G and R. 
Overall coverage: 

10µS2 - 200M52 1nH - 20 kH 
0.001pF - 20,000µF 10pu - 200u 

Accuracy: 0.1% (10e -200M11), 0.3% (10m 52 -10n) 
in all quadrants. Frequency:1kHz Outputs: Analog and TTL. 

For more information phone Bognor (02433) 25811, 
or fill in the coupon. 

r 

WAYNE KERR 
A member of the Wilmot Breeden group. 

Please send me details of the B900. 

For the attention of Mr 

Company name and address 

WW -Feb 

Post to Wayne Kerr, Durban Road, Bognor Regis, Sussex P022 9RL J 
WW -129 FOR FURTHER DETAILS 
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50mHz OSCILLOSCOPE TYPE Cl -64 
Made in USSR 

- 

Power supplies: 115/230V± 10 %, 50-40 Hz. 

Dimensions: 300X 200 X 420 mm. 
Weight : 19kg. 
PRICE, complete with full complement of connectors, 
cables, adaptors and accessories £470 exclusive of VAT. 

Lightweight, portable, transistorized, dual trace 
oscilloscope. 
Display: 

Rectangular CRT 6X 10 div. (48X 80mm) with 
illuminated graticule. 

Vertical deflection: 
Two input channels operated in alternate or chopped 
modes or algebraically summed. 

Bandwidth: 
DC to 50mHz DC coupled. 
3Hz to 50mHz AC coupled. 

Sensitivity: 
Channel I and II: 5mV /div. to 10V /div. 
Summing mode: 1 mV /div. max. 

Horizontal deflection: 
Sweep 'A' -0.1 ps /div. to 1 s /div. 
Sweep 'B' -0.1 ps /div. to 50ms /div. 

Sweep delay: 
1psto 10s. 

Time Base Modes: 
'A' only; 'B' only; 'A' brightens 'B'. 
'B' delayed by 'A'; 'A' and 'B' chopped or alternate. 

Z & 1 AERO SERVICES LTD., 
44A WESTBOURNE GROVE, LONDON W2 5SF 

Tel : 727 5641 Telex: 261306 
WW -045 FOR FURTHER DETAILS 

British... 

Name 

Wherever there is appreciation of fine sound 
reproduction, insistence is upon British 

loudspeaker systems. ` 
-. Renowned among the 

discerning for their outstanding quality, the products of 
Mordaunt Short Ltd. are specified by 
professionals and by enthusiasts the world over. 

Choose them for your home - where the finest 
most concerns you. 

...at its best. 

Mordaunt -Short Ltd 
Designers and Manufacturers of Quality Loudspeaker Systems 

To receive immediately full information and the name and address of the 
Stockists nearest to you, please complete this coupon and return it to us direct. 

Address 

Mordaunt -Short Ud. The Causeway, Petersfield, Hampshire,GU31 4JT. Tel Petersfield (STD 0730)4631.5 

WW -049 FOR FURTHER DETAILS 
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Complete the coupon and 
well send you our 

new catalogue.Completely free. 

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 and we'll send you your free copy 
to browse through. 

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

The new sojid -state SB-104 Transceiver. An oscilloscope from the 

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.WW- 25,Bristol Road, 

Gloucester, GL2 6EE. Tel: Gloucester (0452) 29451. 

Heathkit range. Digital electronic car clock/elapsed timer. 

r The new Heathkit catalogue.0ut now. FREE. , 
To: Heath (Gloucester) Limited, Dept.W W -25 Gloucester, GL2 6EE. Please send me my free Heathkit catalogue. 

Name Address 
Postcode 

L 
Remember easy terms are available with the Heathkit Monthly Budget Plan. 

HEATH 

Schlumberger 
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Three Ways To 

Easier Colour Servicing 

1. 

Colour Bar Generator 

2. 

* 10 test signals 
* Variable amplitude of colour burst signal 
* 4 preselected channels on the RF output 
* Small size, low weight 

Convergator 
* Battery operated 
* UHF output covers 10 channels 
* Video signal can be switched off 

for purity adjustment 

3. 

T.V. Visual Field Strength Meter 
* Varicap tuner with four channel selectors 
* High sensitivity 
* 6" picture tube 
* Mains or battery operation 

The speed and efficiency of your colour servicing 
with this Decca test equipment will save you time 
and therefore money. Send us the coupon or give us 
a call and we'll send you the full details 

D 
Decca Radio & Television Ltd. 
Educational and Industrial Services Division 
Ingate Place, Queenstown Road, 
London SW8 3NT (01 -622 6677) 

Please send me further details of your colour TV test 
and service equipment: 

Name 

Address 

ww2 
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Now suitable for 
U.K., European 
and American 

voltages... 
Minimod, the versatile British made 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 

PUOI 5 00.1 
PUO2 5 ± 0.1 
PUO3 15 -0 -15 
PUO4 15 -0 -15 
PUO5 12 -0 -12 
PUO6 .12 -0 -12 

Output 
Current 
Amps 

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

0.5 
1.0 

00.2 0.10 
00.2 0.20 
± 0.2 0.12 
± 0.2 0.24 

370 
770 
37 
84 
45 

120 

0.3 
0.5 
0.1 
0.1 
0.1 
0.2 

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. 

G ard hers 
Specialists in Electronic Transformers & Power Supplies. 

GARDN ERS 
TRANSFORMERS LIMITED 

Gardners Transformers Limited, Christchurch, Dorset, 8H23 3PN 
Tel. Christchurch 2284 (STD 0201 5 2284) Telex. 41276 GARDNERS XCH 

WW-056 FOR FURTHER DETAILS 
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t,$ of research... 
... on accessories for dictating machines, tape recorders, 

tele- communications and electroacoustic equipment, etc. 
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SENIOR 
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2.5 mm and 3.5mm 
JACK PLUGS & 
SOCKETS & SUB- 
MINIATURE 
SWITCHES 

DANASOUND HEADSET 
a 

THROAT DANASONIC 
MICROPHONE INDUCTION AUDIO 

LOOP RECEIVER 

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

DANAVOX (GT. BRITAIN) LTD. 
Electro- Acoustic Components and Hearing Aids 
"BROADLANDS" BAGSHOT ROAD, 
SUNNINGHILL, ASCOT, BERKS. 

TEL: 0990 23732/6: TELEX 847584 

WW-067 FOR FURTHER DETAILS 
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good reasons why Shibaden 
colour cameras are the best! 

HV1500 
Compact, highly mobile unit, 
the only colour CCTV camera 
available with a single one -inch 
filter integrated colour 
vidicon tube. 

FP 1 500 As the HV 1500 but fitted 
with a 3" viewfinder for studio use. 

FP1212 

-" HV 1100 
0 An extremely compact, 

:000 
! lightweight three tube 

colour TV camera ideal 

r ..: for surveillance and 
.?" observation applications. 

A one-inch three tube 
Plumbicon R Camera with 
freely detachable electronic 
viewfinder. Ideal for outside 
broadcast work and studio. 

The Shibaden range of colour cameras are compact, 
easy to operate and versatile in their application 
through educational, medical, business and broad- 
casting studios. Shibaden Colour Cameras are 
designed with the customer in mind both from an 
application and performance stand point. They are 
fully backed by Shibaden's in -depth opto- electronic 
technology, which has proved to be superior 
through many years of application in a vast range 
of broadcasting equipment. 

F P C 1000 
A vidicon /chalnicon camera 
designed to meet all NTSC 
and PAL requirements. 

a ride Mark N.V. Philips 

When you buy Shibaden you buy the best. 

For further details on the Shibaden range of Colour 
Cameras, contact the Technical Service Department. 

Hitachi 
Shibaden (UK) Limited 
BROADCAST S. CCTV EQUIPMENT MANUFACTURERS 
Lodge House Lodge Road Hendon London 
N W4 4DQ. Telephone: 01 -203 4242/6 

WW -122 FOR FURTHER DETAILS 

Vertica Laminar Flow 
work stations 
by HEPAIRE 

Extract Air Duct 

To Atmosphere or 

Ducting system 

Provides vertical flow of filtered air. 
Free standing unit utilising minimum 
floor space. Uses standard single phase 
electrics. Clean design. 

DESIGNED FOR SAFETY 
Cabinet draws in air through pre -filter 
beneath work bench. Air is pressurised and 
passes through absolute filter vertically 
downwards and through perforated work 
surface. Dirty air is then extracted to atmos- 
phere via extract duct mounted on top of 
cabinet. 

Write for technical details. 

REPAIRE MANUFACTURING LTD 
PECAL15T5 /h THE DESIGN AND MANUFACTURE OF INDUSTRIAL AND PHARMACEUTICAL CLEAN AIR EQUIPMENT 

JLf WATER LANE STORRINGTON SUSSEX RH2O 3DN 
Telephone: Storrington (STD 090 -66) 2394 

INCREASED PRODUCTION MEANS REPRESENTATION REQUIRED IN MANY U.K. AREAS 
WW -051 FOR FURTHER DETAILS 
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The Greenwood gwde to 
professiond soldering. 

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. 

GBEENWOGU 
ELECTRONICS 

The !so-Tip. A safe, high - 
powered 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 6oz. 

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 30W element loading gives rapid 
heating and high performance with constant tip 
temperature. 
Also available: Oryx 
safety stand. 

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 7oz.) and compact 
construction, it can be manoeuvred 
in even the most 
awkward areas. 

With the Oryx adjustable 
bench vice you can handle 
soldering, drilling, and 
cutting on even the most 
delicate components. 
Positioning is easy and 
quick, with 90- vertical and 
3600 horizontal adjustment. 

Oryx SR3A desoldering 
tool. Ideal where 
components are tightly 
grouped. Instantly removes 
unwanted solder from 
printed circuits etc. 
Accurate, reliable, speedy, 
and safe. 

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

For more detailed informat- 
ion about the comprehensive 
Greenwood range, send us 
the coupon today. 

I-Please send me more details about the Greenwood 
range of soldering equipment. 

Name 

Address 

Greenwood 
Electronics 

WW'C 

21 Germain Street, Chesham, Bucks, HP5 1LL 

Tel: 02405 4808 Telex: 83647 

WW-010 FOR FURTHER DETAILS 
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Eddystone Radio 
Economy! Simplicity! Reliability! 
1830 Series C.W, M.C.W, A.M, S.S.B Crystal controlled 

Transistorized HF /MF 
general purpose receiver 

120 kHz - 30 MHz in 9 ranges 

Rack mounting as standard 

Cabinet optional extra 

AC or battery operation 

British MPT approved as 
ships reserve receiver 

DCA No. 10D /CA 10696 

Illustrated brochure from: 

Eddystone Radio Limited 
Alvechurch Road, Birmingham B31 3PP. Tel: 021 -475 2231. Telex 337081. 

A member of Marconi Communication Systems Ltd 

WW-047 FOR FURTHER DETAILS 

... the choice is [rampianl 
SOUND EQUIPMENT 

GRAMPIAN REPRODUCERS LIMITED 
HANWORTH TRADING ESTATE, FELTHAM, MIDDLESEX. 
TELEPHONE: 01 -894 9141. GRAMS: REAMP FELTHAM 

METER PROBLEMS? 

A very wide range of modern design 
instruments is available for 10/14 
days' delivery. 

Full Information from: 

HARRIS ELECTRONICS (London) 
138 GRAYS INN ROAD, W.C.1 Phone: 011837/7937 

WW -016 FOR FURTHER DETAILS 
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TUAC 
TRANSISTOR UNIVERSAL AMPLIFICATION CO. LTD. 

163 MITCHAM RD-LONDON SW179PG 01.672 3137/9080 

MANUFACTURERS OF 

ELECTRONIC & 
AMPLIFICATION 
EQUIPMENT, ALSO 

QUALITY TRANSISTOR 

EQUIPMENT. 

OPEN MON -SAT 
9.30am- 6.00pm. 

NEW TUAC POWER MODULES qualoffering erbefo re 

* 4 R.C.A. 150 watt 15 
amp output transistors * 125 watts RMS 
continuous sine wave 
output 

TP125 
7X6ZX3in. 

£17.00 

TL30 
Q 4X 5}X2in. £7.90 

* 30 watts RMS continuous sine wave output 
* 2 R.C.A. 40 watt output transistors 

TL60 
5X5X3in. * 60 watts RMS 

continuous sine 
wave output * 2 R.C.A. 150 watt 15 
amp transistors 

£11.50 * 

£13-20* 

TL100 
5X5X3in. 

100 watts R.M.S. con- 
tinuous sine wave out- 
put 
2 R.C.A. 150 watt 15 amp 
transistors 

TUAC DISCOTHEQUE MIXER 
* Rugged layer wound driver transformer 
* Short- Open -and Thermal overload 
protection 
* Only 6 connections 

WITH AUTO FADE £26.50 PANEL SIZE 18 X 42 in. DEPTH 3 in. 

Specification on all power modules: All output 
power ratings +1dB; Output impedance 8-15 
ohms: THD at full power 2% typically 1%; Input 
sensitivity 80mV into 10k0; Frequency response 
20Hz -20kHz ±2dB; Hum and noise better than 
-70dB. 

DISC 
Designed for the discerning D.J. of professional 
standard. Offering a vast variety of functions. 
Controls: Mic Vol; Tone, over -ride depth; auto/ 
Manual Sw; Tape Vol; L & R Deck Faders; Deck 
Volume; Treble and Bass; H. Phon Vol Selector; 
Master Vol On /Off Sw. Max output IV RMS. 

TUAC 
MIX 

Specification: Deck Inputs -50mV into 1 m4; 
Deck Tone Controls *Treble +20 -10dB at 
12kHz. Bass +22 -15dB at 40Hz; Mic input - 
200 ohms upwards. 2mV into 10k0; Mic Tone 
Control -Total Variation Treble 15dB. Total 
Variation Bass 10dB; Tape input -30mV into 
47k0; Power Requirements -30-45 volts at 
100mA. 

Power supplies 
vacuum impreg- 
nated Transformers 
with supply board 
incorporating pre -amp 
supply: 
PS 125 ± 50 volts for one TP125 
PS 100 ± 45 volts for one TL100 
PS 60 ±40 volts for one TL60 
PS 30 +50 volts for one TL30 
PSU 2 for supplying disco mixer 

£11 .50 
£1050 

£930 
£5-90 
£4.65 

HOW TO ORDER 
BY POST 

Make cheques /P.O's payable 
to TUAC (WW2). OR QUOTE 
ACCESS /BARCLAY CARD 

NO. and post.to 
TUAC LTD (WW2) 

163 MITCHAM ROAD, 
LONDON SW17 9PG. 

We accept phone orders 
against ACCESS /Barclay 

Card Holders. 
Phone 672 -3137. 

3 CHANNEL 
LIGHT MODULATOR 

R.C.A. 8 Amp Triacs 10110W per channel 

Each channel fully suppressed and fused 

Master control to operate from 1W to 100W 

Full wave control -12 easy connections 

£14.90 
Single Channel Version 1 500 watts f6 °60 

PREAMPLIFIERS 
All TUAC audio modules are constructed on glass fibre P.C. board. 
are ready assembled and fully tested. Low noise silicon and FET 
transistors together with H.S. carbon film resistors are used 
throughout. Extensive research has gone into various wide range 
tone control circuits producing superb sound quality from any 
signal. 

VA08Vol, Treble, Mid and Bass controls. Hi, IMP, FET, 
I /P, suitable Mid, Guitar. Radio, CrystaVCeramic 

P.U. Sensitivity 4mV. Treble +35dB at 16kHz. Mid +20 -15áB 
at 1 Hz. Bass +20 - 10dB at 40Hz. 

f4-90 
VA06Vol. Treble and Bass controls. Sensi- 

tivity 8mV. Treble +28 -15dB at £415 12kHz. Bass + 18d B at 40Hz. 

ALL PRICES INCLUDE V.A.T. 
POST & PACKING FREE 

Stockists, Callers only 
ARTHUR SALLIS LTD, 28 Gardner St, BRIGHTON, Sussex. Tel. 65806 

BRISTOL DISCO CENTRE, 86 Stokes Croft, BRISTOL 1. Tel. 41666 

SOCODI, 9 The Friars, CANTERBURY. Tel. 60948 
CALBARRIE AUDIO, 88 Wellington St, LUTON. Tel. 411733 
A.1 MUSIC CENTRE, 88 Oxford St, MANCHESTER. Tel. 236 0340 

DAMON ELECTRONICS, 99 Carrington St. NOTTINGHAM. Tel. 53880 

MITCHELL ELECTRONICS, 64 Winchester St, SALISBURY. Tel. 23689 

WEC LIGHTING, 35 Northam Road, SOUTHAMPTON. Tel. 28102 

www.americanradiohistory.com
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OCLI manufacture an extensive range of 
Infrared Filters covering the entire 1.0 to 30 
micron spectral region. 

Filters in these -egions present an excellent 
solution to filtering out high- temperature radi- 
ation without appreciably limiting the signal 
from the source being observed. Moreover, they 
have proven cao3bility over wide operating 
temperatures. 

OCLI I . R. Filters are made to exact Customer 
specifications or a range can be supplied from 
stock. 

Typical fields benefiting from OCLI I. R. 
Filters include: 

GAS ANALYSERS /DETECTION SYSTEMS 
INFRARED PASSIVE THERMAL IMAGING 

SYSTEMS 
FIRE DETECTION 
POLLUTION DETECTION 
OPTICAL PROXIMITY FUSES 
INFRARED SPECTROSCOPY 
INFRARED PHOTOGRAPHY }' 
SPACE RECONNAISSANCE 

f :._ Ir { 
{ ?f: 

{: 
. :.:4 

fv r:;: 

; Write i;.7,-:x for the new OCLI catalogue and price .V- 
:: 

{c fist of stock IR. Filters. 
gf : { -: f . :* ;{:r 

{' O C L I OPTICAL COATINGS LTD. 
:* Hillend Industrial Estate, r Dunfermline, Fife KY11 5JE. r.. 
:: : : ;: Tel. Inverkeithing 3631 

(STD 038 -34 3631). 

OC -190 
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POWER UNITS 
NOW AVAILABLE WITH 3 
VARIABLE OUTPUTS 

PRODUCTION TESTING 

DEVELOPMENT 

SERVICING 

EDUCATION 

Type VRU /30/25 -f 166.75 + 8% VAT 

Input 200 -250V. 50Hz 
or 100 -120V. 60Hz to order 

Output 1:0 -30V. 25A. D.C. 
Output 2:0 -70V. 10A. A.C. 

Output 3:0 -250V. 4A. A.C. 

Other units are also available 
with outputs of: 

0-60V 12A. 
0-120V 6A. 

0-240V 3A. 

ALL CONTINUOUSLY 

VARIABLE 

SEND FOR FURTHER DETAILS 
OF THESE VERSATILE UNITS TO 

Va16121LIO LIMITED, BROWELLS LANE, 

FELTHAM, TW13 7EN, MIDDLESEX. 

TELEPHONE 01- 8904242 

WW-110 FOR FURTHER DETAILS 

nombrex 

NEW 
MODEL 45 

DIRECT READING FREQUENCY METER 

PRICE £42.550 + VAT 

MEASURES FREQUENCY FROM 10 Hz TO 100 kHz. 

MEASUREMENT INDEPENDENT OF SIGNAL WAVE FORM. 

ACCEPTS INPUT LEVELS FROM 10mV TO 5V. 

FOUR DECADE SWITCH RANGES. 

SENSITIVITY CONTROL. 

CALIBRATION CONTROL. 

POWERED BY 9 VOLT BATTERY. 

Trade and Export enquiries welcome. 

Send for full technical leaflets. 

Post and Packing 50p extra. 

NOMBREX (1969) LTD., EXMOUTH, DEVON 
Tel: 03 -952 3515 

WW-065 FOR FURTHER DETAILS 
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A WORLD 
FIR$I*FROM 

CAMBRIDGE AUDIO 

THE NEW P60 

INTEGRATED 

STEREO AMPLIFIER 
Low profile design only 2" high. 

Recording with or without tone 
correction. 

*Peak level indicator for tape recording. 

Suitable for continual high power 
operation. 

Dual independent tape operation. 
*Light Emitting Diodes for level monitoring 

in main and pre -amplifiers. 
Toroidal mains transformer. 

Facilities for three tape recorders. 
*Separate main and pre -amp gain 
controls. 
Fully protected output stages. 
RIAA phono correction unaffected by 
cartridge inductance. 
Ultra low distortion circuits. 
New tape monitoring, A -B and A -B -C 
facilities. 
International state -of- the -art circuitry 
from Cambridge Audio in Britain. 

*To the best of our knowledge these features have never been included in a comparable amplifier hitherto. 

Cambridge 
Audio 

s 
for people who listen to music 

Cambridge Audio Limited 
The River Mill, St. Ives, Huntingdon PE17 4EP 

Telephone: St. Ives 62901 

se 
.s 

s. 
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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. 
Rated: 50 watts average continuous power per 

channel, into any impedance from 4 to 8 

Overload margin. 
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.) 
Distortion. -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: Typically 0.006 %. Weight: 21 lb. 

Write 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 -060 FOR FURTHER DETAILS 

DIOTESTOR IN- CIRCUIT TRANSISTOR TESTER 

BRITEC LIMITED, 17 Devonshire Road, London SE23 3EN 
Tel : 01- 699 8844 Telex: 896161 

WW -137 FOR FURTHER DETAILS 

- fJ 
%. 

Jr, MA 
SPEEDSERVICE 

A new service from one of the 
largest United Kingdom exporters of 
tubes and semiconductors 

AEL GATWICK HOUSE HORLEY SURREY RH69SU 
Telex 87116 Cables Aerocon Telex Horley Telephone Holley 5353 

WW -107 FOR FURTHER DETAILS 

Sí451 Millivoltmeter 
* 20 ranges also with variable 

relative frequency response. 

JES AUDIO INSTRUMENTATION 
Illustrated the Si453 Audio Oscillator 
SPECIAL FEATURES: 
* very low distortion content -less than 0.03% 
* an output conforming to RIM recording characteristic 
* battery operation for no ripple or hum loop 
* square wave output of fast rise time 

£50.00 
also available 

Sí452 Distortion Measuring Unit 
control permitting easy reading of * low cost distortion measurement down to 0.01 % with comprehensive 

£42.50 facilities including L.F. cut switch, etc. £35 -00 
ALL PRICES PLUS VAT 

J. E. SUGDEN & CO. LTD., CARR STREET, CLECKHEATON, YORKS. BD19 5LA. Tel:09762 -2501 

WW-031 FOR FURTHER DETAILS 
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Four easy steps to improve 
your instructional video system. 

First purchase a good monitor. The ITC PM 171T 

for example, is perfect.It guarantees clarity, 

brilliance and definition; even if the picture comes 

straight from the moon.And our price is strictly 

earthbound,just£161. With the'special video effects 

we have in mind, you'll need the ITC PM 171T monitor. 

ri 

SFT RlSET START 11a 7 7 
MW\)A tE HI N 

ï_ i s`i_ir 
MON DASE HIS A.114 

v S11E M S11f 

l 111 
RIINCAiKri 

Next purchase the VTG -33F time and date 
generator.lt gives legible reading from 100th of a 

second, through seconds, minutes, hour, day, month' 
Perfect for any countdown.The precise timing is 

provided by the electronic crystal control IC circuitry 
This generator is compatible with any new or 

existing television system, colour or black and 
white. And costs just £322. 

(Prices subject 

4rLastly,step into Dixons Technical.That's 
where you cap buy all the above hardware. 
While you're in, look over all the other space - 

age equipment we have for improving your 
video system.We'll give you a personal 
demonstration, help you choose the 
equipment you need,then install it. 

Please send full details for the 

ITC PM 171T Monitor 
The VTG -33F Video Display Generator 
The VP 315 Video Pointer 

Name 

Now add the VP 315 video pointer. This 

advanced unit superimposes an arrow indication 

on your video system picture.The joy-stick control 
panel makes arrow positioning simple. And the 
arrow can be shown in black or white in a steady 
or flashing model either horizontal or vertical, in any 

size you want. We bring it to you at only £327.75. 

Address 

To: Dixons Technical, 
3 Soho Square, 
London WI. 
Tel: 01 -437 8811 

s 

'Also available showing seconds. minutes. hour. day, month, year. This model is 

very suitable for time lapse video recording. 

all 
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THINK 5COPES 

Wireless World, February 1975 

. and life can become complicated. 
But think Scopex and you find 
practical, professional, dual- channel 
portables as easy -to -use as to carry. 
Sensible bandwidth, no- nonsense 
controls, trig level and polarity from 
one knob, and the everpopular time- 
saving trace -locate feature. As an 
example, the Scopex 4D10 gives 
10MHz over the full screen area, 5% 
accuracy, and all for £118 *. 
It makes sense to .. . 

U COPEX 
Write or 'phone for details Scopex Instruments Ltd, 

Pixmore Industrial Estate, 
Pixmore Avenue, Letchworth, Herts. SG6 1JJ 
Tel: Letchworth (04626) 72771 

WW -149 FOR FURTHER DETAILS 

Measure airflow 
accurately 
for only L 67' o0 
The AVM500 gives accurate and immediate metering of 
airflow. The standard scale is between 0 and 30 metres/ 
second (70mph). Other calibrations can be supplied at 
cost. 
Airflow is measured by a constant temperature bridge, 
supported on a lightweight probe, which is connected by 
cable to the meter. Operation is by battery. The AVM500 
is therefore extremely quick and easy to move and instal. 
A recording instrument is available. 

Please send details of your AVM500. I am interested in windl 

Position 

measurement 

Name 

Company 

Address ...._ 

for 

_ _..._ 

WW1 

Prosser Scientific Instruments Ltd 
Lady Lane Estate Hadleigh Suffolk 
Tel Hadleigh (047 -338) 3005 

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

Models from 25' to 120' 

Look for the name 

STRUMECH 
Strumech Engineering Co Ltd 

Coppice S de. Brownhills, Walsall. Stalls 

WW -027 FOR FURTHER DETAILS 
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MEASURE FREQUENCY ANY- 
WHERE WITH MULTIMETER SIZE 
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. 
LOW PRICE. £79.50 inc p &p ex vat. 

Mains PSU available which fits 
inside ready drilled case. 

Also: FX -1 FREQUENCY MULTIPLIER (X 60,X 100) * -see December W.W. £29.50 

MINIATURE 
BATTERY 

FREQUENCY METER 
FM -1 

FOUR -DIGIT MEMORY 
DISPLAY 

FIVE RANGES 
4 ppm CRYSTAL 

SIZE 6á x 34 x 24 in 
-including knob 

and terminals 

Sher/ / INSTRUMENTS LTD., 24 Copenhagen Street, LONDON N1 Tel: 01 -278 6273 

ww -114 FOR FURTHER DETAILS 

Jeen - gI:e sign 
NOW you can build our LUXURY F.M. STEREO TUNER 

Complete 

Electronic Design 
Specialists 

As announced in advance last month, we can now 

offer a complete kit to build this superb design. 

The cabinet and chassis kit now available are up 

to the same high original design standards as the 

circuit design, and the same high quality of 

materials has been used. The metal work is in 

rustproof cadnium plated steel sheet, fully drilled 

and prepared. The front panel is in two tone gold 

and brown brushed anodised finish, while the 

drop over cabinet is made from high grade solid 

wood, finished in a light satin gloss varnish. The 

net result is a tuner of the very highest standards 

of performance and appearance. 

(see W.W. APRIL /MAY 1974) 

Kits now available Price Postage 

K1 -4 All parts to build the main receiver 
board £24.95 30p 

K5 -7 Complete stereo decoder with anti - 
birdy filters .. .. . £9.95 30p 

K8 A'4 way push button assembly for 
the function switching .. . . £3.45 10p 

K9 A 6 way pre -select push button unit, 
gold plated contacts, cermet trim - 
pots, P.C. Board with meter drive 
circuitry £14.14 10p 

K10 A regulated power supply including 
mains transformer (210 -250v) .. £5.82 30p 

Kl1 Complete cabinet /metalwork set as 

described, including all plugs and 
sockets, mains lead, nuts and 
bolts, wire, etc. .. £25.00 50p 

Meter An edgwise meter with frequency 
calibration to suit K9 .. .. £6.50 20p 

K1-11 All above parts, package price . £85.00 50p 
PLEASE ADD V.A.T. TO TOTAL 

Other individual parts available include the SL301 B, SL3045, SBA750, MC131 OP, Filter SFG10.7MA, etc. 

Also individual K1-7 prices available, other parts may be quoted on request. All parts and performance are 

guaranteed. Send a S.A.E. (9 x 4 preferred) for further details to :- 
33, Restrop View, 

Purton, WILTS es / ig, 
SN5 9DG 

THE 
ULTIMATE 
INTONE 

CONTROL 

Teknik 27s Graphic Equaliser 

Klark Teknik Limited, Summerfield. Kidderminster DY11 7RE 
Telephone: Kidderminster 64027 
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New 
active filter 
takes over 

from passive 
networks 

WHITELE 
ACTIVE 
FILTER 

These active filters are designed to take over the functions 
of passive filter networks in audio telecommunications 
systems. They offer several advantages, in space saving, 
económy and reliability. 
As a size comparison, one active filter will take up the same 
space as two Post Office Type 3000 relays. By using the same 
fixing and terminal holes as the relays, it offers an extra 
convenience when baseboards are being prepared. By 
replacing inductive components with solid state devices, 
filter characteristics have been obtained at less cost, without 
insertion loss, and with increased flexibility and economy. 
These new active filters have B.P.O. approval, and have wide 
applications, in the audio area and in signalling and control 
systems. 

Whïteley 
versatility... 

ELECTRONIC & ELECTRICAL DESIGN 

CABINET MAKING 

T 

PRODUCTION CAPABILITY 

SHEET METAL FORMING /FINISHING 

I 

WHITELEY ELECTRICAL RADIO CO. LTD. 
Mansfield, Notts, England. Tel. Mansfield 24762 
London Office: 109 Kingsway, W.C.2. Tel. 01 -405 3074 

WW -042 FOR FURTHER DETAILS 
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Linstead 
Stabilised.. 

Power Supplies 
Each comprising: 

Two powerful bench supplies. 
Continuously variable. 

Independently operable, or in series, or parallel. 
Fully protected against overload and short circuit. 

In one compact robust case. 

sl 2 x O to 20V 0 to 0.5A 
with twenty 1 volt steps and fine 
control. 
Voltage set by controls. 
Current continuously monitoreu, 
0 to 100mA. 0 to 0.5A. plus VAT 
Current limiting protection. 

£78.80 

S7 
2 a 0 to 30V 0 to 1A. 
Set by switches and fine control. 
Meters switchable for volts. 
0 to 100mA and 0 to 1A. 
Re- entrant protection. Pilot 
indication of overload. plus VAT 

7.70 

n 
the best for less 

BRITISH MADE BY LINSTEAD 
Linstead Electronics, Roslyn Works, Roslyn Road 

London N15 5JB. Telephone 01 -802 5144 
Ireland, L Laboratory Supplies Ltd., 3-4 South Leinstar Street 

P.O. Box 212A, Dublin 2 
Denmark, Scanfysik, 13 -15 H)orringgede, DK 2100, Copenhagen 
Sweden, EMI Svenska A /B, Tritonvagen 17, Fack, 171 19 Solna I 

Norway, EMI Norsk A /S. Postboks 42 Kornvoll, Oslo 8 
Malaysia, Lab Equipment Sdn. Bhd., P.O. Box 60, Bate Pahat 

Bannlux, A.S.E Ltd., National 38, B -2000 Antwerp 

WW-057 FOR FURTHER DETAILS 
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SOLID 
STATE 

TE SION MONITORS 
MODTEC solid state Series M monitors 

offer the most advanced design in video mono- 
chrome monitors available to date. 800 line 
resolution provides crisp, detailed pictures. 
The 100% modular chassis consists of five 
individually shielded circuit modules that plug 
in directly from the rear of the chassis. This 
unique and exclusive feature simplifies and 
speeds necessary maintenance with minimum 
down time. All plug -in circuit modules are 

common to 9, 12, 15, 19, and 23" CRT's. 

LEE ENGINEERING LIMITED 
Ashley House, Ashley Road 

Walton -On- Thames, Surrey KT12 -1 J E 

Phone: Walton -On- Thames 287 -83/4 
Telex : 928 -475 

WW -135 FOR FURTHER DETAILS 

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 1+ volt standard size battery. 

Model "Mini -On 1" measures from - 40 °Cto + 70°C, price f17.50 

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

f20.00 (VAT. EXTRA) 
Write for further details to 

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

('Phone 01 -837 7937) 

WW-094 FOR FURTHER DETAILS 
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NOW! 
a thumb switch for 

direct PC mounting 
EECo STRIPSWITCH 
The Series 21 Stripswitch which is 

available in units comprising up to six 
stations is mounted directly to the printed 
circuit board. The switch solder tabs are 
used to provide the mechanical mounting 
to the circuit board and also the 
interconnection between the switch and 
the printed circuit. 

Series 21 switch assemblies may be 
mounted horizontally or vertically and on 
either side of a P.C. board. The bezels 
offer a finished appearance if the switches 
are exposed through the equipment panel. 
Toothed wheels provide for a rapid setting 
of the switch positions but the Series 21 

m ay also be used as a preset screwdriver 
operated switch. Knurled shafts which are 
available on request provide an alternative 
means of a rapid setting. 

water LIMITED 
Wokingham Road, Bracknell, Berks RG12 1ND 
Tel : Bracknell 22751 Telex : 848402 

WW -140 FOR FURTHER DETAILS 
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P.0.13CRECI 
- not with the 

EI[QI 
EIAUJ 
33PC 

A unique drafting aid for the 
electronics engineer enabling 
him to prepare in minutes a 

perfect PCB. 
A fine -tipped marker charged 
with a free -flowing etch -resist 
ink. Simply draw the 
desired circuit onto copper 
laminated board-etch-- 
clean. 

The circuit is ready to use. 

5 a Cl 
(002 gL3j4 

NO MESS- NO MASKING 
A perfect circuit every time ! 

£1.00 for one -off, £4.00 for six, £8.00 for twelve plus VAT 
post included. Available now in every country in Europe. 

Please send me further details on the 33PC: 

Name 

Address 

Post to: DECON LABORATORIES LTD. 
FREEPOST 
PORTSLADE,BRIGHTON,ENGLAND 

WW12 (No Stamp Needed) Phone 0273 414371 
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Makes 
contact with 

Teonex 
for electronic valves (a really comprehensive range), semi- conductors 

(a wide variety), integrated circuits. Prices on request. 
Teonex offers more than 3,000 devices. They are the Teonex range are nearly always available for 
competitively priced and they are superlative in immediate delivery. 
performance, because the company imposes Strict Write now for technical specifications and prices 
quality control. Teonex concentrates entirely on export to Teonex Limited, 2a Westbourne Grove Mews, 
and now operates in more than sixty countries, on London W11 2RY , England. 
Government or private contract. All popular types in Cables: Tosuply London W11. Telex: 262256 

Electronic valves, semi -conductors and integrated circuits available only for export. 

TEONEx 

I l sounds international 
WW -050 FOR FURTHER DETAILS 

REVERSIBLE 
ASSEMBLY FRAME 

FOR PRINTED CIRCUITS 
Simply assemble,turn over and solder 

* Takes one or more circuit boards * Fully adjustable foam cover * Also ideal for 
repairs and retouching 

For full details, please contact: 
Special Products Distributors Ltd., 
81 Piccadilly, London W1V OHL, 
Telephone: 01 -629 9556. 

This apparatus allows 
fast, neat assembly of single 
circuit boards, or several 
smaller boards at a time. 

You just insert the circuit 
boards between the holding, 
bars, assemble components, 
clamp down the foam cover, 
invert the frame, then cut 
and solder connections. 
Our special magnetic locking 
system ensures that corn - 
ponents stay firmly in place. 

Indispensable for any 
circuitry laboratory, repair 
shop, or production line use. 
Available in two sizes: 

Max. JA 500 - 220 x 170 mm. 
area JA 1000 - 370 x 170 mm. 

WW-048 FOR FURTHER DETAILS 
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Includes dozens 61 

useful and interesting 

circuits you can build; 

data; hundreds of 

pictures, transistor 

equivalents list and 

hundreds of new lines. 

Packed with information. 

Only 35p 

S'UPEN6M/C S'AMEDAYS'EP!//CE-iG1fAiU,PQ(/l(/lYCOrf1l?7if/ENC-FAST/ 

RESISTORS 
CARBON FILM 

10 to 1M : 5 %, IM2to 10M : 10% E12 
W 10 to 100: 5 %. I M2 to 10M :10%E12 
10 to 910k : 5% E12 & E24 1p each. 

METAL OXIDE 
}W 100 to 116 : 2% E 12 & E24 4p each 

WIREWOUND 
3W 0.220. 0.270, 0.330. 0.470: 10% 
10:5% 17p each 
1.20 to 2700:5% E12 13p each 

Other ranges stocked. See our catalogue 
'for details. 
E12: 10. 12, 15, 18. 22. 27, 33. 39, 47, 
56. 68. 82 and decades. 
E24: 11. 13, 16, 20. 24, 30, 36, 43. 51. 
62,75.91 and decades. 

POTENTIOMETERS 
Rotary miniature carbon track 
}" spindle. Values available: 
5k. 10k. 25k. 50k. 100k, 250k. 
500k. 1 M. 2M. 
Log. signle -gang 16p. Lin. 
single -gang (+ 1k) 16p 

or Lin. single -gang with Log. 
owiitch 33p 
Log. or Lin. dual -gang without 
switch 48p 

r 60mm track. Metal- cased: 
overall length 86.15mm less 
Slider 

(7p extra). 
Log. or Lin. single-gang 1k, 5k, 
10k. 25k, 50k. 100k, 36p each. 
Log. or Lin. dual -gang 1k, 5k. 
10k. 25k. 50k, 100k. 46p each. 
Presets: 0.1W vertical or 
Horizontal. 
1000. 2200. 4700. 1k. 2k2, 
4k7, 10k. 22k, 47k. 10ok.220k, 
470k. 1M 7p each. 

Tfi 

CAPACITORS 
Sub -miniature 
Axial lead electrolytic 
MfdV PriceMfd V Price 

1 83 Bp 88 
1.5 63 Opp 68 163 66pp 

2.2 63 Op 68 83 14p 

3.3 63 6p 100 4 6p 

4.7 83 6p IDO 10 6p 
0.8 40 6p 100 25 6p 
8.8 83 Sp 100 40 6p 

10 25 6p 100 63 16p 

10 83 Bp 150 63 6p 

t5 18 Bp 150 16 6p 
15 40 6p 150 25 Sp 

15 83 6p 150 40 14p 

22 10 6p 150 63 16p 
22 25 6p 220 4 6p 
22 83 6p 220 10 6p 

33 6.3 Bp 220 16 6p 

33 18 6p 220 25 14p 

47 
40 

130 220 63 25p 

47 10 Bp 330 4 6p 

47 25 6p 330 10 6p 

47 40 6p 330 16 14p 

47 63 6p 330 63 28p 

-<;4 

Mfd 
470 
470 
470 
470 
880 
880 
680 
880 

1000 
1000 
1000 
1000 
1500 
1500 
1500 
2200 
2200 
3300 
4700 

V Price 
8.3 up 

10 14p 
25 16p 
40 25p 

8.3 14p 
18 16p 
25 25p 
44 

14p 
to 16p 
18 25p 
25 28p 
8.3 16p 

10 25p 
18 28p 
8.3 25p 

10 28p 
8.3 2Bp 
4 28p 

SWITCHES 
Rotary adjustable stop. 1 pole, 
2 to 12 way: 2 pole, 2 to 8 
way: 3 pole. 2 to 4 way: 4 
pole, 2 or 3 way 96p each. 
Slide Sub -min. DPDT 9p 
Slide min. DPDT 13p 

Push 
to make non-locking 

Push -on. push -off locking 
DPDT 250V 4A 48p 
Rocker white DPST 250V 10A 

40p 
Rotary mama DPST 250V 2A 

20p 
Toggle with ON /OFF plate 
DPDT 250V 1.5A 260 
BCD OUTPUT SLIDE 
SWITCH 
Marks the end of the old - 
fashioned thumb -wheel switch. 
With 7- segment type read -out. 
Full details in our catalogue 

£1.38 

TRANSISTORS 
& DIODES 
AC127 18p BFY52 20p 
AC128 18p BY126 13p 
AC176 17p BY127 13p 
AD161/ 8Y164 49p 
162MP 93p BZY88 
BA100 9p series 13p 
BA145 22p MPF102 36p 
BC107 10p 0A91 6p 
BC108 100 0A200 7p 
BC109 13p 0071 20p 
BC109C 15p SC146D 88p 
BC142 23p 71543 28p 
BC143 26p W005 30p 
BC147 lOp W04 33p 
BC148 lOp 1N914 4p 
BC149 12p 1N4001 6p 
BC168C 12p 1N4002 
BC169C 12p 1N4003 7p 
BC178 17p 1644004 
BC182L tOp 1N4005 8p 
BC183L 12p 1N4006 81p 
BC184L 12p 1N4007 9p 
BC212L 14p 1N4148 4p 
BC213L 16p 2N1302 20p 
BC214L lSp 2N1303 20p 
BCY71 22p 2N1304 3Op 
BD131 460 2N1711 24p 
BD132 54p 2N2219 25p 
BD131/ 2N2646 45p 
BD132MP 2N2905 33p 

£1.20 2/42926 Or, 
BD135 36p Ye. or Gn lOp 
BD139 49p 2N3053 18p 
BD140 69p 2N3055 49p 
BF258 36p 2N3819 22p 
BF259 25p 2N5459 51p 
BFX29 30p 7400 16P 
BFX30 33p 7413 39p 
BFX84 30p 7447 £1.10 
BFX85 38p 7473 54p 
BFX87 30p 
BFX88 26p 
BFY50 20p 
BFY51 22p 

L.E.D. RED. 
2 mod }"only 15p 
Panel mtg. clip 5p 
(Other colours and 7-seg. dis- 
plays in our catalogue.) 

6}p 

7 }p 

7474 
7490 
7493 
74121 

45p 
93p 
93p 
39p 

INTEGRATED 
CIRCUITS 
CA3046 
(14 -pin DIL) 69p 
LH0042CH 
(T099) £4.25 
MC131OP 
(14 -pin DIU £2.50 
MC1496 )UA7961 
(14 -pin DIL) 95p 
MFC4000B 59p 
MFC6040 83p 
NE555V (8 -pin DIU 65p 
S01495 (14 -pin DIU £2.70 
SG3402 (14 -pin DIU £1.69 
pA741C (8 -pin DIU 36p 
(14 -pin DIL) 45p 
pA747C (14 -pin DIL) £1.05 
pA748C (8 -pin DILI 39p 
ZN414(T018) £1.20 
VOLTAGE REGULATORS 
pA7805 5V 1.5A (703) £2.30 
pA7815 15V 1.5A (T03) £2.30 
MVR 5V, 15V. 500mA 
(T03) £1.60 
(A78M05 5V 100mA 
Plastic power) £1.30 
pA78MO5 15V 500mA 
(plastic power) £1.30 
pA78L05 5V 100mA (T092) 

60p 
pA78L15 15V 500mA (T092) 

60p 
pA723C variable 2 to 37V 
(T0991 or 14 -pin DIU 75p 
Our catalogue contains appli 
cation circuits and data for all 
the above I. Cs and many more. 

DISCOUNTS 
Details in our catalogue. 

Discount Vouchers NOW I 

PLUGS AND SOCKETS 
DIN PLUG CHASSIS 

SOCKET 
2 -pin Bp 6p 
3 -pin 9p 7p 
4 -pin 10p 7p 
5 -pin A(180 °) 10p 7p 
5 -pin B(240°) 10p 7p 
6 -pin 10p 9p 

JACK PLUGS 
2.5mm plastic barrel 
2.5mm metal barrel 
3.5mm plastic barrel 
3.5mm metal barrel 
}in. std. mono plastic barrel 

F. std. mono metal barrel 
}in. std. stereo plastic barrel 
}in. std. stereo metal barrel 

9p 
15p, 

9p 
15p 
13p 
24p 

16p 
30p 

JACK CHASSIS SOCKETS 
2.5mm open -type metal 
3.5mm open -type metal 
}in. std. mono open -type metal 
}in. std. mono moulded with 2 

break contacts 
lin. std. stereo open -type metal 
}in. std. stereo moulded with 3 

break contacts 

9p 
9p 

10p 

14p 
15p 

18p 

PHONO 
Plastic -topped plug 
Screened plug 
Chassis socket single 
Chassis socket twin 

5p 1 
Sp 

MAINS CONNECTORS 
P360 3 -pin 1.5A chassis plug 

with line socket 30p 
SA2190 3 -pin 5A chassis plug 22p 
SA1862 Line socket for SA2190 25p 
P437 3 -pin 5A chassis socket with 

line plug 55p +4 

ORGAN 

CONSTRUCTION 
A Full-Scale Electronic Organ that you can build 
to your own specification. 

FULL CONSTRUCTIONAL DETAILS 

IN OUR LEAFLETS 

Leaflet MES 51: price 
15p. describes a fully 
polyphonic basic organ 
which can later be used 
as the basis of a large 
sophisticated instrument. 
Leaflet MES 52: price 
ep. continues the descrip- 
tion of the MES 50 series organs and shows 
you how to add a second keyboard with lots 
more stops. 
Further leaflets to follow at approx. two - 
monthly intervals. 

THE AMAZING DM02 
A ready -built. tested and guaranteed digital 
master oscillator. Accurately generates the top 
13 notes for your organ system and reduces the 
complete tuning of your organ to ONE SIMPLE 
adjustment. New design gives selectable C to C 

output ranges of (approx.) 4k to 8k (highest) or 
2k to 4k or 1k to 2k. etc., right down to 16Hz 
to 32Hzl And this new compatible design is even 
smaller: only 3.5in.X3.7in.. including gold - 
plated edge connexion. 
DMO2T includes built -in variable depth and rate 
frequency shift tremulant. 
DM02 £12.25 DMO2T £14.25 
SA.1 110: 7 -stage frequency divider in 14 -pin 
DIL package. Sine or square wave input. Square 
wave output may be converted to saw -tooth. 
£2.63 each or 6 for £14.14 or 12 for £25. 

ORGAN 

COMPONENTS 
Keyboards high quality. fully sprung. 
Flat -front 48 -note F to E £15.95 
Sloping -front 49 -note C to C £15.95 
Sloping -front 61 -note C to C £20.44 
Swell pedal with 10k log. pot £5.93 
°Spring line unit (short) £3.05 
°Spring line unit (long) £7.59 
Reverberation driver module £5.34 
*S.a.e. please, for full details: leaflet MES 24. 
Gold -clad phosphor -bronze wire 30p per yd. 
Palladium earth bar 15p per octave length 
Contact blocks 2 -make (082) 22p 
Stop tabs. rocker type. not engraved (white. red, 
grey or black) with DPDT switch 49p 

TRANSFORMERS 
LT700 min. output. Pri. 1k2: Sec. 50 

200mW 500 
Sub -min mains 6-0-6V 100mA 95p 

12-0-12V 50mA 95p 
(Size both approx. 30 X 27 X 25mm) 
Min. mains 0-6V 500mA. 0-6V 500mA £1.36 

0-12V 250mA. 0-12V 250mA £1.36 
0-20V 150mA, 0-20V 150mA £1.36 
0-24V 125mA.0 -24V 125nnA £1.36 

Mains MT3AT: Sec: 12-15- 20-24- 
30V 2A £3.60 

Mains MT206AT: Sec:0- 15-20V 1A. 

0- 15-20V 1A £3.98 

P.O. Box 3, Rayleigh, Essex. Tel: Southend -on -Sea (0702) 44101. 

VAT. Please add 8% to the final total. Post and packing FREE in U.K.115p handling charge on orders under ft 
First -class post pre -paid envelope supplied free with every order. 

"ELECTRONIC TODAY INTERNATIONAL" 

4600 SYNTHESISER 
We stock all parts for this brilliantly designed 
synthesiser. This includes all the PCBs. metal- 
work and drilled and printed front panel giving a 

truly professional finish. Authoritative opinions 
agree the ETI International Synthesiser is 

technically superior to most of today's models. 
Complete constructional details in our booklet. 

available shortly. S.a.e. please. for price lists 
and specification. 
We also stock all parts for the P.E. Synthesiser 
and Minisonic. 

V, 1, 1_Irl 
4 I 
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Purpose -built servo and 
actuator systems using 
standard components 
McLennan Engineering Ltd. have considerable experience 
in the solution of actuator and servo problems using 
synchronous, stepping and DC motor techniques, an 
important facet of our skill lying in purpose- designing 
around standard components for speed and economy. 

The illustrations show a selection of modules from 
the standard range and include the new EM/ 100/100A 
servo drive system. All items are available 
individually or can be supplied. engineered to 
custom -built systems. 
1. EM 10.0/100A SERVO AMPLIFIER. A new addition to t 
range. A complete servo drive system including 
power supply which is eminently suitable for 
driving printed circuit motors and other 
servo motors up to 1/6 h.p. EM 100 - output 
± 24V, 4 amps continuous, 45 amps peak. 
EM 100A - output ±24V, 7 amps 
continuous, 75 amps peak. 
2. DC SERVO AM 10065. 
With integral potentiometer. Mai 
continuous output Torque 
14.6 kgcm at 7 r.p.m. 
3. LOW INERTIA DC SERVO MOTE 
Output 5W 
4. CONTROL AMPLIFIER EM 40 Output ± 15V 0.5 amp 
5. TYPICAL PRECISION GEARS 120 to 32 DP 

Wireless World, February 1975 
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moInan 
McLennan Engineering Ltd 
Kings Road, Crowthorne, Berkshire. 

Tel Crowthorne 5757/8. 

TTL 74 SERIES 
7400 14p 
7401 14 
7402 tIp 
7403 22p 
7404 ISp 
7405 25p 
7408 42p 
7407 42p 
7408 tap 
7409 28p 
7410 14 
7412 30p 
7413 21p 
7414 90p 
7416 33p 
7417 36p 
7420 lip 
7422 Sip 
7425 37p 
7427 34 
7430 15p 

INTEGRATED 
7432 37p 
7437 3711 
7440 20p 
7441 75p 
7442 7 
7445 215pp 

7447 95p 
7148 UOD 
7450 20p 
7451 20p 
7480 20p 
7470 30P 
7472 30P 
7473 300 
7474 34p 
7475 52p 
7476 37p 
7480 f5p 
7482 17p 
7483 120P 
7485 1117p 

CIRCUITS 
7486 41p 
7489 340p 
7490 52p 
7492 65p 
7493 55p 
74100 200p 
74107 45t 
74121 34p 
74122 7ßp 
74141 no 
74142 MOP 
74145 10P 
74160 160p 
74161 160p 
74184 225p 
74185 225P 
74190 2200 
74191 9201) 
74192 220p 
74193 220p 

LINEAR ICa 

CA3046 Transistor Array 
LM301 Op. Amp. with 
LM307 Op. Amp. with 
MFC6040 Electronic Attenuator 

9 0 Zero Voltage Switch 
NE536 FET Op. 
NE555 Timer 2pS to 2 
NE556 Dual 555 Timer 
NE560 High Phase Locked 
NE562 High Phase Locked 
NE562 High Phase Locked 
NE565 Precision Phase 
NE566 Function Generator 
NE567 Tone Decoder 
709 Op. Am. with external 
710 Differential Voltage 
741 Op. Am. with internal 
747 Dual 741 
748 Op. Amp. with 
ICL8038 Voltage- Controlled 

55p 
external compensation 40p 
internal compensation 50p 

910 
192P 
1920 

hours 54 
120p 

Loop 290p 
Loop with AM Demod 294 
Loop with Vco 294 

Locked Loop 290p 
200p 
250p 

compensation 26p 
Comparator 47p 

compensation 28p 
70p 

external compensation 34 
Oscillator 290p 

SIGNAL 
DIODES 
BA100 lop 
BAX13 5p 

0A476 Sp 
OA70 7p 

0A79 0A79 10p 
0Á81 Sp 
0A85 10p 
OA9g 7p 
04,91 7p 
OA93 7p 
OA00 Sp 
0A202 10p 
1N914 4p 
1N916 6p 
1N4148 4. 

RECTIFER 
DIODES 
BY100 15p 
BY126 12p 
ßY133 12p 
BYZ1 
BYZ7 no 
BYZ11 35p 
ßY212 33p 
BYZ13 38p 
1N4001 4 
1 N4004 se 
1N4007 7p 
PL4004 10p 
PL7004 20p 

ZENER 
DIODES 
3.3V to 33V 
400mW 9p 
1.5W 25p 

25p 
10W 40D 
20W 65p 

SPECIAL OFFERS FOR 
POPULAR TRANSISTORS 

100+ 500+ 
AC 126 6p Sp 
AC 127 Sp Sp 
AC 128 Sp Sp 
AC 1281ÁC 176 m.P lip lip 
AC 175 ep SP 
AC 187 1 

AC 188 9p Sp 
AF 114 Ilp 10p 
AF 115 11p 10P 
AF 117 11p top 
BC 109C Sp Hp 
BC 1478 Sp Sp 
BC 148B Sp S 
BC 149C 7 6p 
2N 2926 (TO -106) 

D 

R B O Sp Sp 
2N 2926 (TO -106) 

G Y 7p Sp 
The above offers are for a limited 
period only AND subject to 
present stocks being available. 

OTHER 
DIODES 
Tunnel 
AEY11 50p 
Varicap 
BA145 15p 
BA148 13p 

LED 
TIL209 1{P 

OPTO- ELECTRONICS Light Dependent 
Photo- Transistors Resistors 

OCP71 65p ORP60 55p 5p 
2N5777 0P OR P61 55p 
Light Emitting Diodes (LED) 
Red lip Green 35p Yellow 4012 
Seven Segment Displays 
3015F (Filament) 1200 MAN -3M (LED) 120p 

TRIACS 
100V 400V 500V 

3 Amp 85p 99p 120p 
6 Amp 88p 120p 150p 

10 Amp 109p 154p 165p 
16 Amp 145p ' 180p 200p 
Other 
40430 90p. 40486 75p, 
40669 95p. 
DIAC ST2. For use with above 
triacs 21p. 

BRIDGE RECTIFIERS 
50V 100V 400V 600V 

250mA 16p - - - 
1 Amp 20p 21p 24p 25p 
2 Amp 35p 35p 45p 48p 
4 Amp 47p 4ßp 60p 70p 
6 Amp 55p 60p 78p 94 

SCR -THYRISTORS 
50V 100V 400V 600V 

1 Amp 42p 48p 60p 74 
3 Amp 43p 49p 74 100p 
7 Amp - 84 84p 115p 

16 Amp - 82p 94 - 
Other 
C106D 45D 2N3525 94.2N4444 
185p. 

TGS -GAS SENSOR 
Semiconductor 201p 
Data Sheet 10 

P 

Fixed o/p +Ve 
Voltage Regulators 
1A (Plastic) 
MC7805 5V 140p 
MC7812 12V 140p 
MC7815 15V I40p 
MC7818 18V t10p 
MC7824 24V 110p 

AUDIO & RADIO ICS 
CA3048 Four Indepe dent Amplifiers 230p 
CA3089 FM IF Ampl her 250p 
CA3090 FM Stereo Multiplex Decoder 300p 
LM377 2W /Channe Stereo Amp 300p 
LM380 2 Watt Am ifier 140p 
LM381 Stereo Pm- mplifier 200p 
MC1304 FM Stereo Multiplex Decoder 170p 
MC1307 FM Stereo Multiplex Decoder 145p 
MC1310 Coilless FM Multiplex Decoder 245p 
MC1312 Four Channel SO Decoder 220p 
MFC4000 ¡Watt Audio Amplifier 5 
7ßA800 Watt Audio Amplifier 1Ó p ' 0P 
7ßA810 7 Watt Audio Amplifier 125p 
T8Á820 2 Watt Audio Amplifier 80p 
ZN414 TRF Radio Receiver 110p 

AC125 lip 
AC128 tip 
AC127 11p 
AC128 lip 
AC141 Up 
AC142 lip 
AC176 lip 
AC187 12p 
AC188 11p 

. AD140 Sip 
AD142 Sip 
A0143 SOP 
AD149 43p 
ADIOI 36p 
AD162 36p 
AF114 13p 
AF115 13P 
AF118 13P 
AF117 13p 
AF118 SOP 
AF121 Up 
AF124 30p 
AF125 30P 
AF126 30P 
AF127 30P 
AF139 33p 
AFI81 45p 
AF188 no 
AF239 UP 
80107 Sp 
BC108 Sp 
ßC109 tip 
BC115 20p 
BC135 17p 

BC136 17p 
BC137 17p 
BC138 17p 
BC142 35p 
BC143 35p 
BC147 7p 
ßC148 7p 
BC149C Sp 
BC157 14p 
BC158 12p 
5C159 14P 
BC169C 12p 
ßC171 120 
13C177 UP 
BC178 17P 
BC179 ifp 
BC 1 82 19P 
BC183 lop 
BC184 lip 
BC212 Ilp 
BC213 ly 
BC214 14p 
BC237 12p 
BC238 Ilp 
8C239 12p 
BC307 lip 
BC308 lip 
BC309 12p 
BCY70 18p 
BCY71 22p 
BD115 Sip 
BD121 100p 
BD123 100p 
BD124 fop 

BD131 40p 
BD132 45p 
BD153 6Sp 
BD10 Sip 
ß0Y60 75p 
BDY61 Up 
ßF115 22p 
19F167 23p 
ßF170 23p 
BF173 25p 
BF177 2Sp 
BF178 no 
BF179 33p 
ßF180 33p 
BF181 33p 
BF182 33P 
BF184 no 
BF185 22p 
BF194 11P 
BF195 12p 
ß F196 14P 
BF197 15p 
ßF200 32P 
BF257 32P 
BFR39 30p 
BFR40 30P 
BFR41 30p 
BFR79 30p 
BFR80 30p 
BFR81 30P 
BFX29 30p 
BFX30 30P 
BFX84 2ßp 
BFX87 20p 

BFX88 24p 
BFY50 14p 
BFY61 14p 
BFY52 14p 
BSX19 lap 
BSX20 tip 
BSX21 220 
BU105 flop 
MJISO 95p 
MJ491 130p 
MJE340 4Sp 
MJE370 72p 
MJE371 Up 
MJE520 Up 
MJE521 SOP 
MJE2955 SOp 

MPSÁ Op 
MPSA06 30P 
MPSA56 32p 
MPSUO6 62p 
MPSU56 7Sp 
0C26 - 40p 
0C28 55p 
OC35 48p 
0C36 52p 
OC41 15p 
0C42 15p 
OC44 Ilp 
0C45 Ilp 
OC70 tip 
0071 11P 
OC72 tip 
0073 50p 

OC74 30p 
OC81 12p 
OC82 12p 
OC83 Up 
0084 ISp 
OC200 Sop 
OC201 Sop 
TIP41A 70p 
TIP42A Up 
ZTX107 12p 
ZTX108 lop 
ZTX109 13p 
ZTX300 14p 
ZTX301 ISp 
ZTX302 ISp 
ZTX303 19P 

ZTX500 15p 
ZTX501 15P 
ZTX502 Isp 
ZTX503 45P 
2N404 ZSp 
2N896 15p 
2N697 13p 
24698 Sop 
2N706 12p 
2N708 18p 
2N914 IST 
2N918 40p 
2N929 20P 
2N930 Up 
2N1131 1SP 
2N1132 ISp 
2N1302/3 17p 

2N130415 21p 
2N1306/7 Up 
2N130815 28p 
2N1613 20p 
2N1711 20p 
2N2218 21p 
2N2219 20p 
2N2220 19p 
2N2221 20p 
2N2222 20P 
2N2389 14p 
2N2484 30P 
2N2904 20P 
2N2905 1ST 
2N2908 20P 
2N2926RB 7p 

2N2 G 9p 
2N3053 1ST 
2N3054 45P 

di 2N3055 p 
2N3441 Bop 
2N3442 140p 
2N3702/3 11p 
2N3704/5 lip 
2N3705/6 10p 
2N3707 lip 
2N3708/9 Sp 
2N3771 170p 
2N3772 184 
2N3773 244 
2N3866 70p 
2N3903µ 15p 
2N3905/6 14 

2N4058 lip 
2N4059 lop 
2N4060 13p 
40380 35p 
40361 36p 
40362 Up 
40409 50p 
40410 0p 
40411 200p 
40594 ISP 
40595 75p 
40600 69p 
FETa 
8F244 36p 
MPF102 31p 
MPF103 31p 

MPF105 31p p 
2N3819 20p 
2N3820 57p. 
2N3823 Sop p 
2N5457 31p 

Variable 0/p 
Voltage Regulator g 
ML723 2V to 37v . 55p 

ACCESSORIES 
DIL SOCKETS 

á.4 pin 13' 
16 Pn p 

Mica Washers + 
2 Bushes Sp 
(TO3 or TO66) 

QUANTITY PRICES 
50/99 100+ Low Profile DIL sockets 

555 4ßp /00 by Texas 
46P 44 50/99 100+ 

741 25p 21p 8 PIN 11p 10p 
7490 47p 39p 14 PIN 12p Ilp 
2N3819 19p 14 16 PIN 14 12p 

2N5458 31p 
2N5459 31p 
MOSFETs 
3N140 114 

Data Sheets on adver- 
tiled I.C.s 10p each 

3N141 75p 
40603 58p 
40673 SOp 
UJTs 
TIS43 26p 
2N2160 84 
2N2646 34p 
2N4871 31p 

G -MOS LOGIC 
CD4001AE Quad 2 i/p NOR Gate Op 
CD4009AE Hex Inverter /Buffer 120p 
CD4011AE Quad 2 lip Nand Gate SOp 
CD4012AE Dual 4 i/p Nand Gate 50p 
CD4013AE Dual 'D' Flip -Flop ..120p 
CD4017AE Decade Counter/ 

Divider 300p 

ICs 
CD4018AE Divide by N Pre - 

settable Counter 300p 
CD4027AE Dual J -K Flip -Flop 170P 
CD4028AE BCDto Decimal 

Decoder 270p 
CD4047AE Monostable Multi - 

vibrator 165p 
Minimum Order E2. All goods brand new. TECH NOMATIC LIMITED All prices exclusive of V.A.T. Money refunded if not satisfied. P. & P. top for orders below E5. 

OEM, trade, colleges. Inquiries welcome. 54 SANDHURST ROAD, LONDON NW9. Tel. 01 -204 4333 Export Inquiries welcome. 
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when reliability 
and quality count 

Suppliers of Television Valves, Picture Tubes, 
Industrial and Transmitting Tubes to the 

Electronic Industry. 
Available Ex Stock at advantageous prices. 

Enquiries from 
Agents and Importers welcome. 

EDICRON LIMITED 
Redan House, l Redan Place, London W2 4SA 
Telephone: 01- 727 0091/2 Telex: 265531 
Cables: Edicron London W2 

WW-I08 FOR FURTHER DETAILS 

AEL GATWICK HOUSE, HORLEY, SURREY, ENGLAND 
Tel: Horley (029341 5353 
Telex: 87116 (Aerocon Horley) Cables: Aerocon Telex Horley 

WW-026 FOR FURTHER DETAILS 

sanwa 
MULTI TESTERS 

USED THROUGHOUT THE WORLD, SAMNA'S EXPERIENCE OF 30 YEARS ENSURES 

ACCURACY, RELIABILITY, VERSATILITY. UNSURPASSED TESTER PERFORMANCE 

COMES WITH EVERY SANWA 
6 Months" Guarantee Excellent Repair Service 

MODEL P2B £9.18 MODEL FODTRO £25.28 

MODEL JP50 £11.58 MODELAT45 £21.52 
MODEL BX 505 (29.12 MODEL 380CE £29.12 
MODEL360YIR £15.28 MODEL N101 (31.81 
MODEL U5005 £15.80 MODEL 480E0 05.89 
MODEL A303T11D £17.45 MODEL EM800 £81.08 

MODEL - 

MODEL K30 THD £24.01 MODEL R100008 £15.27 

THESE PRICES ARE SUBJECT TO AN ADDITIONAL CHARGE OF BU FOR VAT. 
U 50 DX Gen extra. available for net meters. but not sold separately 

Please write for illustrated leaflet of these and other specialised Sanwa meters 

SOLE IMPORTERS IN U.K. 

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

Tel:01 -546 4585 

WW-013 FOR FURTHER DETAILS 
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TPA SERIES - D 
integrated circuit 
power amplifier 

TPA 50 - D Specification 
Power Output 100 watts rms into 4 ohms 

65 watts rms into 15 ohms 

Freq Response ±0.1óB 20Hz to 20KHz into 
15 ohms. -1dB at 150KHz 

Total harmonic Less than 0.04% at all levels up to 
distortion 50 watts rms into 15 ohms 

Input sensitivity OdBni 
Noise -100dB 
Rise time 2 u seconds 

Price £59 plus V. A T. 

100V Line (C.T.) and balanced inputs available. 

For full technical information contact: 

HilH ELECTRONIC 
CAMBRIDGE ROAD, MILTON, CAMBS 
TELEPHONE CAMBRIDGE 65945/6/7 

F R FURTHER DETAILS 

STARWET 
Spectrum Analyser 
Module ST858 

SPECIFICATION: Frequency range 10 MHz to 850 MHz in two 
calibrated ranges Sensitivity Better than 50 my for 0.5V per cm 

Resolution Better than 25 KHz. Dispersion From less than 1 MHz 

to 400 MHz variable Input Via 50 ohm BNC connector on front panel 

Output 1 Coax cable for connection to Y input on scope Output 2 

Coax cable for connection to sync. input on scope Power require- 
ments 240 volts AC 50 Hz 10 watts. (Other voltages and frequencies 

available as required) Size Width 11in (28cm.) Height 4.375in. 
(11.2cm.) Depth 8.5in. (21.6cm.) Nett weight 7.51bs (3.4 Kg) Gross 
weight 101bs (4.5 Kg.) 

For further details contact the sole distributors of 
STARWET equipment: 

=H11LTMEAO LTD 
7 -9 ARTHUR ROAD, READING, BERKS 
(rear Tech College) Tel. Reading 582605 
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BYWOOD ELECTRONICS - 
ONE STOP SHOPPING FOR- 

Clock Chips 
Calculator Chips 
Led Displays 
Liquid Crystals 
Phosphor- Diodes 
Gas Discharge 
Display Drivers 
MHI Kits 
Digitronic Clocks 
Customised Units 

With Products from - 
Beckman, Brown- Boveri, Cal -Tex, 
Diacon, E.R.G., Fuji, Futaba, 
I mtech, Itoka, Jermyn, Litronix, 
Mostek, National, RCA, Siemens, 
Swarovski, Texas, 3M 

Just about all you need to go digital is some of our ICs, some of our digits and 
drivers, some data and some advice. As they are all available at the end of a 

telephone line it would make sense to ring 0442 -62757 before doing anything 
else. 

Latest lists, prices and products are advertised each month in ETI. 

EXTRACTUS DIGITUS, DIALUS and DIGITISE DIRECTLY! 

t t BYWOOD ELECTRONICS 
181 Ebberns Road 
Hemel Hempstead, Hertfordshire 
Tel: 0442 -62757 

WW-143 FOR FURTHER DETAILS 

TAKE A CLOSE LOOK 

at a professional recorder that offers high performance, 
excellent reliability and is very easy to maintain. Ask 
yourself why so many commercial radio stations and 
recording studios are doing their best to wear them out, 
and not having much success. Decide if you need mono 
or stereo, console transportable or rack mounting versions 
and then inquire about prices. 
We are sure you will be very pleasantly surprised. 

BIAS ELECTRONICS LTD. 01 -540 8808 
572 KINGSTON ROAD, LONDON SW20 8DR 

WW-028 FOR FURTHER DETAILS 

How much does 
Transit 
Damage 
cost you? 
In damaged goods. In doubled 
delivery charges. It need not cost 
you a penny. Because it needn't 
happen. PROTECTOMUFFS 
are tough, padded, weather- 
proof, dustproof. They are 
tailored to fit your product. 
Slipped on in seconds by un- 
skilled staff, they provide all the 
packing required. And because 
they are re- useable again and again and again, packing costs 
become a non -recurring item. Be like Hoover, Ferranti, Rediffusion - use Protectomuffs and show your customers you care. 

rRAO[ MARK 

To JOHN EDGINGTON & CO. LTD. 
47 Old Woolwich Road, Greenwich, London SE10 9PU (01 -858 70144) 

Send me details of Protectomuffs 

Name 

Address 
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Tuner 

Gram ___() 
Tape 

SHEER SIMPLICITY! 

-O-rO 
-o 
-O 

Half HY5 

O 
O 

Tape o.p 
BASS 

4-- 
VOLUME 

1 
Half HY5 

TREBLE _ 

4- BALANCE 

O 
Stereo.Mono switch 

HY50 
Fuse 

L.S 

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 47k0atlkHz. 

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

Active Tone Control; 
Treble t 12db at 10kHz 
Bass z 12db at 100Hz 

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

sensitive input 
Supply Voltage .16 -25 volts. 
PRICE £4.50 + 0.36 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 -Fi amplifier incorporating its own high 
conductivity heatsink 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 852 
Load Impedance 4 -1652 
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! 3db 
Supply Voltage ! 25 volts 
Size 105 x 50 x 25 mm. 

PRICE 15.98 + 0.48 V.A.T. P & P free. 

PSU50 
-L 
-N 

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

stereo systems. 

TECHNICAL SPECIFICATIONS 
Output voltage 50volts(25 -0-25) 

Input voltage 210 -240 volts 

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

PRICE £6.00 + 0.48 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 -086 FOR FURTHER DETAILS 
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BLENT I T 
You told us you enjoyed 

Elektor 1 

Don't miss Elektor 2, out now 

Elektor is a fund of well 

thought -out and thoroughly 

tested projects, new ideas using 

modern electronic com- 

ponents, objective comment 

on new developments. 

e6eHTUr 2 
mos tap 

minidrum 

dil logic probe 

numeric displays 

electronic 
loudspeaker 

In Elektor 2 

t Electronic drum kit 
t Touch sensitive switches 

t DI L Logic probe 

Try it 

Use the Elektor 

printed circuit 

board service 

for immediate 

delivery of high 

quality epoxy 

glass boards 

for all major 

projects. 

t Modulation systems - AM to 
CPM 

t 7- segment displays 

t High-quality T.V. sound 

Write to us enclosing 35p P.O. or cheque for Elektor 2. If you 
would like a subscription for the next seven issues (£3.60 till end 
1975), send no money, write or phone for subscription card. 

Elektor Publishers Ltd. 
6, Stour Street, Canterbury CT1 2XZ. Tel Canterbury (0227) 54439 

40, 
Haim audio 
MANUFACTURERS OFAUDIO EQUIPMENT 

#17ofrQj 

YOU can now .Pind our Factory and showroom ak.. 
I1 Salt Lane, Salisbury, Wi/&, SP11Dr 
The telephone number remains t he 

SALISBURY 3746 

WW -040 FOR FURTHER DETAILS 

eÑL06IC PROBE 340 
Im Generates a single minus pulse 

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

For use in 
detecting 7T1, 

DTL Rip -flop 
and other pulse 

circuits 

Each £14-00 
including pp + VAT 

Discounts for quantity 

ASSOCIATES LIMITED ' 

Bishop's Stortford, Herts. Tel: 0279 56347. Telex: 81657 Jaylamps Stort. 

\ì'W -020 FOR FURTHER DETAILS 

ANALOGUE & 
HYBRID 
COMPUTERS 
C60 FEATURES: 
Eight low drift, high gain. IC 
operational amplifiers. 1% 
accuracy. Automatic function 
selection and meter switch- 
ing. A four quadrant variable 
multiplier. Individual pot -set 
facilities, built -in stabilised 
power supplies plus all of the features expected in our precision machines. Price 
£475 complete with patching leads and instruction book. 
We manufacture a wide range of analogue and hybrid computing equipment and can 
produce special machines built to your own specification. You will be pleasantly 
surprised at the cost of a computer built to your own requirements. 

PHONE OR WRITE FOR DETAILS OF OUR ANALOGUE OR HYBRID APPARATUS 

PHYSICAL & ELECTRONIC LABORATORIES LTD. 
MANUFACTURERS OF PRECISION ELECTRONIC INSTRUMENTS & COMPUTERS 

28 Athenaeum Road, Whetstone, London N20. Tel. 01 -445 7683 

WW -134 FOR FURTHER DETAILS 
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Otan DP4050 
Ideal for 1 cassette copy or 10,000 

From Japan's biggest manufacturer of Tape 
Duplication equipment, the DP4050 reel to cassette 
copier. 

Foolproof operation for non -skilled personnel. 

Eight times copy speed. 

Automatic cycle through Record -Rewind -Stop. 

Absolute consistency in manufacture through 
large volume production. 

Modular construction. 

Servo- controlled direct capstan drive. 

0 A R 

a29 

this is Otani 

T 

"Aar Any f 
-. r - ---.,.. 

NOTE NEW ADDRESS - 
Industrial Tape Applications 
5 Pratt Street, London NW1 OAE. Tel: 01- 485 6162 Telex: 21879 

Lo@: 

- fQ, 

WW -101 FOR FURTHER DETAILS 

COMPLETE KIT AVAILABLE 
OR P/C BOARD ONLY 

STOP PRESS!! 
OFFER LASTS ONLY 

8 MORE WEEKS 

First time available, the real T.V. game in k t form as supplied to the amusement trade 
score read out on screen and also simulated sound. 
Please send stamped addressed envelope for details and prices to: 
LOGIC LEISURE LIMITED, Kingfisher House, 68 Park Road, New 
Telephone: 01 -440 91 73/4. Telex : 264397. 

with five bat angles, fully automatic ball, digital 

Barnet, Herts. 
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THE NEW NELSON -JONES FM TUNER 
PUSH -BUTTON VARICAP DIODE TUNING 

(6 Position) ('WWI JUNE '73) 

Exclusive Designer Approved Kits 
What are the important features to look for in an FM tuner kit ? Naturally it must have an attractive appearance when built. but it must also embody 
the latest and best in circuit design such as:- 
MOSFET front end for excellent cross modulation pertormance and low noise. 
3 GANG tuning for high selectivity. 
VARICAP tuning diodes in back to back configuration for low distortion. 
CERAMIC filters for defined IF response. 
INTEGRATED circuit IF amplifiers for reliability and excellent iimitinglAM refection. 

The Nelson -Jones Tuner has all of these features and many more, and more importantly the design is fully proven not just with a few prototypes but with many thousands 

of working tuners spread across the world. 

PHASE LOCKED Stereo decoder with Stereo mute, see below 
LED fine tuning indicators. 
PUSH BUTTON tuning (with AFC disable) over the FM band (88 -104). 
IC STABILISED and SIC protected power supply. 
CABINET double veneered against warp. 

Typ. Specn : 20 dB quieting 0.75uV. Image rejection -70dB.I.F. Rejection -85 dB 

Basic tuner module prices start as low as £12.31, with complete kits starting at 
£26.95 (mono) + P.P. 65p. and of course all components are available separately. 
Our low cost alignment service is available to customers without access to a 

signal generator. Please send large SAE for our latest price lists which details all of 
the many options and special low prices for complete kits. All our other products 
remain available. 
PORTUS AND HAYWOOD PHASE LOCKED DECODER (W.W. Sept. '70). Still the 
lowest distortion P.L. decoder available. THD typically 0.05% (at Nelson -Jones 
Tuner 0/P level)! Supplied complete with Red LED. 
Price £7.02 when bought with a complete N -J tuner kit or £8.29 if bought 
separately (P.P. 21p.) 
PLEASE NOTE. Existing tuners are'readily convertible and kits /parts are available 
for this purpose. 

TEXAN AMPLIFIER. We have designed the tuner case and metalwork to 
match the Texan amplifier (see photograph). Complete designer approved Texan kits 
are available at £30.78 plus P.P. 65p including Teak Sleeve. 

NEW LOW COST STEREO TUNER Available as basic or complete kits 

Basic stereo tuner £15 post free. 
Basic mono tuner £12 post free. 
6 position push button units with 
integral pots £2.92. 

TYP. SPECIFICATION 
21.i.V for 30dB S/N 
Image rejection 40dB 
IF rejection 65dB 

No alignment required. Mullard LP1186 front end module used with Ceramic IF and 
IC amplifier. Push button tuning (6 position) with Interstation Mute, restricted 
range AFC, single LED tuning indicator, phase locked IC decoder, and complete 
metalwork and veneered cabinet. Complete with IC regulated PSU and full assembly 
instructions. (Mechanically identical to N -J Tuner.) Access 

VAT at 8% is included in all prices 

INTEGREX LIMITED, P.O. Box 45, Derby, DE1 1TW Phone Swadlincote (0283 87) 5432 Telex 377106 

PRICE Complete stereo kit £28.42 
Complete mono kit £24.19 
P. & P. 65p 

SQ IS A TRADEMARK OF CBS INC. 

II 

SQ QUADRAPHONIC DECODERS 
SQ the leading quadraphonic system, designed by CBS engineers. offers not only 4 charnel ambiophony from the 
fast expanding rings of SO encoded discs but also immensely increased depth and fullness of sound from 
standard stereo racoránga too. 
Feed 2 channels 1200- 1000mV as obtainable horn most pre-amplifiers) 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-R8 and Dimension controls can all be implemented by simple single gang potentiometers-no 
need for exotic 4 -gang mini 
These state -of- the -an circuits. used under licence horn CBS, are offered in It torto comprising first grade 
components only -fibre glare rcuit boards of professional Quality designed for edge connector insertion, all 

rs eaiato 2% metal oxide. all polystyrene and polycatbonate capacitors 5% or better and in decoder L2 ultra low 
noise IMPS A18-0.5dB typ.) tranaiston used in each amplifying stage. 
Ml Bask trix decoder with - fixed '10 -40' blend. 10 Resistors, 14 Capacitors. 1 Integrated Circuit. Printed 
Circuit Board. £654. 
LI Full logic controlled decoder with 'wave matching' and 'front -back logic' for enhanced channel separation using 
three specially designed Integrated Circuits. 24 Resistors. 42 Capacitors, 3 Integrated Circuits. Printed Circuit 
Board. £19.80. 
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. 8 Diodes, Printed Circuit Board. £2620. 
All kits include IC sockets and construction notes. Prices include CBS licence fee. 
Please write for further details in FREE UST. 
United Kingdom: Post Free. Please add B% VAT. Overseen: No VAT. Please add (per kit) C1.50 p & p AIR MAIL or 
BOp p& p SURFACE MAIL. 

AMBIENTACCOUSTICS PO BOX 3000 
ANDOVER, HANTS SP10 3EQ 

WW -079 FOR FURTHER DETAILS 

TELEVISION CAMERA KITS 
Complete kits are available for both "Mullard " and "P.E. " 
design. Each kit includes a comprehensive construction 
manual, and a completely FREE technical back -up service 
to ensure your success. VHF and UHF Modulator Kits also 
available to allow standard domestic T.V. to be used as 

monitor. 
All parts available separately, including a wide range of 
lenses, vidicon tubes, special mains transformers and 
focus /scan coils. Also available P.W. tele- tennis game. 
Send 5" X 7" S.A.E. for full details or come along for a 

demonstration and a chat with our technical staff. 

CROFTON ELECTRONICS 
124 Colne Road, Twickenham, Middlesex TW2 6QS. 

Tel. 01 -898 1569. Telex 934642 Cadanac LDN. 

WW -105 FOR FURTHER DETAILS 

ELECTRONIC ORGAN KITS 

111111111111111111111 INIMM111111111111 
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There are 5 superb models in 
kit -form specially designed for 
the D -1 -Y enthusiast. With our 
free and generous after sales 
service you can build in sections, 
and the whole project can be 
extended over several months. 
All specialised components can 
be purchased separately. 
We also stock keyboards, volume 
pedals, MOS master oscillators, 
ICs., transistors, ETC. for W/W 
synthesiser and W/W electronic 
piano. Send 50p for catalogue 
and vouchers worth 50p or send 
your own parts list, enclosing 
SAE for quotation. 

ELVINS ELECTRONIC MUSICAL INSTRUMENTS 
12 Brett Rd. Hackney, London E8 1JP. Tel: 01- 986 8455 

8 Putney Bridge Rd., London SW18 1HU. Tel: 01- 870 4949 
40A-42A Dalston Lane, Dalston Junction, London E8. Tel: 01 -249 5624 

Business Hours: Open 10 a.m. to 7 p.m. Mon. to Sat Clewed dl dry Thursday. Open 10 a.m. to 1 p.m. Sundry. 
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We enjoy solving other peoples' problems! 
:so 

Jasmin take a slightly different approach to their customers and they are proud 
of the rapport they attain with them. Research and development staff are 

always available to offer advice on technical issues. This in turn means that Jasmin 
are able to offer a unique service if you have problems in the following spheres 

Complex automatic text and evaluation apparatus. Digitalized video 
and Ceefax /Oracle display equipment. Mini computer orientated systems. 

Specialist contract engineering. 

Jasmin 
ELECTRONICS LIMITED 

BOSTON HOUSE, ABBEY PARK ROAD, LEICESTER LE4 5AN 
TELEPHONE: 0533- 58128/9 TELEX: 341581 %.1==. ARISTOCRATS IN CONTROL 11111111.1111110 

WW -144 FOR FURTHER DETAILS 

HART ELECTRONICS 
Audio Kit Specialists since 1961 

BAILEV /BURROWS /QUILTER PRE AMP This is the tone control section of the bast 
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 Quilter 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 our 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 11 in. X 4 in. It can be mounted on the side of our Baile amplifier 
metalwork thus turning t into a tuner /amplifier whilst only increasing its width by 1 I M. 
Cost of tuner chassis (no case) is E22 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 send us a 9 in. X 4 in. SA.E. 
REPRINTS Post free. no VAT. 
Bailey 30W 18p. 
STUART TAPE RECORDER All 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 all day Saturday 

JUL 

Phoenix 
Electronics 
(Portsmouth) Ltd 
139 -141 Havant Road, 
Drayton, Portsmouth, Hants P06 2AA 

Full member of AFDEC -the industry's association of 
franchised electronic component distributors. 

Our prices include VAT at the current rate -and carriage 
on all goods is free. 

Send for our catalogue and price list -we'll mail that to 
you free, too. 

THIS MONTH'S BARGAIN OFFER - 
Rectifier kit. 
4 each-1N 4148, AA144, 1N4004, 
1N4006, 1N 5402, 1 N5406, SCR 
0.6A/200V, Bridge 1A/400V + 4 
voltages of 400mW Zeners -cata- 
logue value £8.60. 
BARGAIN PACK PEP4 -£6.40 

Please send your catalogue -free! 
Name 

Address 
VOA 7 

WW-084 FOR FURTHER DETAILS 
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Eliminate 
TV receiver 

distortion with 
Celestion TEL 

TEL EF! 
At last you can enjoy TV entertain- 
ment with the added pleasure of true 
Hi -Fi sound. Telefi is a unique electronic invention which 
picks up VHF from the TV and relays this through your own 
Hi -Fi equipment. Telefi ensures crisp, full- range, distortion - 
free reproduction of music and speech providing an improve- 
ment over ordinary TV sound which will amaze you. Telefi 
is safe and requires no permanent connection to the TV set. 
Telefi is indispensable to the TV viewer who requires 
Hi -Fi TV sound. A 

LOUDSPEAKERS 

Celestion Loudspeakers are 
engineered to the highest 
standard and provide super- 
lative sound reproduction. 
The cut -away illustration 
shows the high, mid and 
bass speakers used in the 
Ditton 44 Monitor, one of 
the most popular loud- 
speakers available to the 
discerning listener. 
A range of models is avail- 
able to suit your personal 
requirements, Celestion 
Hi -Fi Loudspeakers carry a 

five -year guarantee. 

The Hadleigh loudspeaker, was 
specially created to meet a public 
demand for a high quality speaker 
of compact proportions. Not a 

difficult task for Celestion who 
produce the most popular bookshelf 
speaker ever ( Ditton 15) -but we 
set out not only to produce an 
immaculate loudspeaker with a 

sparkling performance, but to do so 
at a budget price. For the enthusiast 
seeking a really excellent Hi -Fi 
system at reasonable outlay we 
recommend without hesitation the 
Hadleigh. 

Celestion 
Loudspeakers for the Perfectionist 
DITTON WORKS, FOXHALL ROAD, IPSWICH, SUFFOLK IP3 BJP. 
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RAD FORD 
AUDIO MEASURING INSTRUMENTS 

LOW DISTORTION OSCILLATOR SERIES 3 

A continuously variable frequency laboratory oscillator 
with a range 10Hz-1 00kHz, having virtually zero distortion 
over the audio frequency band with a fast settling time. 

Specification: 
Frequency range: 
Output voltage: 
Output source resistance: 

Output attenuation: 

Output attenuation accuracy: 
Sine wave distortion: 

Square wave rise and fall 
time: 

Monitor output meter: 
Mains input: 
Size: 

10Hz- 100kHz (4 bands) 
10 volts r.m.s. max. 
150 ohms unbalanced 
(optional 150 ohms unbalanced. 
plus 150/600 ohms balanced/floating) 
0 -100dB (eight, 10dB steps plus 
O-20dB variable) 
1% 
Less than 0.002% 10Hz -10kHz 
(typically below noise of measuring 
instrument) 

40/60 n.secs. 
Scaled 0-3, 0-10, and dBV. 
110V/130V, 220V/240V 
17" (43cm) X 7" (18cm) high X 
81" (22cm) deep 

Price: 150 ohms unbalanced output: £250 
150/600 unbalanced /balanced floating output: £300 

DISTORTION MEASURING SET, SERIES 3 

(illustrated above) 

A sensitive instrument with high input impedance for the 
measurement of total harmonic distortion. Designed for 
speedy and accurate use. Capable of measuring distortion 
products down to 0.001 %. Direct reading from calibrated 
meter scale. 
Specification: 
Frequency range: 
Distortion range (f.s.d.): 
Input voltage measurement 

range: 
Input resistance: 
High pass filter: 
Power requirement: 
Size: 

Price: 

5Hz -50kHz (4 bands) 
0.01%-100% (9 ranges) 

50mv -60V (3 ranges) 
47 K ohms on all ranges 
12dB /octave below 500Hz 
2 X PP9. included. 
17" (43cm) X 7" (18cm) high X 8;" 
(22cm) deep 
£200 

Now available in reasonable delivery time 

RADFORD LABORATORY 
INSTRUMENTS LIMITED 

Bristol BS3 2HZ 
Telephone 0272 662301 
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For the Service Engineer 
with dynamic performance 

and terrific versatility 

The Telequipment D61 Oscilloscope 
Service engineers, it's all for you in 

Telequipment's D61. In a robust, compact 
package you have all the tools of your 

trade. The D61 gives you single beam, 

dual -trace and X -Y modes; automatic 
selection for TV line or frame displays, and 

for chopped or alternate modes. 

The lightweight easily portable D61 provides 

a wide ranging performance at the minimal 

cost of £125 * -a sum quickly recoverable 

in the time saved by the simplicity 
and reliability of its operation. 

*Exclusive of VAT 

A minimum of controls makes it extremely 
simple to use and gives room for a large bright 
8 x 10cm display. These features, plus the 

superb triggering qualities built into the 

instrument make the D61 ideal for the 

discerning test engineer. 

For full details contact 

TELEQUIPMENT <4=1> 

Tektronix U.K. Ltd., 
Beaverton House, P.O. Box 69, Harpenden, Herts. 
Telephone: Harpenden 63141 Telex: 25559 
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Measuring what we perceive 

An electronic reproduction system does not end at the acoustic or visual transducer but 
at the human brain, passing information via the human sense organs. Considering this, 
it's surprising how little work has been done on the psychology of perception in 
relation to electronic systems. The most familiar psychometric tests are of course 
the subjective assessment of sound quality froth loudspeakers and of picture quality 
from television displays. With loudspeakers the commonest method is to make com- 
parisons between two speakers at a time and from these derive an order of rank of the 
speakers under test. With television systems graded scales are often used, giving either 
grades of picture quality from "excellent" to "bad" or grades of picture impairment 
from "imperceptible" to "unusable ". The trouble is that there are so many methods in 
use -for example eight different scales for picture assessment. It's unlikely that we shall 
make any important progress in the psychometry of electronic systems until international 
standardization of techniques is achieved. 

The greatest prize to be won by improved methods of subjective assessment is the 
correlation of the subjective evaluations with objective data obtained from measure- 
ments. The aim, of course, is to be able to measure quality -hitherto a human experience -by instruments. With television systems this is not too difficult because picture 
quality can be largely defined by the magnitudes of various, effects (e.g. noise) seen on 
the screen -which acts as a kind of oscilloscope -and these effects have direct electrical 
counterparts. With audio systems, as everyone knows, it is much more difficult, 
especially as subjective judgements are complicated by aesthetic responses of liking 
and disliking certain characteristics of the sound. Recently, however, there has been an 
interesting piece of research in Denmark* which claims to have derived two "psycho- 
logical dimensions" from experimental data obtained through listening tests on loud- 
speakers. These "dimensions" cannot be explained by the subjects but are nevertheless 
composed of groups of the 35 subjective qualities (e.g. "brilliant ") used in the listening 
tests. Correlations are claimed to exist between the subjective judgements made under 
the two "dimensions" and the measured sound pressure, power and phase responses of 
the loudspeakers. 

Standardization of psychometric tests is needed first of all in the test conditions 
(e.g. room lighting for television, room acoustics for audio). Secondly, it is needed in the 
method of selecting subjects (e.g. whether experts or laymen or both). Then of course 
there must be standardization of the qualities to be assessed and standard terms to 
describe them, translatable into different languages. We also need standardization of the 
grading of scales and of the numerical "scores" assigned to particular grades. Finally 
there should be standardization of the statistical methods used, for example, to determine 
the uncertainty of the subjective data and the dependence of this data on the subjects 
and on the "programme" material. Only when such stringent controls are applied will it 
be possible to establish relationships between the results of different workers and so 
achieve real progress. 

*Staffeldt, Henrik, "Correlation between subjective and objective data for quality loudspeakers." J. Audio Eng., Soc., 
vol. 22, no. 6 (1974). 
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Navigation by satellite 
Ship position finding using hyperbolic system and Doppler shift 
provided by orbiting satellite u.h.f. transmitters 

By W. Blanchard 

Redifon Telecommunications Ltd 

The US Navy's navigation satellite system, using five "Transit" satellites, has been in operation 
for some years. This article, after explaining the basic principles of the system, describes modern 
British ship -borne equipment for navigating by it and discusses accuracy and uses. 

Many radio navigation systems have been 
proposed in the last 50 years; quite a few 
of them never got any further than the 
files of patent offices, while of those that 
were actually built only a small number 
gained recognition as useful adjuncts to the 
navigator's stock -in -trade. Just about all 
the possible combinations and permuta- 
tions of land -based systems have been 
investigated at some time or another, or so 
it seems when one goes through the files, 
and the emergence of a radically different 
system is a very rare event. 

Examination of systems in current use 
reveals that as range is extended or 
accuracy requirements increase the prob- 
lems become severe, particularly where 
both these features are demanded simul- 
taneously. Very high accuracy at very short 
ranges is possible; moderate accuracy at 
moderate ranges is relatively easy; rather 
poor accuracy at very long ranges is also 
possible; but to give very high accuracy 
at very long ranges is beyond the capa- 
bilities of existing land -based techniques. 
It is not difficult to see why this should be 
so. The earth is approximately spherical, 
and to achieve long ranges means that what- 
ever radio frequency is used must be 
capable of following the curve of the earth's 
surface. Medium and low frequency 
ground -waves do this to some extent, but 
changes in ground conductivity have a 
perturbing effect that can ruin any preten- 
tions to high accuracy, as well as making 
sure that the wave does not get very far 
anyway. Ionospherically- reflected sky - 
waves also can follow the curve, sometimes 
without any great attenuation for many 
thousand of miles, but now the great varia- 
tion in the reflecting medium itself from 
hour to hour is the agency that prohibits 
any serious attempt at good accuracy. The 
highest accuracies are obtained by the use 
of radio frequencies sufficiently high to 
operate in the space -wave mode, which by 
definition cannot follow the earth's curva- 
ture and consequently have a very limited 
range. So the would -be designer of a world- 
wide high- accuracy system faces funda- 
mental physical limitations that, until the 

advent of satellites, were insurmountable. 
Satellites opened up new possibilities. 

Now it became possible to put u.h.f. trans- 
mitters out into space where they could 
"see" a large proportion of the earth's 
surface at one time, and the use of the 
virtually unperturbed space -wave from 
these transmitters allowed highly accurate 
measurements. It was not long before an 
experimental navigation satellite had been 
launched, and by 1964 the first complete 
system for marine navigation was in being. 

Like so many other advances, the US 
Navy Navigation Satellite System (NNSS) 
did not happen as a result of an official 
committee being appointed to study the 
problem. Observation of the Doppler 
changes in the signals from the Russian 
Sputnik in 1957 ( "Artificial satellites of 
the earth," Wireless World, December 
1957, page 574) led to speculation that it 

should be possible to establish the position 
of the observer if the satellite orbit were 
already known, and preliminary experi- 
ments confirmed that this was indeed so. 
There were considerable practical problems 
in implementing the basic idea, one of them 
being the difficulty of designing an ultra - 
stable 5MHz frequency source for the satel- 
lite that would survive the launch and 
remain stable without human intervention 
for years afterwards. Naturally, if the satel- 
lite frequency was unstable, unpredictable 
apparent Doppler shifts would be measured 
by the receiver. The current satellites were 
designed as a result of lessons learnt in the 
earlier tests, and have proved to be very 
reliable. There are five of them, orbiting 
the earth at an altitude of about 600 miles. 
The satellites are in polar orbits, and the 
orbit planes are at angles of about 45° from 
each other. 

One way of describing the principles of 
the NNSS system is by comparing it with 
the perhaps better -known hyperbolic radio 
systems, Loran, Omega, and Decca (see 
"Hyperbolic radio navigation systems" 
by F. S. Stringer, Wireless World, August 
1969, page 353). In these the receiver 
establishes a difference of range between 
two transmitters by measuring the dif- 

ference in time of reception of radio signals 
transmitted at precisely known intervals. 
It is usually assumed that the speed of radio 
wave propagation is known and therefore 
that time can be translated into distance 
(although this is not always a safe assump- 
tion in practice). The operational dif- 
ferences between these systems lie in the 
actual modes of transmission, the radiated 
frequencies, the format of the transmission, 
and the way in which the signals are detec- 
ted and used in the receiver -the underlying 
principle always remaining the same. This 
fundamental principle also applies to satel- 
lite positioning systems. The earth -bound 
systems usually have little difficulty in lo- 
cating their transmitters to a high degree of 
precision, but they have considerably more 
difficulty in translating time intervals into 
distances. Until comparatively recently 
it was impossible to know precisely, at a 
remote site, the exact time at which a 
transmitter emitted (say) a pulse, absolute 
time standards not being good enough. 
Direct range measurements could not be 
made, and a differential system requiring 
two transmitters was necessary. Because 
these two could only provide a single 
position line, the familiar triplet came into 
being to provide two position lines and 
hence a fix. Again, because difference of 
range was being measured the single posi- 
tion line was hyperbolic in form, and it was 
this that gave these systems their generic 
name. It should be noted that the familiar 
hyperbolae drawn on navigation charts 
are actually only the intersection of 
hyperboloids with the earth's surface, and if 
the receiver is not on the earth's surface 
the use of these hyperbolae can cause 
errors. 

The same principles can be applied to 
satellite navigation by thinking of the satel- 
lite as a moving transmitter successively 
occupying the positions that the transmit- 
ters of a hyperbolic system might have used, 
as shown in Fig. 1. If the interval between 
the' satellite's positions P, and P2 is two 
minutes, then the "baseline" between P, 
and P2 is about 960km, and a measurement 
of range difference between these points 
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produces a hyperboloid exactly as for a 
ground system. The intersection of two or 
more hyperboloids will uniquely locate 
the receiver, not only on the earth's sur- 
face, but also in the vertical plane (although 
this last measurement is not particularly 
accurate). Obviously, considerably more 
than three satellite transmitter positions will 
be available and the resultant fix will be 
that much more accurate. 

But some basic problems remain. How 
do we know where the satellite is every two 
minutes (or whatever interval we choose), 
and how do we measure these range 
changes? 

Superficially, the determination of a 
satellite's orbit is not particularly difficult, 
at least to the degree of accuracy sufficient 
for pointing aerials, but when a fix accuracy 
measured in metres is required something 
rather better is necessary. In fact, four 
tracking stations in the USA are engaged 
solely on the job of continuously tracking 
all the five satellites, known as Transit 
satellites, in the system described here. The 
resultant orbital data is used to compute, 
for some 16 hours ahead, where each satel- 
lite will be every two minutes throughout 
this period -or rather to compute the 
orbital parameters that will enable these 
positions to be calculated. There would be 
a massive logistics problem if this data had 
to be distributed to all potential users 
world -wide and renewed every few hours 
-in fact it would be an impossible task. 
So it is arranged that the satellites them- 
selves broadcast the data. A ground station 
injects into them their orbital parameters, 
where they are retained in a store and 
broadcast as phase modulation of the 
transmitted carriers. Because of the bumps 
and bulges on the earth's surface, which 
cause the satellites to follow a somewhat 
wobbly path, there are two sets of numbers: 
a "fixed" set, describing the basic Keplerian 
average orbit for the next 16 -hour period, 
and a second "ephemeral" set which 
changes every two minutes and describes 
the variations from basic at each two - 
minute interval (Fig. 2). 

The only other thing necessary for satel- 
lite position determination is accurate 
timing. With the satellite travelling at some 
7 i km/s, a fraction of a second error could 
throw the fix out by several kilometres. 
It is still not possible to ensure precise 
absolute time world -wide to the required 
accuracy, so the satellite provides its own 
timing standard. Every two minutes it 
transmits a series of 23 digital ones, fol- 
lowed by a short burst of 400Hz audio 
modulation. The transition between these 
indicates an exact even minute of Green- 
wich Mean Time accurate to within 
33Ns, reducing the residual error from this 
source to the order of centimetres. This 
audio "beep" can be heard quite easily on 
the satellites' transmission and is an easy 
way of identifying the Transit satellites, 
as well as being a very accurate time 
check. The phase modulation is at a 50 
bit/s rate, sounding rather like a subdued 
mains hum. 

The only other measurement to be made 
is the difference of range. It might be pos- 
sible to do this directly by using a pulsed 

Fig. 1 Hyperbolae representing range differences measured in a ship between "trans- 
mitters" at P, , P2 and P2 , P3 , which are in fact successive positions of an orbiting 
satellite carrying a u.h.f. transmitter. Intersection of two (or more) hyperbolae locates the 
ship's receiver. 

transmission but it would require the 
ground station mentioned above to trans- 
mit and would suffer the usual limitations 
of all such co- operative systems. If the 
ground station cannot transmit, the only 
course left open is to use the Doppler 
shift of the satellite's transmitted frequency. 
Since this is caused entirely by the motion 
of the satellite relative to the observer, 
integration over a fixed time period yields 
the necessary change of range measure- 
ment. 

The requisites for this to work are 
that (a) the satellite's frequency does not 
drift appreciably over the measurement 
period, (b) the receiver's standard fre- 
quency reference does not either, and (c) 
the transmission path does not itself in- 
troduce any Doppler shift. Both (a) and 
(b) can be controlled to a sufficient degree 
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Fig. 2 Real -time printout of orbital 
parameters transmitted by a Transit 
satellite. 

by careful design, but (c) cannot be con- 
trolled and is actually, for daylight 
satellite passes, the limiting factor on over- 
all system accuracy. There are two causes 
of such unwanted shifts: an effect propor- 
tional to frequency caused by tropospheric 
bending, and an effect inversely propor- 
tional to frequency caused by the 
ionosphere. The tropospheric effect is 
unfortunately of the same character as the 
wanted Doppler shift, and cannot be 
separated from it, although a reasonable 
correction can be made by measuring 
local meteorological conditions and apply- 
ing an empirical correction in the com- 
puting process. Fortunately, the effect is 

not very large and does not normally con- 
tribute more than a few tens of metres to 
the final fix error even without specific 
correction. 

The ionospheric effect, which can cause 
much larger errors, is separable from the 
wanted shift provided that measurements 
on more than one frequency are available, 
and to this end the satellites transmit two 
frequencies. These two frequencies are 
controlled by the same reference oscillator 
and one is an exact multiple of the other 
(8/3). The actual frequencies transmitted 
are 400MHz offset by 32kHz (399.968 
MHz), and 150MHz offset by 12kHz 
(149.988MHz). (The offsets are to prevent 
operation near nulls on crossovers, which 
would reduce the accuracy of the final 
Doppler count.) Under extreme condi- 
tions, a possible error of some 90 metres 
can be corrected in this way. 

It is interesting to note that the correc- 
tion falls to zero. for most of the night 
hours, and hence the system is actually 
more accurate at night than by day - 
the reverse of most other radio navigation 
systems. When the system is being used 
only for normal marine navigation it is 
quite usual for only the 400MHz trans- 
mission to be utilized since, without highly 
accurate velocity sensors, the errors intro- 
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f-D 
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Fig. 3 Doppler shifts for observers at three 
different distances from the satellite's 
orbital path. 

duced by unknown ships' motion will 
greatly outweigh ionospheric errors. 

The actual Doppler shift to be expected 
on each of the two frequencies is not dif- 
ficult to calculate for the extreme cases 
where the satellite is either directly ap- 
proaching or receding from the observer. 
If the average orbital height is 600 miles 
(960km) then the orbital velocity will be 
about 7.37km/s, and since a frequency of 
400MHz is a wavelength of 0.75 metre, 
the Doppler shift comes out at 9827Hz. 
At 150MHz it will be 3685Hz. If the 
observer were actually directly in the path 
of the satellite (equipped with a space suit, 

2 N2.3 3, 4 

N = Doppler count 
f = ground reference frequency 
fT = transmitted frequency 
fR = received frequency 
t = time 

N 

+ 
N 

a-+ 

(n 

+ 
rl 
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- fG 

approaching observer 
TIME a leaving observer 

Fig. 4 Integrated Doppler count: fT is the satellite's transmitted frequency; fR the received 
frequency, fG the ship's reference frequency; and N1.2 etc. the Doppler count (t= time). 

Fig. 5 Basic structure of a Transit satellite. 
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no doubt!) this shift would stay constant 
at all times, the only change being a 
sudden one fromf+D to f -D as it passed 
him, as shown in graph 1 of Fig. 3. If he 
is a little farther away from the orbital 
path, the change would not be quite as 
sudden (graph 2) and farther away still 
it would start taking on the character of an 
S- shaped curve (graph 3), until in the 
limiting case where he is so far away that 
there is no change of range at all, the 
curve would be a straight line. There is 
obviously direct correlation between change 
of range and the shape of this curve. 

The transformation of these measure- 
ments into position is as follows: 
The satellite transmits a stable frequency 
f, which is received by the ship -borne 
navigator and designated f.. This is com- 
pared to a stable local oscillator output 
frequency fg to produce a frequency dif- 
ference 

4f=fg -f, (1) 
Fig. 4 indicates the relationship between 

the frequencies. Over any time interval 
the number of beat cycles of the fre- 
quency difference are counted and inte- 
gration accomplished. 

From Fig. 4, using the first two 
intervals: 

a+ du 
N/.1= (fg-! r)dt = 

11 +di/ 
(fg- f,Xt2-t1) +fg(t1 -t,) (2) 

On the assumption that f, fr then N,, 2 is 
the Doppler count corresponding to the 
first and second time marks. Further, the 
time difference 1t2- 4t, is related to the 
slant range between satellite and receiver 
at P, and P2: 

t2 -t,= (S2 -S /) (3) 

where c = vacuum speed of e.m. waves 
Si= slant range from ship to 

satellite at P, 
S2 =slant range from ship to 

satellite at P2 
Substituting (3) into (2) and solving for the 
difference in distance from the user to 
satellite yields the effective baseline, i.e. 

4S1. 2= 

S2 

-S,= 

N/, 2(1 - ñ) c (t2 - t/ ) 
Jg 

J Similarly 
452, 3=S3-S2= 

(4) 

íN1,3-(1-4)CO3- t1) (5) 

Noting that t,+,- t; where i= 1, 2, n 
multiplied by c is the distance travelled by 
light in the time interval, allows some 
simplifying assumptions to be made. 
Further, note that fg =f,+ 4f and 4f is very 
small compared with f,; thus, to preserve 
computational accuracy, the above equa- 
tions must be rearranged to avoid calcula- 
tions of the form df /fg. This is easily 
accomplished by using an additional 
point P4. Manipulating a third equation 
which is similar to the two above yields 

- S, +2S2 -S3 =Ç (N/.2 -N23) (6) 
fg 

, 

-S2+ 2S3- f (N23-N34) (7) 
g 
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where S. are functions of the ship and 
satellite positions at each point i where 
i =1, 2, 9 Hence two equations in 
two unknowns allow the determination of 
the ship's two unknown co- ordinates, 
latitude and longitude. 

A usable maximum of nine two -minute 
data points is available during optimum 
satellite passes. However, many factors - 
low elevation, interference, etc. -can cause 
data to be missed or be invalid in this basic 
two-minute Doppler, least squares formu- 
lation. The situation can be improved by 
dividing the two- minute period into smaller 
data intervals, when temporary loss of 
data would only involve discarding one of 
the smaller data intervals instead of the 
whole two minutes. Thereby the number of 
data intervals is increased, and the in- 
herent noise rejection properties of the 
least squares formulation permit a more 
accurate position computation, provided 
that the interval chosen is not too small. 
The optimum interval appears to be about 
23 -30 seconds, and when such an interval 
is chosen, it is known as the short Doppler 
formulation. 

The "Transit" satellites 
The five satellites, launched into nearly 
circular polar orbits by Scout rockets, 
orbit the earth at heights from 450 to 700 
miles. The choice of orbit is determined 
by the need to maintain them in almost 
a circular path to minimise acceleration 
and deceleration characteristics of non- 
circular paths, and to negate the pre- 
cession of orbital planes towards eventual 
overlap which might occur with non -polar 
orbits. 

Each satellite contains a command 
receiver; a data decoder; switching logic 
and memory banks; readout control cir- 
cuits, digital data to phase modulation 
encoder; stable 5MHz oscillators; and 
1+-W 150 and 400MHz transmitters. 
They weigh about 150 pounds and 
measure 18in X 12in excluding solar 
panels and a stabilisation boom. The 
last -mentioned is necessary to ensure that 
the satellite is always oriented with its 
aerials pointing at the earth, eliminating 
unwanted modulation effects and enabling 
the use of simple aerials for ships' re- 
ceivers. It also allows the use of a 
directional aerial on the satellite itself 
which radiates a circularly -polarised signal 
with some concentration of power towards 
the edges of cover. 

Primary power is provided by a set of 
nickel- cadmium cells, recharged by the 
solar panels, providing about 30 watts of 
power at launch, dropping to some 25 
watts after five years. Mechanical design is 
relatively simple, with no moving parts 
other than a few relays which operate only 
very infrequently. There are no tape 
recorders, television cameras, or anything 
like that, and reliability has been very 
high, as is shown by the fact that three of 
the five satellites now in use have been 
operating uninterruptedly for over six 
years. 

Electronically, they are quite sophisti- 
cated, containing some 35,000 magnetic 
store cores and 6,200 other electronic 

Fig. 6 Phase modulation patterns for 
transmitting orbital data from satellite to 
ship in binary digital form. Patterns 
representing 1 and 0 digits are: 1, the (a) 
pattern followed by (b) pattern; 0, the (b) 
pattern followed by (a) pattern. These 
choices, avoiding (a) (a) and (b) (b), keep 
sidebands at a safe separation whatever 
bit sequences occur. 

Fig. 7 Satellite navigation receiver 
(Redifon RSN -1) showing computer 
keyboard and printed circuit board. 
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components. Of the 46,000 permanent 
joints, 40,000 are welds, and only 6,000 
are solder connections. Generally, except 
for certain telemetry functions that could 
be lost without destroying operational use- 
fulness, redundant wiring and solder 
connections are used, and where plugs 
have to be used, complete redundancy is 
provided. 

The injected orbital data is stored in a 
magnetic core memory and transmitted 
as phase modulation on both frequencies 
that are radiated, these frequencies being 
derived from the stable 5MHz oscillator 
that provides the basic timing and 
frequency for the satellite. This phase 
modulation is symmetrical so as not to 
introduce offset errors in the Doppler 
measurement, typical waveforms being 
shown at Fig. 6. The memory, read out 
every two minutes, contains 156 words 
of 39 bits each, plus an additional 19 bits. 
There are 11 semi -fixed parameters de- 
scribing the satellite's orbit, and a further 
eight words that are used to describe the 
corrections that must be made to these 11 
parameters, as described earlier. 
Receivers. At one time receivers for the 
system tended to be rather large and 
bulky, the practice being to include the 
receiver, computer, power supplies and 
controls within a standard 6 -ft 19 -in rack. 
This approach is now obsolete, the same 

55 

Fig. 8 Aerial used with receiver in Fig. 7. 

facilities being obtainable within a much 
smaller space, as demonstrated by the 
Redifon equipment shown in Fig. 7. This 
requires only a single unit 19in wide and 
loin high in addition to the aerial unit. 
The aerial itself sometimes surprises 
those who imagine that all satellite 
operations require aerials of the Goon - 
hilly type, being only a small quarter - 
wave whip and ground plane (Fig. 8). 
Installation is correspondingly easy. 

A block diagram of the receiver is 
shown in Fig. 9. The antenna signal is fed 
to a 400MHz filter with a bandwidth of 
5MHz which is used to reject spurious 
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Fig. 9 Simplified receiver block diagram. 

and unwanted signals. Signal output from 
the filter is received and amplified by a 
400MHz amplifier with a gain of 30dB, 
a bandwidth of 15MHz, and 2.5dB noise 
figuré. The overall sensitivity of these 
sub modules is - 135dBm. 

The i.f. section of the receiver is com- 
posed of two i.f. amplifiers. The inputs 
to the first, double balanced, i.f. amplifier/ 
mixer are: (a) the received signal (400MHz 
-32kHz ± Doppler shift); (b) a 360MHz 
reference signal, and (c) an a.g.c. signal 
with 70dB range. The output of the 
module is therefore a signal of 40MHz- 
32kHz ± Doppler shift. The second i.f. 
stage has a gain of 65dB and a 65dB a.g.c. 
signal. The output of this stage is an 
i.f. signal at a frequency of 15MHz± 
Doppler shift. The crystal mixer con- 
tained within this module has a 1.5kHz 
bandwidth. This is followed by a phase 
detector, the output of which is a signal 
representing the Doppler shift frequency, 
the input signal from the second i.f. stage 
being compared to a 15MHz -32kHz 
reference signal. The bandwidth of this 
stage is less than 3MHz but is immaterial 
as the overall bandwidth is controlled by 
the crystal mixer. The phase modulated 
data transmitted from the satellite is now 
detected and phase quadrature signals 
generated. The phase and correlation out- 
puts are transmitted to the "cosine loop" 
and phase lock loop amplifier, respectively. 

The phase lock loop amplifier inputs are 
the correlation and phase signal outputs 
of the phase detector and a d.c. to 200Hz 
reference signal. The primary purposes 
of this amplifier are to null the difference 
error of the phase detector input and 
provide the acquisition control signals. 

This module is designed for either 
automatic or manual tuning. 

The voltage controlled oscillator func- 
tions as a combination of a v.c.x.o. 
amplifier and an oscillator /multiplier 

5MHz 
oscillator 

section. The bandwidth of the v.c.x.o. 
and amplifier is 20Hz with a second order 
loop implemented. 

The basic functions of the cosine loop, 
message sync counter, doublet and sync 
modules, are to take the delayed acquisi- 
tion, fast acquisition and correlation out- 
put signals from the phase lock loop and 
phase detector and to generate the 
demodulated signal information as well 
as forming the timing (or synchroniza- 
tion) signal. The cosine loop contains a 
phase locked crystal oscillator and a 
digital phase detector. The basic phase 
output frequency is 101Hz. The output 
of the doublet and sync module is the 
basic satellite orbital data signal at a 
50Hz bit rate. 

The frequency standard for the 
satellite receiver and the external real - 
time clock is a 5MHz crystal oscillator, 
featuring good short-term stability, low 
phase noise and ageing as low as 1 X 10 -9 
per day. It employs a 5MHz, third over- 
tone metal- enclosed crystal mounted in 
an oven. 

The software is responsible for the 
formation of the satellite message word 
and Doppler count accumulation. Some 
of the salient interface features include 
computer control via a strobe and clear 
command and a "hold while data trans- 
ferring" feature to eliminate the possibility 
of writing one bit over one being 
transferred. 

The computing operations for the 
Redifon satellite navigators are provided 
by a Data General Nova computer, fitted 
with memories appropriate to the user's 
requirements. This is a general purpose 
computer with a 16 -bit word length and a 
1.2 microsecond memory cycle time. It is 

organised around four accumulators, two 
of which can be used as index registers, 
providing efficiency and ease of pro- 
gramming. As part of its standard con- 

clock 
decode 

figuration, it has a direct memory access 
data channel in which data passes to the 
memory without having to go through the 
central processing unit. With its console 
removed, the Nova is operated as an 
integral part of the satellite navigator, and 
is controlled by the operator via a small 
keyboard on the front panel of the main 
receiver unit (see Fig. 7). This eliminates 
any need for a teleprinter to be installed 
for the sole purpose of "talking" to the 
computer, and does not presuppose any 
expertise in computer operation on the 
part of the operator. The most -used 
functions are given separate keys - 
latitude, longitude, GMT, etc. -while the 
inclusion of numerical keys allows the use 
of auxiliary functions. 

Operation. Due to the Doppler shift the 
received frequency can be anywhere 
within a 20kHz band centred on the 
actual transmitted frequency, and with 
only a 1.5kHz bandwidth provision has 
to be made for sweeping over the band of 
possible frequencies. This is done by 
applying a ramp signal to the voltage 
controlled oscillator, which is locked out 
when a transmission is detected. Lock -on 
is indicated both by a light and by the 
meter. Also incorporated in the receiver 
is a small loudspeaker to give aural indi- 
cations. Once the signal is locked, the next 
step is to synchronise with the satellite 
message. Obviously, large errors could 
occur if the data stream were entered at 
the wrong point. This is done, as 
described earlier, by sensing an end -of- 
message signal. When this is achieved, a 
green lamp lights and the computer begins 
message acquisition. Every two minutes, 
the data stream is repeated, the number 
of repetitions actually received depending 
upon the length of time the satellite is 
above the horizon. At least three repeti- 
tions are required by the computer before 
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it will process the message, in order to pro- 
vide a measure of redundancy in the face 
of possible noise bursts. Therefore, if 
part of one message is destroyed by noise 
it can be filled by a subsequent repetition, 
and even if lock is completely lost on the 
satellite the computer can still derive a fix 
provided either that lock is regained sub- 
sequently on the same satellite, or suf- 
ficient repetitions have already been 
received. The period of lost lock can be as 
long as four minutes. 

The Doppler count itself is performed 
by the computer in 30- second blocks (see 
Fig. 2). Older equipments used a full 
two -minute period, which meant that fewer 
counts were obtained in any one pass and 
that the final fix was more liable to 
degradation due to noise. This 30- second 
count period has enabled a much higher 
proportion of satellite passes to be used 
than formerly. 

Once the satellite signal is lost the 
computer suspends operations while the 
receiver searches for the signal in case 
the loss of lock has only been due to 
noise. After four minutes, if no signal 
reappears, the computer declares "end -of- 
pass" and starts to calculate the fix, 
although it has first to decide whether 
it has sufficient Doppler and orbital in- 
formation. If not, it will not proceed 
further. 

Initially, the programme uses the dead - 
reckoned position already stored in the 
computer as a starting point to calculate a 
Doppler shift curve, using the orbital 
parameters received from the satellite. This 
is compared with the curve actually 
measured, and unless they coincide, a new 
curve is computed using a slightly different 
position. This goes on until the two 
curves do actually coincide within certain 
limits, and the last position is assumed to 
be the actual true position. This takes no 
more than a few seconds, and the final fix 
is displayed to an accuracy of one - 
thousandth of a minute of arc (about 6 
feet) of both latitude and longitude, 
together with the time of fix to one second. 
The fix can thus be plotted directly on to 
normal marine charts, without any need 
for special charts or conversion tables. 

The part played by the operator in all 
this is quite small, since the receiver itself 
operates without intervention and the 
computer needs only a few initial settings 
when first switched on. The most impor- 
tant of these are approximate latitude, 
longitude, and GMT. None of these need 
be very accurate -latitude and longitude 
need be only within 3° (about 120 
nautical miles at 50 °N)-and time within 
15 minutes. 

After this, there is no absolute need for 
operator intervention at all. The navigator 
equipment can be switched into the "auto" 
mode, wherein it will produce GMT, 
latitude and longitude, updated every 18 
seconds. The first usable satellite pass 
after switch -on will produce an accurate 
fix which will re -set the navigator's 
estimate to precise position -provided the 
two are not widely different (Fig. 10). This 
feature is incorporated so that in cases 
where a large difference exists the navigator 
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Fig. 10 Satellite fix message: top line, 
satellite fix; second line, offset frequency; 
third, number of iterations; fourth, highest 
residual; fifth, Doppler string; bottom line, 
d(erence between dead reckoning and 
satellite fixes in feet. 

can make his own decision whether or not 
to accept the satellite fix. There are other 
reasons why the computer may not auto- 
matically update the dead reckoned 
position, since it is programmed to perform 
mathematical tests on its computation 
and, if not satisfied, it will present the 
calculated fix together with an indication 
why it was not used for updating. The 
reason may be excessive noisiness of the 
data, inability to make calculated and 
actual Doppler curves fit precisely, in- 
sufficient data, and so on. But the navigator 
can always make the final decision. 

System accuracy. Somebody once said 
that accuracies are just a matter of 
statistics, and after all the arguments 
about whether error curves have a 
Gaussian, exponential, square -law, or 
what -have -you distribution, or whether 
r.m.s., c.e.p., mean or standard deviations 
should be quoted, there sometimes seems 
to be little point in quoting anything at all. 

But, anyway, of the ultimate accuracy 
of satellite navigation, it can be said that 
when used as a survey tool, put into a 
fixed position, and averaged over a period 
of some days, the repeatability accuracy 
has been shown to be better than 5 metres. 
Naturally, a receiver on board a moving 
vessel is not going to get anywhere near 
this figure, and it is interesting to see how 
the error budget is built up. 

One of the errors used to be a rather 
imperfect knowledge of the earth's 
gravitational field, leading to errors in 
prediction of satellite position, but this 
knowledge has now been refined a great 
deal-over 415 parameters are now 
recognised as important in this respect - 
and this factor alone has led to a doubling 
of system accuracy over the last six years. 
Errors due to this do not now exceed 30 
metres maximum for a single pass. 

Another effect is refraction in the 
ionosphere and atmosphere, already men- 
tioned. Tropospheric refraction is rela- 
tively unimportant, contributing only about 
30 metres to the final error under worst - 
case conditions, but ionospheric refraction 
is more important, contributing about 90 
metres error if uncorrected. 

The major source of error for a ship at 
sea is uncertainty of the ship's velocity, 
particularly when this is in a north -south 
direction, and we are talking here of 
velocity over the ground, not through the 
water. Where greater accuracy is necessary, 
velocity- over -ground inputs are usually 
obtained either from Doppler sonar, or 
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from hyperbolic radio systems such as 
Loran-C. 

One other correction has to be made, 
for aerial height. Actually, this is aerial 
height above the spheroid being used for 
calculation, and not simply height above 
sea -level, but the difference can be read 
directly off simple maps. 

Usually, static accuracies of about 150 
metres from a single pass for a single 
frequency, and about 50 metres for two - 
frequency equipment can be expected. 
Differences between individual equipments 
are very small -less than 15 metres. 

Where a vessel is under way the 
additional errors due to movement are 
more complex to evaluate, but where 
sophisticated velocity- over -ground sensors 
are not installed, and only the standard 
ship's log and gyrocompass are available, 
a degradation of accuracy to some 500 
metres may be expected. When these 
sensors are available, the accuracy reverts 
almost back to the static figures. 

Uses. The strength of satellite navigation 
lies in its ability to provide virtually 
world -wide fixes to a high degree of 
accuracy, and its weakness in the fact 
that these fixes are not continuously 
available. The Redifon satellite navigation 
receivers overcome this latter problem by 
carrying on dead -reckoning between fixes, 
so that a position is always available. 
Provided that accurate inputs of speed 
and heading are available to the computer 
the accuracy of dead reckoning can be 
very high, but it is always time -dependent. 
Therefore satellite navigation becomes of 
less and less use as the vehicle velocity 
gets higher, and aircraft, for instance, make 
virtually no use of the system at all. 

But slower vehicles such as ships are 
making excellent use of "satnav" for 
normal navigation as well as for the very 
demanding purposes of seismic and geo- 
physical survey work. There is a growing 
trend for ships to carry automatic naviga- 
tion systems to lessen the workload of the 
relatively few skilled officers they now 
carry, and satnav is an important ingredient 
of all such systems. In the field of geo- 
physical exploration, - the integration of a 
satellite navigator with hyperbolic systems 
is now common practice, the satnav pro- 
viding ambiguity resolution for the hyper - 
bolics. Satnav is even being used to 
provide remote location of buoys, a "bare - 
bones" receiver on board the buoy record- 
ing the Doppler curve as the satellite goes 
over, and transmitting it in digital form 
back to shore via another satellite link or 
via an h.f. link, where a central processor 
turns it into position. 

Surveyors are using it, particularly in 
remote areas, for the location of control 
points. A portable receiver is set up at the 
point to be checked and records all 
satellite passes over perhaps two or three 
days. Later analysis results in a precise 
position that can be as good as 5 metres, 
referred to another known point. If a 
number of passes can be analysed, it 
is even possible to derive height above 
sea -level with a reasonable degree of 
accuracy. 
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Transformer phase reversal 
An experimental demonstration for schools 

by T. Palmer, B.A., Assoc. I.E.R.E. 

Acton Technical College 

After reading Cathode Ray's article *, 
I repeated some experiments I had 
performed on transformers at very 
low frequencies (0.1Hz) using centre -zero 
meters. Ordinary transformers do not 
have enough inductance to show the 
desired effects at 0.1Hz but a 45,000H 
coil sold by Unilab is satisfactory. It 
has two windings, A and B. Winding A 
has 20,000 turns and sits on one limb of 
a C -core. B has 17,000 turns and sits on 
the second limb. Coil A is used as the 
primary of a transformer. 

The first step is to determine the sense 
of the windings. The C -core has a portion 
at the top, which I shall call the cap; it 
can be detached from the main body of the 
core. When this has been removed, and 
the transformer is placed in a horizontal 
position, we can use a compass needle to 
find that current entering the primary at 
P gives clockwise flux in the core; so 
does current entering the secondary at C. 
Since flux is the most important feature 
of a transformer, terminals P and C were 
regarded as analogous. 

An advantage of using centre -zero 
meters is that we do not know how to 
connect them until we have thought about 
conventions. Here are mine: Primary 
voltage is positive when P is positive 
to Q. Secondary voltage is positive when 
C is positive to D. 

Now we know how to connect the 
voltmeters in a consistent way: the positive 
terminal of the primary voltmeter, V, , is 
connected to P; that of the secondary 
voltmeter, V2 , is connected to C, as 
shown in Fig. 2. 

In later stages of the demonstration, we 
shall wish to connect centre -zero micro - 
ammeters. Secondary voltage is positive 
when C is positive to D. Secondary cur- 
rent will be regarded as positive when 
current is flowing from C through the 
secondary load. We connect the positive 
terminal of the meter which measures 
secondary current, A 2 , to C. 

Conditions are not the same in the 
primary. The reason why current flows 
at all in the primary is that an alternating 
voltage is applied to it. We regard the 
applied voltage as the "prime mover" and 
connect the positive terminal of the 
primary current meter to P, and the 
negative terminal to P. 
*Cathode Ray, "Transformer phase reversal ". 
Wireless World, June 1971. 

Of course, no claim is made that these 
are the only suitable conventions; I think 
Cathode Ray would regret that they have 
been mentioned; but in demonstrations 
at O.1Hz they seem unavoidable. Perhaps 
this is an argument for not performing 
experiments at low frequencies; but, by 
now, I am hooked. 

With voltmeters V, and V2 connected 
as shown in Fig. 2, when an alternating 
voltage is applied to the primary, it is easy 
to see that V, and V2 swing in phase. On 
the basis of our conventions, there is no 
phase reversal. 

Primary current shown on A , lags volt- 
age by about 90 °. 

It is found that when the transformer 
is horizontal, compass needles placed at 
the junction of the cap and the main body 
of the core have sufficient leakage flux 
surrounding them to reverse their directions 
as the primary current passes through 
zero. It was the main purpose of the 
original experiments to draw attention to 
the alternation of the flux, which seems to 
me to be the most important feature of 

Fig. 1. Arrangement of Unilab 
transformer windings. 

A 

Fig. 2. Connection of meters to the 
transformer. 

transformer action that should be under- 
stood by elementary students. After the 
alternation of the flux has been shown by 
the compass needles, the transformer 
should be put in a vertical position. The 
weight of the cap reduces the minute 
air -gap at the junction and reduces leakage 
flux. When the transformer was horizontal, 
the cap had to be supported by a book at 
the correct height. 

We can now go on to show that as the 
resistance of a secondary load is reduced, 
the secondary current increases, and só 
does the primary current. It must be 
admitted that the resistance of the 
primary and secondary windings does not 
allow a very large increase of primary 
current; but it can be seen. 

Having shown the effects on centre - 
zero meters, with no electrical con- 
nection between primary and secondary, 
it seemed a pity not to show the wave- 
forms for primary and secondary voltages 
on a double -beam oscilloscope. The 
Airmec display oscilloscope 252, with a 
very slow time base, is suitable. Since 
terminals Q and D on the transformer 
are analogous, they were strapped 
together and connected to the earth 
terminal of the scope. The input terminal 
for one trace was connected to P; that for 
a second trace, to D. The centre -zero 
meters can remain in circuit and the 
meters and the oscilloscope tell the same 
story in their own ways. 

Almost the same story. The scope 
shows that secondary e.m.f. leads primary 
voltage by an angle too small to be detected 
on the meters. It is no doubt due to the 
voltage drop across the resistance of the 
primary winding (about 4k0). The small 
phase difference does not seem large 
enough to worry elementary students who, 
initially, are not concerned with primary 
resistance. 

The oscilloscope shows that to avoid 
distortion in the transformer, the peak 
value of the voltage applied to the 
primary should not exceed 4V. 

To appreciate the phase relationships 
on the centre -zero meters, it is con- 
venient to have edgewise meters 
mounted one above another on a panel. 
We have a panel with four 5050 pA 
meters. To use a meter as a voltmeter, a 
220k0 resistor was connected in series. 
To measure primary current, a meter was 
shunted by a 470 resistor. 
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News of 
the Month 

BBC demonstrate matrix 
system 
Research Department work at the BBC 
into quadraphonic (four -speaker) surround - 
sound systems was made public at an 
"exposition of quadraphony" during 
December. Organised by the IEE elec- 
tronics division, demonstrations were given 
in separate rooms by the four commercial 
surround -sound proponents as well as by 
the BBC. Concentrating initially on two 
transmission channels, the research depart- 
ment have studied the commercial matrix 
systems (SQ, QS, BMX), finding that they 
suffered from poor stereo or mono com- 
patibility or both. This led to the develop- 
ment of a matrix system that is similar to 
the Cooper/Nippon Columbia BMX matrix 
but modified in the light of experiments on 
directionality of the hearing system. The 
BBC say the coding gives improved stereo 
compatibility over other systems. 

We hear from Nippon Columbia that 
the BMX matrix is to be altered slightly, 
reducing the phase difference between 
channels for a centre front signal and 
improving stereo compatibility. 

EEA promotions for 
1975 

The Electronic Engineering Association 
in the continuance of its policy to support 
industry operations concerned with over- 
seas markets, will again sponsor and 
co- ordinate participations with the support 
of the British Overseas Trade Board 
during 1975. EEA- sponsored projects for 
UK based electronics companies will be 
on a world -wide basis. On the American 
continent groups will be organised to 
show at IEEE INTERCON in New York 
in April; The National Association of 
Broadcasters event, Las Vegas in April; 
SEMICON V, San Mateo in May and the 
WESCON Show, San Francisco in 
September. In late October there will be a 
group in Toronto attending the Inter- 
national Electrical- Electronic Conference 
and Exposition in October. 

Other group participations are sched- 
uled to be held at the Japan Electronics 
Show and Conference, Osaka in October; 

in the same month a group will show at the 
Australian International Radio Electrical 
and Electronics event being held in Sydney 
in August. Nearer home, EEA will sponsor 
groups to Moscow Communications 
Exhibition, the Montreux TV event; both 
shows being held in May. In September 
another UK contingent will exhibit at 
MICROWAVE '75 due to take place in 
Hamburg. Further information can be 
obtained from The Electronic Engineering 
Association, Leicester House, 8 Leicester 
Street, London WC2H 7BN. 

Troposcatter equipment 
for PO 

Equipment has been ordered for two new 
radio stations to be set up near Peterhead 
in Aberdeenshire and on South Shetland 
to provide reliable high- quality world- 
wide communication for oil production 
platforms operating out of sight of land. 
The stations ordered from Marconi Com- 
munication Systems by the Post Office 
are expected to come into operation during 
October. The contract covers erection of 
12 large dish aerials -four of 12m and 
two of 18m diameter near Peterhead and 
two of 12m and four of 18m diameter on 
South Shetland as well as the transmitters 
and receivers, switchgear and control 
equipment for operating a quadruple - 
diversity, space polarization system (see 
"Electronics in Oil" published in the Janu- 
ary issue). The Frigg, Beryl, mid -pipeline 
and Piper platforms will act as "master" 
platforms in the North Sea network, pro- 
viding communication for other platforms 
in their areas over microwave links. 

The troposcatter links will operate in 
1° beams between onshore aerials with a 
gain of 47dB and offshore aerials with a 
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41dB gain. At the distances to be bridged 
by the troposcatter links, the common 
volume or that part of the troposphere 
"visible" to the transmitting and receiving 
aerials, lies about 1km above sea level. 
Attenuation of the signal is about 210dB. 
Tropospheric turbulence varies almost 
continuously and the level of signal re- 
ceived is on average 130dB below 1W. 

Miniature solid -state 
TV camera 
A miniature solid -state television camera 
has been introduced which is the second in 
a planned series using charge -coupled 
device technology. The camera has a 
cylindrical body, three inches in diameter 
and just under two inches deep while the 
weight is 11 ounces. The usual, com- 
paratively bulky Vidicon tube used in TV 
cameras has been replaced by a compact 
image- sensing device which contains 
10,000 photosensors on a standard 24- 
pin dual -in -line integrated circuit unit. 

Power consumption of the camera is 
1.5 watts and it responds to illumination 
levels as low as two lux and is suitable for 
low -light applications such as night 
security and surveillance. Other applica- 
tions include remotely piloted vehicles, 
space systems, periscopes and process 
control. Low geometrical distortion of the 
c.c.d. system allows its use in scientific 
measurement, medical instrumentation and 
microscopy. 

The camera has a spectral response 
extending almost into the infrared range. 
It has a 100 -line horizontal resolution 
and a bandwidth of 1MHz. Although a 
five -inch TV monitor adapted to the 123 
frames per second c.c.d. camera 
sweep -rate is supplied as standard equip- 

Sound outside broadcast van during its test programme before shipment by Pye TVT to 
Sierra Leone. The vehicle is equipped with an eight -channel mixer, two transcription 
units, two tape- recorders, u.h.f. outside broadcast link, radiotelephone and is fully 
air- conditioned. 
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ment, the camera may be interfaced with 
any conventional monitor by a simple 
adjustment of the sweep -rate. 

Operation is up to distances of 100 
feet from the monitor and an optional 
battery pack is available when complete 
portability is required. The new camera is 
designated type MV 101 and supersedes 
the MV 100 which was introduced about 
18 months ago by the Fairchild Camera 
and Instrument Corporation. (The MC100 
was described in News of the Month, 
October 1973.) 

Monitoring 
monitors 
The US Electronic Industries Association 
announces the availability of two new 
standards for television monitors. They 
are RS- 375 -A, "Electrical Performance 
Standards for Direct View Monochrome 
Closed Circuit Television Monitors 525/60 
Interlaced 2:1" and RS- 412 -A, "Electrical 
Performance Standards for Direct View 
High Resolution Monochrome Closed 
Circuit Television Monitors ". 

These new standards replace the earlier 

versions, RS -375 and RS -412, which were 
the first developed by any standards 
organization relating to monochrome 
closed- circuit television monitors. They 
outline significant parameters describing 
the operation of closed -circuit monitors 
and also the minimum levels of perfor- 
mance desirable to develop an acceptable 
display. The standards will promote inter- 
changeability of products from different 
manufacturers, thereby eliminating con- 
fusion on the level of performance that can 
be expected from an appropriately 
specified device. They will also assist the 
purchaser in selecting and obtaining the 
proper product for a particular need. 

Electronics industry 
surveyed 
The eighth edition of the annual statistical 
survey of the electronics industry* has 
been published by the Electronics 
Economic Development Committee. This 
charts the industry's progress in 1973 
revealing that total sales reached over 
£2,600 million, a 12 per cent increase over 
1972. After a brief pause in 1971/1972 

Operating the control panel during a run of what is believed to be the first British 
all- solid -state precision 300kV d.c. power supply developed by Wallis Electronics. The 
high voltage assembly contains the r.f. power source and, in the tank, the voltage 
multiplier and feedback resistor chain. The high voltage output is available via a 
screened polythene cable. 
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the industry's expansion resumed but at 
a slower rate than before. Nevertheless it 
is clear that the industry's output has more 
than doubled since 1968. 

The survey shows that the electronics 
industry's renewed growth was led by the 
components sector with an 18 per cent 
growth rate and the consumer goods 
sector with a 16 per cent rate. 

While the industry re- established its 
pattern of growth in 1973, the home mar- 
ket underwent enormous expansion. The 
resulting trade deficit was £268 million, 
almost a four -fold deterioration over 1972. 
The largest deficits were in consumer 
goods (£219 million), active components 
(£68 million), and computers (£52 million). 
None of the sectors with positive trade 
balances improved their position although 
the instruments sector exported a slightly 
higher proportion of total sales. 

*Available from Neddy Books, NEDO, 
Millbank Tower, Millbank, London SW1P 
4QX, price £1. 

New trade 
exhibition 
The Board of the Association of Manu- 
facturers of Domestic Electrical Appliances 
(AMDEA) and the Executive Council of the 
British Radio Equipment Manufacturers' 
Association (BREMA) have recently de- 
cided to sponsor a trade exhibition at the new 
National Exhibition Centre near Birming- 
ham. The trade exhibition will open on 
Sunday May 23. 1976. 

It will be organized as a single event, with 
separate exhibits for domestic electrical and 
electronic goods in adjacent halls with free 
access between the two areas. The BREMA 
section of the show will also be opened to 
the public for four days at its conclusion. 

AMDEA's and BREMA's intention is to 
create a national electrical and electronic 
consumer goods trade show, of interest to 
retailers throughout the United Kingdom 
and which will also be of international 
standing to provide a world showcase for 
British goods. 

AES Convention 1975 
The fiftieth convention of the Audio 
Engineering Society will take place at the 
Cunard International Hotel, Hammer- 
smith, London W6, from Monday, March 3 
to Friday, March 7, 1975. A compre- 
hensive programme of technical papers on 
subjects connected with audio engineering 
and acoustics is being arranged. Anyone 
wishing to present a paper at the Convention 
should in the first instance submit an 
abstract of 200 -250 words to: Dr J. M. 
Bowsher, Audio Engineering Society, 
Department of Physics, University of 
Surrey, Guildford, Surrey, England. 

An exhibition of professional products 
will also be held at the Cunard Inter- 
national Hotel. 
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Charge -coupled devices 
3- Signal processing 

by D. J. MacLennan 

University of Edinburgh 

Previous articles in this series have dealt with the basic operation of the c.c.d. as an analogue shift 
register (Dec., 1974) and the techniques for c.c.d. fabrication (Jan., 1975). This article outlines 
some of the primary considerations in designing c.c.ds for signal processing, with some simple 
examples taken from the radar and communication fields. Comparisons with the alternatives to 
charge -coupled devices are made. 

When charge is transferred from one 
capacitor or gate to the next, a small frac- 
tion of this charge is left behind under the 
previous gate. The result of this charge 
transfer inefficiency is a "smearing" or 
bandwidth reduction. This may be 
visualized by considering an impulse or a 
single "one" being applied to the input of 
the device. The output should ideally 
consist of one pulse. Due to the transfer 
not being complete, however, there will 
be trailing pulses which corrupt the output 
signal. The magnitude, and hence the 
degradation in the signal quality, is a 
function of the charge left behind at each 
transfer, or the transfer inefficiency. In 
simple mathematical terms' 2, if we 
assume a fraction of charge e is left 
b, "',ind, then the fraction of charge trans - 

ì is given by 

a=1-e 
where a is known as the transfer efficiency, 
and e the transfer inefficiency. Fig. 1, 

which shows the charge distribution within 
a lo- phase, six -element c.c.d., demon- 

1 0 

o 
1 2 3 

(i) nE = 00 
1 2 3 4 

(il) nE=01 

strates the time sequence of charge packets 
at the output as 

a6 , 6ea6 , 21e2a6,... 

As demonstrated by Vanstone2 et al, this 
sequence is independent of the number of 
clock phases used, to a first approximation. 
The size of the trailing pulse relative to the 
required pulse is a function of both the 
inefficiency and the number of transfers. 

Fig. 2 demonstrates the effect of in- 
efficiency on both impulse and frequency 
response of a device. As can be seen, for 
ne< 1, the pulse immediately after the 
required signal is the largest residual, and 
its magnitude relative to the required signal 
is ne. The ne product may thus be used 
as a criterion for device performance. 

As an example, consider a device with 
n e = 0.1 used in a pulsed radar system. At 
the output there will be an echo of any 
return at a level of 20dB below the required 
signal, making it impossible to distinguish 
any target smaller than this within that 
range bin. For an application where pure 
analogue delay is required, the actual 

(a) 

2 3 4 
(iii) nE=05 

1 2 3 4 
(iv) nE=10 

bandwidth of the device is not only limited 
to half the sampling frequency by the 
Nyquist sampling criterion, but also by a 
factor depending on the ne product, Fig. 
2(b). It is thus obvious that an appro- 
priate ne product must be specified for 

Clock 

phase 1 1 1 1 1 1 

Transfer 

element 1 2 3 4 5 6 Output 

Discrete 

time 

1 

e a 

Es tea a2 

E3 3e2a 3ea2 a3 

E4 4e3a 6e2a2 4ea3 a' 

e5 5e'a 1OE3a2 Oe2a3 5Ea4 at 

Ee Bea 15e4a220e3a315e2ae Beat 
at. 

e0 Jeta 21e5a235E4a335E3a421e2a5 6eae 

ce Beta 28eea266E5a 7Oe4a466e3a521etae 

Fig. 1. Charge distribution within a six - 
element, single-phase c.c.d. when a single 
packet of charge is clocked from input to 
output. 
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Fig. 2. Impulse response of a c.c.d. analogue delay line with varying ne product (a). Frequency response modification for a c.c.d. analogue 
delay line with varying ne product (b). 
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any given system application. 
Transfer inefficiencies of the order of 

10-5 have been obtained at frequencies of 
MHz and 10 -4 at 125MHz. It should thus 
be possible to fabricate linear (meaning 
serial) devices with up to several thousand 
storage elements, which operate at several 
tens of MHz. 

In addition to the incomplete transfer of 
charge, a small amount of charge is lost 
at each transfer due to recombination. 

Device input 
Several methods exist for putting charge 
into the c.c.d., each having its own advan- 
tages and disadvantages. All commonly - 
used techniques consist of a diode as a 
source of minority carriers (signal charge) 
and some form of gate structure, as in the 
m.o.s. transistor, to control the amount of 
charge, or the instant at which charge 
enters the c.c.d. register. A typical input 
structure for the linear injection of charge 
into a c.c.d. is shown in Fig. 33. Opera- 
tion of this input structure is as follows. 

The input signal, V,g , is applied to the 
input gate, When the first transfer electrode, 
01, is pulsed on the input diode is held at a 
voltage, V;d, which saturates the potential 
well under the first transfer electrode. The 
input diode voltage is then modified to 
empty the well. When the surface potential 
under the first electrode is equal to the 
surface potential below the input gate, no 
more charge will leave the well, thus 
setting the surface potential (and hence 
signal charge) under the transfer electrode 
to the potential under the input gate. 

Signal detection 
There are many methods for converting 
the signal charge stored in the c.c.d. to an 

Vid Viig 011 02 metal 

ill<Yates 
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depletion 
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clb 1t- 

Viet 

j oxide 

diode trapped 
diffusion signal charge, Q st 

V'd I _JI 

Qst_ 

Fig. 3. Technique for the linear injection 
of charge into a c.c.d. 

electrical signal. As for the input structure 
case, each technique has its own particular 
advantages and disadvantages. In this 
article it is intended to concentrate on 
three particular circuits. The first is in 
common use as an output circuit in the 
simple analogue delay type of applications. 
The second is for use in situations where 
multiple outputs with fixed weighting 
coefficients are required from the device, 
as in matched filtering applications. The 
third is similar to the previous method, but 
in this case the weighting coefficients are 
electrically programmable. 

Floating diffusion reset. In this detection 
method4 , a diode diffusion is reverse - 
biased by being charged to some appro- 
priate potential, Vgg, through an m.o.s. 
transistor, Fig. 4. 

Assuming negligible leakage current, 
the diode will remain at this potential when 
the charging transistor is switched off. If 
a charge signal is now clocked into the 
diffusion, at the end of the 03 pulse, the 
potential on the diode and sensing tran- 
sistor will change due to the new charge 
distribution. This change may then be 
amplified by the sensing transistor. A 
reset pulse is then applied to the charging 
transistor prior to the arrival of the 
succeeding charge packet. 

Split gate tapping. This technique for 
sensing the signal charge being clocked 
along a shift register is attributable to 
Buss5 et al. When charge is clocked 
under one of the split electrodes (Fig. 5), 
the current in each of the clock lines 
supplying this electrode is measured, i.e. 
I+ and I- ; output is proportional to the 
difference between the two. The magnitudes 
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Fig. 4. Floating diffusion reset method 
of converting the charge present in a c.c.d. 
to an electrical signal. 
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of the currents are directly proportional to 
the quantity of signal charge present; the 
voltage on the gate is maintained constant 
and thus current must be supplied from 
the clock source to maintain charge 
equilibrium. The difference between the 
currents, for a given quantity of charge, 
is determined by the position of the split 
in the electrode. The smaller area "sees" 
a lesser portion of the signal than the 
larger area and as a result requires less 
current to maintain charge equilibrium. 

A means has therefore been realized for 
not only sensing the signal charge 
present in the device but also for multiply- 
ing this signal by some fixed weighting 
coefficient. The usefulness of this tech- 
nique is discussed later. One of the limita- 
tions is that the weighting coefficients 
cannot be modified subsequent to device 
fabrication. However, in situations where 
many identical filters are to be realized 
with fixed responses, this type of device is 
likely to be extremely useful. 

Biased floating gate. This technique is 
basically similar in operation to -the first 
technique, except that instead of charging 
a diffusion, a gate electrode is charged to 
an appropriate d.c. level, Vgg (Fig. 6). 

When the preceding clock electrode, 0, , 
switches off, signal charge is injected into 
the depletion; well below the charged gate. 
The resultant redistribution of charge in 
the capacitive network results in a 
potential variation on the charged gate 
which may be sensed and amplified by an 
m.o.s. transistor. When the next clock 
electrode, 03, is turned on, the gate 
potential reverts to its original potential. 
It is thus not necessary to reset the gate 
at every clock period. The signal charge 
is not destroyed or degraded, allowing 
other outputs to be taken at tapping 
points further along the register. 

The moving target indicator 
In many systems, it is required to monitor 
targets which are moving relative to the 
transmitter but may be surrounded by 
stationary objects. For this type of system 
it is necessary to eliminate the stationary 
clutter from the observer's display. To 
perform this a measurement of the phase 
changes due to Doppler shift in the fre- 
quency of the return signal in succeeding 
radar returns is required. It is therefore 
necessary to store one radar return, 
compare this with the succeeding 
return and subtract the two signals. 
Alternatively, in the frequency domain, it 
is necessary to build a notch filter which 
rejects frequencies of zero and multiples 
of the radar pulse repetition frequency. 
Both these methods of visualizing the 
problem are in fact identical and may be 
implemented as shown in Fig. 7' . Fig. 8 

shows the performance of such a filter 
both in the time and frequency domain. 
The filter used was more complex than 
the simple schematic of Fig. 7 -to obtain 
improved cancellation of clutter, steeper 
sides were required on the notch filter 
and this was achieved using three c.c.d. 
shift registers as delay elements in a 
three -pole Chebychev filter. The filled -in 
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Fig. 5. Split -gate tapping technique for the fabrication of fixed weighting coefficient 
transversal filters. 
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effect of the Doppler pulses on the simu- 
lated clutter cancellation photograph are 
due to many oscilloscope traces being 
photographed. As can be seen, the clutter 
has been effectively cancelled by the 
filter, there being > 30dB of clutter rejection 
available. 

Frequency filters 
The filtering capabilities of a filter may be 
obtained by taking the Fourier transform 
of the time domain response, i.e. the 
response of the filter to an electrical 
impulse. It is thus possible, knowing the 
frequency response required of a filter, to 
define the necessary impulse response. 

If we now consider a c.c.d. analogue 
delay line, constructed so that an output 

Fig. 6. Biased -gate tapping technique for 
the fabrication of transversal filters with 
electronically- variable weighting 
coefficients. 
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may be taken at each bit without degrading 
the signal being clocked along the device, 
and connect each of the outputs as shown 
in Fig. 9, the response of this device to 
a charge impulse, will be the sequence of 
pulses 

hh,,h3,h,,...h,,. 
This device is more commonly known as 
a transversal filter and by controlling the 
weighting coefficients at each tapping 
point, it is possible to fabricate a 
virtually infinite number of different filters. 
Unfortunately, the impulse responses to 
many desirable filters are of infinite dura- 
tion and therefore have to be truncated 
in such a device -only a finite number 
of coefficients are available -resulting in 

input from 
phase 

detector 

c.c.d. 
delay line 

Fig. 7. Schematic diagram for the 
implementation of a m.t.i. filter. 
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Fig. 8. Swept frequency response (i) and 
simulated clutter cancellation (ii) of a 
moving target indicator using c.c.ds. 
(Lower trace: filter input; upper trace: 
filter output.) 

a non -ideal frequency response for the 
filter. In many cases, it is possible at 
the design stage to determine the impulse 
response required of any particular filter 
and ascertain the number of weighting 
coefficients necessary to specify the 
frequency response to any desired 
accuracy. Techniques are also available 
whereby the end weighting coefficients 
may be reduced to an insignificant level 
by speeding up the decay time of the 
impulse response. 

This is not the only type of frequency 
filtering structure that may be realised 
using c.c.ds. The moving target indicator 
is an example of a recursive filter. In these 
types of filters the poles and zeros in the 
frequency domain response are determined 
by the weighting coefficients applied to the 
feedback loops used. In many situations, 
the loop feedback coefficients are critical 
to filter performance, leading to a require- 
ment for extremely stable gain. in the loop. 
Applications of c.c.ds in recursive filtering 
applications would at present appear to be 
limited and their use as transversal filters 
much more promising. The primary 
advantages in using a recursive filter rather 
than a transversal filter are that an infinite 
impulse response is achievable, because 
of the feedback, and a smaller number of 
delay elements is required using this tech- 
nique. These advantages are at present 
offset by the need for highly stable on- 
chip amplification in a technology com- 
patible with c.c.ds. 
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v, V2 intermediate frequencies. The linear fre- 
quency- modulated matched filter has in 
particular been extremely successful in 
radar applications and a television if. filter 
has also been fabricated. However, at low 
frequencies and large time delays, acoustic 
surface -wave filters become impractical. 
Hence, at base -band, the c.c.d. has to com- 
pete with digital matched filters in cost, 
performance, power, weight, reliability 
and flexibility. 

A comparison of the advantages relevant 
to the adoption of either c.c.d. or digital 
filters in system implementations is given 
in the following table: 

Vn-1 Vn 

Fig. 9. Schematic diagram of a transversal filter. 

Matched filtering 
In matched filtering, a special case of 
transversal filtering, the signal is coded to 
increase its bandwidth by some predeter- 
mined amount prior to transmission. On 
reception the signal is decoded in a trans- 
versal filter which is matched to the coded 
waveform. As an example of matched fil- 
tering, consider the transmitted sequence 
as being 

1,1,1,1,1,- 1 - 1,1,1,- 1,1,- 1,1. 

This sequence is commonly known as 
the 13 -bit Barker code. 

The impulse response of the filter which 
is matched to this waveform is the time 
reverse of the transmitted sequence, i.e. 
the weighting coefficients h, to h are 
given by the sequence 

1,- 1,1,- 1,1,1,- 1,- 1,1,1,1,1,1. 

Fig. 10 shows the effect of passing the 
received waveform into this filter. The out- 
put sequence is the autocorrelation func- 
tion of a 13 -bit Barker coded sequence 

1,0,1,0, ... 0,13,0,1, ... 0,1. 

One of the most important aspects of 
matched, filtering is the improvement in 
signal-to -noise ratio obtained over con- 
ventional processing techniques. 

Consider the filter described above with 
an input signal which includes white addi- 
tive noise. The output noise power is the 
product of the number of taps (13) and the 
input noise power; the noise at each tap 
is summed. The output signal power how- 
ever is proportional to output signal volt- 
age squared. Hence the output signal to 
noise ratio has been improved by a factor 
of 13. Typical waveforms for this situation 
are shown in Fig. 11, where the received 
Barker sequence is totally immersed in 
noise. The output correlation peak from 
the c.c.d. matched filter can clearly be 
identified in the upper trace. 

Charge- coupled or digital filters? 
Some potential uses of charge- coupled 
devices have been discussed briefly in 
simplified terms. The fine detail of the 
design processes have been omitted in the 
interest of clarity and brevity. 

It is essential at this stage to discuss 
the relevent advantages and disadvantages 
of the c.c.d. with respect to other tech- 
niques for performing such basic filtering 
functions as described in this article -the 

output 

hkVk 
O -1 

simple lumped element filter, for example, 
along with some more exotic devices such 
as acoustic surface wave and digital filters. 

The simple lumped filter is not discussed 
further due to its limitations with respect 
to critical alignment and bulk. Acoustic 
surface -wave devices have in the past few 
years created a visible impact on the radar 
and communications field at radio and 

Charge -coupled versus digital devices 

CCD Digital 

Low cost 
Small size 
Low power 
High reliability 

Standard m.o.s. 
production 

Flexible 
Longer time delay possible 
Proven technology 

output 
xVk time, clock cycles 

4 

k 1 2 3 4 5 6 7 8 9 10 11 1213 Z,hN 

4 hk 1-1 1 -1 1 1-1 -1 1 1 1 1 1 

1 1 -1 1 -1 1 1 -1 -1 1 1 1 1 1 1 

2 1 -1 1 -1 1 1-1 1 1 1 1 1 1 0 
3 1 -1 1 -1 1 1 -1 -1 1 1 1 1 1 1 

4 1 -1 1 1 1 1 1 1 1 1 1 1 1 0 
5 1 1 1 1 1 1 -1 -1 1 1 1 1 1 1 

6 1 -1 1 -1 1 1-1 1 1 1 1 1 1 0 
7 1 -1 1 -1 1 1 1 -1 1 1 1 1 1 1 

8 1 1 1 -1 1 1-1 1 1 1 1 1 1 O 
9 1 1 1 1 1 1 1-1 1 1 1 1 1 1 

10 1 - 1 1 1 1 1-1 -1 1 1 1 1 1 0 
11 11 1-1 1 1-1 1 1 1 1 1 1 1 

12 1-1 1-1 1 1-1 -1 1 1 1 1 1 0 
13 1 -1 1 1 1 1-1 -1 1 1 1 1 1 13 
14 1-1 1 -1 1 1 -1 -1 1 1 1 1 1 0 
15 1 -1 1 -1 1 1-1 -1 1 1 1 1 1 1 

i ! i . ; i . 

Fig. 10. Schematic of the operation of a matched filter when coded with a 13 -bit Barker 
sequence. At clock cycle 1, the received sequence has just entered the matched filter. As 
the sequence progresses through the receiver filter, the auto -correlation function is output. 

Fig. 11. Correlation of a 13 -bit Barker sequence immersed in white additive noise. 
(Lower (race: input to c.c.d. matched filter; upper trace: filter output.) 
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Charge -coupled device performance 

Sampling rate 

Time delay 
No. of storage elements 

Transfer inefficiency 
Signal /noise ratio 

Harmonic distortion < 
Time- bandwidth product > 

10MHz 
> 100MHz with some 

techniques 
up to 1s 

> 103 linear 
> 105 in array form 
> 10 -4 at 10MHz 
> 70dB for a 256 -bit 

linear device 
-40dB 
103 

The potentially low cost of c.c.ds empha- 
sized in this table is attributed to the in- 

herently high level of integration obtain- 
able. Elimination of analogue -to- digital 

and digital-to- analogue converters is one 
of the more obvious cost benefits along 
with a potential reduction in the number 
of packages required to implement a 
system. 

Performance parameters for c.c.ds 
given above are typical of their present 
capabilities and the c.c.d. designer should 
be prepared to meet specifications within 

these capabilities. 
The c.c.d. is an extremely high packing 

density, low power consumption, analogue 
shift register which is rapidly becoming 
accepted as an extremely useful device in 

many signal processing applications. In 
reasonable quantities, it is expected to be 

extremely cost effective. It can be con- 
sidered as a means for realizing systems in 

other implementations. Commercial appli- 
cation potential in the signal processing 
field alone is enormous. Ability to produce 
lower cost, higher quality filters -both 
recursive and non -recursive -is of prime 
importance in the manufacture of modems. 
The c.c.d. can also potentially perform 
functions in the field of sonar similar to 
those performed by acoustic surface -wave 
devices in radar systems. 
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Letters to 
the Editor 

QUAD BROADCASTING - 
AN ALTERNATIVE VIEW 

With reference to the article by Messrs 
Carey and Sager on quadraphonic broad- 
casting (Nov. 1974 issue) I would like to 
discuss one or two of the points that 
were raised. 

To say that the problem of quadra- 
phonic broadcasting is where to put the 
third and fourth channels is to virtually 
ignore the many suggestions for matrixed 
quadraphony systems (4 -2 -4) that only 
require two broadcast channels. In con- 
trast broadcasters must give 4 -2 -4 systems 
very careful consideration as they might 
be able to provide a relatively inexpensive 

and more immediate answer to the 
problem. Not until it has been shown that 
all 4 -2 -4 systems are clearly incapable of 
providing both satisfactory quadraphony 
and compatible stereophonic and mono- 
phonic reception, can such systems be 

cast aside in favour of the more techni- 
cally difficult and expensive 4 -3 -4 and 
4 -4 -4 systems. 

Why are the 4 -3 -4 and 4 -4 -4 systems 
more difficult and expensive? In the first 
instance if the transmission occupies the 
same r.f. channel bandwidth and uses the 
same transmitter power then the overall 
signal-to -noise ratio for the listener is 

likely to suffer. While in the "fringe 
area" there might be a relatively slight 

loss of signal-to -noise ratio for the mono- 
phonic listener, the loss could be 

significant for the stereo listener and, 
in many cases, quadraphonic reception 
might not be worthwhile. The exact figures 
will depend on the system being broad- 
cast, the mode of operation of the 
receiver (mono, stereo or quad), and the 
relative depth of modulation associated 
with each component of the composite 
signal. In this matter Carey and 
Sager's estimates may not be too far out. 

On the other hand in the present cir- 

cumstances, quadraphonic listeners might 
also be at risk from adjacent channel 
interference. Messrs Carey and Sager state 
that 4 -3 -4 and 4 -4 -4 systems "do not 
inhibit the optimum use of bandwidth by 
other stations ". I agree that the addition 
of the second 38kHz channel or even 
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the 76kHz channel may not very greatly 
increase the maximum bandwidth occupied 
by the transmitted signal. However, this is 

not the whole story. For mono and stereo 
listeners with conventional receivers 
there would be an increase in the sensi- 

tivity to co- and adjacent- channel inter- 
ference similar in magnitude to the 

decrease in signal -to -noise ratio, and 
largely for the same reason, viz. the 
reduction in the modulation depth of the 

components of the signal to which their 
receivers respond, and which has to be 

made to accommodate the additional 
quadraphonic information. 

The corresponding increases in sensi- 

tivity to interference for the quad 
listener are less easy to predict but it is 

estimated that, relative to stereo 
reception of the existing pilot -tone 

system, quadraphonic reception of 4 -3 -4 

would require about 6dB greater pro- 
tection against co- channel and adjacent - 
channel interference at either 100kHz or 
200kHz frequency spacing. With a 4 -4 -4 

system, the increase in the required 
protection ratio against the adjacent 
channel could well amount to about 
15dB. This particularly large penalty 
associated with the 4 -4 -4 system results 
not so much from the change in the 
transmitted signal spectrum as from the 
fact that the quadraphonic receiver is 

equipped with a 76kHz subcarrier 
detector. This produces an audible out- 
put from interference components in the 

range 61 -91kHz to which a conventional 
stereo receiver does not respond. 

The other technical difficulty which 

was unfortunately overlooked in the 

article is the problem of compatibility 
between the suggested new broadcast 
format and existing v.h.f. stereo 

receivers: in particular there is the 
problem of crosstalk between the two 

38kHz subcarrier channels. In existing 
stereo receivers the phase accuracy of the 
regenerated 38kHz subcarrier determines 
the accuracy of eventual decoding but 
it is not very critical. If for example 
the phase error is 20 °, this would intro- 
duce crosstalk between the left and right 
stereo channels at only - 30dB, which is 

negligible in this context. If, however, the 
same receiver were used to receive stereo 
from a quadraphonic transmission using 
two quadrature 38kHz channels, the 
crosstalk between these for a phase error 
of 20° would be - 9dB. The effect of this 
would depend on the design of the 
receiver. With an idealized square -wave- 

switching or synchronous -detector decoder 
the crosstalk would be substantially 
linear and the effect might be only a 

change in disposition of the audio images 
across the stereo sound stage; with many 
practical decoder circuits however the 
crosstalk could be appreciably distorted 
with rather more serious consequences. 

With regard to cost, the susceptibility 
to noise and interference of the 4 -3-4 

and 4 -4 -4 systems implies that, with the 
present transmitter network, the stereo 
coverage of service areas could be pre- 

judiced and, for quadraphony, may be 

appreciably less than that required. A 
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substantial increase in transmitter powers 
could avoid the degradation caused by 
random noise but it would not solve the 
interference problem within the UK and 
could give rise to interference problems 
internationally. 

These, then, are some of the reasons 
why a broadcasting organization may not 
readily share Carey and Sager's 
enthusiasm for the immediate adoption of 
a three or four channel solution to the 
quadraphonic broadcasting problem. If, 
however, further studies show that a 
4 -2 -4 system cannot provide a sufficiently 
good quadraphonic service, whilst main- 
taining the present stereo and mono 
standards, then it may well be necessary 
to think again. 

The other aspect of the article by 
Carey and Sager dealt with the possi- 
bility of a three -dimensional surround - 
sound system, i.e. quad plus height. 
Whilst it appears to be true that four 
suitable microphones arranged in a tetra- 
hedral cluster can pick up and record the 
three dimensions of the original sound 
field, it is very doubtful whether four 
loudspeakers are sufficient to provide the 
wanted subjective result. 
D. J. Meares, 
BBC Research Department, 
Tadworth, 
Surrey. 

USE OF LEDs 
AS PHOTO -CELLS 

Light -emitting diodes made from gallium 
arsenide- phosphide or gallium phosphide 
have recently become available and are 
being made in very large numbers for sale 
at low prices. The question arises whether 
these devices can be used as photo -cells 
since they contain a semiconductor 
junction in an encapsulation designed to 
transmit visible light. It is not suggested 
that they are likely to perform better than 
properly designed cells; only that they may 
be more readily available to many readers. 

Electrically the junctions have normal 
shaped diode characteristics but with 
forward conduction starting in the region 
of + 2 volts, due to the wide energy -gap of 
the material, and reverse voltage limited to 
about -3 volts, since no special care is 
taken to prevent breakdown. The leakage 
current at this voltage, however, is ex- 
tremely low provided the devices are kept 
dark. When light falls on them the leakage 
does indeed increase as expected, although 
the value must still be measured in nano - 
amps rather than milliamps. 

The sensitivity varies considerably be- 
tween different types of device, but every 
sample so far tested shows the effect to 
some extent. The diagram shows how two 
ordinary silicon transistors can be used 
as a simple Darlington pair to amplify the 
current and turn on a third transistor. 
Such an arrangement can be expected to 
switch tens of milliamps in the load with 
a threshold at about the normal indoor 
light level. The dark current of this sort 
of circuit is particularly low as the tran- 
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sistors lose gain at low currents, but the 
frequency response is poor as the stored 
charge can only be removed by internal 
recombination. There is no problem, 
though, in devising faster amplifier circuits, 
particularly if d.c. response is not required, 
and the inherent speed of the l.e.d. can 
be expected to be high. 

The theory of energy levels tells us that 
the spectral response of the devices as 
photo -cells will be fairly broad and will 
lie on the high frequency (blue) side of the 
emission colour. If the normal emission 
process involves two or more quantum 
jumps in sequence, as I believe it does, 
then the absorbtion peak may be consider- 
ably more towards the blue than the 
emission. This leads to the idea that the 
major cause of the variations in the 
sensitivity between different types may 
perhaps be nothing more fundamental than 
the absorbtion characteristics of the dye 
which is put into the plastic lens to 
improve its appearance. There does seem 
to be some evidence that devices with paler 
plastic work better as photo -cells, and the 
manufacturers might perhaps consider 
this when selecting the mixture to be 
used in future designs. 
K. C. Johnson, 
Cheadle, 
Cheshire. 

KEYPAD LAYOUT: 
TELEPHONES AND 
CALCULATORS 

Mr Harold Barnard (Letters, December 
issue) is not justified in taking the Post 
Office or industry to task for the keypad 
layout of telephones. 

Confusion is not likely to result from 
the co- existence of two different layouts. 
The great majority of telephone users are 
not, and never likely to be, users of 
calculators in close proximity to a tele- 
phone. For those who are, the British Post 
Office foresaw a potential clash between 
the requirements for the two devices be- 
fore either keypad layout had become 
standardized. In consequence, the Post 
Office sponsored a research project at the 
Medical Research Council's Applied Psy- 
chology Unit at Cambridge. 

The results (available in 1966 and con- 
firmed by a further study carried out inde- 
pendently by the same body in 1968) pro- 
vided significant evidence in favour of the 
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present telephone keypad layout. They 
showed that although there was little to 
choose between one arrangement and 
another in respect of keying speed, there 
was a statistically significant advantage 
in keying accuracy from the version in 
present use -even when users had already 
been conditioned to some other layout 
(such as the calculator layout standard- 
ized by ISO in 1967). 

A standard layout for telephone key- 
pads throughout the world is clearly 
desirable because of the growing volume of 
international travel. The International 
Telegraph and Telephone Consultative 
Committee recommended the current lay- 
out (which was already in use in America 
and due for early introduction in Japan 
and Latin America) and the British Post 
Office observes this international agree- 
ment. 
R. E. Abbiss, 
Director, Public Relations, 
Post Office, 
London, W I. 

OPTICALLY COUPLED 
VFO 

I was most interested in A. K. Langford's 
article in the November issue, "Optically 
coupled v.f.o. ". What a perfect way to 
isolate a v.f.o., and a fairly cheap one at 
that! I was, however, a little unhappy 
about the idea of using the 5082 -4350 
optical isolator at 5MHz and above. There 
are two basic modes which the output 
transistor of the isolator can operate in: 
common collector, as used by Mr Lang- 
ford, and common emitter. The former is 
only really suitable for low -frequency' 
operation, and the response of the 
isolator in this mode effectively drops to 
zero by 3MHz, according to the spec. 
It is very likely that most devices will be 
comfortably within this spec., and will be 
usable at 5MHz, but it is not good design 
practice to assume this. 

The common emitter mode, on the 
other hand, gives a usable response in 
excess of 10MHz with the same load 
resistor (470 ohms). So, I suggest the 
470 -ohm pot. is transferred to the collector 
circuit, and the emitter grounded. Assum- 
ing the gain and bandwidth of the output 
amplifier is sufficient, I see no reason why 
the circuit should not be used up to 
15MHz reliably. Mr Langford does men- 
tion the common emitter mode, but in 
using the common collector mode, which 
offers no advantage in this circuit, he does 
not seem to have allowed for worst -case 
conditions. 

Apart from that minor detail, I like it! 
Richard Sterry, G4BLT, 
Reading, 
Berks. 

Mr Langford replies: 
I appreciate Mr Sterry's concern over the 
configuration of the isolator output tran- 
sistor that was used in my final design. 
There were two reasons for choosing the 
common collector mode. First, the output 
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using the "high frequency" common 
emitter configuration offers no advantage 
when working into the low impedance 
broadband amplifier, and at 5MHz the 
output is actually less than that obtained 
using the "phototransistor" mode, with a 
crossover point at about 2MHz. Secondly, 
the high output impedance at the collector 
made matching into the broadband ampli- 
fier difficult, and susceptible to stray 
pick -up unless the connection was very 
short. Using the low output impedance of 
the common collector configuration 
eliminated this problem; which is very 
important if good isolation is to be 
achieved without having to contend with a 

critical layout. 
However, as mentioned in the article, 

with a tuned circuit in the collector of the 
optically coupled isolator the useful output 
can be extended well beyond 5.5MHz. 

FRONT PANEL 
LETTERING 

For "one -off" jobs, the production of a 
nicely -lettered front panel is a considerable 
problem. One solution is the use of trans- 
parencies of the kind that are used on so- 
called overhead projectors in classrooms. 

The transparency is made from a pencil 
drawing of the front panel lettering by pass- 
ing this drawing and transparency film 

through a special heater. (One example is 

the 3M "Thermofax" machine.) The trans- 
parency may then be sandwiched between 
a thin, clear Plexiglass sheet and the metal 
front panel of the equipment. The Plexi- 
glass sheet is retained on the panel by the 
potentiometer and switch fixing nuts. 

The advantages of the process, provided 
one has access to a suitable machine, are: 
the front panel layout may be done in 

pencil; the layout may be easily revised; 
and special symbols and lines may easily 
be incorporated. 
P. Hiscocks, 
Ryerson Polytechnical Institute, 
Toronto, 
Canada. 

SUICIDE 
SOLDERING 

Our company has been soldering m.o.s. 
transistors and i.cs with great success for 
some time now. 

Mr Jack's letter in the November issue 
is of course rather worrying to us, as we 
too don't want to kill ourselves to protect 
our i.cs, and we would like to know more 
of the precise nature of the hazard. 

We use the earthed terminal on our 
oscilloscope or power supply as a con- 
venient point to discharge any static 
electricity. Is this dangerous, and is the 
hazard still present if the equipment is used 
in normal circumstances? 

Also, during cold weather some of our 
operators seat themselves on an ordinary 
domestic convector heater, to centrally 
heat themselves while working at the 

bench. Apart from any medical side 

effects, is this practice electrically dan- 
gerous? 
D. M. Parkins, 
Greenbank Electronics, 
Bebington, 
Cheshire. 

ELECTRONIC MUSIC 
JOURNAL 

Interest in electronic music has grown and 
because of my wide experience in the 
medium -both theoretical and practical- 
I am starting a new journal entitled 
Analog Sounds. 

Wireless World has been a great stimulus 
to me in the development of my own crea- 
tive work with the electronic medium. To 
help spread the word, I intend including 
with each issue of Analog Sounds a cumu- 
lative directory of relevant articles pub- 
lished in electronic magazines including 
yours. This directory will take the form of 
a subject index with abstracts. Analog 
Sounds is a quarterly journal, depending 
solely on readers for support. 
Jacob Meyerowitz, 
Editor, Analog Sounds, 
New York, U.S.A. 

VARIABLE 
DIVISION 

FREQUENCY 

I must congratulate Mr Winn of Racal 
Communications for his excellent article 
on the RA 1772 synthesized communica- 
tions receiver (October 1974). 

In his discussion of the limitations of 
synthesizers, Mr Winn says that the present 
"state of the art" of digital integrated 
circuits makes it impossible to use variable 
frequency division at frequencies above 
50MHz. 

However, by using a two -modulus e.c.l. 

prescaler -say, the Plessey Semicon- 
ductors SP8645 -in conjunction with t.t.l. 
programmable dividers, it is practical to 
directly synthesize from frequencies up to 
500MHz. 

The basic two modulus prescaler 
(= 10 /11), is usually combined with other 
e.c.l. counters to generate ratios of 20/21, 
40/41 or 80 /81- depending on the channel 
spacing required in the complete syn- 
thesizer. A typical scheme is shown below. 

The total division ratio shown is: 

NT.T =P.N +A 

to transceiver 
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The only restriction is that A is less than 
N. If for any reason A must be greater 
than N, then a three- modulus counter, i.e. 

:40/41/42, can be used, thus halving the 
A count. 
P. E. Battrick, 
Plessey Semiconductors, 
Swindon, Wilts: 

Mr Winn replies: 
It is agreed that recent developments have 
allowed an increase in the frequency at 
which variable division can take place, 
particularly by using the latest Plessey 
e.c.l. devices. As a small point, I did not 
state "impossible to use variable division 
above 50MHz" but that we divide directly 
from 50MHz and use a prescaler for 
higher output frequencies. It might still 

be preferable to do this since a hazard 
to be avoided in any digital- divider, phase - 
lock loop system is phase jitter. We find 
that a synchronous divider is essential to 
minimise the resulting noise sidebands 
produced by the division process as is 

also the need to restrict the division ratio 
of the final output loop as far as practicable. 

ELECTRICITY AND 
MAGNETISM 

The .articles by "Cathode Ray" concerning 
fundamentals of electricity and magnetism 
(September, October) reminded me of a 
principle, if indeed it be a principle, that I 

deduced from purely practical considera- 
tions as an engineering student. 

The principle is, briefly, that when one 
is wholly immersed together with one's 
instruments in a magnetic field (such as 
Mr O in the article) it is not possible to 
determine one's velocity through the 
magnetic field, even if its strength be 
known, by measuring an e.m.f. generated 
by a flux cutting conductor. 

I should be most interested to know if 
"Cathode Ray" or your readers believe 
this crypto relativistic principle to be true, 
novel, or obvious. 
C. P. J. Meade, 
London, S.W.15. 

"Cathode Ray" replies: 
I am on record (in the September issue, 
p.348) as saying that observer O', moving 
in a magnetic field, finds also an electric 
field proportional to the magnetic flux 
density and his velocity. I discreetly re- 
frained from explaining the means by 

buffer 

two 
modulus 
prescaler 

P, P +t 

control counter counter 

programme 

to 
phase frequency 

comparator 
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which he could find this. There is no doubt 
that he would be subject to an electric field 
caused by his motion through the mag- 
netic field. Besides what the theory books 
say to this effect, there is a practical 
liquid flow meter which relies on precisely 
this principle. But the field is measured 
by a voltmeter that is not moving with the 
liquid. The observer O', moving along 
with the liquid, could measure his velocity 
through the magnetic field by reading this 
meter as he went past it. Because of the 
relative velocity between himself and the 
meter there would be a relativistic cor- 
rection. Our comparison of the observa- 
tions of O and O' did indeed lead to the 
necessity for such a factor, )B. 

I cannot offhand think of any instru- 
ments that O' could take with him which 
would disclose his velocity through the 
magnetic field. Connecting a voltmeter to 
the ends of his conductor would form a 
closed loop embracing a constant mag- 
netic flux, so there would be no reading. 
Whether this case could be extended to a 
general proof of Mr Meade's theorem I 
cannot say. Intuitively I feel it is true; I 
have no information on whether it is novel; 
and the last question reminds me of the 
story of the professor who, after saying 
that a certain statement was obvious, 
stopped abruptly, retired to his room for 
deep thought, and an hour later emerged 
to announce triumphantly to the by now 
empty lecture room "Yes, gentlemen, it is 
obvious ". 

SERIES AND PARALLEL 
FEEDBACK 

Some time ago a debate was going on in 
your "Letters" columns about the virtues 
of parallel feedback as compared with 
series feedback. On that occasion Mr 
Linsley Hood stated that the distortion 
with operational amplifiers in the series - 
feedback mode was higher due to common - 
mode failure. Recently I have been able 
to verify his statement, although the 
distortion figures obtained were rather 
lower than those measured by Mr 
Linsley Hood. A Weston CD 100 precision 
oscillator was used as a signal source. The 
output of this generator was filtered with 
a twin -T filter to suppress the last traces 
of the harmonic to be measured. The 
output of the test amplifiers was kept at 
2V r.m.s. Twin -T and active notch filters 
were used to suppress the fundamental 
while harmonics were measured separately 
using synchronous detection methods. 

With this test set -up it proved impossible 
to measure the distortion of the op -amps, 
connected as -3 X amplifiers by parallel 
feedback, below 8kHz. Open -loop differen- 
tial mode measurement yielded more useful 
results and from these distortion figures 
for the parallel- feedback connection were 
computed. They agreed well with the 
measured figures about 8kHz. The series - 
feedback connection, set for a gain of + 3, 
produced harmonics that were readily 
measurable. Almost identical results were 
obtained from open -loop measurements 

- -- 741, +3x(average) 
741, open loop 

AD3O1 open loop -- AD301, - 3x (calculated) 
residual of 
test equipment 

o-1 

0.01 

0.0001 
100 1k 10k 
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with common -mode signals of equal ampli- 
tude, proving Mr Linsley Hood's point 
about common -mode failure. It turned out 
that results varied widely between speci- 
mens, the best of the 20 op -amps tested 
producing about 0.001 % at 2V output and 
the worst about 0.1%, when measured 
with series feedback at 8kHz (A,= 3). 
From this one can conclude that it is wise 
to avoid series feedback at gains of less 
than, say, 10 X when using these opera- 
tional amplifiers in low- distortion circuits. 

Unfortunately, the "error take -off" 
method of distortion reduction, as de- 
scribed by Mr Sandman in your October 
issue, suffers from the same drawback as 
the series -feedback arrangement, as can be 
seen in Mr Sandman's Fig. 2. Here the full 
input signal is present at the inputs of Al 
as a common -mode signal. Particularly 
when the circuit is set for a low gain, this 
can easily lead to an increase in dis- 
tortion rather than a decrease. Incidentally, 
the "error take-off" method has been 
known for some time now as "feed - 
forward control ". It has been thoroughly 
investigated at Delft University of Tech- 
nology, where a more elegant circuit was 
devised that avoids the "floating" load, 
while preserving the advantages of feed - 
forward control. 
T. Magchielse, 
Almelo, 
Netherlands. 

Editor's note: Mr Linsley Hood asks us to 
state that his earlier figures were for a 1k0 
load, whereas those of Mr Magchielse could 
well be for a much higher output load (possibly 
the input impedance of his measurement 
equipment) and l.i.cs, like most other similar 
amplifiers, give a lower distortion into a higher 
load impedance. 

Mr Sandman replies: 
Unfortunately Mr Magchielse has mis- 
understood the functioning of both the 
error take -off and Delft University circuits! 
A, in my Fig. 2 handles only a small signal 
and distorts only the distortion which is 
only a small effect and the Delft circuit 

Wireless World, February 1975 

offends against the principle of "non/ 
interaction" and as its A, has no negative 
feedback that of "rigidity of interconnec- 
tion" as well. 

ACTIVE CROSSOVER 
NETWORKS 

As a designer of p.a. systems using active 
crossover networks, I was very interested 
to read the article by D. C. Read in your 
November, 1974, issue. However, I feel 
that readers may be confused by the 
graphs for the B110 unit in Fig. 1, and in 
particular by the conclusions drawn from 
them. 

The graphs are obviously drawn for the 
free field responses, and predominantly 
show the effect not of internal cabinet 
volume, but of external cabinet dimen- 
sions. In fact the sound power output re- 
sponse for this unit is improved by the 
smaller cabinet, the 0.33cu. ft enclosure 
being near the optimum for the B110, the 
enclosure Q being just under 1 at around 
75Hz, giving a response flat down to 
around 80Hz and dropping at 12dB/ 
octave below this. Response curves for 
small speakers such as this should always 
be taken under the same conditions as 
their normal use, in this case almost cer- 
tainly up against a wall, corresponding 
roughly to half -space conditions. Under 
these conditions the B110 will show a 
flat response up to around 600Hz, rising 
after this up to about 2kHz, where it levels 
out again. This unit should not be used on 
bass signals in as large a cabinet as lcu. 
ft, as there will be almost no stiffness con- 
trol over the low- frequency cone ex- 
cursions. 

A worthwhile improvement with these 
small enclosures is to provide, electronic- 
ally, deliberate cross -talk between stereo 
channels below about 150Hz, thus cutting 
down considerably on cone excursions 
with bass signals predominantly in one 
channel or the other, unfortunately quite 
common with modern recording techniques. 
To the best of my knowledge, the first 
company to do this commercially was 
Servo- Sound. 
K. C. Gale, 
Poole, 
Dorset. 

THE STRIP IN 
BANK NOTES 

A year or so ago, we were warned that 
spurious £5 and £1 notes were in circu- 
lal.in. I had a chance to examine some 
of these and one thing they all lacked was 
the metal strip. Surely (I thought) one of 
the metal detector circuits in the cashier's 
desk is all that is required. Then out of 
curiosity I tried to measure the resistance 
of the metal strip. It was infinity! 

Question: what is the metal strip in a 
note made of? 
A. Sproxton, 
Home Radio (Components) Ltd., 
Mitcham, Surrey. 
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Solid -state digital clock 
1 -Design 
by David C. Clegg 

With the increase in the number of educational programmes on both radio and television, the 

Open University programmes for example, many now have to be broadcast at both unsocial, and 

very often, inconvenient times. While there is no substitute for watching or listening to the pro- 

gramme live, the next best thing is to record* it. This requires some sort of time switch which must 

be both accurate and reliable, which implies that the time switch should be independent of the 

mains electricity supply. It was to solve this, and other similar problems, that the digital clock 

described in this article was designed. 

The priorities which were considered 
when designing this clock are as follows: 
Accuracy. Three frequency references 
were thought to be practical in this 
application; the mains 50Hz, an electronic- 
ally maintained tuning fork, and a quartz 
crystal oscillator. The mains was rejected 
because it limits the uses to which the 

*Subject to copyright regulations. 

Vss 

clock can be put (it is no longer portable 
in the true sense of the word) and the 
stability (short term) and reliability of the 
mains leaves a lot to be desired, especially 
at the present time. A maintained tuning 
fork was rejected because of its high cost 
compared to the quartz crystal, which 
was finally adopted as the frequency 
reference. A good compromise between 
stability, size and power consumption was 

obtained by using a frequency of about 
200kHz with a c.m.o.s. maintaining ampli- 
fier and divider stages. Using an un- 
ovened crystal (frequency 204.8kHz) a 

stability of about one second per week 
was obtained. 
Power consumption. The clock uses an 
l.e.d. display which does not result in low 

power consumption. Two supplies are, 
therefore, used: a main 12 -volt supply and 
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Fig. 1. Block diagram of the digital clock logic. 
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Vss a standby 9 -volt supply. The standby 
O supply may consist of either nickel - 
ov cadmium re- chargeable cells or a dry 

battery. When the 12 -volt supply is 
present, both the clock logic and the dis- 
play are powered and if the standby cells 
are nickel- cadmium, these will be trickle 
charged. Under these conditions the 

212(4090) current is a maximum of 120mA; i.e., a 
power consumption of 1.44W. 

When the 12V supply is absent, the 
O display is not powered and the standby 

50Hz to supply powers the logic (and the crystal 
clock oscillator). Under these conditions the A clear chip current is o.... a .:.. - - ---. -- consumption -F 

204- 800kHz 

IC2 

0 
=. (Fig .4) 

of 72mW. C2 
A key is provided to enable the time 

to be read under standby conditions. Use 
of this key should be kept to a minimum 
since the current from the 9V supply rises 
to over 80mA. 

IC1 

these 
> outputs 

left o/c 

OSCILLATOR 

-12V 
O 

VDD 

DIVIDER 

Fig. 2. Crystal oscillator and frequency divider. (For note on asterisked C, see next month.) 
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Fig. 4. The clock chip with its associated presets and outputs. 

VDD 0-f2v 

Size. The overall dimensions of the printed 
circuit board are 6.75in X 4.5in X 1in. 
All the operator controls are push- buttons 
arranged as a 3 X 4 keyboard. In the 
author's prototype the standby power 
supply consisted of nickel- cadmium cells 
and was mounted, together with the alarm 
speaker, in a perspex block under the p.c. 
board. 

Circuit design 
The clock was designed around the 
Mostek MK- 5017 -AA p.m.o.s.- l.s.i. inte- 
grated circuit, which contains all the logic 
required for a digital alarm clock. A block 
diagram is shown in Fig. 1. 

The input to the chip may be either 
50 or 60Hz, this being selected by the 
organizing logic. There is also a built -in 
relaxation oscillator which will generate a 
50 /60Hz waveform to keep the clock 
going in the event of failure of the ex- 
ternal 50 /60Hz. The frequency deter- 
mining components for this oscillator are 
connected to pin 24. The stability is 
very poor, being dependent, both on 
temperature, and supply voltage. 

In order to minimize the number of pins 
required on the package, the display is 
multiplexed. To further reduce the pin 
count, there are only two control inputs, 
but a matrix of diodes is formed with 
the two control inputs and four of the 
digit scanning outputs, making it possible 
to input the nine required control signals 
through these inputs. The frequency de- 
termining components for the display 
multiplex oscillator are external to the chip 
and consist of a resistor and capacitor 
chosen to give a frequency of 100kHz. 
This frequency is also divided by 144 to 
provide the alarm tone of 694Hz. 

If the alarm has been enabled, pin 20 
outputs the 694Hz alarm tone, interrupted 
at 1Hz intervals when the time counters 
and the contents of the alarm register 
agree. 

Two additional facilities, which are not 
used in this design, are provided by the 
MK- 5017 -AA chip. Operation in the 12- 
hour mode is achieved by omitting diode 
D9 ; an a.m. /p.m. indication is available 
at pin 16, logic 1 (V,,) indicating a.m. 
A 1Hz output is available at pin 19. 
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Fig. 3. Interface to enable the p.m.o.s. chip to drive the l.e.d. display. 

Crystal oscillator. In order to minimize 
power consumption of the oscillator, 
shown in Fig. 2, it was decided to use 
both c.m.o.s. maintaining amplifier and a 
c.m.o.s. divider to provide the 50Hz 
required by the MK- 5017 -AA. At the time 
of designing this clock, there were no 
c.m.o.s. dividers capable of dividing by an 
integral power of 10-the next best thing 
was the RCA CD4040 which contains 12 
binary dividers. Whilst it would have been 
possible, by the addition of external gat- 
ing, to make the CD4040 divide by an 
integral power of 10. it was decided to use 
this device as a divide by 4096 and to 
choose a suitable crystal frequency. Since 
the MK- 5017 -AA can accept either 50 or 
60Hz, there are two possible crystal fre- 
quencies to choose from: 50 X 4096 = 
204.800kHz, or 60 X 4096 = 245.760kHz. 
The only reason for choosing the former 

was that it is a "simpler frequency. The 
cost of having a crystal manufactured to 
the design frequency of 204.800kHz is 

very little more than that of purchasing a 

crystal of, for example, 200kHz. 
The crystal is not mounted in an oven 

because of the considerable power re- 
quirements. While the external supply 
could power a suitable oven, the drain on 
the standby supply would be unaccept- 
able; not to power the oven under standby 
conditions would cause an unacceptable 
frequency shift. The crystal is cut for 
operation at room temperature (20 °C) 
and provided the clock is used in an 
environment of reasonably constant tem- 
perature it will maintain a stability of one 
second per week. 

The maintaining amplifier is a c.m.o.s. 
inverter biased into its linear mode by a 
10M0 feedback resistor. For a more corn- 

IC3 

-12V 
O Vdisplay 

VDD 
-12V 

plete description of the design of such an 
oscillator, readers are referred to RCA 
application note ICAN -6539. 

Display interface. The MK- 5017 -AA chip 
is not capable of driving an l.e.d. display 
directly, so the interface shown in Fig. 3 

must be provided. The segment interface 
circuits consist of emitter followers with 
current defining resistors in the emitters. 

The digit outputs from the clock chip 
are also used to scan the control logic 
and to preserve the logic levels, the digit 
outputs being buffered by IC, . Diodes D3 

to D8 are to protect the base /emitter 
junctions of the digit drive transistors 
from reverse breakdown when the display 
supply is removed. D, , D, and Tr, 
illuminate the decimal points between the 
hours and minutes and between the 
minutes and seconds. 
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Fig. 7. The prototype clock. The unit is primarily intended as a timer, the display being of 
secondary importance. Connexions at top right are for an external power supply and 
switched output. 

SPECIFICATION 
Display. 6 -digit 0.1 in l.e.d. display. 
Displays time in the 24 -hour mode with 
decimal point between hours and minutes 
and between minutes and seconds, e.g. 
18.27.36 
4 single 1.e.ds indicate the following: 
1) Alarm Set. 
2) Relay On. 
3) Display showing Alarm Time. 
4) Count Stopped. 
The display is not powered in the event of 
a supply failure. 

Frequency 
Reference. Quartz crystal, f, 204.800kHz. 
c.m.o.s. maintaining amplifier. 
c.m.o.s. divider. Division ratio 212 (4096). 
Output of divider 50Hz. 
Stability about 14 parts in 106 

Power. Main supply 12V 120mA max. 
(1.44W) 
Standby supply 9V Ni -Cd cells or dry 

battery, providing 8mA max. (72mW) or 
80mA with display on (720mW). 

Alarm. Alarm time is adjustable in one- 
minute intervals. 
Alarm tone is a 694Hz interrupted at 1Hz 
intervals. 
When alarm sounds it may be completely 
cancelled or silenced for seven minutes 
after which time it will sound again. 

Relay. When the alarm sounds the relay 
contact closes and remains closed even if 
the alarm is cancelled. 
Independent control of the relay is also 
possible. 
Contact rating: 100V max. 

80mA max. 
OFF resistance co 0 

ON resistance 680 

Dimensions 
6,' in X 4i in X 1 in. 

Control logic. Most of the controls pro- 
vided require only momentary closure of 
the control keys; diodes and resistors are, 
therefore, all that is required to connect 
the appropriate digit lines to the control 
inputs of the clock chip. This is shown in 
Fig. 5. 

The alarm on/off and relay on/off 
functions require a bistable, to store the 
information supplied by momentary 
closure of the selected key. The bistables 
are formed by IC6 and IC, in Fig. 6 

which, as before, are c.m.o.s. integrated 

circuits to reduce to a negligible amount 
the power required. 

Single 1.e.ds D15 and D27 indicate that 
the alarm has been enabled, and that the 
relay contact is closed, respectively. 

Single l.e.d. D23 indicates that the dis- 
play is showing the contents of the alarm 
register, i.e., the time for which the alarm 
has been set, D14 indicating that the count 
has been stopped. 

A series resistor is connected in the 
relay contact circuit, to prevent damage to 
the reed relay due to large cable discharge 
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currents. This resistor, R50 , may be re- 

duced in value, or removed altogether if 

the length of cable from the switched 
appliance to the relay is short. Without 
the series resistor the contact is rated at a 
maximum current of 250mA, to switch a 

load of not more than 10W. 
The alarm output from the clock chip 

is buffered by an inverter in IC8 and 
amplified by Tr15 to drive a medium 
impedance speaker, the impedance of 
which should be in the region of 1k0. 
The author used a miniature dynamic 
microphone, but better results were ob- 

tained by using a 3in 700 moving coil 
speaker and a matching transformer. R49 

is to prevent damage to Tr16 should the 
output be inadvertently shorted to Vda . 

(To be continued) 

About People 

Edward Fennessy, C.B.E., B.Sc., F.I.E.E., was 
made a Knight Bachelor in the New Year 
Honours List. Mr Fennessy is managing 
director of Post Office telecommunications and 
was formerly managing director of the 
electronics group at Plessey. As an RAF 
group captain on the staff of 60 Group he 
led the teams working on Gee, Oboe and other 
ground radar chains, becoming head of the 
Decca Navigator Company after the war. He 
later formed Decca Radar and in 1972 was 
awarded an honorary doctorate by the Univer- 
sity of Surrey. 

Also in the Honours List is the award of the 
O.B.E. to John Scott- Taggart, M.I.E.E. for 
"services to radio engineering ". Mr Scott - 
Taggart has been a well -known innovator and 
writer on radio since the early years and, during 
the war, was Wing -Commander responsible for 
the majority of radar ground stations in 
England and Wales, including the training of 
their personnel. In 1963 he was made Knight 
Officer of the Order "Al Merito della 
Repubblica Italiana" by the Italian President. 

Dr Per V. Bruel has received the Rayleigh 
Gold Medal of the Institute of Acoustics in 
recognition of his services to acoustics. Dr 
Bruel, one of the founders of Bruel and Kjaer, 
was presented with the Medal by the Hon. Guy 
Strutt, a descendant of Lord Rayleigh. 

Godfrey Hounsfield, of the EMI Central 
Research Laboratories, has been awarded the 
Wilhelm Exner Medal by the Austrian Industrial 
Association for his work on the EMI -Scanner 
X -ray brain examination system. The system 
uses a computer to correlate a large number of 
readings from a narrow X -ray beam, the 
source rotating about the patient's head. De- 
tailed cathode -ray tube displays can then be 
presented, giving about 100 times more in- 

formation than a simple X -ray technique. 
Mr Hounsfield studied at the Faraday House 
College, obtaining a Diploma, and later joined 
EMI, working on radar and computers -in 
particular the EMIDEC 1100, for which he was 
head of the design team. He began work in the 
X -ray field in 1968, and in 1972 gained the 
McRobert Award for the work on EMI -Scanner. 
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Electronic engineers' slide rule 
Designed for ease of calculation of commonly required parameters 
such as inductive and capacitive impedance and decibel ratios 

by L. Nelson- Jones, F.I.E.R.E. 

I have had a special slide rule for a number 
of years now which has a dB scale drawn 
up against the A and B scales of an 
otherwise standard slide rule, so that 
relative voltage dB ratios can be quickly 
calculated for any particular reference level. 
This rule has saved me many hours' work 
when drawing up response curves, both in 
audio and radio frequency work. Convert- 
ing a table of readings to decibels can be a 
very tedious business using tables or logar- 
ithms; whereas, using the slide rule, one has 
only to move the slide to set the reference 
voltage against the "0dB" point of the dB 
scale and then all the other values are read 
off merely by moving the cursor to the 
voltage of each reading whose dB value is 
required. 

Some months ago someone unknown 
stole the properly engraved version of the 
rule that I had been using, leaving me with 
only the very old hand -made wooden slide 
rule on which I first tried out the idea of the 
dB scale. Realizing how useful this rule had 
been to me, I decided to approach a slide 
rule manufacturer to put my ideas into 
practical form so that the idea could be 
made more widely available. This approach 
was made at the IEA exhibition and was 
received with interest, as the firm concerned 
was the one that had made the Units 
Converter for Wireless World (June 1969). 

At that time I also had an L/C "slide 

rule" originally distributed by the old A. 
H. Hunt (Capacitors) company as an 
advertising hand -out. This rule was made of 
stiff card and was very useful for quickly 
deriving the impedance of any C or L; how- 
ever, it had very cramped scales since it tried 
to cover a quite unnecessarily wide range 
of frequency (0.000005Hz to20GHz). 

I decided therefore to aim at a double - 
sided rule having the dB scale added to the 
basic slide rule scales on one side and a 
simplified L/C calculator on the reverse. 
I tried many types of L/C scales using a 
large sized cardboard mock -up. With the 
scales chosen one first sets the slide against 
a triangular reference mark for the 
frequency of interest. The cursor is then 
moved to the value of the capacitor or in- 
ductor on the slide scale and the value of 
the impedance is read off from the 
appropriate scale on the body of the rule. 
The capacitive impedance scales have three 
ranges, for pF, for nF and for pF. Likewise 
the inductive impedance scales have three 
ranges, for pH, for mH, and for henrys. 
In this way, and by restricting the frequency 
range to 1Hz to 100MHz, the scales have 
been made relatively uncramped and will 
be quite accurate enough for most such 
calculations. I find the prototype of the 
new rule very easy to use for L/C calcula- 
tions and it does not lend itself easily to mis- 
reading -quite an important point. 

Reverting to the normal scales of the 
slide rule: The usual A,B,C, and D, scales 
(X2 and X) are provided, together with the 
reciprocal scale C 1(1 /X) used with the C and 
D scales, and the LL2 and LL3 (e°'" and ex ). 
These provide all the necessary scales 
needed in everyday electronic circuit design 
work. I am sure some engineers will never- 
theless find their favourite scale missing, but 
in the limited space available on a slide rule 
I had to choose those scales likely to be the 
greatest use to the greatest number of 
electronic engineers. In choosing the scales 
I was greatly assisted by the helpful 
comments and suggestións of the editorial 
staff of Wireless World. 

I am sure many readers will at first wonder 
why I have chosen to introduce a new slide 
rule design at a time when calculators are 
getting so commonplace, and to this I would 
answer that, unless one has the price of a 
fully programmed calculator available (and 
few of us have), one cannot quickly do a 
dB calculation, or the L/C calculation for 
that matter. The slide rule on the other hand 
is quick and easy to use for these calcula- 
tions, and its accuracy is usually more than 
adequate for everyday electronics. Until 
a simple and cheap electronic calculator 
capable of these calculations is available 
I, for one, shall be using the new slide rule. 

Please do not think that I am anti - 
calculator, as some are. I most certainly am 
not. I have had a calculator of my own for 
some two years now, and it has proved in- 
valuable in my work. Incidentally, on the 
occasions when I have been without it I find 
that I can add up much faster and more 
accurately than I used to be able to, before 
I had the calculator (critics of the "It gives 
you a lazy mind" school please note). 

The new rule is available to Wireless 
World readers at a price of £2.50 + VAT 
and it is supplied complete with a full 
instruction book. 

For a limited period until the end of 
February, 1975 the rule will be available at 
a special introductory price of £2.22 + 
VAT (equals £2.40 at the current rate of 
8% VAT) to Wireless World readers. The 
above prices apply to UK and Eire only. 
Overseas please add appropriate carriage. 
Enquiries and orders (with cheque or Postal 
Order) should be sent to KEY Electronics, 
PO Box 7, Bournemouth BH7 7BS. 
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Low -cost emergency power generator 
220V sine -wave generator using a lawn -mower engine and a scrap 
car dynamo 

by J. M. Caunter 

It has long been the dream of the author 
to become independent of the national grid 
during what seems to be the annual "silly 
season" of threatened disruptions in the 
supply of electricity. Inverters are attrac- 
tive, being cheaper than petrol generating 
sets, but still expensive when one considers 
the batteries needed to run them. Most 
inverters have square -wave outputs, for 
optimum efficiency, which are not suitable 
for central heating pumps, 25% of the 
power being wasted in harmonics which 
could overheat the motors. Television sets 
should have the input taps changed be- 
cause of the different peak -mean value of 
square waves. Sine -wave inverters are 
available at a price, but these are less 

efficient, and require even bigger batteries. 
Alternative methods of generating low - 

cost power for the home have been in- 
vestigated. The author's solution costs 
about £12 and makes use of a petrol 
mower. A 12V car dynamo rescued from a 
scrapyard provides an excellent skeleton 
for an alternator, and a transformer at 
about £8 saves a tedious winding process. 
A scrap 12V battery supplies the excita- 
tion current, and about £2.50 secures 
enough components to monitor the fre- 
quency of the output voltage and protect 
the field winding from setting fire to the 
garden shed when the motor stalls while 
you are in the bath (metaphorically 
speaking). 

The armature of the dynamo is re- 
wound for a slightly' higher voltage which 
does not cause insulation problems but 
keeps brush currents down, since the area 
of contact with the slip rings is less than 
that with the original commutator. The 
design to be described is by no means an 
optimum one and can easily be changed 
to suit the reader. For example, if the 
armature was wound for 110V a.c., it 
would require about 78 conductors of 
22swg per slot. However, the insulation 
would need more careful selection than in 

this proposed design. 

Armature construction 
Remove the armature from the dynamo 
yoke and dismantle from the drive -end 
bearing plate. Push out the paper rope 
filler from the outer edge of each arma- 
ture slot, and after cutting the wires at 
the commutator remove the windings. 

spring position 

inner 
slip ring 

N - %/ II ii 
outer slip ring 

Tufnol bush 

armature 
conductors 

dimension 'A 
(see text) 

Fig. 1. Sectional view of slip -ring 
assembly and brushes. 

conductors cloth tape 

armature 
shaft 

Fig. 2. Armature insulation. 

24 turns/coil 

outer slip ring 

finish 

inner slip ring 

Fig. 3. Developed winding diagram. 
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Clean the armature core with paraffin 
and then dry. Before removing the com- 
mutator measure its major dimensions and 
its position relative to the end of the shaft 
which is shown as dimension A in Fig. 1. 

Note the width and relative position of the 
brush marks on its circumference. These 
dimensions are vital to ensure correct 
alignment between brushes and slip rings, 
especially on dynamos without brush in- 

spection windows. With reference to Fig. 1, 

the author's slip -ring assembly was made 
to the following dimensions: 

overall diameter 37.25mm; 
insulating bush bore 15mm; 
width of each slip ring 8.5mm; 
gap between slip rings 3mm. 

The remaining dimensions are less critical 
and can be varied to suit the reader. The 
commutator is now pulled off the shaft by 
brute force or ignorance. 

Construction of the slip -ring assembly 
is shown sectioned in Fig. 1. The copper 
slip rings are retained on the Tufnol bush 
by Araldite or Loctite adhesive. When 
completed, the assembly is pressed or 
drifted on to the shaft to a position deter- 
mined by dimension A. The old armature 
insulation must be removed from the slots 
and renewed. The most successful method 
was to wind single layers of black cloth 
insulation tape between adjacent slots 
and between diametrically opposite bottoms 
of the slots as shown in Fig. 2. This has 
the added advantage of building up a 
cone -shaped collar where the shaft enters 
the armature laminations and greatly aids 
the winding operation. One or two layers 
of tape are also wound tightly around the 
armature shaft between this collar and the 
slip -ring assembly. 

Before commencing with the winding, 
Fig. 3, which shows the armature slots 
laid out flat for simplification, should be 
studied. Each pair of slots is wound with 
24 turns of 18swg enamelled wire except 
the two outer pairs which are left emptÿ. 
The slot nearest the hole through the slip - 
ring bush is designated slot 3; the re- 
maining slots are numbered clockwise 
from this, through 14 and back to 2. 

When one is winding between slots 5 and 
12 the coil is divided equally on each side 
of the armature shaft. Use thin but strong 
card cut into strips to insulate the open 
end of the armature slots as shown 
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Fig. 4. Completed armature assembly. 

AO 

D2 - 
10V 

D3 - 
3V9 

D4 
0A202 

R4 
1k 

+ C2 
"""471.1. 

1sV 
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Fig. 6. Cut -out and output circuit. 
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in Fig. 2. By tapering one end, the cards 
slide into position fairly easily. Bind the 
armature shaft with thin string, where 
the conductors enter the slip -ring bush, 
and tie securely. Impregnate the whole 
winding with shellac applied by brush, 
ensuring that the liquid penetrates the 
slots. The completed armature is shown 
in Fig. 4. 

The brush gear 
The brushes are modified to contact the 
slip rings as shown in Fig. 1. In the 
author's model the brushes were filed back 
to a width of 6.5mm. If new brushes are 
used it may be necessary to bed them in 
with the aid of fine -grade carborundum 
paper wrapped around the slip rings. 
When finally fitting the brushes. to the end 
plate it is important to position the 
pressure springs over the contact area as 
shown. The alternator may now be 
assembled. 

Frequency indicator and control circuit 
To ensure that the alternator is driven 
at the correct speed it is necessary to 
monitor the frequency of the output 
voltage. Fig. 5 shows the circuit of a suit- 
able frequency meter. D, , R, , D2 and C2 
provide a stabilized 10V d.c. supply to the 
circuit, derived from the input. The input 
voltage is squared by Tr, to minimize 
errors caused by changes in input ampli- 
tude. R2 and D3 protect Tr, from 
transients and reverse base -emitter poten- 
tials. A differentiating circuit -R3 , C1 and 
D, into Tr2 is driven by Tr, whose 
collector current is limited by R 4 when 
discharging C1. The current pulses de- 
veloped in the collector circuit of Tr, are 
of constant width and varying repetition 
rate depending on the input frequency. 
These pulses are integrated by the inertia 
of the meter movement and displayed as 
a steady reading, changing only with input 
frequency. The linearity of this circuit is 
dependent on the mark/space ratio of the 
current pulses at the maximum operating 
frequency. The values chosen for the 
differentiator in the author's circuit give 
a negligible error at the maximum meter 
reading of 100Hz. The meter scale is 
calibrated directly from 0 to 100Hz, and 
R6 is adjusted to give a reading of 50Hz 
when the input is fed with 10V -60V a.c. 
from a mains -connected transformer. Fig. 
6 shows the cut -out and output circuitry. 
The output from the alternator is stepped 
up to mains voltage by a transformer T, 
which has a rating of 250W. An auto 
transformer would be ideal for this func- 
tion on the basis of size and cost. It is 
important for safety reasons to connect the 
N and E terminals together on the output 
socket and return both to the metalwork 
of the complete unit. The output of the 
transformer is used to energize a 230V a.c. 
relay, the contacts of which complete the 
field circuit with the 12V excitation vol- 
tage. A separate set of contacts is used 
for the indicator lamp to prevent the back 
e.m.f. from the field winding fusing the 
bulb when the relay drops out. The lamp 
is positioned on the control panel to 
illuminate the frequency meter. The relay 
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Fig. 7. Complete generator. 

Fig. 8. Output waveform. 

drops out if, for any reason, the output 
falls below 150V a.c., e.g. overload or 
engine failure, the latter causing loss of 
air cooling to the field coils. To reset the 
output S, is depressed. A battery charger 
may be connected to the output to main- 
tain battery charge if needed. 

Driving the alternator 
The unit is shown mounted on a motor 
mower in Fig. 7. This engine is ideal be- 
cause it has a governor incorporated at the 
air intake of the cooling fan which main- 
tains a fairly constant speed during 
changes in load. The drive pulley is five 
inches in diameter giving a step -up ratio 
of about 2:1. This ratio was chosen to 
give maximum economy with minimum 
noise. A further reduction in noise was 
effected by fitting a cocoa tin, suitably 
perforated and filled with glass wool, over 
the silencer and held in place by a 
capacitor clip. The engine, at full load, 
runs for one hour on one pint of petrol 
if the carburettor is correctly adjusted. 

Performance 
The output waveform is shown in Fig. 8. 
A component at 700Hz is present due to 
the variation in reluctance of the magnetic 
circuit as the armature slots rotate. This 
can be reduced by means of a 2pF 240V 

40 

> 
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20 

á 

oio 

constant f req.. I f =19A (see text) 

Ir= 7.94 

9,4 

0 2. 3 4 5 
LOAD CURRENT (A) 

Fig. 9. Load characteristic for alternator. 

6 

a.c. capacitor connected at the output 
(Fig. 6) but some distortion of the wave- 
form will result due to armature reaction 
on the field flux. 

The open circuit output of the alternator 
at /f =1.9A is 0.72V r.m.s./Hz and the 
load characteristic for varying excitation 
is shown in Fig. 9. The speed regulation of 
the engine is such that a load of 180W 
reduces the output frequency from 56Hz 
to 50Hz. The load characteristic of Fig. 9 

includes the drop in output caused by the 
change in frequency. The broken like 
shows the output regulation at If= 1.9A 
with the frequency held constant at 50Hz. 
For a full -load voltage of 200V at 50Hz, 
the no-load voltage is 265V at 56Hz. 

This generating set, while crude in its 
concept, is quite adequate to supply the 
demands of a typical central- heating 
system and has been used to power a 
monochrome television set with good 
results. The performance tests have 
prompted the author to experiment with a 
higher- power, self -excited version in- 
corporating electronic regulation, using 
the same alternator and output transformer. 

77 

(HF predictions 

Ionospheric attenuation and MUF are directly 
proportional to sunspot number so they are 
both low at sunspot minimum. Less attenuation 
gives in turn a lower LUF but the degree of 
MUF reduction is much greater. Normal 
undisturbed conditions thus give good com- 
munication but the available spectrum is small. 
Disturbed conditions lower MUF further but 
raise LUF so small disturbances have a great 
effect on communication at sunspot minimum. 
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%Inca news 

Solid state data 
recorder 
A solid state NASA -developed data 
recorder with no moving parts may replace 
magnetic tape recorders aboard space- 
craft in the 1980s. Other possible applica- 
tions include use as aircraft flight data 
recorders. Failure of moving mechanical 
parts accounts for 70 per cent of magnetic 
tape recorder malfunctions aboard space- 
craft. The new recorders offer high 
reliability and experimental models of the 
device have been pronounced successful. 

Technology for such a recorder is based 
on the use of very small magnetic domains 
or spots known as "bubbles ". These 
magnetic bubbles exist in specially pre- 
pared garnet chips. By applying a thin film 
of magnetic material in appropriate 
patterns over the chips, these bubbles can 
be moved and controlled to perform logic 
functions. The present experimental model 
has a 60- thousand bit data storage 
capacity. The overall objective of the pre- 
sent research programme is to provide a 
solid -state data storage system with a 100 - 
million bit capacity by 1978. If successful, 
flight versions of such a recorder could be 
ready at the end of this decade. 

Magnetosphere 
exploration 
The International Sun Earth Explorer 
(ISEE) programme is a joint NASA/ESRO 
venture involving three satellites, two of 
which ISEE -A and ISEE -C are being 
developed under NASA auspices whereas 
ISEE -B is the responsibility of ESRO. The 
satellites will explore the Earth's magneto- 
sphere and adjacent regions of inter- 
planetary space close to Earth. As a result 
of previous satellite missions the main 
features of the magnetosphere are already 
known. However, there is still much to be 
discovered about its dynamic behaviour 
and the influence of the solar wind. 

Satellites ISEE -A and ISEE -B, equipped 
with similar experiments will travel at a 
carefully controlled and variable distance 
from 100km to 5,000km between each 
other. These two satellites will be 
launched by a single Thor Delta Rocket in 

Autumn 1977 and their orbit will be highly 
eccentric, close to the ecliptic plane. By 
this means, similar features will be seen by 
both spacecraft sequentially with a time 
interval between observations making it 
possible to distinguish between spatial and 
temporal variations of the physical and 
dynamic features recognized. A third space- 
craft, ISEE -C will be launched one year 
later into a solar wind, undisturbed by the 
presence of Earth. Thus while A and B 
satellites are examining disturbances in the 
magnetosphere, the ISEE -C will provide 
vital information on the actual solar wind 
input to the magnetosphere. 

New communications 
satellite 
Contracts have been awarded for develop- 
ment of the communications payload of 
the ESRO maritime satellite MAROTS. 
This is to provide ship -to -shore communi- 
cation vastly improved on the present, 
highly congested, conventional radio 
links. The launch of MAROTS is 
scheduled for the Autumn of 1977. 

Marconi Space and Defence Systems, 
prime contractors for the communications 
payload, are also to study and define the 
basic parameters of the ship -borne and 
shore -based terminals. The former will be 
made as simple as possible and, to this end, 
MAROTS is to be equipped with a high - 
efficiency shaped -beam antenna coupled 
with a transistorized L -band power 
amplifier. Ships will use the L -band 
frequencies to communicate to and from 
the satellite. As shore terminals will be able 
to use more sophisticated equipment, the 
shore -to- satellite frequehcy will be in the 
14GHz band while the satellite -to -shore 
communication will use the 11 GHz band. 

Radio and space research 
1971 -73 
The triennial report of the Science Research 
Council's Appleton Laboratory was pub- 
lished during December. One section of the 
report is devoted to an outline of important 
developments in work during the period 
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1971 -73; these include UK and co- 
operative satellites such as Ariel -IV, 
Ariel V, and UK contribution to the 
International Ultra- Violet Explorer satel- 
lite and the UK experiment on the American 
satellite Copernicus involving the use of 
four X -ray telescopes. A major high latitude 
rocket campaign late in 1973 in AndOya, 
Norway, involved the launching of Sky- 
lark and Petrel rockets in a co- ordinated 
progíamme which included the first trials 
of a new pulse code modulation telemetry 
system and Doppler range measurement 
system. The report describes the Labora- 
tory's own research in space science and on 
the scientific aspects of the propagation of 
radio waves through the ionosphere and 
troposphere. Copies are available from 
HMSO at £1.25. 

Also recently published is a compre- 
hensive survey published by the European 
Space Research Organization which 
summarizes European activities in space 
research and technology and the skills and 
facilities developed by European industry 
in this field. 

Crop inventory 
experiment 
The launch of the second Earth Resources 
Technology Satellite (ERTS -B), scheduled 
for launch during January is to make 
possible the next steps of experimentation 
in the various earth resources disciplines. 

Several experimental demonstrations 
designed to show the practical benefits to 
resource management of multispectral 
remote sensing from space have been 
selected to include water management, 
agriculture, land use planning, and 
monitoring ice conditions in navigable 
lakes. One of these experiments is a 
"Large Area Crop Inventory Experiment" 
to test whether the use of data gathered 
by spacecraft and analyzed with the aid 
of computers can improve the timeliness 
and accuracy of major crop forecasts. 
At the outset, LACIE will concentrate on 
wheat grown in the North American area. 
The experiment will combine crop acreage 
measurements obtained from ERTS -B 
data with meteorological information from 
NOAA satellites and from ground 
stations designed to relate weather 
conditions. If during the first year this 
activity proves useful, it will be extended 
in the second year to other regions and 
other crops. 

Did you 
know? 
Pioneer 11, latest Jupiter probe transmits 
an eight -watt radio signal which reaches 
NASA's antennas with a power of 
1 /100,000,000,000,000,000 watts. Col- 
lected for 19 million years, this energy 
would light a 7.5 -watt Christmas tree 
bulb for one -thousandth of a second. 
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Our "U" and you. 

Every Shure cartridge comes equipped with its own "U" Factor. The "U" 
stands for uniformity in rigid production standards ... tough quality control 
... and satisfying listening pleasure. By- maintaining these high standards in 
every phase of engineering, production, and inspection, Shure provides a 

better cartridge ... over, and over, and over. And, with routine maintenance, 
your Shure cartridge will continue to perform at the published specifications. 
You may not see the U Factor, but you'll always be grateful for it. 

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

WW -138 FOR FURTHER DETAILS 
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sigle 
source 

makes 

sense 
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 78711. Telex 3771 1 7. C.H.F.A.d. 

WW -148 FOR FURTHER DETAILS 
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A.f. and r.f. clipping for speech 
processing 
by D. A. Tong, B.Sc., Ph.D. 

Datong Electronics Ltd 

A comparison of audio and radio -frequency clipping for increased 
transmitter efficiency 

If one examines the human voice using an 
oscilloscope, one of its most striking 
features is the low ratio of average ampli- 
tudes to peak amplitudes. An example is 
given in Fig. 1 which shows the first 
vowel sound in "hello ". To the operators 
or designers of speech transmission equip- 
ment this small average -to -peak ratio can 
be an embarrassment because if the peak 
signal handling capability of the system 
(e.g., a radio transmitter or a public 
address system) is adequate to handle the 
peaks without distortion, it will be in- 
efficiently utilized during the remaining 
sections of the speech waveform, that is, 
for most of the time. In a radio transmitter 
using any form of amplitude modulation 
(e.g., a.m. or s.s.b.) this means that for a 
given average radiated power a much 
higher peak power capability is required. 
Unfortunately the cost of a transmitter 
rises rapidly with its peak power cap- 
ability. Additionally there is usually a 
statutory limit on the peak power that can 
be used. A radio transmitter using f.m. 
would similarly need a high peak deviation 
for a given average deviation, but here the 
cost is not in money but in frequency 
spectrum width. 

For the above reasons there has long 
been much interest in "speech- processing" 
devices which raise the average -to -peak 
amplitude ratio of the speech waveform. 
In the remainder of this article we compare 
and contrast three speech -processing 
techniques which are at present quite ex- 
tensively used. The techniques are audio - 
frequency clipping, audio -frequency com- 
pression, and radio -frequency clipping 
(that is, clipping of a single -sideband 
suppressed -carrier (s.s.b.) waveform). 
Reasons will be given for the marked 
superiority of r.f. clipping over the other 
methods. 

A.f. clipping 
This is probably the most obvious treat- 
ment and is probably also the simplest. 
As the name implies, one "clips" off any 
portion of the audio -frequency waveform 
which exceeds a given amplitude. Fig. 2 
shows a sinewave at 500Hz after passage 
through an a.f. clipper and 3kHz low -pass 
filter at levels just below the clipping 
threshold (top) and with 20dB of clipping 

Fig. 1. A section of the first vowel sound 
in the word "hello" as seen on an 
oscilloscope 

r 

L. 
Fig. 2. Top: the output of an a.f. clipper 
when fed with a sine wave at a level just 
below the clipping threshold. Bottom: the 
same but with the input level increased by 
20dB. 

f1-2Af fi-Af f2 

frequency 

f2+Af f2+2Af 

Fig. 3. Intermodulation products produced 
by clipping a two -equal -tone signal, 
omitting the products centred on 
harmonics of the two basic frequencies. 

(bottom). The clipping effect is clearly 
visible and if the input were a speech 
waveform its average -to -peak ratio 
would be greatly increased. 

But there are snags. Firstly, a lot of 
distortion is introduced; secondly, the 
output signal is for a fundamental reason 
unsuitable for feeding into a single side - 
band transmitter (the most common kind 
in use today). 

The distortion comprises both harmonic 
and intermodulation distortion) For 
example, if the input signal were simply 
two equal- amplitude sinusoids with fre- 
quencies f, and f , the output would con- 
tain the intermodulation products 

(f, +f2) /2 + n(% -f2)/2 
(n=1,3,5 ... etc.) 

as shown in Fig. 3, together with other 
overlapping series of products centred on 
harmonics off, and f , i.e., 

m(f + j;)/2 + mn(l, -f2)/2 
where n =1,3,5 ... etc., 
and m=2,3,4 ... etc. 

Thus if the two frequencies were IkHz and 
2kHz the output of the clipper would con- 
tain components every 0.5kHz. Obviously, 
when more than two input signals are 
present the number of possible inter - 
modulation products becomes very large 
indeed. As a result speech passed through 
an audio -frequency clipper acquires an 
unnatural and characteristically "clipped" 
sound. Despite this the intelligibility is 
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hardly impaired. This kind of processor 
has been widely used in conventional a.m. 
or f.m. transmitters because of its sim- 
plicity: the gain in "talk- power" more 
than offsets the quite high distortion. 

The reason that the technique is unsuit- 
able for s.s.b. transmitters is that it gene- 
rates "square" waveforms. An ideal s.s.b. 
modulator with a square wave input signal 
would produce s.s.b. with peaks of in- 
finite amplitude. Obviously in a real situa- 
tion this is impossible but the "square" 
waves from an a.f. clipper can result in a 
s.s.b. signal with no improvement in the 
average -to -peak ratio to offset the con- 
siderable distortion. 

This effect is illustrated in Fig. 4 which 
contrasts the s.s.b. signal at 60kHz (a) 
produced from a sinewave (b) with that 
(c) produced from a "square" wave (d). 
These waveforms were obtained using a 
specially adapted commercial r.f. speech 
clipper made by Datong Electronics Ltd. 
Normally the s.s.b. signal shown is not 
accessible. Signals (d) and (b) were moni- 
tored at the output of the frequency- 
shaped preamplifier in the Datong r.f. 
clipper and this accounts for the distortion 
of the "square" wave. The point to note 
about these waveforms is that the peak 
amplitude ratio of the s.s.b. signals is 1.5 

times that of the two input signals. 
To some extent this difficulty can be 

partly circumvented by pre -emphasizing 
high frequencies in the speech bandwidth 
tò such an extent that only speech com- 
ponents above 1kHz are clipped. The 
harmonics then fall outside the speech 
bandwidth and are cut out by the 3kHz 
low pass filter. But then, in addition to 
the distortion, the speech is excessively 
"toppy" and even more unnatural. 

A.f. compression 
Audio -frequency compressors use an auto- 
matic gain control system to ensure that if 
the input signal (the unprocessed speech 
waveform) exceeds a certain threshold, 
the gain is reduced rapidly (typically 
within 10ms). A second time constant, 
usually one second, allows the gain to 
recover much more slowly to its full value. 
Some devices of this type allow the gain to 
"hang" at a fixed value for a predeter- 
mined time if the input signal ceases. This 
avoids a distracting effect wherein the 
background noise rises to a high level be- 
tween bursts of speech. 

Fig. 4. S.s.b. signals produced from 
different input signals. A is given by B, 
and C by D. The peak amplitude ratio of 
the s.s.b. signals is greater than that of 
the inputs. 

Fig. S. Photograph of the Datong 
Electronics Ltd r.f. speech clipper. It is 
basically a closed -circuit s.s.b. trans- 
mitter, clipper, and receiver, operating 
at 60kHz. Thus both input and output are 
at audio frequencies and the device is 
designed simply to connect in series with 
the microphone lead on any transmitter. 

A.f. compressors are effective in main- 
taining a fairly constant peak signal 
level. Thus they can compensate nicely 
for unwitting changes in voice level or for 
different speakers. On the other hand they 
are not well suited to the task of raising 
the average -to -peak ratio of the speech 
waveform. In the limiting case of a corn- 
pressor with zero "attack" and "decay" 
time constants there would be no dif- 
ference between it and the audio clipper 
already discussed. But as soon as the time 
constants become non -zero (as they must 
to make the a.g.c. loop stable, and if dis- 
tortion is to be less than that produced 
by an a.f. clipper) it is clear that, follow- 
ing a peak, the overall gain will be re- 
duced for a time dependent on the decay 
time constant, and that this will reduce 
the amplitude of weaker signals following 
the peak. Unfortunately in speech, weak 
sounds which are important for intelligi- 
bility tend to closely follow strong peaks 
and therefore a compressor tends to affect 
adversely the intelligibility of the speech 
if its time constant is made low enough 
to increase the average -to -peak ratio2. 

R.f. clipping 
An ideal speech- processing device would 
combine the instantaneous response of 
the a.f. clipper with the low distortion of 
a compressor with a long decay time con- 

(a) 

(c) 
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stant. This ideal is closely approached by 
the so -called r.f. clipper. The essence of the 
technique is not to clip the a.f. waveform 
directly, but to first translate it to some 
much higher frequency. It is then a single 
sideband suppressed carrier (s.s.b.) signal. 
If this signal is clipped a similar range 
of products is generated internally as in 

the a.f: clipper, but with the important 
difference that (J; +f) is now very much 
greater than (6 -f ). It is then a trivial 
matter to filter out all the components with 
m >1. In the example used earlier of two 
tones at 1kHz and 2kHz, if the r.f. clipping 
is carried out at say 60kHz, f, and f2 will 
be 61 and 62kHz. Products associated 
with different m values will then be centred 
on integral multiples of 60kHz and the 
separate groups no longer overlap. 

If the clipped s.s.b. signal is then 
heterodyned back to its original audio 
frequency range, the only frequencies left 
in the output will be 

ÍÎi +f2)/2 +n(Î, +f2)í2. 
(n= 1,3,5... etc.). 

The harmonic frequencies which were pro- 
duced by the a.f. clipper do not appear and 
with them disappear a large number of 
intermodulation products as well. 

A commercial device for doing the 
whole operation, audio -, s.s.b -" clipped 
s.s.b 1 audio, the Datong Electronics Ltd 
"Universal r.f. Clipper ", is shown in Fig. 5 

(b) 

d) 

()r 
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Fig. 6. Block diagram of the Datong 
Electronics Ltd r.f. speech clipper. 

Fig. 7. Top: same speech sound as in 
Fig. I appearing at the output of the 
Datong r.f. clipper with peak amplitude 
just below the clipping threshold. Bottom: 
same but with 20dB of clipping, showing 
the absence of harmonic distortion. 

and its block diagram is shown in Fig. 6. 
The device is intended for use as an 
accessory with existing communications 
transmitters and it is fitted simply by 
plugging in series with the microphone of 
the transmitter. The output waveform 
obtained using 20dB of r.f. clipping with 
a section of the same speech sound as in 
Fig. 1 is shown in Fig. 7. A comparison 
of the top and bottom traces shows the 
large gain in average -to -peak ratio which 
is obtained. (For the top trace the input 
level was reduced until the peaks were 
just below the threshold of clipping). The 
"non- clipped" appearance of the output 
waveform shows that the output is entirely 
compatible with s.s.b. transmitters. Fig. 8 
shows the output of the Datong r.f. clipper 
when fed with a sinusoidal input at 500Hz 
and using 20dB of r.f. clipping. The 
absence of harmonic distortion is clearly 
shown. 

Subjectively, speech sounds remarkably 
undistorted when processed in this way 
but becomes strikingly louder for the same 
peak amplitude. Indeed a similar kind of 
device to the Datong clipper has even 
been used for short-wave broadcasting3. 
The considerable increase in average -to- 
peak amplitude ratio which is possible 
using r.f. clipping allows the average side - 
band power output of an a.m. or s.s.b. 
transmitter (or deviation for an f.m. 
transmitter) to be greatly increased. It 
is generally agreed among the increasingly 
large number of radio amateurs who use 
r.f. clipping that it gives about the same 
improvement to a s.s.b. transmission as if 
its peak power rating were increased by a 
factor of ten, and at a far lower cost. 
Surprisingly perhaps, it also seems to be 
true that the intelligibility of the speech 
is actually increased by the r.f. clipping 
process so that there is a double benefit. 

Obviously a s.s.b. transmitter already 
contains part of the circuitry shown in 
Fig. 6, therefore why duplicate it? In fact 
there are adaptors commercially available 
which allow the s.s.b. signal already pro- 
duced inside the transmitter to be clip- 
ped, but contrary to what one might 
expect, there is almost invariably an extra 
cost penalty to add to the inconveniences 
of having to make connections internal 
to the transmitter and of the restriction to 
s.s.b. transmitters only. The reason is that 
in a device such as the one illustrated in 
Figs. 5 and 6, the internal s.s.b. signal is 
not radiated and therefore its spectral 
purity is irrelevant from the stand point of 
adjacent channel interference. Unwanted 
products close to the information band- 
width can be easily and cheaply re- 
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A 

V v 

Fig. 8. Top: output of Datong r.f. clipper 
with input sinusoid just below clipping 
threshold. Bottom: same but input level 
20dB above clipping threshold. 

moved by an audio filter after the de- 
modulator. In contrast, if the clipped 
s.s.b. signal is to be radiated directly, 
signals outside the information bandwidth 
must be reduced to a very low level to 
avoid radiating interference. This requires 
that a high -performance quartz crystal, 
ceramic, or mechanical filter be fitted. 
The high cost of such filters more than 
compensates for the cost of the duplicated 
circuitry in the "audio in/audio out" type 
of device. 

To summarize, it can be said that a.f. 
clippers provide a useful improvement in 
average -to -peak ratios at the cost of quite 
severe distortion. They also have a funda- 
mental disadvantage when used with s.s.b. 
transmitters. 

A.f. speech compressors are good for 
maintaining a constant peak speech level 
despite different speech volume levels or 
different speakers, but are not very effec- 
tive in raising the average -to -peak ratio. 

R.f. speech clippers also compensate 
for different speech levels but at the same 
time give a big increase in average -to- 
peak ratio with negligible apparent dis- 
tortion. Provided they are of the "a.f. in/ 
a.f. out" type they are suitable for all 
modulation modes. 
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Figure -of -merit for front -end 
selectivity of f.m. tuners 
by Gordon J. King 

Gordon J. King (Enterprises) Ltd 

The documents of the British Standards 
Institution (BSI) and the Institute of High 
Fidelity (IHF, American) under BSI 
4054:1966 and IHFM -T -100 respectively, 
along with others, describe methods for 
measuring and expressing the performance 
of a.m. and fm. radio receivers and 
tuners, but in several areas these are 
dated with respect to state -of -art designs 
and the requirements for the contemporary 
Em. tuner in particular. 

With the advent of commercial radio 
broadcasting and the increasing utilisation 
of Band II for f.m. broadcasts, the ability 
of an fm. tuner to respond, without inter- 

_ ference, to a required signal in the presence 
of strong interfering signals is assuming 
increasing importance. A tuner hitherto 
operating from aerial signals of moderate 
level (circa 0.5 to 3mV p.d.) due to the 
three BBC transmissions and possibly 
the "local" f.m. station, might suddenly 
be subjected to an additional, more 
powerful signal due to the launching of a 
nearby commercial fm. station, this being 
aggravated by lack of station co- siting. 

The degree of susceptibility of a tuner 
in this respect is determined by both the 
large- signal handling performance of the 
r.f. stage and the selectivity and quality 
factors up to the mixer. A tuner with 
inadequate front -end selectivity, therefore, 
might exhibit spurious responses within 
the tuning range or coincident with the 
frequency of the wanted signal, a typical 
example being image response. Insufficient 
signal handling capability of the input 
devices can also encourage increasing 
intermodulation, due to decreasing linearity 
of the transfer characteristic. Cross -modu- 
lation in general is not such a big problem 
with fm., of course, since this can only 
occur if the interfering signal has a.m. 
components, though this is not to imply 
that all interfering signals will be free from 
amplitude modulation. Moreover, if the i.f. 
selectivity is also poor, adjacent signal 
intermodulation products might encourage 
a warbling type of interference on stereo. 

One solution, of course, would be to 
attenuate the aerial signal, but unless a 
frequency -selective attenuator is used, 
(and one writer has advocated the use of 
a tunable notch filter with a tuning 
control separate from that of the main 

tuning for notching out a strong, un- 
wanted adjacent channel signal!) required 
signals of moderate level could be reduced 
sufficiently in level to impair the signal - 
to -noise ratio, particularly on stereo. 
Another solution might be an aerial of 
greater directivity allowing orientation 
for maximum discrimination against an 
unwanted signal, but this is not always 
the answer because a different orientation 
may be required for the least multipath 
distortion. 

The real solution, of course, lies in the 
design of the receiver or tuner. The chief 
offender is the simple receiver whose front - 
end consists of a not particularly linear 
r.f. amplifier operating at low emitter cur- 
rent with an aperiodic input from the aerial 
and proceeded by a solitary variable tuned 
circuit to the mixer. Such simplicity is 
not found in hi -fi tuner design, however, 
the least in this type of design being two 
variable -tuned circuits up to the mixer 
(three in all, including the local oscil- 
lator tuning). The next step up the scale 
is the design with three variable -tuned 
circuits from aerial to mixer with possibly 
dual -gate m.o.s. f.e.ts for r.f. amplification 
and mixing. The square -law input charac- 
teristic of this type of transistor makes 
it particularly useful where a high degree 
of spurious response suppression is required 
and, of course, it is the ideal law for 
low -noise mixing. It has recently been 
demonstrated, however, that a bipolar tran- 
sistor operating at 5mA, le can exhibit 
excellent linearity' and large -signal hand- 
ling performance, though f.e.ts, when 
carefully biased, are still regarded by some 
workers as the ultimate in the present state 
of the art. A dual -gate f.e.t. as mixer gives 
a good isolated input for the local oscil- 
lator signal and avoids oscillator pulling 
problems, but again' it has been demon- 
strated that a low cost Mullard BF245 
f.e.t. can also be arranged for very accept- 
able results in this respect (see later). 

Noise performance and hence usable 
sensitivity are not improved much by the 
use of twô r.f. stages, but this technique is 
sometimes adopted to facilitate the intro- 
duction of an additional variable -tuned 
circuit or bandpass pair. Expensive f.m. 
tuners sometimes employ four or even five 
variable -tuned circuits in front of the mixer 

and dual -gate m.o.s. f.e.ts for r.f. ampli- 
fication and mixing, along with an oscil- 
lator buffer stage to minimise oscillator 
puffing. Maximum usable sensitivity 
threshold (just below 1pV p.d. 750) is 
being achieved by some top -flight designs, 
and more recently, attention has been 
directed towards generally improving the 
input dynamic range. 

The various tests for measuring the 
spurious responses of fm. tuners are well 
known, as are those for measuring the 
IHF adjacent and alternate channel 
selectivity. To supplement the latter in 
terms of front -end selectivity performance 
the author, in collaboration with Ted 
Rule *, set out to devise a simple "figure 
of merit" -test based on the use of two 
generators with the result being referred 
to the IHF usable sensitivity. This test, of 
course, does not measure the intrinsic 
large -signal handling capability of the 
front -end (for this a more elaborate test 
setup with spectrum analyser is often 
used), but it does fairly reflect the 
overall goodness of the front -end select- 
ivity and thus provide a fair impression of 
the spurious response interference likely 
from a front -end of given transistors and 
design. It is meant to complement rather 
than supersede the more conventional 
spurious response tests such as i.f. and 
image rejection ratios, half i.f. rejection, 
etc., and it has also been found to cor- 
relate more meaningfully with the inter- 
ference obtained from a multiplicity of 
signals fed to tuners from a six-over -six 
aerial array. 

The test set -up is given in Fig. 1 where 
two v.h.f. generators are combined in a 
matched T -pad to the input of the tuner 
under test. Tuner output is monitored on 
the y 1 beam of an oscilloscope while 
being applied to the input of a distortion 
factor unit. The output of the distortion 
factor unit is coupled to an audio 
voltmeter through through a decade attenuator, 
the signal at this point being monitored 
on the y2 beam of the oscilloscope. 

IHF usable sensitivity 
The first test is for IHF usable sensitivity, 
which is conducted with generator No. 1 

*Armstrong Audio Ltd. 
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switched off. Generator No. 2 is adjusted 
for about 1mV, e.m.f. at f2 which, as will 
become apparent later, should be around 
88MHz¡', and the signal is modulated 
100% (i.e., ± 75kHz deviation) at 400Hz 
or 1kHz. The distortion factor unit is 

switched on and set to the "set 100%" 
position and the decade attenuator adjusted 
for a convenient 0dB datum on the audio 
millivoltmeter, ensuring that the tuner is 
accurately adjusted to the generator 

tIHF standard test frequencies are 90, 98 and 
106MHz 

v.h.f. generator 
No.1 

(f1) 

attenuator No.1 
adjusted for 
50mV p.d. 

matched 
'T' pad 

atten =6dB 

v.h.f. generator 
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input 1 
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4)r 
(f2) 1 
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Zo2 
R2 

aerial 
input 

f.m. tuner 
under test 

R3 

.----/V\M -* out put 
Zo3 

Tri 
BF324 

signal. The distortion factor unit is then 
switched to the "read" position and its 
notch tuned and balanced to the frequency 
of the f2 modulation, while reducing the 
audio millivoltmeter attenuation cor- 
respondingly. 

The IHF usable sensitivity is the least 
p.d. at f2 required at the tuner input for 
30dB ratio (as established by the decade 
attenuator) between the "set 100%" and 
"read" positions. It is generally necessary 
to optimise the tuning for the least dis- 
tortion factor (i.e., noise plus total 
harmonic distortion). The IHF usable 

Y2 

distortion 
factor 

test -set 

audio 
attenuator 

audio 
mV meter 

Fig. 1. Block schematic of test 
arrangement fir obtaining IHF usable 
sensitivity and figure -of- merit. Note that 
the attenuators and the T -pad should be 
matched to each other and to the aerial 
input of the tuner. 

Fig. 2. Simple matched T pad for 
combining the outputs of two generators. 
When Z01= Z02 =Z03 R t= R2 =R3, such 
that R,= Z0,(n- 1)/n +1, where n is the 
number of inputs (two in this case). 
Insertion loss is 6dB. 

Fig. 3. Mullard f.m. front -end referred to 
in the text. 

Tr2 
BF245C 

Wireless World, February 1975 

sensitivity (in pV or dB) should be noted 
in terms of setting of the attenuator of 
generator No. 2. 

Generator No. 1 is next switched on 
and its frequency (6) adjusted so that 
f, f2 equals the i.f., which is usually 
close to 10.7MHz, though some exploring 
may be necessary since tuners with ceramic 
i.f. filters may be slightly removed from the 
nominal. Attenuator No. 1 is adjusted for 
50mV p.d. at the tuner input and, initi- 
ally, attenuator No. 2 is adjusted likewise. 
If both generators are modulated and the 
tuner adjusted away from f, or f2 the y 1 

trace will display a modulation beat 
when the mixer yields the i.f. from f,-f2. 
The modulation of generator No. 1 is then 
switched off, leaving only the modulation 
off2. 

The scheme is then to run through 
the same exercise as for IHF usable sensi- 
tivity when the tuner is adjusted to 
f2 +400kHz. A greater difference may be 
necessary where the i.f. selectivity is poor 
to avoid blocking. The dB ratio for the 
"figure of merit" can be obtained from 
attenuator No. 2 by subtracting the dB 
setting for the IHF usable sensitivity from 
the dB setting finally used. 

The display on y2 trace is useful for 
ensuring that it is the noise -plus- distortion 
which is giving the readout! 

A very simple tuner with aperiodic aerial 
coupling and single variable -tuned circuit 
to the mixer will exhibit little more than 
20dB ratio. Two variable -tuned circuits 
increase the ratio to 30 -35dB, while three 
variable -tuned circuits can take the ratio 
up to 60dB or more, depending on the 
quality factors of the selectivity. One 
tuner tested with four variable -tuned 
circuits (using mechanical capacitors as 

s1I 

Tra 
BF195 
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output 

tuning 
voltage 

supply 
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distinct from varicaps) up to the mixer, 
returned a ratio as high as 100dB. 

Detailed evaluation of other second- 
order and higher -order intermodulation 
products, of course, requires different 
signal combination using the receiver 
(i.e. BS 4054:1966, 43.1) or a spectrum 
analyser to detect them. Reference 1 gives 
a set -up for measuring cross -modulation 
and hence intermodulation, since they are 
shown to be related effects, using three 
generators in a simulated single -sideband 
arrangement, in conjunction with a spectrum 
analyser. 

One practical manifestation of third - 
order intermodulation arises from the three 
signals of Radios 2, 3 and 4 of f2, f3 
and A, such that f2 +fl f falls at A. 
Thus tuners prone to third -order products 
will tend to exhibit Radio 3 interference 
when operating in areas where the signal 
fields of Radios 2, 3 and 4 are very 
strong. 

The almost exactly square -law of f.e.ts 
helps to reduce this trouble, and hi -fi 
tuners using correctly biased dual-gate 
f.e.ts with good front -end selectivity are 
capable of operating in most areas without 
interference and without the need for 
aerial attenuation. 

Another cause of interference on stereo 
results from the sensitivity of some 
decoders to near harmonics of the 38kHz 
switching frequency which can be present 
at the output of the f.m. detector under 
a number of interference conditions. As 
the audible note so produced is perturbed 
by the modulation, a warbling type of 
interference results, which has become 
known as "birdies ". This problem is 
solved, or at least significantly reduced, 
by the inclusion of the low -pass filter 
(/o circa 55kHz) between the f.m. detector 
and the stereo decoder, and many manu- 
facturers are now fitting this. 

As already mentioned, local oscillators 
and oscillator pulling are other aspects of 
f.m. tuner design that are receiving atten- 
tion. An interesting design by Mullard' 
for improving the signal handling capa- 
bility and reducing oscillator pulling at 
relatively low cost includes a BF254C 
f.e.t. for almost square -law mixing, a 
loosely -coupled oscillator feed to the gate, 
giving freedom from oscillator pulling for 
aerial signals as high as 250mV e.m.f., 75 
ohms; and a bipolar BF324 common -base 
r.f. amplifier which, at 5mA In has a large 
signal- handling capability and excellent 
linearity, thereby -from the input over- 
load point of view -obviating the need for 
input selectivity, which helps from the 
noise aspect. The oscillator uses a BF195 
also in common -base mode and operates 
at 1mA, 4 and 9V, Vre for low noise and 
good stability. As shown in the circuit in 
Fig. 3, varicaps are used for bandpass 
tuning while the r.f. input is aperiodic. 

Reference 
1. Mollard Technical Communications, Vol. 12, 
No. 119, July 1973. Also issued as Application 
Note TP 1395. 

( Meetings 

LONDON 
4th IEE -"Earth survey and weather applica- 

tions of satellites" by R. Watson -Laing at 17.30 at 
Savoy Pl., WC2. 

4th IEE -"Air traffic control in the vicinity of a 
major airport" by S. Ratcliffe at 17.30 at Savoy Pl.. 
WC2. 

5th IEE -"Technology push versus market puff 
-the horns of the designer's dilemma" by 
D. A. E. Pannenborg at 17.30 at Savoy Pl., WC2. 

5th IERE -"Hybrid computers and applications" 
by Dr R. L. Davey at 18.00 at 9 Bedford Sq., WC I. 

6th RTS -"The role of law in today's environ- 
ment of international broadcasting" by H. Bloom 
at 19.00 at London Weekend Television, South 
Bank TV Centre, Upper Ground, SEI. 

11th AES- "Some acoustic thoughts on light- 
weight partitions" by P. Lord and "The use of 
acoustic scale models" by B. Day at 19.15 at the 
IEE, Savoy Pl., WC2. 

12th IERE- "Channel approach aid for Milford 
Haven Conservancy Board" by A. P. Tuthill at 
18.00 at 9 Bedford Sq., WC 1. 

18th IEE- Discussion on "Area Navigation" 
opened by J. Inglefield and G. Belcher at 17.30 
at Savoy Pl., WC2. 

19th IEE- Discussion on "Oil rig instrumentation" 
opened by K. Gibbs, J. Ingram, D. Lomas and G. 
Thurgood at 17.30 at Savoy Pl., WC2. 

20th LEE-"The social computer ", Faraday 
lecture by D. H. Pitcher at 18.00 at Central Hall, 
Westminster, SW 1. 

20th RTS -"A time multiplexed machine control 
system for broadcast television" by K. Allcock and 
J. Barrett at 19.00 at London Weekend Television, 
South Bank TV Centre, Upper Ground, SEI. 

21st IEE -"The social computer ", Faraday 
lecture by D. H. Pitcher at 18.00 at Central Hall, 
Westminster, SW I. 

26th IEE -"Fast megavolt pulse generators" 
by J. C. Martin at 17.30 at Savoy Pl., WC2. 

26th IERE -"A novel low attenuation wave - 
guide" by Prof. P. J. B. Clarricoats at 18.00 at 
9 Bedford Sq., WC 1. 

BLANDFORD 
1 1th IERE -"Autonull" -the suppression of 

large interfering signals in single- and multi- 
equipment installations" by M. M. Zepler at 18.30 
at the School of Signals, Blandford Camp. 

BIRMINGHAM 
19th RTS -"The opening of a commercial radio 

station" by David Pinnell at 19.00 at the BBC 
Broadcasting Centre, Pebble Mill Road. 

27th IEETF/LES/IHVE/ASEE- Symposium on 
"Integrated environmental design" at 19.00 at the 
Bing Kendrick Suite, University of Aston, Gosta 
Green. 

CARDIFF 
5th IERE/IEE- "Digital techniques in broad- 

casting" by Dr C. J. Dalton at 19.00 at the 
Chemistry Lecture Theatre, Room 164, U.W.I.S.T. 

ENFIELD 
25th IEE -"The generation of electricity from 

sunlight" by P. Howell at 18.30 at Middlesex 
Polytechnic, Queensway. 

FARNBOROUGH, Hants 
6th IERE -"Bubble memories" by Dr J. R. 

Fairholme at 19.00 at Farnborough Technical 
College. 

GLASGOW 
25th IEETE -"Emergency stand -by generators" 

by H. A. Smedley at 19.00 at the Royal Stuart 
Hotel, Jamaica Street. 

GUILDFORD 
12th IEE -"An Institution of Engineers ?" by 

Dr G. F. Gainsborough at 19.30 at C.E.G.B., 
Burymead House, Portsmouth Road. 

IPSWICH 
5th LERE-"Radar approach to weather 

forecasting" by Prof. E. Shearman at 18.30 at 
Ipswich Civil College. 

LEEDS 
20th IERE/E & CS- "Oracle- information by 

domestic TV" by G. A. McKenzie and P. R. Hutt 
at 18.30 at Yorkshire TV Studios. 

LEICESTER 
6th IEE -"The social computer ", Faraday 

lecture by D. H. Pitcher at 14.30 and 19.15 at the 
De Montford Hall. 

LIVERPOOL 
1 1th IEETE -"Thyristor controls for industry" 

by C. Smith at 19.30 at MANWEB Social Club, 
Thingwall Road. 

12th IERE -"Solar energy" by W. R. Crooks 
at 19.00 at North East Liverpool Technical College. 

LLANDAFF 
12th SERT -"The RBM Z179 110° colour 

chassis" (lecturer from Rank Radio International) 
at 19.15 at Llandaff College of Technology. 

MAIDSTONE 
12th IEETE -"Protection against electrocution 

and electrical fires" (speaker from Allen West -EAC 
Ltd) at 19.30 at the Royal Star Hotel, High St. 

MALVERN 
5th IERE -"Active filters" by Dr D. R. 

Wilson at 19.30 at The Foley Arms. 

PLYMOUTH 
6th IERE/IEE- "Television engineering -a look 

into the future" by M. Cox at 19.00 at the Main 
Lecture Theatre, Plymouth Polytechnic. 

PRESTON 
17th IEETE -"The watchful eye -computer 

monitoring in colour" by B. Baker and D. Wood 
at 19.15 at Preston Polytechnic, Corporation St. 

READING 
12th IERE -"CAD of type 2 phase lock loops" 

by P. Atkinson and A. Allen at 19.30 at the J. J. 
Thomson Physical Laboratory, University of 
Reading, Whiteknights Park. 

SHEFFIELD 
1 1th IEE- "The social computer ", Faraday 

lecture by D. H. Pitcher at 10.15, 14.30 and 19.30 
at the City Hall. 

SOUTHALL 
27th IEETE -"Understanding noise" by L. 

Minikin at 19.30 at Southall College of Technology, 
Beaconsfield Road. 

SOUTHAMPTON 
12th IERE -"Electronic ignition -is it worth it ?" 

by Dr. E. M. Stafford at 19.30 at Southampton 
College of Technology, East Park Terrace. 

19th SERT- "Aspects of electronic copying" 
by R. Hickman at 19.30 at Southampton College 
of Technology. 

26th IERE -"Time series feature detection" by 
Dr D. W. Thomas at 18.30 at the Lanchester Theatre, 
Southampton University. 

STONE, Staffs 
20th IERE/IEE/IPOEE- "Communications - 

bit by bit" by H. B. Law at 19.15 at P.O. Training 
Centre, Duncan Hall. 

Tickets are required for some meetings: readers are 
advised therefore to communicate with the society 

concerned. 
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World of 
Amateur 
Radio 

All- solid -state stations 
Recently in contact on 7MHz with 
DJ6SI in Cologne I was interested to 
discover that his very good signals were 
coming from one of the small "Atlas 180" 
all- transistor transceivers. This particular 
unit provides up to 180 watts p.e.p. on 1.8 
to 14MHz with an s.s.b. filter exciter on 
5520kHz. It is one of several compact 
units employing multiple r.f. power 
transistors and broadband techniques that 
have appeared on the amateur market in 
the past year or so; others include the Swan 
SS -200 and the new Heathkit SB 104 
which has just been launched in the 
United States. This covers all the amateur 
h.f. bands from 3.5 to 29.7MHz with an 
r.f. power output of up to 100 watts p.e.p. 
(also providing a low -power output of 
1 watt) for upper and lower sideband or 
100 watts c.w. The transmitter and 
receiver tuned stages are broadbanded and 
it is claimed that, for example, it takes 
less than 10 seconds to change from c.w. 
on 3500kHz to s.s.b. on 29MHz. Another 
feature is direct six-digit read -out of 
frequency. With some 31 integrated 
circuits, 75 discrete transistors and 171 
diodes and with a total of some 2800 com- 
ponents this unit must be one of the 
most ambitious kits ever produced for 
home construction; in its basic form it 
operates from 12 -volt car batteries and 
measures only 6 by 14 by 14 inches. 

Artificial radio aurora 
In his 1966 inaugural address as president 
of the IEE, J. A. Ratcliffe noted that 
when the long -wave broadcasting station 
at Droitwich is switched on the tempera- 
ture of the electrons at a height of about 
100km increases by about 45 °C. This 
technique of using radio transmitters to 
heat up the electrons in the ionosphere is 
being investigated in the United States and 
the USSR as a means of producing 
artificial radio aurora to permit scatter 
communication on frequencies up to u.h.f. 
over distances of some hundreds of miles. 
Details of this work, on behalf of the US 
Department of Defence, have recently been 
given in two American amateur journals 
with a view to further participation by 
amateurs. Much of the basic research 

has been done by the Institute for Tele- 
communications Sciences (ITS) and the 
Stanford Research Institute and has 
already shown that this propagation mode 
could be of interest to amateurs. For 
example, on May 11, 1972 K7PXI in 
Phoenix was heard via ARA in Socorro, 
New Mexico. In these tests very high - 
power h.f. transmissions (typically about 
5MHz) are beamed upwards with an e.r.p. 
of the order of 5 megawatts, raising the 
temperature of the electron gas, forcing 
it to expand along the magnetic field and 
so permitting scattering from the field - 
aligned irregularities. 

The tests have shown that the effect on 
forward- scatter signals is almost coin- 
cident with the switching on and off of the 
"heater" transmitter both in the F -layer 
and the E- layer. High -power transmitters 
suitable for this work currently exist at 
Platteville, Colorado and at Arecibo, 
Puerto Rico and also in the USSR at 
Gorki. 

Repeaters and beacons 
With at least five 144MHz f.m. repeaters 
now operational or testing in the UK 
(GB3SN Four Marks, Hampshire; GB3BC 
Mynydd Machen, South Wales; GB3PI 
Barkway Ridge, Cambridge; GB3LO 
Crystal Palace, London; and GB3MH 
Malvern Hills, Gloucester) and half a 
dozen more proposals at various stages 
including a recent attempt to gain support 
for a repeater in the Chelmsford area of 
Essex, this is currently one of the fastest 
growing areas of amateur radio. But, for a 
variety of reasons, including the fear that 
the operation of repeaters with simple 
hand -held and mobile equipment may 
diminish interest in the more advanced 
equipment needed for tropospheric and 
other long- distance modes, a number of 
British amateurs appear to be firmly 
opposed to this development. One even 
hears persistent stories of deliberate inter- 
ference to the operation of the repeaters. 
In the United States an important relaxa- 
tion in the regulations now permits opera- 
tion through more than one repeater 
simultaneously, thus opening the way to 
the establishment of v.h.f. trunk networks 
stretching across the Continent. 

GB3SN, the repeater of the UK FM 
Group (Southern) at Four Marks, has 
been undergoing trials as a beacon on 
145.725MHz before coming into opera- 
tion as a repeater. At the time of writing 
this is controlled by a time- switch which 
switches it off for a couple of hours in 
the early morning and again from 1800 
to 2015 GMT. Early reports indicate wide 
coverage and reliable operation. 

Despite some lack of sensitivity the 
linear transposers on board Oscar 7 seem 
to be functioning well and one British 
amateur is reported to have been in 
contact with a station in California on the 
432 /145MHz unit. Frequencies for Oscar 
7 are: Mode A uplink 145.85 to 145.95MHz, 
downlink 29.4 to 29.5MHz (beacon 
29.5MHz); Mode B uplink 432.125 to 
432.175MHz, downlink 145.925 to 
145.975MHz (beacon 145.98MHz). 
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Additionally there is a beacon on 435.10 - 
MHz. Mode A and Mode B repeaters are 
operated on alternate days. 

A 28MHz beacon station, K6HME at 
Oceanside, California has been operating 
on 29.0MHz using a Swan SS -200 solid - 
state transmitter. A low -power 1 -watt 
beacon operates on 28.150MHz from 
Hopkinton, Mass. 

Slow -scan progress 
Richard Thurlow, G3WW of March, 
Cambridgeshire, comments on the increas- 
ing interest in slow -scan television trans- 
mission in the United Kingdom. There are 
now at least 125 amateurs authorized for 
this type of transmission. In the first ten 
months of 1974, C. C. Robinson, G3IAI, 
had two -way s.s.t.v. contacts with 
amateurs in more than 70 different coun- 
tries; the total for G3WW is now more 
than 60 and several overseas stations 
including VU2AIK and W4MS are over 
the 80 mark. 

Although rather over 100 amateurs in 
Japan are permitted to use s.s.t.v., it is 
believed that the number will increase 
considerably quite soon as a large back- 
log of applications developed during some 
reorganization of the licensing departments. 

In brief 
Among the recent qualifiers for the 5 -band 
DXCC award is Arthur Milne who recently 
celebrated holding his callsign G2MI for 
50 years. The German amateur Rudulf 
Bluel, DL8AL also joined those with 50 
years of operating. Originally TS4SAC, 
his callsigns have included EZ4SAB, 
D4BWT, D4QBT and 9S4AL and he 
was also one of the German amateurs who 
held German wartime licences in 1942 -44 
under circumstances that seem to have 
had something in common with the 
special G7 permits held by some pro- 
minent British amateurs in the closing 
stages of the war. According to The 
Chiltern Carrier (newsletter of the Chiltern 
Amateur Radio Club) a firm of South- 
ampton stamp dealers has recently been 
offering for sale QSL cards commemora- 
ting the first 1.8MHz contacts between 
Tristan da Cunha and various other 
countries at prices between £4.50 (Brazil) 
and £7.50 (England) -the first time I have 
ever heard of anyone attempting to sell 
QSL cards in this way. A new 10kHz 
"window" for Japanese 3.5MHz stations, 
between 3793 and 3803kHz, is expected 
to increase the number of contacts on this 
band with European and American s.s.b. 
stations (normal Japanese 3.5MHz alloca- 
tions are limited to 3500 to 3525kHz c.w. 
and 3525 to 3575kHz phone). The 
Australian amateur, Bill Hall, VK2XT, 
is believed to be the first station outside 
Japan to gain a JARL award for 
working all 644 Japanese cities. Several 
American states now have laws prohibiting 
the use of twin earphones while driving, 
although these regulations are apparently 
aimed at those using earphones for stereo 
and other entertainment. 

PAT HAWKER, G3VA 
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Pseudo- random binary sequence 
generators 
Used to construct fast, synchronous, programmable frequency 
dividers and a frequency synthesizer 

by F. Butler, O.B.E., B.Sc., F.I.E.E., M.I.E.R.E. 

A pseudo -random binary sequence genera- 
tor (p.r.b.s.) alternatively known as a 
linear recursive sequence generator, (l.r.s.), 
is an assembly of bistables and exclusive - 
OR gates designed to produce a pulse 
sequence, of any desired length, in which 
individual pulses and spaces are randomly 
distributed over the sequence length. The 
bistables, in a shift- register configuration, 
are driven by a common clock pulse and 
each bistable drives the next in line. Out- 
puts from certain stages, always including 
the last, are applied to an exclusive -OR 
gate, or to an array of such gates, the final 
output being taken back to the input of the 
shift register. 

Illustrated in Fig. 1(a) is a general though 
not necessarily a practically useful method 
of connecting up such a system. The 
symbols for exclusive -OR gates have not 
been rigidly defined, nor has the termi- 
nology since the gates are also known as 
modulo -2 adders. Commonly -used symbols 
are shown in Fig. 1(b). Without using 
jargon, the properties of such a two -input 
gate are that when two identical inputs; 
0 or 1, are applied the output is at one 
particular logic level and when the inputs 
are different, the opposite logic output 
appears. In tabular form these properties 
can be expressed digitally as: 

1 +1 =0 or, 1 +1 =1 
0 +0 =0 (equally 0 +0 =1 
1 +0 =1 valid) 1 +0 =0 
0 +1 =1 0 +1 =0 

A standardized way of writing the 
exclusive -OR addition or modulo -2 sum of 
two quantities has been agreed upon. It 
is expressed as C=A EBB and is read as 
equals A circle -sum B ". The above tables 
should be written in this way and, strictly 
speaking, one should differentiate between 
exclusive -OR and exclusive -NOR gates. 

Before discussing practical circuits and 
applications, it will clear the ground if 
some of the statistical properties of linear 
recursive sequences are mentioned. The 
statements will be in the form of asser- 
tions, not backed by mathematical proofs, 
which would lead us into very deep water. 

First, the maximum possible number of 
bits in the sequence generated by n 
bistables is N= 2 " -1, one less than 2" 
which might have been expected. The all- 
zero combination is inadmissible. If it 
occurs, the bistables latch or lock up and 

the sequence stops. This condition must be 
avoided. 

With large, but still practicable, num- 
bers of bistables, very long sequences can 
be generated. For example, 60 stages give 
a sequence length of about 1.15292 X 10/8 
bits. Such long sequences can be used in 
enciphering digital signals. In any given 
sequence, remembering that the total num- 
ber of bits is always odd, there are, as 
nearly as possible, equal numbers of 0's 
and l's. There are half as many runs of 
two bits, one quarter as many runs of 
three, and so on. At the end of a cycle, 
the sequence starts again and gives another 
identical train of pulses. The student of 
Fourier will recognize that such a sequence 
is not truly random but is periodic with a 
period equal to the cycle length. It has a 
line spectrum with discrete frequencies 
which can be filtered out by suitable 
equipment. 

Though superficially the l.r.s. resembles 
random noise, more so as the cycle length 
increases, true random noise has a band 
spectrum with components at infinitesimal 
frequency separation. If a complete 
sequence is compared, term by term, with 
a cyclically shifted version of itself, the 
number of pulse polarity agreements and 

disagreements, every possible pattern of 
n bits in the total sequence length N will 
appear once, and only once, at the outputs. 

Exclusive -OR gates 
Although these are available in packaged 
form, one integrated- circuit block con- 
taining four 2 -input gates, it is instructive 
to see how they can be assembled from 
simple AND /OR or NAND/NOR gates. 
Fig. 2 shows in principle what has to be 
done, and how in practice, the scheme 
is implemented. By putting various inputs 
to the gate, the reader can verify that the 
exclusive -OR logical function is actually 
realized. If the two inputs A and B are 
taken from bistables, their complements 
A and B are normally accessible. The 
modulo -2 gate can then be simplified and 
assembled from three NAND gates only. 
A spare gate is then available in a quad 
package and can be used as an extra out- 
put buffer amplifier or inverter. 

Practical generators 
Integrated- circuit packages are currently 
available with quite large numbers of bi- 
stables assembled in shift- register form. 
Circuit blocks of this type, together with 
multiple modulo -2 gates will be used later 

(a) 

( b) logic symbols for exclusive OR gates 

Fig. 1(a). P.r.b.s. generator using a shift register with exclusive -OR (modulo -2) feedback. 
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to produce long l.r.s. streams in an econo- 
mical way but it is instructive to build 
one or two simple models with bistables 
and NAND -gates using d.t.l. logic. These 
blocks are inexpensive and readily 
available. Though slower than t.t.l. equiva 
lents, they are fast enough for many 
purposes and are trouble -free in use. Clock 
frequencies up to 4MHz can be used with 
reasonably complex systems. A relatively 
simple but useful generator is shown in 
Fig. 3. Seven bistable stages are used to 
give a sequence length of 127 bits. 
Because both Q and Q outputs are avail- 
able from the bistables, the modulo -2 gate 
can be assembled from three of the four 
gates in a quad NAND -gate package, 
leaving one spare two -input gate for use 
as an inverter amplifier. 

The d.t.l. bistables, SGS types 9945/ 
9948, or their equivalents are basically 
R -S flip -flops but they can be used in the 
J -K mode by connecting the outputs back 
to the inputs. Direct set and clear inputs 
override other inputs, allowing the unit 
to be presented as required. The 945 unit 
has a higher value load resistor than the 
948 and is better able to drive capacitive 
loads. The 948 has a faster pulse rise time. 

The experienced user can wire up the 
complete generator directly on printed 
circuit board though it would be wise to 
check all units before assembly. Alterna- 
tively, plug -in holders can be used, making 
it easier to trace faults or to replace 
defective units. The clock source can be 
any type of oscillator, square -wave or 
sinusoidal, crystal- controlled or not, up 
to a frequency around 4MHz. Sinusoidal 
inputs must be squared up by Schmitt 
trigger or clipper circuits and must be 

Fig. 3. Seven -stagep.r.b.s. generator. 

clock 

C=A.B+,4.B 
=A®B 

Fig. 2. Logic function and circuit 
realization of exclusive -OR (modulo -2) 
gate. 

capable of driving the load presented by 
the seven bistables. The random sequence 
can be taken from any bistable output 
Q or a Outputs from consecutive bi- 
stables are identical but delayed in time 
by one clock period. Because of its random 
nature it is rather difficult to lock the trace 
on an oscilloscope display but with 
perseverance it can be done, allowing the 
sequence to be examined visually. 

It will be noticed that feedback to the 
exclusive -OR gate is taken from the sixth 
and last bistable in the register. The ad- 
joining Table shows the requisite feed- 
back connexions for sequences of different 
lengths. It should be mentioned that any 
feedback connexions will produce a 
sequence of sorts but to get the maximum 
possible length of N= 2 " -1 bits, only 
certain arrangements are admissible. 
Those given are suitable though not unique. 
For example, in a seven -stage register, 
one feedback link must always be from 
the last stage. The other can be from stage 
3, 4 or 6. Because both Q and Q outputs 

D944 

560 

0 +5V 
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are accessible it is possible to use a 
simplified exclusive -OR gate. It will also 
be noticed that the output from this gate 
goes directly to one data input of the shift 
register. It is also applied to the other input 
through an inverter, which is in fact one 
of the four two -input NAND gates in a 
quad package. The other three gates form 
the modulo -2 adder. 

Standard frequencies from pseudo - 
noise sources 
The generator just described produces a 
pulse sequence which repeats after 127 
bits, although the stream is random 
within this period. Suppose the clock 
frequency is exactly 127kHz, derived from 
a crystal -controlled source. Clearly a run 
of 127 bits repeats at 1,000 times per 
second and it follows that the fundamental 
frequency of the complex waveform is 
1kHz. It has harmonics at all integral 

Feedback connexions for sequence 
length 

Number of Sequence Feedback 
bistables length connexions 

n N 

2 

3 
4 

3 

7 

15 

1,2 
2, 3 

3.4 
5 31 3, 5 
6 63 5, 6 
7 127 6, 7 

8 255 4,5and6,8 
9 511 5, 9 

10 1023 7, 10 
11 2047 9, 11 
12 4095 6, 8 and 11, 12 
13 8191 9, 10 and 12, 13 
14 16383 4, 8 and .13, 14 
15 32767 14, 15 

pin 14 = +5V for all units 
pin 7 = OV 

D945 D945 

12 

13 

9945 

D946 

á 

10 

D945 D945 

1--e(6 8' 1 

www.americanradiohistory.com

www.americanradiohistory.com


Wireless World, February 1975 

multiples of 1kHz and these can be picked 
out, one by one, using a sufficiently selec- 
tive tunable amplifier or filter. 

Mathematical analysis shows that the 
amplitude of the harmonics falls off in a 
predictable way, roughly as indicated in 
Fig. 4. The first zero occurs at 127kHz. 
It is well known that a train of narrow 
pulses with a stable recurrence frequency 
also has a spectrum of the same general 
form and the reader may well ask why one 
should construct a complex l.r.s. genera- 
tor when something so much simpler 
would appear to do the same job. The 
advantage of the pseudo -noise source is 
that the harmonics are very much stronger 
because the power density of the noise 
spectrum is greater than that from a train 
of narrow pulses. Moreover, the ampli- 
tude of the higher harmonics falls off rela- 
tively slowly. Experience shows that with 
a clock frequency of 127kHz, strong 
harmonics up to 100kHz are available. 
Thus at least 100 standard frequencies 
of high stability can be picked out. The 
best equipment to do this is a wave 
analyzer. Such instruments commonly 
cover the band 0 -50kHz with extremely 
high selectivity, bandwidths of ± 10Hz 
to the -40dB points being typical. 

If the 127kHz clock source is followed 
by several decade divider stages, the wave 
analyzer can easily pick out 100 frequen- 
cies between 0 and 1kHz in 10Hz steps, 
and 100 between 0 and 10kHz in 100Hz 
steps as well as the 1kHz series just 
discussed. The synthesized frequencies 
are extremely "clean", free from noise 
and undesirable modulation. A lower limit 
to the usable frequency separation of sig- 
nals is set by the selectivity and calibra- 
tion reliability of the wave analyzer. By 
using more decade dividers to achieve 
a low clock frequency, standard frequen- 
cies with periods of several minutes have 
been picked out by means of a gyrator, 
the waveform being checked with a chart 
recorder. The upper limit of frequency 
depends on the speed of the logic elements; 
4MHz is easily achieved and 100MHz is 
not unreasonable as a clock frequency 
for use with the latest circuits. 

Many laboratories already possess wave 
analyzers and the construction of a p.r.b.s. 
generator could hardly be simpler. The 
useful range of standard frequencies so 
derived is good enough for routine work 
such as checking receivers, calibrating 
oscillators and testing filters. The 
system can provide clock sources for 
digital work and can generate coherent 
signals on multiple frequencies, the free- 
dom from spurious signals and responses 
being of particular value. 

The wave analyzer functions basically 
as shown in Fig. 5, though a practical 
instrument incorporates many refinements. 
The complex signal to be filtered is fed to 
a mixer or balanced modulator along with 
a higher- frequency signal from a tunable 
oscillator. The difference frequency is 
picked out by a narrow -band crystal filter, 
amplified and applied to a second mixer, 
together with the same variable- frequency 
oscillator signal. The desired component 
of the complex signal is thereby restored 

first 
zero 

I IIIII 1 . 
0 kHz 127 kHz FREQUENCY 

separation) 

Fig. 4. Line spectrum of a 127 -bit l.r.s. 
clocked at 127kHz. 

to its original frequency but cleared of all 
other components. There is no degradation 
of signal frequency stability due to the 
v.f.o.. In the first mixer we derive f, fs . 
In the second we recover fo -(f" 
This drift -cancelling technique is used in 
some communications receivers for much 
the same purpose. 

It might be objected that the crystal- 
controlled clock frequencies are awkward, 
non -standard values but it is surprisingly 
easy to grind down readily -available 
crystals to the required size on a cast -iron 
lap using in turn coarse, medium and fine 
carborundum paste. Thus to produce 
127kHz requires a stock 100kHz bar. 
Values such as 1023kHz are easily pro- 
duced from a 1 MHz standard, though of 
course it is impossible to modify glass - 
encapsulated units. 

A solid state wave analyzer (illustrated), 
covering 0- 150kHz has been built for use 
with l.r.s. sources as well as for the more 
usual applications of a tunable filter. A 
good deal of work is involved in the con- 
struction although, apart from the cost of 
the crystal filter, the instrument is not 
unduly expensive to build. 

Programmable frequency dividers 
The circuit of Fig. 3 is relatively easy to 
modify for use as a variable -ratio divider, 
programmable by a row of single -pole 
change -over switches, and hence adaptable 
for some forms of direct digital control. 

In a normal shift register, initially loaded 
with a particular setting of bits, each clock 
pulse shifts the pattern along the register 
one bit at a time. This is also the case for 
a p.r.b.s. generator, except that the serial 
input to the register is derived by modulo -2 
addition of selected outputs of the con- 
stituent bistables. An n -stage register 
displays in turn on its n outputs every 
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possible combination of bits, the pattern 
repeating after every 2 " -1 clock pulses. 

If we could recognize some particular 
pattern as it appeared during the sequence 
we could then use this information to re- 
set the register and start again without 
going through the remainder of the 
sequence. This is easily done. All we need 
for an n -stage register is an n -input AND 
or NAND gate with the inputs connected 
via switches to the Q or Q terminals of 
successive stages of the register. When the 
selected pattern appears, the resulting 
gate output resets the shift register and the 
count starts again. 

An arrangement which satisfies these 
requirements is shown in Fig. 6. Such a 
counter or frequency divider is fast, syn- 
chronous with the clock, easily set up or 
programmed and very reliable. It uses 
just about the minimum number of logic 
blocks and requires only simple pre- 
cautions in construction. However, a race 
condition can come about in the following 
way. Suppose a particular pattern appears 
in the register and it satisfies the gate 
condition. A gate output pulse appears 
which attempts to reset all the bistables 
in the register. If one is much faster than 
the rest, it resets first, changes its output 
and destroys the gate condition before 
the remaining bistables are reset. To avoid 
this effect, the gate output can be used to 
trigger a pulse monostable, the output of 
which lasts long enough to reset all the 
bistables. At the same time the pulse must 
have disappeared before the arrival of the 
next clock pulse. Durations around one- 
tenth of a microsecond are about right 
for d.t.l. units at the fastest clock rates. 
The only other objectionable feature of the 
divider is that the natural output is a very 
narrow pulse, whereas a square wave 
would be preferable, particularly for syn- 
thesizer applications. 

There is no obvious way of producing 
a square wave from a narrow pulse which 
is effective over a wide frequency range. 
A pulsed monostable can do this at a fixed 
frequency whereas if a bistable is used 
we get a true square wave but have to 
put up with a further division by two. We 
end up with a device which divides only 
by even numbers. This defect of course 
plagues other types of divider. One way 
out is to double the input frequency which 
allows us to end the chain with a bistable. 
Several aperiodic doublers are known 
but they will not work with square wave 
or pulse inputs. 
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Fig. 5. Wave analyzer used in restored frequency mode as a narrow -band tunable filter. 
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Fig. 6. Programmable frequency divider (all even divisions 2 -254). 

A seven -stage shift -register divider as in 
Fig. 6 will give a square wave output for 
every even divisor between 2 and 254. 
It will operate at clock frequencies up to 
4MHz. Different divisors are selected by 
changing the switch settings. It is of course 
necessary to tabulate all these settings 
and this operation must be performed 
methodically. The equipment required is 
a counter and a stable oscillator. First, 
the switch settings must be found corres- 
ponding to division by two. Depending 
on the convention adopted for the switch 
positions, the pattern will be either 
1000000 or 0111111, the switch positions 
along the line being counted from the input 
end of the register. To divide by four, the 
second switch along the line must be 
changed over, thus moving the pattern 
along one bit to the right. The first 
switch may or may not need to be altered. 

The correct setting is that which gives 
the proper divisor as checked by the 
counter. Each successive change involves 
moving the switch pattern along, cyclically, 
one step at a time and, if necessary, 
changing the setting of the first switch 
to give the next even -number divisor in the 
sequence. The procedure sounds tedious 
and complicated when described in words 
but is quick and simple in practice. 
Naturally it is not so easy as setting up 
a row of decade switches but it is a less 
expensive system and it has the advantages 
of fast synchronous working and simple 
wiring. Preparing the table of switch set- 
tings does not call for particularly high 
accuracy of the clock source or counter. 
For example, a clock source of 1 MHz 
divided by 200 gives an output of 5kHz. 
dividing by 202 gives a result about 1%, 
50Hz, lower, a difference which is easily 
resolved. 

Examination of the switch -setting table 
will bring out some interesting points. If 
we look down the first column we see the 
order of bits in a 127 -pulse sequence. The 
second column down is a similar sequence, 
delayed by one clock pulse, and so on for 
the other columns. We notice to, that each 
switch setting pattern occurs once, and 
only once, as it should. 

Referring again to Fig. 6, the seven 
bistable outputs eventually feed a seven - 
input NAND gate. This is not a standard 

clock input 

2k2 +5V 

D945 

item. Instead, we use a four -input gate 
which has an expander or extender node 
to which other inputs may be connected, 
(through diodes with d.t.l. units). The 
diodes may be discrete components or 
may be contained in a special extender 
package, (SGS type 9933 or equivalent). 

Generators using i.e. shift registers 
One of the first published papers' giving 
practical information on random pulse 
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Fig. 7. 1023 -bit l.r.s. generator using two five -bit t.t.l. shift registers and an exclusive -OR 
gate. 
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generators is still worth reading for the 
valuable background material it contains, 
its account of some applications, and 
because it shows the amount of effort 
required to construct such a generator 
from discrete components. 

In contrast, an even more complex 
generator will now be described which can 
be built using only three integrated circuit 
packages.' These comprise two five -bit 
shift registers and one exclusive -OR gate 
from a quad package. Both these items 
are in the type 7400 t.t.l. range. The 
gate, SN7486, calls for no particular corn - 
ment but reference must be made to the 
properties of the shift registers. To clear 
all stages, logic 0 must be applied to the 
clear input, pin 16. For normal use, apply 
logic 1. To preset the register for any 
particular starting sequence, the individual 
presets must be set to 0 or 1 as required. 
The sequence is read into the register by 
applying logic 1 to the master preset input, 
pin 8. During normal operation, pin 8 
must be at logic O. Shift in the register 
occurs when the clock input switches from 
O to 1. 

The complete wiring diagram of the 
1023 -bit generator is shown in Fig. 7. 
The output may be taken from any of the 
Q terminals. In the diagram it is shown 
coming from the first. When clocked at 
1023kHz, over 1,000 standard frequencies 
may be picked out by a suitable filter or 
selective amplifier. 

Some extra packages are required to 
construct a programmable divider. Be- 
sides the multiple -input gate and bank of 
ten switches, we need ten inverter ampli- 
fiers to obtain the complements of the 
register outputs. Two standard packages 
provide twelve of these leaving two spares 
for use as buffers. Though unlikely, it may 
be necessary to drive a monostable from 
the gate output when resetting the register 
at the end of a count. Shorter sequences 
or simpler dividers can of course be built 
by omitting certain packages or units; in 
fact it is a simple matter to include 
switching to pick out runs of any length. 

There is a growing interest in logic 
systems employing m.o.s. techniques. 
These i.c. packages are characterized by 
low power consumption, very high inpùt 
impedance, tolerance to wide variations 
in supply voltage and high noise -immunity. 
Manufacturing processes are simpler than 
bipolar techniques and large -scale inte- 
gration is possible. At present, speeds are 
rather lower than for t.t.l. but fast enough 
for most purposes. 

Motorola has embarked on a big pro- 
gramme of complementary m.o.s. develop- 
ment and most logic requirements can be 
met by off -the -shelf units at moderate 
prices. The range includes modulo -2 gates 
and a variety of shift registers suitable for 
use in p.r.b.s. generators and frequency 
dividers of almost any degree of com- 
plexity. 

A publication entitled "McMOS by 
Motorola ", lists all the packages now in 
production and contains some useful, 
though brief, application notes. One of 
these refers to a 255 -bit p.r.b.s. generator 
of the type under discussion. 

Fig. 8. Internal layout of the dual ten -stage 1023 -bit p.r.b.s. generator /programmable 
frequency divider. 

Miscellaneous uses of generators 
Apart from their use as pseudo -noise 
sources and synchronous dividers these 
devices find application as test -signal 
sources, modulators in secure com- 
munication systems and as key generators 
for enciphered digital communications. 
A note on this last application may be of 
interest. Suppose that a plain text message 
in the form of a stream of binary digits 
is to be enciphered by the addition of a 
random bit stream, the key synchronous 
with the traffic. The two sequences can be 
added modulo -2 and securely transmitted 
by line or radio. At the receiving end an 
identical key stream is once more added 
(exclusive -OR), to the enciphered signal. 
It will be found that the original plain text 
is recovered. An example illustrates the 
principle: 
Transmitting 
Plain text 

10110001111011001011011 
Random key 

00101100010000111011001 
Enciphered text 

01100010010100001111101 

Receiving 
Enciphered text 

01100010010100001111101 
Random key 

00101100010000111011001 
Plain text 

10110001111011001011011 
It will be seen that the last line is the same 
as the first and the plain text has been 
completely recovered. Security clearly 
depends on the random nature of the key 
which must have a very long sequence 
before repeating; indeed it should never 
repeat. 

Referring back to the statistical proper- 
ties of l.r.s. generators it is not difficult 
to see that if two identical sequences are 
produced and matched up pulse for pulse 
and space for space, then if they are 
exclusive -OR gated together the logical 
output will be 1 (continuous high). If a 
similar operation is conducted with one of 
the sequences displaced from the other 
by an amount corresponding to one clock 
period then the gate output will be almost 
zero (low), if averaged over the whole 
period of the sequence because, as already 

Fig. 9. Wave analyzer -used as a narrow -band tunable filter. 
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stated, the number of agreements and dis- 
agreements of the two patterns will, at 
most, differ only by unity. The same is 
true for any other relative shifts of the 
two patterns. This points to the possibility 
of developing a secure communications 
system. 

If instead of transmitting a carrier, 
modulated or keyed in amplitude, frequency 
or phase, we transmit a random pulse 
train, this will sound like noise in the 
receiving telephones. If we switch from one 
sequence to a different one, or to a cycli- 
cally shifted version of the first, the trans- 
mission will still sound like noise, identical 
to the other. But if these digital streams 
are properly correlated with the outputs 
of similar generators at the receiving end, 
then intelligible communication becomes 
possible in Morse or in any normal 
printer code. There are obvious problems 
in setting up practical systems. Precise 
synchronization of the generators at each 
end of the link is required, the bandwidth 
of the transmission at high bit rates is very 
large and, in the h.f. band, multipath 
propagation effects cause difficulties. 

An unauthorized interceptor hears 
nothing but noise during transmission. 
To read the traffic he must be in pos- 
session of l.r.s. generators exactly the same 
as those used on the link and even if he 
had such generators there is still the prob- 
lem of synchronization and of finding the 
correct starting point in the sequence to 
give maximum correlation of the two bit 
streams. With 60-bit shift registers, the 
intercept task is a daunting one. 

Few problems have been encountered 
in constructing the items so far discussed 
but, in the event of trouble, attention 
should be paid to the following points. 
Wiring runs should be as short as possible 
and a symmetrical layout of parts should 
be adopted. Some d.t.l. packages seem to 
work best with a supply voltage rather 
less than the nominal 5V. Capacitive de- 
coupling at the unit power supply pins 
may sometimes be required. Mains 
transients can sometimes stop or inter- 
rupt the pulse sequence. Noise immunity 
of some units is not all it might be and it 
may occasionally be found that, after 
switching on, a sequence generator fails 
to start. This is because the shift - 
registers lock up in the all -zero state. 
Though it is possible to incorporate logic 
to avoid this, it is simpler to switch off 
and start again. 
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High capacity 
p.c.m. system 

A high bit -rate p.c.m. line transmission 
system, working at 120Mbit/s, has been 
put into field trial operation by the Post 
Office between Guildford and Portsmouth. 
Built by Standard Telephones and Cables, 
it is claimed to be the first of its kind in 
Europe and represents the Post Office's 
first step in developing a digital trunk net- 
work capable of carrying a variety of 
traffic. Of course there are p.c.m. systems 
already operating in the UK but these 
work at only 1.5Mbit/s, carrying 24 
simultaneous telephone conversations over 
distances up to about 30km. The 120Mbit/s 
system is capable of accommodating 1,680 
telephone channels, one colour television 
channel, 14 viewphone channels, 224 
broadcast -quality sound channels, or a 
mixture of these types of traffic within its 
capacity. 

The p.c.m. signals are transmitted along 
two coaxial "tubes" of an existing eight -tube 
cable which is already in use for 12MHz 
analogue carrier (f.d.m.) transmission. 
Repeater spacing and electrical power 
feeding are identical with those of the 
12MHz system and in fact the 78 p.c.m. 
repeaters between Guildford and Ports- 
mouth are installed in existing repeater 
stations -some of which are underground 
watertight and pressurized housings. Most 
of the repeaters' active functions are per- 
formed by the well proved BFY90 tran- 
sistors. To allow maximum repeater 
spacing and remove d.c. component from 
the signal, the 120Mbit/s binary informa- 
tion is converted for transmission into a 

A main repeater for the 120Mbit /s p.c.m. 
system between Guildford and Portsmouth. 
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90Mbaud ternary code consisting of the 
three voltage levels + 6V, 0 and - 6V. 

At the Post Office's Portsdown repeater 
station near Portsmouth a demonstration 
was given, using a 30- channel p.c.m. 
terminal, of voice transmission over a 
distance of 130km from Portsmouth to 
Guildford and back. This used the system's 
multiplexing process for telephone channels. 
First, 30 channels are multiplexed to give 
a 2.048Mbit/s stream, then four such 
streams are multiplexed to give a 
8.448Mbit/s stream and finally 14 of these 
are multiplexed to give the 120Mbit/s 
stream. 

International discussion of the multi- 
plexing of digital signals based on the 
30- channel p.c.m. system has now 
resulted in the following hierarchy being 
adopted for use throughout Europe: 
1st order 2.048Mbit/s 30 channels 
2nd order 8.488Mbit/s I 20 channels 
3rd order 34.368Mbit/s 480 channels 
4th order 139.264Mbit/s 1,920 channels 
The first and second orders have already 
been adopted by the Post Office for the 
UK. Future plans for digital radio relay, 
and higher rate transmission on coaxial 
cable, will be based on the fourth order in 
the hierarchy, approximately 140Mbit/s, 
and multiples of this. The same basis will 
also be used for waveguide and optical 
fibre systems. 

( Sixty Years Ago 

Humour was certainly an important corn - 
ponent in the armoury of the wireless engineer 
of 1915. This was exemplified by a Wireless 
World reader's letter published in February of 
that year proposing a somewhat novel method 
of electric propulsion for ships, and reporting 
on several apocryphal experiments. 

"Last week, after a short paper on 
`Directional aerials', one of the members 
suggested that as action and re- action are equal 
and opposite there would certainly be in a 
directional aerial a force produced in the 
contrary direction to that in which the maxi- 
mum energy was sent, therefore in his opinion 
if a good directional aerial were installed on a 
vessel, it would experience a force in the 
direction of the free end of the aerial, and so 
would be propelled. The free end, of course, 
would be generally over the bows of the vessel 
in order that she should move forward, but to 
move astern it could easily be arranged to 
shift the downleads to the other end. The 
speaker predicted that this would be the method 
of propulsion of the future -at any rate for 
small craft -and he became so excited, sir, 
over that prospect, that he wanted to com- 
municate his idea to the Admiralty personally 
and without delay. He had great trouble, so we 
could hear at the porter's lodge, and was only 
persuaded to come quietly back on the promise 
of an extra bun for tea." 
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Circuit 
Ideas 

D.C. level clamp 
The need sometimes arises, e.g. after a 
stage of a.c. amplification, to clamp the 
minimum level of a signal voltage to a 
d.c. reference voltage. The circuit illus- 
trated was developed to clamp, to the zero - 
volt level, signals having an amplitude 
of between 10mV and 10V. The familiar 
diode - and -capacitor clamp circuit is un- 
suitable here because of the diode's for- 
ward conduction characteristic. 

In each cycle, the capacitor, C, 
charges to the peak negative value (Vb= 
-Vp ) of the input voltage, V,. The voltage 
Va then follows the input voltage (Vo = 
2 V, + Vp ) while Vb remains at the level to 
which the capacitor was charged, de- 
creasing only with a time constant 

7,,,(R, +R6)R2C 
R, +R6 +2R2 

Lower trace is the input signal; upper 
trace is the output from the restorer. 
Oscillogram was obtained with the circuit 
operating on a 150Hz signal with an 
amplitude of 40mVpeak -to peak. 

R6 
22k 

The required voltage waveform, with its 
minimum d.c. level restored to zero, 
appears as Vo -Vb . A low- impedance 
single -ended output is provided by IC2 
and, in this case, unity gain overall. 

Using a 250 -NF electrolytic capacitor, 
the circuit clamps sinusoidal waveforms 
between 3Hz and 10kHz with little dis- 
tortion. For use at higher frequencies, IC, 
should have a faster slew rate. Lower dis- 
tortion can be achieved if IC2 has a higher 
input impedance- allowing larger values 
of R, and R5 to be used. 
C. B. Mussell, 
United Liverpool Hospitals. 

Tolerant astable circuits 
Some simple one -capacitor astable circuits 
are described below. They have none of 
the usual problems experienced with 
Eccles -Jordan and one -capacitor circuits, 
since they are reliable over a wide 
temperature and voltage range, and are 
substantially independent of transistor 
gain spreads. 

Fig. 1 shows a 20 -kHz astable which 
can have 50 p.p.m. /deg C temperature 
coefficient of frequency if an NPO capacitor, 
and low- coefficient wire -wound resistors 
are used, providing the transistors Tr, and 
Tr2 are of the same type. Frequency varies 
by 0.05% over 6 to 12V supply, under 
these conditions. 

Timing may be varied with resistors R, 
and R2 , and with capacitor C. Duty cycle is 
determined by the ratio of resistors R, and 
R,. The values shown give 50% duty cycle. 
Resistor R5 may be decreased in value to 
allow higher output currents and/or high 
frequency operation; however, temperature 
stability is then slightly degraded. 

Fig. 2 shows a high -performance pulser, 
capable of operating at from 10% to 1% 
duty cycle, approximately. The on current 
may be up to 50mA, and the off current 
drawn by the pulser is about 1 pA. This 
allows effective battery -power economy 
when operating at very low duty cycles. 
Standard Eccles -Jordan circuits cannot 
approach this performance. 

Components R2 and C determine the on 
time; however, the 4.7M0 resistors and 
Tr, gain affects this time at short duty 
cycles. Components R, and C determine 
the off time. As shown, the circuit pulses 
about twice each second. This varies by 

about 10% over the - 20 °C to + 100 °C 
temperature range. This variation may be 
reduced to about 1% by the addition of an 
emitter follower on the base of Tr, , of 
complementary polarity to Tr, , to cancel 
the VBE temperature drift of this transistor. 

This pulser circuit has been used for 
animal temperature and heart-rate studies. 
It is possible to have implanted transmitters 
operating from one mercury button cell 
for more than one year with a suitable 
choice of resistor values. 
C. Horwitz, 
University of Sydney, 
Australia. 

Analogue gate with no offset 
An analogue gate capable of controlling 
audio signals by means of t.t1. levels 
is shown. It is an improvement over 
existing gates in that when off there is 
negligible d.c. offset present at the output, 
thereby simplifying design of any subse- 
quent stages in a large system. 

Attenuation when off is approxi- 
mately 66dB and negligible when on and 
fed into high impedence stages. The con- 
trol should be logic 1 (+ 5V) to open the 
gate, and logic 0 (0V) to close it again. 

There are many possible applications 
for such a circuit in the design of pro- 
grammed channel selectors in the field of 
music synthesis for instance, for which 
it was designed. 
L. Cook, 
Prescot, 
Lancs. 

+ 5V 

- 5V 
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Electronic organ to piano 
A circuit was needed which would simply 
convert an organ to a more piano -like 
instrument. It exponentially attenuates the 
output from an oscillator to zero in a 
manner adequate to mimic the waveform 
of a piano. In addition this circuit has the 
advantage of being self -triggering. Thus the 
exponential decay starts only when the 
waveform from a multivibrator is applied 
-dispensing with the need for extra con- 
tacts on the keyboard. It has been used 
in conjunction with the J. H. Asbery 
multiplionic organ published in the June 
1973 issue of Wireless World, although it 
has many other applications. 

Operation of the circuit is as follows: 
when no signal is being applied, R2 

draws a current through 7Y, thus biasing it 
on and maintaining the voltage at A at 
supply potential. Application of a signal 
results in Tr, turning off -due to the 
rectifying and smoothing action of D, , DZ 

and C2 . Capacitor C3 then discharges 
through R3 and R3 . 

input 
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The f.e.t. gate is controlled by this 
discharging capacitor. Potentiometer RS 
ensures the f.e.t. just switches off when C3 

is fully discharged. When the signal is 
removed Tr, conducts, C3 charges and so 

Tr2 
BF244B 

etc. 
rapid manipulation 
possible. 
C. J. Outlaw, 
Farnham, 
Surrey. 

of the keyboard is 

Complementary ramp 
generator with independent 
amplitude /slope control 
A circuit was required to generate two 
complementary ramps to be used to ampli- 
tude modulate auditory signals to either 
ear to create the impression of a left to 
right scan. 

It is a simple matter using standard 
circuit techniques to either generate comple- 
mentary ramps or to generate one ramp 
with independent control over amplitude 
and frequency. For this application, how- 
ever, it was desirable to have control of 
amplitude and frequency of the two ramps 
at the same time, while avoiding inter- 
action between the two controls. This is 
accomplished as follows: a ramp is 
generated between a reference voltage, V.,, 
and earth and its complement is generated 
by inversion through an operational 
amplifier and a level shift of 

The time taken to discharge a capacitor 
from an initial voltage Vr$ to zero volts 

10k 

BC 213 L 

1N914 

1N914 

SN72741 

+10v 

10k7 

10k 

depends on two parameters, discharge 
current and the initial voltage. If the dis- 
charge current is from a constant current 
source and if the current source is made 
voltage controlled, it can easily be shown 
that T= CR, which is independent of 

the ramp amplitude. The ramp time is 
then independently controlled by Rs. For the 
circuit shown, the output ramp amplitude 
and time are variable from 400mV to 8V, 
and 50ms to 2.0s, with negligible inter- 
action between the two controls. 

The capability of effecting this type of 
control described depends on a constant 
current source which avoids non -linearity 
due to Vbe drops when Vre becomes com- 
parable to 0.7 volts. Hart* provides such a 
circuit which uses the high gain properties 
of operational amplifiers to reduce the 
effect of the Vbe drop. It can be shown 
that this reduction is by a factor of 
1/(1+A) where A is the open -loop forward 
voltage gain of the amplifier. 

A conventional current mirror is then 
used to transfer the constant current to a 
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useful voltage level and this current is then 
used to discharge the ramp capacitor. Each 
time the capacitor reaches approximately 
zero volts, it is reset to V,,. by a switching 
transistor controlled by a comparator. At 
the same time, a positive feedback loop is 
changing the comparator switching voltage 
to fire so that when the capacitor voltage 
reaches this value, the shorting transistor 
is switched off and the capacitor again 
begins discharging towards zero volts. 

Due to the very high impedance at the 
ramp output, effectively that of the 
current source, a voltage follower output 
stage is required as an impedance trans- 
former. Another op-amp is used for the 
inversion and level shifting of the comple- 
mentary ramp, and so both ramps are avail- 
able from very low impedance sources. 
L. J. Retallack, 
Southampton University. 

*Hart, B. L., Current generators, Wireless 
World, vol. 27, 1970, pp. 511-4. 
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When flashover is the danger. 

Use EEVspark gaps. 

You name it. EEV spark gaps can stop it 
from happening. 

Our range covers any voltage from 
400- 40,000V and handles powers up to 
15 kilo joules.Types are available in glass or 
ceramic envelopes. 

EEV spark gaps are very rugged and 
will work in any environment, unaffected by 
dust, damp or atmospheric changes.They are 
also compact, consistently dependable and 
long -lasting. 

We make 2- electrode and 3- electrode 
types, and the whole range covers many 
applications including : 

Photograph courtesy of C.E.G.B. 

Flash -over protection. Crowbar protection 
circuits. Protection from transient phenomena. 
Protection circuitry for s/c drives for 
thermionic tubes. 

Capacitor discharge circuits. 
Firing circuits. Relaxation oscillator 
circuits for gas ignition equipment. 
Quench circuits.TIG welding 
equipment. 

For data and any help you need, 
write or 'phone EEV at the 
address below. 

Right, GXQ400, a crowbar protection device and 
GXU40, for protection circuits in ground'air 
communications equipment. 

EEVand M-OV know how. 

D v 
W 

THE M -O VALVE CO LTD. Hammersmith, London, England W6 7PE Tel: 01 -603 3431.Telex: 234356. Grams: Thermionic London. 

ENGLISH ELECTRIC VALVE CO LTD. Chelmsford, Essex, England CM1 20U.Tel. 0245 61777. Telex: 99103. Grams: Enelectico Chelmsford. 

WW -007 FOR FURTHER DETAILS 
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Now -two fascinating ways to enjoy saving money! 

NEW! Sinclair Scientific kit 

Britain's most original calculator 
now in kit form 
The Sinclair Scientific is an altogether 
remarkable calculator. 

It offers logs, trig, and true scientific 
notation over a 200 -decade range - 
features normally found only on 
calculators costing around £100 or 
more. 

Yet even ready -built, the Sinclair 
Scientific costs a mere £32.35 
(including VAT). 

And as a kit it costs under £20! 

Forget slide rules and four -figure 
tables! 
With the functions available on the 
Scientific keyboard, you can handle 
directly 

sin and arcsin, 
cos and arccos, 
tan and arctan, 
automatic squaring and 
doubling, 
log,o,antilog,o, giving quick 
access to xv (including square 
and other roots), 
plus, of course, addition, 
subtraction, multiplication, 
division, and any calculations 
based on them. 

In fact, virtually all complex scientific or 
mathematical calculations can be 
handled with ease. 

So is the Scientific difficult to 
assemble ? 

No. Powerful though it is, the Sinclair 
Scientific is a model of tidy 
engineering. 

All parts are supplied - all you 
need provide is a soldering 
iron and a pair of cutters. 
Complete step -by -step 
instructions are provided, 
and our Service Department 
will back you throughout if 
you've any queries 
or problems. 

Of course, we'll happily 
supply the Scientific 
or the Cambridge 
already built, if you 
prefer - they're still 
exceptional value. 
Use the order form. 

Components for Scientific kit 
(illustrated) 

1. Coil 
2. LSI chip 
3. Interface chips 
4. Case mouldings, with buttons, 

windows and light -up display in 
position 

5. Printed circuit board 
6. Keyboard panel 
7. Electronic components pack 

(diodes, resistors, capacitors, etc.) 
8. Battery assembly and on /off switch 
9. Soft carrying wallet 

10. Comprehensive instructions for use 

Assembly time is about 3 hours. 

41. ..fi ."` _ 
. 

/P 

4f 

Features of the Sinclair Scientific 

9.6629-0 I 

trod 572958°: 

5ÌI-ICIaÍ!- in 10 230259 ; 

e 271828 Scientific 314159 :. 

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIITRIM* 

12 functions on simple keyboard 
Basic logs and trig functions (and their 
inverses), all from a keyboard as simple as a 

normal arithmetic calculator's. 'Upper and 
lower case' operation means basic 
arithmetic keys each have two extra 
functions. 

Scientific notation 
Display shows 5 -digit mantissa, 2 -digit 
exponent, both signable. 

200 -decade range 
10-99 to 1 0 «99 

Reverse Polish logic 
Post -fixed operators allow chain 
calculations of unlimited length - 
eliminate need for an = button. 

25 -hour battery life 
4 AAA manganese alkaline batteries 

( e.g. MN 2400) give 25 hours continuous 
use. Complete independence from external 
power. 

Genuinely pocketable 
41/3 "x2 "x11 /16 ".Weight4oz. 
Attractively styled in grey, blue and 
white. 
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Sinclair Cambridge kit 

At its new low price, the original 
Sinclair Cambridge kit remains 
unbeatable value 
In less than a year, the Cambridge 
has become Britain's most popular 
pocket calculator. 
It's not surprising. Check the 
features below - then ask yourself 
what other pocket calculator offers 
such a powerful package at such a 
reasonable price. 

Now only 

£14.95 
(INC'.VAT) 

Components for Cambridge kit 
1. Coil 
2. LSI chip 
3. Interface chip 
4. Thick film resistor pack 
5. Case mouldings, with buttons, 

window and light -up display in 
position 

6. Printed circuit board 
7. Keyboard panel 
8. Electronic components pack 

(diodes, resistors, capacitors, 
transistor) 

9. Battery clips and on /off switch 
10. Soft wallet 

Assembly time is about 3 hours. 

Features of the Sinclair Cambridge 
Uniquely handy package. 

41/3"x2 "x11 /16 ",weight3l /2 oz. 

Standard keyboard. 
All you need for complex calculations. 

Clear - last -entry feature. 

Fully- floating decimal point. 

Algebraic logic. 

Four operators (+, -, x, - ), with 
constant on all four. 

Powerful constant with separate 'K' 
button. 

Constant and algebraic logic combine to 
act as a limited memory, allowing complex 
calculations on a calculator costing less 
than £15. 

Calculates to 8 significant digits 

Clear, bright 8 -digit display. 

S Operates for weeks on four 
AAA batteries. 

- 

222 EEE2: 
':'................................. . 

WW -142 FOR FURTHER DETAILS 

Take advantage of this 
money -back, no -risk offer today 
The Sinclair Cambridge and Scientific 
kits are fully guaranteed. Return either 
kit within 10 days, and we'll refund 
your money without question. 

All parts are tested and checked before 
despatch - and we guarantee any 
correctly -assembled calculator for one 
year. (This guarantee also applies to 
calculators supplied in built form.) 

Simply fill in the preferential order form 
below and slip it in the post today. 

Scientific 
Price in kit form £19.95 inc. VAT. 
Price built £32.35 inc. VAT. 
Cambridge 
Price in kit form £14.95 inc. VAT. 
Price built £21 .55 inc. VAT. 

I To : Sinclair Radionics Ltd, 
I FREEPOST, St Ives, 

Huntingdon, Cambs. PE174BR 

Please send me 
Sinclair Scientific kit at £19.95 
Sinclair Scientific built at £32.35 
Sinclair Cambridge kit at £14.95 
Sinclair Cambridge built at £21.55 

All prices include 8% VAT. 

*I enclose a cheque for £ 

made out to Sinclair Radionics Ltd, 
and crossed. 

*Please debit my *Barclaycard/ 
Access account. Account number 

* Delete as required. 

Signed 

Name 

Address 

Please print. FREEPOST - no stamp 
needed. 

L 

Sinclair 
Sinclair Radionics Ltd, 
FREEPOST,St Ives, 
Huntingdon, Cambs. PE174BR. 

Reg. No : 699483 England. VAT Reg. No : 213 8170 88. 
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Vocal moiter of Ceremonier 

There are precious few ceremonies, functions, meetings or entertainment 
events that Shure Vocal Master Sound Systems can't cover - regardless of 
room size or apparent acoustic difficulties. The Vocal Master is designed to 
project the voice with intelligibility and authority to the rear of large areas 
without overwhelming the listeners up front. It's versatile, easy to operate, 
and totally reliable. It's the system that earned its reputation for superb 
sound amplification by meeting the standards of professional entertainers - 
and is now used in hotels, churches, schools, executive meeting rooms and 
entertainment facilities from Land's End to John O'Groats in preference to 
built -in "custom" systems costing many times more. 
Shure Electronics Limited 
Eccleston Road, Maidstone ME15 6AU 
Telephone: Maidstone (0622) 59881 

WW -147 FOR FURTHER DETAILS 
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Transistor pairs 
The pros and cons of d.c.- coupled pairs, 
circuits for which are given in set 20 of Circards 

by J. Carruthers, J. H. Evans, J. Kinsler and P. Williams 

Paisley College of Technology 

"Supplementary or complementary, 
opposites or composites ?" asked Tweedle- 
dum. "Contrariwise ", said Tweedledee. 
It is not the intention to rewrite "Alice ... ", 

but it is not always clear what the 
advantages are in d.c.- coupled pair con- 
figurations- voltage gain plus impedance 
change, super current -gains, p -n -p 
simulation, thermal compensation or 
perhaps a current source as a stabilizing 
network. 

The pièce de resistance might be the 
long -tailed pair or differential amplifier 
(where would the linear i.c. be without it ?) 
which provides some satisfying amplifying 
properties -some possible variations for 
small -signal operation are shown in Fig. i. 
For example, the connection shown in 
Fig. 1(a) converts a signal difference 
between two inputs to equal, but antiphase 
collector signals. Signals common to both 
inputs (e.g. superposed noise signals from 
the same source) are reduced without 
affecting the differential gain, which is that 
due to a single transistor. 

The ability of this amplifier to prevent 
amplification of a common signal is called 
the common -mode rejection ratio, being the 
ratio of the differential voltage gain to the 
common mode gain, usually expressed in dB. 
The single -ended inputs of Fig. 1(b)and(e) 
produce an output at Tr2 collector, 
equivalent to Tr, as an emitter- follower 
driving Tr2 as a common -base amplifier. 
In addition, the output of Tr, is equal in 
magnitude but antiphase to that of Tr2, 
on the assumption of constant total 
current (long- tail). Hence the differential 
output in Fig. 1(b) is twice the single - 
ended output. The voltage gains are 
approximately R /h,b and R /2h11, for Fig. 
1(b) and (e) respectively, where h;b is the 
effective input resistance of the common 
base configuration. Fig. 1(c) and (f) are not 
used as amplifiers, but are useful as a 
means of determining the gain to common 
mode signals. This should be much less 
than unity to give good rejection. 

The common- emitter, common -base, 
connection shown in Fig. 2(a) is the 
cascode amplifier, where the first stage 
transistor Tr, has current gain, and the 
second stage Tr2 has voltage gain. The 
advantages are a large gain- bandwidth 

product and also, for high voltage outputs, 
the high breakdown value of the common 
base transistor Tr 2 is essential. 

The common collector- common col- 
lector pair of Fig. 2(b) is the familiar 

(a) 

1 Vout 

(C ) 

Darlington connection, where the effective 
current would be approximately ß2, if the 
transistors were identical. This would be 
true for short- circuit outputs, but a 
practical value for the ß of each transistor 

(b) 

(d) 

(e) (f) 
Fig. 1. Variations of the long -tailed pair include circuits with differential input, differential 
output (a), single- input, differential output (b) & (c), differential input, single output (d), 
and single input and output (e) & (/). 
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(d) (e) 
Fig. 2. Other ways of connecting two transistors are common -emitter, common -base i.e. cascode (a), 
common -collector pair i.e. Darlington (b), complementary pair with only one Vbe drop (c), complementary 
pair with no Vbe drop (d), symmetrical complementary pair i.e. class B amplifier (e), and the regenerative 
pair (fl. 

would be to specify the minimum value 
quoted by a manufacturer (assuming that 
discrete transistors are being discussed, 
because it must be remembered that 
super -fi packages are also available with 
defined current gains). The complementary 
connection of Fig. 2(c) provides only one 
V drop compared with Fig. 2(b), and 
that of (d) cancels the Vbe drops, but offers 
some second -order residual offset between 
input and output, and requires a separate 
bias path (not shown) for Tr, emitter 
current and Tr2 base current. Comple- 
mentary versions may provide an advan- 
tage, in that the transistor choice for the 
first stage can be that with the highest 
current gain at low currents. 

When opposite types of transistors are 
connected in complementary form, such as 
Fig. 2(e), we have the basis of a class -B 
amplifier. The circuit for each half -cycle of 
signal is essentially identical, and the load 
is driven from a low -impedance source, 
because each transistor acts as an 
emitter follower. An advantage is that 
interstage and output transformers are not 
necessary when such a circuit is used at 
audio frequencies. 

The interconnection of n -p -n and p -n -p 
transistors as in Fig. 2(f) provides a 
regenerative switching action due to the 
positive feedback between collectors and 
bases. It is similar in operation to a 
unijunction transistor, and there are of 
course similarities with the thyristor. 
Switching speeds can be faster than a 
single unijunction device because high - 
frequency transistors can be employed. 
The same arrangement is the basis for a 
constant -current circuit (Circards set 6, 
card 5), while those sources which may 
be classed as current controlled tend to use 
the current- mirror -no self -respecting 

operational amplifier would be without one! 
The complementary- symmetry m.o.s. 

pair has been an excellent addition to the 
pair family. Besides being the basis of 
several logic gates, it also has application 
in multivibrators and as a linear amplifier. 

A close study of most linear integrated - 
circuits will reveal the use of two or more 
of the pairs mentioned, to provide a com- 
posite arrangement which offers advantages 
that no single transistor or pair can do. 

Titles of cards in set 20 of 
Circards (available shortly) 
are: 
High current gain I (Darlington) 
High current gain II 
Cascode 
Long -tailed pair 
Current mirror 
Complementary pair 
Complementary emitter follower 
CMOS pair 
Mixed pairs 
Triples 

What are Circards? 
Circards are a new method of collating 
and presenting data about circuits in a 
compact and easily retrievable way. The 
sets of 203 X 127mm (8 X 5 in) double - 
sided cards are designed for easy filing in 
standard boxes and for easy access at 
the desk or at the bench, where trans- 
parent plastic wallets keep the cards in 
good condition. 

Each card normally describes operation 
of a selected circuit, gives measured 
performance data and graphs, component 
values and ranges, circuit limitations and 
modifications to alter performance. Sug- 
gestions for further reading are included 

Tr 

( c ) 

Tr2 

together with cross references to related 
circuits. The Circard concept was out- 
lined more fully in the October 1972 issue 
of Wireless World, pp. 469/70. 

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 SE 1 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. 

Topics covered so far in Circards are: 
I active filters 

2 switching circuits (comparator and 
Schmitt circuits) 

3 waveform generators 
4 a.c. measurement 
5 audio circuits (equalizers, tone controls. 

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 
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New 
Products 

P.c.b. supports 
Ilex pillars are designed to support and 
insulate p.c.bs from a chassis. The_pi liars 
are made from nylon and have a girder - 
shaped section with a spring -in fastening 
at the top and a push -in clip at the base. 

The supports may be mounted hori- 
zontally or vertically and are available in 
sizes from +in to 1 i in from West Hyde 
Developments Ltd, Ryefield Crescent, 
Northwood Hills, Middx HA6 1NN. 
WW300 for further details 

Digital watch kit 
A series of l.e.d. digital watch kits desig- 
nated LWS -6120 has been announced by 
Litronix. The kits are all based on the 
LMC -6120 low -power c.m.o.s. chip which 
counts hours, minutes and seconds. Also 
included in the kits are two monolithic 
n -p -n bipolar arrays, the LBC -1060 digit 
driver and the LBC -1070 segment driver. 
All three circuits are supplied in chip form 
intended for hybrid assembly methods. 
Eight different display options are avail- 
able which may be supplied either as mono- 
lithic . l.e.d. chips or pre -packaged and 

WW300 

aligned for flow solder mounting to the 
watch module. The kits are priced from 
£16.62 in quantities of 100. Litronix, 
Bevan House, Bancroft Court, Hitchin, 
Herts SG5 1LW. 
WW301 for further details 

Digital X -Y plotter 
The model WX511 plotter is designed for 
use with mini- computers or data output 
terminals. The instrument is compatible 
with a standard t.t.l. interface as well as 
t.t.l. -level pulses to give +x, -x, +y, -y, 
pen up and down (z axis), reset and chart 
change or feed operations. Specifications for 
the plotter are: a writing speed, in the x/y 
axis, of 400 steps /sec with a step width of 
O.1mm. A maximum z axis speed of ten 
times /sec, and a rise time of 1 ps with a 
pulse width of fps. The machine, which 
is claimed to have an overall accuracy to 
within ± 0.2%, has a writing area of 350 X 
250mm and overall dimensions of 400 X 
496 X 140mm. Environmental Equipments 
Ltd, Eastheath Avenue, Wokingham, 
Berkshire RG11 2PP. 
WW302 for further details 

I.c. heat sink 
A heat sink suitable for use with d.i.l. i.cs 
is available from G.D.S. The dissipator, 
which is designated LIC214, has a "stag- 
gered finger" configuration with a top plate 
for securing the i.c. in position. The heat 
sink will dissipate approximately 400mW 
for every 10 °C rise in junction tempera- 
ture. Overall dimensions for the device are: 
width ¡ -in, length 1.8in, and fixing holes 
1.043in between centres. GDS Sales Ltd, 
Michaelmas House, Salt Hill, Bath 
Road, Slough, Berks. 
WW303 for further details 

Colour checker 
Two colour checkers for shadowmask and 
Trinitron tubes have been introduced by 
BSP Ltd. The checkers, which are similar 

WW301 

in shape to a cheque card with a viewing 
window, are intended for use on static 
pictures such as test cards. The card is 
placed horizontally on the screen with 
the window over a selected part of the 
picture. The window area is a grid of lines 
in the Trinitron version and a matrix of 
black dots in the shadowmask type. This 
enables the colours to be analyzed 
separately. 

Two colour checkers are supplied (mail 
order only) in a wallet with an instruction 
booklet for £2.58 including v.a.t. and 
postage. BSP Ltd, Sandwich, Kent 
CT 13 9LP. 
WW304 for further details 

Hi -fi label kit 
Bib Accessories are now marketing a pack 
of 76 printed- p.v.c. labels suitable for 
identifying audio leads. Each title has two 
labels and in the case of left and right leads 
the labels are printed in red and black. 
The kit also contains 38 blank labels 
enabling miscellaneous titles to be written. 
Bib Hi -Fi Accessories Ltd, Hemel Hemp- 
stead, Herts. 
WW305 for further details 

Liquid crystal display 
A range of liquid crystal displays is now 
available from Hamlin Electronics. The 
range comprises 3 i digit types and one 8 

digit type all operating in the dynamic 
scattering mode. The devices in the 3302 
series are suitable for wrist -watch appli- 
cations and have a power consumption of 
30pW. Series 3400 consists of digital 
clock type displays and incorporate am/pm 
indication, while the 3600 series is suitable 
for instrument readouts. The eight digit 
devices in the 3500 series have been speci- 
fically designed for use in calculators and 
incorporate a floating decimal point. Ham- 
lin Electronics Ltd, 14 New Road, 
Southampton, Hants SO2 OAA. 
WW306 for further details 

WW302 

NV W303 
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Instrument case handles 
A range of 12 handles comprising heavy 
duty, folding, and flush types, each having 
variation of size and fixing, has been intro- 
duced by West Hyde Developments. All 
of the models have concealed spring clips 
which hold the hinged handles in either 
the open or closed position. Rubber 
buffers are also incorporated to ensure 
quiet operation. Apart from the smallest 
version, which is constructed from 
chromium plated steel, the handles are 
polished aluminium with metal base plates 
and are supplied either un- assembled and 
unpainted or complete and painted. West 
Hyde Developments Ltd, Ryefield 
Crescent, Northwood, Middx HA6 INN. 
WW307 for further details 

Interference filters 
The JX5100 series of filters is designed to 
protect equipment from mains -borne noise 
as well as protecting the mains from equip- 
ment noise. The filters are available for 
operation at + 125 °C and 250V a.c. in a 
range of current ratings from 1 to 30A. 
The series is claimed to withstand a test 
voltage of 2100V d.c. to ensure protection 
against high- voltage transients. Sprague 
Electric UK Ltd, 159 High Street, Yiew- 
sley, West Drayton, Middx. 
WW308 for further details 

Digital multimeter 
The DM2 multimeter from Sinclair is a 
five -function four-range instrument with a 
3 i digit l.e.d. display. The meter uses a 
m.o.s. l.s.i. chip which has built -in 7 -seg- 
ment decoding and provides an input im- 
pedance of typically 10Mí2. A chain of 
metal film, resistors form a voltage divider 
to obtain ranges up to 1000V, and to pro- 
vide current shunts for ranges up to 1A. 
A mean averaging a.c. to d.c. converter is 
also incorporated, to provide alternating 
voltage and current ranges; overload pro- 
tection is provided. The meter is battery 
powered, measures 9 X 6 X 2in, and costs 
£59.00 plus v.a.t. Sinclair Radionics Ltd, 

WW307 

London Road, St. Ives, Huntingdon, 
Carobs PE17 4HJ. 
WW309 for further details 

Resistor modules 
ITT have introduced a range of single -in- 
line packaged resistor modules comprising 
nine types in four package sizes. Resistor 
values between 100 and MO ± 10% are 
available with a power rating of 125 mW per 
resistor in the temperature range -40 to 
+ 75 °C. The networks cost between 6p and 
13.5p and are available from ITT Com- 
ponents Group Europe, Film Circuit 
Operation, Brixham Road, Paignton, 
Devon. 
W W310 for further details 

Thermal wire -stripper 
Litesold have introduced a pair of thermal 
wire -strippers suitable for removing p.v.c. 
and p.t.f.e. coverings up to 4mm diameter. 
The electrically heated V- shaped jaws melt 
the insulation material which is then drawn 
Off the conductor. The model PVC is a 
14W, 12 or 24V, tool for low temperature 
insulations while the model PTFE is a 48W 
24V stripper suitable for p.t.f.e. insulations 
only. Light Soldering Developments Ltd, 
97 -99 Gloucester Road, Croydon, Surrey. 
WW311 for further details 

Ultrasonic transducer 
The Linden Laboratories model 70100 
ultrasonic transducer is available for 
operation at two standard frequencies. 
The 25kHz ± 2kHz version has a band- 
width of 0.4kHz at - 6dB, a receiving 
sensitivity of - 50dB, relative to one volt 
per microbar, a capacitance of 1500pF 
and a tuning inductance of 26mH. The 
40kHz ± 2kHz version also has a 0.4kHz 
bandwidth at - 6dB but the receiving sen- 
sitivity is -60dB with a capacitance of 
1600pF and a tuning inductance of 10mH. 
Both types of transducer use a piezoelec- 
tric ceramic housed in an aluminium case 
measuring 20.6 X 26mm. Linden Labora- 

WW309 
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tories Inc., PO Box 920, State college, 
Pa. 16801, USA. 
WW312 for further details 

Waveform monitor 
The EV4040 colour -television waveform 
monitor is available in PAL or NTSC 
versions and offers a bright display under 
high gain conditions. The instrument can 
also display remotely -commanded RGB 
signals, and .has internal/external sync 
selection. A filter switch enables individual 
display of low frequency components, 
chrominance, differential gain and line 
time non -linearity. An active d.c. restorer 
may be selected to maintain the position of 
the back porch on the display regardless of 
average picture level. The illuminated 
graticule has ten divisions with major 
parameter lines emphasised. Electronic 
Visuals Ltd, PO Box 16, Staines, Middx. 
WW313 for further details 

Miniature transformer 
The E75A is a recent addition to the 75 
range of transformers from Belclere. This 
mains transformer will mount directly on to 
a p.c. board and occupy a volume of about 
0.65 cubic in. The secondary winding, 
which is centre tapped, provides an output 
of 0.2VA and the makers claim that the 
temperature will not exceed 55 °C when the 
secondary winding is shorted. Belclere Ltd, 
Cowley, Oxford OX4 2BU. 
WW314 for further details 

Digital signal generator 
The DG2 is a crystal controlled signal 
generator providing a square wave output 
from 0.1Hz to 1MHz. The output can be 
set to three significant figures above 1Hz 
with an amplitude of either 5 or 2.5V. An 
accuracy of ± 20 p.p.m. at 25°C with a 
stability of ± 50 p.p.m. from 0 to + 60 °C 
is claimed for the instrument which can 
also be used to multiply an input frequency 
by factors from 0.001 to 1000. The genera- 
tor, which has both internal battery and 

WW314 
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mains power supplies, measures 59 X 215 X 

254mm and costs £ 140 from Jiskoot Auto - 
control Ltd, Tunbridge Wells, Kent. 
WW315 for further details 

Transistor covers 
A range of insulating covers for T03 and 
T066 packages is available from Jermyn. 
There is a choice of either stretch on, 
screw hole or flange fixing types with 
different heights. All the covers are moulded 
from nylon and will withstand a tempera- 
ture of 125 °C. Jermyn Manufacturing, 
Sevenoaks, Kent. 
WW316 for further details 

Audio spectrum analyzer 
The Amber Audio model 4550 analyzer 
provides visual representation of the spectral 
energy content of an audio signal. The unit 
is a relatively low -cost, compact instrument 
(13.3 X 21 X 27.9cm) whose application is 
in sound recording, mixdown of multi- 
channel recordings and broadcasting. The 
device may also be used for acoustic and 
vibration analysis. Audio input is divided 
into ten octave -width segments (20Hz to 
20kHz), each octave being displayed on a 
vertical column of ten l.e.ds. The instru- 
ment includes two independent accumu- 
lating memories and four inputs can be 
displayed separately or in any combination 
by means of front panel push buttons. The 
display range may be set to either 10 or 
20dB while a step type attenuator varies the 
input sensitivity in 2dB increments over a 
20dB range. A sample button allows short 
spectra samples to be taken. Other main 
specifications are: centre frequencies 31.25, 
62.5, 125, 250, 500Hz, 1, 2, 4, 8, 16kHz; 
centre frequency accuracy ± 5 %; filter 
slope 12dB /octave; accuracy of display 
dB steps ± 0.25dB noncumulative; input 
impedance greater than 18k0. The display 
indicates within 1dB of actual value within 
2ms above 1 kHz or four cycles or less 1 kHz 
and below (40ms at 100Hz, 80ms at 50Hz). 
Display decay time is 2.3 seconds for a fall 
of 20dB. The unit weighs 3.6kg and is priced 
at £815.00 net. Scenic Sounds Equipment, 
27 -31 Bryanston Street, London W1H 
7AB. 
WW317 for further details 

Products 
seen at 
Electronica 74 
Ion -implant r.a.m. 
As well as showing single, two -chip and 
four -chip microprocessors, General Instru- 
ment Microelectronics announced their 
emphasis on static memories for use with 
microprocessors. The new 1024 -bit random 
access memory for instance requires no 
external clock or peripheral refresh 
circuitry and its organization (4 X 256) 
means that a complete 256 -word eight -bit 
memory can be assembled with two of the 
new chips (RA -3 -4256) instead of eight 
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1024 X 1 bit r.a.ms. It has separate data 
input and output lines, eliminating the need 
for external multiplexing circuitry. Tri- 
state data outputs allow easy assembly 
of larger memories. Operated from a 
single + 5V supply, read access and write 
cycle time is fps. The circuit is the first to 
use General Instruments Giant II n- 
channel ion -implantation facility at 
Glenrothes. General Instruments Micro- 
electronics Ltd, 57 Mortimer Street, 
London W 1 N 7TD. 
WW320 for further details 

Dynamic r.a.m. 
National Semiconductor 4096 X 1 -bit 
random access read/write memory is a 
dynamic memory featuring a common 
input/output. The fully -decoded memory 
has an access time of 200ns and a cycle 
time of 400ns. The device is manufactured 
using the n- channel silicon gate technique 
with a single transistor cell providing a high 
memory density. It is housed in an 18 -pin 
dual-in -line package. National Semiconduc- 
tor GmbH, D808 Furstenfeldbruck, 
Industriestrasse 10, Germany. 
WW321 for further details 

Hybrid active filters 
Tantalum thin -film active filters by 
Siemens feature a maximum temperature 
coefficient of 40X 10-6 parts per Kelvin 
(e.g. a temperature change of 50 deg C will 
give a change in frequency of 0.2 %). The 
close compensation of resistance and 
capacitance coefficients is achieved by 
using tantalum nitride resistors and beta - 
tantalum capacitors. Op -amp types 
TAA861, 761 or TBA 221 are used in 
these hybrid circuits. The synthesis tech- 
nique used allows design of second -order 
filters with a Q factor of 100 from 
100Hz to 1kHz and a Q of 50 up to 
10kHz. Siemens Ltd, Great West House, 
Great West Road, Brentford, Middx. 
WW322 for further details 

Chalnicon TV tube 
The Toshiba Chalnicon TV camera tube is 
claimed to have advantages over conven- 
tional vidicon and Plumbicon tubes in 
medicine, broadcasting, and industrial 
application. It has a target structure of 
photoconductive cadmium selenide, giving 
an almost -flat spectral response with a 
sharp cut off beyond 700nm. Toshiba say 
that the dark -current increase or decrease 
in light sensitivity that occurs in conven- 
tional vidicons, and the white spot growth 
that occurs in Plumbicons seldom occurs 
in the Chalnicon. Tubes are available with 
either magnetic or electrostatic focus in 
18 or 25 -mm sizes, having a 600mW heater. 
One tube, type E5095 intended for corn- 
pact TV cameras, has a target to all -other- 
electrode capacitance of 2pF. Tube types 
E5001 and E5063, intended for use with 
image intensifiers in x -ray equipment and 
featuring a sensitivity of 1.5 times that of 
the Plumbicon and 3.5 times that of the 
vidicon, enables patient x -ray dose to 
be reduced proportionately. Toshiba (UK) 

Ltd, Tube & Semiconductor Dept, 
Toshiba House, Great South West Road, 
Feltham, Middx TW 14 OPG. 
WW323 for further details 

Semiconductor memory 
A new type of semiconductor memory- 
the factory programmable read -only 
memory or f.r.o.m. -announced by 
Motorola offers advantages of a high -speed 
fusible -link p.r.o.m. but at lower cost. Like 
the standard p.r.o.m., programming is 
carried out by fusing nichrome resistor 
links, but in this case it is factory pro- 
grammed. Because programming currents 
are applied using probes directly on the 
chip, the need for fuse -current steering and 
addressing circuitry is eliminated. The new 
device is produced in emitter -coupled 
circuitry with an organization of 256 word 
X 4 bits. Enable -to- output access time is 
Ins, while address -to- output access time is 
2Ons. This speed is achieved with a 150 - 
mA drain from a - 5.2 -Volt supply. 
Motorola Ltd, York House, Empire Way, 
Wembley, Middx. 
WW324 for further details 

Domestic infra -red 
headphone links? 
The new photodiode type BPW34 from 
Siemens is developed especially for receiv- 
ing modulated infra -red radiation over a 
room link from either television, radio or 
record players to headphones. The diffuse 
distribution of infra -red radiation means 
the head is free to turn in any direction. The 
problem in designing the photodiode is to 
collect as much radiation as possible 
whilst keeping capacitance small to obtain 
a high cut -off frequency. The Siemens 
diode can operate with modulation of a 
100 -kHz and a bandwidth of 50kHz 
despite the relatively large area of 9mm2. 
An infra -red filter layer prevents visible 
light entering. Transmitter is an array of 
four LD241 luminescent diodes, the peak 
power of 60mW being adequate for 
medium -sized rooms. Siemens Ltd, Great 
West House, Great West Road, Brentford, 
Middx. 
WW325 for further details 

Counter for electronic watches 
A silicon -on- sapphire timing circuit 
(TA6778) is the first s.o.s. device from 
RCA. Use of sapphire as an insulating sub- 
strate rather than silicon for m.o.s. struc- 
tures results in smaller unwanted capacit- 
ances, leading to higher speeds and lower 
power dissipation than with standard 
c.m.o.s. circuits. The timing circuit is a 
ripple -counter for single- battery circuits. 
Voltage range is 1.1 to 5V but for a watch 
using a 4.195 -MHz AT -cut crystal, range 
is 1.45 to 1.6V and for a 1.048 -MHz SL- 
cut crystal range is 1.1 to 1.6V. Circuit is 
capable of operating up to 80MHz for 
1.6mW at 5V. Consumption at MHz and 
1.6V is about 2pW. RCA Ltd, Sunbury - 
on-Thames, Middx 
WW326 for further details 

Solid State 
Devices 
The names of suppliers of devices in this 
section are given in abbreviation after 
each entry and in full at the end of the 
section. 

Sample and hold 
A sample and hold amplifier, model 
4855, has an acquisition time of 250ns 
and conversion rates of over 250kHz 
with a claimed accuracy to within 0.01 %. 
Bandwidth is 80kHz and aperture settling 
time is 0.2s. 
WW350 for further details 

Teledyne Philbrick 

Switching transistors 
Types BUY86 and BUY87 have a maximum 
current rating of 7.0A with collector -to- 
emitter saturation voltages of 1.0 and 1.3V 
respectively. Both transistors are n -p -n 
silicon planar, epitaxial types in TO -3 
metal cases and have a VcEO of 100 and 
150V respectively. 
WW351 for further details Mullard 

R.f. transistors 
A range of r.f. power transistors, 
MRF230 to MRF234, for use in the 
40- 100MHz band have power outputs of 
1.5, 3.5, 7.5, 15 and 25W respectively 
from a 12.5V supply. All devices pur- 
chased are tested at 30:1 v.s.w.r. at all 
phase angles. 
WW352 for further details Motorola 

High speed p.r.o.m. 
The type 3604 4k p.r.o.m. is organised 
as 512 words of 8 bits. The device has a 
typical power consumption of 0.3mW 
per bit, an address -to- output delay of 
7Ons, and a chip select -to- output delay 
of 3Ons. 
WW353 for further details Walmore 

High voltage op-amp 
The new 3580 series of f.e.t. -input 
operational amplifiers provide output 
swings of up to 290V peak -to -peak. The 
devices, which are either encapsulated 
modules or integrated, have self -contained 
automatic thermal protection and will 
dissipate about three watts or up to 4.5W 
with a suitable heat sink. 
WW354 for further details Burr Brown 

Suppliers 
Teledyne Philbrick, Heathrow House, 
Bath Road, Cranford, Middx. 
Mullard Ltd, Mullard House, Torrington 
Place, London WC IE 7HD. 
Motorola Ltd, Semiconductor Products 
Division, York House, Empire Way, 
Wembley, Middx. 
Walmore Electronics Ltd, 11 -15 Better - 
ton Street, Drury Lane, London WC2 9BS. 
Burr Brown, 25A King Street, Watford, 
Herts WD1 8BT. 

www.americanradiohistory.com

www.americanradiohistory.com


Wireless World, February 1975 a4 1 

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 8%" 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 

SO in ,mal Case 

Book'' 

8's 

£3.95i & P P 

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 
with Design of Digital 
Systems for the bargain 
price of £9.25. 

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 

Design of 
Digital Systems 

Book 1 1 

r 

£5.95 
including packing and 
surface post anywhere in 
the world (VAT zero 
rated). Payments may 
be made in foreign 
currencies. Quantity 
discounts are available 
on request. Total packaged 
weight does not exceed 41b 
-please allow enough 
extra for air mail. 

To: Cambridge Learning Enterprises, 
FREEPOST, St. Ives, Huntingdon, Cambs PE17 4BR. 

*Please send me set(s) of Design of Digital 
Systems at £5.95 each, 

*or set(s) of Digital Computer Logic and 
Electronics at £3.95 each, 

or combined set(s) at £9.25 each. 

Name 

Address 

*delete as applicable. 
No need to use a stamp -just print FREEPOST on the envelope. 
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E.N.T. POWERUNIT. 110/240v. 50Hz giving 5 K.V. at 
50 m /a. METERED OUTPUT. £1750. 

COPPER LAMINATE P.C. BOARD 
81 x 6 x -'r inch 202 sheet. 3 for 55p. P.P. 10p. 
10 x 4 x ;c inch 12p sheet. 5 for 50p. P.P. 15p. 
101 x 51 x dr inch 20p sheet. 3 for 55p. P.P. 10p. 
14 x 61 x * inch 30p sheet. 3 for 80p. P.P. 15p. 
Offcut pack (smallest 4 x 2 inch) 50p. 300 sq. in. 
P.P. 5p single sheet. 20p Bargain Packs. 

TELEPHONE DIALS (New) £1 ea. 
RELAYS (G.P.O.'3000'). All types, Brand 
new from 37 }p ea. 10 up quotations only. ii n .- 
EXTENSION TELEPHONES (Type 706) 
Various Colours £3.50. P.P. 50p. Excellent 
conditio'n. 
RATCHET RELAYS. (310 ohm) Various 
Types 85p. P.P. 15p. 
UNISELECTORS (NEW) 25 way 12 
Bank (Non Bridging) 68 ohms. £6. 
P.P. 30p. 

PRECISION A.C. MILLIVOLTMETER (Solartron) 1 .5m.v. 
to 15v : 60db to 20db. 9 ranges. Excellent condition. 
£22 50. P.P. £1.50. 

HIGH CAPACITY ELECTROLYTICS y 
2,200µf. at 50v. (2 x 1 fin.) 40p. P.P. 5p. 2,200µf. 100v. 
(1 } x 4in.) 75p. 3,150µf. 40v. (1 ; x 4ìn.) 60p. 10,000µf. 25v. 
(11 x 41in.) 60p. 12,000µf. 40v. (2 x 4in.) 75p. 16,000µf. 
16v. (2 x 4in.) 60p. 21,000pf. 40v. (2} x 4in.) £1. 2,800µf. 
100v. (4 x 2in.) 80p. 35,000µf. 40v. (3 x 4 }in.) £1. P.P. 15p. 
H.D. ALARM BELLS. 6 in. Dome 6/8 volt D.C. £2.25. 
P.P. 50p. 
OVERLOAD CUT -OUTS. Panel mounting (1 } x 11 x }in.) 
800 M /A /1 .8 amp /10 amp. 35p ea. P.P. 5p. 

BULK COMPONENT OFFER. Resistors /Capacitors. All 
types and values. All new modern components. Over 500 
pieces £2. P.P.20p. (Trial order 100pcs. 50p.) We are 
confident you will re- order. 

REGULATED POWER SUPPLY. Input 110/240v. 
Output 9v. DC. 1 } amp. 12v. D.C. 500 m /a. £4. P.P. 40p. 
S. Q. C.B S. DECODER MODULE 
Complete with I.C. M.C.1312P. 
With the removal of 6 components a direct electrical sub 
stute for P. E. 'RONDO' Board. £4 each. 

U.K. ORDERS 8% V.A.T. SURCHARGE 

TRANSFORMERS 
ADVANCE "VOLSTAT" TRANSFORMERS. Input 
242v. A.C. 

CV50. 38v. at 1 amp: 25v. at 100 m /a. 75v. at 200 m /a. 
£2 ea. P.P. 40p. 

CV75. 25v. at 21 amp. £2.50. P.P. 50p. 

CV100. 50v. at 2 amp: 50v. at 100 m /a. £3. P.P. 50p. 

CV250. 25v. at 8 amp : 75v. at } amp. £5. P.P. £1. 

CV500. 45v at 3 amp: 35v. at 2 amp: 25v. at 3 amp. 

L.T. TRANSFORMER "TOROIDAL ": Prim. 240v. 
Sec. 30v. at 1.5 amp. Size 3 inch dia. f inch thick at 
£1.25. P.P. 10p. __ -.. 

_ 
_ .. 

L.T. TRÁNSFORMER: Prim. 240v. Sec. 27 -0 -27 at 
800 m/a 7.5v. at 1.5 amp. £1.75. P.P. 25p. 

L.T. TRANSFORMER. Prim. 240v. Sec. 24v. at 
1 } amp. £1'20. P.P. 30p. 

L.T. TRANSFORMER. Prim. 110/240v. Sec. 0/24/40v 
1 } amp. (Shrouded). £1.50. P.P. 30p. 

L.T. TRAN S F O R M E R. Pri m. 200/250v. Sec. 20/40/60v. 
at 2 amp. (Shrouded). £2.25. P.P. 40p. 

L.T. TRANSFORMER (H.D.) Prim. 200/250v. 
Sec. 18v. at 27 amp: 40v. at 9.8 amp: 40v. at 3.6 amp: 
52v. at 1 amp : 25v. at 3.7 amp. £15. P.P. £2. 

H.T. TRANSFORMER. Prim. 110/240v. Sec. 400v. 
100 m /a. £2. P.P. 50p. 

E.H.T. TRANSFORMER. 240v. Sec. 1800v. 50 mA. 
£2.50. P.P. 50p. 

L.T. TRANSFORMER. 110/240v. ('C. Core). Secs. 
1/3/9/27v. at 10 amps. £6.50. P.P. f1. 
L.T. TRANSFORMER. Prim. 240v. Sec. 16/0/16v. at 
2 amp. £160. P.P. 30p. 

L.T. TRANSFORMER. Prim. 110/240v. Sec. 23/0/23v. 
at 1.8 amp : 50v. at 300 m /a: 3.15/0/3.15v. at 300 m /a. 
£1.75. P.P. 30p. 

L.T. TRANSFORMER. Prim. 200/240v. ('C' Core). 
Secs. 1v. /3v. /8v. /9v. all at 1.5A : 50v. at 1 amp. £2. 
P.P. 30p. 

L.T. TRANSFORMER. 110/240v. ('C' Core). Sec. 
13.5v. 4A. : 39v. at 2A. £2.50. P.P. 30p. 

L.T. TRANSFORMER. 110/240v. ('C' Core) 1v./ 
3v. /9v. /20v. /20v. all at 2 amp. £3. P.P. 40p. Same 
Secondaries but at 4 amp. £4.25. P.P. 50p. 

L.T. TRANSFORMER. 110/240v. ('C' Core). Secs. 
1 v. /3v. /9v. all at 10 amp : 35v. at 1 amp : 50v. at 750 m/a 
£5.25. P.P. 75p. 
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HIGH -SPEED MAGNETIC 
COUNTERS. 4 digit (non reset) 24v. 
or 48v. (state which) 4 x 1 x 1 in. 
40p. P.P. 10p. 

5 digit (Non- reset) 24v. 75p. P.P. 10p. 

3 digit 12v. (Rotary Reset) 21 x 1 } x 1 } in. £1 each. 
P.P. 10p. 

6 digit (Reset) 240v. A.C. £3.50. P.P. 10p. 

RIBBON CABLE (8 colours) £1.25. P.P. 15p. 10m: 
£10. P.P. 50p. 100m. 8 cores 7 /.mm bonded side by side 
ribbon form. 

1000 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). 
£1.20. P.P.15p. 

RELAYS 

SIEMENS /VARLEY PLUG -IN. Complete with transparent 
dust covers and bases. 2 pole c/o contacts 35p ea.; 6 make 
contacts 40p ea.; 4 pole c/o contacts 50p ea. P.P. 5p ea. 
6- 12- 24 -48v. types in stock. 

12 VOLT H.D. RELAYS. 2 pole 3 way 40p. P.P. 10p. 

240v. A.C. RELAYS. (Plug -in type), 3 change -over 10 amp. 
contacts. 75p (with base). P.P. 1 Op. 

P.A.R. BISTABLE RELAY (Latching) 24v. D.C. 4 c/o 
contacts 65p. P.P. 10p. 

SILICON BRIDGES. 100 P.I.V. 1 amp } six} in. 30p. 
P.P. 5p. 200 P.I.V. 2 amp. 60p. P.P. 5p. 

24 VOLT A.C. RELAYS (Plug -in). 
3 Pole Change -over 60p. P.P. 5p. 
2 Pole Change -over 45p. P.P. 5p. 

S. T. C. CRYSTAL FILTERS. (10.7 Mhz) 
445 -LQU -901A (50Khz spacing) £3. 
445 -LQU -901 B (25Khz spacing) £4. 

WE REGRET THAT ALL ORDERS VALUE UNDER £5 
MUST BE ACCOMPANIED BY REMITTANCE. 

i 
Et KINNIE 

191 LONDON ROAD ' ROMFORD ESSEX 

OMFORD 44473 RM7 9DD 

TRANSISTORS 
Type Price(£) 
AC107 0-35 
AC117 024 
AC126 025 
AC127 025 
AC128 025 
AC141 0ß6 
AC141K 0-21 
AC142K 0-19 
AC15I 024 
AC152 025 
AC753K 028 
AC154 020 
AC776 025 
AC187 0-25 
AC1g73( 0-25 
AC188 025 
AC788K 026 
AC193K 030 
AC194K 032 
AC728 025 
ACY39 068 
AD140 030 
AD142 0-52 
AD143 051 
AD749 050 
AD161 0.46 
AD162 048 
AF114 025 
AF115 025 
AF116 025 
AF717 O20 
AF118 0-50 
AF121 030 
AF124 025 
AF125 020 
AF126 O20 
AF127 020 
AF139 0'35 
AF147 035 
AF149 0.45 
AF178 0-55 
AF179 0.60 
AF180 0-55 
AF181 0-50 
AF786 0.40 
AF239 040 
AF279 0-84 
AL100 010 
AL102 1.10 
AL103 110 
AL113 0.95 
AU703 1.40 
AU110 1-40 
AU113 1`70 
BC107 0-12 
BC107A 0.13 
BC107B 0'14 
BC108 0-12 
BCtGgB 0-13 
BC108C 014 
BC109 0.13 

BC113C 0.13 
BC114 0-20 
BC115 020 
BC116 020 
BC117 020 

Type Price (£) 
BC119 099 
BC125 0-22 
BC725B 0ß5 
8C126 020 
BCt32 0.15 
BC134 020 
BC135 0-15 
BC136 0.20 
BC137 0-20 
BC138 0-20 
BC142 0-30 
BC143 035 
BC147B 013 
BC16 0-12 
BC149 0-14 
BC152 0-25 
BC153 020 
BC154 020 
BC157 0-15 
BC758 0.13 
BC159 0.15 
BC761 0.46 
BC767B 0.15 
BC168B 0-t3 
BC769C 013 
BC170 0-15 
BC171 0.15 
BC172 0.14 
BC173 020 
BC176 022 
BC177 020 
BC178 020 
BC1788 022 
BC179 O20 
BC7798 021 
BC182L 0-11 
BC183 0.11 
gC183K 0.12 
BC183L 011 
BC184L 0.13 
gC186 025 
BC187 026 
BC208 Oi2 
BC212L 0.12 
BC213L 0.12 
BC214L 015 
BC238 010 
BC261A 0ß8 
BC262A 0.10 
BC2638 025 
BC267 014 
BC268C 0c0 
BC294 Oß7 
BC300 038 
BC301 035 
gC303 0.80 
BC3078 0-12 
BC308A 010 
BC309 0.15 
BC323 038 
BC377 022 

BC 61 t-58 
BCY33 0-36 
BCY42 0.16 
BCY71 0-42 
B 8 2-4: 

BD115 
rice( 

g6 
BD123 0'98 
BD124 046 
BD130Y 1`42 
B0131 0-45 
BD132 0-50 
BD135 0.40 
80136 046 
BD137 0-48 
BD138 0.50 
BD139 0-55 
BD140 0,02 
80144 2-19 
B0145 0-75 
BD163 067 
80183 0-56 
BD234 0-75 
8D519 0-76 
BD520 046 
BDX18 1-45 
BDX32 255 
BDY76A 036 
BDY18 1`78 
BDY20 0.99 
BF115 020 
BF117 0-45 
BF720 055 
BF721 Oß5 
8F123 028 
BF125 0-25 
BFt27 030 
BF158 0'25 
Bfl59 027 
BF160 092 
BF161 045 
BF162 0.45 
BF163 0.45 
BF167 Oß5 
BF173 025 
BF177 03O 
BF17g 033 
BF179 033 
BF180 035 
gF181 033 
BF182 0.44 
BF1B3 044 
BF784 096 
5F185 02g 
BF194 0-15 
8F195 015 
8F196 0.15 
gF197 017 
BF198 020 
gF199 095 
gF200 035 
BF218 0-35 
gF222 108 
BF224J 0-15 
BF240 020 
BF241 020 
BF244 0-t8 
BF254 0-45 
BF255 0-45 

BF2576 0.49 
BF258 066 
BF259 0'93 
BF262 0.70 
BF263 0.70 

BF273Pnc 016 
BF336 035 
BF337 0-35 
BF485 0-46 
BF459 037 
BF596 0-70 
BF597 0.15 
BFR41 030 
BFR61 030 
BFT43 055 
gFW10 0.55 
BFW11 035 
BFW16A 1-70 
BFW30 1.311 

BFW59 019 
BFW60 0-20 
BFW90 0'28 
BFX16 2'25 
BFX29 0-30 
BFX30 035 
BFX84 025 
BFX85 028 
BFX86 026 
8FX87 028 
BFXgg 024 
BFY18 053 
BFY40 040 
BFY41 043 
gFY50 025 
8FY51 023 
BFY52 023 
BFY57 032 
gFY64 002 
66Y72 031 
BFV90 0.70 
BLY15A 0-79 
BPX25 165 
BPX29 100 
BPX52 100 
BRC4443 0.60 
BRY39 0.42 
BR101 0'35 
BSW64 036 
BSX19 0-13 
BSX20 0 19 

BSX76 0.15 
BSX82 052 
BSY19 0-52 
BSY41 022 
BSY54 050 
BSY56 090 
gSY65 015 
BSY78 040 
ggygf 0T8 
BT101I3001.05 
B7101/500 115 
57102/300102 
BT102(5001i2 
BT106 118 
BU105/02 1.95 
BÚ108 3.25 
BU126 1-93 
BU204 198 

BU207 3-00 
BU208 3-15 
BU209 2.55 
BUY77 2.50 
BUY78 2.55 

BUY79 285 
C106F 0-43 
C111E 0.56 
CRS1I40 0-45 
CRS3/40 0.55 
D4ON1 0.45 
E1222 055 
E5024 020 
ME6001 0.16 
ME6002 017 
ME8001 0-18 
MJE340 066 
MJE341 0.72 
MJE370 0.65 
MJE520 065 
MJE521 0.95 
MJE2955 120 
MJE3055 0'74 
MM721 0-70 
MPF102 040 
MPSA05 0-47 
MPSA55 0-50 
MPS6566 021 
MPSUO5 094 
MPSUO6 076 
MPSU55 I 21 
MPSU56 1262N2102 
OC26 038 
0C28 065 
0C35 050 
0C36 005 
0042 035 
0C44 015 
OC6 0.15 
0070 015 
0071 0'15 
0072 075 
0073 051 
0075 025 
0081 025 
OCa1D 030 
0C139 Oßi 
OC140 030 
0C17o 025 
OC171 0-30 
OCP71 0.47 
ON18B 2'19 
ON236A 005 
ORP12 055 
142008g b05 
R2010g 2.10 
TAG3I4001-54 
T1C44 024 
TIC46 Odd 
TIC47 058 
T1C29A 0.49 
TIP30A 058 
TIP31A 0-65 
TIP32A 0'67 
T1P33A 099 
TIP34A 1-73 
T1P41A 0.00 
TIP42A 0'91 

TIS 136 
ZTX109 0.12 
ZTX300 0-18 
ZTX304 0-22 
ZTX310 0.10 

ZXT313 
ZTX500 
ZTX502 
ZTX504 
ZTX60'2 
2N525 
2N696 
2N697 
2N706 
2N706A 
2N708 
2N744 
2N914 
2N916 
2N918 
2N930 
2N1304 
2N1305 
2N1306 
2N1307 
2N1308 
2Nt309 
2N1613 
2141711 
2ry1g90 
2N1893 

2N2217 
2N2218 
2N2219 
2N2221A 
2N2222A 
2N2369A 
2N2401 
2N2484 
2N2570 
2N2646 

2N2712 
2N204 
2N2904A 
2NY905 
2N205A 
2N2926G 
pN2926Y 
2ry29260 
2N3019 
2N3053 
2N3054 
2N3055 
2N3133 
2N3134 
2N3232 
2N3235 
2N3254 
2N3323 
2N3391A 
2N3702 
2N3703 
2N3704 
2N3705 
2N3706 
2N3707 
2N3715 

2N3735 
2N3771 
2N3772 
2N3773 
2N3790 

012 
0.17 
017 
0-42 
024 
0.88 
023 
015 
012 
0-15 
035 
030 
0.19 
090 
0-42 
0-35 
021 
021 
0-31 
0122 
0128 
036 
034 
005 
045 
048 
0-31 
036 
0.60 
0-50 
0-41 
030 
0.42 
0.60 
0.41 
018 
0-53 
0-12 
022 
026 
072 
043 
0-13 
0-12 
0-12 
0-75 
0-21 
055 
0-60 
054 
060 
1-32 
1f0 
O28 
048 
0-23 
0i3 
0i6 
0-15 
011 
01O 
0.13 
230 

1.18 
1'70 
1-90 
2.90 
1'15 

2N3794rrCe020 
2N3819 035 
2N3820 0 49 
2N3823 105 
2N3866 170 
2N3877 025 
2N3904 016 
2N3905 018 
2N3906 015 
2N4032 031 
2N4036 0-52 
2N4046 0-35 
2N4058 017 
2N4123 0-13 
2N4124 015 
2N4126 020 
2N4236 1-90 
2N4248 0-12 
2N4284 0.19 
2N4286 019 
2N4288 013 
2N4289 020 
2N4290 014 
2N4291 018 
2N4292 Ozo 
2N4871 024 
2N4902 130 
2N5042 1 05 
2N5060 032 
2N5061 035 
2N5064 0-45 
2ry5087 032 
2N5294 0-35 
2N5296 037 
2N5298 038 
2N5322 0.65 
2N5449 1-90 
2N5457 0-30 
2N5458 035 
2N5404 1.85 
2N5406 2-05 
2N6027 0.85 
2N6178 0.71 
2N6180 0.78 
2SC643A 146 
2SC1172Y 2.80 
3N140 121 
40250 0.80 
40327 0.67 
gp361 O/t 
40362 0.50 
40429 0.80 
40439 2.67 
AC7281 
AC176 052 
AC141K1 
AC142K 0'58 
AC7871 
AC188 060 
AC187KI 
AC188K 0.81 

AC193K/ 

AD761K 
0.71 

085 
BC142/ 
BC143 0.70 

DIODES 
Type Price (£) 
AA113 0.15 
AA119 0.09 
AA129 O 20 
AA143 0-10 
AAZ13 030 
BA100 030 
BA102 0ß5 
BA1100 0-30 
BA115 0.12 
6A141 017 
BA145 0.17 
8A16 0i7 
BA154 0.13 
BA155 0-16 
BA156 015 
BA147 0-25 
BAX13 0-06 
BAX16 0-07 
gB103 025 
8B104 0-45 
BB705B 0.45 
gB105G 0.35 
BR10D 050 
BY100 0-15 
BY103 0ß2 
BY126 0-18 
BY127 0.17 
BY133 023 
BY140 1-40 
BY164 0.55 
BY176 1'00 
BY179 0.70 
BY206 0-31 
BYXiO 015 
0A47 0-07 
0.481 0.12 
0A90 003 
0A91 0.07 
0A95 0-07 
0A200 010 
0A202 010 
0A210 029 
N914 0.07 
N916 0110 
N4001 0.05 
N4002 006 
N4003 007 
N4004 008 
N4005 0.09 
N4006 011 
N4007 014 
N4148 0-05 
N4448 010 
N5400 0-15 
N5401 0.17 
N5402 020 
N5403 Oß2 
N5404 Oß5 
N5404 Oß7 
N5406 030 
N5407 0-34 

ZENERS 
400m W 
3-33V 0-12 
1W 
33-68V 0.10 

THYRISTORS, 
WITH TRIGGER 
IF VRM: 50V 
3A -/-/- 
4A 26/-/- 
6A 29/-/- 
8A 321-/- 
IOA 36/-/- 
16A -f-f- 
Notes: All prices 
thyristor, second is 
depends on current 
with each device. 

`_r 
TRIACS 

100V 
-/28/30 
30/-/- 
33/44/46 
38/50/52 
42/60/63 
-/82/90 

are in pence 
triac, third 
rating and 

Quantify enquiries 

f 
AND TRIA 

200V 
-/34/36 
38/-/- 
42/56/58 
47/64/61 
51/74/78 
-/88/95 

per unit. First 
is triac with 

device type. 
welcomed. 

\ 
CS 

400V 
-/50/52 -/- 

/84 
75/92 7 
84/1 109 
-/13 /140 

p ice in each 
t ger. Encapsulation 

Connection data 

600V 
-/66/70 
75/-/- 

80/100/105 
90/114/120 
100/128/13 
-/175/185 

group is 

supplied 

INTEGRATED 

CIRCUITS 
Type Price (£) 
CA3045 140 
CA3046 040 
CA3065 1.90 
MC1307P 1.90 
MC1310P 2-94 
MC1327PQ 

1-01 
MC1330P 0P76 
MC1351P 0-75 
MC1352P 042 
MC1358PQ 

1.85 
MC7496L 0.87 
MC3051P 0.58 
MFC400080.43 
MFC4060A 

0-70 
MFC6040 0.91 
PA263 1'90 
SL414A 191 
SL901A 2.60 
SL91713 3.80 
SN76003N2.92 
SN76013N 1.95 
SN76013ND 

1.72 
SN76023ND 

172 
SN76023N 1.95 
SN76033N 2.92 
SN76530P 1 05 
SN76533N 1-20 
TAA300 1-46 

TAA350 1.54 
TAA435 045 
TAA450 1-65 
TAA550 0.49 
TAA570 139 

Type Price (£) 
TAA630Q3ß9 
TAA630S 329 
TAA700 330 
TAA840 1.64 
TAA861A 

0-49 
TAD100 1-42 
TBA120S 0-98 
TBA240A 1-10 
TBA480Q 124 
TBA500 109 
TBA5000 2.00 
TBA510 1-99 
TBA520Q 2-72 
TBA530 1-96 
TBA530Q 109 
TBA540 2-20 
TBA540Q 221 
TBA550Q 3.29 
TBA560C 241 
TBA560CQ 

2.72 
TBA570 117 
T8A641 0-78 
TBA673 140 
TBA700 1.90 
T8A72013 2-20 
TBAA7gQ1.54 

5 

TBA810AS 
1-75 

TBA920Q 3-29 

TBA990Q 3-29 
TCA270Q 375 
ZN414 120 
u6A9951592.52 

THIS MONTH'' 

BC 184L transisto 
1,000. 
IN4148 diodes 
5,000 (1,000 
8 x 5 in. 15f2 
magnet SOp 
on this item 

' 

E5.90 

OFFERS: 

00, E50.00 

£98.00 

postage 

E2 ..'. ,111 
minimum order). 

loudspeakers-ferrite 
each (I5p part 
please). 

PLEASE ADD 8% FOR V.A.T. 
P. & P.: U.K. E0.08 PER ORDER 
OVERSEAS AIR MAIL: AT COST 
All items advertised ex-stock on 
magazine copy date. All prices subject 
to availability. Our new catalogue is 
now available at 30p (refundable). 

EAST 

CORNWALL 

COMPONENTS 
CALLINGTON, 
CORNWALL, Pill 8PZ 
Telephone: Stoke Climsland 
(05797) 439. Telex: 45457 A/B 
MERCURY CALGTON. 
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TELEPRINTER EQUIPMENT LIMITED 
Sales ... Rentals ... New ... Refurbished ... Installation . . . 

Maintenance ... Overhauls ... Spare Parts ... Prompt Deliveries 
TELEPRINTERS Models 7B, 54, 75, 444 
PERFORATORS 7PN, 85/86, PR75, 25 
TAPE READERS 6S4, 655, 6S6, 6S6M, 92, 35, 71, 72, 74 
HIGH -SPEED TAPE WINDERS 80 -0 -80V POWER SUPPLY UNITS, etc. 

TELEPRINTERS 15, 19, 20, 28, 32, 33, 35 
all configurations 
PERFORATORS 14, 19, 28 LPR, RECEIVE & MONITOR GROUP CABINETS 
TAPE TRANSMITTERS 14, 20, 28- LBXD & LXD TRANSMIT GROUPS, etc. 

TELEPRINTERS T100 and T -68 in various configurations 
PERFORATORS T -LOCH 12, T -LOCH 15, A, B, D & F, etc. 

KLEINSCHMIDT, OLIVETTI, LORENZ, COCQUELET, BRITISH, AMERICAN, 
CONTINENTAL, ARABIC and other layouts, 5 -8 track. 

SOLID STATE MOTOR CONTROLS, MODEM INTERFACE UNITS, TARRIFF J 
SPECIAL INTERFACE UNITS, TEST EQUIPMENT, COMPUTER INTERFACE UNITS, DEC. 

EQUIPMENT PDP8 and others. SILENCE COVERS AND CABINETS, TELEPRINTER TABLES, 
SIGNALLING RECTIFIERS AND CONVERTORS, TAPE HOLDERS. 

WW 350 FOR FURTHER DETAILS 

CREED EQUIPMENT 

TELETYPE CORP. 
EQUIPMENT 

SIEMENS 
EQUIPMENT 

OTHER 
EQUIPMENT 

COMMUNICATION ACCESSORIES & EQUIPMENT 
LIMITED 

G.P.O. TYPE COMPONENTS FOR PROMPT DELIVERY 
JACK PLUGS -201, 310, 316, 309, 404, 420, 609, 610, 1603 - 3201 
JACK STRIPS -310, 320, 510, 520, 810 
JACK SOCKETS -300, 500, 800, B3 and B6 mountings, 19, 84A and 95A 
PATCH PANELS & RACKS -made to specifications 
LAMPS, SWITCHBOARD NO. 2, BALLAST PO 11, LAMP STRIPS, 10 -way PO 19, 20 -way PO 17, Lamp Caps, 
Holder No. 12 
CORDS (PATCHING & SWITCHBOARD) -made to specifications 
TERMINAL BLOCKS (DISTRIBUTION) -20 -way up to 250 -way 
LOW PASS FILTERS -type 4B and PANELS, TELEGRAPH 71 (15 x 4B) 
POLARISED TELEGRAPH RELAYS AND UNISELECTORS- various types and manufactures both P.O. and 
miniature 
LINE TRANSFORMERS /RETARDATION COILS -type 48A, 48H, 49H, 149H, 3/16, 3/216, 3/48A, 3/43A, 48J, etc. 
FUSE & PROTECTOR MOUNTINGS -8064 A/B 4028, H15B, H40 and individual 1/2 
COILS -39A, 40A, 40E, etc. 
P.O. -TYPE KEYS -1000 and PLUNGER TYPES 228, 279, etc. 
EQUIPMENT RACKS AND CONSOLES -made to specifications 
RELAY ADJUSTING TOOLS, TOOL BAGS FOR MECHANICS, TENSION GAUGES, ARMATURE ADJUSTERS, 
SPRING BENDERS ETC. VARIOUS SWITCHBOARD EQUIPMENT. 

WW 351 FOR FURTHER DETAILS 

MORSE EQUIPMENT LIMITED 
The GNT Range of Automatic Morse Equipment is now manufactured in the U.K. and comprises complete equipment 
for Morse Training Schools and for Automatic Morse Transmission. Models available include: 

KEYBOARD PERFORATORS for offline tape preparation 
AUTOMATIC TAPE TRANSMITTERS with speeds up to 250 w.p.m. 
MORSEINKERS specially designed for training, producing dots and dashes on tape 
HEAVY DUTY MORSE KEYS 
UNDULATORS for automatic record and W/T signals up to 300 w.p.m. 
CODE CONVERTERS converting from 5 -unit tape to Morse and vice versa 
MORSE REPERFORATORS operating up to 200 w.p.m. 
TONE GENERATORS and all Students' requirements 
CREED, MORSE EQUIPMENT, PERFORATORS, REPERFORATORS, TRANS- 
MITTERS, PRINTERS, MARCONI UG6 UNDULATORS, BUZZERS, ALDIS 
LAMPS, etc. 

WW 352 FOR FURTHER DETAILS 

77 AKEMAN STREET, TRING, HERTS., U.K. 
Telephone: Tring 4011, STD: 0442 -82 Telex 82362, Answerback: Batelcom Tring 
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AC107 022 
AC113 0.20 
AC115 0.22 
AC117K 082 
AC122 0.18 
AC125 049 
AC126 0.19 
AC127 0.20 
AC128 020 
AC192 0.18 
AC134 0.16 
AC137 0.16 
AC141 0.20 
AC141K 082 
AC142 0.20 
AC142K 028 
AC151 047 
AC154 0.22 
AC155 022 
AC156 022 
AC157 0.27 
AC165 0.22 
AC168 022 
AC167 022 
AC168 0.27 
AC169 0-16 
AC176 0.22 
AC177 0.27 
AC178 0.81 
AC179 0.81 
AC180 0.22 
AC180K 032 
AC181 0 22 
AC181K 0-82 
AC187 0.24 
AC187K 0.25 
AC188 024 
AC188K 0.25 
ACY17 0.28 
ACY18 0.22 
ACY19 0-22 
ACY20 0-22 
ACY21 0-P2 
ACY22 0-18 
ACY27 
ACY28 
ACY29 
ACY30 
ACY31 
ACY34 
ACY35 
ACY36 
ACY40 
ACY41 
ACY44 
ADM 
AD140 
AD142 
AD143 
AD149 
AD161 
AD162 

0-20 
0.91 
089 
0.81 
0.81 
0.23 
0.23 
0-81 
0.19 
0.20 
0.89 
0-42 
0-68 
0.58 
092 
056 
039 
039 

BRAND NEW FULLY GUARANTEED DEVICES 
AD161 & 

AD162 (MP) 
0.76 

ADT140 0-66 
AF114 027 
AF115 0-27 
AF116 0-27 
AF117 0.27 
AF118 0-89 
AF124 0-83 
AF125 0.38 
AF126 0-81 
A8127 0-31 
AF139 0 83 
AF178 0 56 
AF179 0 66 
AF180 0ß6 
A5181 0.66 
AF186 0.66 
AF239 0-41 
AL102 0-72 
AL103 0.72 
A8Y26 0-28 
A8Y27 038 
ABY28 0.28 
ABY29 0.28 
A8Y50 0.28 
ABY51 0.28 
ABY52 0-28 
ABY54 0.28 
ABYSS 028 
ASY56 0P28 
ASY57 0ß8 
ABY58 0.2.8 
ASY73 0.23 
ASZ21 0.44 
BC107 0.09 
BC108 0.09 
BC109 0.09 
BC113 0.11 
BC114 0-17 
BC115 047 
BC116 0.17. 
BC117 0.20 
BC118 041 
BC119 0.88 
BC120 0.88 
BC125 0-18 
BC126 020 
BC132 043 
BC134 0.20 
BC135 018 
BC136 0-17 
BC137 0.17 
BC139 0.44 
BC140 0.83 
BCI41 038 
BC142 0.88 
BC143 0.38 
BC145 0.60 
BC147 0-11 
BC148 0.11 
BC149 048 

BC150 
BC151 
BC152 
BC153 
BC154 
BCI57 
BC158 
BC159 
BC160 
BC161 
BC167 
BC168 
BC169 
BC170 
BC171 
BC172 
BC173 
BC174 
BC175 
BC177 
BC178 
BC179 
BC180 
BC181 
BC182 
BCI82L 
BC183 
B01831. 
BC184 
BC1O4L 
BC186 
BC187 
BC207 
BC208 
BC209 
BC212L 
BC213L 
BC214L 
BC225 
BC226 
BC301 
BC302 
BC303 
BC304 
BC440 
BC460 
BCY30 
BCY30 
BCY31 
BCY32 
BCY33 
BCY34 
BCY70 
BCY71 
BCY72 
BCZ10 
BCZ11 
BCZ12 
BD115 
BD116 
BD121 
BD123 
BD124 

0.20 
0.E2 
0.19 
0.81 
0.88 
0.20 
0-13 
048 
0.50 
065 
0-13 
048 
0-18 
048 
0-18 
0-16 
0-16 
O 16 
0-24 
021 
0-21 
0.21 
0-27 
0ß7 
0-16 
0.18 
0-16 
046 
0'22 
022 
081 
081 
012 
0-12 
O48 
0-14 
0-14 
048 
028 
039 
0.80 
0-27 
0.85 
0.40 
034 
0P40 
0-27 
0.E7 
0-29 
0-88 
0-24 
0.28 
046 
022 
0.18 
0ß2 
0-28 
0ß8 
0.68 
0-88 
088 
0 72 
0.76 

BDI:r1 

BD133 
BD135 
BD136 
BD137 
BD138 
BD139 
BD140 
BD155 
BD175 
BD176 
BD177 
BD178 
BD179 
BD180 
BD185 
BD188 
211187 
BD188 
BD189 
BD190 
BD195 
BD196 
BD197 
BD198 
BD199 
BD200 
BD005 
BD206 
BD207 
BD208 
BDY20 
BF115 
BF117 
BF118 
BF119 
BF121 
BF123 
BF125 
BF127 
BF152 
BF163 
BF154 
BF156 
BF156 
23157 
BF158 
BF159 
BF160 
BF162 
BF183 
BF164 
BF165 
BF167 
BF173 
BF176 
BF177 
BF178 
BF179 
BF180 
BF181 
BF182 

0 55 

0 72 
0 88 

0 44 
0 44 
0 50 
0.65 
0-61 
0 88 
0 88 
0.88 
0.88 
0.72 
0.72 
0-77 
0-77 
0-72 
0.72 
0.77 
0-77 
0.88 
0.88 
0 94 
0-94 
0 99 
0.99 
1.05 
1 05 
0 88 
0 88 
1 06 
1.06 
140 
0.27 
0.60 
0 77 
0.77 
0.60 
0 55 
0-60 
0.66 
0-81 
0-50 
0.60 
0.77 
068 
0.81 
0.81 
0.88 
0.44 
0.44 
0 49 
044 
0 44 
024 
024 
039 
039 
0-33 
038 
033 
033 
0 44 

BF183 0 44 
:341 8404 

0Oß38 

8 

131,187 0.80 
BF188 0.44 
BF194 0 13 
BF195 0-13 
BF196 0.18 
BF197 0.18 
BF200 0.50 
BF222 1-05 
BF257 0.60 
1310258 0-68 
BF259 0-94 
BF262 0.81 
BF263 0.131 
BF270 0.39 
BF271 038 
BF272 0.88 
BF273 039 
BF274 0.89 
BFW10 0.68 
BFX29 030 
BFX84 0.24 
BFX85 0.33 
BFX86 0.24 
BFX87 0-E7 
BFX88 024 
BFY50 0.22 
BFY51 0.22 
BFY52 0.22 
BFY53 049 
B81119 017 
BSX20 0.17 
BSY25 0-17 
118Y26 0-17 
BBY27 0.17 
BBY28 0-17 
BBY29 047 
B8Y38 0-20 
138Y39 020 
BOY40 0.81 
BOY41 0-81 
BSY95 044 
B8Y95A 044 
Bul05 2-20 
C111E 066 
C400 0.88 
C407 0-28 
C424 0ß8 
C425 0.65 
C426 039 
C428 022 
C441 0-33 
C442 038 
C444 0.89 
0450 0.24 
MAT100 021 
MAT101 022 
MAT120 021 
MAT121 022 
MJE2955 0.96 
MJE3055 0.82 

M1@:34400 55 

MPF104 0.41 
MPF102 0-98 

MPF105 0.41 
OC19 0.89 
0020 0-70 
0022 0.52 
0023 0.54 
0024 0.82 
0025 0.42 
0026 032 
0028 0-66 
0029 0.66 
0035 046 
0036 0.66 
OC41 0ß2 
0042 0ß7 
0044 0-17 
0045 0-14 
0070 0-11 
0071 041 
0072 048 
0074 048 
0075 047 
0076 047 
0077 Oß8 
0081 047 
0081D 047 
0082 047 
OC82D 0,17 
0083 0.22 
0C139 022 
00140 0-22 
00169 028 
00170 Oß8 
0C171 028 
00200 0ß8 
00201 0.31 
00202. 031 
00203 028 
00204 028 
00205 039 
00309 0.44 
OCP71 0.48 
ORP12 0.48 
ORP60 0.44 
ORP61 0.44 
p20 066 
p348A OE2 
P397 048 
STI40 044 
ST141 049 
TI843 0.88 
UT48 0.80 
ZN414 1ß0 
20301 021 
261302 021 
2G303 0-21 
2(1304 027 
20.306 0-44 
2G308 0.89 

2I:to9 
2G339 
2G339A 
26344 
2G34ó 
26371 
20371B 
26373 
2G374 
2G377 
20378 
2G381 
20382 
20401 
2G414 
2(1417 
20388 
2N388A 
20404 
2N4044 
20524 
251527 
20598 
20599 
20696 
20697 
20698 
2N699 
20706 
2N706A 
2N708 
2N711 
20717 
20718 
2N718A 
2N726 
2N727 
2N743 
2N744 
2N914 
314918 
2N929 
20930 
2N1131 
2N1132 
3N1302 
201303 
201304 
2N1306 
2N1306 
2N1307 
2511308 
201309 
201613 
2N1711 
201889 
2N1890 
201893 
2N2147 
2N2148 
202160 
2N3192 
2N2193 

039 
0'22 
0-18 
0.20 
0.18 
0.18 
0-13 
0.19 
0.19 
038 
0.18 
018 
0 18 
038 
038 
0.28 
039 
0.81 
022 
0.31 
048 
0.54 
0.98 
0'50 
0.14 
015 
0.27 
0.89 
0.09 
0.10 
0.18 
0.83 
039 
0-27 
0.65 
0.81 
031 
0.22 
0.22 
048 
038 
0-23 
0.28 
0.22 
Oß4 
0.16 
0.16 
0.19 
0.19 
0.28 
0.23 
0.28 
0.26 
0-22 
Oß2 
0.85 
060 
0.41 
0.79 
0.88 
0.68 
039 
0.39 

2512194 039 
2512217 Oß4 
202218 0.22 
2572219 0.22 
202220 0.29 
202221 0.22 
202222 Oß2 
202368 0.19 
202369 0.16 
2N2369A 0.16 
202411 0.27 
202412 0-27 
3512646 0.62 
202711 023 
2N2712 Oßß 
3512714 0.23 
202904 0.19 
2N2904A 028 
202905 028 
2N9905A 0.23 
2N2906 0.17 
2N2906A 0.20 
2N2907 0.22 
2N2907A 0.24 
202923 0.16 
202924 0.16 
2512935 0.16 
2N2926(G) 

0.14 
2N2926(Y) 

0.12 
2N2926(0) 

0.11 
2N2926(R) 

0.11 
2N2926(ß) 

0.11 
2143010 0.77 
203011 0.16 

2143053 
2143054 
203055 
203391 
203391A 
2N3392 
203393 
2513394 
203395 
203402 
203403 
203404 
203405 
203414 
2N3415 
2N3416 
2N3417 
203525 
203614 
2513615 
203616 
203646 
2N3702 
2N3703 
2N3704 
203705 
2N3706 
2N3707 
2N3708 
203709 
203710 
203711 
2N3819 
2N3820 
2N3821 
283823 
203903 
203904 
203905 
2N3906 

0.10 
0.51 
0.45 
0.16 
0.18 
0-16 
048 
0.16 
0-19 
0.23 
0.23 
1131 
0.48 
047 
0.17 
0-81 
0-31 
0.83 
0.74 
038 
0.82 
0.10 
0.18 
0-18 
0-14 
043 
0.13 
0.14 
0.09 
0.10 
0.10 
0.10 
031 
0.56 
039 
0-81 
0-81 
038 
0.31 
030 

204058 
204059 
204060 
204061 
204062 
2514284 
204285 
2N4286 
204287 
2514288 
2514289 
204290 
2N4291 
204292 
204293 
205172 
205294 
2N5457 
205458 
2N5459 
2516121 
28301 
28302A 
28302 
28303 
28304 
28305 
28306 
28307 
28321 
28322 
28322A 
29323 
28324 
28325 
28326 
28327 
28701 
40361 
40362 

0 13 
011 
0.13 
013 
0.13 
0-19 
0.19 
0.19 
0.19 
0-19 
0-19 
0.19 
0-19 
0.19 
0.19 
0.18 
060 
0.35 
035 
044 
0-75 
0.66 
0.48 
0.48 
061 
077 
088 
088 
0.88 
082 
048 
0.48 
0.62 
0.77 
0.77 
0.77 
0-77 
046 
0-44 
0.50 

DIODES 
AA119 0.09 
AA120 0.09 
AA129 0.09 
AAY30 0.10 
AAZ13 0.11 
BA100 0.11 
BA116 0.23 
BA126 0.24 
BA148 0.16 
BA154 0.13 
BA155 0.18 
BA1c6 015 
BA173 0.18 
BY100 0.17 
BY101 0.13 
BY105 0.19 
BY114 0.13 
BY124 0.18 
BY126 0.16 
BY127 0.17 
BY128 0.17 

BY130 0.18 
BY133 022 
BY164 0.65 
BYX38/30 

0.48 
BYZIO 0.89 
BYZ11 0-33 
BYZ12 038 
BYZ13 0.28 
BYZ16 044 
BYZ17 0.89 
BYZ18 0.89 
BYZ19 031 
C6162 
(0A91 Eq.) 

0-08 
C(4651 
(0A70-0A79) 

0.07 
oA5 039 
0A58L 028 
88104 varicap back 

OAIO 
0A47 
0A70 
OA79 
OAK 
0A85 
0A90 
OAK 
0A95 
0A200 
0A202 
BD10 
8D19 
15134 
1N34A 
10914 
10916 
1514148 
18021 
18951 
to back 

015 
0.08 
0.08 
0.08 
0.08 
0.10 
0.07 
0.07 
008 
O-07 
0.08 
0.06 
008 
008 
0.08 
0.06 
008 
0.06 
0.11 
0.07 

0.18 

KING OF THE PAKS Unequalled Value and Quality 

SUPER PAKS 
NEW 

SEMICONDUCTORS 
ED 

Satisfaction GUARANTEED in Every Pak, or money hack 

Pak No. Description Price 
U 1 120 Glass Sub -MM. General Purpose Germanium Diodes O.54 
U 2 60 Mixed Germanium Transistors AF /RF 0.64 
U 3 75 Germanium Gold Bonded Sub -Min. like 0Á5, 0A47 0.54 
U 4 30 Germanium Transistors like 0081, AC I28 0.54 
U 5 60 200mA Sub -Min. Silicon Diodes 0.54 
U 6 30 Sil. Planar Trans. NPN like BSY95A. 2N706 0-54 
U 7 16Sil. RectiliersTop -Hat 750mA VLTG. RANGE up to 10000 0.54 
U 8 50 Sil. Planar Diodes DO -7 Glass 250mA like 0A200/202 . 0-54 
U 9 20 Mixed Voltages, l Watt Zener Diodes 0.54 
U10 20 BAY50 charge storage Diodes DO -7 Glass 0-54 
U 11 20 PNP Sil. Planar Trans. TO -5 like 2N1132, 2N2904 0-54 
U13 30 PNP -NPN Sil. Transistors OC2008c 25104 0-54 
U14 150 Mixed Silicon and Germanium Diodes 0-54 
U15 20 NPN Sil. Planar Trans. TO-5 like BFY51, 20697 0-54 
U16 103 Amp Silicon Rectifiers Stud Type up to 1000PIV 0.54 
U17 30 Germanium PNP AF Transistors TO -5 like ACY 17 -22 0.64 
U18 8 6 Amp Silicon Rectifiers BYZ13 Type up to 600 PIV 0.54 
U19 25 Silicon NPN Transistors like BC108 0.64 
U20 12 1.5 Amp Silicon Rectifiers Top Hat up to 1000 PIV . 0.54 
U21 30 AF. Germanium Alloy Transistors 2GS00 Series 8c OC71 0-54 
U23 25 MADT's like MHz Series PNP Transistors 0.54 
U24 20 Germanium I Amp Rectifiers GIM Series up to 300 PIV 0.54 
U25 25 300 MHz NPN Silicon Transistors 2N708, BSY27 0.54 
U26 30 Fast Switching Silicon Diodes like 151914 Micro -Min 0-54 
U29 10 1 Amp SCR's TO -5 can, up to 600 PIV CRS 1/25 -600 1.08 
U32 25 Zener Diodes 400mW DO -7 case 3 -18 volts mixed 0-54 
U33 15 Plastic Case 1 Amp Silicon Rectifiers IN4000 Series 0.54 
UM 30 Silicon PNP Alloy Trans. TO -5 BCY26 23302/4 0-54 
U35 25 Silicon Planar Transistors PNP TO -18 2N2906 0-54 
U36 20 Silicon Planar NPN Transistors TO -5 BFY50/51/52 0-54 
U37 30 Silicon Alloy Transistors 50 -2 PNP OC200, 25322 0.54 
U38 20 Fast Switching Silicon Trans. NPN MHz 2NS011 0-54 
U39 30 RF. Germ. PNP Transistors 2N1303/5 TO -5 0.54 
U40 10 Dual Transistors 6 lead TO -5 2N2060 0-54 
U43 25 Sil. Trans. Plastic TO-18 A.F. 13C113/114 0-54 
U44 20 Sil. Trans. Plastic TO -5 BC115 /NPN 0.54 
U45 7 3A SCR. TO66 up to 600PIV 1.08 
U46 20 Unijunct ion transistors similar to TIS43 0.54 
1347 IS TO220AB plastic triacs 50V 6A 1.08 
U48 9 NPN Sil. power transistors like 2NS055 1.08 
U49 12 NPN Sil. plastic power trans. 60W like 205294/5296 l-08 

QUALITY TESTED SEMICONDUCTORS 
Price 

Pak No. 8p 
QI 20 Red spot translators PNP 0-54 
Q2 16 White spot R.F. transistors PNP 0.64 
Q3 4 OC 77 type transistors 0.64 
Q4 6 Matched transistors 0C44/45/81/81D 024 
Q5 4 OC 75 transistors 0.64 
Q6 5 OC 72 transistors 0.64 
Q7 4 AC 128 transistors PNP high gain 0.54 
Q8 4 AC 126 transistors PNP 0.54 
Q9 7 OC 81 type transistors 0-54 
Q10 7 OC 71 type transistors 0.64 
Qll 2 AC 127/128 Complementary pairs PNP /NPN 0.64 
Q12 3 AF 116 type transistors 0.54 
Q13 3 AF 117 type transistors 0-54 
Q14 3 OC 171 H.F. type transistors 0.54 
Q15 7 2512926 Sil. Epoxy transistors mixed colours 0.54 
Q17 5 NPN 2 x ST.I41 & 3 x OT.140 0-54 
Q18 4 MADT'8 2 x MAT 100 & 2 x MAT 120 0-54 
Q19 3 MADT'S 2 x MAT 101 & 1 x MAT 121 054 
Q20 4 OC 44 Germanium transistors A.F 0.64 
Q21 4 AC 127 NPN Germanium transistors 0-54 
Q22 20 NKT transistors A.F. R.F. coded 0.54 
Q23 10 OA 202 Silicon diodes cub -min. 0.54 
1324 8 OA 81 diodes 0.54 
Q25 15 1N rm 914 Silicon diodes 75 P1V 75A 0.64 
Q26 8 OA95 Germanium diodes sub -min. 1069 .. 0.64 
Q27 2 l0A 600 PIV Silicon rectifiers 184250 0.54 
Q28 2 Silicon power rectifiers BYZ 13 0-54 
Q29 4 Silicon transistors 2 x 219696, 1 x 20697, 

1 X 20698 0- 
Q30 7 Silicon switch transistors 20706 NPN 0- 
Q31 6 Silicon switch transistors 20708 NPN 0- 
Q32 3 PNP Silicon transistors 2 x 2N1131. 1 x 

2N 1132 0.54 
Q33 3 Silicon NPN transistors 2N1711 0.64 
Q34 7 Silicon NPN transistors 202369, 506MHa 

(code P397) 0-54 
Q35 3 Silicon PNP TO -3, 2 x 202904 a 1 x 

202905 0.54 
Q36 7 2N3646 TO -18 plastic 300 MHz OPO 0.54 
Q. 3 2N3053 NPN Silicon transistors 0,5 
Q38 5 POP transistors 3 x 203703, 2 x 203702 0.54 
Q39 5 NPN transistors :3 x 203704, 2 x 203705 0-55 
Q40 5 NPN transistors 3 x 203707, 2 x 203708 0.55 
Q41 3 Plastic NPN TO -18 203004 0.55 
Q43 5 BC 107 NPN transistors 0.55 
Q44 .5 NPN transistors 3 x BC 108.2 x BC 109 0.55 
Q45 :f BC 113 NPN TO -18 transistors 0.55 
Q41, 3 BC 115 NPN TO -5 transistors 0.55 
Q47 4 NPN high gain transistors '2 X 11C167. 

2 x BC168 0-55 
Q48 3 BCY 70 POP transistors TO -18 0.56 
Q49 3 NPN transistors 2 x 13FY51. 1 x 005'22 0-55 
Q50 7 BOY 28 NPN switch transistors TO -l8 0.55 
Q51 7 BOY 95A NPN transistors 300MHz 0.55 
Q52 8 BY100 type silicon rectifiers 1.10 
Qa3 25 Sil. a Germ. trans. mixed all marked new 1.85 

54 
54 
54 

NEW LOW PRICE TESTED S.C.R.'s 
PIV IA 3A 5A 5A 7A 10A 16A 30A 

TO5 T066 T066 TO64 TO48 TO48 TO48 TO48 
50 022 027 039 039 0.52 0.66 0.58 127 

100 027 027 O.52 0.52 0.55 0.63 0.82 1.64 
200 027 032 0.54 0.54 0.62 0.87 0.67 1.78 
400 032 0.42 0.59 0.82 0.87 0.83 0.77 1.93 
600 0.42 0.52 0 75 0 75 0.84 1 07 0 97 
SOS 0 63 0 70 0.88 0 88 0.99 132 1 50 4 40 

FULL RANGE 01 
ZENER DIODES 
VOLTAGE RANGE 
2-33V. 400mV (DO -1 
Case) Op ea. 14W (Top 
Hat) 18pea.10 (SO -1( 
Stud) 32p ea. All full, 
tested 5% toi. ant 
marked. State voltage 
required. 

10 amp POTTED 
BRIDGE RECTIFIER 

On heat sink. 
100PIV. 99p each 

NEW LINE 
Plastic Encapsulated 
2 Amp. BRIDGE RECTO 

50v EMS 35p eue) 
100v EMS 40p 
200v OMS 45p 
400v EMS 509 
1,000v RES 669 , 

Blue 15 mm x O mm 

UNIJUNC1TON 
ÚT48. Eqvt. 202646 
Eqvt. TI943. BEN3001 
30p each, 25.99 281 
100 UP 22p. 

CADMIUM CELL 
OR.P12 48p 

GENERAL PURP088- 
SIPE SILICON SWITCH 
ING TRANS. TO-L 
SIM. TO 211708/8. BST 
27/28/95A. A.I.I usabb 
devices no open or ehor 
circuits. ALSO AVAIL 
ABLE In PNP 01m. ti 
202906, BCY70. Whet 
ordering please stab 
preference NPN or PNP 

6p 
20 For 0.61 
50 For 1.11 

100 For 1-SL 
500 For 8ß4_ 

1000 For 14.80 

SIL. G.P. DIODES 8p 
300mW 30 0.51 
40PIV(Min.) 100..1ßr 
Bub -Min. 500..6.61 
Full Tested 1,000 9-91 
Ideal for Organ Builders 

TRIM'S 
VBOM2A 6A 10A 

TO-5 TO-66 TO-41 
6p 6p 6D 

100 33 65 83 
200 55 68 99 
400 77 88 1-21 

POWER TRANS BONANZA! 
GENERAL PURPOSE GERM. PNP 

Coded í:P100. BRAND NEW TO -3 CASE. POSSIBLE 
REPLACE:- OC25- 28- 29- 30- 35 -36. NKT 401- 403 -404- 
405- 406 -430 -451- 452 -453. T13027 -3028, 2N250A 20456A- 
457A-458A, 20511 A & B. 20220 -222, ETC. VCBO 80V 
VCEO 50V IC l0A PT. 30 WATTS life 30 -170. 
PRICE 1 -24 25 -99 100 up 

489 each 44p each 40p each 

MACS 
FOR USE WITH 
TRIACS 
BRIO° (D32) 25p eaci 

FREE 
One 50p Pak of yon! 
own choice free with 
orders valued 84 or over. 

SILICON High Voltage 250V NPN 
TO -3 case. G.P. Switching & Amplifier 
Applications. Brand new Coded R 2400 
VCBO 250IVCEO 100 /IC 6A /30 Watts. 
RIPE type 20 /fT 5MHZ. 
OUR PRICE EACH: 1.24 Up, 25 -99 60p, 
100 up 94p 

LINEAR INTEGRATED CIRCUIT PARS 
Manufacturers' fall -outs. 
UL1C 709 10 X709 054 
ULIC 711) 7 X 710 0.54 
ULIC 741 7 X 741 0-54 
ULIC 747 5X747 0.54 
CLIC 748 7X748 0-54, 

2N3055 
115 WATT SH 
POWER NPN 
45p EACH. 

BRAND NEW TEXAS- 
GERM. TRANSISTORS' 
Coded and guaranteed- 
Pak No. EQVT 
T1 8 203713 OC71 
TI 8 D1374 OC75 
TI 8 D1216 OC81D 
T4 8 2G381T °C81 
T5 8 20382T 0082 
TO 8 2G344B OC44 
T7 8 2O345B OC45 
Tö 8 20378 0078 
TO tl 20399A 201302 
T10 8 20417 AF117 

All 56p each pak. 

AD161 /162 PNP 
MIP COMP GERM TRANS. 
OCR LOWEST PRICE OF 

755 PER PAIR 

SILICON PHOTO TRANSISTOR 
TO-18 Lena end NPN Sim. to 
BP x 23 and P21. BRAND 
NEW. Full data available. 
Fully guaranteed. 
Qty. 1.24 25 -99 100 up 
Price each 49p 44p 38p 

JUMBO COMPONENT 2N2060 NPN SIL. DUAL 

PARS TRANS. CODE D1699 

MIXED TEXAS. Our pride 289 

ELECTRONIC each. 

COMPONE.VTe' 
120 VCR NIXIE DRIVER Exceptionally good velar 
TRANSISTOR. Sim. Resistors, capacitors, BSX21 & C407, 201893 pots, electrolytice and FULLY TESTED AND coils plus many other CODED ND 120, 1 -24 useful items. Aproai- 
19p each. TO.S NPN 

mutely 31óe in weight. 25 up 170 each. Price incl. P. & P. 2186 
only. 

' Sil. trans. suitable for 
F.E.T.'S P.E. Organ. Metal TO-18 

203819 31p 203820 55p 203821 399 203823 319 Eqvt. ZTX300 81/ each. 
205458 Up 205459 94p BFW10 66p MPF105 41p Any Qty. 

8th EDITION 250 pages 
TRANSISTOR EQUIVALENTS BOOK. A complete ,ross 

Code No's. mentioned above are given as a guide to the lope of device in reference and equivalents book for European. American and 
the pak. The devices themselves are normally unmarke,l. Inpanese Tmnsistnrs. Eselnsive to ßl -PAR 2l 85 cacti 

A LARGE RANGE OF TECHNICAL BI -PAKS NEW COMPONENT SHOP NOW OPEN WITH A 
AND DATA BOOKS ARE NOW 

AVAILABLE EX. STOCK. 
SEND FOR FREE LIST. COMPETITIVE PRICES- 

SILICON RECTIFIERS 
PIV O)ImA 750rnA 1 Amp 1.5 Amp 3 Amp 10 Amp 30 Amp 

1 DO 7) (SO 18) Plastic (SO 16) (SO I;) (SO 10) (TO 48) 
10 0-05 0.06 1N4001 0.05 0.08 0.15 021 0.60 

100 0.05 0.07 104002 0.08 0.10 0.17 023 045 
100 0.08 0.10 104003 0.07 0-12 002 005 21-00 
400 0.08 0.15 104004 0 08 0.15 030 038 2135 
600 0.09 0-17 i 5400.1 0,10 0.18 038 045 21.90 
son 012 049 104000 0.11 000 0-38 0.55 8210 

1000 0.14 0-30 104007 0,12 025 0.48 0.65 22.50 
1200 0.85 080 0'58 0.75 23.00 
All Stud Silicon Rectifiers are available in reverse Polarity, i.., Stud being. Anode. 
Winn,.nieri,,l Stu] An.I, type. plea, r reyuest'Beverac Type'. 
WIDE 18 BALDOCK STREET (A10), WARE, HERTS. 

TEL. (STD 0920) 61593. 
OPEN MONDAY- SATURDAY 9 a.m. to 5.30 p.m., 

ALL PRICES INCLUDE VAT 

RANGE OF ELECTRONIC COMPONENTS AND ACCESSORIES AT 

www.americanradiohistory.com

www.americanradiohistory.com
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-the lowest prices! 
74 Series T.T.L. I.C'S 

BI -PAK STILL LOWEST A PRICE FULL SPECIFICATION 

GUARANTEED. ALL FAMOUS MANUFACTURERS 

1 25 100+ 
8N7400 0.15 0.14 0.18 81(7453 
8N7401 0.15 0.14 0.13 81(7454 
8N7402 0.15 0.14 0.13 8N7460 
8N7403 0.15 0.14 0.13 81(7470 
8N7404 0.15 0.14 0.13 82(7472 
8117405 0.15 0.14 0.13 8N7473 
81(7406 0.39 0.84 0.31 81(7474 
81(7407 0.39 0.34 0.31 81(7476 
81(7408 0.25 0.24 0.28 81(7476 
8N7409 0.25 0.24 0.23 8N7480 
8N7410 0.15 0.14 0.18 8N748I 
81(7411 0.25 0.24 0.28 81(7482 
81(7412 0.28 0.27 0.26 81(7483 
81(7413 0.32 0.31 0.30 8N7484 
81(7416 0.30 0.29 0.28 81(7485 
8N7417 0.30 0.29 0.28 81(7486 
81(7420 0.15 0.14 0.13 81(7489 
81(7422 0.30 0.29 0.28 81(7490 
82(7423 0.40 0.39 0.38 81(7491 
81(7425 0.40 0.39 0.38 8117492 
81(7426 0.40 0.38 0.38 8!17493 
81(7427 0.40 0.88 0.86 81(7494 
81(7428 0.45 0.42 8N7495 
81(7430 0.15 0.14 010 8N7496 
8N7432 0.40 0.38 0.38 81(74100 
81(7433 0.42 0.40 0.38 8N74104 
81(7437 0.85 0.32 0.30 81(74105 
81(7438 0.35 0.82 0.30 8N74107 
81(7440 0.15 0.14 0.13 81(74110 
81(7441 0.74 0.71 0.64 8N74111 
8177442 0.74 0.71 0.84 81(74118 
8N7443 £1.20 £1.15 E1.10 81(74119 
81(7444 £1.90 £1.15 £1.10 81(74121 
81(7445 £1.80 £1.56 £1.50 81(74122 
81(7446 £1.20 E1.16 £1.10 81(74123 
8N7447 £1.10 £1.07 £1.05 81(74141 
8317448 £1.10 £1.07 £1.05 81(74145 
8117450 0.15 0.14 0.13 8N74150 
81(7451 0.15 0.14 0.13 81(74151 

1 

0.16 
0.16 
0.16 
0.82 
0.32 
0.41 
0.41 
0.80 
0.44 
0.16 

£1.10 
0.90 

£1.20 
£1.00 
21.60 
0.35 

£4.00 
0.86 

£1.10 
0.74 
0.74 
0.85 
0.85 
0.98 

£1.50 
0.80 
0.60 
0.44 
0.60 
0.90 

£1.00 
£1.50 

0.50 
0.70 
0.75 
0.85 

E1.30 
£1.50 
£1.10 

25 
0.15 
0.15 
0.15 
0.29 
0.29 
0.39 
0.39 
0.58 
0.43 
0.58 

£1.05 
0.85 

£1.15 
0.97 

£1.55 
0.34 

£3.75 
0.83 

£1.05 
0.71 
0.71 
0.82 
0.82 
0.93 

£1.45 
0.58 
0.58 
0.42 
0.55 
0.88 
0.95 

£1.40 
0.48 
0.68 
0.73 
0.82 

£1.25 
21.40 
21.05 

100+ 
0.14 
0.14 
0.14 
0.27 
0.27 
0.35 
0.35 
0.58 
0.42 
0.55 

£1.00 
0.80 

£1.05 
0.95 

£1.50 
0.33 

£3.50 
0.80 

£1.00 
0.84 
0.84 
0.75 
0.75 
0.86 

£1.40 
0.55 
0.55 
0.40 
0.50 
0.85 
0.90 

£1.80 
0.45 
0.65 
0.70 
0.79 

£1.20 
£1.30 
£1.00 

8N74153 
8N74154 
8N74155 
81(74156 
8N74157 
81(74160 
8N74161 
8N74162 
81(74163 
82(74164 
8N74165 
81(74166 
81(74174 
8N74175 
8N74176 
81(74177 
81(74180 
81(74181 
81(74182 
81(74184 
81(74190 
81(74191 
82474192 
81(74193 
81(74194 
81(74195 
8N74196 
8N74197 
81(74198 
BN74199 

1 
£1.00 
£1.70 
£1.20 
21.20 
£1.00 
£1.40 
£1.40 
£1.40 
£1.40 
£1.80 
£1.80 
£1.80 
£1.60 
£1.10 
£1.25 
£1.26 
£1.25 
£3.95 
£1.25 
£1.80 
£1.95 
£1.95 
£1.95 
£1.95 
£1.30 
£1.10 
£1.20 
£1.20 
£2.75 
E2.50 

25 
0.95 

£1.66 
£1.15 
£1.15 

0.95 
£1.36 
£1.36 
£1.35 
£1.36 
£1.75 
£1.75 
£1.66 
£1.55 
£1.05 
£1.20 
£1.20 
£1.20 
£3.85 
£1.20 
£1.76 
£1.90 
£1.90 
£1.90 
£1.90 
£1.25 
£1.05 
£1.15 
£1.15 
£2.70 
£2.40 

100+ 
0.90 

£1.90 
£1.10 
£1.10 
0.90 

£1.30 
£1.30 
£1.30 
£1.30 
£1.70 
£1.70 
£1.50 
£1.50 
£1.00 
£1.15 
£1.15 
£1.15 
£3.75 
£1.15 
£1.70 
£1.85 
£1.85 
£1.85 
£1.85 
£1.20 
£1.00 
£1.10 
£1.10 
£2.85 
£2.30 

Devices may be mixed to qualify 
for quantity price. (TTL 74 Series 
only) data Is available for the 
above aeries of I.C.'e in booklet 
form. Price 85p. 

INTEGRATED CIRCUIT PAKS 
Manufacturers "Fall Outs" which Include Functional and Part -Functional Unite. These are classed as'out -of 
spec' from the maker's very rigid specification. but are Ideal for learning about I.C's and experimental work. 
Pak No. Contents 
171000 =12}7400 
171001= 12x7401 
131002 =12x7402 
01003 =12X7403 
UIC04 =12x7404 
U1005 =12x7405 
U1006- 8x7408 
031007- 8x7407 
UIC10 =12x7410 
UIC20 - 12 X 7420 
V1080- 12x7430 
UIC40 =12 X 7440 
U1041- 6X7441 
U1042- 5x7442 
03048- 6X7448 
171044 -6 x 7444 
17I045 =6x7445 

Price Pak No. Contents 
0.54 U1C46 =6x7446 
0.54 171018 =6x7448 
0.54 1J1060- 12x7450 
0.64 171351- 12X7451 
0.54 UIC63- 12X7453 
0.54 U1054 =12 X 7454 
0.54 UIC6O= 12X7460 
0.54 U1C70 =8x7470 
0.54 U1C72 =8x7472 
0.54 U1C73 =8X7473 
0.54 U1C74 =8X7474 
0.54 UIC76 =8X7476 
0.54 UIC80- 6X7480 
0.54 UIC81- 5x7481 
0.54 171082 =6x7482 
0.54 UIC83 =5 x 7483 
0.54 UIC86= 5X7488 

LINEAR I,C.'s-FULL SPEC. 
Type No. I 

72702 0.50 0.48 
72709 0.25 0.93 
72709P 0.20 0.19 
72710 0.35 0.33 
72741 0.30 0.99 
72741C 0.28 0.27 
72741 P 0.30 0.29 
72747 0.85 0.80 
72748P 0.38 0.38 
SL201C 0.59 0.45 
SL701C 0.50 0.45 
SL702C 0.50 0.45 
TAA26S 0.80 0.70 
TAA293 £1.00 0.95 
TAAS50A £1.86 £1.80 
pA7OSC 0.28 0.28 
pA709C 0.90 0.19 
pA711 0.36 0.33 
pA7I2 0.35 0.33 
TBA800 £1.60 £1.45 
76003 £1.50 £1.46 
76023 £1.60 £1.46 
76660 0.96 0.93 
LMS80 £1.00 0.97 
NE555 0.86 0.83 
NE556 0.95 0.93 

EDSR 3188 TRIPLE 88 BIT 
DYNAMIC SHIFT REGISTER 
TTL Compatible, Low Clock 
Capacitance, High Speed Diode 
Protected Input. Wired 'OR' 
Capability SPECIFICATION 
SHEET AVAILABLE £1 each 

TEAK VENEERED 
CABINET for: 

STEREO 20 
TC 20. £3.95 p&p 30p 
1.M.1. LEK 350 Loudspeaker 
System Enclosure kit In leak 
veneer, including speakers. 
Rec. retail price £4i.50 per 
pr. OUR SPECIAL PRICE 
£30 per pair P.& P. £1. ONLY 

WHILE STOL KS LAST! 

100+ 
0.45 
0.20 
0.18 
0.30 
0.28 
0.26 
0.28 
0.75 
0.34 
0.40 
0.40 
0.40 
0.60 
0.90 

£1.70 
0.24 
0.18 
0.30 
0.30 

£1.40 
£1.40 
£1.40 
0.90 
0.96 
0.80 
0.90 

Pries Pak No. Contents Price 

0.54 U1C90 =5X7490 0.64 
0.54 U1091 =5x7491 0.54 
0.54 UIC92 =5x7492 0.54 
0.54 U1C93- 6x7493 0.54 
0.54 171094 =5x7494 0.54 
0.54 UIC95 =5x7496 0.54 
0.54 U109675 x7496 0.54 
0.54 UIC100 =6X74100 0.54 
0.54 U10121 =5X74121 0.54 
0.64 171C141 =5X74141 0.54 
0.54 U10151 =5x74151 0.54 
0.54 1710154 =6X74154 0.54 
0.64 U10193- 5x74193 0.54 
0.54 U10199=5 x 74199 0.54 
0.54 UIO %I =25 Assorted 74'e. 1.65 
0.54 Packs cannot be split, but 25 
0.54 assorted pieces (our mix) Is 

available as PAK UIC XI. 

DTL 930 SERIES 
LOGIC I,C's 

BP930 
BP932 
BP933 
BP935 
BP936 
BP944 
BP945 
BP948 
BP948 
BP951 
BP962 
BP9093 
BP9094 
BP9097 
11P9099 

016 
0.15 
0.16 
6.16 
0.16 
016 
0.80 
016 
0.30 
0.70 
0.16 
046 
045 
0-45 
045 

25 
0.14 
0.16 
0.15 
0.15 
0.16 
0.16 
0.28 
0.14 
0.28 
0.85 
0.14 
0.48 
043 
0.43 
043 

100+ 
0.13 
0.14 
0.14 
0.14 
0.14 
0.14 
0.26 
0.18 
0.25 
0.60 
013 
040 
040 
040 
040 

DUAL -IN -LINE 
SOCKETS 

NOW WE GIVE YOU 50w PEAK (25w 
R.M.S.)PLUSTHERMAL PROTECTION! 
The NEW AL60 Hi-Fi Audio Amplifier 
FOR ONLY £4.25 

Max Heat Sink temp. 90 °C. 

Frequency Response 20Hs 
to 100KHa 

Distortion better than 0.1% 
at 1KHz 

Supply voltage 15-50 volts 

Thermal Feedback 
Latest Design Improvements 
Load -3, 4, 8 or 18 ohms 
Signal to nose ratio SodB 

Overall size 03mm x 
106mm .. 18mm 

Especially designed to a strict Specification. Only the finest compo- 
nents have been used and the latest solid state circuitry incorporated 
in this powerful little amplifier which should satiety the most critical 
A.F. enthusiast. 

FULLY BUILT -TESTED and GUARANTEED 

a45 

STABILISED POWER 
MODULE SPM80 

£3.25 
SPm80 Is especially designed to power 2 of the A:L60 Amplifiers, up to 
15 watt (r.m.e.) 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 punit will provide outputs of up to 1.5 amps at 35 volts. Size: 
63 mm x 105 mm x 20 mm. These unite enable you to build Audio 
Systems of the highest quality at e, hitherto unobtainable price. Also 
ideal for many other applications including: Disco Systems, Public 
Addreae, Intercom Unite, etc. Handbook available, 10p. 

TRANSFORMER BMT80 £215 p. 0. p. 25p 

STEREO PRE -AMPLIFIER 
TYPE PA100 

Built to a specification and NOT a price, and yet still the greatest value on the market, 
the PA100 etereo preamplifier has been conceived from the latest circuit techniques. 
Designed for use with the AL60 power amplifier system, this quality made unit 
Incorporates no less than eight ellicoo planar traozletore, two of these are specially 
selected low noise NPN devices for uze in the input ¡doges. 
Three switched stereo Inputs, and rumble and ectatch Bltens are features of the 
PA100, which also haz a STEREO /MONO switch, volume, balance and continuously 
variable bass and treble controls. 

SPECIFICATION: .. 

Frequency response 20Hz -20kHz f 1dB Base control í15dß et 20Ha 
Harmonic distortion better than 0.1% Treble control f 15e1B at 20kHs 
Inpgt.: I. Tape head 3.25mV into 50K1ì Filters: Rumble (high pees) 

±101.05H1 

2. Radio, Tuner 75mV into 5011II Scratch (low pare) Skit. 
3. Magnetic P.U. 3mV Into 50E13 Signal /noise ratio better than +85dB 

All Input voltages are for an output of 250mV. Input overload +28dß 
Tape and P.U. input. equalised to RIAA curve Supply }35 volt. at 20mÁ 
within ± 1dß from 20Hz to 20kHz. Dimensions 292 x 82 x 35 mm 

MK 60 AUDIO KIT l only £14.25 
Comprising: 2 X AL80, 1 X SPM80, 1 X BTM80, 1 X PA 100,1 front panel, 1 kit of parta to Include on-off switch, 
con indicator, stereo headphone sockets plus instruction booklets. Complete Prices: £29.75 plus SOp 

TEAK 60 AUDIO KIT postage. 

Comprising: Teak veneered cabinet size loi x 11I- x 3I', other parte include aluminium chassie, heatolnk and 
front panel bracket, plue back panel am: appropriate socket. etc. Kit price: 60.95 plus 30p postage. 

14 5 16 Lead Sockets for use with 
DUAL -IN -LINE I.C's. TWO Ranges 
PROFESSIONAL A NEW LOW COST. 
PROF. TYPE No. 1 -24 25 -99 100up 
TSO 14 pin type 885 30p 27p 
T80 16 88p 359 325 
LOW COST No. 
BPS 14 ,, 18p 14p 12p 
BPS 16 175 165 13p 
BPS 8 plu type 15e 13e 11e 

1975 BI -PAK 
CATALOGUE & LISTS 
Send S.A.E. and 10p 

The STEREO 20 

NUMERICAL 
INDICATOR TUBES 
Type Description 
v015F Minitron .. £1.50 
MAN SM. L.E.D. 7- segment 

0 -127" .. .. .. .. .. £1.90 
II indicators 0.9 + Decimal point. 

All side viewing. Full data for all 
apes available on request. 
SHPS0 STEREO HEADPHONES, 
4 -16 ohms impedance. Frequency 
response 20 to 20,000Hz. Stereo mono 
switch and volume ¿Dntrols. 24.95 

ALIO /AL20 /AL30 AUDIO AMPLIFIER 
MODULES 

The AL10, AL20 and AL30 snits are 
similar ln their appearance and in their 
general specification. However, careful 
selection of the plastic power device has 
resulted in a range of output powers from 
3 to 10 watts R.M.B. 
The versatility of their design makes them 
ideal for use In record players, tape recorders, 
stereo amplifiera and cassette and cartridge 
tape players In the car and at home. 

The 'Stereo 20' amplifier is mounted, ready wired and 
tested on a one -piece cheek measuring 20 cm. x 
14 cm. X 6.5 cm. This compact unit comes 
complete with on /off switch volume control, 
balance, base and treble controle, Trans- 
former, Power supply and Power amps. 
Attractively printed front panel and match- 
ing control knote. The 'Stereo 20 has been 
designed to Bt Into most turntable plinths 
without Interfering with the mechanism or, 
alternatively, into a separate cabinet. 
Output power 20w peak. Input 1 (Cer.) 
300mV into 1M. Freq. res. 25Hz.25kHz. 
Input 2 (Aux.) 4mV into 30K. Harmonic 
distortion. Bass control ±12dB at 60Hz 
typically 0-25% at 1 watt. Treble eon.i 14.45 ±14dB at 14kHz. 

Parameter Conditions 

HARMONIC DISTORTION Po =3 WATTS f =1KHa 

LOAD IMPEDANCE 

INPUT IMPEDANCE f=1KHa 

FREQUENCY RESPONSE f 3dB Po =2 WATTS 

SENSITIVITY for RATED 0/P Vs=25V. R1=811 f=1KHz 

DIMENSIONS 

Performance 

0.26 

8-180 

100 k13 

50 Hz -25KHz 

75mV. EMS 

3 x 24-x1 

The above table relates to the AL10. AL20 and AL30 modules. The following table 
outlines the differences In their working conditions. 

Parameter ALLO ALSO ALSO 

Maximum Supply Voltage 2b 30 30 

Power output for 2% T.H.D. 
(EL= 813 f =1 KHz) 

PRICE 

3 TERMINAL POSITIVE 
VOLTAGE REGULATORS 
TO.3 Plastic Encapsulation 
pA7805/L129 5V(Equv. to MVR5) 
pA7812/L130 12V (Equv. to MVR12V1 
pA7815 /LIS1 I5V (Equv. Io MVR15V: 
uA7s18 18V 

£1.36 
21.36 
21.35 
£1.35 

TRANSFORMERS 
T46I (Use with ALZO) £1-80 P. es P. 15p. 
T538 (Use with AL20 A A1.30) £2.30 P. A P. 15p. 
BETH) (Use with ALGO) £2.75 P. a P. 255 

POWER SUPPLIES 
PS 12. (Use with ALIO, ALSO O AL30) 950 
OEM 80. (Use with ALtO) e3, 

PA 12. PRE -AMPLIFIER SPECIFICATION 
The PA 12 pre- amplifier has been designed to match into 
most budget etereo systems. It 1e compatible with the 
AL 10, AL 20 and AL 30 audio power amplifiers and it 
can be supplied from their associated power euppliee. 
There are two stereo inputs, one has been designed for use 
with *Ceramic cartridge while the auxiliary Input will 
suit most }Magnetic cartridges. Full details are given in 
the specification table. The four PRICE controls are, from left to right: 
Volume and on /off switch, balance, 
basas and treble. Size 152mm X 
84mm X 35mm £4.35 

Frequency response - 
2011z -50KHz ( -3dB 

Bass control- 
+ 12d13 at 60H 

Treble control- 
}14dB at 14KHz 

*Input 1. Impedance 
1 Meg. ohm 

Sensitivity 300mV 
}Input 2. Impedance 

30 K ohms 
Sensitivity 4mV 

FRONT PANELS FP72 S0p 

3 watt. 
EMS Min. 

£9.60 

5 watts 
RIES Min. 

£2.85 

10 watts 
EMS Min. 

23.90 

All prices inclusive of V.5.7. Giro No. 388 . 7006 
Please send all orders direct to warehouse and despatch deportment 

BI-PAK 
P.O. BOX 6, WARE HERTS 

Postage and packing add 15p. Overseas add extra for airmail. 
M eimum order 55p. Cosh with order please. 

Guaranteed Satisfaction or Money Back 

www.americanradiohistory.com
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ô ó electronics 
Dept .5 

56, Fortis Green Road, London. N10 3HN. 

telephone: 01- 883 3705 

INDUCTORS TUNING CONDENSERS YEROBOARD 

Demeo Mex/-a Cods 

Ferrite Rod Aerials 

.® 111V1 111111Iqll1llllll11e..- 

FRAI Long 6 Medium Wave bad (300pf) 86p 
FRA2 Lag 6 Medium " (500pe 84 

Tuning Coils in two series: 

Rags 

1 150 kiss to 400 khhc 

2 515 Ida to 1.545 Mh3 

3 1.67 Mhz to 5.3 Mh3 

4 5 Mhz to 15 MO 
5 10. 5 Mhz to 31.5 Mhz 

6 30 Mks to 50 Mhz 

7 45 Ma to _78 MIa 

50 pf tuning, all others based on 300 pf. 

Series A Transistor - 48p eoch 

Only available in rages 1 to 5 inc. 
4 Coils complete each rape: 

Blue 
Yellow 
Red 
White 

- Mrial Coil 
- B.F. late rstage 
- Osc . Coil for 465 khz I.F. 
- Osc. Coil for 1.6 Mhz I.F. 

give rape number; letter ' T ' ad colour. 

Series B Dual Purpose Coils 48p each 

For FET or Valve Circuits 
All rages available 
5 Coils complete each ronge: 

Blue - Aerial 
Yellow - IoteMage R.F. 
Green - R.F. plus reaction 
Rod - Osc. Coil for 4651ág I.F. 
White - O c. Coil for 1.6 Mhz I.F. 

(Nota usa Red instead of White for 
rages 687 ). 

We stock from 1,0H to 19 n11-1 

Check levels AS prices when ordering 

Tuned Block Filter incorporating o 

Ceramic element. Pe-aligned 
to 470 Khz. 3db bandwidth 5Khz. 
Zin I00K. Zout 100K. 

LP1175 £1.46 

I.F. Transformers 

IFT 13 465 khz Ist 8 2nd d/tuned 65p 
IFT 14 '465 klu final single tuned 65p 
WT 15 10.7 Mhz d/tuned 65p 
1E1 16 1.6 Mhz 1st 8 2nd d/tuned 65p 
IFT 17 1.6 Mhz Final ;/tuned 65p 
IFT 18 465 khz or 1.6 Mhz d/tuned 75p 

TYPE E 

3 gang 310pí 

£3.99 

TYPE C804 

83p 

Slow Motion Rive 
Ratio 6:1 Ref: 4511 

5p1 

l Opf 

15pf 
20pf 
25pT 

50pf 

6opr 
75pf 

100pf 

80p 
80p 
80p 
83p 

BOP 
83p 
94p 
94p 

99p 

TYPE O 

TYPE 00 

208 + 176 pf 
with screen & 

trimmers 

f1 .48 

DILECON 

365 pf 
365 x 365 pf 

E1.07 
El .30 

100pí 69p 

300pí 69p 
500pf 69p 

'IF N 6.3V 10V 16V 25V 

1 

1.5 
2.2 
3.3 
4.7 

6.8 
8 

10 

15 

22 

33 
47 
68 

100 
150 

220 
330 
470 
680 

1030 

1500 
2200 
3300 

ß`4p70000 

40V 63V 1006 

Electrolytics 
6}p 

6}p 

6p 

161N 450V 

8}p 159 

8}p 

8}p 17p(4uF) 

6}p 64p 84p 

64p 64p 84p 
6}p 64p 6119 

6}p 6}p 64p Ilp 

21p 

24p(16,F) 

6}p 
64p 6}p 6}p 6}p 61p 8p 

6}p Ilp 
}p 

6}p 

6}p 6 6}p BP 149 25p 
64p 6}p 8p Ilp 14p 

REGULATORS DIGITAL SWITCH 

100nA 
(T0-39) 0O-31 

500mA 

ji!!!1 
N TBA625A 

£1.03 
IN T1662511 

£1.03 
ISV T16625C 

E1.03 

L005T1 
(MVRN) 
E1.45 
L036T 1 

(MVRIN) 
£1.45 
1.03711 

(MVRIN) 
£1:45 

` mA 

(SOT-32) 

-20°C 0°C 

to +85°C to .70°C 

( Ì 
1'dd 

L129 TDA1405 78051C 

IA 
(TO-220) 

£1.39 97p E2.42 
1130 TDA1412 7812UC 

E1.39 97p 12.42 
L131 TDA1415 781511C 

E1.39 97p E2.42 

600mA; 500mA and 450mA respectively. 

THYR/STORS SCR's 

V 

30v 
SOv 

60v 
100v 
200v 
400v 
600v 

MCRIO2 32p 106Y 39p 
106F 46p 2N4441 87p 

MCR103 449 
MCR104 49p 10M 489 
MCR120 51p 1068 53p 

1060 67p 
106M f1.50 

2N4442 E1.06 
2N4443 E1.45 
2144444 f2.09 

BCD encoded digital switch 
Reading 0 to 9. Suitable for 
digital clock alarm setting 
DVM input scaling etc. 

1 to 9. E1.49 each. 

ALUMINIUM BOXES 
With Baseplate and screws 

REF 

(No.) (L) (W) (H) PRICE P&P 

AB7 21" 51" 1}" 45p 15p 

AB8 4" 4° 11" 45p 15p 

AB9 4" 2:" I}" 45p I5p 
AB10 4" 5}" 14^ 51p 15p 
ABII 4" 21" 2" 45p I5p 
AB12 3" 2" 1" 38p 15p 
AB13 6" 4" 2" 61p 17p 
AB14 7" 5" 21" 73p I7p 
ABIS 8" 6" 3" 92p 17p 
ABI6 10" 7" 3" £1.05 20p 
ABI7 10" 4}" 3" 92p 25p 
AB18 12" 5" 3" f1.04 25p 
A1119 12" 8" 3" E1.38 25p 

33p(32uF) 
25p(50uF) 

350V 

AA119 
M120 
M129 
BÁ100 
16102 
M110 
16115 
16144 
16145 
16148 
16154 
16155 
16156 
8AX16 
1111104 

B1110511 

BYI00 

2}" x 1" 

2}"x3: 
7p 

26p 
7p 

2Ip 12p 

24" z 5" 30p 25p 13p 

3:" x 3:" 30p 25p - 
39" z 5" 34p 349 25p 

17" x 2 90p 69p 45p 
17" x 31" E1.21 75p 57p 
17" x 5" - - 99p 

D.I.P. Breadboard 4.15" x 6.15" 
VEROSTRIP (State .1" or .15 1 
Pin Insertion Tool (State .1" or .15 ") 
Spot Foce Cotter 
Terminal Pins in Pkts. of 50 (State .1" or .15 ") 

lOp 

IOp 
10p 

E1.40 
30p 
63p 
51p 
24 

Details of I. C.'s; Rectifiers; Diodes; Bridges; Passive 
Components; LED's; Clocks; Triacs etc. can be seen 
on other pages and/or issues of Wireless World; Practical 
Wireless; and Practical Electronics. 

IOp BY103 22p 0A91 Bp 
IgP BY105 164p 0A200 1 l 
lop BY126 16p 0A202 12p 
10p BY127 16}p ZS120 8p 
27p 8YI33 23p ZS140 24 
44}p BY164 54p ZS141 42}p 
19p BY176 £1.62 Z5142 324p 
20p BY182 £1.62 ZS170 10p 
229 BY250 25}p ZS270 llp 
22P TIZX70 27p ZS271 16p 
20p Series ZS278 364p 
15ip BZY88 1 l N914 Bp 
164 Series N916 IOp 
lop 0A47 Ilp N4009 7p 
45419 0A79 10p N4148 549 
414p 0A81 Bp N4448 9p 
161p 0485 IOp ZS Series 18p 

OA90 BP 

TRANSISTORS 
AC 107 
AC126 
AC127 
AC128 
AC 176 
AC 187 
AC 187K 
AC188 
AC188K 
ACYI7 
ACYI7 
ACY20 
AD140 
AD 149 
AD161 374p BD136 
AD162 384p 60201 
ADI61/62MP749 BD202 

AF114 17P BF109 

AFII5 17p BF115 

AFII6 17p 8F160 
AF117 17p 8F167 
AF118 54p 8E173 
AF124 324p 6F178 
AF139 341p 11F179 

AF172 239 8F180 
AF239 
ASY26 
BC107 
BC 108 
K109 
BC 117 

BC 147 

BC118 
BCI49 
BC157 
BC158 
BC 159 

IC 167 
BC 1688 
CC169 
BCI71 
BCI72 
BC177 
BC178 
BCI79 
BC182L 
BC183L 
BC 1841 
BC187 
BC204 
BC209 
BC 2121 

16P BC2I3L 13p D13V 52}p ZTX301 
13P BC214L 139 D40N3 59p ZTX302 
14 BC268 ISp M1180 93}p ZTX303 
13p BC407 14 MJ481 £1.18 ZTX304 
ISp BCY70 17p MJ490 El.ol} ZTX311 
22P BCY71 22p MJ491 £1.42} ZTX312 
299 3CY72 17p M1900 £1.42} ZTX341 
24 B0I15 73p MJ1000 £1.22 ZTX384 

89IP M.12955 
39P 8D1 804pMJ3055 £1.21 ZTX501 
38}p BD131 µP MJ4000 11.164 ZTX502 
22p BD132 52p 1614010 £1.954 ZTX503 
48}p BD13(/2PR E1.17 MJE340 45p 21X504 
48}p BD135 414p M1E35O 97}p ZTX531 

434p M1E2955 £1.20 ZTX550 
£1.95} MJE3055 72p 2N697 
El .461 MPF102 Dp 2N706 

74p MPF103 40}p 2N708 
25p MPFIO4 µ}p 2N914 
251p MPF105 44}p 2N930 
24p MPF106 49p 2N1302 
24p MPF111 22p 2911303 
284p MPS1J06 63p 2N1304 
324p MPSU56 77p 2N1305 
324p 0C28 494p 2N1306 

404p BF181 32}p 0C35 49119 2N1307 
324p 8FI84 27}p 0C36 491p 2N1308 
Ilp 8E185 2749 OCµ 149 2N1309 
Ilp BF194 15p 0C45 14p 2N1711 
12p 89195 17p 0071 149 2441718 
22p 8E196 169 0072 14p 2N 1893 

10p 89197 16p 0075 15p 2192218 

10p BF200 314p 0076 27p 2N2219 
IOp BF2448 27p 0081 149 2N2646 
13p BF262 259 0013 259 2N2894 
IZp BF263 259 0C170 2749 2N2904 
14p 8F272 E1.19 0C171 32}p 2N2905 
17p OCP71 £1.541 2N2924 
Iln BFS97 24 OR12 65p 2N2925 

12p 8F598 20p TIP29 531p 2N2926G 
20p 89W10 65P 71931 67p 2N3053 

171jp BFX 29 41}p 71931A 67p 2N3054 
22p 89X88 26p 11931A 793p 2N3055 

22D 
BFYSO 22p TI41A 794p 2193375 

21p BFYSI 22p TIP42A 971p 2N3442 
II 90 £1.09 11543 36p 7N3566 

12p 51100 421p T1588Á 3619 2N3638 
12p BRY39 43719 T 159 321p 2N3702 

27p BSX20 1Bp ZTX107 IOp 2N3703 I BSX21 239 ZTX108 lop 2N3704 
14p BSY95A 149 ZTX109 15p 2N3705 
12}p BU105/02 £1.95} ZTX300 12p 2N3706 

13p 
17p 
14p 
21p 
10p 

2143707 
2N3708 
2N3709 
2N3710 
2N3711 

12p 
109 
IOp 
Ilp 
llp 

lOp 2N3772 £2.00 
22p 2143791 E2.55 
18p 2N3819 D}p 

13p 2N3823 899p 
17p 2N3903 I6'p 
14p 2N3904 19p 
42}p 2N3905 23p 
24 2N3906 25p 
l7 p 10'p 2N59 58 l3 
16p 2N10 19p 
13p 2N4062 16p 
16p 2N4289 19p 
21p 2N4441 85}p 
22p 2Nµ42 £1.04} 
20p 2N4443 11.424 
24p 2N4444 £2.064 
249 2N4871 59p 
24p 2N4901 E1.414 
249 2N5067 £1.074 
27p 2N5129 1619 
341p 2N5172 1 l 
34}p 2N519I 77p 
26p 2N5194 91p 

f4.37 2N5295 52}p 
52p 2N5447 16p 
22p 2N5449 169 
381p 2N5457 46}p 
SfP 2N5458 434p 
974p 2N5459 434p 
321p 2N5485 52119 
30499 2N5777 48}p 
16p 2N6068 441p 
18p 2N6069 511p 
IOp 2196070 57p 
19p 2N6071 62p 
50}p 2N6073 67p 
511p 2N6075 £I.46} 

£3.561 2N6076 164p 
El .19 2N6111 549 

18p 2N6288 !Op 
20p 3N140 99119 
13p 3N141 871p 
12p 3N153 871p 
139 40321 54p 
121p 40430 f1.39 
lip 40673 55p 

W. VAT IN(;I.i1SIVI? PRICES 
OVERSEAS CUSTOMERS DEDUCT 27 
VAT INVOICES ON REQUEST 
P&P On U.K. Orders miri. iSp Overseas Orders at Cost 
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B1PREPAK 
Bargains in Semi -Conductors, components, modules &equipment. 

THIS MONTHS 

"BARGAIN COUNTER" 
Bi- Pre -Pak special pack 
offers ALL AT 50p EACH 
Tested and Guaranteed 
B79 A IN4007 Sil. Rec. diodes, 1.000 PIV 'F lamp plastic 

681 1 O Reed Switches, 1" long, á" dia. High Speed 
P.O. type 

100 
30 

H35 

H38 

Mixed Diodes, Germ, Gold bonded, etc. 
Marked and Unmarked. 

Short lead Transistors, NPN Silicon 
Planar types 

H39 C Integrated Circuits, 4 Gates BMC 962, V 2 Flip Flops BMC 945 

H41 2 Sil Power transistors comp pair 
BD131/132 

H63 A 2N3055 type NPN Sil. power transistors. 
Below spec. devices 

H64 /1 3819 N Channel FETs 2N3819 in plastic F case 

Unmarked untested 
packs ALL AT 50p EACH 
B1 50 Germanium Transistors PNP, AF and 

RF 

B66 

B83 

B84 

B86 

H34 

150 
200 
100 
100 

15 

Germanium Diodes Min. glass 
type 

Transistors, manufacturers rejects. AF, RF, 
Sil. and Germs. 

Silicon Diodes DO -7 glass equiv. to 
0A200, 0A202 

Sil. Diodes sub. min. IN914 and 
IN916 types 

Power Transistors, PNP, Germ. NPN 
Silicon TO -3 Can. 

H 67 10 3819N Channel FETs plastic case 
type 

Bi- Pre -Pak X -Hatch Generator Mk.2 
Four -pattern selector switch 
3 "X5á "X3" 
Ready -built 
and tested 

In kit form 

f9.93 
£7.93 

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 strong metal case. instructions, 
but less batteries. (Three U2 type required.) 

AMPLIFIER MODULES 
SS100 Active tone control unit to provide Bass and Treble facilities (stereo). 

SS101 Pre -amp for stereo ceramic cartridges, radio tuners etc. 

SS1 02 Pre -amp for low- output stereo magnetic cartridges etc. 

Compact I.C. amp. 3 watts R.M.S. Single channel 
SS1 03 (mono). On P.C.B. size 3" X 2" with all components. 

SS1033 Stereo version of above. (Two I.Cs.) 

A compact all- purpose power amp. Can be run from 12V car battery. 
SS105 Size 2f" X 11". Useful 5w output (mono). Excellent value. 

Similar in size to SS105 but will give 10w output 
SS110 (mono). Two in stereo five first class results. suitable 

for many domestic applications. 

Beautifully designed. Will give up to 40w R.M.S. into 
SS140 40. Excellent S.N.R. and transient response. Fine for P.A., 

disco use etc. 

FM Tuners 
Front End Assembly. Ganged tuning condenser with well 

SS201 engineered slow motion geared drive in robust housing 
and diseminator stage. Excellent sensitivity. 88- 108mHz. J' f6.25 
I.F. Stage (with I.C.). Designed to use with SS201 uses 

SS202 I.C. Carefully checked before despatch. c £5.25 
Stereo Recorder. Designed essentially for use with SS201 

SS203 and SS202, this excellent decoder can also make a stereo 
tuner of almost any single channel FM tuner. Supplied 
ready aligned. A L.E.M. can easily be fitted. f5.62 
Power Supply Stabiliser. Add this to your unstabilised 

SS300 supply to obtain a steady powerful working voltage for 
your audio system. Money saving and very reliable. 

ALL MODULES TESTED & GUARANTEED 
FULLY DETAILED & WELL PRINTED INSTRUCTIONS 
Postage -Add 15p for packing & postage (U K1+ 8% VAT to total 
value. 

f1.60 

f1.60 

f2.25 

f1.75 

f3.25 

f1.95 

f2.40 

f6.26 

f5.62 

Plastic Power Transistors 
IN TWO RANGES 40W and 90W Silicon Plastic 
Power Transistors of the very latest design, available in 
NPN or PNP at irresistibly low prices. Sold under our Tested 
and Guaranteed terms. 
Range 1. VCE. Min 15. HFE Min 15. 

1 -12 13-25 25-50 
40 Watt 20p 18p lap 
90 Watt 24p 22p 20p 
Please state NPN or PNP when ordering. 

Range 2. VCE. Min. 40. HFE Min 40. 
1 -12 13-25 

40 Wett 30p 28p 
90 Watt 35p 33p 

26-50 
26p 
30p 

There's more in our latest catalogue: More bargains- better price - values. Send large S.A.E. /6p stamp p /ease) 
for your free copy. COMPONENTS, EQUIPMENT AND OF COURSE, SEMI- CONDUCTORS. 

'TERMS OF BUSINESS VAT Add 8% to total value of order including postage and packing charges. No VAT on 
overseas orders. POST & PACKING Add 15p for UK orders. Minimum mail order acceptable -50p. Overseas orders. 
add £1. Any difference will be credited or charged PRICES Subject to alteration without notice. 
AVAILABILITY All items available at time of going to press when every effort is made to ensure 
correctness of information. 

'To BI- PRE -PAK, 224 -226 WEST RD, 
WESTCLIFF -ON -SEA, ESSEX 

inc. VAT' . - - - r a 

Co Re, l No820919 

222 224 WEST ROAD,WESTCLIFF -ON -SEA, ESSEX SSO 9DF. 

TELEPHONE: SOUTHEND (0702) 46344. 

Please send 

for which I enclose 
NAME 

ADDRESS 

WW2 

MIR I=I= =II NMI WEN ME MIN a NM 

1 
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AMPLIFIER KITS OF 1 
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. £0.85 
2 Set of resistors, capacitors. pre -sets 

for power amp. E1.70 
3 Set of semiconductors for power 

amp. (now using BDY56. 
60529. BD530) £6.50 

4 Pair of 2 drilled. finned heat sinks £0.80 
5 Fibreglass printed -circuit board 

for pre -amp. E1.30 
6 Set of low noise resistors. capacitors. 

pre -sets for pre -amp. £2.70 
7 Set of low noise, high gain semicon- 

ductors for pre -amp. £2.40 
8 Set of potentiometers (including 

mains switch) £2.05 
9 Set of 4 push- button switches. 

rotary mode switch £3.70 
10 Toroidal transformer complete 

with magnetic screen/housing primary: 
0- 117 -234 V. secondaries: 
33 -0 -33 V, 25 -0 -25 V. £9.15 

Price 

Hi -Fi News Linsley -Hood 75 W Amplifier 
Mk III Version (modifications as per Hi -Fi News April 1974) 

Full circuit description 

in handbook 

(pack 15 -price 30p) 

11 Fibreglass printed -circuit board 
for power supply 

12 Set of resistors. capacitors. 
secondary fuses. semicon- 
ductors for power supply 

13 Set ofmiscellaneousparts 
including DIN skis. mains 
input skt, fuse holder. inter- 
connecting cable. control 
knobs 

14 Set of metalwork parts including 
silk screen printed fascia 
panel and all brackets. fixing 
parts, etc. 

15 Handbook 
16 Teak cabinet 

2 each of packs 1 -7 inclusive 
are required for complete 
stereo system 

Total cost of individually 
purchased packs 

FREE TEAK CASE WITH FULL KITS 

KIT PRICE only £62.40 Post free (U.K.) 

00.65 

£3.50 

£4.25 

£6.30 
£0.30 
£7.35 

V.A.T. Please add 8% 
to all U.K. orders 
( *or at current rate if changed) 

for further information 
please write for FREE LIST 

... POWERTRAN 
SEE FOLLOWING PAGE 

T Pi Al 11 WINDSOR BERKS.D 
FAST SERVICE. SEND C.W.O. ADD VAT TO ALL PRICES IN U.K. P &P 15P. EUROPE 2SP.OVERSEAS 65P. 

MONEY BACK IF NOT SATISFIED. 
LARGE STOCKS. LOW PRICES. 
ALL BRAND NEW TOP GRADE FULL 
SPEC DEVICES.CALLERS WELCOME. 

CATALOGUE /LIST FREE SEND S.A.E. 

Digital Displays 
MINITRON 3015F 
0 -9DP 11.15 ea 

LED 0.3" digit 
0 -9DP 61.49 ea 

JUMBO LED 0.6" 
0 -9DP 52.25 ea 

LIQUID CRYSTAL 
6 digit 518 

_MI 14P. 
11N PIN SOURCE +'Ii -r.1sL 
LEDS.209 STYLE.30 CLIP. 11P ea 

l'IL209 RED LED & CLIP 17P ca 

BIG I" RED LED & CLIP 18P ea 

ORANGE & GREEN LLUS: 
1íNí 25P ea.BIG & CLIP 33P ea 

I'J:R_A RED LED 81.2A5" 
2 PHOTO IC /amp /sw- a« cLocI-11 

A151224 4 UIGIF CLUCK supplied 
.:ith 14pin socket & data 54.25 

811/11 6 ,)IMF CLOCK ith 
pin socket & data 17,50 

3;UIGll .18' X00 17.50 
I31Glf , 

..: C!',' r 70,0 

CASSETTE 
mechanics 
.ILRLO LASSl.l ll. 5L.CHAN1821. 

As used in imported types 
costing 6100.0nly requires 
a case & electronics.11eads 
supplied.Send for data 13p. 

702 OPA 69p 
703 RF/IF 28p 
709 T099 21p 
709 IIIL 14 29p 
710 DIL 11 .36p 

720 Radio 51.39 
723 iRegulatoro'p 
741 TI)99 29P 
711 UILB Slp 
711 DILII Slp 
-47 Oual 741 89p 
74a ULL S Sop 

1505 IC A/D 
Convertor i7 

7805 1A5V 11.59 
7808 1.-ASV 51.69 
7812 lAl2F S1.69 
7815 LA15V 11.69 
761109 Ih .AF 7Sp 
7601S IS .\Ff1. - 

1 81138 Sig Gen S3 

C:A5016 o9p 
L61301 'IPA 49p 
Li4307 OPA 49p 

, Ili3ol'a 95p 
'1: d cg.i? 2'i 

F, 1h _ . 
- /IP i_ 

;->ISkI'_.;.r 
I.rG82)an..p 

1.43900 Ir 

a S%nqca0nda(MOOrs 
MFC4000 ;h AF 35p 
61FC4060 S4p 
}IFC60S0 S2p 
1IFC6040 90p 
:4FC8010 111.10 

:IFCR040 51 

5E5S1 55V/us £2 
\L536 F1:1' UP.\S2 
.\L51O Driver S'1 

5LS4o :\M 11xS1.50 
51350 2v ref ".Ip 

\L55S FIMI.R 1,7p 

510,56 Dual"51,311 
.A1560 PLL .i3,15 

.\LSO( l'LL f 3. l5 

\L562 l'LL fS,19 
\LS65 I'LL S2.09 
5L366 Gen S2.49 
5L567 Godc í2.09 
S582709 -09 29p 

S\52711 -11 Sip 
5\72738 718 ;6p 
SN-0131 S1.20 
5576660 EMI!. ,1 

S576611 IF ..- 
LAI1 loo 1. IF 

1" 

310; ptvo1 5. 

..\ll l 1) Lo !1ßl SS 
E,n Ctr lli'9 lop 

-ILS ,&I'..tt ïlp 
):2.p9 7117 driver 11.0_' 

' ;'1 1-Il/_` 

69p ,'.'r 
il -47S 
5p r,:initcr 65p 

;p . ountcr 6:111 

-1p I mono IJp 
il -,III driver rSn 
11 

15 Full range in Cat. 

SPECIAL OFFERS 

741 29p MFC4000 35p 
555 67p 75114 11.09 

BC107,BC108,4IC109 9p ea 
253055 39p Three for S1 
1151v/T03 or 90W plastic 
2538191í lop 253053 17p 
BFYS0/51/52/53 all lap 
USdVrect 4p ea 15914 4p 

Price each:- 
\C17-7128 lop 111'2955 n 'p 

\C1x-/Ls S I9p Ill'SOSS 55p 
.\D161/162 S5p TISIS U.1T175p 
BI:107/8/9 9p 154001 lp 

BC132/4/" L8p 151004 6p 

!M.:117/8/9 10p I54148/911 -Ip 

ItC I5'/e/'I 12p 2509- 17p 
IiC167/ E/9 12p 25706/8 '. h 

hCI11/8/9 18p 252646 
8C182/3/1'llp 2521104/3 
BC212/3/1*12p 2A2926roy , 
'A or L 253053 ip 
1iLY-0/1/2 l;p 253055 5dp 
l'.DISI/2 ì,_'p 253014 49p 
üI130/1'2 ISp 2\3-92/3 9p 
I',FY33 17p '\3 J1/5 10p 
';5\711 12p 2&380o/7 9p 
,L1L29& :p -JB; Sp 
'.I11 8115 1.2p 253-10/11 .'p 

0I"i. sIIut I"p 2AS"5/'4 l6p 
.A 516'6' lap 

HP 2118638 lip 
;5641/2 16p III . P 253519I 16p 

I1rì\ ;S,ï2L 1-p 
I11'1I.\ -,p 5.,914/6 11p 

III'47.\ p 2\1219 I'.I, 

d=YyB 101I114 LAl; I/1:8 1 ; .. 
=L\LRS t'p CL''-01 SI:Il- .. 

I{RIUGL Itl.Ll 1HI0e1Y 

IA 3''F _:'p 

,11 SLy'1li SC116i' IR1AC 
" K11 45 101 151"V 75p 

ver o 
VLRO 1155x35 25p. 

NEw LOW PPICff / 
COPPER CLAD VEROBOARD 0.1" 
21x5" 27p.21x31" 24p.3;x3; "27p. 
3;x5" 29p.3;x17" 51.50 
DIL IC's BOARDS 6x41" 51.50 
24 way edge connector 60p 
36way UOp. PLAIN 3; "x17 0,1 

FACE CUTTER 43p. FEC ETCIIAN'l' 

%x1111 L: 1r 

PRINTED CIRCUIT BOARD KIT i1.6. 
COPPER BOARD 604" 40p. 
DIiSOLDLR BRAID reel 59p 

H EATS IN KS 
Sf /1'05 & 18f /101a Sp ea. 

1754 12p.IV3/T03 16p.iY1/T03 29p. 

CAPACITORS 
.of Ip ea,I.LI!CIROI.Y111 

23V " 1,1/50/100uF 6p.1000uf 20p 
['RESITS VL12T:Sp..iI-5L>F0R558 lip 

POTS ABorEGIN 
ROTARY:l2p.SWI'FCII 13p.DUAL SSp. 

SLIDERS:SI.VGL). 26p.000BLE 48p, 

SWLCCIILS:SI'SI LSp.DI'IlT ':I. 
MINI ', SI'ST S!pPUSII 

- 

BENCH POhER SI1PI'I.Y 3-I'1 f.,. 
DIN PLUGS all 1Sp ea.Sockets 9p 

IRV5811 'Y4IiRS IA 6/12V. 11.34 

ets 

9PI1IIIF 1Sh\IT \M1' YS 

MODULI 

'.:.SCI:N LI . 

OIL sIl 
I' Iö? l- I. °. I -.. I. 

Coil) II..A, 
& CREI' 
e,li or l6 Pl': 
O.ALY 15p each. 

WW-029 FOR FURTHER DETAILS 
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FROM THE SPECIALISTS-POWERTRAN 

ELECTRONICS WIRELESS WORLD AMPLIFIER DESIGNS 
Component packs for a choice of three outstanding amplifiers are stocked together with packs 
for 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 60V REGULATED POWER SUPPLY 
Pk. 1 F /Glass PCB £0.80 Pk. 1 F /Glass PCB £0.75 
Pk. 2 Resistors, capacitors, pots £1.75 Pk. 2 Resistors, capacitors, pots £1.40 
Pk. 3 Semiconductor set £4.70 Pk. 3 Semiconductor set £3.10 
30W BLOMLEY BAILEY- BURROWS PRE -AMP 
Pk. 1 F /Glass PCB £0.85 Pk. 1 F /Glass PCB £2.05 
Pk. 2 Resistors. capacitors. pots £2.15 Pk. 2 Resistors, capacitors, pre -sets. 
Pk. 3 Semiconductor set £5.60 transistors £4.95 
20W LINSLEY -HOOD Pk. 3R Rotary potentiometer set £1.60 
Pk. 1 F /Glass PCB £0.85 Pk. 35 Slider potentiometer set 
Pk. 2 Resistors, capacitors, pots £2.40 (with knobs) £2.70 
Pk. 3 Semiconductor set £3.35 

20 WATTS/CHANNEL 

STUART TAPE RECORDER 
A set of three printed- circuit boards has been prepared 
for the stereo integrated circuit version of this high - 
performance Wireless World published design. 

TRRP Pk. 1 

TRRC Pk. 1 

TROS Pk. 1 

Reply amplifier F /Glass PCB 

Record amp. /meter drive cct. 
F /Glass PCB 

Bias/erase /stabilizer cct. 
F /Glass PCB 

£0.90 

f 1.40 

£1.00 

For details of component packs for this design please write 
for free list. 

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. 

FREE TEAK CASE and HANDBOOK 
with full kits 

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 £4.20 

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 20w amp. 
Pack 
1 Fibreglass PCB £0.70 
2 Set of resistors. capaci- 

tors pre -sets (not includ- 
ing /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. zener 

diode. capacitors. fuses. 
fuse holders 

3 Toroidal transformer 

£0.50 

£2.60 
£4.95 

ENQUIRIES WELCOME 
For quality sets of speakers 

SEMICONDUCTORS AS USED IN OUR RANGE OF QUALITY AMPLIFIERS 
2N699 £0.25 2N4302 
2N1613 £0.20 2N5087 
2N1711 £0.25 2N5210 
2N2926G £0.10 2N5457 
2N3053 £0.15 2N5459 
2N3055 £0.45 2N5830 
2N3442 £1.20 40361 
2N3704 £0.10 40362 
2N3707 £0.10 BC107 
2N3711 £0.09 BC108 
2N3819 £0.23 BC109 
2N3904 £0.17 BC125 
2N3906 £0.20 BC126 
2N4058 £0.12 BC182K 
2N4062 £0.11 BC212K 

£0.60 BC182L £0.10 MJ481 £1.20 
£0.42 BC184L £0.11 MJ491 £1.30 
£0.54 BC212L £0.12 MJE521 £0.60 
£0.45 8C214L £0.14 MPSA05 £0.30 
£0.45 BCY72 £0.13 MPSA12 £0.55 
£0.30 BD529 £0.85 MPSA14 £0.35 
£0.40 BD530 £0.85 MPSA55 £0.35 
£0.45 BDY56 £1.60 MPSA65 £0.35 
£0.10 BF257 £0.40 MPSA66 £0.40 
£0.10 0F259 £0.47 MPSUO5 f0.60 
£0.10 BFR39 £0.25 MPSU55 f0.70 
£0.15 BFR79 £0.25 SN72721P £0.58 
f0.15 BFY50 £0.20 SN72748P £0.58 
£0.10 BFY51 £0.20 TIP29A £0.50 
£0.12 BFY52 £0.20 TIP30A £0.60 

for further information please write for FREE LIST NOW! 

TIP29C £0.71 
TIP30C £0.78 
TIP31A £0.60 
TIP32A £0.70 
TIP33A £1.00 
TIP34A f1.50 
TIP41A £0.74 
TIP42A £0.90 
IN914 f0.07 
IN916 £0.07 
15920 £0.10 
5805 £1.20 

KIT PRICE only 228.25 
post free (U.K.) 

Pack Price 
1 Set of all low noise resistors £0.80 
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. C1.90 

5 Set of slide and push- button 
switches 10.90 

6 Set of potentiometers and 
selector switch £ 1.45 

7 Set of all semiconductors £8.25 
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 £2.75 

V.A.T. Please add 8 %* 

to all U.K. orders 
( *or at current rate if changed) 

U.K. ORDERS -Post free (mail order 
only) 
OVERSEAS - Postage at cost + 50p 
special packing 

Dept. WW02 

POWERTRAN ELECTRONICS 

PORTWAY INDUSTRIAL ESTATE 
ANDOVER. HANTS SP1 0 3NN 

WW -055 FOR FURTHER DETAILS 
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FANTASTIC 
INSTRUMENT 

BARGAINS 
A rare opportunity to purchase electronic 
instruments by leading manufacturers at 
rock bottom prices. 
This high quality equipment, surplus to our 
present requirements, is in good working 
brder and has been regularly maintained to 
the manufacturer's own standards. 
One hundred different types of instruments 
are offered, representing more than £ 15,000 
worth of equipment. Just look at the prices, 
the lowest ever for equipment of this 
quality. 
Ask for the catalogue sheet of the full 
range today. 
Instruments may be viewed by arrangement 
only at the address below. Please telephone 
for an appointment. 
Please check availability of instruments by 
telephone when ordering. 
Calibration Service. Please ask for quotation. 

f Sale Price Range 
AUDIO (Professional) 
Crown 
High Power Loudspeaker Units (Altec) 
Stereo Recorders 
BRIDGES etc 
Radiometer 
CMB 11 B. Capacitance Comparator 
Wayne Kerr 
601Z. LCR Bridge. 

Wide Frequency range 
SR268. Source & Detector 
B221/Q221. LCR Bridge 
CALCULATORS 
Canon 
Briefcase size with charger and printer 
COUNTERS & TIMERS 
Hewlett Packard 
5216 12MHz. 7 Digits 
5246 50MHz. 6 Digit Counters 
5252A 350MHz. Pre -scaler plug -ins 
5253B 512MHz. Converter plug -ins 
Marconi 
TF1417/2. 0- 15MHz. 6 Digits 
TF2401. Main Frames 
TM7558. Plug -ins 
TM8094/1. 0.3- 2.5GHz. Plug -ins 
DEVIATION METERS 
Marconi 
TF791D. 4- 1024MHz. 
DIGITAL VOLTMETERS 
Dana 
3800A Digital Multimeter. 

0.1 %. 3 Digits 

70.00 -80.00 
400.00- 500.00 

30.00 -35.00 

200.00 -210.00 
300.00 -320.00 
350.00- 370.00 

20.00 -25.00 

320.00 -340.00 
190.00- 290.00 
100.00- 120.00 

100.00 -90.00 

90.00 -95.00 
On Application 
On Application 
On Application 

182.00 -220.00 

140.00 -180.00 

.4 

Dynamco 
DM2022. DV. 0.02% 10pV 

resolution to 2kV 130.00 -290.00 
DM2140 /A1 /B 1. Mean AC. Converters 200.00 -220.00 
DM2140/A1/B3. RMS AC. Converters 64.00 -78.00 
Hewlett Packard 
3440 and range of plug -ins (Complete) 600.00-6 610.00 
Solartron 
LM1420. 2. DC. 0.05% 2.51V 

resolution to 1 kV 110.00 -190.00 
LM1420. 2. BA -DC and 

RMS /Mean AC 350.00-400.00 

OSCILLOSCOPES 
Cossor 
CDU150. DC- 35MHz. 

5mV- 50V /DIV dual trace 
Dynamco 
7100. DC- 30MHz. Main Frames 
1Y2. DC- 30MHz. Dual Trace 

Amplifier Plug -ins 
1Y4. 625 lines TV Monitor 
1 X 1. Time Base plug -ins 
1 X 2. Time Base plug -ins with Delay 

Marconi 
TF2203. DC- 15MHz. Single Trace. 

Battery/Mains 
Telequipment 
D. 43. DC- 25MHz. 

Main Frames with Time Base 
A. DC- 15MHz. Single Trace 

Amplifier plug -ins 
J. DC- 25MHz. Single Trace 

Amplifier plug -ins 
D53S with 2 X 'A' amps. 

Storage. Dual Trace 
POWER SUPPLIES 
Roband 
EGO 12/10. 0-12V. Pre -set 
RECORDERS 
Bell & Howell 
5-124 Ultra Violet Light Beam. 

18 Channels (Galvos to 13kHz 
available at extra charge) 

5-127. As above with 12 channels 
SIGNAL SOURCES 
Advance 
SG70. Audio Oscillator. 

600 Ohms. 4 Watts 

f Sale Price Range 

400.00-410.00 

100.00- 150.00 

25.00 -40.00 
60.00 

20.00 -40.00 
30.00-60.00 

40.00-80.00 

60.00 -70.00 

10.00-20.00 

20.00 -30.00 

290.00 -310.00 

23.00 -30.00 

60.00-66.00 
180.00- 198.00 

100.00- 180.00 

f Sale Price Range 
General Radio 
1362. UHF Oscillators both need a f 80.00 -88.00 
1363. UHF OscillatorJ power supply 190.00 -97.00 
Hewlett Packard 
612A. 0.45 -1.23G Hz. Internal or External 

Amplitude Modulation 300.00 -320.00 
Marconi 
TF144H/4. 10kHz- 72MHz. Xtal check 

Int/Ext. AM. 50 Ohms 290.00 -320.00 
TF801 D /1. 10MHz- 470MHz. Int/Ext. 

AM and Pulse Modulation 320.00 -350.00 
TF2005. 20Hz-20kHz. 

Twin Oscillators 220.00- 290.00 
Radiometer 
HO 32C. 21 kHz. Beat Frequency 

Oscillator 90.00 -110.00 
Wayne Kerr 
0.22D. 10kHz- 10MHz. Video 

Oscillator 160.00- 178.00 
SPECTRUM ANALYSERS 
Hewlett Packard 
855113/851B. 10MHz- 12GHz. 
SWEEP GENERATORS 
Hewlett Packard 

r 

2,400.00 

8690 Main Frames 
8693B. 3.7- 8.3GHz plug -ins 
(Other plug -ins on application) 
TELEPHONE TV AND MICROWAVE 
Hewlett Packard 
423A. 12.4GHz Crystal Detectors 28.00 -32.00 
3701/02/03. Microwave Link 

Analyser 2,520.00 -2,700.00 
Marconi 
OA 2090A. White Noise Test Set 
(Filters also available at extra charge) 712.00- 820.00 
TF2909 TV Test Set. 

Grey Scale 625 lines Price to be advised 
Richmond Hill 
TSP. TV Studio Precision Signal 

Generator. Sin 2 P & B, Window, 
Staircase. (Requires all drives) 580.00 -595.00 

Siemens 
REL3K53. Contact Fault Locators. 

1 MHz Test Signal. Variable 
levels. High sensitivity 130.00 -140.00 

STC 
74166. Milliwatt Test Sets 41.00-49.00 
74184B. Selective Measuring Sets 132.00 -144.00 
74216. Noise Generator. 

20Hz -4kHz 230.00 -260.00 
74306B. Oscillators 10kHz -20MHz 110.00- 135.00 
74600. RF Attenuators. 10 steps 

each unit total Att: 0.9: 9.0: 90.0db. 15.00 -25.00 
74832B. Selective Level Measuring Set 80.00 -100.00 
Field Telephone (Hand Generators) 5.00 -7.00 
Wandel & Golterman 
TFPS75. 1.3MHz. Selective 

Oscillators 140.00 -160.00 
TFPM43. 14MHz. Selective Meters 225.00 -240.00 
VXM1 Differential Phase Meters (TV) 318.00 -330.00 
VZMG1 Sampling Attachments 77.00-88.00 
WAVE ANALYSERS 
Airmec /Racal 
248A. 5- 300MHz. Harmonic 

Analysers 132.00- 144.00 
ASSOCIATED EQUIPMENT 
Hewlett Packard 
412A DC. Electronic Multimeter On Application 
Marconi 
TF893 Audio Power Meter 20pW -10W 90.00 -98.00 
TF2606 Differential Voltmeter. 

0 -1000V 120.00- 140.00 
Radiometer 
RV24. DC Electronic Multimeter 60.00 -78.00 
Siemens 
Multizet. RF Voltmeter. 0 -100V. 5.00 "7.00 
* U ncalibrated 

260.00 -300.00 
300.00 -+150.00 

REMEMBER -these prices are unaffected by inflationary pressures. JUST COMPARE the 1974/75 
replacement values. 

Carston Electronics Limited 
Shirley House, 27 Camden Road, London NW1. 
Tel: 01 -267 4257 
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enry's LARGEST SELECTION OF ELECTRONIC 
COMPONENTS AND EQUIPMENT. 
LOW PRICES MEAN LESS VAT. 

You can build the Texan and Stereo FM Tuner , 
TEXAN 20 7- 20 WATT IC STEREO AMPLIFIER 

Features fibre glass PC board. Gardeners low field 
transformer, 6 -ICs, 10 transistors plug diodes etc. 
Designed by Texas Instruments engineers for Henry's 
and P.W. 1972. Supplied with full chassis work, detailed 
construction handbook and all necessary parts. Full input 9 
and control facilities. Stabilised supply, overall size 151 in. X 21 in. X 6á in. mains 
Operated. Free teak sleeve with every kit. £31.00 (Carr. 50p). Built and tested £37.50 
HENELEC STEREO FM TUNER 

Features capacity diode tuning, led and tuning meter 
indicators, stabilized power supply -mains operated. High 
performance and sensitivity with unique station indication 

IC stereo decoder. Overall size in teak sleeve 8 in. X 21 in. 
X 61 in. Complete kit with teak sleeve £21,00 

(Carriage 50p). Built and tested £24.95 
JOIN THE LARGE BAND OF HAPPY CONSTRUCTORS! 

TRANSISTORISED 

MODULES 
Tuners - Power Suppliers 

Am i lifters 

Amplifiers (All single channel unless stated) 
4 -300 9 volt 300 MW 
2004 9 volt 250 MW 
104 9 volt 1 watt 
304 9 volt 3 watt 
555 12 volt 3 watt 
555ST 12 voh 11 X 11 watt 
E1208 12 voh 5 watt 
608 24 volt 10 watt 
410 28 volt 10 watt 
620 45 volt 30 watt 
Z40 30/35 volt 16 watt 
Z60 45/50 volt 25 watt 
SA6817 24 volt 6 +6 watt 

E1.75 
£270 
1310 
[3.95 
E4.10 
E5.95 
£5.10 
£4.95 
[4.95 
£9.95 
£5.45 
£6.95 

[10.20 

Amplifiers with controls 
E1210 12 volt 21 +21 watts 8 ohms 
RE500 Mains 5 watts 4-16 ohms 
SAC14 Mains 7 +7 watts 8 ohms 
SAC30 Mains 15+ 15 watts 8 ohms 
CA038 9 volt 14+11 watts 8 ohms 
CA068 12 volt 3 +3 watts 8 ohms 

£8.25 
[6.30 

[11.75 
[14.95 

[6.95 
[10.50 

AM /FM Modules 
Mallard LP 1186 FM tuner (front end) 

with data 10.7MHz o/p £405 
LP1157 AM /Module 12.50 
LP1171 AM /FM Module £459 
LP1179 AM /FM Front End £4.85 
Mallard LP 1185 10.7MHz IF unit £4.59 
Gorier Permability FM tuner (front end) 10.7MHz o/p £420 

FM and AM tuners end decoders 
FM 5231 (tu 21 6 volt FM tuner E7.05 
TU3 12 volt version (FM use with decoder) E7.95 
SD4912 Stereo Decoder for Tu 3.12 volt [7.95 
SP62H 6 volt stereo FM tuner £14.95 
A1007 9 voit MW -AM tuner £4.80 
Sinclair 12/45 volt FM tuner stereo decoder for above £7.45 
A1018 9 volt FM tuner in cabinet E13.95 
Al 005M (SI 9 -12 volt stereo decoder FM for above E7.50 
1062 t2 volt stereo decoder. General purpose £6.50 

Preamplifiers 
Sinclair Stereo 60 Preamplifier 
E1300 CART/TAPE/MIC INPUTS 9 volt 
E1310 Stereo 3-30mV mal cart 9 volt 
FF3 Stereo 3mV tape head 9 volt 
3402 Stereo 5-20mV Mag. cart. mains 
EQ25 Mono 3 -250mV Tape/cart/flat. 9 volt 

£6.75 
0.85 
E475 
f495 
£616 
f1./6 

Power Supplies -Mains input (chassis -rest cased) 
4700 6/71/9V 300mA P1081 45 volt 0.9A £7.00 

with adaptors 025 P12 41-12 volt 
P500 9 volt 500mA £3.20 0.4-1 amp £7.15 
HC244R 3/6/74/9 volt SE101A 3/6/8/12 volt 

400mA stabilised £5.50 1 amp stabilised £12.75 P11 24 volt } amp £3.30 P1076 3/41/6/7 1/9/12 
*P1528 volt amp f3.30 volt amp £4.20 P1080 12 volt 1A í4.70 SE800A 1 -15 volt 

O-}A stabilised f 17.50 

NOW OPEN SUPERMARKET 
Come and browse round the new components 
supermarket at 404 Edgware Road 
Bargains Galore. Goodie Bags. Components, etc. 

SINCLAIR MODULES 
AND KITS 

ST80 stereo pre- amplifier [11.95 
Audio filter unit 08.95 
Z40 15 wan amplifier £5.45 
Z80 25 wen amplifier [5.95 
P25 power supplies for 1 or2Z40£4.98 
Meaner supplies (STA31 
for 1 or 2 Z40 £7.98 
PZ8 power supplies ISM) 
for 1 or 2260 £7.98 
Transformer far PZ8 £3.95 
FM tuner £11.95 
Stereo decoder £7.95 
IC20 power amp kit £7.95 
PZ20 power supply 
or 1 or 2 1C20 £5.45 

All above past paid (GB only) 

Sinclair Project 80 
Package 

OOe..b 

2 
Xaq 
Z40. 5780. PZ5 p1 125.00 

2 X ZOO. S780. PZ6 127.75 
2 X Z80, 0780. PZ8 
+Tans. £34.90 
Sircleir Special Purchases 

Protect 60 stereo 
preamplifier f5.75 post 20p 
Project 605 
kn £19.95 past 25p 
Cambridge calculator 
kit f13.50pnt 15p 

EMI SPEAKERS 
Special Purchase 

13 X 8 chassis 
speakers (carr /pack- 
ing 30p ea or 50p pr) 
*150 TC 10 watt 
8 ohm twin cone 
£220 
*450 10 watt 4. 8, 15 ohm with twin 
tweeters and crossover E3.85 each 
EW 15 watt 8 ohm with tweeter £5.25 
350 20 watt 8, 15 ohm with tweeter 
£7.80 each 
Polished wood cabinet £4.80 tau.. 
etc. 35p each or 50p pair 

0 :. 

EXCLUSIVE 
5 WATT IC 
AMPLIFIERS li:f 
Special purchase 5 watt output 8-16 
ohm load. 30 volt max DC operation 
complete with data. 
Price £1.50 ea. or 2 for £2.85. 
Printed Circuit Panela 50p. 

UHF TV TUNERS 
625 -line receiver UHF transistorised 
tuners. UK operation. Brand new. 

(Post/packing 25p each) 
TYPE C variable tuning £7.50 
TYPE B 4 -button push -button 
(adjustable) £3.50 

PA- DISCO- LIGHTING 
EQUIPMENT 

Without doubt UK's best range of 
modular and complete equipment. 
Lighting. mixing, microphones. acces- 
sories. speakers. amplifiers. lenses, 
etc.. etc. FREE stock lists (Ref. No.18) 
on request CALL I:v AND SEE FOR 
YOURSELF at HENRY'S DISCO 
CENTRE, 309 EDGWARE ROAD. 
01 -723 6963. 

CALCULATORS 
Sinclair Cambridge Kit [1350 
Sinclair Cambridge Kit 

(build [17.50 
Sinclair memory £22.50 
Sinclair scientific [26.95 
Sinclair scientific kit [1850 

s80 
0000 0000 moos 0000 

L450 RECHARGEABLE 
BATTERY 

2v 400mNHR 50p p.p. 15p 

PHILIPS 12V 
FLUORESCENT INVERTOR 

for 8w fluorescent tube. Supplied 
with instr. and tube £3.50 p.p. 30p. 

TEST 
EQUIPMENT 
MULTIMETERS 
(carr /packing 35p) 

U4324 2OKOV 
with case 

£925 
U435 2OKDV 
with steel case 

fß.75 
U4313 20KOV with 
steel case £12.50 
U4317 20KOV with case £10.50 
U4341 33KOV plus transistor 
tester steel case £10.60 
U4323 20KOV plus 1 KHz 
465KHz OSC with case f7.70 
ITI -2 20KOV slim type £5.65 
THL33D (L33DX( 2KDV 
robust £7.60 
TP5SN 20KOV 
(Case 0.001 £126 
TPS1OS 2KOV £7125 

TW2OS 20KOV [10.00 
TW5OK 50KOV £1126 
EP1OKN 10KOV £918 
AF105 50KOV De -luxe 
(Case [1.00) £12.60 
S 100TR 100KOV plus transistor 
tester 02.50 
New Revolutionary Supertester 

8808 Multiaster í11.N 
t TEIO AC munivoltmear £11.75 
t TE 15 Grid dip meter 

edOK15-28MHe £11.16 
t TEN 28 range valve voltmeter [12.69 
t TE200 RF generator 

120KHe- 500MNe £1116 
t Tk220 AF generator 

201b- 200KHe £1115 
NM350 In circuit transistor 
aster £16.60 
03025 Wen meter I -300 MHz £I.N 

e TTI45 Campan transistor aster £14.76 
t 63 -38 RFC pie. 20He- 20066t £11.76 

03042 SWR Muter £5.76 
SE3504 0e -Iue signal tracer £12.16 
SE400 Mini -lab ell in one toner £16.60 

C1 -5 sape 500.00068e (tie fl SOI £43.N 
C3043 5 CH F/A meter 1- 300MHz £6.76 

R t 6f Pon eu M £2 
Cepieteter 1 20p £2.11 

2 imp variable transforme. lean fl I £1.66 
Radio activity tnnnar 0-10r lean fl l £1.17 
Maim unit for Novo learr 50pí £3.76 

TAPE HEADS 
Marriot XRPS/17 1 -track high 12.50 
Marriot XRPS/18 1-track reed 113.60 

Marriot XR PS /361 -track med £5.00 
Marriot XRPS /63 1 -track high E1.75 
Marriot 1 -tr. Erase 13 X 12E 

343 £0.75 
Marriot erase heads for XRPS 

17/18/36 IXESII) £0.75 
R /RPI record/play 4 -track £0.45 
H /RP single -track rec/play £0.35 
Bogen type UL290 erase £1.50 
Miniature stereo- cassette 

rec/play C225 
pp 15p 

STC & ITT 
MINIATURE RELAYS 
150R 6v 2 p.c.o. 
180R 6/12v 2 p.c.o. BRAND 
185R 12v 2 p.c.o. NEW 

1250R 12/55 2 p.c.o. Ni. 
1700R 18/24v2 p.c.o. pp. 
1800R 24v 4 p.c.o. 15p 
25000 18/24v2 p.c.o. 
4000R 24v 2 p.c.o. 

10.7 MHZ MINIATURE 
CERAMIC 
IF FILTER 40p per pair p.p 15p 
EP27 Low Cost Seven Segment 
Led. Digit Height 1 inch 
£1.35 p.p. 15p. 

SL414 
Plessey 5w Power Amp IC 
£1.65 p.p. 15p 

40KHZ ULTRA SONIC 
TRANSDUCERS 
£5.90 p.p. 25p 
TAA 960 40KHZ AMP IC 

£1.75 p.p. 15p 

a51 
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EXTRA DISCOUNTS 
Semi -conductors. Any one type or mixed SN 74 Series'IC' 
12 + EXTRA 105, 25 -, EXTRA 15% 100 4 EXTRA2O/ 

INTEGRATED CIRCUITS 
'74' SERIES 

SN7400N Ó 16 
p 

SN7492N 0.75 
SN7401N 0.16 SN7493N 0.70 
SN7402N 0.16 SN7494N 0.80 
SN7403N 0.16 SN7495N 0.80 
SN7404N 0.26 SN7498N 0.95 
SN7405N 0.22 SN7497N 3.87 
SN7406N 0.42 SN74100N 1.89 
SN7407N 0.42 SN74104N 0.58 
SN7408N 0.28 SN74105N 0.53 
SN7409N 0.28 SN74107N 0.45 
5N7410N 0.16 SN74110N 0.58 
SN7411N 0.25 SN74111N 0.86 
SN7412N 0.30 SN74116N 1.89 
SN7413N 0.36 SN74118N 0.90 
SN7414N 0.72 SN74119N 1.68 
SN7416N 0.36 SN74120N 0.95 
SN7417N 0.38 SN74121N 0.50 
SN7420N 0.16 SN74122N 0.70 
SN7421N 0.39 SN74123N 1.00 
SN7422N 0.25 SN74125N 0.65 
SN7423N 0.37 SN74132N 0.72 
SN7425N 0.37 SN74141N 0.90 
SN7426N 0.32 SN74145N 1.26 
SN7427N 037 58174150N 1.75 
SN7428N 0.40 SN74151N 1.00 
SN7430N 0.16 SN74153N 0.95 
SN7432N 0.37 SN74154N 2.00 
SN7433N 0.37 SN74155N 1.00 
SN7437N 0.37 SN74156N 1.00 
SN7438N 037 SN74157N 0.95 
SN7440N 0.22 SN74160N 1.38 
SN7441AN 0.92 SN74161N 1.38 
SN7442N 0.79 SN74162N 1.38 
SN7443N 1.27 SN74183N 1.38 
SN7444N 1.27 SN74164N 1.76 
SN7445N 1.60 SN74165N 1.76 
SN7446N 1.89 SN74166N 1.60 
SN7447AN 1.60 SN74167N 3.00 
SN7448N 1.27 SN74170N 2.52 
SN7450N 0.16 SN74173N 1.66 
SN7451N 0.16 SN74174N 1.57 
SN7453N 0.16 SN74175N 1.10 
SN7454N 0.16 SN74176N 1.26 
SN7460N 0.18 SN74177N 1.26 
SN7470N 0.38 SN74180N 1.26 
SN7472N 0.38 SN74181N 3.95 
SN7473N 0A1 SN74182N 1.26 
SN7474N 0.42 SN74184N 1.80 
SN7475N 0.59 SN74185N 1.80 
SN7476N 0.45 SN74190N 2.00 
SN7480N 0.80 5N74191 N 2.00 
SN7481N 1.10 SN74192N 2.00 

SN74193N 2.00 
SN74194N 1.30 
SN74195N 1.10 
SN74196N 1.20 
SN74197N 1.20 
SN74198N 2.77 
SN74199N 2.52 

SN7482N 0.87 
SN7483N 1.10 
SN7484N 1.00 
SN7485N 1.63 
SN7486N 0.47 
SN7489N 387 
SN7490N 0.55 
SN7491AN 1.00 

LINEAR 
RCA 
CA3012 
CA3014 
CA3018 
CA3019 
CA3020 
CA3022 
CA3028A 
CA3036 
CA3046 
CA3048 
CA3075 
CA3081 
CA3089E 
CA30900 

S 

NE58Ó8 
NE561B 
NE562B 
NE567B 

1.32 
1.80 
1.02 
1.12 
1.80 
1.93 
1.03 
1.08 
0.70 
2.11 
1.75 
1.80 
2.94 
4.23 

0.85 
4.50 
4.50 
4.50 
2.65 

Mtla 
1.42 

MC1304P 1.79 
MC1310P 2.91 
MC1458CPI 0.77 
MC1710CG 0.60 
MFC4000P 0.45 
MFC4010P 0.55 
MFC6040P 1.00 

TO Á8Ó0 
SN76003N 
SN72741 P 
SN72748P 
702C 
709C 
723C 
728C 
741C 
747C 

748C4 
LM309K 
TAA960 

1.50 
1.50 
0.60 
0.61 
0.75 
0.39 
0.90 
0.45 
0.60 
1.00 
1.20 
0.61 
2.00 
1.75 

SINCLAIR 
IC12 

6W AMP 
£2.20p 

COSMOS INTEGRATED 
CIRCUITS. FULL 

RANGE IN STOCK 
AAZ13 Ó 12 
AC107 0.51 
AC128 0.15 
AC187 0.21 
ACY17 0.40 
ACY39 0.78 
AD149 0.50 
AD161 0.44 
AD162 0.44 
AF117 0.24 
AF118 0.57 
AF139 0.41 
AF186 0.48 
AF239 0.44 
ASY27 0.33 

BÁX13 0.05 
13C107 0.14 
BC108 0.13 
BC109 0.14 
BC109C 0.16 
BC113 0.15 
BC147 0.10 
BC148 

0.100 
BC169C 0.15 
BC182 0.12 
BCY32 0.85 
BCT39 1.so 
BCY55 2.64 
BCY70 0.18 
BCY71 0.22 
BCY72 0.12 
BD124 0.66 
BD131 0.42 
BF116 0.20 
8E180 0.38 
8E194 0.10 
BFX13 0.28 
BFX34 0.70 
BFX88 0.24 
BFY50 0.21 
BFY51 0.20 
BFY64 0.38 
BFY90 0.81 

BLY38 
BSX20 
BU105 
BY100 
BY1 27 
BYZ13 
Cl 06D 
GET111 
GET115 
GET880 
LM309K 
MAT121 
MJE340 
MJE520 
MJE3055 
MJE2955 
MPF105 

ÓAK54 
00Á2Ó0 
OA202 
0C28 
0C35 

0C4á 
0C45 
OC71 
0072 
0077 
0081 
0083 
OC140 
oC170 
OC200 

OCP712 
ORP12 
ORP60 
P346A 
TIL209 
TIP29A 
TIP30A 
TIP31A 
TIP41A 

£ p 
6.oS 
0.13 
2.20 
0.27 
0.12 
0.42 

0.72 
0.90 
0.60 
2.00 
0.25 
0.47 
0.63 
0.77 
1.27 
0.36 
0.66 
0.72 
0.18 
0.08 
0.08 
0.66 
0.55 
0.60 
0.20 
0.20 
0.18 
0.28 
0.54 
0.29 
0.27 
1.14 
0.30 
0.54 
0.90 
1.20 
0.60 
0.55 
0.18 
0.20 
0.49 
0.57 
0.61 
0.74 

TIP42A 0.80 
11043 0.28 
V405A 0.22 
Z1X108 0.08 
21X300 0.13 
ZTX302 0.18 
ZTX500 0.13 
2N697 0.18 
2N706 0.12 
2N930 0.18 
2N987 0.42 
2N1132 0.24 
2N1304 0.28 
2N1613 0.21 
2N1671 1.20 
2N2147 0.78 
2N2160 0.78 
2N2926 0.12 
2N3053 0.18 
2N3054 0.48 
2N3055 0.45 
2N3440 0.58 
2N3442 1.39 
2N3525 0.91 
2N3614 0.85 
2N3702 0.11 
2N3714 1.41 
2N3771 1.77 
2N3773 2.40 
2N3790 2.10 
2N3819 0.38 
2N3886 0.72 
2N3903 0.15 
2N4002 0.14 
2N4126 0.15 
2N4871 0.34 
2N5457 0.30 
25303 0.60 
40550 0.54 
40361 0.45 
40362 0.40 
40408 0.50 
40486 0.85 
40636 1.00 
40430 0.85 

SEND FOR FREE 
LIST NO. 36 

FOR COMPLETE RANGE OF SEMI CONDUCTORS. 

Henrigs RADIO 
EDGWARE ROAD, W2 

M 

lectronic entres 
404 -406 Electronic Components & Equipment 01-402 8381 
309 PA- Disco- Lighting High Power Sound 01 -723 6963 
303 Special offers and bargains store 
All mail to 303 Edgware Road. London W2 1 B W 

Hi Fi and 
Electronics 
Centres Open 
9am -6pm 

Prices correct at time of preparateon. Subject to change without notice. E.&O.E. 
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( 
ELECTRONICS 

92 Warwick Road, Ealing, London W5 5PT 

Telephone: 01 -567 0424 

HE 100 

100 WATT POWER AMP 
MODULE 

* Includes large black anodised heatsink -no further heat - 

sinks required. 

* Top grade glass -fibre P.C.B. 

* Uses high quality components. 

* Fully protected- short/open circuit proof. 

* Only 5 external connections. 

* Fully guaranteed. 

TECHNICAL SPECIFICATIONS 

* Power output 106W. R.M.S. into 80 
* Distortion 0.8% at full 0 /P. Typ. 0.4% 

* Frequency response 15 Hz -23 kHz 

* Signal to noise Better than - 96dB 

* Input sensitivity OdB (0.775V) 
* Input impedance 10kí7 

* Supply volts 45 -0-45V 

Price £15.98 inc. VAT. (ready built) 

Power supply for HE100 (including transformer, capacitors, 

rectifier) £9.40 inc. VAT. Postage & packing 85p. 

Pre -amps etc., also available. 

SAE for details. 

CALLERS WELCOME 

WW -132 FOR FURTHER DETAILS 

Wireless World, February 1975 

Universal 
Wiring Boards 

and Accessories 
Plain Board - for use with pins and 
hard wiring. 
D.I.Y. - etch your own circuit but use 
our contacts. 
Finger Board - a plain board with gold 
plated contacts. 
Veroboard - over 100 types for all 
development and short run production 
work. 
D.I.P. boards -to mount I.C.'s, plug in 
and breadboard style available. 

Vero Electronics Limited, 
Industrial Estate, Chandler's Ford, 

Eastleigh, Hants S05 3ZR 
Tel: Chandler's Ford 2952. Telex: 47551 

World Leaders in Packaging Technology 

WW -I39 FOR FURTHER DETAILS 

www.americanradiohistory.com
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Marshall's 
A. Marshall & Son (London) Limited Dept. W W 
42 Cricklewood Broadway London NW2 3HD Tel. 01-452 0161 

& 85 West Regent Street Glasgow G2 20D Tel: 041 -332 4133 

Everything you need is in our new 1975 
catalogue. Available now price 25p 
Trade and export enquiries welcome 

PW TELETENNIS KIT 
As featured on BBC Nationwide and in the Daily Mail. October 2. 1974. 
This exciting new game is now available in kit form. Due to popular demand we are 
now able to offer a fantastic saving on list prices. Ideal game for whole family. No 
need to modify your TV set. just plugs into aerial socket. Parts list as follows: 
A. Resistor Pack £1.00 p &p 20p B. Potentiometer Pack £1.25 p &p 20p C. 
Capacitor Pack £3.10 p &p 20p D. Semiconductor Pack £14.50 p &p 20p E. 
IC Sockets £4.00 p &p 20p F. Transformer £1.15 p &p 25p G. PCBs £7.50 
p &p 20p H. Switches £4.50 p &p 20p I. UHF Modular Kit £7.20 p &p 20p. 
Special prices -Complete kit (excluding case) £42.00 p &p 50p. Sections A -F incl. 
£23.50 p &p 30p. Assembly instructions with complete kit or 75p on request. 

SN7400 
SN7401 
SN7401AN 
SN7402 
SN 7403 
SN7404 
SN7405 
SN7406 
SN7407 
SN7408 
SN7409 
SN7410 
SN7411 
SN7412 
SN741 3 
SN7416 
SN7417 

16p 
16p 
38p 
16p 
16p 
24p 
24p 
45p 
45p 
25p 
33p 
16p 
25p 
28p 
50p 
45p 
30p 

CMOS 
CD4000 51p 
CD4001 51p 
CD4002 51p 
CD4009 £1.07 
CD4010 £1.07 

Veroboard 

3;h 

SN7420 
SN7423 
SN7425 
SN 7427 
SN7430 
SN7432 
SN7437 
SN 7438 
SN7440 
SN 7441 
SN7442 
SN7445 
SN7446 
SN7447 
SN7448 
SN 7450 
SN7451 

CD4011 
CD4015 
CD4016 
CD4017 
CD4020 

Copper 
0.1 
36p 
40p 
45p 
45p 
f1.61 

16p 
37p 
37p 
45p 
16p 
45p 
35p 
35p 
16p 
85p 
85p 

£1.59 
£2.00 
£1.30 
£1.50 

16p 
16p 

Sip 
£2.66 
£1.02 
£2.66 
£2.96 

0.15 
26p 
40p 
40p 
47p 
£1.26 

SN7453 
SN7454 
SN 7460 
SN7470 
SN7472 
SN7473 
SN 7474 
SN7475 
SN7476 
SN7480 
SN7481 
SN7482 
SN7483 
SN7484 
SN 7485 
SN7486 
SN7490 

CD4023 
CD4024 
CD4027 
CD4028 
CD4029 

TRY OUR GLASGOW SHOP 

Popular Semi- conductors 
25696 22p 
2N697 16p 
2N698 40p 
2N699 45p 
2N1302 19p 
2N1303 19p 
2N1304 24p 
2N1305 24p 
2N1306 31p 
2N1307 22p 
2N1308 25p 
2N1309 36p 
2N1671 £1.44 
2N1671A £1.54 
2N1671B £1.72 
2N1671C £4.32 
2N2102 50p 
2N2147 78p 
2N2148 94p 
2N2160 60p 
2N2218A 22p 
2N2219 24p 
2N2219A 26p 
2N2221 18p 
2N2221A 21p 
2N2222 
2N2222A 25p 
2N2646 55p 
2N2904 22p 
2N2904A 24p 
2N2905 24p 
2N2905A 26p 
2N2906 19p 
2N2906A 21p 
2N2907 22p 
2N2907A 25p 
2N2926 11p 
2N3053 25p 
2N3054 60p 
2N3055 7Sp 
2N3441 97p 
2N3442 £1.69 
2N3415 10p 
2N3416 15p 
2N3417 21p 
2N3702 11p 
2N3703 12p 
2N3704 14p 
2N3705 12p 
2N3706 9p 

2N3707 
2N3708 
2N3715 
2N3716 
2N3771 
2N3772 
2N3773 
2N381 9 
2N3820 
2N3823 
2N3904 
2N3905 
2N4036 
2N4037 
2N4126 
2N4289 
2N4921 
2N4922 
2N4923 
2N5190 
2N5191 
2N5192 
2N5195 
2N5245 
2N5457 
2N5458 
2N5459 
40361 
40362 
40363 
40406 
40407 
40408 
40409 
40410 
40411 
40602 
40604 
40669 
AC117 
AC126 
AC127 
AC128 
AC151V. 
AC152V 
AC153K 
AC176 
AC176K 
AC187K 
AC188K 

13p 
70p 

E1.50 
£1.80 
£2.20 
£1.80 
£2.65 

37p 
38p 

£1.42 
27p 
24p 
63p 
42p 
20p 
34p 
73p 
849 
83p 
92p 
95p 

£1.24 
£1.46 

43p 
49p 
45p 
49p 
48p 
50p 
88p 
44p 
33p 
50p 
52p 
52p 

£2.25 
46p 
56p 

£1.00 
20p 
20p 
20p 
20p 
25p 
17p 
25p 
18p 
25p 
23p 
34P 

16p 
16p 
16p 
30p 
38p 
44p 
48p 
59p 
45p 
75p 

£1.25 
87p 

£1.20 
95p 

E1.58 
45p 
65p 

51p 
£1.90 
£1.56 
£2.34 
£3.74 

SN7491 
SN7492 
SN7493 
SN7494 
SN7495 
SN7496 
SN74100 
SN74107 
SN74118 
SN74119 
SN74121 
SN74122 
SN74123 
SN74141 
SN74150 
SN74190 

CD4041 
CD4044 
CD4047 
CD4049 
CD4050 

Plain 
0.1 

£1.00 

£1.10 
75p 
65p 
85p 
80p 

£1.00 
£2.16 

43p 
£1.00 
£1.92 

57p 
80p 
72p 

£1.00 
£1.44 
£1.95 

£2.11 
£2.11 
£1.65 

90p 

0.15 
17p 
19p 

32p 
92p 

AD142 59p BC309 10p LM709 
AD143 45p BC327 21p TO 99 48p 
AD161 45p BC328 19p 8DIL 38p 
AD162 45p BCV70 17p 140IL 40p 
AD1611 pr BCY71 22p LM723C 90p 
AD162} £1.05 BCY72 13p LM741 
AF109R 40p BD123 32p TO 99 40p 
AF115 24p BD131 40p 80IL 40p 
AF124 30p BD132 50p 14DIL 38p 
AF125 30p BD135 42p LM747 £1.00 
AF126 28p BD136 49p LM7805 £2.00 
AF127 28p BD137 55p MC1310 £2.92 
AF139 39p 80138 63p MJ480 90p 
AF178 55p BD139 71p MJ481 £1.14 
AF179 65p 80140 87p MJ490 98p 
AF180 58p BF115 25p MJ491 £1.38 
AF239 51p BF116 23p MJE340 45p 
AF240 72p BF117 43p MJE2955 £1.12 
AF279 54p BF154 16p MJE3055 689 
AF280 54p BF163 32p MFC4000B 40p 
BC107 16p BFI 80 35p MFC4010A 49p 
BC108 15p BF181 34p MFC4060 54p 
BC109 19p BF184 30p MFC6040 91p 
BC147 12p BF194 12p NE555V 70p 
BC148 13p BF195 12p NE560D £4.48 
BC149 12p 88196 13p NE531 £4.48 
8C1678 13p BF197 15p NE565A £4.48 
BC168B 13p BF198 18p 0C28 76p 
BC168C 11p BF200 40p 0C42 50p 
BC169B 13p BF237 22p OC71 17p 
BC169C 13p BF238 22p 0072 25p 
BC182 12p BFX29 30p SL414A £1.80 
BC182L 12p BFX30 27p TAA263 £1.00 
BC183 12p BFX84 24p TBA800 £1.50 
BC183L 12p BFX85 30p TBA810 £1.50 
BC184 131) BFX87 28p TIP29A 49p 
BC184L 13p BFX88 25p TIP30A 58p 
BC212K 16p BFX89 45p TIP31A 62p 
BC212L 16p BFY19 62p TIP328 74p 
BC214L 21p BFY51 23p TIP33A £1.01 
BC237 13p BFY52 21p TIP34A £1.51 
BC238 13p BFV90 75p TIP35A £2.90 
BC239 13p BRY39 48p TIP36A £3.70 
BC257 14p C1060 65p TIP41A 79p 
BC258 13p CA3020A £1.80 TIP42A 90p 
BC259 149 CA3046 70p TIP2995 93p 
BC300 36p CA3048 £2.11 TIP3055 609 
BC301 349 CA3089E £1.96 ZTX300 13p 
BC307 11p CA30900 £4.23 ZTX302 20p 
BC308 12p LM301A 46p ZTX500 15p 

Prices correct at October 1974. but all exclusive of VAT. Post and Package 20p 
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TRAHSFORMERS 
MAINS ISOLATING TRANSFORMERS 

Psi 1211246V Sac 1201249V Centra Tapped i Screened 
Ref. VA Weight Size cm. P 6 P 
No. (Watts) lb o £ p 

07 20 1 7 x PDX 6.0 2-55 38 
149 60 3 1 9 9x 7-7x 8.6 310 45 
150 100 5 99x 8.9x 8.8 4.45 45 
151 200 8 12 1 x 93 x10.2 7.39 53 
152 250 131 121 x118 x102 II-113 73 
153 350 15 14 0 x10-8 x 115 ION 73 
154 500 19 140x13.4 x118 12-41 91 
155 750 29 17 2 x 14.0 x 14.0 1805 
156 1000 38 17 2X18.6 x14.0 28.56 
157 1500 46 21 6x13 .4 x18.1 3825 
158 2000 60 21 6 x 153 x 18.1 33.70 
159 3000 85 235X178X197 5325 

AUTO TRANSFORMERS 
Ref. VA We /pal Size cm. Auto Taps 
No. (Watts) lb o: 
113 20 1 0 5.8x 5.1x 45 0- 115 -210.240 

64 75 2 4 7 .0X 6.7 X6.1 0- 115 -210 -240 
4 150 3 4 88x 7.7x 7.7 0- 115- 200 -220.240 

ea 300 6 4 99X 96x 8.6 ., 
67 500 12 i 12.1X11-2x10-2 
84 1000 19 i 140x13.1 x14.3 
93 1500 30 1 14.0x15.9x143 
95 2000 32 0 17-2%16.6x14.0 ., 
73 3000 40 8 21.6 X13 .4 x181 

CASED AUTO TRANSFORMERS 
1I5V mains lead input 8nd U.S.A. 2 pin outlets. 20VA £215. P. 4 P. 38p. 500VA 
£0.50. P. 6 P. 80p. 1000V 4 115.92. Via B.R.S. 

LOW VOLTAGE TRANSFORMERS 
PRIMARY 210 -250 VOLTS 12 AND/OR 24 VOLT RANGE 

Ref. Amps. Weight Size cm. Secondary Windings P 6 P 
No. 12V 24V lb of E P 
111 0.5 0-25 I 48X 2.9x 33 0-12V at 0.25A X2 134 23 
213 1.0 05 1 . 6.1x 5.8x 4.8 0-12V at 03Ax2 1.58 30 

71 2 1 11: 7.Ox 6.4x 8.1 0-12V at 1AX2 219 38 
18 1 2 12 83x 7.7X 70 0-12V at 24 x2 2.141 38 
70 8 3 8.9x 8.Ox 7.7 0-12V at 3A x2 3.75 45 

108 8 1 { 9.9x 8.9x 88 0-12V at 4AX2 4.15 45 
72 10 5 1 9.9x 9.6x 8.6 0-12V at 54, x2 4.07 53 

116 12 6 12 9.9x102x8.6 0-12V at 5Ax2 5.02 53 
17 18 8 10 12.1x 99x102 0-12V at 8Ax2 6.02 60 

115 20 10 1 140x 96x118 0.12V at 104 x2 0.45 73 
187 30 15 1 a 149 X121 x11.8 0-12V at 15Ax2 1249 85 
228 00 30 3 0 17-2x153%14-0 0-12V at 30Ax2 1530 

30 VOLT RANGE 
Size cm. Secondary Taps 

0- 12- 15- 20.24 -30V 

1S2 
2M 
375 
5ß{ 
862 

1244 
16 65 
2200 
31 00 

Pip 

30 
38 
45 
53 
67 
91 

Ref 
No. 
112 

79 
3 

20 
21 
51 

117 
88 
89 

Ref. 
No. 
102 
103 
104 
105 
106 
107 
118 
119 
Ref. 
No. 
124 
126 
127 
125 
123 

40 

Amps. Weight 
lb o: 

1 4 
2 4 
3 
4 
6 
6 1: 
8 0 

12 0 
13 0 

03 
19 
20 
39 
40 
5.0 
60 
80 

100 

Amps. Weigh! 
lb or 

1 11 
2 0 
5 f 
6 11 

10 
12 ( 
18 ( 
25 ( 

05 
1.0 
20 
30 
40 
60 
80 

100 
Amps. 

61x 58x 48 
7OX 64X 6.1 
8.9x 7-7 x 7.7 
9.9x 83x 8.6 
9.9X 9.6X 8.6 

129x 86x10-2 
12.1x 93x10-2 
12.1 x11.8x102 
140x10-2 x11-8 

Size cm. 
51 VOLT RANGE 

Secondary Taps 

70X 8.4X 6.1 0-19-25-33-40-50V 
83x 7.4X 7.0 
9.9x 8.9x 8.8 
9.9X10-2X 8.6 

121 x105 X102 
14OX10-2 X11-8 
14.0x12.7x11.8 
17-2x12.7x11.0 

Weight Size cm. N VOLT RANGE 
lb o: 

03 2 4 7.0x 6.7 x 6.1 
1.0 3 a 8.9x 7.7x 7.7 
2.0 6 4 9.9x 9.8x 8.6 
3.0 8 12 12.1x 9.9x10-2 
4.0 131: 129x11.8x10-2 
5.O 12 OC 14.0x10.2 x11.8 

120 6.0 15 8 14.0 x12.1 x11-11 
121 8.0 25 OC 14.0 x14.7 x11-8 
122 10.0 25 C 17-2x12.7 X14.0 , 

189 12.0 29 00 17.2 x14.0 X14.0 
MINIATURE TRANSFORMERS WITH SCREENS 

Ref. MA Weigle Size cm. VOLTS 
No. lb a 
238 200 r 2.8x2-6x2-0 3-0-3 
212 14 IA 1 4 6.1 X5.8x4-8 0 -80-6 

13 100 4 3.9 x2.6x2-9 9.0.9 
235 330, 330 1 4.8x2.9x3-5 0-9, 0-0 
207 500, 500 1 00 6.1 x5.4 x4.8 0-8 -9, 0-8-9 
208 14, 14 1122 7.0x8 .4 x69 0.8- 9.0 -8 -9 
236 200, 200 4 4.8 x29x3.5 0-15, 0-15 
214 300, 300 1 4 81 X 5.8x18 0-20, 0-20 
221 700 (D.C.) 1 8 70X61 X6.1 20.12 -0.12 -20 
206 14. IA 2 12 8-3x7-7x7-0 0- 15-20, 0 -15-20 
203 500, 500 2 83 x7.0 x 7.0 0-15.27, 0 -15 -27 
204 14, 14 3 . 8-9X7-7X7-7 0- 15-27, 0 -15 -27 

BATTERY CHARGER TYPES 
PRIMARY 210.256 VOLT (Secondary 2V, 6V. 12V) 
Ref. Amps. Weigel Size cm. 
No. lb oz 
45 43 1 8 70 x 6.1X 7.1 

5 4.0 3 4 9.9x 9.6x 8.7 
units 
Please note, these 

88 6.0 6 / 9.9x 9.6x 8.6 unit do not In- 
146 80 6 12 99x10-2 X 8.6 dude rectifiers 
50 123 12 0 14.0 x10-2 x11.8 

0-24-30-40-48-60V 

PEP 
E p 
1-65 30 
2.18 38 
3-1t 38 
4.12 45 
487 53 
503 53 
851 60 
910 67 
867 73 

P 
E p 

235 30 
3 10 38 
426 45 
5.21 53 
6.91 67 

1100 67 
1110 855 

1545 
P 

E p 
212 38 
310 38 
4.62 45 
{ 34 60 
7 M 67 
807 73 

10 .27 85 
1364 
1513 
1816 

P 
E p 

1-10 10 
1.{7 30 
1ßt 13 
1.42 19 
1.75 30 
306 38 
1-30 19 
1S 30 
1.01 38 
3-15 38 
2-73 38 
3.50 38 

P4 P 
E p ta 38 
330 38 
4-t4 53 
5-52 53 
7.85 67 

Carriage via B.R.S. 

Also stocked: SEMICONDUCTORS VALVES 
AVOMETERS ELECTROSIL RESISTORS 

PLEASE ADD 8% FOR V.A.T. including P. & P. 

BARRIE electronics 
3, THE MINORIES. LONDON EC3N 1BJ 

TELEPHONE: 01 -488 3316 8 
NEAII1SI IUBEStATIONS ALDGAIE ¿ti LIVERPOOL ST 
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R 
TVALVE MAIL ORDER CO. 

16a Wellfield Rd., London, SW 16 2BS 
Tel: 01 -677 2424 Telex: 946 708. 

EZ80 0.30 PEN45DD UCL83 070 VALVES ECH42 0.85 EZ8I 0.31 0.75 UF41 0.75 
AZ3I 060 ECH81 0.35 EZ90 0.45 PFL200 0.70 UF89 0.50 
AZ41 070 ECH83 0.50 GY501 0.90 PL36 0.83 UL41 0.85 
CBL31 1.40 ECH84 0.50 GZ30 0.65 PL38 1.25 UL84 0.50 
CL33 1.50 ECL80 0.60 GZ32 0.65 PLS1 0.55 UY41 0.85 
CY3I 0.60 ECL82 0.42 GZ34 075 PL82 0.50 UY85 0.45 
DAF91 0.40 ECL86 0.55 H63 0.90 PL83 0.50 VP4B 1.26 
DAF96 0.80 ECLL800 HL4IDD PL84 0.50 VR75/30 
DCC901.35 3.50 0.70 PL500 0.85 0.55 
DF91 0.40 EF37A 1.20 HN309 1.50 PL504 0.85 VR105/30 
DF96 0.60 EF39 1.25 KT61 2.50 PL508 0.90 0.40 
DK9I 0.50 EF4I 0.75 KT66 2.50 PL509 1.55 VR150r30 
DK92 1.00 EF52 1.25 KT81 (7C5) PL801 1.00 0.45 
DK96 0.75 EF80 035 1.30 PL802 1.00 Y63 1.50 
DL92 050 EF85 0.45 KT88 2.90 PY32 0.63 IRS 050 
DL94 0.48 EF86 0.50 KTW61 1.50 PY33 0.63 IS5 0.40 
DL96 055 EF89 0.35 KTW62 1.50 PY81/800 114 040 
DM70 070 EF9I 0.40 N78 3.50 0.50 3S4 0.50 
DY86/7 0.45 EF92 0.50 0A2 0.45 PY82 045 3V4 0.85 
DY802 0.47 EF98 0.80 OB2 0.45 PY83 0.50 5R4GY 1.00 
EABC80 EF183 0.40 OZ4 055 PY500 1.10 5U4G 0.56 

0.311 EF184 0.40 PC86 0.65 PY801 0.55 5V4G 0.60 
EAF42 0.70 EH90 0.60 PC88 0.65 SP41 300 5Y3GT 1065 

EAF801 ELM 2.50 PC900 055 SP6I 0.75 5Z4G 065 
QBU EL34 070 PCC84 0.45 T41 1.00 6/30L2 090 

EBC33 1.00 EL37 2.50 PCC89 0.55 U25 1.00 6AL5 0.30 
EBC4I 075 EL41 090 PCC 1890.65 U26 0.85 6AQ5 0.50 
EBC81 040 EL42 1.86 PCF80 0.40 U191 0.75 6AS7 1.00 
EBF80 0.40 EL84 0.35 PCF86 0.65 U404 0.75 6AT6 0.60 
EBF83 0.40 EL9I 1.00 PCF801 0.60 U801 1.18 6AU6 040 
EBF89 032 EL95 000 PCF802 0.55 UABC80 6AV6 050 
E5L31 2.00 EL360 1.60 PCF805 0.90 040 6BA6 0.38 
ECC40 1.00 ELL80 2.00 PCF8060.80 UAF42 0.75 6BE6 045 
ECC81 045 EM80 0.55 PCF808 0.90 UBC4I 0.60 6BH6 075 
ECC82 0.38 EM81 0.80 PCL82 0.45 UBF80 0.50 613.16 0.75 
ECC83 0.38 EM84 0.60 PCL83 0.70 UBF89 050 6BQ7A 0.55 
ECC85 045 EY51 0.45 PCL84 0.50 UCC85 0.50 6BR7 1.20 
ECC88 0.50 EY86 0.45 PCL85 0.60 UCH42 0.80 6BW6 1.00 
ECF80 0.46 EZ40 0.60 PCL86 0.50 UCH8I 0.50 6BW7 1.00 
ECF82 0.45 EZ41 0.75 PD500 1.50 UCL82 0.40 6C4 0.40 

TRANSISTORS & ICs 2N697 
2N706 

915 
0.12 

AA119 07 BF179 0.33 0C44 0.20 2N706A 0.12 
AAZ13 0.2 BF180 038 0C45 0.20 2N1131 025 
AAZ15 0. 0 BFI81 035 0071 0.18 2N 1132 024 
AC107 0.51 BF194 0.10 0072 0.28 2N 1302 0.18 
AC126 0.25 BF195 0.13 0076 0.30 2N 1303 0.18 
AC127 0.25 BF197 015 0077 0.54 2N I304 0.20 
AC128 0.20 BF200 0.32 0081 0.29 2N 1305 0.22 
AC176 0.25 BFS61 025 0081D 0.28 2N I306 0.28 
AC187 0.21 BFS98 025 0081Z 0.45 2N I307 0.28 
AC 188 0.20 BFX29 0.28 0083 0.27 2N1308 026 
ACY2I 0.22 BFX88 0.24 OC140 1.00 
ACY39 0.78 BFY50 0.21 OC 170 0.30 2N1613 021 
AD140 0.50 BFY51 0.20 0C171 0.30 2N1614 0.45 
AD149 0.50 BFY52 0.20 OC200 0.55 2N2147 0.75 
AD16I 0.44 BFW10 0.61 0C201 0.80 2N2160 0.78 
AD162 0.44 BY100 0.27 OC202 0.90 2N2369A 0.10 
AF115 0.25 BY126 0.14 0C203 0.55 2N2646 050 
AFI 16 0.25 BY127 0.12 OCP71 1.20 2N2904 0.20 
AF117 0.24 BZX61 series ORP12 060 2N2904A 0.25 
AF186 0.48 0.20 ORP60 955 2N2905 032 
AF239 0.44 BZY88 series T1005 0.20 2N2905A 0.25 
ASY27 0.33 0.10 TIC44 0.29 2N2906 020 
ASY28 0.25 CRSI-05 0.30 TIC226D 1.50 2N2926 0.12 
BA102 0.25 CRSI-40 0.45 TIL209 Q20 2N3053 0.18 
BA115 0.10 CRS3-05 0.40 ZTXI07 0.12 2N3055 0.45 
BC107 014 CRS3-00 075 ZTXI08 0.8 2N3525 0.91 
BC 108 0.13 MJE340 0.47 ZTX300 0.13 2N3614 0.65 
BC109 0.14 MJE370 018 ZTX301 0.14 2N3615 0.65 
BC 113 0.15 MJES20 0.63 ZTX302 0.10 2N3702 0.11 
BC117 0.21 M1E2955 1.27 ZTX304 0.24 2N3703 0.12 
BC143 0.30 MJE3055 0.77 ZTX500 0.15 2N3704 014 
BC147 0.10 MPF102 040 ZTX501 0.16 2N3705 0.15 
BC 148 0.8 MPF103 0.38 ZTX503 0.18 2N3706 0.11 
BC 169C 0.15 MPF104 035 ZTX531 025 2N3707 0.13 
BC182 512 MPFl05 0.36 ZTX550 018 2N3708 0.07 
BC 182L 0.12 NKT404 0.66 IN914 0.06 2N3709 0.10 
BC 184L 0.13 OAS 072 1N4001 0.06 2N3710 0.11 
BCY32 085 OAIO 0.40 IN4002 0.7 2N3711 0.11 
BCY33 0.38 0A79 010 IN4003 0.8 2N3ß19 0.38 
BCY34 045 OA81 0.18 IN4004 0.0 2N3820 0.50 
BCY70 1118 0A91 0.7 IN4005 0.10 2N3823 050 
BCY7I 022 0A200 008 IN4006 0.12 2N3903 0.15 
BCY72 0.15 0A202 0.06 IN4007 0.12 2N3904 020 
BCZ 11 056 OC 16 1.00 IN4009 0.08 2N3905 0.25 
BD121 1.00 OC20 2.00 IN4148 0.06 2N3906 0.25 
013124 0.85 0C23 1.25 IS92 I 0.07 2N4058 0.15 
BD 131 0.42 0C25 1140 152033 0.20 2N4059 010 
BD132 0.50 0C28 0.68 IS2051A 020 2N4060 013 
BF115 0.20 0C35 0.55 152100A 020 2N406I 0.13 
BF167 025 0C36 0.65 153010 0.25 2N4062 0.14 
BF173 0.28 0C42 0.40 2N696 0.15 2N4289 0.30 

6CD6G 1.25 
6CH6 1.50 
6E5 1.00 
6F23 0.90 
6350 0.20 
6J5GT 0.55 
6J7GT 045 
6K6GT 080 
6K7GT 035 
6K8GT 0.50 
6P25 2.50 
6Q7GT 043 
6SG7M 050 
6SJ7GT 0.30 
6SL7GT 

0.65 
6SN7GT 

055 
6U4GT 075 
61.35G 1.50 
6V6GT 0.60 
6X4 0.45 
6X5GT 055 
7B6 080 
7B7 0.80 
7C5 1.30 
7C6 1.00 
7H7 080 
7S7 2.25 
7Y4 0.80 
12AC6 0.80 
12AD6 0.80 
12AE6 0.75 
12AT6 0.45 
12AT7 0.45 
12AU6 050 
12AU7 0.38 
121017 0.38 
1213A6 0.50 
120E6 060 
12BH7 0.60 

30C15 1.00 
30C17 1.00 
30C 18 0.90 
30F5 1.00 
30FLI 1.00 
30FL14 0.90 
30L15 0.95 
30L17 095 
30P12 1.00 
30P19 0.95 
30PL1 095 
30PL13 1.10 
30PL14 1.10 
35L6GT 0.80 
35W4 0.60 
35Z3 0.80 
35Z4GT 0.70 
5005 0.70 
50CD6G 

1.20 
80 0.75 
807 1.00 
6080 2.50 
6146 2.50 

TUBES 
2API 4.00 
3BP1 4.50 
3DPIA 4.00 
3EG1 8.00 
3FP7 2.00 
3GPl 5.00 
513111 5.00 
5CP1 5.00 
5FP7 6.00 
88D 15.00 
CV429 27.50 
DG7 -5 8.00 
VCR 138 

10.00 
VCR139A 

8.00 

3N141 001 
40360 040 
40361 045 
40362 040 
40430 0.05 
SN7400 916 
SN740I 916 
SN7402 0.16 
SN7403 0.18 
SN7404 020 
SN7405 0.20 
SN7406 040 
SN7407 0.40 
SN7408 0.20 
SN7409 028 
SN7410 0.16 
SN741I 0.25 
SN7412 0.30 
SN7413 036 
SN7416 0.38 
SN7417 0.36 
SN7420 0.18 
SN7422 025 
SN7423 0.37 
SN7425 0.37 
SN7427 037 
SN7428 0.40 
SN7430 0.16 
SN7432 0.37 
SN7433 0.37 
SN7437 037 
SN7438 037 
SN7440 0.211- 
SN744 IAN 

092 
SN7442 079 
SN7450 0.18 
SN7451 0.16 
SN7453 0.18 
SN7454 0.16 
SN7460 0.18 
SN7470 0.38 
SN7472 0.38 
SN7473 041 
SN7474 0.42 
SN7457 0.58 

SN7476 0.45 
SN7480 0.00 
SN7482 0.97 
SN7483 1.20 
SN7484 1.00 
SN7486 0.47 
SN7490 0.55 
SN749IAN 

1.10 
SN7492 0.70 
SN7493 0.70 
SN7494 0.60 
SN7495 0.00 
SN7496 1.00 
SN7497 3.87 
SN74100 1.89 
SN74107 0.51 
SN74110 0.58 
SN74I11 086 
SN74118 1.00 
SN74119 1.66 
SN74121 0.57 
SN74122 0.70 
SN74123 1.00 
SN74141 0.90 
SN74145 1.26 
SN74150 1.75 
SN74151 1.00 
SN74154 2.00 
SN74155 1.15 
SN74156 1.16 
SN74157 0.95 
SN74170 2.52 
SN74174 1.67 
SN74175 1.10 
SN74176 1.26 
SN74190 2.00 
SN74191 2.00 
SN74192 2.00 
SN74I93 2.00 
SN74194 1.30 
SN74195 1.10 
SN74196 1.20 
SN74197 1.20 
SN74198 2.77 
SN74199 2.52 

DIL 14 pin 15p 
SOCKETS 16 pin 17p 

INDUSTRIAL VALVES 
IB3GT 
I B24 

I B35A 
I B63A 
1N21 
IN21B 
IN23B 
1N23CR 
IX2A 
IX2B 

2A3 
2AS15 
2C26A 
2C34 
2C39Á 
2C43 
2D21 
2D21 W 
2E26 
2131 
2133 
2150 
2354 
2356A 
2K25 
2K26 
2K28 
2K45 
2X2A 

3A/I07A 
3A/108A 
3A/1088 
3A/109B 
3A/1 10A 
3A/110B 
3A/1461 
3A/167M 
3A5 
3B/240M 
313/241M 
3024 
3028 
3B29 
3C22 
3C23 
3C24/24G 
3C45 
3CX I00A5 
3E29 
31/121E 
32/160E 
31/I70E 
3Q/150E 
3Q/195E 

3V/340B 
3V/390A 
3V/390B 

4 -125A 
4 -250A 
4 -400A 
4B32 
4C35 
4CX250B 
4E27 
4150 
4152 
4352A 
4153 
4X150A 
4X150D 
4X2508 

5B/251 M 
5B/252M 
5B/254M 

58/255M 
5B/256M 
5B/257M 
5C22 
5D21 
5R4GY 
5U4GB 
5Z3 
5Z4G 

6AF4A 
6AK5 
6AM5 
6AM6 
6AN5 
6AN8 
6AR5 
6AS6 
6AU4GTA 
6AU5GT 
6AU6 
6AV5GTA 
6AW8A 
6AX5GT 
6B4G 
6BA8A 
6BK4 
6BK7A 
6BL7GTA 
6BN6 
6BR7 
6657 
6BX7GT 
6BZ6 
6CB6 
6CH6 
6CL6 
6CW4 
6DK6 
6DQ6B 
6EA8 
6F33 
6H6(metal) 
6K7GT 
6U8A 
6V6GT 

11E3 
11E13 
12AY7 
12B4A 
12BY7A 
12E1 
12E14 
13E1 
28D7 
29C1 
53KU 
75B1 
75C 1 

83A1 
85AI 
85A2 
90AG 
90AV 
90C1 
90CG 
90CV 
95A I 

100TH 
15082 
15063 
150C1 
150C2 
150C3 
150C4 
250TH 
328 
329 

705A 
715A 
7150 
723A/B 
725A 

801 
803 
805 
807 
808 
811 
81IA 
812A 
813 
815 
828 
829B 
8308 
860 
866 
866A 
866E 
872A 
88IR 
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/ 

2D2IW 
5749 
5750 
5751 
5802 
5814 
5823 
5840 
5963 
5965 
6005/ 

6AQ5W 
6021 
6057 
6058 
6059 

6060 
6061 
6062 
6063 
6064 
6065 
6067 
6072 
6073 
6074 
6080 
6097C 
6130 
6136 
6189 
6197 
6201 
6202 
6203 
6205 
6360 
6442 
6463 
6550 
6807 
6923 
6939 

7193 
7203 
7360 
7586 

8013 
8025A 

9001 
9002 
9003 
9004 
9005 
9006 

13201A 

A1834 
A2087 
A2134 
A2293 
A2426 
A2521 
A2900 
ACTE 
ACT9 

BIC IE 
BS90 
BS156 
BT5 
BT35 
BT45 
BT79 
BT83 

C IC 
CIK 
CV5 
CV25 
CV26 
CV28 
CV31 
CV 2 
CV45 
CV 3 
CV73 
CV 4 
CV 5 
CV118 
CV 121 
CV 24 
CV 128 

CV 131 
CV132 
CV133 
CV 135 
CVI36 
CV 137 
CV 138 
CV140 
CV144 
CV160 
CV 173 
CV187 
CV 188 
CV190 
C V 220 
CV261 
CV273 
C V 284 
C V 286 
CV287 
C V 3l5 
CV329 
CV337 
CV342 
CV345 
CV354 
C V 359 
CV360 
CV371 
CV372 
CV378 
CV391 
CV395 
CV397 
CV428 
CV434 
CV447 
CV449 
CV466 
CV469 
CV488 
CV491 
CV492 
CV493 
C V 717 
CV808 
CV 1072 
C V 1076 
C V 1092 
CV1219 
CV 1343 
CV 1475 
CV 1476 
CV 1477 
CV 1478 
CV 1794 
C V 1480 
CV 1481 
C V 1482 
C V 1787 
CV1832 
CV 1833 
CV 1835 
C V 1994 
CV2000 
CV2131 
C V 2154 
CV2155 
CV2160 
CV2179 
CV2235 
CV2237 
CV2238 
C V 2253 
CV2289 
CV2520 
CV2522 
CV2721 
CV2901 
CV3523 
CV3929 

C V 3986 
C V 3988 
CV3991 
C V3998 
CV4001 
CV4002 
CV4003 
CV4004 
CV4005 
CV4006 
CV4007 
CV4008 
CV4009 
CV4010 
CV4011 
CV4012 
CV4013 
CV4014 
CV4015 
CV4016 
CV4017 
CV4018 
CV4019 
CV4020 
CV4022 
CV4023 
CV4024 
CV4025 
CV4028 
CV4033 
CV4035 
CV4038 
CV4039 
CV4040 
C V4056 
CV4059 
CV4060 
CV4062 
CV4063 
CV4064 
CV4079 
CV450I 
CV4502 
CV4503 
CV4504 
CV4507 
CV4508 
CV5060 
CV6004 
CV6008 
CV6045 

DA30 
DA4I 
DA42 
DA100 
DET22 

E55L 
E80CC 
E8OFC 
E80F 
E8OL 
E8OT 
E8ICC 
E81L 
E82CC 
E83CC 
E83F 
E88CC 
E90CC 
E9OL 
E91H 
E92CC 
E180CC 
EA50 
EA52 
EA76 
ECC35 
ECF804 
EF50 

EF54 
EF55 
EF804 
EFP60 
EL91 
EN30 
EN31 
EN32 
EN9 I 

ESU74 
ESU76 
ESU77 

F6057 
F6060 
F6061 
F6063 
FX219 
FX225 
FX227 

GI/371K 
G120/1B 
G150/2B 
G180/2M 
G240/2D 
G400/1 K 
GN4 
GT IC 
GTRI2OW 
GTR150MS 
GU18 
GU20/21 
GU50 
GXUI 
KT66 
KT67 
KT88 

M8079 
M8080 
M8081 
M8082 
M8083 
M8091 
M8096 
M8097 
M8098 
M8100 
M8136 
M8137 
M8 140 
M8141 
M8142 
M8144 
M8149 
M8157 
M8161 
M8162 
MS 163 
M8167 
M8179 
M8190 
M8196 
M8204 
M8212 
M8214 
M8223 
M8224 
M8225 
M8232 
MS237 
M8245 
ME1400 
ME 1401 

0A2 
0A3 
0A40 
OB2 
0B3 

OD3 
003 
OZ4 
OZ4A 

PTI5 

QA2400 
QA2403 
QA2404 

A2406 
A2407 

QB3/300 
QB3-5-750 

B4-1100 
F41 
F45 

QQV02-6 
QQV03-10 
QQV03-20 
QQV03-20A 

QQV06d0 
QQV06-40A 
QS70/20 
QS75/20 
OS75/40 
QS75/60 
QS83/3 
gS92/10 

S95/10 
S105/45 

gS 150/40 
SI50/45 
S150/80 

QS1200 
QS1202 

S1203 
S1205 
U37 
V03-12 
VO4-7 

0VÓ6 1101/06-20 --20 
QY3-125A 
QY4-250A 
QY4-400A 

RIO 
R17 
R18 

SIIE12 
SI 30 
S130P 
STV280/40 
STV 280/80 
SU41 
SU42 

TD03. I O 

TT15 MI 
TTR3IMR 
TZ40 

U17 
U19 
U27 

VLS63 1 

Z300T 
Z759 
Z803U 

VAT 
8% to be added 

to all orders 
including 

POSTAGE ! 

THIS MONTH'S 
OSCILLOSCOPE TUBES 

TYPE DG 7 -5, VCR139A 
Price £8.00 q & p 25p 

SPECIAL OFFER 
Terms of Business: Mon. To Sat. Open to ca Iers 9 a.m. to 5 p.m. Closed Sat. 1 p.m. to 3 p.m. Express postage 6p for one valve; 2p each additional valve. 
Express postage: 5p for one transistor, and 1 p for each additional. Ove 10 post free. All orders over £5 post free. (Full valve availability list on request, S.A.E.) 
Prices correct when going to press. 

STEREO IC DECODER 
HIGH PERFORMANCE PHASE LOCKED LOOP 

(as In 'W. W.' July '72) 

MOTOROLA MC1310P EX STOCK DELIVERY 
SPECIFICATION 

Separation : 40dB 50Hz-1 5kHz. Distortion : 0.3% 
I/P level : 560mV rms 0/P level : 485mV rms per channel. 
Input impedance: 50k8ì. Power requirements: 8 -16V at 16mA 

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

KIT COMPRISES FIBREGLASS PCB 
(Roller tinned), Resistors, I.C., Capacitors, 
Preset Potm. & Comprehensive Instructions 

LIGHT EMITTING DIODE 
Suitable as stereo 'on' indicator for above 

ONLY WHY PAY 

- £3.98 MORE? 
post tree. 

RED 29p 
GREEN 59p 

MC1310P only £3.15 plus p.p. 6p 

NOTE 
As the supplier of the first MCI310P decoder kit, of which we have sold literally thousands, 
our customers can benefit from our wide experience. 

V.A.T. 
Please add V.A.T. at 8% to all prices 

FI -COMP ELECTRONICS 
BURTON ROAD, EGGINTON, DERBY, DEE GOY 

Audio Connectors 
Broadcast pattern jackfields, jackcords, 
plugs and jacks 
Quick disconnect microphone connectors 
Amphenol ( Tuche)) miniature connectors 
with coupling nut 
Hirschmann Banana plugs and test probes 
XLR compatible in -line attenuators and 
reversers 
Low cost slider faders by Ruf 

Future Film Developments Ltd. 

90 Wardour Street 
London W1V 3LE 

01 -437 1892/3 

WW -109 FOR FURTHER DETAILS 

www.americanradiohistory.com

www.americanradiohistory.com


Wireless World, February 1975 a55 

EX BEA CONTROL UNITS 
THESE PROVIDE MESSAGE ASSEMBLY -BUFFER STORAGE- CHARACTER 

GENERATION AND CONTROL FOR OPERATION OF UP TO 20 PLUS DISPLAY 

STATIONS AND OR OTHER INPUT OUTPUT DEVICES. THESE CONTROL UNITS ARE 

SUPPLIED COMPLETE WITH INTERNAL POWER SUPPLIES FOR OPERATION FROM 

240V 50HZ SIGNAL PHASE MAINS. THEY ARE NOT TESTED. LIMITED SPARES ARE 

AVAILABLE WITH EACH UNIT AND ADEQUATE INFORMATION. FURTHER DETAILS 

AVAILABLE IF REQUIRED 

£250 each PLUS CARRIAGE 

E.M.I. PROFESSIONAL 
RECORDERS. BT R 2 
COMPLETE EXCEPT FOR PLUG-IN HEADS 
£35 each. CARRIAGE £2 

Breaking some -limited amount of spares. Your g P 

enquiries please (be specific in requirements). 

just 

CAPACITOR PACK 50. 
cent 

P.C. MOUNT SKELETON 
Screwdriver adjust 10, 5 and 
1M, 500 250 and 25Qk - 

10, 5 and 2.5M -P 3p 
,ä. 5p ea. Mn Min P. & and 25KF 

f FEED TH . = 

PRE -SETS- 
2.5M ä' 2p 

4p Finger 
ea. 1M, 500.25 
P. t Op . 

CITORS. 
& P lOp. 

FANS. 
x 4 X 11 ". 
P. 3jp. 
DOOR 1 cwt. 
boards. etc. 
Ireland E2 

2 sq. ft. 

plus P. & P. 

50/200 pf ceramic: 
2 min strips 
3 air r spaced 

ALL BRAND 

71, 13p ea. 

cm. in 
&P.5p. 

CIRCUIT 
or 

100 per 

Brand 

RI 

ea. 
ad- 

Only 

115 

of 
No 

extra, 

-no 

200. 

with 4 
preset 

NEW 

High 

Beehive Trimmer 3/30 pf. 
Brand new. Qty 1 -9 13p ea, P. & P. 15p 

ea, 1 ea. P & P 250 100 999 
7p ea. P. & P. free. 

Crystal Drive Unit. 19ie. rack mount 
Standard 240V input with superb crystal oven 
by Labgear (no crystals) £5 ea. Carr. E1.50. 

ROTARY SWITCH PACK -6 Brand New 
switches (1 ceramic: 1 .4 pole 2 way etc.). 
50p. P. & P. 20p. 

sold in pat. . 30p. P 

RECTANGULAR INSTRUMENT 
American Ex -equ Size 43- 
Volt. Very E3 ea. P L 

DELIVERED TO YOUR 
Electronic Scrap chassis, 
Rubbish. FOR ONLY £4. N. 

.C.B. PACK S & D. Quantity 

FIBRE GLASS asuaboe ET 

TRIMMER PACK, 2 Twin 
2 Twin 10/60 pf ceramic: 
preset 5/20 pf on each: 
30/100 pf on ceramic base, 
25p the LOT. P. & P. 10p. 

PHOTOCELL equivalent OCP - 
MOLLARD OCP7010p ea 

Vast quantity of good quality components 
--NO PASSING TRADE -so we offer 
3LB. of ELECTRONIC GOODIES 

for £1.50 post paid. 

S.A.E. S CLEARANCE LISTS AVAILABLE. AE _BOURNS 
202.5: ,10 

5K at : ALL BRAND NEW. 

RELIANCE P.C.B. mounting 270; 470; 
500 ohms: 10K at 35p ea. ALL BRAND NEW, 

VENNER Hour Meters -5 digit, well mount 
-sealed case. Standard mains. t3i5.ee. 
P. &P ne,. .- - TELEPHONES 

STANDARD 300 Series. BLACK only £1.00 ea. P. & P. 50p. 
MODERN STYLE 706 BLACK OR TWO -TONE GREY £3.75 
ea. P. & P. 35p. STYLE 7006 TWO-TONE GREEN £3.75 ea. 
P. & P. 35p. HANDSETS- complete with 2 insets and lead 75p 
ea. P. & P. 370. DIALS ONLY. 75p ea. P. & P. 25p. 
SCOOP FIRST TIME MODERN STANDARD TELEPHONES IN 
GREY OR GREEN WITH A PLACE TO PUT YOUR FINGERS LIKE 
THE 746. A CHANCE NOT TO BE MISSED £3.00 ea. P. & P. 

35p. 

1ÁANSFORMERS. All standard inputs. 
Gard /Perm /Part. 450-400 -0- 400 -45 
MA.2 x 63v.£á ea. c'ÁTICULES. 12214 

Qualtyplastic.15peach.P. 
FIBRE GLASS PRINTED 
BOARD. Brand New. Single 
Any size 1 }p per sq. n. Postage 

CRYSTALS. Colour 4.43MHz. 
E1.25 ea. P. & P. 10p. 

sided. 
order. 

New. 

FANTASTIC VALUE 
Miniature Transformer. Standard 240V 
input. 3Volt 1 amp output. Brand New, 
65p ea. P & P. 150. Discount for 
quantity 

LOW FREQUENCY WOBBULATOR 
Primarily intended for the alignment of AM Radios; Communication Receivers; Filters, etc., in the range of 250 KHZ to 5 MHZ, but 
can be effectively used to 30 MHZ. Can be used with any general purpose oscilloscooe. Requires 12V AC input. Three controls - 
RF level; sweep width and frequency. Price £8.50. P. & P. 35p. 
A second model is available as above but which allows the range to be extended down in = requency to 20 KHZ by the addition of external 
capacitors. Price £11.50. P. & P. 35p. 
Both models are supplied connected for automatic 50 HZ 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). 

DON'T FORGET 

YOUR MANUALS 

S-A.E. WITH 

REQUIREMENTS 

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. 

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. 

LARGE QUANTITY OF 

OSCILLOSCOPE & 
DISPLAY TUBES FROM 1" to 24" 

S.A.E. FOR COMPREHENSIVE LIST 
All of our tubes can be supplied with nu -metal shields or 
Telcon nu -metal tape. 

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 
TYPE B 

Input: 12V DC 
Output: 1 .3kV DC 1 .5MA 

Price £4.70 
Postage 

INVERTORS 
TYPE C 

Input: 12V to 24V DC 
Output: 1.5kV to 4kV AC 0.5MA 

Price £6.35 
& Packing 36p 

TYPE D 
Input: 12V to 24V DC 

Output: 14kV DC 100 micro amps at 24V. 
Progressively reducing for lower input voltages 

Price £11 

Official 

Unless stated - please add £2.00 carriage to all 

VALUE ADDED TAX not included in prices--please 
Orders Welcomed, Gov./Educational Depts., Authorities, etc., 

Open 9 am to 6.30 pm any day (later by arrangement.) 

H LT M EA 
ROAD, READING, BERKS. (rear Tech. College, Kings 

units. 

add 

otherwise 

8% 

L 
Tel.: 

Cash with Order 

TDMROUICAIID% 

Bryce 
Road) 7/9 ARTHUR Reading 582605/65916 
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C 

running. 5#" 

¡mired 

ULTRA PRECISION 

! 30 segments individually balanced in ' heavy cast alloy case. 2,300 r.p.m. 
240v A.C. Very powerful and silent 

dia. 3" inlet dia. Outlet flange 3" x 2; 

number only £8.95 & P 

. "SL O -S YN" 3-LEAD 

300oz/ 
60Hz., 
per 

SYNCHRONOUS 
STEPPING MOTOR 

Type SS15. These fine motors are easi:v reversed, starting and stopping in less than 5° without electrical or mechanical braking. Simple relay circuit can be applied o give DC., to winding for a maximum holding torque of in with 35v at 0.35amps through winding. For AC. (synchronous) operation at 120v., 50Hz. Speed 60 rpm at 
12 rpm. STEPPING. Holding torque at 60 steps pe. second -100 ozjin. Can be wired to give 100 or 200 steps revolution with accuracy 

m"d ia. by simble R.C. Dimensions: dia. in orlr length 
less 

spindle length 24"x circuits. 
o per step noncumulative. Torque lens can be 

£15 A" dia. Weight 64 lbs. BRAND NEW in maker's packing ORered at less than 4 maker's price. S I LVA N IA 
MAGNETIC SWITCH 
Now complete with reference magnet! 

- A magnetically activated switch, vacuum sealed in a glass 
envelope. Silver contacts, normally closed. Rated 3amp 
at 120v. tramp at 240v. Size: (approx.) 1Z" long }" dia. 
Ideal for burglar alarms, security systems etc., and where - Y Y 
ever non -mechanical switching is required. 10 for £2; P 
& P 15p. 50 for £11.80; 100 for £10.50. FREE PAP. over 10. 

OPEN FRAME N. shaded pole ` 
GEARED yh , 
MOTORS ' -' 
(Dural gear ease) 
310 AC., 2Rrpm. NEW I - HIGH TORQUE, approx. 
overall size: 3 =,'" X 3;" x 
2# "+spindle 4" dia. as illustrated. £3. P. & P. 30p 
Similar to above, 19rpm. £3. P. & P. 30o. ' 
110rpm with pressed steel gear case (similar to above 
but slightly smaller). E3. P. & P. 30p. 

SHADED POLE MAINS MOTOR 
A quality shaded pole motor. Open frame. 3" high x 
2 }" x 2 ". Spindlel" x ; ". 1,420r.p.m. £1.K P & P 20p. 

SOLENOIDS 
by WESTDDL 
240ÁC type MM6. 
316. pull, 2I "x1 "x 
14 ". Travel 1 ". !Op 
each. F. &P. 10p 
240ÁC type MM4. 216. pull, 
1 } "x1 # 'x11 ". Travel ;" 70p 

N O R P LEX 
The famous American fibre -glass copper -clad laminate. Finest quality 
with woven glass base of Epoxy- resin. Excellent Mech. and Elec. 
conductive properties. Heat resistant, ideal for P. C.'s ate. THIS IS A 
SPECIAL PURCHASE AND ONLY AVAILABLE WHILE STOCKS 
LAST! Sizes: 12" x 12 "; 24" X 12"; 24" x 24": FULL SHEET 43' x 37" 
(11 sq. ft.). Single -sided Copper with thickness of 1/32", 3/64 ", 3132 . 

Also double -sided 1132", 1/18 ", 3/32". Et per ft. Cut sizes (1 -10 sq. ft.) 
25p. P. & P. Full Sheet Et each. Carr. £1 for 1st sheet plus 25p each 
additional sheet. 

CARTER ELECTRIC 
Similar to above with alloy gear case. 60 r. p.m. This 
item is ex- equipment but parfect. OAS. P & P 30p. 

SMITHS RINGER -TIMER 
Reliable 15 minute times. spring wound 
(concurrent with Pme setting) 15x 1min 
divisions, apprgxmateiy }" between 
divisions. Panel mounting with chrome 
bezel 31" dia. £1.40. 15p. P. & P. 

each. P. & P. 10p. Quantity 
discounts; 10- 5010 %. 50 up- 
wards 2V, 

MAINS 
SOLENOID 
Th,, little mt gives 
vercal lift otapproxi- 

ately 1" through 
h inged "elbow ". 
Bracket incorporates 2 fixing screws. Length of arm, 
24 ". 240V AC. Pull at coil is approximately 1Ib. £1. 
FREE P. & P. Special quotes for quantities. 

FANS 
1 r BLOWER \' 4r Precision -built In Germany. ii,Y7F , Dynamically balanced mains 

unit (200/240) continuous 
rated, reversible SOMA on 
run. Size: 5}" die. X 24 

I deep. Beek plate Is tapped 
for fixing screws (20p. 

SimdaWell 
to 

ebut's"riceat 
deep. Similar unl to above but 74" die. X 3" deep. £4'50. 

P. & P. 15p. 

FEW ONLY 
Fully stabilised "Labgear" Power Supply Unit. Input 
90 -240u. 50Hz. Outputs 6v. 6a D.C.. and 6o +2v, 100MÁ. 
Hum and ripple at full load -less that, 3MV peak to 
peak. Stability improvement ratio for 15% mains 
change -1/000:1. Output impedance 0005 ohms. sr x 91" x 12/ ". Weight 20416. £20.00. Carr. & Pkg 
£1.50. In manufacturer's carton. 

-_ --t. AMPEX 7,5v. DC `:. MOTOR 
An ultra precision tape motor 

1 s designed for use in the AG20 
portable recorder. Torque 

"LABGEAR ELI MINAC" 
P.S.U. 200 -250v. 00/60Hz. Alternative outputs full p y variable ( variac incorporated). Output 1. 12v at 5a 
D.C. fully smoothed. Output 2. 12v at ea D.C., with 
ripple content. Output 3. 20v at 10a A.C. 2 ,1" x 21' flush 
0 -20v D.C. m/c meter. In attractive grey hammer finish 
case. In maker's carton. £27.50. Carr, & Pkg. £1.50. 

450GM/CM. Stall loadat500ma. 
611 Draws 60maon run. 600rpm± 

1! 
speed adjustment. Internal 
AF/RF suppression. }" dia. x1" 

ALL PRICES INCLUDE V.A.T. 
Whilst we welcome official orders from established companies and 
Educational Departments, it is no longer practical to invoice goods under 
£5. Theretoie, please remit cash with orders below this amount. 

- - spindle, motor 3" die, xl #' 
- - /t U Original cost £16.50. OUR 

- PRICE E3.30. P. & P. 25p. Large 
quantities available (special quotations). Mu -metal 
enclosure available. 75p each. FREE P. & P. 

7, EDGWARE ROAD, EL EC TRO- TECH COMPONENTS LTD. Tel 
01-1723 5667 

N 
01-402 5580 

REDIFON TELEPRINTER RELAY UNIT NO. 12: ZA -41196 and power 
supply 200 -250V a.c. Polarised relay type 3SEITR. 80 -0 -80V 25mA. Two stabi- 
lised valves CV 286. Centre Zero Meter 10 -0 -10. Size 8in. :< 8in. 8in. New 
condition. £8.50. Carr. 75p. 
AUTO TRANSFORMER: 230V 50c /s, 1000 watts. Mounted in strong steel case 
5in. < 6 }in. 7in. Bitumen impregnated. £10 each, Carr. £1. 
TELEPRINTER TYPE 7B; Pageprinter 24V d.c. power supply, speed 50 bauds 

£2 per min. 'as new' cond. in original packing case, 5 each; or second hand cond. 
(excellent order) no parts broken, £15 each. Carriage either type £3.00. 
INSULATION TEST SET: 0 -10 kV negative, earth with amplifier provision 
for checking ionisation. 110 /23OV a.c. input. S, hand good cond. £30 + £1 carr. 
BRIDGE MEGGER: 250V. (Evershed Vignoles) series 2. £30 each. Carr. £1. 
BRIDGE MEGGER: 2,500V., 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. £17.50. Carr. £1.50. 
TYPE 174/1 FREQUENCY SHIFT ADAPTOR (Northern Radio Co.) : Convert. 
mark and space frequencies from the output of one or two Receivers into d.c. 
pulses. Suitable to operate Teleprinters or similar devices. 110/220V. Further details on request, s.a.e. £55 each. Carr. £1.50. 
TELEGRAPH TERMINAL UNIT (A.T.E.) TYPE TFS3: Converts signals 
from Receivers into d.c. pulses. Complete with monitor. £75 each. Carr. £2. 
MUIRHEAD PAMETRADA WAVE ANALYSER D- 489 -EM: Primarily used for the analysis of complex vibration waveforms but will measure audio and power frequency waveforms from 19Hz-21KHz. Complete with power supply 
unit 230V 50Hz. Secondhand, good condition. £90. Carr. £3. 
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 100pV- 
100V in 6 decade ranges; full scale deflection lmV, lOmV -100V. Accuracy +5 °,,. 
£30 each. Carr. £1. 
NOISE FIGURE METER TYPE 113A (Magnetic AB, Sweden): £125 each. 
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. 
ROHDE & SCHWARZ HF MILLIVOLTMETER: 30Hz -30MHz Type UVH, lmV -1V in 7 ranges, 220V. £75 each. Carr. £2. 
ROHDE & SCHWARZ VHF WATTMETER TYPE NAK: with matching indicator, 30 watts, 200- 470MHz. £25 each. Post 70p. 
ADVANCE PULSE GENERATOR PG55: £40 each. Carr. £1. 
PHILLIPS 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. 

ALL U.K. ORDERS SUBJECT TO 8% VALUE ADDED TAX. THIS MUST BE ADDED TO THE TOTAL PRICE (including post or carriage). 

UHF MICROWAVE MILLIWATTMETER TYPE 14: Direct reading, can be used to measure power from 100MHz upwards. F.S.D. on 4M. scale meter 
2.5mW. £40 each. Carr. £1. 
MARCONI HF SPECTRUM ANALYSER OA. 1094/3. Further details on request. £250 each. Carr. £5. 
Q METER: 30MHz- 200MHz. £55. Carr. £1. 
SIGNAL GENERATOR AIRMEC TYPE 701: 30KHz- 30MHz, 7 ranges. 
£65. Carr. £ 1.50. 
TF- 1278/1 TRAVELLING TUBE WAVE AMPLIFIER: £125. Carr. £2. 
BPL A.C. MILLIVOLTMETER TYPE VM.348 -D Mk. 3: 2 millivolts -2 volts, 
6 ranges. £30. Carr. £1. 
WAYNE KERR WAVEFORM ANALYSER A.321: Low scale 0 -1200 c /s. High scale 1 -20 Kc /s, 600 ohms. 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. 
AVO TRANSISTOR TESTER CT.446: £30. Carr. £1. 
SIGNAL GENERATOR TS -403BU (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 -4000 pulses per sec. Pulse Width- 0.5 -10 micro - 
secs. Timing -Undelayed or delayed from 3 -300 microsecs from external or internal pulse. Output -1 milliwatt max., 0 to -127 dB variable. Output Impede ance -500. Price: £120 each + £2 carr. 
H.V. TRANSFORMER: 8000/8000. Output 300mA. rms. Size: 12ín. x 12in. 36ín. 230V input. £40. Carr. £4. 
TELEPHONE CABLE: (Twin) 1,300ft. on metal reel. £7.50 per reel. Carr. £1 
FIRE -PROOF TELEPHONES: £2500 each, carr. £1.50. 
TF.2000 A.F. SIGNAL SOURCE: £17500, carr. £1.00. 
POWER UNIT: 110/230 volts a.c. input. 28 volts d.c. at 40 amps output. £3000 
each, carr. £3.00. 
SMOOTHING UNIT (for the above): £1000 each, carr. £2.00. 

X -BAND MODULATOR CALIBRATOR TYPE MC- 4420 -X: Mnfr. James 
Scott. £125 ea., Carr. £1. 
HP -766D DUAL DIRECTIONAL COUPLER: 940- 1975MHz. £35 ea., 
75p post. 
BACKWARD WAVE OSCILLATOR TYPE SE -215: 6.3 heater, 105V Anode, 
7.9mA. Mnfr. Watkins & Johnson. £85 ea., Carr. £1. 
LISTS OF EQUIPMENT AVAILABLE: MOTORS; TELEPRINTERS; 
AR88 SPARES; TEST EQUIPMENT ETC. Send lop for above lists. 
ALL CARRIAGE QUOTES GIVEN ARE FOR 50 MILE RADIUS OF LONDON ONLY. 

If wishing to call at 
stores, please telephone 
for appointment. W. MILLS 3 -B TRULOCK ROAD, LONDON, N17 OPG 

Phone: 01 -808 9213 and Bedford 740605 (STD 0234). 
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JOHN 
CRICHTON 
Electronic Equipment 
558 Kingston Road, 

London, SW20 
Inland VAT add 8% 

Prices shown include P & P. other 
prices gladly on request. 

Carriage extra for overseas orders. 
Viewing by appointment please. 

Phone 01 -540 9534 

TEST SET FREQUENCY RESPONSE 
CT381 
Consisting of: sweep generator. indicator 
response curve. flat -faced tube long per - 
sistance. Power supply. Calibrator frequency 
CT432. Frequency range: 10kc /s- 33Mc/s in 

nine directly calibrated ranges. Accuracy ± 3% 
of the indicated centre frequency. F.M. devia- 
tion: (nominal). 0- 500kc /s above- 4Mc/s. 
0- 400kc/s at 1.5Mc/s- 4Mc/s. 0- 165kc/s at 

600kc/s- 1.5Mc/s. falling to 3kc/s at 1 okc /s. 

Output impedance: 75 ohms resistive. Power 
supplies: Mains 100 -120V and 180 -250V. 
Frequency 50- 500c/s. Consumption 340W 
(nominal). Price £195. Belling Lee radio 
frequency interference filter type Y2005S. 
100 Amps, 400W. 440V, Single wave £15. 

HEWLETT 
PACKARD 
185B. 1GHe SAMPLING 
OSCILLOSCOPE. 
Horizontal Sweep speeds: 10 ranges, 10 
nsec/cm to 10 sec /cm. accuracy within 
± 5%. Magnification: 7 calibrated ranges 
X1. X2, X5. X10, X20, X50 and X100. 
Increases maximum calibrated sweep 
speed to 0.1 nsec /sm: with vernier maxi- 
mum sweep speed is further extended to 
0.04 nsec /cm. Intensity and sampling in- 
tensity are not affected by magnification. 
High frequency: Input frequency: 50 to 
1000 me for sweep speeds 200mv and 
1000mv: ±3 %. Time: Approximately 5sec 
burst of 50 me sinewave. Frequency 
accuracy ± 2%. In addition the Model 
185B provides output signals for X -V 
recorders and provides means for con- 
trolling the display either manually or ex- 
ternally. Full specification on request. 
Price £295. 
430C Microwave power meter. £60 
H01 -8401A Leveller amplifier. £39 
8709A Synchronizer. £120 
97348 Pin modulator 7.0- 12.4GC. £95 
8732A Pin Modulator 1.8 -4.5 GC. £65 
8431A Bandpass filter 2 -4GC. £40 
7970 Directional Coupler 1.9 -4.1 GHz.£30 
8435A Bandpass filter 8- 12.4GC. £95 
185A 800MHz Sampling oscilloscope. 
1858 Sampling oscilloscope. 

L30047 CAMBRIDGE UNIVERSAL 
BRIDGE. 
Measures DC resistance. self- inductance. 
mutual inductance.' capacity and frequency. 
Full specification on request. £95. 

Voltmeter Valve CT54 (Micovac). with 
mains power supply (power supply not 
available separately). In strong metal case 
with full operating instructions. 2.4V -480V 
AC or DC in 6 ranges. 1 ohm to 10 Megohm 
in 5 ranges. Indicated on 4 in. scale 
meter. Complete with probe. £12.50 including 
p. and p. (Leads extra.) 

MUIRHEAD FREQUENCY ANALYSER 
TYPE D- 889 -B. 
Frequency range 30c /s- 30kc /s. Accuracy 
better than 1.5 %. Input voltage 300pV -100V 
for full scale deflexion. Smallest indication 
15pV. Maximum input voltage 300V r.m.s. 
Price £95. Full spec. on request. 

TEKTRONIX 
NON -PLUG -IN UNIT 
OSCILLOSCOPE. 
524AD. DC- 10MHz. £100. 
MAIN FRAME OSCILLOSCOPES: 
545. DC- 30MHz. 545A. DC- 30MHz. 
5458. DC- 33MHz. 
PLUG -IN UNITS. 
Type CA. 0.05V /cm to 20V /cm. 
Type D. 1mV/cm to 50V /cm. Type G. 

0.05V /cm to 20V /cm. 
Type L. 5mV /cm to 2V /cm. 0.05V /cm 
to 20V /cm. 
230 DIGITAL UNIT. 
Digital readout parameters. Pulse ampli- 
tude. pulse risetime and falltime. pulse 
width. time interval. 
R115. 10 -NS PROGRAMMABLE 
PULSE GENERATOR 
with Delay. 
PASSIVE PROBE P6006 with 10X 
attenuation, designed for oscilloscopes 
having an input resistance of 1 megohm 
and input capacitance of up to 55pf. 
Price £10. 
PROBE P6065 10X. 10 megohm, 
12.5pf. 500V D.C. max. Length 65. 
Price £15. 

MUIRHEAD 2 -PH- L.F. DECADE 
OSCILLATOR Type D880. 
Frequency range 0.01c/s- 11.2ke /s (con- 
tinuously variable above 0.1 c/s). 

V.L.F. 0.01c /s-0.1c/s in steps of 0.01c /s. 
Hourly frequency stability. 
Ranges X1. X10. X100 ±0.05% 1 After 
Ranges X0.1. V.L.F. ± 0.1 

1 
3 hours. 

T.F.801 D/1 /S A.M. SIGNAL GEN E BATOR. 
Freq. range: 10 MHz to 485 MHz. Built -in 
crystal calibrator. Internal and external sine 
a.m. External pulse modulation. Calibration 
Accuracy: Using crystal calibrator. within 
±0.2% over entire frequency range. R.F. out - 
level 0.1 pV to 1V source e.m.f. 

OA.1094A/3 H.F. SPECTRUM ANALYSER 
with L.F. extension unit type TM6448. 
Fad IvóawplituudpesHup tot 

o360 dB. 
ems 

width 0 -30 KHz. Sweep duration: 0.1. 03, 1. 

3. 10. 30 sec. and manual. Full spec on 
request. £250 as seen condition. buyer to 
collect. 

OA.1094A/S H.F. SPECTRUM ANALY- 
SER. Freq. range: 3 MHz to 30 MHz in nine 
steps. spectrum width 0 to 30 KHz. Sweep 
distortion: 0.1, 0.3. 1. 3, 10, 30 secs. and 
manual. Full spec. on request. £150 as seen 
condition, buyer to collect. 

T.111 ROBAND TRANSISTOÌIIZED 
SUPPLY. Mains input 110V or 230V. output 
0-50V at 5 Amperes cont. variable, overload 
cut -out. As seen £15. 

REMSCOPE 501/740 STORAGE 
OSCILLOSCOPE. 
Fluorescence: Yellow. resolution: 40 lines/cm 
E.H.T.: 8kV. display time: 10 mies -1 M 
approx.. storage time: 1 week approx. 

CD 1212 WIDE -BAND GENERAL - 
PURPOSE OSCILLOSCOPE. 
Employing plug -in pre -amplifiers for single or 
dual trace displays. 
Wide -band pre -amplifier CX 1251. Bandwidth: 
DC - 4OMc/s ( -3dB ± 1dB): 2.5c/s-4OMc /s 
AC coupled ( -3dB ± 1dB). Rise time 8 nano- 
sec approx. Sensitivity: 50mV /cm- 50V /cm in 
nine calibrated ranges with fine gain control. 
Dual trace pre -amplifier CX 1252. Bandwidth: 
DC -24Mc /s ( -3dB ± 1dB) AC coupled. Rise 
time: 14 nanosec approx. Sensitivity: 50mV/ 
cm- 50V /cm in nine calibrated ranges with 
fine gain control. Full specification on 
request. £128. 

T.F.801 B /3/S A.M. SIGNAL GENERATOR. 
Freq. range: 12 MHz to 485 MHz in five bands. 
Built -in crystal calibrator. Full spec. on 
request. 

CT. 373 TEST SET. Oscillator: 17c/s- 
170kc/s ±1 %, ±1c /s at ambient temp. 
0 °C -45 °C. Distortion Meter: Freq. range: 
20c/s to 20kc/s, distortion range: 10 %, 30 %. 

100% f.s.d. 0.5% readable. Signal input: 
approx. 500mV to 130V basic range. 250mV 
to 1300V extreme limits. Full spec. on 
request. £30. 

AVO MODEL 3 VALVE TESTER. Enables 
comprehensive characteristics to be plotted 
or measures valves on a simple good/bad 
basis. £55. 

AVO CT 160 VALVE TESTER. As above 
but in portable valise form. £85. 
Viewing by appointment only. 

TINSLEY TYPE 4383E AUTO VERNIER 
POTENTIOMETER. 

PYE Precision vernier potentiometer 7568. 
1pV to 1.90100V in two ranges. Accuracy 
0.002 %. 

DIE -CUT FOIL STRAIN GAUGES by 
DENTONICS TYPE M234C13L. Resistance 
in ohms 350± .5. Gauge factor 2.13 ±1 %. 

Max Temp 350 °F (173 °C1. Price £2 per 
packet 151. 

TF.937 F.MJA.M. SIGNAL GENERATOR. 
Freq. range 85 KHz to 30 MHz. The carrier 
freq. can be standardized against a built -in 
dual freq. crystal calibrator, which is complete 
with miniature loudspeaker as an aural beat 
detector. £87. 

TF.114H /S SIGNAL GENERATOR. Fre- 
quency range: 10 KHz-72 MHz. Stability: 
0.002 %. High discrimination. plus crystal 
calibrator. Good r.f. waveform at all fre- 
quencies. Protected thermocouple level moni- 
tor. Full spec. on request. £220. 

TEST SET DEVIATION FM No 2. The 
carrier frequency range extends from 2.5Mc /s 
to 10MC /s and from 20Mc /s to 10OMc /s in a 

total of eight bands: the deviation ranges are 
0 to 5kc /s. 0 to 25kc /s and 0 to 75kc /s. £48. 

RACAL UNIVERSAL COUNTER/ 
TIMER SASSO(CT488) 

8 digit in- 
line read -out. 
Fa c i l i t i e s 
include: dir- 
rect frequency 
measurement 
up to 100 
MHz: pulse. 
period. ratio 
time interval 
and totalising 
measure- 
ments. Input sensitivity variable from 300MV 
to 9V. three independent inputs self -check 
etc. Full spec. on request. 

TRANSISTORS AND DIODES 
Type Pc VCBO FT MHz 
BSY29ISNPN) 300mw 15 20 
BD107ISNPN) 11.5w 64 100 
2N711B/2G106 

(SPNP 150mw 18 
2N985(GPNP) 300mw 15 
2N1304 GPNP) 150mw 30 
2N1309 GPNP) 150mw 30 
2N1046 GPNP) 50w 100 
2N1146A(GPNP) 90w 70 
2N1542 G) 106w 100 
2N1547 G) 106w 100 
2N1557 G) 106w 40 
2N2080 G) 170w 70 
2N2082 G) 170w 40 
2N2405 SNPN) 1w 120 
2N3054 SNPN) 29w 90 
2N3055 SNPN) 115w 100 
2N3375 SNPN) 11.6w 65 
2N4427 SNPN) 3.5w 40 
2N5322 SNPN) 10w 65 
ASZ16 /0C26 225p. 0C35 

12p, 
0C42 40p. 

7006 /O C 72 020p. 
0075 25p. OC83 25p, 
GET110 /NKT303 20p, 
OC702 10p OA10 25p, 
RAS508AF 25p. RAS310AF 
25p, STC Wire End 
400PIV1A 4 for 50p. 
IN3193 13p, IN3194 14p. 
IN3255 20p. 

RECTIFIER STACKS 
GEX541 B1 P2 £6.88 
GEX541D2P1 £350 
GEX541 NB1 P1 F £8.00 
G EX541 H P3F , . , £600 
SX751N1 B1P1F ..,E600 

INTEGRATED CIRCUITS 
MC353G Half Adder £2.00 
MC356G 3 Inp OR /NOR 
GATE f145 
MC358AG AC coupled JK 
Flipflop .. £5.00 
MC365G Line Driver £5.00 
CA3020 Wideband Pow. 
Amp 93p 
CA3021 Low power video ........ £1.15 .. .. 
CA3028A RF 1.F 

. 

Amp. 

CA3038A Operational Amp. 
. £214 

CA3055 Pos. Volt. Regulator .............£144 
CA3085 Pos. Volt. Regulator 

78p 
CD4035AE 4 -stage Serial 
Register .. £1.91 
CD4017AE Decade Counter 
Divider ......... £385 
CD4047AD Monostable 
Astable Multivibrator £3.86 

THYRISTORS 
G E2 N1774 200e. 5a.£1 .20 
CR1 -021 C 20v. 1a. 25p 
CR10 -101 B 100v. 

108 £1.00 
CR10- 02110e £1.00 
CR10 -406 10a £100 
CR10.051 10a £1.00 
CR10- 01710a £1.00 
BTX 92 1213019 16a 
1200v £2.85 
STC 3/40 400e. 3a.... 50p 

CAPACITORS 
Daly Electrolytic 9000uF 25v 50p p/p 15p: 500pF 50v 30p p/p 10p:TCC 16pF + 16pF 
+ 8pF 450v 75p p/p 15p: CCL 50pF + 50pF 275v 40p p/p 10p: CCL Suppressor Una 

Type SU103/1 comprising capacitor Diode and Resistor 40p p/p 10p: Dubilier 

Metallised Paper type 426 100pF 150v Sop p/p 25p: RIC 1.8pF 440v a.c. 35p p/p 10p. 

MOTORS 
E.E. }hp 230v. 50c 1ph 50c. 1440rpm complete with cap 80/100uf 275v .... £1880 

inc. Carr. 

3 phase 2HP motor 60 /50c.. 1800/1500 RPM. 208/220/440v £21.50 
incl. Carriage 

Cat. 2026391 Potter Instruments flange mounting capstan motor. 0-2HP cont. 110v 
DC 4 amp - 

£25.00 inc. cari. 

(FANS, CENTRIFUGAL BLOWERS 
Airmax Type M1/Y3954 (3 blades) Cast 
Aluminium alloy impeller Et casing (corres- 
ponds to current type 3965 7} ") 230e. 
1 ph 50c 2900rpm Class "A" insulation 
425cfm free air weight 9Ilbs. incl. p.p. 
£21.00. 
Woods Aerofoil short casing type "S" 
270orpm 220/250v 1ph 50c 6" plastic 
impeller incl. p.p. £11 -50. 

Woods Aerofoil Code 7.5 280K 200/250v. 
1.Oa 1ph 5Oc 270orpm 550cfm free air. 71" 
impeller 14 blaues inc) p.p. £13.50. 

Service Electric Hi- Velocity Fans, suitable for Gas 

combustion Systems. Steam exhausting, Pneumatic 
conveying, Cooling Electronic equipment, Air blast 
for Oil burners. Secomak Model 365 (corresponds 
to 575) Airblast Fan, 440e 3ph 50c 0.75hp 2850rpm. 
continuous 160cfm 12 in w.g. nett weight 441b, 
price incl. cart. £41.00. Secomak model 350 250v 
1ph 50c 0.166hp, 2800 rpm continuous 50cfm 2 in. 
w.g. net weight 341bs, price incl. cart. £2600. 
Air Controls type VBL4 200/250v 1 ph 50c. 11 ocfm 
free air weight 74.Ibs price incl. p.p. £14.50. 
Type VBL5 200/250v 1ph 50c. 172 cfm free air. 
Weight 10 -Ibs, price incl. p.p. £18.50. 
William Aliday Alcosa Single Stage Vacuum Pump 

Model HSPOB 8 HG. Rpm 1420. E.E. 3 phase 

induction motor 1/3 hp cont 220,250v. 380/440v. 
Class E ins. £21.00 incl. carriage. 
Gast MFG. Vacuum pump 0522 -P702 -826X. 
Motor 110/120v. A.C. 1 ph. 60c 1725 rpm. Class E. 

10cuft to 10in Mercury in 2 mins maintains vacuum. 
635mm Mercury. Or as compressor 1 Opsi int. or 
15 psi cont. £25.00 incl. can. 
Where p.p. not advised add 10p per E handling and post (in UK). Cash 
with order. Personal caters welcome.Open Mon. -Wed. 9.30 -5.00 Fri. -Sat. 
9.30 -5.00. Free Car Park adj. PRICES SHOWN ARE EXCLUSIVE OF V.A.T. 

15p 
63p 

120/150 Tot. Sw. Time 275 nS 43p 
Tot. Sw. Time 115 nS 95p 
6 15p 
15 30p 
20 £2 50 
15 45p 
035 50p 
0-35 75p 
035 50p 
0.2 £1.10 
0.2 £1.10 
120 55p 
1.2 40p 

45p 
500 £3.46 
700 52p 
325 . . . . . . . . . 50p 

RCA PHOTOMULTIPLIER C310058 
Checked and tested £37 50 

BRIDGE RECTIFIERS 
1B40K0550v4a 95p 

SWITCHES 
Edwards High Vacuum "Speedivac" model 
VSK1 B range 25-760 torr contact ratings 
250e. 5a. volume 4-2 cu. cm. max. working 
pressure 15Ìb /sq. in. gauge net weight 
17 ozs £640 
Belling Delay hand reset L415 £1.10 
Stackpole min. rocker 125v.10a. 250v. 

5a. ..20p 
Tippalite Rocker 12v 50p 

CIRCUIT BREAKERS 250V AC . each fÌ40 
AMP TRIP TYPE 
2-0 D Westingh. 550 
40 - Securex 5000 
7.0 Inst. Westingh. 550 
7.0 4 Heinemann (60c.) 

AM 12 
8.0 Inst. Westingh. 550 
8.0 Securex 5000 
9.0 Inst. Westingh. 550 
10-0 - Securex 5000 
20-0 - ETA Magnetic 

DIGITAL COUNTERS 
Veeder Root Mech. Reset 4 dig. 50p 

STABILIZED POWER SUPPLIES 
Gresham Lion GX60 /10a -60v. 10 amp. set 
to 30v £65.00 incl. carriage 
Lambda CC28v -Inp 205 -265v. output 
28v dc ± 5% 3-4 amp £3850 incl. p. & p. 

Power Elect. lnp 240e outputs 20v 6.5a 10v 
3.4 amp + 10v 300ma .... £3860 inc. cary. 

RELAYS 
Varley Min. 7000 12e. 50p 
Siemens Min. 12/15v 50p 
Magnetic Dee. Type 596E £200 

CONNECTORS 
McMurdo Red Range. Plug RP24 56p 
McMurdo Red Range. SKr RS32 90p 
Eng. Elect. Edge. 36 way 0.2 inch . pair £1 .00 
Sylvania Edge. 48 way 0-125 inch .. pair 40p 
Amphenol MS3106B.36 -10 .. £4-50 
Continental microminiature 281080Ì1J26 £130 

W. & B. MACFARLANE 
126 UXBRIDGE ROAD, HANWELL, LONDON W7 3SL 

WW -043 FOR FURTHER DETAILS 
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G. F. MILWARD 

ELECTRONIC COMPONENTS 
Wholesale/Retail : 369 Alum Rock Road, Birmingham B8 3DR. Tel. 021 -327 2339 

CALLING All INDUSTRIAL BUYERS!! 
We are glad to say that it is now possible to supply from stock the following integrated circuits. ALL ARE BRANDED, FULL SPECIFICATION devices offered at 
unbeatable prices! This is YOUR chance to cut manufacturing costs and greatly increase profit margins! 

1/99 100/499 500/1000 1/99 100/499 500/1000 1/99 100/499 500/1000 
7400 £0.15 L0.125 L0.10 7442 E0.645 £0.537 £043 7494 00495 0.412 0.33 
7401 £0- 15 £0125 0.10 7443 L1.275 LI .062 10.85 7495 £0.63 0.525 £042 
7402 0015 £0.125 0.10 7445 L0.855 0.712 £0S7 7496 0072 E0.60 E0.48 
7403 L0.15 £0-125 £010 7446 £1.05 [0875 L0.70 74104 00315 £0.262 £021 
7404 L018 £OIS E0.12 7446A £1OS 0.875 0.70 74105 LO. 315 £0262 LO41 
7405 0.18 £0-IS £0-12 7447 £1.05 L0.875 E0.70 74107 £03I5 £0262 £0.21 
7406 £0-375 L0.312 E025 7447A LI.05 0.875 0.70 74121 L0-315 L0.262 L0.21 
7407 0-375 £0312 £0.25 7448 L0.855 0.712 £O.S7 74122 0.45 0.375 0.30 
7408 £0 15 £0125 £0.10 7450 L0I5 £0.125 £010 74123 0.63 L0.525 0.42 
7409 £0-15 0.125 £0.80 7451 0.15 E0.125 0.10 74141 00.75 £062S LOSO 
7410 £0 15 E0125 L0-10 7453 L0.15 £0.125 LO10 74151 £069 £0.575 00.46 
7412 £0.195 0.162 £0.13 7454 0.15 £012S LO10 74153 L0.69 0.575 L0.46 
7413 £0345 00287. E0.23 7460 L0.15 EO 125 £0.10 74155 L0.69 £057S 0.46 
7416 £0.345 £0287 L0 23 7472 E0.255 E0.212 LO-17 74156 £0.69 LO. 575 L0.46 
7417 E0.345 0.287 £0.23 7473 L0.153 E0262 E0.21 74160 [I.005 £0.837 0.67 
7420 £0-15 £0-125 L0.10 7474 0.315 0.26I 011 74161 [I.005 0.837 £0.67 
7423 L0.27 E0225 £0-18 7475 0.465 00.387 £0.31 74162 01.005 £0.837 L0.67 
7425 £0.27 0.225 L0-18 7476 £0315 0.262 £0.21 74163 LI.005 0.837 £O67 
7426 EO27 L0.225 £0.18 7480 0.435 £0362 00.29 74166 LI.425 LI .187 L0.95 
7427 L0 27 £0.225 £0.18 7482 0.75 EO625 LO-50 74174 LI .20 El .00 EO80 
7430 0- 15 0.125 L0.10 7483 L0.825 £0687 [O.SS 74175 EO975 0.812 L0.6S 
7432 0025 0.225 00.18 7485 LI.275 LI.062 0.85 74192 LI -275 £I.062 0.85 
7437 E027 E0-225 L0.18 7486 LO-315 £0262 L0-21 74193 LI .275 E1.062 £085 
7438 E027 £0.225 £0.18 7490 0.465 0.387 E031 74198 L2IO [I-7S £I.40 
7440 LO. Is 0.125 LO-10 7492 0.465 LO387 £0.31 74199 L2.10 LI -75 L1-40 
744IA 00.825 £0687 0055 7493 00465 LO387 LO.31 

To secure the above prices. all orders for these devices must exceed £10 in total value. Price rating is established by TOTAL NUMBER OF DEVICES ORDERED. Any mix 
may be made. For special quotations for large orders ring 021-327 2339 NOW!!! 

CL8300 
CL8370 
CL8380 
CL8390 
CLß430 
CL8450 
CL8470 
BXY27 
B 28 
B Y32 
BXY35A/C 
BXY36C/D 
BXY37C/D 
BXY38C/E 
BXY39C/D 
BXY40D/E 
BXY41 C/D/E 

MICROWAVE DEVICES 
Gunn effect oscillator 

ditto 
ditto 
ditto 
ditto 
ditto 
ditto 

Varacter Diode. S' Band. Cut -off 
Varacter Diode. Cut -off 

Frequency Multiplier. "X' Band 
ditto 
ditto 
ditto 
ditto 
ditto 
ditto 
ditto 

9-4GHz 
9.5GHz 

10.5GHz 
11.5GHz 
9.35GHz 
9.35GHz 
9.35GHz 

70GHz 
100GHz 
150GHz 
25GHz 
75GHz 

100GHz 
120GHz 
150GHz 
180GHz 
200GHz 

£40 
£10 
£10 
£10 
£40 
£40 
£40 

£1 
£1 
£1 

£1 
£1 
£1 

£1 

£1 
£1 

£1 

12 VOLT FLUORESCENT LIGHTING 

Inverter transformers 13/15W (circuit included) 70p 
"Current economy" transistor (600 ma.) 50p 
"Maximum light" transistor (1.3A) 50p 
Resistors /capacitors to suit 15p 
Lalnpholders (long lead) (needed with cases) Pair 30p 

(short lead) Pair 20p 
White enamel case 21 in (postage 30p) 70p 
Tube, 21 in-13W 45p 
(Note: tube only supplied if case ordered, to prevent postal damage). 
13W fitting ready built and tested -including tube (postage 30p) £3.75 
Post/packing, 25p per order except where shown. 

NEW! NEW! NEW! NEW! 
An aerosol spray providing a convenient means of producing any 
number of copies of a printed circuit both simply and quickly. 
Method: Spray copper laminate board with light sensitive spray. Cover 
with transparent film upon which circuit has been drawn. Expose to 
light. (No need to use ultra -violet.) Spray with developer, rinse and 
etch in normal manner. 
Light sensitive aerosol spray £1.00 plus postage 
Developer and Etchant 50p plus postage 

Single -sided Copper -clad Fibreglass Board 
Double -sided Copper -clad Fibreglass Board 
Boards cut to any multiple of 6 ". Max. size 3' X 4'. 

75p sq. ft. 
£1.00 sq. ft. 

1 ,000.000 
POTENTIOMETERS 

We have bought a huge 
assortment of volume controls. 

Pre -sets, sliders, etc. All are 
in manufacturer's original 
packing. 

Manufacturing quantities of 
some types available. 

Write or phone for details. 

Samplebad--s, 
`-100 mix SSY 

ELECTROLYTIC 
CAPACITORS 

Several thousand of each of 
the following types. Silly price 
to clear! 

ALL NEW 
5pf 10V 
10pf 10V 
50pf 10V 
100pf 10V 
330pf 16V 
330pf 25V 
330pf 35V 
2200pf 16V 
i5p0Opf 25V 

35p do = 

p ozen en-=_ 
35p doz- . 

ozen 
60p dozen 

p eac 

HOBBY CORNER! 
BRAN TUB ! 

* Resistors, Wire -wound and 
Carbon * Capacitors, Silver -mica, Paper, 
Ceramic, Polyester and 
Electrolytic 

* Controls, Volume, Pre -set, 
Carbon, Wire 

* Diodes, Silicon, Germanium, 
Zener 

* Transistors, Silicon, Ger- 
manium 

All the above are new and unused 
Stock. 
We have made up packs of 21b gross 
weight, all are different in content. 
and contain a mixture of components 
from the above list. This is a fantastic. 
unrepeatable offer that will enable 
you to get a good stock of spares at a 
tiny fraction of normal price! 
To make things even more interesting 
-TWENTY OF THESE BAGS ALSO 
CONTAIN A POUND NOTE! 
TWENTY CUSTOMERS WILL BE 
VERY PLEASED INDEED! 
And the price that we are asking? 
Only £1.50 including both postage 
and VAT! 
Rush your order now! This offer 
is only made to reduce our surplus 
stock! It is unlikely that in these 
days of rising prices we shall ever 
be able to repeat ! 

r 
;oo g0Á44 C RESISTORS £1 CAPCACIAMI 
100 DIODES 

POSTAGE 25p I PACK No. 1 

. A 100 RESISTORS }L 100 CERAMIC 
CAPACITORS 
100 POLYSTYRENE 
CAPACITORS 

POSTAGE 25p PACK No 2 r 100 RESISTORS L 100 CERAMIC 
CAPACITORS 

50 MULLARD POLYESTER 
CAPACITORS 

POSTAGE 26p I PACK No. 4 

20 ASSORTED UNUSED 
MARKED, TESTED 
TRANSISTORS 
BC108 ETC. 

POSTAGE 25p ) PACK No 5 

SIGNAL TRACER KIT £1 1 TRANSISTORISED 

iTRANSISTORISED 
SIGNAL INJECTOR KIT 

POSTAGE 25p ) PACK No. 6 ÿ 100 RESISTORS L 100 CAPACITORS 
(ASSORTED TYPES) 

POSTAGE 25p ) PACK No 8 

REMEMBER! ALL GOODS PLUS 8% V.A.T. 
G. F. MILWARD, 369 Alum Rock Rd., Birmingham Be 3DR. Postage (minimum) per order 25p. 
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VALVES 
A1065 1.25 
AR8 0.55 
ATP4 0.50 
B12H 3.00 
CY31 0.50 
DAF96 0.50 
DF96 055 
DK96 0.55 
DL92 0.40 
DL96 0.60 
DY86/87 0.40 
DY802 0.45 
E88CC101 1.20 

E180CC 0.70 
E182CC 1.25 
EA50 0.40 
EABC80 0.40 
EAF42 0.75 
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 0.35 

ECC83 0.35 

ECC84 0.35 
ECC85 0.40 
ECC86 0.90 
ECC88 0.50 
ECC189 0.70 
ECF80 0.40 
ECF82 0.40 
ECF801 0.75 
ECH42 0.80 
ECH81 0.35 
ECH83 0.45 
ECH84 0.45 

£ 
ECL80 0.55 
ECL82 0.35 
ECL83 0,70 
ECL86 0.50 
EF38 0.65 
EF37A 1.20 

EF40 0.75 
EF41 0.65 
EF$0 0.30 
EF83 1.25 
EF85 0.35 
EF86 0.35 
EF89 0.30 
EF91 0.45 
EF92 0.50 
EF95 0.40 
EF183 0.35 
EF184 0.35 
EFL200 0.75 
EL33 2.50 
EL34 0.70 
EL36 0.60 
ELI1 0.80 
EL81 0.00 
EL82 0.55 
EL84 0.30 
EL85 0.60 
EL86 0.45 
EL90 0.45 
EL504 0.80 
EM31 0.60 
EM80 0.55 
EM84 0.40 
EM87 1.00 
EY51 0.45 
EY81 0.45 
EY86 0.40 
EY88 0.50 
EZ40 0.70 
EZ41 0.75 

EZ80 
EZ81 
GY501 
GZ34 
GZ37 
KT66 
KT88 
MH4 
ML6 
0A2 
0B2 
PABC80 
PC97 
PC900 
PCC84 
PCC85 
PCC88 
PCC89 
PCC189 
PCF80 
PCF82 
PCF84 
PCF86 
PCF200 
PCF201 
PCF801 
PCF802 
PCF805 
PCF806 
PCF808 
PCH200 
PCL81 
PCL82 
PCL83 
PCL84 
PCL86 
PCL805 
PFL200 
PFL200 
PL36 
PL81 
PL82 
PL83 
P184 
PL504 
PL508 

0.30 
0.30 
0.75 
0.70 
1.00 
2.50 
3.00 
0.75 
0.65 
0.45 
0.45 
0.40 
0.50 
0.50 
0.40 
0.40 
0.60 
0.50 
0.60 
0.40 
0.40 
0.00 
0.60 
0.75 
0.75 
0.55 
0.50 
040 
0.75 
0.90 
0.60 
0.55 
0.40 
0.65 
0.45 
0.50 
0.60 
0.70 
0.70 
0.60 
0.50 
0.45 
0.45 
0.45 
0.00 
1.00 

A lot of these valves are imported and 
prices vary for each delivery, so we 
reserve the right to change prices for 
new stock when unavoidable. 

RACAL RECEIVERS 
Models RA17, RA17 Mk. II, RA 17L, 
RA17W, RA117E, in condition from 
working "as seen" to brand new in 
cabinets. Prices on application. 
DIVERSITY SWITCH TYPE 
MAINE, solid state, £45.00. 

TEKTRONIX 
OSCILLOSCOPES 

Oscilloscopes 585 DC to 100MHz. 
Separate time bases with delay and 5X 
magnifier. Time base A: 005 microsecs 
to 2 sec /cm in 24 stages also con- 
tinuously variable between steps. Time 
base 8: 2 microsecs to 10 sec in 18 
stages. Delay I microsec to 10 sec. 
Complete with type 81 adaptor enabling 
use of all letter series plug -ins. Type 80 
plug -in (less probe) also available. 

541A- 33MHz. Choice of plug -ins. P.O.A. 
LA265A(545A)- 33MHz, separate time 
bases with delay. P.O.A. 
545- 15MHz. Separate time bases with 
delay. Price on application. 
PLUG -IN UNITS 
CA -24 MHz dual trace 50MV -20V. 
G -20 MHz differential 50MV -20V. 
L -30 MHz fast rise time 5MV -20V. 
D -High gain differential 1MV -50V. 
N 600MHz sampling 1OMV -cm. 
53/54C. Dual trace 33MHz, 60MHz, 
0,05 -20v. 

BOONTON FM /AM SIGNALGENERATOR 
TYPE 202E. 54- 216MHz in 2 ranges. com- 
plete with separate power supply £175. 
EHV POWER SUPPLY 115V input 100KV 
at 5mA output £150. 

SOLARTRON 
AS 870.3 CURRENT LIMITING 
POWER SUPPLY 0-30v in steps of 
10. 1, 0.1V at up to 3A£50. 

Open 9- 12.30, 1.30 -5.30 p.m. 

* except Thursday 9 -1 p.m. 

L E 

PL509 1.35 U191 0.75 VR150/30 0.45 306 0.40 6AK5 
PL802 0.95 U801 0.75 X66 0.95 3S4 0.40 6AK8 
PY33 0.60 UABC80 0.40 Z8000 2.70 3V4 0.05 6AL5 
PY80 0.40 UAF42 0.65 Z801U 2.70 5B/254M 4.00 6AL5 W 
PY81 0.40 UBC41 0.60 Z900T 1.20 5B255M 3.50 6AM6 
PY82 0.40 UBF80 0.40 1A3 0.55 5R4GY 0.90 6AN8 
PY83 0.40 UBF89 0.40 1L4 0.25 5Ú4G 0.50 6AQ5 
PY88 0.45 UBL1 1.00 6AQ5W 
PY500 1.00 UBL21 0.70 SASS 
PY800 0.45 UCC85 0.45 6AT6 
PY801 0.50 UCF80 0.75 VAT 8% 6AU6 
QOVO3-10 UCH42 0.75 6AV6 

1,40 UCH81 0.45 EXTRA SAX4GT 
QQV06-40A UCL82 0.45 BAX5GT 

8.00 UCL83 0.65 6137 
QVO3-12 1.10 UF41 0.70 6BA6 
R19 0.60 UF80 0.35 3A4 0.60 5V4G 0.55 66E6 
SC1I400 3.00 UF85 0.45 1R5 0.40 5Y3GT 0.55 6606G 
SC1/600 5.00 UF89 0.50 1S4 0.30 5Z3 0.00 6BJ6 
SP61 0.75 UL41 0.70 1T1 0.30 5Z4 0.00 6BQ7A 
TT21 5.00 0L84 0.40 1X2A 0.60 5Z4TG 0.55 6BR7 
U25 0.05 UY41 0.45 1X2B 0.75 6AB7 0.60 6BW6 
U26 0.75 UY85 0.40 2D21 0.50 6AC7 0.60 6BW7 
U27 0.65 VR105130 0.45 21125 9.00 6AH6 0.70 6C4 

AC113 
AC126 
AC127 
AC128 
AC176 
ACY18 
ACY19 
ACY20 
ACY28 
ACY39 
ACY10 
AD149 
AD161 
AD162 
ADZ11 
ADZ12 
AF114 
AF115 
AF116 
AF117 
AF118 
AF121 
AF125 
AF126 
AF127 
AF139 

0.40 ' 6C6 
0.40 6CB6 
0.30'6CH6 
0.55 6CL6 
0.45 6D6 
0.45 6EA8 
0.45 6F7 
0.70 6F8G 
0,80 6F23 
0.45 6F32 
0.40 6F33 
0.45 6H6 
0.75 6J4WA 
1.00 6J5 
0.70 6J5GT 
0.35 6J6 
040 6J7 
0.00 6J7G 
0.65 6K6GT 
0.00 6K7 
1.20 6K7G 
1.00 6K8GT 
1.00 6K25 
0.40 6L6 

0.50 
0.50 
1.45 
0.75 
0.55 
0.65 
1.10 
0.75 
0.90 
0.75 
3.50 
0.35 
1.25 
0.65 
0.50 
0.30 
0.60 
0.40 
0.00 
0.55 
0.30 
0.50 
1.00 
1.25 

TRANSISTORS P ease write or phone for current price of any 
o the transistors, diodes shown below. 

AF178 
AF186 
AFZ12 
ASY26 
ASY27 
ASY28 
BC108 
BC118 
BC119 
BC136 
BC137 
BC148A 
BC172 
BC172A 
BC212A 
BCY31 
BCY33 
BCY72 
BF115 

BF167 
BF185 
BFY5I 
BFY52 
BFY90 
BSY27 
BSY38 
BSY95A 
BYZ16 
CRS1/10 
CRS1/20 
CRS1/30 
CRS1/40 
CRS3/10 
CRS3/20 
CRS3130 
CRS3140 
CR5251025 
GET115 

0E7116 
GEX66 
NKT222 
0A5 
0A47 
0A70 
0A71 
0A73 
0A79 
0A91 
0A200 
0A202 
OAZ200 
0C22 
0C22 
0C26 
0C28 
0C29 
0C39 

VALVES AND TRANSISTORS 
Telephone enquiries for valves, 
transistors, etc., retail 749 3934; 
trade and export 743 0899. 

0C36 
0C42 
0C44 
0C45 
0070 
0073 
0078 
0078D 
0081 
0082 
OC82D 
OC82DM 
0083 
OC139 
OC740 
OC170 
OC172 
0C200 
0C206 

5X754 262062 
ZR11 262147 
ZR21 2142411 
1N23A 2N2989 
1625 2N3053 
1N32A 2143054 
1N38A 2143055 
1N43 263390 
1670 2143391 
16277 2143730 
1N115C 2143731 
1144148 2N3819 
26456A 2N4038 
214708 2144058 
26918 2141061 
2141304 2144785 
2141305 2145295 
2141307 3N128 
2N1309 36154 

3N159 
25303 
404 
2082 
40250 
40251 
40668 

OTHERS IN STOCK inc. 
Integrated c rcu /ts, CRT 
6 special valves. Min. 
Mail Orde E1. U.K. 
Postage fl -E2, 17p, L2 -3, 
22p, over 43 free. C.O.D. 
25p extra. 

£ 
616G 0.40 
6L7G 0.10 
6SA7 0.50 
6SA7GT 9.40 
6SC7GT 0.40 
6507 0.50 
6SJ7 0.55 
6SJ7GT 0.35 
6SK7 0.55 
6SL7GT 0.50 
6511701 0.50 
6507 0.55 

0.40 

6G 0.15 
6V6GT 0.50 

6X50 0.40 
6X5GT 0.50 

0.00 
0.05 612 0.00 

7 0.00 
0.60 

906 0.40 
9D2 0.00 
12AG 0.55 
12AT6 0.15 
12AT7 0,40 
12AU7 0.35 
12AV6 0.50 
12AX7 

0.50 

0.35 
12BA6 
12BE6 

0.45 

12BH7 0.50 
12C8 0.55 
12E1 3.50 
12K5 1.10 
12K7GT 0.50 
12K8GT 0.70 
1207GT 0.70 
12SA7GT 0.70 
12SG7 0.55 
12SJ7 0.55 
12Y4 0.40 
1457 1.00 
19A05 0.05 
1903 0.00 
1906 6.00 
19H5 14.00 
20P3 0.60 
20P4 1.10 
25L6GT 0.70 
30C15 1.00 
30C17 1.00 
30C18 0.90 

30F5 
3OFL1 
30F112 
30FL14 
30115 
30117 
30P12 
30P19 
30PL1 
30PL13 

THE VALVE WITH A 
GUARANTEE 

1.00 
1.00 
1.10 
0.90 
0.95 
0.95 
1.00 
1.00 
0.95 
1.10 

VIDICON 
TUBES 

EMI types 
9677A B 
9677C 

E20.00 ea. 

30PL14 1.10 
35L6GT 0.75 
35W4 0.50 
35Z4GT 0.70 
5005 0.60 
5DCD6G 1.10 
75 1.00 
75C1 0.75 
76 0.75 
78 0.70 
80 0.75 
85A2 0.75 
723a/b 0.00 
803 0.00 
805 14.00 
807 0.05 
813 6.50 
866A 1.20 
931A 6.00 
954 0.50 
955 0.50 
956 0.50 

957 
1629 
2051 
5933 
6057 
6060 
6064 
6065 
6080 
6146 
61468 
8020 
9001 
9002 
9003 
9004 
9006 

0.50 
0.70 
1.00 
3.00 
0.75 
0.70 
0.00 
1.00 
2.30 
2.25 
3.25 
5.00 
5.00 
0.50 
0.70 
0.35 
0.35 

C.R.TUBES 
DG7-5 12.00 
D013-2 10.00 
0013-34 12.00 
M W 13.35 35.00 
VCR739A 0.00 
3BP1 4.50 
88D 0.00 
88J 8.00 
881 9.00 

SPECIAL 
VALVES 

CV239 45.00 
M503 -2J42 

42.00 
0301 7.00 
KRN2A 6.00 
725A 23.00 

TFI44H SIG- 
NAL GEN. 
Freq. range 10 
KHz -72 MHz, 
R.F. output 201 
to 2V at 50 ohms 
400 and 1000 Hz 
internal mod. 
Limited qty. 
only available. 
Full spec. and 
price on re- 
quest. 

BEST PRICES PAID FOR TEST AND COMMUNICATION 
EQUIPMENT. Single items or quantities. Private or Industrial. 

TF 5266 OSCILLATOR AND DETECTOR 
UNIT L5000. 

TF 12205, TF1225A, TF 577A. WHITE 
NOISE TEST SET £16000. Full spec. 
on request. 

MARCONI TF 995A/5 FM /AM SIGNAL 
GENERATOR. Four additional tuning control 
facilitate narrow band measurements. 3 Int 
A.M. mod Freq. of 400, 1000 & 1500Hz at up 
to 50% F.M. deviation ± 5kHz- ± 120kHz. 
Output 0.11.1,200mV depending on termina- 
tion. Freq. flange 1.5- 220MHz. P.O.A 

TF 12SIA VHF SPECTRUM 
for analysis and measurement of Radar 
Equipment. Frequency range 190 to 230MHz 
with crystal check points. Sweep width 0.5 
to 5MHz, output pulse delay (a) 85 -175 ',Sec, 
(b) 0.7.14 mSec with x1 and x2 multiplier 
and +2, x1, x2 multiplier. Output 2µV to 
20mV with X10 multiplier. £200. 

HEWLETT - 
PACKARD 

175A OSCILLOSCOPE with 1750A 
dual trace vert plug -in and 1781B delay 
time base plug -in. 50MHz minimum 
bandwidth at 50mV /CM. T/B modes: 
main, main single. mixed, main delayed. 
delaying. Full Spec & P.O.A. 
185A SAMPLING OSCILLOSCOPE. 
800MHz, complete with 1BOA 1mV /CM 
dual trace plug -in. 1GHz probe and 
manual. Full spec & P.O.A. 
524C ELECTRONIC COUNTER/ 
TIMER direct reading to 10MHz. ex- 
tended to 500MHz depending on con- 
verter plug -in, also period and time 
measurement. 8 digit in-line display 
on Nixie tubes. £185 with one plug -in 
(as below) 5246 model, spec as for 
524C but display on 6 neon lamp 
decades and 2 meters £115 with one of 
the following plug -ins: 526A Video amp. 
525A' 10- 100MHz, 5258: 100 -220 
MHz. 1525C: 100-500MHz £45 extra). 
6188 SHF SIGNAL GENERATOR 
Freq 1,7501-1z- 4,2GHz. Mod: F.M.. 
C.W., Pulse. Ext A.M.. output 0.1pV- 
200mV. Full spec & P.O.A. 
200AB AUDIO OSCILLATOR 19kHz. 
600ohm balanced or unbalanced. small 
size, £25. 
300A HARMONIC WAVE ANALY- 
SER Freq. 0-1 6kHz. Full spec & P.O.A. 

TELEQUIPMENT 543C & D43HOSCILLO- 
SCOPES £80. 
KAHN SSB ADAPTOR MODEL 
RSSB -62= 18. Designed for receivers with 
455- 500kHz I.F. leg Collins 51J. AR88D etc) 
at 100mV (max) input. Features: Electronic 
A.F.C., carrier frequency diversity to combat 
fading: 20 sec R.C. memory to maintain tuning 
during severe fading: individual carrier meters: 
nuvistors: low distortion product demodulator. 
Full spec & P.O.A. 

TEST EQUIPMENT 
for direct line for all enquiries regard- 
ing test equipment only, phone 
01- 748 5496. 

TF 00113/1/S SIGNAL GENERATOR. 
Range 10-485 MHz in five ranges. R.F. output 
0.1 uV -IV source e.m.t. Dia: calibrated in 
volts, decibels and power relative to thermal 
noise. Piston type attenuator. 5013 output 
impedance. Internal modulation at 1 kHz 
at up to 90% depth, also external sine and 
pulse modulation. Built -In 5MHz crystal 
calibrator. Separate R.F. and mod. meters. 
P.O.A. 

TF 14008 DOUBLE PULSE GENERA- 
TOR WITH TM 600015 SECOND. 
ARV PULSE UNIT. For testing radar. 
nucleonics, 'scopes, counters, filters 
etc. SPEC. TF 14005. Rep. tree. 
10Hz to 100kHz, pulse width 0 1 to 
100u sec., delay -1 '5 to +3000u sec., 
rise time 30N sec. SPEC. TM 0600/S. 
As for TF1400S except pulse width 
0'5 to 250 sec., delay 0 to +300u sec. 
£230. 

MARCONI OA 1094A/3 SPECTRUM 
ANALYSER with L.F. extension unit. Frey 
ange 100MHz. Full Spec & P.O.A 

ROHDE & 
SCHWARZ 

Z -g DIAGRAPH TYPE ZDU. 30-420 
MHz. 500. Directly measures multi - 

terminal networks, phase shift. phase 
angle etc, with complementary POWER 
SIGNAL GENERATOR TYPE SMLM 
High Freq. resolution, internal /external 
mod up to 3V out. P.O.A. 
POLYSKOP SWOB 1. 0.5-400MHz 
750 P.O.A. 
VHF WATTMETER A MATCHING 
INDICATOR 30/80W. 230MHz. 750. 
P.O.A. 
VHF VOLTMETER TYPE UDND 
P.O.A. 
MICROWAVE POWER METER 
TYPE NRD. 0- 3200MHz at 500, 
O-200mW in 4 ranges, built -in 
calibration check with measuring head 
£125. 
FREQUENCY SYNTHESIIZER TYPE 
XUA. 30Hz -30MHz with FREQUENCY 
INDICATOR TYPE FKM, 15- 30MHz. 
30- 100MHz. P.O.A. 

TECHNICAL MATERIAL CORP: 
EXCITER/TRANSMITTING MODE 
SELECTOR Freq. 2- 32MHz. M.O. and 10 
crystal positions. Vernier tuning U.S.B./ 
L.S. B. va r carrier insertion etc. 0200. 
F.S.K. EXCITER. Freq. 1- 6.5MHz. 
0 -100Hz continuous frequency shift. Up to 
+ 600Hz switched frequency correction. 
Modes F.A.X.; F.S.: M.S.C.: C.W. £50. 

5001250W MEDIUM WAVE BROAD- 
CAST TRANSMITTERS. Price and 
details on application. 

3 PHASE AUTO TRANSFORMER, wy 
Input 400v, wye output 241.5/2301216.5v 50c 
18kVA. Made by Westinghouse of USA 
Brand new In original cases E00.00 including 
UK transport. 

RACAL UNIVERSAL COUNTER /TIMER 
SASSO (CTIP) 

8 digit In- 
line read -out. Facilities 
Include: dir- 
rent frequency 
measurement 
up to 100MHz; 
pulse, period, 
ratio, time 
Interval and 
to tallsing 
measure- 
ments. Input sensitivity variable from 300MV 
to 9V, three Independent Inputs, self -check 
etc. Full spec. on request. £145. 

PLEASE NOTE 
Unless offered as seen" 

ALL EQUIPMENT 
ordered from us is completely over 
hauled mechanically and electrically 

in our own laboratories 

FOR EXPORT ONLY 
TRANSMITTERS: 

BC 610 Hallicrafters. 
RCA ET 4336 also modified version of 
Increased output to 700w. 
COLLINS TYPE 231 D 4 /5kw., 10 channel, 
sutotone and manual tuning. All above 
complete Installation and spare parts. 
TRANSCEIVERS 
19, 19HP, 38, 62. 
C -13 TRANSMITTERS 
RACAL COMMUNICATIONS 
EQUIPMENT 
We are able to offer a comprehensive 
selection from the range of this modern 
high class equipment Including, 
receivers, L.F. Converters, SSB adap- 
tors, panoramic adaptors, diversity 
switches, transmitter driver units, 
linear amplifiers can be built to 
customers' requirements. Please send 
us your enquiries. 

ARP . We hold the largest stock 
n U.K. Write for Ilst, 
R.F. METER 0-8 amp. 2 }" (U.S.A.) £1- 
P. AP. 15p. 

TELEPHONE TYPE "J" (Troplcallsed) 
10 line MAGNETO TELEPHONE 
SWITCHBOARD 
SS IIn AUTOMATIC PRIVATE 
TELEPHONE SWITCHBOARD 
Price of each of the above on application. 

PLEASE ADD 
8% VAT 

COLOMOR (ELEf ONICS' 

170 Goldhawk Rd., London, W.I2 
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. 

0132 040 6AX4 075 6K80 045 12AV6 0'60 30P4MR ARP3 060 EC52 100 
OZ4 0 47 6B80 030 
1A3 046 6BA6 0 28 
IA60T 0.60 6BC8 0.80 
1470T 086 6ßE6 036 
1ß30T 060 6B060 105 
IC2 070 66H8 0.80 
106 100 613J6 056 
1H6GT 0.80 6BK7A 060 
1L4 0.28 613Q5 031 
ILDS 060 6BQ7A 055 
WAS 0'60 6827 100 
I N50T 0'65 6BR8 150 
185 046 61387 140 
184 033 1113116 080 
185 430 881'7 0.70 
1U4 O-0 66X6 0 26 
1U5 0.75 68Y7 0.34 
2D21 0.46 6ßZ6 0.49 
20K5 056 6C4 035 
2X2 O-0 6C5G 0.60 
344 O-0 6C6 0.40 
3B7 0.45 4C9 1 00 
3D6 Oí0 fiC86A 0.40 
3(24 050 6C12 033 
:SQ5GT 056 6017 200 
384 0.40 6C1)60 1.25 
314 0.70 6CGSA 0.75 
4CB6 O-6 6CL6 0.65 
SCUM 0.56 6CL8A 030 
311401 0.80 6C317 0.75 
5T4 040 6Cí'5 0.76 
5040 0.40 6C114 
5146 O-0 6D3 
5Y30T Oí6 6E1E7 
5Z3 0.75 6UT6A 
5340 046 
5Z4OT 046 
6,30L2 0.80 
6A80 125 
6AC7 0 49 
6AG5 027 
BAH6 060 
fiAJS 056 
6AJ8 033 
6ÁK5 040 
6AK6 0 60 
BAKB 038 
fiALS 020 
6AM6A 0 55 
ßA58 0 70 
6.6425 045 
8AQ8 040 
BARS 050 
6AR8 100 
ßA87 1 00 
fiAT6 045 
6A1'ß 030 
8AV6 0.45 
6414'84 0-96 

6E11'fi 

RE5 
RF1 
6F6G 
6F1'2 
61'13 
fiF14 
6F15 
68'18 
11F23 

100 
050 
0.75 
0-75 
0 75 

1.00 

0.75 
0.50 

037 
0.70 
0.75 
085 
055 
080 

íF24 086 
úF25 100 
6F26 034 

F24 0.67 
ßF32 050 
606E 050 
6GH8A 0 75 
ß0K5 0 86 
6(31'7 075 
ri HBGT 0.25 
iiJ.i(:T 0.45 
ßJ0 030 
63711 030 
637(1) 0.46 
6JCRA 0.76 
6K7G 0-50 

6L1 2 00 
61.2307 0 58 
6L7(M) 0 60 
61.18 0 56 
6L19 2 00 
6LD12 038 
6L020 0 75 
BN7GT 0 60 
BPL12 034 
6Q70 0-50 
6Q7GT 0 50 
6Q7(31) 0-65 
6R7G 080 
6R7)3.10 75 
68A7 0-44 
6`dC7GT 53 
68(.7 0 44 
68H7 0 49 
68.17 0 55 
fi8K7GT 44 
6SQ7GT 45 
6U4GT 0 70 
fiU7G 0 45 
6V6(/ 0.17 
fiVfiGT 0 45 
11X4 0 40 
6X5(:T 0 45 
6 Y6 0 80 
6Y7G 100 
7A7 100 
7B6 075 
7B7 070 
7F8 1 50 
7H7 0-75 
7R7 0-80 
7V7 150 
7Y4 076 
7Z4 0 80 
9B1'6 0 75 
91)7 0 85 
I0C2 0 65 
101)1 0 70 
IuDE7 075 
IOFI 0 75 
10F9 0 66 
1uF18 055 
101,14 0 45 
101,1111 70 
1nL1)12 40 
10PL12 38 
1uP13 0 75 
10P14 2-00 
1uP18 0 42 
í'2A6 1 00 
12AC6 0 70 
I2AD6 0-85 
12AE11 056 
12AT6 0 40 
]2AT7 034 
12A1"8 0 45 
12AU7 033 

I2AX7 0-88 
12AY7 0-80 
12BA0 0-45 
1211E6 0-50 
12BH7 050 
12E1 8-00 
122507 -83 
12J7GT 50 
12K5 1 00 
I2K7(:T -50 
12Q7(:T 45 
128A71:T 55 
128('7 0 50 
12807 0-40 
120117 0-35 
128.17 0 44 
120117 055 
12SS7GT 

080 
128Q70T 

0-86 
128R7 075 
14H7 055 
1487 0 80 
18 100 
19AQ5 050 
198(:66 

1 00 
19Gfi 0 00 
19H1 2-00 
201)7 080 
20D4 200 
20F2 0 75 
201.1 1 10 
20P1 0 55 
20P3 0-80 
20P4 1 00 
20PS 130 
25A6G 0 60 
251.41 0'80 
231'5 0 80 
231'5(: 0-70 
2:5Z4G 0 40 
25Z5 0 80 
25Z61: 0-70 
28D7 1 00 
4nA5 065 
30411 0 40 
:401'15 0 80 
:wC'u 080 
301'18 0-20 
301':1 0-80 
auPLl 0 87 
:;oFl:! 0 87 
:fuFL12 90 
pi 11,13 45 
:411,14 78 
:n1L1 0 40 
3u1,15 0-76 
3uL17 0 70 

1.00 
30P12 0.80 
30P19/ 
30P4 0-75 
30PL1 0.86 
30PL13 -96 
30PL14 1 10 
30PL15 90 
35A3 0 66 
:,.;CS 075 
35D3 0-75 
:45LRGT 75 
351V 4 0 50 
:43Z3 0 75 
35Z4GT 70 
33Z3GT 76 
42 0 50 
5085 0 85 
50C3 0-60 
50C1)601 25 
50EH5 0 75 
.1nLfiGT 65 
72 050 

85A2 
P.iA3 
90A(: 
9nC(3 
90('V 
9nC1 
130112 
2 LiBG 
301 
302 
:4(1:4 

305 

9311 

1021 
o:13X 

0-53 
0-60 
0-60 
2.50 
2-40 
2 40 
0-75 
0-75 
0 50 
1-00 
1-00 
1'00 
1-00 
1-00 
030 
1-00 
850 
1-00 
1 00 

0 100 
6n67 1 00 
719:3 0,53 
7475 1-00 
9002 0-50 
9006 0-30 
A18:44 1-00 
A21:44 1 00 
A304 1,00 
AC2PEN 

1-00 
Al'2PE\DD 

1-00 
A('í: l'EX 

0 80 
AI' PEX(71 

1-00 
AC TH11-00 
AL60 1-00 

ATP4 0 50 
AZ1 0-25 
AZ3I 050 
AZ41 036 
B1,63 2.00 
CL33 1.60 
CV6 0-53 
CVfi3 0.75 
CV988 0-25 
CY1C 1-00 
1'Y:41 050 
D6:4 0-25 
DAC:42 0-60 
DAF98 0 50 
DC90 0.60 
1.104 100 
UF9l 0-30 
DF911 0-50 
111163 050 
1)11711 0.45 
1)H77 0-45 
DH81 0-75 
DK32 0-65 
DK 40 070 
UK92 0-70 
OK98 080 
1)L92 0-40 
UL94 0-70 
DL9fi 0-55 
DM70 080 
D3171 150 
1)11"4 :450 

1 00 
DY r 35 
1)1.,e! 035 
EBOCC 2-20 
Foot: 1-40 
EB:IF 1 30 
E88CC 0-75 
E92CC 0-60 
EIPUI'C 70 
F:lsot' 1-00 
lì 1 ,-+_C(' 1-25 
El 11. 053 
EA511 027 
EAT.; 100 
EAB('wl 

AC91 0 75 
ÁF42 0.75 
AF801 .75 
654 0.25 
891 0.20 
8041 0.75 
(tí'81 035 
8390 0.45 
8391 0.45 
81'80 5-39 
BF'83 0.43 
BF89 0-32 
ßL21 2.00 

EC53 1-00 
EC54 1-00 
EC86 0.70 
EC88 0.70 
EC92 0.46 
ECC32 1-50 
ECC33 1.60 
ECC35 0-95 
ECC40 1-00 
ECC81 0-34 
EGC82 0 33 
ECCP3 0 33 
F:(('64 035 
ECCn3 0-40 
ECC86 0-85 
ECC88 0.44 
ECCl89 -85 
ECC804 -80 
ECF80 0-45 
ECF82 0-46 
ECF86 0-75 
ECFB(N 

2.25 
ECH21 2.00 
ECH35 1 25 
ECH42 0-70 
ECIF81 033 
ECHe:: 0 44 
ECH84 0 44 
ECL80 0-55 
EC'LP2 034 
ECL83 0-70 
ECL84 0-60 
ECL8:1 0-60 
EC'L6 0 40 
EF22 1-50 
EF40 0'15 
LF41 0.70 
}F42 0.70 
EF73 1.50 
LF80 0 26 
F F'8:4 1.00 
}Fea 034 
F F86 0.46 
LF89 0.27 
11,91 037 
EF92 0 50 
PO4 030 
EF97 0 80 
LF98 0-80 
111185 030 
F F184 0-35 
Ffw)1 135 
F H9u 0-55 
FK701 035 
I. 1,32 050 
1.1,33 200 
F L:34 1 00 
F L33 2.50 
F L37 2.50 
LL4l 0-90 

E1,81 0.80 
EL83 0.56 
EL84 031 
E1.85 0-44 
EL86 038 
EL91 0-50 
EL360 1.20 
EL506 0.90 
ELLOS 135 
EM80 0.46 
EM81 0-65 
E]183 0.55 
E3184 040 
EM85 1-00 
E3187 0-70 
E131.11803 

200 
EY51 0-40 
EY81 0-40 
EV83 0-54 
I. V44 0-70 
EN -7 fi 0-33 
I.1 nn 0 40 
F:191 058 
EZ:a5 OP45 
E'7,40 050 
EZ41 0-55 
EZ80 0 28 
EZ81 0-29 
EZ90 0 40 
FC4 1-00 
F14¡500 

1-00 
F1-4 800 

1-00 
GYa01 070 
uZ30 0-45 
(:232 0.50 
(:73:4 1 25 
r:Z34 0-80 
(:Z37 1 00 
HAH380 60 
HL1aC0 50 
H L2:1 0-60 
H1:2aDD,75 
111,41 1-00 
H1,41DD 

2-00 
HL42DI) 

2-00 
H 5:409 1.50 
FI1'R2 1 00 
F11'H2A1 00 
11Vx 1 00 
KT2 0-75 
KT8 250 
KT41 1 00 
KT44 1.00 
KT6a 0-50 
KTOfi 2 50 
KT81 200 
KT 11'611-50 
KT71'421 50 
K'r11"631 00 
11,1r2 1-00 
31101,4 0 75 
MHLD6100 
MKT4 1.00 
MI'12 li 

1 00 
N308 1-00 

N339 1-10 
P61 0-60 
PABC80 38 
PC86 0.80 
PC88 0-80 
PC95 0-80 
PC97 0.38 
PC900 0-48 
PCC84 0-40 
PCC83 0-44 
PCC88 0.60 
PCC89 0-50 
PCC1890.67 
PCF80 0-40 
PCF82 0-40 
PCF84 0-69 
PCF86 0-60 
PCF87 0-80 
PCF800 .80 
PCF8o1 .50 
PCFBn2 .50 
PCFR05 .80 
PCFHnB 50 
PCFPUF 75 
PCH2O0 80 
PCL82 0.38 
PCL83 0-50 
PCL84 0-45 
PCLP6 0-47 
PCLP8 110 
PCL800 -95 
PCLRO1 85 
PCL805' 
PC1,85 0.56 
PEN4DD 

2-00 
PES45 080 
PEX43D1) 

080 
PEX46 050 
PES453 DU 

2-00 
PENA4100 
PIN 

2-00 
PFL2nn 0-70 
PL:4:4 0.50 
PL:01 0.60 
PL81 0-50 
PL81A 055 
PLe'^ 0-37 
PLBa 0-45 
PL84 0-40 
PL3n2 0.75 
PL504 500 

0.75 
PL505 1-46 
PL5n8 0.B0 
PL5n9 1-45 
F'L801 0-80 
PL8n2 0-95 
PNP4 0-65 
P133 2 50 

PN 80 0-40 
PY81 0-85 
PY82 0'86 
PY83 0-38 
PYR8 0-40 
PY:t01 0.75 
PY500 0-95 
PY500A -85 
PY800 0-40 
PY801 0-40 
PZ30 0-48 
QP2I 0-50 
(4Q V03/10 

1-76 
Q8751201-00 
Q895(10100 
Q8150/15 

1-50 
Q V0417 1-00 
R11 1-00 
816 1-75 
1117 0-88 
RIP 0-70 
R19 0-80 
820 058 
R52 0-45 
RK34 100 
SPI3C 0-83 
TH4B 100 
TH233 1-00 
TP2620 140 
TP22 1-00 
TP25 1.00 
1".A61'nn 40 
UAF.12 0 80 
l"04'41 0 60 
0- BC I 0 45 
l'RF'8n 0-40 
CRF89 0-40 
UBL21 0-77 
UC92 0-45 
FCCP4 0-75 
UCCP5 0.45 
CCF,n 070 
1'C'H21 2.00 
UCH42 0-75 
UCH,' 0-40 
UCLP2 038 
13'LPa 0-55 
UFV1 0-70 
UF42 0-70 
1F'en 0-35 
CFna 044 
Cr..: 100 
CF1 040 
1"1.41 0 75 
t'1,84 0 42 
UMno 0 44 
URIC 100 
UU5 100 
CI9 070 
UC12 0-29 
ÚY41 0.45 

l'Y42 0-45 Tramiel-ors 
L"185 035 end Ddoder 

1N1124A-58 
154744A 45 
154952 055 
25404 0 20 
2N966 0.58 
2N1756 0-55 
2N2147 0-94 
252297 0.25 
2N2369A 15 
2N2613 0-43 
253053 0-36 
2N3121 2.76 
2N3703 0 Si 
2N3709 0-22 
2N3866 1-10 
253988 0-95 
28323 0-56 
AA119 0-17 
AA120 0-17 
AA129 0-17 
AAZI:4 0-20 
ACIU7 0-17 
A('113 0-28 
AC114 0-44 
AC126 044 
AC127 019 
AC128 0-22 
AC132 0-22 
AC154 0-28 
AC356 0.22 
AC137 038 
AC165 038 
AClfifi 0 28 
ACI67 066 
At '160 0 92 
AC'169 038 
AC176 0 61 
.A4'177 031 
ACY17 028 
ACY18 022 
ACl'19 031 
.ACY20 0-20 
ACY21 0'21 
ACY22 047 
ACY28 0-20 
AD140 0-40 
AD149 055 
ADIfi1 0 50 
ADIOS 0-50 
AF'102 0-99 
AFlOfi 056 
AF114 028 
4F115 0-17 
A'II7 0'21 

U10 1 00 
1:12/14 1.00 
t'16 1-00 
U17 0.7`` 
L'18120 1 06 
U19 250 
U22 0 76 
U25 085 
U26 0-86 
U31 0 40 
U33 1-50 
1.735 1-50 
U37 1 75 
U45 1-00 
C47 0 86 
U49 0 88 
L'50 0-45 
U76 0 70 
1'78 0 40 
U81 080 
1'153 035 
1'191 0-75 
U192 0.36 
U193 040 
U231 0 80 
U2HI 090 
I.'282 0 55 
11291 0-50 
U301 0-65 
F::429 0-S0 
1'381 035 
t4n:t 0 75 
U4n4 0 55 
UBoI 0 85 
14020 0 60 
1"PI3C 0 60 
VP2:4 0-75 
VP41 0 75 
VR105 0-50 
VTr,lA 0 86 
1'T301 0 50 
VL'l11 080 
VL"120 1 00 
VU120A1-00 
VfI33 0 80 
1'76 0-46 
181M 100 
1'107 1-00 
1'729 1-00 
XE3 5-00 
XF1112 0 48 
XH1.5 048 
X41 100 
X81 1$6 
XIi3 126 
Xfi6 125 
XSG15 1.00 
2329 0 80 
2729 0-45 
7749 030 
7,759 5 00 

AF121 0-33 BYZ13 0-26 0A211 0.76 
AF124 0-28 BYZ16 1-93 0C19 138 
AF126 0-19 C012E 0C22 0.42 
AF126 0-20 0384H 022 0C23 0.42 
AF139 0-72 513Y114 26 0C24 0.42 
AF178 0-79 FSY41A -25 0C25 0-42 
AF180 0-53 OD4 0308 DC28 0-66 
AF186 0-81 0145 031 01229 0.69 
AF239 0-42 GD6 0-81 0(]36 0-47 
ASY27 0-47 GD8 0.22 0C38 0.47 
A8Y28 0-36 GD9 0-22 0041 0 55 
48Y29 0.55 GD11 0.22 0C42 0-69 
BA102 050 GD12 0-22 0C43 1-30 
BA115 0-15 GD14 0-96 0C44 0-11 
BA116 0-20 OD15 0-44 0C45 0-12 
BA129 0-14 OD18 0.22 0C46 017 
BA130 0-11 GET113 ßß 0066 1-24 
BA153 017 GET118 ß2 0(170 0.14 
BCY10 0-50 GET119 .27 OC71 0-12 
BCY12 0-55 GET573 -42 0072 0-12 
BCY33 0-22 GET687 -47 0074 0-26 
BCY34 0-25 GET8721-06 0075 012 
BCY38 0-25 GET873 -17 0076 0 17 
BCY39 0-28 0E7882 .55 0077 0 30 
BC107 0-14 0E7887 ß6 0078 0 17 
BC108 0-14 GET889 35 00781) 0 17 
BC109 0-14 GET890 -25 0079 0-44 
BC113 0-28 GET896 .26 0081 0-12 
BC115 0-17 GET897 -26 OC81D 0-12 Bin 16 0.28 GET898 -26 0082 0.12 
BC118 0 25 GEX13 0.20 0082D 012 
BCZ11 0-42 GEX33 0-25 0083 0.22 
BF134 0-28 GEX311 056 0084 0 2 
BF158 0 20 GEX45 0.36 0C123 0-25 
Fl 59 0 28 GEX35 0.88 0C139 0-25 

0F163 0-22 (:T3 0-28 UC140 1-06 
ßF173 0-42 Ml 0-17 0C169 0 25 
BF180 033 MATI00 -43 0 C172 039 
BF'181 0-44 MATInI -47 0C200 0 60 Fl 65 0-44 MAT 120 -43 OC201 0-42 
ß1,194 0-17 0A3 0-31 OC202 0-47 
BF1'50 0-25 OA9 014 OC203 033 
BFY51 0 21 OAIO 0-47 0C204 033 
131,1'32 0.22 0A47 011 0C205 0-47 
BTX34 400 0A70 0-17 OC812 0-44 

2-20 0A73 047 ORP12 0-58 
BY100 0 20 UA79 010 Sfi3íl 0.28 
BY101 0-17 0A81 040 8511036 0-55 
B1"103 0-20 0A86 0-09 ST1274 0 55 
131114 0 20 0A86 032 5X1;6 0 20 
RY126 047 0A90 014 014706 0.28 
B1-127 030 OA91 0.10 
ß1'Y2:4110 0A95 0-10 
BYZIn 0.28 OA200 010 
0Y7,11 0'28 OA201 011 
ßY212 0-28 0A210 0.63 

X230 028 
Y54:4 0 20 
Y728 020 
ZE12V70- 10 

MATCHED TRANSISTOR SETS 
LI'15 1.AC11: , A('154. A(' 57, AA120). 58P Per pack. 
l -íi'81 D and 2 -- 0('81. 47p. 
1 -01'44 and 2 -0045. 47P. 
1 -OC12B and 2- 0('02. 53p. Set of 3 -0083 72p, 
1 watt levers. 2.4v., 2 7v.. :iv., 36v., 43v., 4.7v 
5.1 v.. 130., 15 c., 16v., 16v., 20v., 24v., 30v.. 20p mob. 

All c.s'ds are moI e,) amt u1d0-t to the manufacturers' guarantee. Business hours Mon. -Fri. 
9.5.:411 p.m. l' 01,1 1.2 
Terms of h)) loess. lash or -he6 nc with order. Despatch charges:- Orders below 25 add 10p 
total to cove up to three items then each additional item :ip extra. Onlers between 45 and 610 
add 25p total 0nlers over c 10 post free. All or4ers cleared satin. day. Any parcel insured against 
damage io transit (or 3p ex ra per parcel. C oit Lion of ale available on request. Please enclose 
B.A.E. I r reply to any correspondence. Many others in stock too numerous to list. 

1v 
2.4v 
6.3v 
6.3v 
9v 
9v 
12v 
12v 
6.5v- 0-4.5v 
18v 
20v 
24v 
24v 

6-0-6v 
8-0-8v 
18-0-18v 
25v 
50v 2 amp & 6.3v 1 amp 
60v 5 amp & 5v 1 amp 
27v 8 amp 
30v 37 amp 
80v tapped 75v & 70v 4 amp 
230v -60mA & 6.3v 1.5 amps 
275-0-275v at 90mA & 6.4v 3 amps 
Charger Trensfomisrs 
8v and 12v 2 amps 
6v and 12v 3 amps 
6v and 12v 5 amps 
EHT Transformer 500v at 23mA (intermittent) 

-T NUMICATOR TUBES 
For digital instruments, counters. timers. 
clocks. etc. Hi -vac XN.3. Price 99p each. 
10 for £9. 

OIL PUMP 
Driven by Redmond Motor of approx. 1 /20th horse power. 
pump originally intended for oil -fired boilers etc. with 
normal inlet and outlet pipes and unions. £2.15 plus 30p 
post and insurance. 
LIGHT DIMMER KIT 
For dimming up to 250w without heat sink or 750w 
with heat sink. This comprises quadrat variable control 
potentiometer- condenser. resistors, tag strip for mounting 
and data. Price £1.50. 
RELAY BARGAIN 
Type 600 relay. 2 changeover one open and one closed 
contact. Twin 500 ohm coils make this suitable for 
closing off DC 6v. DC 12v. DC 24v or AC mains using 
resistor and rectifier. 33p each. 
AM /FM TUNER 
Unit made by the American GEC company, 8 transistor, 
all -wired reedy to work. Complete with tuner condenser. 
needs only scale and pointer. Tunes AM range 540 to 
1620 KHz. FM range 88 to 108 MHz. Switches for on -off 
and AFC. Output for MXP or direct. Special snip price £5 
plus 30p post. Three or more post free. 
7 WATT STEREO AMPLIFIER 
Again by the American GEC company. This has exception- 
ally good tone quality. Is complete with pre -amp and 
treble base, volume and balance controls. Also has mains 
smoothing circuit and rectifiers so requires only mains 
transformer. Output for 15 ohm speakers. Inputs for tuner. 
pick -up, mike, etc. 
Special snip price £6 plus 30p post. Three or more 
post free. 

MAINS TRANSFORMERS 
All standard to 230. -.250 volt primaries 

1 amp (special) 
5 amp 
2 amp 
3 amp 
lamp 
3.5 amp 
500mA 
lamp 
lamp 
1 amp 
#amp 
lamp 
3 amp 
50mA 
50mA } amp 
2 amps 
11 amp 

£ 
.75 1p 
85 

1.00 
1.50 

95 
1.95 
1.00 
1.00 
1.35 
1.25 
1.00 
1.50 
3.50 
1.20 
1.20 
1.25 
3.50 
1.95 
5.50 
7.50 
4.50 

22.00 
5.50 
1.75 
2.25 

1.25 
2.25 
3.50 
5.50 

HONEYWELL PROGRAMMER 
This is a drum type timing device. the drum being calibrated 
in equal divisions for switch setting purposes with trips which 
are infinitely adjustable for position. They are also arranged to 
allow 2 operations per switch per rotatior(. There are 15 
changeover micro switches each of 10 amp type operated by 
the trips, thus 15 circuits may be changed per revolution. 
Drive motor is mains operated 5 revs. per min. Some of the 
many uses of this timer are Machinery control. Boiler firing. 
Dispensing and Vending machines. Display lighting animated and signs. Signalling. etc. 
Price from makers probably over E20 each. Special snip price £8.50 plus 25p post and 
insurance. Don't miss this terrific bargain. 

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 E1.90 
13in X Oin E1.50 

THIS MONTH'S SNIP 
High compliance 8" round speakers suitable for 8-12 ohm outputs, these speakers 
have rubber mounted diaphragms and will handle up to 12.5 watts. Made originally for an 
expensive Decca hi -fi outfit, we offer at £3.95 each or £7.75 a pair plus 40p each postage. 

STEREO RADIO CABINET 
Long. Low and Modern. Teak veneered with sliding 
front and tapered legs. Speaker spaces each end. 
Size approx. 4ft tin X 13in x 15in. Probably cost 
over E20.00 to make. Our Price £8.10 each. 

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 OH 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 Sin X Sin X 2in deep. Price £4.35 as illustrated but less case. 

TAPE DECK 
In metal case with carrying handle. heavy fly wheel and capstan drive. 
Tape speed 31. Mains operated on metal platform with tape head and 
guide. Not new but in good order. Price £1.95 plus E1 post and 
insurance. 

TANGENTIAL HEATER UNIT 
This heater unit is the very latest type. most efficient and quiet 
running. Is as fitted in Hoover and blower heaters costing £15 and 
more. We have a few only. Comprises motor. impeller, with thermal 
safety cut -out. Can be fitted into any metal line case or cabinet. Only 
needs control switch. 2kW Model £2.75. Don't miss this. Control 
Switch 44p plus VAT. P. &P. 40p. 

TERMS. ADD 8% V:A.T. Send postage where quoted -other items, post free if order for 
these items is E6, otherwise add 3Op. 

J. BULL (ELECTRICAL) LTD. 
(Dept. W.W.) 

102/3, TAMWORTH ROAD, CROYDON CRO 1XX 

NEW ITEMS THIS MONTH 
Touch Switch. This switch suitable for up to 
10 amps mains voltage. Stands up approximately 
-} rather like a joy stick and no matter which 
direction it is pushed, it makes contact. Base 
size approximately 21" X 2 ". Price 25p each. 
Light Switch. Automatically switches on lights 
at dusk and off at dawn. Can also be used 
where light and dark is a convenient way to 
stop and start an operation. Requires only a 
pair of wires to the normal switch. In bakelite 
box normal switch plate size. 1 amp model£2.95. 
Luminous rocker switch, suitable for 13 amps 
at mains voltage, these are illuminated with 
neon through amber panel, snap -in fixing into 
hole size 1 " X 11' Special bargain, 22p each. 
Chrome plated metal legs, heavy duty, really 
good quality, made originally for an expensive 
Decca outfit, height 12 ", £1.50 per set of 4 
plus post 30p. 
Motor with fan blade -if you want something 
to cool a cabinet or if you are making a cooker 
hood or a blower heater, this may be the 
answer. 1" stack induction motor with a set 
of Smith's fan blades, approx. 5" diameter 
£1.50 + 30p Pont. 
Microswitch n-Honeywell, brand new 
10 amp 250v gold on silver contacts, standard 
fixingg, normal operation. Price 1 each. 
Coolkeg fins -heavy duty for O6 type semi- 
conductors. extruded aluminium. size 4}" X 
3 ". Price 50p each. 
Full wave rectifiers 4 X 153208 which we 
understand are rated at 25 amps mounted on 
cooling fins, these were intended for computers 
but were never installed. Price £3 each. 
Insulated terminals. These are the popular 
type which will take a wire under the head or 
a 4mm plug in the top. fully insulated for 
mounting with metal panels. available in several 
popular colours-price 12p each. 

Switch. Depending on the amount of 
voltage applied. so this switch will delay making 
the circuit (of up to 15 amps at normal mains 
voltage) for up to 10 seconds, delay may be 
fixed or made variable with a suitable poten- 
tiometer. These can also be used as thermal 
relays, as suitably connected a low current 
relay can switch up to 100 amps or more - 
these are glass tubes plug in 4 pin base -with 
base 750 each. 
Smiths central heating controller 10 push 
button gives 10 variations as follows: (1) Con- 
tinuous hot water and continuous central 
heating. (21 Continuous hot water but central 
heating off at night. (3) Continuous hot water 
but central heating on only for 2 periods during 
the day. (41 Hot water and central heating both 
on but day -time only. (5) Hot water all day but 
central heating only for 2 periods during the 
day. (61 Hot water and central heating on for 
2 periods during the day -time only -then for 
summer time use with central heating off. 
(7) Hot water continuous. (8) Hot water day- 
time only. (9) Hot water twice daily. (101 
Everything off. A handsome looking unit with 
24 -hour movement and the switches and other 
parts necessary to select the desired programme 
of heating. Supplied complete with wiring 
diagram. Originally sold. we believe. at over 
£15 -we offer these. while stocks last, at 
£5.95 each. post 30p. 
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ips 

(ELECTRONICS) LTD. 

9 & 10 CHAPEL ST., LONDON, N.W. I 
01 -723 7851 01 -262 5125 

ADJACENT TO EDGWARE ROAD MET. LINE STATION 

GARDNERS C CORE 
L.T. TRANSFORMERS 

Table top connections. Primaries 200- 
220 -240v. No.1 Size 2.65-0-2.65v 42 amps. 
£4.50, P.P. 70p. No. 22.5v 10 amps and 
2.5v 5 amps twice. £3.50, P.P. 60p. No. 3 

24v 3 amps. £3000, P.P. 40p. No. 4 25 -0- 
25v 154 MIA and 7v 1.35 amps. £1.75, 
P.P. 25p. No. 5 36v 350 MIA .£1 N, P.P. 
25p. No. 6 73v tapped at 68v 0.6 amp and 
6v 1 amp. Olt P.P. 35p. No. 7 42v 1 

amp. 75p, P.P. 25p. 

SPECIAL 
Omron 
AC 2 
type. 12v 
plug -in 
MK2P 
tacts. 
MK3 240 
fixing. 
30p. 
Keyswitch 
contacts. 
AC 1 

KMK3 

OFFER OF RELAYS 

CO 
con: 
contacts. 

Plug-in type. 230v 
O contacte. 75p. MK3P plug-in 

DC 3 CO contacts. 75p MK2P 
type. 12v DC 2 CO contacts. Np. 

plug -in type. 24v DC 2 CO con - 
fSp. MK3 12e DC 3 CO contacts. 

AC 3 CO contacts. Single hole 
Np. Postage: 1-3 relays, 20p; 4-6, 

relays: KMK3 230v AC 3 CO 
S hole fixing, lip. KMK1 230e 

CO contact. S hole fixing, 45p. 
12v AC 3 CO contacts. S hole 
Sep. Diamond H relay 230v AC 3 

S hole flying, Np. Post- 
relays, 20p; 4-6, 30p. 

VAT 

PLEASE ADD 8% 

TO ALL ORDERS 
us. INC.CARR. 

AC 
GEARED 
MOTORS % /// 
By famous 
makers 240v ! 7 
induction 
type. coot 
rating 
42 RPM 
£3 75 carr. 
size Overall 
size 7ins. 
Dia 3 ¡ins. © 
Length of 
spindle2} 
ins. 

CURRENT RANGE OF NEW L.T. TRANSFORMERS 
FULLY SHROUDED TERMINAL BLOCK CONNECTIONS 

ALL PRIMARIES 220/241v 
Type Sec. Taps Amps Price Postage 
IA 25- 33-40 -50v 15 £1200 75p 
18 25 -330 -505 10 £12N 75p 

7 1C 25. 33.40 -50v 6 £.50 60p 
1D 25-33-40-50v 3 £750 60p 
2A 1 -16 -2 -32v 12 £10.00 75p 
28 4- 16- 24 -32v 8 £4N 60p 
2C 4- 16- 24 -32v 4 E4'95 45p 
2D 4 -18- 24-325 2 £350 40p 
3A 24- 30-36v 10 £1-N 6Cp 
38 24- 30-36v 5 £7.50 509 
3C 24- 30-36v 2 £3.50 40p 
4A 12- 20-24v 20 £12.00 75p 
48 12- 20-24e 10 £7.50 60p 
4C 12- 20-24v 5 £495 40p p 

58 3- 12.185 10 £695 bop 
5C 3- 12 -18v 5 £4.50 40p 
6A 48- 56-80v 2 £450 40p 
68 48- 56-60v 1 £330 40p 
7A 6 -125 20 £700 60p 
78 6 -12v 10 £4.50 40p 
8A 8-135 5 £3 50 40p 
8A 12 -24v tl £2 00 3 

9A 12 -215 1 £250 30p 
10A 9 -15v 2 £2.50 30p 
11A 8 -0-8v 2 E2 50 30p 

PLEASE ADD 1% V.A.T. 

.. 

GRESHAM MULTI 
TAPPED L.T. TRANSFORMERS 
Pri. 110- 220 -240v. Sec. 21- 22- 23c27 -28- 
305 toe and 23 -24 -265 25a. Twi- e and 
15- 16-18v Sa Twice and 25 -0-25v 50 mla 
three times. C. core type. Table top 
connections Ele-N, carr. £1.00. 

fixing, 
CO contacts. 
age: 1 -3 

ROBINSON RELAYS. T 
Two 

240v. AC 
RELAYS. Two 5 amp 
change over contacts, g 
single hole flying. Size 
2 1x1 }X1} ins. Np. P.P. 
10p. 

PARMEKO L.T. TRANSFORMERS 
Open types. Pri. 110- 220 -240v. Sec. 30v 
5.5 amps and 12v 22 amps. Table top 
connections. £4'05, P.P. 75p. Pri. 240v, 
Sec. 26v 10 amps and 12v 0.1 amp. Table 
top connections. £S.N, P.P. 75p. Potted 
types. Pol. 115 -230v, Sec. 24.30 -32v 2 
amps. E2.75. P.P.35p. Pri.220 -2405, Sec. 
50v 0.4 amp. E1í0, P.P. 35p. Pri. 115- 
230v Sec. tapped 40-45 50v 5 amps. 4830. 
Carr. 75p. 

RELAY CONTROL CO. American 
Miniature relays 6v. DC. 1 CO contact. 
Size 1; x 1 x- ins. 35p, post. 5p. 

AIR CONTROL LTD 
AIR BLOWERS 50-60v D.C. HP. 

orator 
Outlet 

Ina. Cowling 5 ins. 
dia. Outlet 1 }x1} ins. E251 Carr. 45p. 

MINIATURE RELAYS, 
280 12-15v DC 4 CO, Np. 43052 15 -245 
DC 2 CO, 50p. 125032 4 CO 24 -30v DC, 
50p. 25000 35 -45v DC, 50p. 50000 40 -60v 
OC 2 CO, 50p. Postage 5p each. SWITC( SEQUENTIAL MICRO 

SWITCHES 
2 pole CO 15A con - 

tacts. 2nd pole 
actuates after lst 
pole. Leaf roller 
action Np, post 5p. 

3000 type, 
G.P.O. RELAYS 
10DS3 ti 25 amp. make contact 
+13052 1 normal CO Op. 

18, 1 CO normal contacts Np. 
all relays 10p. 

H relays type BR115AIT -3C. 
DC. Sealed type. 75p, P.P. 10p. 

- 

C.E.C. Open frame. Terminal Block 
Connections Primaries 220 -2405. No. 1 

Sec. Tapped 51 -61 65- 67 -69v. 10a. 
£4N, carr. £1.00. No. 2. Sec 58 
63- 69 -74v 3a. and 6v 3a. 23.75, P.P. 50p. 

Np. 2000 
7553 3M. 
post on 
Diamond 
150024v 

REDCLIFF C CORE 
HEAVY DUTY 

LT. TRANSFORMERS 
Pri. 200 -220 -24Ov Sec. 25v 30 amps twice. 

£15.00, carr. £2.00. 

HEAVY DUTY UNSHROUDED TYPES 9 INCH FLYING 
LEADS ALL PRIMARIES 240v. 
Type No Sec. Volt Tap. Amps. Price Carr. 
1 24 -30-36 .. .. .. 20 £1415 £1.00 
2 12 -20-24 .. .. .. 30 £1415 £180 
3 3 -12 -18 .. .. 30 £1495 £1.00 
4 6 -12 .. .. 50 £14 95 £1.00 

Dorman 
type M3. 

Loadmaster SP circuit breakers 
AC 240 -440v 20 amps. Overall 

ins. E1ß5, P.P. 20p. 

GARDNERS L.T. TRANSFORMERS 
Pri. 110- 220 -240v Sec. 30v 1 amp and 705 
1 amp. Enclosed type. E4N, P.P. 75p. 
Pri. 110 -220 -2405 Sec. 12v 6 amps and 
15.6v 1.5 amps. £375, P.P. 75p. Pri. 220- 
240v, Sec. 63v 1.5 amps, 20-22 -24v 0.8 
amp and 6.3v 1 amp. P E2N, P.P. 75p. Pri. 
220 -240v, Sec. 15v 2.5 amps and 13v 6 
amps. £3.50, P.P. 75p. All types open 
construction table top connections. 

size 3x2x1 

ITT LEVER SWITCHES 

overall size 
4 

ins. 
contacts, 

goldal l sihe fixa is ins. White lever 
flash 

paid. 
Np. Three for 

£150, post paid. 

HEAVY DUTY HT CHOKES 
Parmeko type. 9 250. MIA 5 KV 
ends £type carr. £mp. Gardners 
enclosed Gd typer 1 H 1 amp. carr. 
£1.00. Gardner Ccore type. 10H350 M/A 
£SN, carr. 75p. 

TRANSFORMERS FOR LINSLEY HOOD AMPLIFIERS 
Fully Full shrouded, terminal block connections. Pri. 220 -240v. Screen 
tap. Sec. 30- 25 -0 -25 -305.. 2 amps. £175, carr. 40p. Heavy duty type 
36- 25- 0- 25 -36v. 5 amps. £475, carr. 50p. PLESSEY 

Type 
Gold flash 
Three 

MINIATURE MICRO 
SWITCHES 

LIC 7134. One CO one break. 
contacts, Size : x; x =, 

for 50p, post paid. 

CONSTANT VOLTAGE 
TRANSFORMERS 

Input 240v + 20% - 10% Output 240v } Or- 0.5% 30 watts enclosed in metal 
case, 51 x4x4 ins £240, P.P. 50p. 

STEP DOWN 2101110e AUTO TRANSFORMERS 
3000 watts. Built into steel case with two American 2 pin grounded 
socket outlets. Carry handle. 6 ft. mains lead. Ete.5; Carr. £2. 
Without case and fittings £2200, carr. £1.50. 
Other Types Available. 80 -1500 watts, fully shrouded, with 
American socket outlet and 6 ft. mains lead. Let us know your 
requirements. Lists available. 

H.T. TRANSFORMERS BY 
FAMOUS MAKERS 

No. 1 Pri. 110- 210 -230 -250v Sec. 230v 
200 MIA and 6.3v 7A. potted type E3.N, 

SANGAMO SYNCHRONOUS 
A.C. 240v MOTOR TYPE 7 

4 rev. per hour. Size tt plus } spindle. 
1 } inch dia. £1 25, P.P. 25p. 

LEMARK L.T. TRANSFORMERS 
Pri. 240v. Sec. 40v. 6a. 5-0-5v 2e. 5-0-5v. 
,a. Open frame design. 24.51, carr. 75p. 
Pri. 240v. 16 -0-16v. 2.5a. 24v. 630 mla 
twice. 24v. 65 mla and 115v. 2a. auto tap 
on primary. Open trame table top con- 
nections £311, carr. 50p. Pri.240v. Sec. 

bove0transformers rr he e a screen wi wind- 
Pr!. 220 -240v. Sec. 56v. CT. 10a. 

Shrouded terminal block connections. 
Ef 51, carr. 75p. 

HOWELLS "C" CORE TRANSFORMERS 
Pri. 200- 220 -240v. screen. Sec. 70-0-70v. 10 amp. table top con- P 
nections, size 7x7x7 inches, E15110, carr. £200. Pri. 220 -240v 
Sec. 18-0- 185123 amps conservatively rated. Table top connections 
£11.11, carr. £200. 

p y 

P.P. 50p 

No. 2 Pri. 11Ov- 220 -240v Sec. 250v 
80 MIA. 15v 12A 6.3v 4.SA. Open 
type Ole, P.P. 35p. 
No. 3 Pri. 220 -240v Sec. 250- 0 -250v 
75 MIA 6.3v 3A 21'75, P.P. 35p. 
No. 4 Pri. 200- 220 -240v Sec. 400 -375- 

GENTS ALARM BELLS e 
6 volt DC 6 inch dia. Gong. Overall 
size 4} x 6 x 6 inches. £3 50. P.P. 50P. 

MOVING COIL DC METERS 
0-8v DC.3 in. scuare, 21 in. panel hole. 
21ßS. P.P. 25p. 
0.100 MIA DC. 3¡ in. round. 2} in. panel 
hole. £1.55, P.P. 25p. 
0 -500 UA DC. 21 in. square. 2 in. panel 
hole. £1.75, P.P. 25p. 

PARMEKO ISOLATION STEP DOWN TRANSFORMERS 
Pri. 200 -220 -240v Sec. 90- 100 -110 -120v 75 amps conservatively 
rated. Size 8x8x8 inches. Enclosed type. Table top connections. 
£10.50, carr. £2 -00. 

350-0-350-375400v 150 MIA 6.4v 7A 
twice 6.4v 3A. 6.4e 2A 6-4e lA 6.4v 
03A potted type LO.N, carr. 75p. 
No. 5 Pri. 110 -220 -240v Sec. 70v lA 
and 30v to potted type £375, P.P. 
75p. 
No. 6 Pri. 220 -240v Sec. 1875e 60 MIA 

PARMEKO High Voltage Trans - 
formers. Pri. 220 -250v. in 10v. steps. 
Sec. 1320-0- 1320v. 250 mla. 1.01 kv pk 
wkg. Open frame type. Terminal 
block connections. New in maker's 
carton. £12.011, carr. £1.00. 

PARMEKO ISOLATION 1 -I TRANSFORMERS 
Pri. 190-260v in tOv steps. Sec. 2405 10 amp conservatively rated. 
Size 12 x 10x 8 inches. Enclosed type. Table top connections. 
£29 50, carr. £3 -00. 

and 500 31 MIA potted type £475, 
P.P. 75p. 
No. 7 Pri. 220 -240v Sec. 630.E-630v 
105 MIA. 5v 4A 5v 2A E4 511, P.P. 759. 
No. 8 Pri. 220 -240v Sec. 1405 195 MIA 
6.30 CT 1.25A. 50v potted type lA 
£3.511, P.P. 50p. 
No. 9 Pri. 220 -2405 Sec. 3855 175 MIA 
and 218v 175 MIA potted type 2330, 
P.P. sop. 
No. 10 Pri. 220 -240v Sec. 480-0-480v 
150 MIA 6 -3v 2.8A. 6.3v 1ßA twice 
open type £400, P.P. 75p. 

ACI AC 245V CONTACTORS 
Type LS- 01.44.4 make, 4 break contacts, 
20 amps. £1.00, P.P. 20p. Type LSO -L11- 
02. 2 make, 2 break contacts, 20 amps. 
E1ß5 ,P.P.20pTypeLS6- L11-01,3meke, 
1 break contacts. £1.25, P.P. 20p. 

pARMEKO HT TRANSFORMERS 
POTTED TYPE 

Pri. 200- 220 -240v SCR. Sec. 250- 0-250v 
240 MIA 6.3v 10A. £450, P.P. 75p. Pri. 
115 -230v SCR. Sec. 350-0-350v 200 MIA. 
6.3v 5A. 5v 3A. Potted type. 2451, P.P. 
75p. 

DRAKE ISOLATION 2401110v TRANSFORMERS 
Pr.. Tapped 10 -0- 200 -220 -240 Sec. 1105 400 watts. Shrouded. Eó50 
carr. 75p. 
Pri. 200- 220 -240v Sec. 110v 50 watts unshrouded. Table top con- 
nections E225 P.P. 40p. 

BENSON SOLENOIDS 
AC 240v 25% duty. Approx 2 ins. } In. 
pull. Size 2 01 x lins. Res. 35052 TSp 
P.P. 1 Cp. 

3 PHASE TRANSFORMERS 
Pr:. 380440v. Star Sec. Tapped 6.1- 6.7 -7.3v, 28 amps delta. E12 50. 
Carr. £2.00. Pri. 105 -110.115 -120 -200- 220 -230- 240 -250 Star Sec. 12v, 
58 amps Delta, C core. £25'N. Carr. £300. 3 Phase Isolation Trans- 
former Pri. 415v. Sec. 415v, 2KVA F.25011. Carr. £3.00. Pri. 415 ± 3% 
Star Sec. 13.1v 150a, Star. E35'110. Carr. £5.00. 

GRESHAM. Type 1 16.3v. la. twice 
10v. la. twice. 22.5- 25 -28v. 5a. 26v. 
2.5a. 23v. fa,. 6 3v. 2a. 145-0-145v. 
200 mla 'C' core £41S, carr 75p. Type 
2 38v. 4e. 20v. 4a. 40v. 7a. 29v. 2a. 30v. 
2.6a. 26v. 3.8a. 51v. 200 mla. All separ- 
ate windings. 'C' core L030, carr. £1. 
Type 3 25v. 2a. twice, 16v. 4a. twice. 
25v. Sa. 31v. la., all separate windings. 
open frame table top connection. 
£031, carr. £1.00. 

H.T. SMOOTHING CHOKES 
GARDNER 'C' core types. 10H 250 
MIA E2 N. post. 40p. 20H 180 MIA 
£2 00, post. 40p. 12H 100 MIA 85p, post. 
25p. 50H 25 MIA {Sp, post. 25p. PAR - 
MEKO Potted types, 10H 180 MIA £2 00, 
post. 40p. 5ßH 350 MIA £2.50, post. 
50p. 10H 300 MIA 2250, post 50p. 5H 
100 MIA 75p, post. 25p. 151-1 75 MIA 
75p, post 25p. 50H 25 MIA 75p, 25p, 

M 

OIL -FILLED BLOCK 
CAPACITORS 

D DCV WKG PRICE 
2500 L3 -00 

800 75p 
600 Np 
350 40p 
750 40p 
600 Sap 

2000 £1 00 
1000 Np 

HEAVY DUTY HIGH INSULATION TRANSFORMER 
Pri. 230-240v. Sec. 10v 160 amp SOKV WKG. £25 00. Carr. £5 00. P 

ADVANCED COMPONENTS 
CONSTANT VOLTAGE TRANSFORMERS 

Pri. 240v Sec. 28v 10 amps. £731. Carr. £2 -00. 

600 40p 
350 30p 
600 Zap 
200 top 

Add 5p each 1-4 MFD. 

1 

AMOS "C" CORE CHOKES 
10 MIH 25 amps., E175, carr. £1,00. 

L.T. SMOOTHING CHOKES 
C core types 140 MIH 5A £3 -110, P.P. 
75p. 10 MIH 25A E475, carr. L1.00. 
15 MIH 3 8 2175, P.P. 35p. 'otter 
types 4 -6 MIH 11A E3.00, P.P. 50p. 
100 MIH 2A £2.50, P.P. 50p. 130 M/H 
1 15A E1 N, P.P. 25p. Open type 
150 M/H 3A £TN, P.P. 50p. 50 M/H 
2A £130, P.P. 35p. 20 MIH IA E1 N, 
P.P. 25p. 48 MIH 10A £250, P.P. 
40p. Swinging types. C core. 7.5 MIH 
6A -75 MIH OSA £375, P.P. Sop. 
10 MIH 4A -100 MIH 0.5A open type 
£2.50, P.P. 25p. 50 MIH 5A -100 MIN 
0 5A C core £225, P.P. 35p. 

P.P. 

Plessey 
70 °C. 
TCC 
1000 MFD 

top each 6-8 MFD. 
25p each 8 MFD 2500v. 
2t2í2 MFD 1500v. WKG 

TSp, P.P. 10p. 
block electrolytic capacitors 

100v DC WKG 50p, P.P. 15p. 

AM 

AUTO TRANSFORMERS 
Partridge. Tapped 0- 220 -230 -240 -250v 
500 watts unshrouded table top con - 
nections £2.51, carr. 40p. Lemerk 
tapped 0- 240 115v 500 watts unshrouded 
tableau connections ES.N, carr. Bop. 
300 watts 2351, carr. 50p. 

tae 

GRESHAM EHT TRANSFORMERS 
Suitable for scope replacements. 
Pri. 240v., Sec. 2300v 10 MIA. 300 -0 -303v 50 MIA, 6 3v 4A. 6 3v 1.5A. 
Table top connections. Size 5x3} x31 ins. £3 75. P.P. 45p. 

r 

GARDNERS C CORE HT TRANSFORMERS 
Pri. 110-220-230v. Sec. 250-0-2505. 60 MIA 2 8-0-2 85 28 amps. 24v 
3 amps. 6 3v 3 amps. 5v 2 amps. £475. P.P. 65p. 

MOTOR 

4 MFD 
25 MFD 
All at 
22 MFD 
post paid. 
electrolytics 

START CAPACITORS 
TUBULAR TYPES 
2505 AC. 26 MFD SOOv DC. 

360v -AC. 22 MFD 250v AC. 
Sep, P.P. 10p. Eire Miniature 

400v Size ll X1x } inches. 25p 
TCC 8 MFD 800v DC WKG 

TSp. P.P. 15p. 

12 volt 2 amp TRANSFORMER 
enclosed in metal case. Size 5x /;x3 
ns with fitted input and output tuses. 

On/ofmamchleOdt 
Output sockets and 4 ft. 

359. HEAVY DUTY 
ISOLATION TRANSFORMER 

PARMEKO Admiralty Pattern. Pr:. 230v. Sec. 2305. C. T. 20 amps. 
Very conservatively rated. Test to earth 2000 v. Size 17x14x16ins. 
Weight 320 lbs. £00 plus carriage. WODEN LT TRANSFORMERS 

Pr,. 200- 220 -240e SCR. Sec. 18 -0 -18v 
12 5 amps 'C' core. Table top con- 
nections. Conservatively rated. 
Fraction of maker's price. Et 50, carr. 
£l 50. 

DRAKE L.T. TRANSFORMERS 
Pri. 240v. E.S. Sec. 26v. 10A and 
12v. 0.1A, open frame, table top con- 
nections, LOW, carr. 50p. Pri. 200 - 
220-240v.. Sec. 1, 37v. 6A, Sec. 2, 37v. 
2A, 21v. 11A, open frame table pot 
connections, £050, carr. £1. 

Dubilier 0.05 MFD 10,000v DC WKG 
70 DEG C. £3.00, P.P. 50p. 10 MFD 750v 
DC WKG. 85p. P.P. 20p. AEI 12 MFD 
250v WKG AC. Np, P.P. 15p. TCC 
plastapack 2 MFD 350v DC WKG. 51p, 
P.P. 15p. 

RICH AND BUNDY. Pri. 220- 230 -240 -250v. Sec. 265- 270 -275v. 
1400 watts. Conservatively rated. Sae 8x8x7 ins. Terminal block 
connections. £1500, carr. £1.00. 
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SERVICE TRADING CO 
VARIABLE VOLTAGE TRANSFORMERS 

INPUT 230 v. A.C. 50/60 
OUTPUT VARIABLE 0/260 v. A.C. 
BRAND NEW. All types. 

200W (1 Amp) £900 
0.5 KVA (Max. 2 Amp) ... £10.00 
1 KVA (Max. 5 Amp) .... £1470 
2 KVA (Max. 10 Amp) ... £28.10 
3 KVA (Max. 15 Amp) ... £31.25 
4 KVA (Max. 20 Amp) ... f72.50 

(Max. 37.5 Amp) . £102.50 
1 Amp OPEN TYPE 

(Panel Mounting) £9.00 

Carriage extra 

300 VA ISOLATING TRANSFORMER 
115/230 -230/230 volts. Screened. Primary two separate 0 -115 
volts fdr 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 cm. Width 11 cm. 
Height 13.5 cm. Weight 15 Ib. SPECIAL OFFER PRICE Only 
£5.00. Carr. 80p. 

VENNER TIME SWITCH 
TYPE MSQP 
2001250 Volt 2 -0N12 -OFF every 24 hours at any 
manually pre -set time. 20 amp contacts. Fitted 
die -cast case. Tested and in good condition 
£4 7S Post 25y. 

A.C. MAINS 
TIMER UNIT 
Based on an electric clock. with 25 amp. 
single -pole switch. which can be preset for 
any period up to 12 hrs. ahead to switch 
on for any length of time. from 10 mins. to 6 
hrs. then switch off. An additional 60 min. audible timer is also 
incorporated. Ideal for Tape Recorders. Lights, Electric Blankets. 
etc. Attractive satin copper finish. Size 135 mm X 130 mm X 
60 mm. Price Q 00. Post 20p. (Total inc. VAT & Post £2.38(. 

UNISELECTOR SWITCHES -NEW 
4 BANK 25 WAY FULL WIPER 25 ohm coil,24v. D.0 
operation E6.90. Post 30p. 
B BANK 25 WAY FULL WIPER 25 ohm 
coil, 24 v. D.C. E7.90. Post 30p. 
8 BANK 25 WAY FULL WIPER 
24 v. D.C. operation E9.50. Post 40p. ..... 

MINIATURE UNISELECTOR SWITCH 
2 Bank. 12 position, 24 volt D.C. 
operation. full wiper with ancillary 
contacts. NEW Price £2.80 Post 20p. 
As above but with 5 Bank, 12 position. 
Price f3.50 Post 20p. 

PROGRAMME TIMERS 230/240 Volt A.C. 15 RPM 
Motors. Each cam operates a c/o micro switch. Ideal for 
lighting effects. animated displays etc. Ex equipment tested. 
2 cam model £2.00 post 30p. 4 cam model £2.50 post 30p. 

VERY SPECIAL OFFER 
Miniature Roller Micro Switch. 5 amp. Tt%' 
c/o contacts. NEW. Price 10 for £1.50. 
Post 10p. (Min order 10.) , 
As above less roller/leaver 20 for £200. Post 10p. (Min. order 20.1 
Ditto. Press to make. 20 for £1.50 Post 10p. 
Ditto. Press to break. 20 for £1.50 Post 1 Op. 

'HONEYWELL' PUSH BUTTON, PANEL 
MOUNTING MICRO SWITCH 

ASSEMBLY 
Each bank comprises of a change -over 
rated at 10 amps 240 volt A.C. Black 
knob 1 In. die. Fixing hole f in. Prices: 

1 -bank 30p, 2 -bank 40p, 3 -bank 500. 
(Illustrated) inc. P. 6 P. Special quotes 
for quantities. 

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. 4 in. 
b.s.p inlet/outlet. Precisan made. British mfg. 
PRICE: £2.00. Post 25p. NEW original packing. 

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 
£2.50 Post 60p. 

230 -250 VOLTA.C. SOLENOID 
Similar in appearance to illustration. 
Approximately 11 lb. pull. Size of feet 11" X 

Price £1.00 Post 15p. 

24 VOLT DC SOLENOIDS 
UNIT containing: 1 heavy duty solenoid approx. 25 lb. pull 
at 1 In. travel. 2 solenoids of approx. 1 lb. pull at } In. travel. 
6 solenoids of approx. 4 oz. pull at } In. travel. Plus 1 24V D.C. 
1 heavy 

IN 
duty 1 make relay. Price: £2.50. Post 60p. ABSOLUTE BARGA. 

High Visibility 
Panel Mounting LEDs 
.25 inch mounting, .18 inch lens. Typical parameters 2 volt 
20 m.a. all types. Supplied complete with snap in mountings 

and data. Red 4 for E11110, Green 3 for £1.00, Yellow 3 for E1-0e. 
Post 10p. (Min. order t1-00.) 

LED READOUTS 
7 series l/h DP 4" high characters. 14 -pin D.C.L. 
Available ie red or green. £1.65, post 10p7 4 for 
£61x1 Host nard_ 

i 

POWER 
RHEOSTATS 

New ceramic construction, vitreous 
enamel embedded winding, heavy duty 

brush assembly, continuously rated. 
25 WATT 10, 25. 100, 150, 500, 1k ohm, £1.15 Post 10p. 
50 WATT 1, 5, 10, 25, 50. 100, 500 ohm 
£1.60. Post 10p. 
100 WATT 1 10/ 25 /50/100/250/500/1k/1.5k/2.5k/5k ohm 
£235. Post 15p. 
Black SiiverSkirted knob calibrated in Nos. 1 -9.14 
in. dia brass bush. Ideal for above Rheostats, 22p ea. 

STROBE! STROBE! STROBE! 
* FOUR EASY TO BUILD KITS USING XENON WHITE * 
.1- LIGHT FLASH TUBES SOLID STATE TIMING -I- 

TRIGGERING CIRCUITS, PROVISION FOR EX- * TERNAL TRIGGERING. 230 -250v. A.C. OPERATION. 

* Adjustable 1 to 30 Flash per sec. All electronic com- 
ponents 
Post Sop. 

Including Xenon Tube t instructions E8.30. * * * INDUSTRIAL KIT * * Ideally suitable for schools, laboratories etc. Roller * * tin printed circuit. Adjustable 1-80 f.p.s., approx. } * * output of Hy- Lyght. Price £1400. Post 50p. * 
* HY -UTE STROBE Mk IV 4# 

* Designed for use in large rooms, halls and utilizes a * * silica tube, printed circuit. Speed adjustable 1 -20 f.p.s. * * Light output greater than many (so called 4 Joule) 4, * strobes. Price £1400. Post 50p. 4t 

* 'SUPER' HY -LIGHT KIT 4r * Approx. 4 times the light output of our well proven 4` 
Hy -Lyght strobe. * Variable speed from 1 -13 flesh per sec. * Reactor control circuit producing an Intense white * T. * light. ONLY F22-00. Post 75p. 

* ATTRACTIVE, ROBUST, FULLY VENTILATED * 

EXPERIMENTERS "ECONOMY" KIT 

METAL CASE for the Super Hy -Lyght Kit Including * 
reflector. £8.00. Post 60p. * * FOR HY -LYGHT STROBE Incl. reflector, £5.75. * * Post 25p. * 

* * * * * * * * * * * * * * * * * * * * * * * * * * ** 
* COLOUR WHEEL PROJECTOR * 
* Complete with oil filled * * colour wheel. 100 watt lamp. !' +' * * 200/240V AC. Features ex- spy * 
* tremely efficient optical +dal`° * 
* system. £20.50. Post 50p. .. ,e.rr. `` * 
* I R.P.M. MOTOR and d 4, 1,i 
* COLOUR WHEEL ' * * 200/240 volt A.C. 1 r.p.m. motor. and wheel £5.50. * * Post 40p. (Motor not available separately.) * 8 INCH COLOUR WHEEL ONLY. Price £4.50. Post * * 30p. * 
* * * * * * * * * * ** * *** * * * * * * * * * ** 
* BIG BLACK LIGHT 

400 Watt. Mercury vapour ultra violet lamp. * Extremely compact and powerful source of u.y. * * Innumerable industrial applications also ideal for * 
souac, display. discos etc. P.F. ballast is essential * * with these bulbs. Price of matched ballast and bulb * * £18.00. Post £1. Spare bulb £7.00. Post 40p. * 

* * * * * * * * * * * * * * * * * * * * * * * * * * * ** * BLACK LIGHT FLUORESCENT U.V. TUBES * 4h. 40 watt. Price £5.50. (Callers only). 2h. 20 watt * * £4.25. Post 25p. (For use in Stan bi -pin fittings.) MINI * * 121n. 8 watt £100. Post 15p. Bin. 8 watt £1.30. Post * * 15p. Complete ballast unit and holders for either 9" or * * 12" tube. £1.70. Post25p. (9in. x 12in. measuresapprox.). * 
* * * * * * * * * * * * * * * * * * * * * * * * ** * 
* U.D.1. SINGLE CHANNEL. 750 watt* 
* MANUAL/AUTO DIMMER * * 750W Solid State Fader, with three functions. Manual * fade; Auto fade -up: Auto fade -down. Automatic * * cycling up and down. Functions selected with 'three * * position' rocker switch. Two ranges of cycling for * * 'Flashing' or 'Slow blending'. Ready built module 8" X 3" * * glass fibre board incorporating 10 amp TRIAC. Two or * * more modules for top quality colour blending and * * flashing effects. PRICE £1540 Post 30p. * 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
GENERAL ELECTRIC POWERGLAS TRIACS 
10 amp. Glass passivated plastic Triac. Latest device from 
U.S.A. Long term reliability. Type SC 146E 10 amp. 500PIV. 
£1.00. Post 5p. (Inclusive of 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 
work, constant speed clutch. Size L. 8 In., 
W. 4 In., H. 8 In., weight a Ib. 
500 VOLTS, 500 megohms E2P80. Poet 
600. 1,000 VOLTS, 1,000 megohms 
£34.00. Post 60p. 

All prices 
VATare 

°/g 

ect to 

(8p in the £) 

To all orders add 8% VAT to total 
value of goods including carriage/ 
packaging. 
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INSULATED TERMINALS 
Available in black. red, white. 
yellow. blue and green. New 12p 

RELAYS MINIATURE RELLAYS 
etc. 

I 2 3 4 1 2 3 4 

na 5-9 0 c/o Bop 700 16 -24 4 c/o Sep' 
150 4-9 2 c/o 70p 2500 36-45 8 M 60p 
185 8-12 6 M UV 2500 3143 2 c/o HO 609 
308 9 -14 4 c/o 750 9000 40-70 2 clo Op' 
410 12 -20 4do Bop* 15k 85 -110 6 M 600 
700 16 -24 4M2B 10p 
(1) Coll ohms; (2) Working d.c. volts; (3) Contacts; (4) 
Price HD =Heavy Duty. All Post Paid. (Including Base) 

OPEN TYPE RELAYS 
6 VOLT D.C. 1 make con. 35p. Post 10p. 
9 VOLT D.C. RELAY 
3 c/o 5 amp contacts. 70 ohm coil 75p. Post 10p. 
12 VOLT D.C. RELAY 
3 c/o 5 amp contacts 120 ohm coil 75p. Post 10p. 

24 VOLT D.C. 3 c/o 600 ohm coil 75p. Post 10p. 
2 HD c/o 700 ohm coil 75p. Post 10p. 
4 c/o 300 ohm coil 85p. Post 10p. 

100 VOLT A.C. 
2 c/o sealed type. octal base 75p. Post 10p. 

PLASTIC COVERED RELAYS 
24 VOLT D.C. 3 ltd. c/o contacts 95p. Post 10p. 

24 VOLT A.C. Mfg. by ITT. 2 h.d. c/o contacts. 55p. 
Post 10p. 3 h.d. c/o 65p. Post 10p. 

240 VOLT A.C. RELAY ITT 
240V. A.C. heavy duty c/o contacts. Octal plug in base. 
Price 75p. Post 10p. 

220/240 VOLT AC RELAY 
3 c/o 5 amp cont. Sealed. inc) 11 -pin base. £1.25. Post 10p. 

ARROW 230/240V AC 2 c/o 15 amp contacts. 
Amp connectors. £1.00 Post 10p. 

110 VOLT A.C. 2 c/o. 20 amp. £1.25 Post lop. 
CLARE -E LLIOTrType 

24 volt 7641 GB 
Post Paid. 

MANY OTHERS FROM STOCK, PHONE FOR DETAILS. 

BLOWER UNIT 
200 -240 Volt A.C. BLOWER UNIT 
Precision German built. Dynamically 
balanced, quiet, continuously rated, 
reversible motor. Consumption 80mA. 
Size 120mm. dia. x 80mm. deep. 
Price £3.00. Post 30o. 

PRECISION CENTRIFUGAL BLOWER 
Mfg. Airflow Developments Ltd.. Heavy Duty. 
continuously rated, smooth running. 230/240v 
A.C. motor. Size: 16 X 14 cm. (case only). 
OAL 15 cm. Aperture 6 X 6 cm. £6.50. 
Post 50p. 

230/240 VOLT A.C. EXTRACTOR FAN KIT 
Comprising of impeller, continuously rated motor. 
motor housing and fixings as illustrated. Price 
£1.75. Post 25p. (Total inc. VAT & Post M.18.) 

230V FAN ASSEMBLY 
Continuously rated removable aluminium 
blades. Price £1.00. Post 20p. 

230/240V SYNCHRONOUS GEARED MOTOR 

BODINE TYPE N.C.I. 
GEARED MOTOR 
(Type 1) 71 r.pm. torque 10 lb. in. 
Reversible 1/70th h.p. cycle -38 amp. 
(Type 21 28 r.p.m. torque 20 lb. in. 
Reversible 1/80th h.p. 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- 
plete with transformer for 230/240v A.C. Input. 
Price. either type £6.26 Post 50p. or less transformer £3.75 
Post 40p. 
These motors are ideal for rotating aerials. drawing curtains. 
display stands, vending machines. etc. etc. 

'FRACMO'240VOLTA.C. 
50 cycle SINGLE PHASE 
GEARED MOTOR 
33 r.p.m. 30 lb. ins. Reversible, fitted 
with mounting feet. Brand New. 
£1400 Post 60p. (Total price 
incl. VAT £l5.77) 

600 WATT DIMMER SWITCH 
Easily fitted. Fully guaranteed 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. £8-N Post 27p. 

'GENTS' 6" ALARM BELL 
200/250 volt AC /DC. Brand New. Price: 
£5.00 Post 60p. (Illustrated) 

'STC' 6" RED ALARM BELL 
Brand New. Price: £400 Post 50p. 24/48V DC. 

METERS NEW! 2-}in. FLUSH ROUND 
available as D.C. Amps 1. 5, 10. 15 or A.C. Amps 
1, 5, 10. 15. 20. Both types £200. Post 15p. 
VOLTMETER 0 -300V. A.C. £200. Post 15p. 

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.: O1 -437 0576 
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The big 
three from 
Wireless 
World 
WIRELESS WORLD 
ANNUAL 1975 
The first ever Wireless World Annual 
contains 140 pages of features covering all 
aspects of electronics and communications, 
including new and established techniques 
both practical and theoretical. Content 
includes constructional projects for a 

general purpose audio oscillator and a 
small boat echo sounder. There is a 
reference section packed with useful 
information. 

HIGH FIDELITY DESIGNS 
In response to demand for reprints of 
Wireless World constructional projects, 
we have collected fifteen of the most 
popular designs in one book. It covers tape, 
disc, radio, amplifiers, speakers and 
headphones. Where necessary, 
specifications have been updated to 
incorporate new components which 
have become available. 

HI -FI YEAR BOOK 1975 
This is the book that tells you everything 
you need to know about the hi -fi 
equipment on the market. Separate 
illustrated sections cover every major 
category, together giving prices and 
specifications of over 2,000 products. 
And it's got a directory of 
dealers /rnanufacturers - plus a host of 
articles on the latest hi -fi developments 
and their application. 

ALSO 
AVAILABLE 
AT LEADING 
BOOKSTALLS 

rTo : General Sales Department, Room 11, 
Dorset House, Stamford Street, London SE1 9LU 
Please send me books as indicated below (state number of copies of each) : 

Wireless World Annual 1975 ru £1.35 each incl. 
High Fidelity Designs (n £1.35 each incl. 
Hi -Fi Year Book 1975 br £2.00 each incl. 
I enclose remittance value £ 
(cheques payable to I PC Business Press Ltd.) 

Name 
(please print) 
Address 

ORDER FORM 

Regd. in England No. 677128 Regd. office Dorset House, Stamford Street, London SEI 9LU 
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lai laarediA4M0 
ADVANCE SQUARE 

WAVE GENERATOR 

SG21 

Frequency Range 9Kc /s to 100Mc /s, 

Rise time less than 1nSEx- Demon- 

stratio 
turer' 

PRECISION 
DIFFERENTIAL 
VOLTMETERS 

n. New condition in manufac- 

s original carton. 

i 

the Alphanumeric 
NIXIE tube has the ability to display all the letters of the alphabet. numerals 0 thru 9 and special characters in a single tube. 

le 

to 

é 

11her 

ADD 

8% 

VAT 

TOAD 
PRICES 

9KC/s to 100Mc/s continuously variable. 

Accuracy t 4 %, ± 1% F.S. 

MAIN OUTPUT 20mV -1V into 50 ohm external 

termination continuously variable. 

Accuracy ±5 %. V 

Maximum output on open 
. circuit 

t 

2 

2 V. 

RISE T1ME less than 1 nS up to 

TRIGGER OUTPUT 
to 50 ohm external ten 

m2natio maximum output on open more 4V. 

Rise time nominally 1.5n5. 

Fall time 
Sire 11 n 

nominally 
5} nH. 90 W 00. 

Wt 71 lb 

LAST LISTED PRICE E95 

OUR PRICE £35 PIP £1.50 

Also available SODA 

100Kc /s- 30Mcls 

J. oLLUKE 82o1Á 
absolute accuracy, 
Standard cell reference. Polarity Switch. Taut -band suspension meter. Infinite input resistance at null across 
entire range f 15 0 J. Fluke 8038 

(AC /DC) 
Marconi TF 
2606 (DC) f 150 Advance M500 
(AC /DC) 

f150 

f150 

From the standpoint of both readability 

ot 
r 1 

l 

characteristies.the 
Al hams N 

provides 
merit NlXlEtube provides marryunique benefits including 

* Uniform continuous 
l line characters ofegualheight * Memorywith simple solid statedrivecircuits * Readabdityin 

high ambient light... 200footlamberts brightness* 
tong lifewirh no loss of brightness * Character height 2) ins 

Price only 99p each plus 16p Bases for above 60p each DISCOUNT GIVEN FOR QUANTITY ORDER 
JUSTARRIVED 

! 1 NUMERIC INOICATOR TUBES 
ultra -long life, high quality. 0-9 and 2 200Vendent decimal pointts. Supply voltage D.C. Current 100ps. Characture height oat, overall 

size 1.4, Brand new. guaranteed. 
Surplus s' to 

manufacturers 
requirements. 

Type 85853sí. Price l-25 f1.00. 25+ 100 price on application. 100 } 80p. 

ESTER 68Oß 
SUPERT Volt 10 FIELDS 

THE REVOLUTIONARY SENSITIVITY 
20.00D owns per 

A.C. 

80 RANGES. ACCURACY 
1% in D.C. 2 % in 

FOUR INTERNATIONAL 
PATENTS - 

magnetic fields 

OF MEASUREMENT 
AND 
TURFS: against external mag 

and stability 
Fully screened ag 

32mm1 
Accuracy 

OUTSTANDING 

(1% 

Ohms per Volt sensitivity 
and ease of use and readability 

and small case dimensions 1128: 
Simplicity 

X 

Printed circuit board. Isi iman9ese 
. 

Scale width 
to Á.0 r of indicated reading 

meter. VOLTS A.C.---- 

in D.C.. 

de-soldering 

ries 1,000 ti than overload 

met 2000 Toles. VOLTS 
_. 

es than any other m and 

2-10-50-250-1000-2500. 

Full of accessories top -500 
200 2000 

Volts. 
VOLTS 

D.C. 
D 7 

More ranges 
mÁ-50 Amp and 100pA- 

Volts ands 100A-5 50 MA-500 25 mal -250 
10-50 -200- Á_500p 0-2.5 mal- 

6 ranges: xt -x1 0- 

13 ranges: t00mV -2V- AMP A.C. = 10ranges:250p 

2000 Volts AMP D Ç.=12 ranges: 50p 
2500 10 pep. Amp. OHMS REACTAP1Caohms. FREQUENCY= 

100 000-7 Amp and 
1 range: from 0 to 10 Meg85: 

10- 5REQUENCY0- 
mp -10 mal- 0_5 mÁ-50 rrOA -500 es: 

DETECTOR= 9 ranges: 
d1 50-25 -100 rang 

MA-2.5 Amp 
íacU r end Low Ohms. OHz. V.- OUTPUT VOLTA 24 to n 0 m 200. from 

x100- x1000- and 0 10 ranges: from from 0 to b, front 
Bold 

anges: 

ranges from 0 

and 

Vold. DECIBELS pF 
using the mains and Volts battery. 

2 rang 
0 500000 p 

using the incorporated 
3 

V and 20- 
700 -500 -2000 

from Micro farad 
from 0 to 50.000from 0 to 20,000 

to 2.000 and - UNIQUE 
0 

te depress button. 
indicate 

available to 
convert 
Supertester 680R 
into following: 
SIGNAL 
INJECTOR, 
GAUSS METER, 
ELECTRONIC 
VOLTMETER, 
AM PE RC LAM P, 

TRANSISTOR 
TESTER, 
TEMPERATURE 
PROBE, 
PHASE SEQUENCE 
INDICATOR - 
Send for details. 

TOP 
VALUE 

AC /DC 
MULTI - 

METER 

With taut band suspension 
movement. 

Sensitivity 20.000 ohms per volt on DC 

and 4 000 ohms per volt on AC 

5- 6-60 -600m A.3 Amps DC. 
Technical Data: 

6.1 2- 
0,06-0. 300mal 3 Amps A 

1200 Volts. 

3.12.30-60- 
3-330 Volts 

15001300.600 
-900 

A6 15 

AC. to 20.000 resistance. 
Decibel 

5-50 to 2dB Accuracy I of 

range - 

10 to measure. 

+2 5 and resistance leads. and 
Price 

monts £8.85 storage case 

UNI 
MULTI_ 
METER/ 

SIGNAL 

GENERATOR 

£18.50 
with 

shockproof 
case 

Taut 

suspension 
movement. 

Simple multineter 
combined 

with 
and current 

Oscillator providing 
AC and OC Voltage ranges 

oscillator 
nt ran end the instruments engeS, 

1kHza 
Hz 

oscillator 

of receivers ea to suitable 
and 

Scale length: 65mm. O.Ç voltage ranges: 
250, 500 1000V 

A .C. Colle a ran es 
j 000V. 

O.C. cunenl ran 
g 05' 25 10 5q Sensitivity; 

21/0000N. er 
Resistance tg' 

250' 500 scale reading 500500 flk: 
ran j0dk0; 

mid-scale 
0 lOk; mid -scale reed¡ 

5 -10000 mid reading SOkO. reading 5k0 
reading 

Acurary: 5% of F.S.0 Internal ba 

cine mid -scale 
Oscillator output 

1kBz 
nery_3Vd 

modulated s4uarewave rycall. 
modulate. 

by tkHo squarew v 
Overall 

a e signal. Output values 0jÿ 
Candelelwith 

test leads0 
X 97 X 40mm. in carrying eaa 

AMAZING 
VALUE f7.50a 

SPECIAL OFFER OF COLOUR T.V. 
AND F.M. MEASURING EQUIPMENT 

BY WANDEL AND GOLTERMANN 
VZM 1 Measuring set for measuring phase and amplitude modula' 
tion distortion for Colour T.V. Sub carrier I PAL Systems) 

£495.00 
VZM2 Measuring set for measuring phase and amplitude modula- 
tion distortion for Multichannel FM radio systems with base bands 
up to 12 Mc/s. E295.00 
VZM83 Generator and Receiver used to measure transmission 
distortion on FM radio link systems. Superimposed signal 
52/304/556kHz. £275.00 
PROGRAMME BOARDS BY SEALECTRO 
These boards are basically a multi -pole multi -throw switch device 

consisting of a X -V Matrix with two contact decks in the Z Plane 

running at 90 degrees to each other. Contact is made by either, 
shorting or plugging in pins. Ideal for prototype work. etc. Boards 

available in 2 planes. 24 X 50 £29. 20 X 11 f15. 
Pins now available at 15p each. 

Stop MISS 
TEKTRONIX 453A Listed at over £1300. 
Special Offer this month £795. 

SPECIAL OFFER OF TELEPHONE 

CARRIER TEST EQUIPMENT 
An unusual offer of a system up to 15 Mc /s for the 

measurement of level attenuation on telephone carrier 
equipment and wide band radio relay systems. 

SIEMENS sweep frequency system consisting of: 
3W518 Level Oscillator 10 Kc /s -17 Mc /s: 3D335 Level 

Selective Meter 10 Kc /s-17 Mc/s;3W933SweepAttach- 
ment; 3D346 Large Screen Level Tracing Receiver. 
Offered as a complete system as a 32M701. 
Special Offer less than Half-Price £1950.00 Enquire for individual items P.O.A. 
Also available manual point to point system consisting 
of: 3W518 Selective Level Oscillator 10 Kc /s-17 Mc /s 
3D335 Selective Level Meter 10 Kc /s-17 Mc /s 

Price Per Pair f950.00 
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SPECIAL 

NA0.44.4.6Vvi.V 
LIMITED 

QUANTITY 

Made to meet the most 

stringent Government 

Service Standards 

c'0:'-ß' 
DC- 

Hz 

DUAL s 
TRACE 
Solarfron C.T.484 oscilloscope. s- 
3% accuracy. 

Dual Trace 

plays. AMPLIFIER. 
Bandwidth. 

Dis- 

DUAL TRACE YRis MTime: 
14 nanosecs. 

50 mV /cm. Input Impedance. 
D 24 curacy: 

±5% 

Sensitivity: 
ohm 269F. Measuring 

Ac 

ecs/cm 5 secs/cm or 

direct. ±3 %with calibrate 
cs /cm m. 

TIME BASE. 100 nanas to 12 
variable up ±3 %. 

continuously 5. Accuracy: Kc /s 
Sweep 

expansion X D.C. -150 
X gMPLIF1E2008mV /cmt and 1 V /cm. 

Sensitivity: 40 pF' 
±_. 3%. 

Impedance: PLO_ ALSO 
INTERNBANDLI 

BRAÁMPLIIFFFII 
Accuracy: 

MC /s Rise 
WIDE 50 mV /cm. 
AVAILABLE'. 

osecs. Bandwidth: 

Time: 6 nanosec, 22pF Measuring 

Input Impedance. 0 5% direct, 49.5 
P.O.A.cwith 

calibrator. ±3% 
P.O.A. 

INCREDIBLE 
DIGITAL 

VOLTMETERS 

Digital VoltmetersType LM 1420£195 

Type 1420.2 £235 
Type 1420.2BC (Remote Ranging) £325 

Type 1420.2BM (DC + Wide Band Mean 

AC Sensing DVM) £395 
Wide Range of spares for Solartron Data 

Loggers Compact land Series2. 

Roband DM2004 
Dynamco 2001 mkt 

£75 
£175 

e 

FABULOUS 
RANGE OF 

SIGNAL GENERATORS 
H.P. VHF Signal Gen. 6088 
10MHz to 400MHz £175 

H.P. VHF Signal Gen. 608C 
10MHz to 480MHz £495 

H.P. UHF Signal Gen. 612A 
450MHz to 1250MHz £495 
H.P. UHF Signal Gen. 614A 
800MHz to 2100MHz £225 
H.P. Sweep Oscillator 6930 
4GHz to 8GHz £450 

Marconi VHF Signal Gen. 801B 
12MHz to 485MHz £7 25 

General Radio UHF Unit Oscillator 
+PSU 250MHz to 960MHz p.o.e. Marconi PHM /AM Signal Genera- 

tor TF2003 400KHz to 12.5MHz 
p.o.a. 

6V 
25A Power Supplies 

10% VARIABLE VOLTAGE HIGH CURRENT 

HIGH STABILITY HIGH RELIABILITY 
These power supplies were designed for continuous operation in 

computer equipment. Manufactured to highest engineering standard 

for long-term reliability and stability. Independent voltage and current 

meters. C Core Transformer. 
Manufacturer's price probably in excess of £200. 

MULTI OUTPUT POWER SUPPLIES 
Ex- Computer offered at mere fraction 
of original manufacturer's cost. 
APT 13334 Mk III 
Input 200/240V. + 10V -5Amp. - 10V -2Amp. +24V -2Amp 
+20V - 5Amp. -20V -2Amp. PRICE £19.50 
Advances DC197 
6V 7.5Amp. 6V 1 1Amp. 28V 9Amp. PRICE £35 

BRAND NEW MINIATURISED STRIP CHART 
RECORDER BY RUSTRAK Model 88 

toThis recorder indicates the magnitude of applied 
currents of voltages by a continuous distortion free 
line on pressure sensitive paper. Moving coil 
movement scale calibrated 1 milliamp D.C. 
internal resistance 100 ohms. Chart Drive motor 
240V 50Hz. 
Chart speeds 90" per hour £39 

1" per hour £45 or 6" or 12 ". 

SINGLE PEN RECORDER by Record Electrical 
3" chart sensitivity 1 milliamp chart speed 
1 and 6" per hr. Size 8" X 11" X 6 ". Offered 
complete with pen assembly. Listed at over 
E120 -this month's special price due to bulk 
purchase. 

1 mA version £50 
500pA version £60 

AC CLAMP VOLTAMMETER 
Clamp -on Voltammeter is used for measurements of 
AC voltages and currents without breaking circuits. 

Specification 
Measurement ranges:- Current 10- 25 -100- 
250 -500 Amps. Voltage 300. 600 V. 
Accuracy 4 %. Scale length 60mm. Overall 

£12.50 dimensions 283 X 94X 36mm. Weight 1.5 lbs. 

WIDE RANGE: Stroboscope -200 to 6,000 flashes per minute. 
Tachometer -200 to 6,000 RPM. ACCURACY: 3% or better. 
CIRCUITRY: 100% solid state. BEAM ANGLE: 80 °. 
CALIBRATION: At 3,600 FPM against any known synchronous 
speed -7200. 3600, 1800, etc. FLASH DURATION: 
Approximately 10 to 25 microseconds. LIGHT COLOUR: Xenon 
white 500 °K. COMPACT, LIGHTWEIGHT: Can be carried in 
tool box. weighs only 27 oz. EASY TO USE: One on -off switch 
and one dial. 

PotQntiomQtQrs 
TEN TURN 3600° ROTATION 

Linearity 
Res Ohms Per cent Manufacturers Model Price 
100 .... 0.5 . . Beckman A S £200 
200 .... 0.5 .... Beckman A f200 
500 .... 0.1 . . Beckman S. f2-50 
500 ... 1.0 .... Rolm HEL107 -10 £225 
1K Retain HEL0710 f225 

2K .... 03 ... Beckman SA1101 .. £360 
2K .. 325 . Beckman 7216 ... f315 
2K Reliance GPM15 .. E200 
2K General Controls GPA15/4 .. £200 
51( ... Ralson 07 -10 £2.50 
5K Colvem C102503 .. f3-00 
10K ... 01 ... Beckman% . A. 0350 
15K .. Cohere CLR2402 .. 1100 
25K .... 05 .... Helipot SAJ337 £3.00 
30K ... 0.1 .... Beckman A 88 .... 1150 
30K . 0.5 .... Beckman 5A1092 £300, 
50K .... Reliance 0710 .. £245 
50K 07.5 .. f225 
50K . Beckman A f3.00 
100K . .. Beckman .... A. f330 
100K Colvem . 2501 . E2-25 
298K ... 0.1 Beckman 8A3902 13.50 
300K .. 0.1 . Beckman A. £330 

THREE TURN 780° ROTATION 
250 .. Beckman Type C ... £245 
100/100 .... Beckman Type C ... 11.00 
1K fox PX2M3 ... 12-25 
50K 0.5 . Beckman C.S. E115 

FIFTEEN TURN 5400° ROTATION 
2511/25K Beckman B .... 10 watts . . £0.50 
46K/48K . Beckman B ... 10 watts . . £6.50 

NEW "Strobetterr STROBOSCOPE - 
TACHOMETER Ator 
What Is Strobene "? "Strobene is a 

compl t combined Stroboscope- 
Tachometer available at a remarkable 
price, Its a stroboscope because it is 
capable al optically stopping, or slow- 
Mg any moving object while the 
object is in motion. And it's a .T 
tachometer since it can measure 
the speed, or rate of motion, of a rotating or moving object ONLY 
"Strobette" is a tool, analyser, measuring device. fault detector 
for engineers. technicians. inspectors. teachers. 149.50 

VERY 

OFE 

C0SS0« 
4000 
Trace 

OÓos oPel 

tomb /cm Sensitivity. 
to 1 Dus DIV. Timebasle delay 

sep nus magnifiedtor 2S/131V 
in 23 steps range magnified. 

Use d3 
XY Mode. 

fast 
mebase 

3 
%' Full tri 

tronrWFUld quantity Fulgsolid sirs 

special ofr, y tested 
and 

ex.demon. 

X 10 probes available £S.Spnual r80, 

SPECIAL PURCHASE 
OF ADVANCE 

EX- DEMONSTRATION 
TEST EQUIPMENT 

Advance PG56 Double Pulse 
Generator 
Independently variable. 2Hz -3MHz Pulse Width. 
Delay 70nS -0.2 secs. in 19 steps. Rise Time 
better than 10nS. External trigger and internal 
rate generator. £120 

Advance PG52 Pulse Generator 
Repetition frequency up to 20MHz and output 
pulses up to 20V into 5 ohms with rise and fall 
times of 5nS. Also produces complex ramp wave 
forms not obtainable from conventional pulse 
generators. Fully protected against short cir- 
cuit. £275 

Advance T.V. Dot and Cross Hatch 
Generator SG73 
Output in form of modulated signal at VHF and 
UHF at level suitable for aerial sockets of receiver. 
Two Ranges 
Band Ill on fundamental (MOD) 
Band IV & V On Harmonics 1- MOD) 
Modulation 405 Lines or 625 Lines 
£49.50 EX- DEMONSTRATION 

BRAND NEW 

Carriage and packing charge extra on Please note: all instruments offered are second -hand and NEW CATALOGUE AVAILABLE EARLY IN THE NEW ADD 8% VAT 
all items unless otherwise stated. tested and guaranteed 12 months unless otherwise stated. YEAR. WRITE IF YOU WISH TO RECEIVE A COPY. TO ALL PRICES 

ELECTRONIC BROKERS LIMITED 
49-53 Pancras Road, London N W 1 2QB. Telephone 01-8377781 

PROMPT DESPATCH MAILORDER. CALLERS 

WELCOME MON-FRI 9 A.M.to 5.30 P.M. 
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new from 
TUNERSET 
MODEL 7252 

FM MODULE 
Distributed in the UK by 
AMBIT international 
37a HIGH STREET 
BRENTWOOD 
ESSEX CM14 4RH 
Telephone: (0277) 216029 
Enquiries S.A.E. please. 

MEASUREMENTS 

¿arsho// ti 
E L E C T R O N I C S 

A new ELECTRONICALLY tuned FM 
radio receivermodu le, covering 88 -108 MHz 
Featuring: 
1uV sensitivity for 26 dB S/N 0.1% THD 
800 kHz AFC for 10uV signal 
Twin audio preamp stages 
AGC to input stage 
75/300 ohm input terminals 
Also available separately are the head alone 
(8319), stereo decoder and various control 
accessories. 
Prices 7252 £20.00 8319 £7.74 

ill E0 11 0B 

167.5 

o 4)- 

0 O 

e CD 

( 8319) 

O G G 

4 
150 

ss 

linear phase fm ¡flo/Hfi or 
Size 23.5 x 2a5 x 18 mm. 

O.E.M. Enquiries to: 

TYPE BBR 3125N 
The new linear phase filter has negligable phase error across 
the relevent spectrum of the IF passband for MPX transmissions. 
Most ceramic filters introduce approx 60° of error across 10.69 - 

10.72 - an error which cannot be permissable in true Hi -Fi FM 
stereo reception. 

Centre Frequency Input /Output Bandwidth 
10.7 MHz± 20kHz Impedance -3dB = 250 kHz 

330 ohms -30dB = 700 kHz 

lndivdual & sample enquiries to: 

TOKO U.K. ambit 
SHIRLEY LODGE 
470 LONDON RD 
SLOUGH 
BUCKS 
tel 48444 
tlx 847185 WWT SLOUGH 

PRICES: 

1 - 24 
25 -99 
100+ 

£1.30 
80p 
60p 

INTERNATIONAL 
37a HIGH STREET 
BRENTWOOD 
ESSEX CM14 4RH 

Telephone: (0277) 216029 
Telex: 995194 

WW-1.50 FOR FURTHER DETAILS 
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ELECTRONIC POWER UNITS 
FOR XENON ARC AND MERCURY ARC LAMPS 

UNITS AVAILABLE FOR LAMPS RANGING FROM 
75 TO 6500 WATTS. 

Lamp housings and lens systems manufactured as standard off 
the shelf models or to specific design. 

K. T. Manners Design Ltd. 
33 Percy Street, London W1P 9FG 
Telephone: 01 -580 6361. Telex: 28604 

TRANSFORMERS 
CASED TRANSFORMERS 
Housed in smart rain -coated steal uses. with 3 -core 

ce hie and outlet socket. fused ',Amery winding 
Psolation type a titled with 3 -yin curial woke,,. end 

'leboe with wh or 440 wO corpo, 
sú,..Ì áu0 types w fitted with 2- pin net style 

3000 
wckat. 

up to 500 VAs38pin sockets from 750 to 3000 VA. 

See Auto and isolation sections tor prices. Plug gave. 

SAFETY ISOLATING 
Prim. 1201240V. Sec. 1201240V. Centre Tap with screen 

PRICE 

VA 

(WATTS) 

REF. 

No. 

PRICE 

Cased 
E 

Plugs 

2 Pin +1 Earth 
E 

PRICE 

Open 
f 

Post 
E 

60 149 715 080 4.00 0-38 
100 150 022 680 460 052 
200 151 1020 080 740 052 
250 152 11.88 680 8138 0.65 
350 153 1410 080 1680 0-80 
500 154 1568 080 1238 I-00 
750 155 2463 1.00 1872 140 

1000 156 3219 1.00 26-50 140 
1500 157 38 -18 1.00 3634 OA. 
2000 158 45-20 240 34-68 O.A. 
3000 159 66-50 2.40 53-35 0A 

MINIATURE & EQUIPMENT 
Primary 240V with Screen 

VOLTS 
Sec. 1 Sec. 2 

MILLIAMPS TYPE 
Sec. 1 Sec. 2 No. 

PRICE Post 

3 -0 -3 200 238 1.23 0.10 
0 -6 0-6 500 500 234 1.30 0.10 
0.6 0-6 1000 1000 212 1.95 0-22 
9 -0-9 100 13 143 0.10 
0 -9 0 -9 330 330 235 143 0.10 
0-8 -9 0-8 -9 500 500 207 175 0.22 
0 -8 -9 0-8 -9 1000 1000 208 230 030 
15 -0-15 - 40 240 1-23 0-10 
0 -15 0.15 200 200 236 1-30 0.10 
20 -0-20 - 30 241 1-23 0.10 
0 -20 0-20 150 150 237 130 040 
0 -15 -20 0 -15 -20 500 500 205 247 0.38 
0 -20 0-20 300 300 214 1.72 0.22 
0 -20 - 3500 No Screen 1116 300 0.40 
20 -12 -0- - 700 - 221 2-31 0.30 
12-20 (D.C.) 
0 -15-20 0 -15 -20 1000 1000 206 3.22 0.38 
0 -15-27 0-15-27 500 500 203 273 0-38 
0 -15 -27 0-15-27 1000 1000 204 352 0 -38 

12 and 24 VOLTS PRIMARY 200 
AMPS TYPE PRICE 

12V 34V No. £ 

-240 Volts. 
Post 

E 
03 0.15 242 134 0-22 
0.5 0.25 111 138 0-22 

1 0.5 213 158 0.22 
2 1 71 209 0-22 
4 2 18 2-58 0.38 
6 3 70 3.80 0.42 
8 4 108 420 0.52 

10 5 72 4-80 0.52 
12 8 116 5.01 0.52 
16 8 17 8.22 0.52 
20 10 115 941 0.59 
30 15 187 11.95 0.97 
40 20 232 1326 1.00 
60 30 226 1530 1.10 

30 VOLTS 
PRIMARY 200(240V. 
SECONDARY 12, 15, 20, 24, 
30V. 
AMPS Ref. Price Post 

No. £ £ 
0.5 112 1.72 0-22 

1 79 2-21 0-38 
2 3 3-26 038 
3 20 4.10 0.42 
4 21 4-68 0.52 
5 51 680 0-52 
8 117 6-50 0.52 
8 88 8.50 0-67 

10 89 8.47 0.67 

50 VOLTS 
PRIMARY 20072400. 
SECONDARY 19, 25, 33, 40, 50V. 
AMPS Ref. Pries 
0.5 102 2-33 

1 103 3-00 
2 104 4 -57 
3 105 5m 
4 106 IN 
8 107 11.17 
8 118 14-19 

10 119 1547 

60 VOLTS 
PRIMARY 2007240V. 
SECONDARY 24, 30.48. 60V. 
AMPS Ref. Price 
Op 2-08 

1 126 296 
2 127 4-63 
3 125 6-84 
4 123 7.94 
5 40 886 
6 120 10-15 
8 121 13-58 

10 122 1815 
12 189 16-00 

Post 
030 
0.38 
042 
0.52 
0.52 
0.87 
0.97 
097 

Post 
038 
038 
042 
032 
087 
087 
0.82 
1-00 
1-00 
110 

BRIDGE RECTIFIERS 

ONE AMP 
50 P.I V. 

100 P.I.V. 

200 P.I.V. 

600 P.I.V. 

FOUR AMP 
100 P.I.0 
200 P.I.V 
400 P.I.V. 

600 P.I.V. 

TWO AMP 
50 P.I.V. 

100 P.I.V. 

200 P.I.V. 

400 P.I.V. 

SIX AMP 
50 P.I.V. 

100 P.I.V. 

200 P.I.V. 
400 P.1.0. 

Pnce 
025 
025 
628 
0-30 

055 
0-59 
0-65 
675 

035 
640 
045 
050 

0.65 
670 
608 
690 

POWER UNIT 
TYPE 

CC12 -05 

Output switched 3. 4.5. 6. 1.5. 9 and 12 
Volts at 500 mA O.C. Operates from 240 V 

mains. suitable for Radios. Tape Recorders. 
Record Players etc. Size 75 x 5-0 X 
140 cm. Price E3.95 Post 25p. 

AUTO TRANSFORMERS 
PRICE 

VA Ref PRICE Plugs 
(Watts) No. Cased 2 & 3 pin 

E E 
Tapped at 115. 220. 240 Volts 

20 113 3-00 015 
Tapped at 115á2O0. 220, 240 

200 
5-80 

Volts 
150 

65 6-40 015 
300 66 7.27 015 
500 67 999 015 
750 83 12-55 075 

1000 84 15-70 075 
1500 93 19-88 0-75 
2000 95 3010 1.44 
3000 73 43.58 1.90 

PRICE 
Open Post 

E E 

1.55 0.30 

3.98 0.39 
450 040 
5-28 0.52 
8.29 067 
976 082 

12-40 0-82 
1658 1.50 
22-05 1.50 
32-00 1.90 

N EW ! PANE LMETERS 
2" 

SIZE: 60mm 
45mm High 
Deep. 
Movement 

Wide X 
x 40mm 

I.R. 

Ohms 

Orr 

SIZE: 110mm 
82mm High 
Deep. 
Movement 

Wide x 
X 43mm 

LR 

Ohms 
0-50 micro A. 1250 0-50 micro A. 1400 
0-100 micro A. 580 0-100 micm A. 730 
0-500 micro A. 170 0-500 micro A. 200 
0-1 mA 170 0-1 mA 200 
0-5 ns4 170 0-5 mA 200 
0-10 mA 8 0-10 mA 6 

0-50 mA 0.5 0-50 m4 0.5 
0-100 mA 0.5 0-100 m4 0-5 
0-500 mA 0.5 0-500 mA 0.5 
0-1 AMP 0.5 0-TAMP 05 
0-2 AMP 0.5 0-2 AMP 0.5 
0-25 Volt 15K 0-25 Volt 15K 
0-50 Volt 50K 0-50 Volt 500 
0-300 Volt 300K 0-300 Volt 30011 

g M sr 170 "g" Meter 200 
VU Meteer 5250 VU Meter 5250 

VU Meten are complete with detectors Modem wide view 
Price 2" f3-15 Post 10p. Price 4" E3-95 Post 10p. Lamps 55p 
per set. 

C1000 MULTI -METER 
Compact General Purpose Mini Multimete 
Input Resistance 1000 ohms per volt 
Ranges: AC Vohs 0-15 50 250 1000 Vols 

OC Volts 0-10 50 250 1000 Vols 
DC Cuvent 0-1 mA 0-100 mA 
Resistance t-150K ohms 
Size 60 X 24 X 90 mm 

Complete with: Batteries. Test Prods, Instructions. 
Special price £3.20 Post 200. 

1 -WATT CARBON FILM RESISTORS 
also available 1 watt at 70 °C E 12 range 100 -1MO. 5% tot 
above 47OKO 10% tot. at 95p per 100. 

PLEASE ADD 8% FOR VAT 

A S P (Dept. WW2) 

Byre House, Simmonds Road 
Canterbury, Kent CT1 3RW 

Tel: Canterbury (0227) 52436 

4111 
CRYSTAL 

FREQUENCY 

STANDARD 
LATEST IN THE RANGE TYPE 101 £80 
OUTPUTS 1 MHz, 100KHz, 10KHz 
STABILITY 5 parts in 1010 

8 DIGIT INSTRUMENTS 
WITH CRYSTAL OVENS 

SENSITIVITY 10mV 
STABILITY 3 parts in 108 emlr . 

Directly coupled input and customers specific 
R.C.S. ELECTRONICS NATIONAL WORKS 

FREQUENCY COUNTERS 
5 DIGIT TYPE 301 32MHz 
SENSITIVITY 50mV 
STABILITY 3 parts in 106 £75 

6 DIGIT TYPE 
401 32MHz 

SENSITIVITY 10mV 
STABILITY 1 part in 106 

£115 
TYPE 501 32MHz f170 TYPE101M 50MHz"';7.7 f205 
TYPE 501 M 32MHz = f195 TYPE 801AM300MHz"°;i: ó.,,f285 
TYPE 701 50MHz f180 TYPE901M 520MHz=n4 f370 

Electronic START /STOP version PLUS £12 
Write for illustrated leaflet 

requirements to order Prices exclusive of VAT 

, BATH ROAD, HOUNSLOW, MIDDX, TW4 7EE. TEL: 01 -572 0933. 
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ELECTRÖVA[LÍE 
IMPORTANT ANNOUNCEMENT 
PRICE STABILIZATION CATALOGUE DISCOUNTS 

1975 is the year of challenge. Rather than sit back 
and wait for things to happen, we have 

produced our own policy to help stabilize price structure 
and maintain the services which have made ELECTRO- 
VALUE pre- eminent. 
PRICES as shown in our latest catalogue (No. 7, issue 3) 
will be maintained at least until March 31st next 
(except in severe cases of market fluctuation) and then 
held after review for further 3 -month periods instead 
of making day to day price changes. 
CATALOGUE No. 7, ISSUE 3 is now ready with 108 pages of 
bargains and information. Price -30p post paid, including 
25p refund voucher for use on orders for £5 or more. 
DISCOUNTS apply on all items except the few where prices 
are shown NETT. 5% on orders from £5 to £14.99: 10% on 
orders value £15 or more. 
FREE POST & PACKING in U.K. for pre -paid mail orders over 
£2 (except Baxandall cabinets). If under £2 there is an 
additional handling charge of 10p. 
QUALITY GUARANTEE -All goods are sold on the under- 
standing that they conform to makers' specifications. No 
rejects, seconds or sub-standard merchandise. 

SUPPLIERS OF QUALITY COMPONENTS AND 
SEMI -CONDUCTORS AT COMPETITIVE PRICES 

ELECTRO ALOE LTD 
All communications to Dept WW3. 

28 ST. JUDES ROAD, ENGLEFIELD GREEN, EGHAM, SURREY TW20 OHB. 
Telephone Egham 3603. Telex 264475. Shop hours: 9 -5.30 daily, .9-1 p.m. Sets. 
NORTHERN BRANCH: 680 Burnage Lane, Bumage, Manchester M191 NA. 
Telephone 1061) 432 4945. Shop hours: Daily 9-5.30 p.m.; 9 -1 p.m. Sets 
U.S.A. CUSTOMERS are invited to contact ELECTROVALUE AMERICA, P.O. Box 27, 
Swarthmore PA 19081. 

Wireless World, February 1975 

O. type 3000 W.lk //1S0n S and 600 R E LAYS 
The best known of all Relays with a large variety 
of contact arrangements. all parts interchangeable. 
known throughout the world. We have years of 
experience in building this type of Relay to your 
own specification. Complete banks of contacts 
made to order and component parts also supplied. 
Very highest quality at competitive prices with a 
quick delivery service. Quotations by return. We are 
Specialists in export orders. 
DESK TYPE EXTENSION TELEPHONES 
complete with ringing £8.50 each. 

P.O. type 2201a MINIATURE UNISELECTORS including Jack 12 outlet 2 bridging 1 non - 

bridging wipers. This compact ratchet -driven 3 -level selector is of unique design and 
occupies no more space than a standard 3000 type Relay, £8.50 each. P.O. Type 2 Uni- 
selectors 25 outlet 8 -level non -bridging wipers 300 ohms. £14 each. Eleven -level 1 bridging 
10 non -bridging 65 ohms. £17 each. P.O. Type 3 Uniselectors 25 outlet 4 level including 
single homing arc 1 bridging 3 non -bridging wipers 100 ohms. £10.50 each. 
Give us a phone call, we may have the Uniselector you require. 
MINIATURE DIGITAL INDICATORS size of digit -S-in illuminated by 28 volt midget 
flanged lamps, weight only 31 ozs reading 0 to 9 with decimal points £4.50 each. 
If you require a Pump for Water supply or Industrial use why not consult us, we are stockists 
of the World famous Stuart Turner Centrifugal Pump. types 10 and 12 in stock now for 
immediate delivery. 
MINIATURE BUZZERS 6-12 volt with tone adjuster 50p each as illus, 15p 
each for lots of 50. 
ROOM THERMOSTAT adjustable between 45-75 degrees F, 10 amp 250 
volt bakelite case with control knob £2 each. 

All prices shown are carriage paid UK only but subject to VAT at the standard rate. 
L. WILKINSON (CROYDON) LTD., LONGLEY HOUSE, 

LONGLEY RD., CROYDON, CRO 3LH. Phone 01- 8840238. Grans: WILCO CROYDON 

WW -066 FOR FURTHER DETAILS 

Principles and Calculations for 
Radio Mechanics Part 1 

R. A. Bravery and A. P. Gilbert 
Part of the Radio, Television and Electronics 
Servicing Series, this volume deals with the 
subject matter for Part 1 of the City and Guilds 
Radio Mechanics Course 222. 
1974 152pp., illustrated 0 408 00119 4 £1.50 

Obtainable through any bookseller or from 

NEWNES- BUTTERWORTH 
Borough Green, Sevenoaks, 

Kent TN15 8PH. Tel. Borough Green 2247. 

Build up the network you need 
with Barr & Stroud 
Active Filter Modules 
For maximum flexibility, the EF Series Active Filter Modules* are 
well worth your consideration. They give Bessel, Butterworth or 
Chebyshev responses, high -pass, low -pass, band -pass or band -stop 
filtering, are solid- state, compact and fully encapsulated. 
They are equally suitable for general laboratory functions 
or incorporation into standard equipment. 
Your own external components are used for tuning and 
response selection. Complete details are in pamphlets 
1700 and 1732; ask for your copies today. 

BARR & STROUD LIMITED 
London Office: 1 Pall Mall East, 
London SW1Y 5AU 
Tel : 01- 930 1 541 Telex : 261877 

BAIFtBi A111 ED 

Glasgow and London 

EF10 Series - low pass, 
response down to d.c. 
1 Hz -30kHz cut -off. 
12 -36dB /octave 
stop -band attenuation. 

WW-00}3 FOR FURTHER DETAILS 

EF20 Series - high pass, 
response up to 1 MHz, 
1 Hz -30kHz cut -off, 
12 -13dB /octave 
stop -band attenuation. 

EF40 and EF41 Universal 
- band -pass and 
band -stop with centre 
frequencies 0.1 Hz to 
10kHz - band -pass Q up 
to 200 - band -stop Q 
up to 10. Supplementary 
operation in low -pass, 
high -pass and all -pass 
delay modes. 
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ALL MAIL ORDER BY 
RETURN. C.O.D. SERVICE 

WELCOME C. T. ___] 

We are open 

All mail order and enquiries to 270 Acton 

SEMICONDUCTORS TIP32B ñp 
AC107 35p BCY32 95p MM1712 Np TIP33B £TN 
AC125 2Sp BCY34 Np MPF102 45p 

TIP348 El 62 

AC128 25p BCY38 65p MPF103 
TIP35B £2 71 

AC127 27D BCY39 £1 N TIP388 ET50 
(2N5457) 35p 25p BCY55 £1 50 P TIPIIB 70P 

AC176 2Sp BCY70 22p MPF104 TIP42B I5D 
AC188 30p BCY71 22p (2N5458) 35p TIP29C Np 
ACY17 25p BCY72 22p MPF105 TIP30C 72p 
ACY18 30p B0121 75p (2N5459) 40p TIP31C Np 
ACY79 30p BD123 75p 0A47 19p TIP32C £1 N 
ACY20 25p BD124 65p OA70 10p TIP33C £1 20 

ACY21 30p B17131 40p OA79 19p TIP34C £1 80 

AD140 Np BD132 SOp OASI 111p TIP35C E3 N 
AD112 SOp BD153 75p OA90 10p TIP38C £3 74 

AD149 Np BDI56 75P OA91 16p TIP41C Np 
AD161 Np BDY11 £1 N 0A200 111p 

TIP42C £1N 
AD182 Np BDY17 £1 N 0A202 160 TIS50 Np 
AF714 25p BDY19 E1 96 OA210 350 ZTX107 1Sp 

AF115 2Sp BDY20 £I N OA211 35p ZTX300 1Sp 

AF118 2Sp BF152 20p OM Np ZTX500 1111p 

AF117 25p BF194 14p OC19 I5p ZTX501 20p 
AF118 Np BF195 15p 0C22 55p ZTX504 Np 
ASZ21 SOp BF196 15p 0C28 6Sp ZTX531 30p 
ASY23 30p BF197 Np OC28 Np ZTX550 25p 

A102 33p BF200 311p OC35 Np N859 9p 
AIN SOp BF224J 30p OC38 65p N914 9p 
A114 16p BFX29 311p 0C42 NP N916 0p 
A158 15p BFX34 31p 0C44 211p 

N4001 11p 

C107 12p BFX85 30p 0C45 gp N4002 9p 
C108 12p BFX88 Zip OC70 15p N4003 Sp 

C109 14p BFX88 30p OC71 12p N4004 10p 
C113 15p BFY10 35p 0072 20p N4005 12p 
C115 15p BFY44 Np 0075 25p N4006 14p 
C118 fóp BFY50 25p OC78 25p N4007 160 
C117 Zip BFY51 25p 0077 Np N4148 7p 
C118 12p BFY52 2Sp OC81 25p 2N596 25p 
C147 11p 8FY53 25p 0083 25p 2N597 211p 

C148 11p BFY90 Np Oar' 25p 2N698 2Sp 
C149 12p BSW63 Np 0C131) 311p 2N708 72p 
C153 1Sp BSWN Np OC170 25p 4N29808A 150 
C157 14p BY127 NIP OC171 3Ip 2N708 15p 
C158 15p BY164 Np 0C200 Np 2N930 211p 

C169 15p IS100 15p OC201 Np 2N1132 25p 
C182 12p IS103 15P OC202 75p 2141302 16p 
C183 12p MJ340 Np TIP29A 45p 2N1303 lip 
C184 14p MJ481 95p TIP30 SSp 2N1304 Z5p 
C186 25p MJ2801 £1 25 TIP31A S7p 2N1305 25p 
C212 14p MJ2901 £1.N TIP32A Np 2N1306 25p 
C212L lip MJE340 Np TIP33A £1 N 2N1307 Zip 
C213 14p MJE370 75p TIP34A £1.40 2N7308 25P 
C214 14P MJE371 ND TIP35A £3 20 2N1309 25p 
C301 Zip TIP38A £3N 2N1813 2Sp 

MJE520 Np 2N1711 25p C302 ZSp TIP41A 70p 
C303 40p MJ2955 E1 Z0 TIP42A 85p 2N2147 70p 
CY30 Np MJE3055 7SP TIP298 54p 2N2160 65p 
CY31 SSp MM1613 Up TIP3OB Np 2N2217 2Sp 

QTY. DISCOUNTS: 12+ 10%; 25+ 15%; 100+ 20% 

2N2218 25p 
2N2219 2Sp 
2N2222 211p 
2N2222A 25p 
2N2306 76p 

2N2640 
2N2846 
2N2904 
2N2906 
2N2907 
2N2926 
2N3053 
2N3054 
2N3055 
2N3232 
2N3525 
2N3643 
2N3702 
2N3703 
2N3704 
2N3705 
2N3706 
2N3707 
2N3708 
2N3709 
2N3771 
2N3772 
2N3773 
2N3319 
2N3220 
2N33N 
2N3904 
2N3905 
2N4058 
2N4050 
2N4060 
2N4081 
2N4126 
2N4286 
2N4287 
2N4288 
2N4289 
2N4290 
2N4444 
2N4871 
2N4903 
2N5069 
2N5191 
2N5194 
40360 
40361 
40362 
40669 
40673 
D5151 

Np 
£1.511 

25p 
25p 
25p 
12p 
25p 
Ifsp 
s0p 
70p 
95p 
30p 
14p 
12p 
12p 
12p 
12p 
12p 
12p 
12p 

£1.78 
£2.00 
£2.50 

35p 
55p 
tSp 
22p 
2sp 
12p 
12p 
12p 
12p 
17p 
1Sp 
150 
15p 
1Sp 
15p 

£1N 
35p 

£1.10 
£1.1/ 

Np 
£1.10 

59P 
Np 
Sap 
Np 
70p 

£1-N 
Microwave 

Diode 

LECTRO 
rom 9.30 a.m. -6.00 p.m. Monday- 

NICS 
Saturday 

V.A.T. 
Unless otherwise stated all prices are 
EXCLUSIVE of V.A.T. Please add 
8% to all orders. Carriage: orders 
under £5 plus 20p. Over £5 post free. 

ne, Chiswick, London W4 5DG. Tel: 
METAL BOXES 

ALUMINIUM BOXES I 

BOARD WITH BASE 
AB7 
ABS 
AB9 
A810 
AB11 
AB12 
A813 
AB14 
AB15 
AB16 
A817 
A818 
AB19 

sr Long 51" 
4" 4' 

4' 
52r 4" 

4' 2}' 
3' 2" 
6" 4" 
7" 5" 

8" 6" 

10' 4 }" 

12' 5" 
12' 8' 

DEAL FOR VERO- 
a P.K. SCREWS 

Wide 1 "High 55p 
1 

1 " S5p 
1 " SSp 
2' fop 
1' 50p 
2' 77p 
or Np 
3" £1 16 
3' £132 
3' £1 10 
3' £132 
3' £TN 

ALUMINIUM BOXES WITH SLOPING 
TOP PANEL -IDEAL FOR PRE -AMPS, 
ETC.. USING SLIDER CONTROLS 
AB20 8' Long 9' Wide 34," High at back £220 

2' High at front 6" Slope to front 
With P.K. Screws 

AB21 As above but 10" Long £224 
AB22 As above but 12" Long £2.60 

ELECTRONIC 
COMPONENTS 

BARGAIN COMPONENT PACKS 
ALL COMPONENTS NEW & UNUSED 

£1 plus 25p p.p. per pack, £S for 5 packs plfree 
Pack No. 

1 500 Carbon resistors, }, 1. 1, 2 watt. 
2 100 Electrolytic Condensers. 
3 250 Ceramic, Polystyrene, Silver Mica, etc., 

Condensers. 
4 250 Polyester, Polycarbonate, Paper, etc., 

Condensers. 
5 25 Potentiometers, assorted. 
6 250 High -stab. 1%, 2 %, 5% resistors. 
7 50 Assorted Tagstrips. 
8 11b. Assorted nuts, bolts, washers, spacers, 

etc. 
9 25 Assorted switches, rotary, lever, micro, 

toggled, etc. 
10 50 Preset Potentiometers. 
11 Trial mixed component pack E1. 
12 Jumbo mixed pack ES. 

POTENTIOMETERS 
Linear or Log Single 
Rotary Pots 15p 
Rotary Switched 25p 

Double 
42p 

* *SPECIAL OFFERS ** 
MINIATURE MAINS TRANSFORMER. 
PRI 240V. SEC, 12V, 100MA Manuf.: Hinchley 
Size: 36 o 45 x 40mm. F.C. 53mm. 
Price 145p. 100400. ea. 1,000 -Sep. ea. 10,000 - 
40p. ea. 

3 CORE PVC INSULATED MAINS CABLE. 
GREY ML6650, 3 x 710.2mm. Price 100m- E4.50. 
1,000m -£35. 10,000m -£330. 

0.47 mfd. 50V MYLAR FILM CAPACITOR - 
Size: 1" x 035" x 0.65" P.C. Mount. Price 100-4p 
ea. 1,0004p. ea. 

240V. A.C. SOLENOID. Reversible operation; 
twin coil. Size approx. 21 x 11 x 1 }in. Np ea. 
30 unmarked OC71 transistors £1-N 
25 Unmarked 250mW Zener diodes, 4.7V, 5.1V, 
6.2V, 7.5V. 9.1V. 10V. Measured and tested £1.N 
Please state voltage required. 
50 GE Diode 0A47 equivalent. £1-N 
TRANSFORMER: DOUGLAS PRI, 0, 115, 
200, 220, 240 SEC. 25.0- 25-0-6V, 2 }A, £4.50 + 
SOP P.O. 

TRANSFORMER 
PRI. 0, 115, 160, 205, 225, 245. SEC. 35-0-35, 1.2A 
£4.14 + Np p.p. 
MULTICORE CABLE. 25 -way, individually 
screened, 1410078. £1.14 per yard + V.A.T. 
Postage by weight. 
IMHOFF it RACKING CABINETS. 13 }" 
high, 22" wide, 13" deep. Brand new. £10.N 
each + V.A.T. Carriage £1.00. 
SIEMENS CONTRACTORS. Over 1,000 in 
stock. All types. Phone or write for details. 
METAL OXIDE RESISTORS TR4151e in 
stock. All values. 1 -off price 3p each. Discount 
on quantity. 
111 TURN TRIMPOTS by Bourns, Mec, 
Painton, etc. All values In stock. 50p each. 
Discount on quantity. 

01 -994 6275 
LINEAR I.C.s 

LM309K 5V. 1A. 
Voltage Reg... £210 

LM723C 237V. 150mA 
Voltage Reg... E1 05 

MFC4000 250mW 
Audio 75p 

TBA800 5 Watt 
Audio £130 

709C Op Amp D.I.L.I 
TO99 45p 

741C Op Amp 8114 
D.I.L./T099 3Sp 

748C Op Amp 
D.I.L 7Sp 

747C Dual Op 
Amp £120 

ZN414 Radio I.C £1 25 

TAD100 Radio I C. Inc. 
Filter £1 -N 

CA3014 £1>55 

CA3018 £1.N 
CA3028 £1.20 
CA3036 £1.00 
CA3046 9Sp 

CA3048 £2.35 
CA3075 EIN 
CA309047 £4 95 

MC1303L £220 
MC1310P £280 

TO3 VOLTAGE 
REGULATORS 
L005 5V 650mA 
L036 12V 600mA 
L037 15V 450mA 

£1 N ea. 

DIGITAL INTEGRATED CIRCUITS 
SN7400 lap SN7410 119p SN7427 42p SN7443 £1.011 
SN7401 10p SN7411 23p SN7428 Sip SN7115 £1-7I 
SN7402 20p SN7412 22p SN7430 20p 
SN7403 29p SN7413 Iap SN7432 42p 
SN7404 20p SN7416 70p SN7433 70p 
SN7105 20p SN7417 30p SN7437 Np 
SN7406 30p SN7420 20p SN7438 Np 
SN7407 30p SN7422 36p SN7440 20p 
SN7408 20p SN7423 31Ip SN7441AN 75p 
SN7409 Np SN7425 36p SN7442 7Sp 

SN7446 
SN7447 
SN7448 
SN7450 
SN7451 
SN4753 
SN7454 
SN7480 

£t00 
£1.14 
£1.75 

290 
Zap 

2900 
2Ip 

TAUT SUSPENSION M U LTI M ETE RS 
Made in USSR 

For ex -stock delivery 1 

SPECIAL OFFER 
Twelve ng Diodes Type HP 082/4850, 
0.20 mm dia., bright diffused red light. Operating current 
20mAat1.65V. ONLY £1.75 incl. P.P. and VAT 

1 -AMP SILICON RECTIFIERS 
20 pieces 1144001 50 p.i.v. £1.12 

1N4002 100 p.i.v. £1.25 
1N4003 200 Os. £1.35 

. 1N4004 400 p.i.n. f1.45 
1N4005 600 p.i.v. £1.55 
1N4006 800 p.i.v. £1.85 
1 144001 1000 p.i.v. £2.10 

This is a special offer and minimum quantity of 20 pcs 
must be ordered. These prices are inclusive of P.P. 

and VAT. 

/..------,\ 

till 
U4312 £10.25* 
U4313 £12.50* i 

U4315 £9.00* C 
- 

_ 

d 
r ? 

U4324 £9.25* 

U4341 f 10.50 * 

""{ "\ ' " 
i 

11.5 AMP THYRISTORS 
BTX47 -120011 P -GATE Reverse blocking Thyristors 
Peak reverse voltage 1200V. Trigger voltage 3.5V 
£2.00 Specials offer of 10 pcs f12.00 

Inclusive of P.P. and VAT 

PHOTO- CONDUCTIVE CELLS 
ORP12 f0.60* ORP69 f0.60* 
ORP60 £0.60* ORP90 f1.10* 
ORP61 f0.45* ORP93 f1.10* 

Exclusive of P.P. and VAT #,--; 

04323 £7.70* 

F4313 £22.00* 
*Prices are exclusive of VAT 

TRADE ENQUIRIES INVITED 
PLEASE WRITE FOR FULL DETAILS 

U4317 f16.50* 

Please write for full catalogue and Price List of 

Valves, Semi- conductors, Test Equipment and 

Passive Components. 

Minimum Account Order & Charge £10.00 + 
VAT, otherwise cash with order. Prices are 
exclusive of VAT unless indicated. When remitting 
cash with order please add f0.50 per Multimeter or 
f0.15 in f for other items. 

MINIMUM ACCOUNT ORDER CHARGE £10.00 PLUS VAT. OTHERWISE CASH WITH ORDER PLEASE 

Z & 1 AERO SERVICES LTD 
Tel. 727 5641 44A WESTBOURNE GROVE, LONDON W2 5JF Telex 261306 

WW -038 FOR FURTHER DETAILS 
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88888 
TRANSISTOR (0 
DATA ? 

THE SEMICON 

INTERNATIONAL TRANSISTOR 
DATA MANUAL 

lists over 20,000 transistors of international origin 
alpha -numerically. Single line entries with major 
characteristics over 14 columns makes quick and 
easy reference. 400 pages. We update if you find 
an omission. 

EXTENSIVE SUBSTITUTION GUIDE 
CV NUMBERED DEVICES 

OUTLINE DRAWINGS 

ALTERNATIVE 
MANUFACTURERS 

AND AGENTS ADDRESSES 

NEEDS SEEING TO BE APPRECIATED 

ORDER NOW £8.80 includes postage 
(TO COUNTRIES OUTSIDE UK ADD 60p POSTAGE) 
FULL REFUND IF NOT COMPLETELY SATISFIED 

PUBLISHED BY 

SEMICON INDEXES LTD., 
2 DENMARK ST, WOKINGHAM, Berks. RG11 2BB 

Tel: WOKINGHAM (STD 0734) 786161 

NEW FROM E.S.E. 
A FULL FREQUENCY RANGE GRAPHIC 

EQUALISER YOU CAN AFFORD!! 

FOR JUST £30.00 
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 - 79dBm. 

FREQUENCY RESPONSE: ALL FILTERS 

CENTRAL, BETTER THAN ± 2dBm. 

FILTER RANGES: MAXIMUM + 15dBm 
AT 60, 180, 480Hz: 1, 2.4, 5 AND 10KHz. 

DISTORTION: BETTER THAN 0.13% ñ! OdBm. 

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

Maidstone, Kent. Tel: 58903 

Please send me 1, 02, 03, 04, 05, of 
your Graphic Equalisers. I enclose cheque or 
postalorderforf having 
added 30p for P& Pon each item ordered and 

VAT at 8 %. I understand that two batteries are 
included. 

NAME 

ADDRESS 

TE L. N 0. W.W.I 

p . F. RALFE Phone 01-7 3 

NWI. 

SIGNAL GENERATORS 
MARCONI TF80ID /IS. 10 -480 mHz P.O.A. 
MARCONI TF80IB /2S. 10 -480 mHz E225. 
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. £25. 

OSCILLOSCOPES 
TEKTRONIX661 Sampling scope with 4S1 &5T1A `rte 

plug -in units. 3GHz. £200. 
TEKTRONIX 545A with CA unit. DC- 30mHz. 
Price 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. 
NB: Due to the fragile nature of CRTs we regret that these oscillo- 
scopes cannot be despatchEd by post. Collection only or delivery 
could be arranged. 

MISCELLANEOUS TEST EQUIPMENT 
MARCONI TFI400S double pulse generator with TM6600 /S 
secondary pulse unit. EI05. 
MARCONI TF79ID deviation meter. 4- 1024mHz. 0- I00kHz 
deviation. 
MARCONI 455E Wave Analyser £120. 
MARCONI TF2600 Valve Voltmeter 1 mV -300V. Excellent. £75. 
ROHDE & SCHWARZ USVD calibrated receiver 280 -4, 600mHz. 
ROHDE & SCHWARZ A.F. Wave Analyser type FTA 0 -20kHz 
plus log /lin AF meter incorporated. Excellent condition. 
ROHDE & SCHWARZ URV milli -voltmeter BNI0913 (late type) 
ImV -IOV. With 'T' type insertion unit, free probe and attenuator 
heads. IkHz- 1,600mHz. £175. 
COSSOR 1453 True RMS milli -voltmeter. Excellent. £75. 
ADVANCE PG54 Pulse generator. AS NEW. 
SOLARTRON EMI006 production -line resistance tolerance 
check-set. 0-15Mohm digital read -out. 
AIRMEC TYPE 210 modulation meter. Excellent condition. 
WAYNE KERR B52I LCR Bridge. Excellent condition. E55. 
RACAL SA520 Digital Frequency counter /timer. 300kHz. £47.50. 
CAMBRIDGE A.C. Test Set. £75.00. 
GAMBRELL Precision 4 Decade Resistance Box. 1 -11, 110 ohms. 
£24.50. 

MUFFIN INSTRUMENT 
FANS 
Dimensions 4.5 x 4.5 x I.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 11 Watts. List price over LIO 
each. Our price, in brand new 
condition, is £3-SO. 

AVO VALVE TESTERS 
Brief -case type 160. Full working 
condition throughout. L6S. 

AERIAL CHANGE /OVER RELAYS 
of current manufacture designed espec 
Tally for mobile equipments, coil voltage 
12v., freq uency up to 250 MHz at 50 watts. 
Small size only, 2 in. x tF in. Offered 
brand new, boxed. Price LI.50, inc. P. &P. 

RACAL /AIRMEC VHF /UHF Milli - 
voltmeter type 301A. Frequency 
range 50Hz- 900mHz. Voltage range 
300µV -3V in eight ranges. Co -axial 
input 50 and 75 ohms BNC con - 
nectors. DC Ranges IOOpV -10V in 
ten ranges. Light- weight mains 
operated instrument as new con- 
makes with handbooks. Other 
makes of voltmeter ltmeter also available 
from stock. 

POLARAD Model SA84WA 
SPECTRUM ANALYSER 
IOMHz- 63GHz. I.F. Markers. Spec- 
trum calibrator. Log /Lin scale. 
NB. This is not the instrument 
with the expensive TWT to 
replace. Supplied in full working, 
excellent condition. Guai ntee. 

MANY TYPES of RF plugs and 
sockets in stock: - 
BNC plugs 5052. 30p. BNC sockets 
5052. 25p. N. Type plugs 500. SOp. 
Burndept plugs. 40p. Burndept 
sockets. 40p. Miniature PYE. 20p. 
Miniature sockets. 20p. 

All connectors are brand new. 
Immediate delivery. Please add 
appropriate postage. 

EDDYSTONE U.H.F. RECEIVER 
type770S. 
Continuous coverage from 500 - 

1000mHz. AM /FM. Sensitivity 
approx. 1 OpV absolute. Completely 
self- contained with speaker. Excel - 

lent condition. 

HEWLETT PACKARD/ 
BOONTON TYPE 8900B 
Peak -power calibrator. Measures 
true peak power ±.6 db absolute. 
Frequency range 50- 2000Mhz. RF 
power range 200mW peak, full - 
scale. RF Impedance 50 ohms. 
P.O.A. 

DURATRAK VARIACS type I00L 
230V. AC Input. 0 -230V. AC Output, at 
8 amps. Brand new units, less control 
knobs. Price only £1500. Carriage LI. 

MINI HELIPOTS 
50052 Beckman Linearity Tolerance 
0.075% (10 Turn). I K 0 Beckman 
Linearity Tolerance 0.25% (10 Turn). 
200 Colvern CLR 26/6310/95 (3 Turn). 
5K 0 Colvern (10 Turn). 

MARCONI TF995A2/M AM /FM 
R.F. SIGNAL GENERATORS. 
1.5- 220mHz. 0- 100kHz Deviation. 
1pV -100mV output. Sold in excel - 

lent condition. P.O.A. 

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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How to stay ahead 
of demand in the 
electronics age 

If you're an electrical or radio dealer you 
must have often pondered the above 
problem. You want to know what to stock 
and, of course, the best way to sell it. You 
need a regular source of information 
specially designed for retailers like you. 
And that's exactly what Electrical and 
Electronic Trader is. Its expert sales advice, 
shrewd comment and unrivalled technical 
intelligence service are used by thousands 
of successful retailers every week. Isn't it 
time you ordered it regularly too? 

Regular features include : 
Product News 
Every week new merchandise is fully described to 
assist retailers in evaluating the products they will 
sell and service. 
Tips about tax 
Discusses the intricacies of tax and shows how 
you can save by adopting correct procedures. 
Monitor 
Monthly business round -up of retail statistics at 
national level and a report of trade trends 
within regions. 
Hi -Fi this week 
Weekly comment on hi -fi topics for dealers 
extending their hi -fi interests. 
Dealer marketing 
Every fortnight our business consultant describes 
methods of increasing profit with little 
expenditure. 
Service Sheets 
Free every week for the service technician, a full 
size service sheet covering a popular make of TV 
(including colour) or audio equipment. 

ELECTRICAL AND ELECTRONIC 

Annual subscription £8.00 

THE NEWSPAPER FOR RADIO AND ELECTRICAL DEALERS 

Beautly your profits 
with Philips, the largest 

makers of electrical 
beauty aids. 

PHILIPS 

THIS 
WEEK 

Report 
on pay 
`urgent' 

I:NI.A IlY n 1I1 NTIO, JoaY 4 roe la 
M p.. m.0Jm W ran, ...Woman of 

Anwar Yakq for Yq eNleymsl 
lelar4 sa, repon HO w+Ae+ In H. 
efulYwlAe Tra4A little Ned/1. 

...... t, 

Selling an automatic 
washing machine or 
ra dishwasher? 

MEW MI. 

r- To : Electrical and Electronic Trader, Room i 5, 
Dorset House, Stamford St., London SEi 9LU 

Please send me Electrical and Electronic Trader for 
one year. I enclose remittance value £8.00 (cheques 
should be made payable to IPC Business Press Ltd). 

NAME 
(please print) 

ADDRESS 

Registered in England No. 677128 
Regd. office: Dorset House, Stamford St., London SEi 9LU 

www.americanradiohistory.com

www.americanradiohistory.com


r glJrlllldtl vMs 

a72 Wireless World, February 1975 

The SECOND-USER 
Computer Specialists 
Peripherals and Systems for Data Processing 
Systems, Equipment and Components 

Mini- Computer 
Systems 

Available for immediate delivery at greatly 
reduced prices due to special purchase 

Ir!I - ,...T Vff 
M't:1r 

Little -used PDPBE 12K system including: High Speed Paper 
Tape Reader. High Speed Paper Tape Punch. Memory Drum. 
ASR33 Teletype. 
Just arrived -PDP8L 4K processor with 8K extender box. 

A phone call could save you a bomb! Ring now for price. 
Other models becoming available all the nme -let us know 
your requirements 

DEC High -Speed Paper Tape Reader Punch for PDP81. 
Hardly used. Our special price £1,500. 
DATA DYNAMICS 1114 RACK -MOUNTED 110 cps PUNCH. 
As new. Mounted in sound -reducing rack cabinet 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 £550 (list price 17901. 
FACIT 4001 HIGH SPEED PAPER TAPE READER. rack - 

mounting version. 5/6/7/8 channel dielectric reader for speeds 
up to 500 cps (or 1000 cps using separate spooler). ONE 
BRAND NEW UNIT AVAILABLE IN ORIGINAL MANUFAC- 
TURER'S PACKING. OUR BARGAIN PRICE £895 (list price 
11.1281. 
One second -hand (little used) unit also available at £650. 
FACIT 4060 150 cps Rack - Mounted Paper Tape Punch. 
Suitable for all types of tape including Mylar. UNUSED 
SURPLUS -A BARGAIN AT £595 (list price 11.056). 

Add 8% VAT to all prices shown 
Carriage extra -details on request 

Keyboards 
Electro - mechanical 
numeric and alpha- 
numeric keyboards 
originally designed for 
80 column card punch 
and verifier machines. 
Numeric with 12 char- 
acter keys and 8 
instruction keys. 
Alphanumeric with 47 
character keys and 8 
instruction keys. 
Price: Numeric £4.50, 
Alphanumeric £15. 
Paper Tape punch /verifier keyboards. Full alphanumeric key- 
board with 65 keys + 4 shift keys in 4 -bank layout. ISO coded. 
Operating speed up to 25 ch. /sec. Mounted in attractive case 
with control. panel. Price £25. 
Reed -Switch 4 -bink Alphanumeric keyboard, mounted on 
PC board and housed in metal case. 43 character keys + 2 

shift keys and 16 instructional keys. Ideal for data displays. 
computer programming. etc. Price £30. 
Photo -electric Encoded Keyboards. No metallic switches or 
contacts. Generates any eight bit code to specification. Photo- 
electric keyboard combines Photoelectric encoders and power 
assisted solenoid actuators. 45 key alphanumeric keyboard 
+ space bar + key interlock. Output - Photocells 500K to 2 

Meg. for Logic 1. 800 Ohm-2 KOhm for Logic 2. -12V DC- 
OVDC Logic 1. Voltage requirements -26V DC mA. -12V 
60 mA. + 6V 5mA. Price £45. 
STOP PRESS!! 
JUST ARRIVED -FABULOUS BRAND NEW KEYBOARDS 
WITH READ ONLY MEMORY. Input Voltage -12V DC: 

positive logic: TEL compatible: odd parity 8 -bit. two -key roll- 

over: strobed ROM. 
4 -bank alphanumeric keyboard with 77 key positions + space 
bar. Ideal for communications equipment. Complete with 
associated integrated circuitry. Power supply connections and 

binary-coded outputs are made to a printed card connector 
at rear of keyboard. OUR INCREDIBLE PRICE £49.50 

Peripherals 
80 COLUMN HAND PUNCHES 

Ideal for stock 
control. sales analy- 
sis. back -up in existing 
computer installa- 
tions, DP training 
centres, schools, etc. 
New low cost model 
£69.50 plus carriage. 

DE LUXE 
MODEL 
Incorporating tabu- 
lating mechanism. 
£89.50 plus car- 
Hage. 

ELECTRIC HAND VERIFIER 
£96 plus carriage. All 
machines supplied with 
numeric keytops and dust - 
cover and covered by our 
three month guarantee. 
Delivery ex- stock. Optional 
extras alpha keytops and 
chip tray. Send for free 
descriptive leaflet NOW! 

Punch Card 
IBM Punch Card Equipment 
024 Automatic alphanumerical 
keypunch 
026 Automatic alphanumerical printing 
keypunch 
0ey56 Verfìer for use with 024. 026) 

TERMINALS 
BRAND NEW KSR33 Keyboard 
Send /Receive Terminal. complete 
with stand. Price £525.00 
ASR 35 Heavy Duty Console 
Terminal. as new. Price £700.00 
IBM Model B Input/Output 
Typewriter. Price £125.00 
IBM Golfball Input /Output Typewriter. Price £400.00 

COMPUTER SALES & SERVICES (EQUIPMENT) LIMITED 
49/53 Pancras Road, London NW1 2QB. Tel: 01 -278 5571 

MIL SYNCHROS 
EX STOCK 

WE ARE ANXIOUS TO BUY Synchro Test Equipment 
manufactured by Muirhead. Singer- Gertsch etc. Test Dials. 
Dividing Heads, Bridges, etc, to expand our test facilities. 

SOLAR CELLS. Ferranti silicon MSIIBE, active area 390 
sq. mm. Open CCT voltage 550mV at 3000 lumens/sq. ft. Sht. 
Cct. Current 60mA. Optimum load 90 ohms. Dia. 34mm. Thick- 
ness. 6mm. mtg thrd 1/4 -28 unf 2A. Ex made up panel. £1.35 
(int. P. & P. and VAT) 

PANEL DISPLAY RECORDING CAMERA. Manufactured 
A.G.I. Specifically for the recording of complex instrument 
displays on 2.114in. x 2.114in. shots. Fitted 80mm F3.5 lens. 
Shutter speeds 1 /100, 1150, 1125 sec. and time exp. Focussing at 
1.75 to 50 ft. in 18 steps. Aperture sttgs F3.5 to F22. Prismatic 
viewfinder and facility for viewing direct on ground glass screen. 
Rotating filter attachment. Cord film advance and shutter cock 
with septe. Button control and electrical release facility (24V DC) 
Spool holds 40 exposures. Camera may be wall mounted on 
bracket supplied. Tripod mounting socket provided. In wooden 
case. Two grades available as new Grade A £35.10 (inc. P. 
and P. and VAT). Somewhat used but serviceable Grade B 
£25.05 (inc. P. 6 P. and VAT). 

Metal Oxide Resistors 
(ELECTROSIL & WELWYN) 
Tantalum Capacitors 

(KEMET, ITT, PLESSEY, ETC.) 

MANUFACTURING QUANTITIES 

GAS CHROMATOGRAPHY RESEARCH OVEN 
PV4051/4056 
A large capacity oven of low thermal mass for use between 35 and 
400 °C. Provides a forced air circulating system yielding 1000 
changes of air per min. The oven has forced air cooled outer 
surfaces when the internal temperature is high. 210 -250V, 50Hz. 
2.6KW. £29.50. (C.Pd. England and Wales). 

SPECIALIST STOCKISTS OF SERVOMOTORS, SYNCHROS, MAGSLIPS & CONNECTORS 

env and IeeIrciih ales end 
Post Orders and Technical enquiries to: 24, HIGH ST., LYDD, KENT. TEL: Lydd 20252 (STD 0679) 

V.A.T. Reg. No. 201-1296-23 TELEX 965265 

Also at 45a HIGH ST., ORPINGTON, KENT. TEL: ORP 31066 

TELEPRINTER PAPER. Standard rolls. 1 ply £3.80 per doz. 
2 ply £3.80 per doz. 3 ply £4.10 per doz. 4 ply 04.40 per doz. AN 

P. Pd. U.K. Telex your order now I 

A.C. SUPPLY PANEL for 191n. rack mounting carrying two 
2kVA Variacs with double brush assemblies providing four 
individually fused and metered outputs of up to 4kVa and 270e 
in excellent condition at £45.50 including carriage and V.A.T. 
(U.K. mainland). 

TAPE STORAGE CANS. Brand new finished steel cans 
originally intended for 16mm film but ideal for storing 7 in. reels 
of tape. Our last supply of these items was quickly exhausted 
at 30p each but as a result of a massive new purchase we can 
now offer a case of 55 at £5.25 inc. P. 6 P. and V.A.T. Sample 
order 10 for £1.10 inc. P. 6 P. and V.A.T. 

STAINLESS STEEL VACUUM CONTAINERS FOR 
LIQUIDS. Capacity 2 U.S. galls, fitted with delivery tap. 
Brand new in carton -£25 IC. Pd. U.K.). 

N.E.P. Mod. 1050 6 Channel UIV Recorder. Fitted 5 galvos. 
With P.S.U. for 230v. A.C. 14 x 10 x 12 in. (recorder) and 
14 a 10 x 8 in. (P.S.U.). £220.00 (inc. Carr. & V.A.T.). 
RADAR CABLEFORM INSULATION TESTER for check- 
ing insulation between individual conductors and each other 
and ground at preselected voltages up to 10Kv. Full details on 
application. 
WEE MEGGERS, 250V £12.53. RECORD MEGGERS. 500V 
£15.12 (inc. P. 6 P. and VAT). 

INDUCTION GENERATOR 
Requires a supply voltage of 50V 50Hz and provides an output 
of 7V per 1.000 r.p.m. directly proportional to speed. This in- 
strument has a wide variety of applications, e.g., anemometers. 
measuring shaft speed etc. In brand new condition £6.25 post 
paid. 

Type SR Educational Type SA65E Type SA52W TYPE SA 

We are direct importers of Alps Keiki quali y panel meters. We can thus offer these attractive meters at extremely competitive prices. 
TYPE No AND FRONT COVER DIMENSIONS IN MM 

SA38 SA45 SA52 SA52W TÁ048 15086 TÁ086 TAD118 TAD152 SA65E 

43x43 51x51 61x61 48x42 66x60 86X70 118X106 150x 110 82x 78 

3.49 3.56 3.64 196 3.59 178 3.98 4.67 5.44 6.35 
Regs 
50pA 
1mA. 5mA 

} 
10mA. 50mA 
100mA 
1A, SA. 10A 
150.30V. 100V 

SR45 5652 
72x56 78x63 

190 4.15 

ORBS 

92x72 
4.39 

110 3.70 3.95 3.08 115 

157 3.81 4.06 3.15 3.23 
3.57 3.81 4.08 112 3.19 

3.40 3.55 3.23 3.41 3.61 4.50 5.20 5.90 

151 3.63 134 3.52 3.72 4.61 5.31 6.00 

3.47 3.63 3.26 3.45 3.64 4.54 5.23 6.00 

150V, 300V 3.70 3.94 419 3.36 3.36 3.64 3.76 3.43 3.62 3.81 4.70 4.65 6.15 

Type SR is 
NO 

attractive 
pries include P &P & VAT. Qua tity discounts offered. Fulllllustratedl pri ce rlist 

are 
SAE please! 

robust. 

ALL PRICES INCLUDE 8% V.A.T. 
LEMANIA AIRCREW CHRONOGRAPHS 

Stainless Steel case with 
screw back; luminous hands 
and markings. One fifth sec. 
sweep hand controlled inde- 
pendently of main movement 
by press to start, stop and 
return to zero button.15 jewel 
movement. Many of these 
watches are as new but all 
have been completely over- 
hauled and checked for 

accuracy. Fitted soap. White face £18.25. Black face £19.20 inc. 
P.& P. All watches: Inspection against remittance 

GS WATCHES all with brushed 
stainless steel case with screw back 
and black faces. Manufactured by 
CYMA, VERTEX. RECORD. etc., to 
a standard specification. Completely 
overhauled. Fitted strap. £8.80 inc. 
P. & P. We also have limited quanti- 
ties of these watches by OMEGA, 
LONGINES, BUREN. HAMILTON, 
JAEGER LE COULTRE and WC at 
£15.25 inc. P. & P. 

DRY REED INSERTS 

Overall length 1.85in. (Body length 1-lin.) Diameter 0.14in. to 
switch up to 500mA at up to 250v. D.C. Gold clad contacts 
70p per doz.; £4.10 per 100; £2960 per 1,000; £270 per 10,000. 
All carriage paid U.K. 
Heavy duty type (body length 2in.) diameter 0.22in. to switch 
up to 1A. at up to 250V. A.C. Gold clad contacts, £1.36 per 
doz.; £6.78 per 100; £51.40 per 1,000; Ch r Heavy Duly 
type £270 per doz. All carriage paid U.K. 
Operating Magnets 90p per doz.: £6.80 per 100: L85 per 1000. 
All carriage paid U.K. 
Operating Coils for 1 2v supply to accept up to four standard 
reeds £2.20 per doz.: £12.30 per 100. All carriage paid U.K. 

OVER 300,000 IN STOCK! 
MULTIWAY AND R.F. CONNECTORS 
by twenty different companies! 
Send us your detailed requirements 
quoting Nato numbers if known. TELEX 
965265. 
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Collect Wireless World Circards. 
And build a valuable dossier on 
circuit design. Circards is a new and comprehensive system, 

launched by Wireless World, to provide professional 
engineers and enthusiasts with valuable and 
up -to- the -minute data on circuit design. Data not 
available from any other single source. 

Each Circard is 8" x 5" and shows a specific 
circuit, a description of the circuit operation; 
component values and ranges; circuit limitations; 
circuit modifications; tested circuits; 
performance data and graphs. 

The double -sided format enables the Circard to 
be filed in standard boxes for easy reference. 
And the plastic wallet provided keeps the cards 
well -protected. 

Circard sets come in wallets and cost £I.50 
per set. A subscription for to consecutive 
sets costs £13.50. 

Start your personal dossier on circuit design 
by completing and returning the coupon bel 
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Subjects already covered by Circards 
1. Basic active filters. 2. Switching circuits, comparators and 
schmitts. 
3. Waveform generators. 4. AC Measurements. 
5. Audio circuits: preamplifiers, mixers, filters and tone 
controls. 
6. Constant current circuits. 7. Power amplifiers. 
8. Astables. 9.Opto-electronics. 
10. Micropower circuits. 11. Basic logic gate circuits. 
12. Wideband amplifiers. 13. Alarm circuits. 
14. Digital counters. 15. Pulse modulators. 
16. Current differencing amplifiers -Signal processing. 
17. Current differencing amplifiers- Signal generation. 
18. Current differencing amplifiers -Measurement and 
detection. 19. Monostable circuits. 
Subjects planned 
Two-Transistor circuits, Multipliers and Dividers, 
Code converters, DC Amplifiers and Choppers, 
Amplitude modulation and detection, Transistor arrays. 
Sets 18 -25 will be sent to subscribers separately after 
publication. We shall be pleased to receive your order. 

40 
To: General Sales Dept., IPC Business Press Ltd., Room T I 
Dorset House, Stamfor; Street, London SEI 9LU 

Please send me set no(s) 
I wish to subscribe to set no(s) 

G £1.50 each 0* 
a £13.50 * 

I enclose cheque /money order for £ 
*Tick as required /Cheques to be made payable to IPC Business Press Ltd. 

Name 

Address 

Company registered in England. Registered address, Dorset House, 
Stamford Street, SET 9LU England. Registered Number ó77528 
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APPOINTMENTS VACANT 
DISPLAYED APPOINTMENTS VACANT: £6.08 per single col. centimetre (min. 3cm). 
LINE advertisements (run -on): 86p per line (approx. 7 words), minimum three lines. 
BOX NUMBERS: 35p extra. (Replies should be addressed to the Box number in the 
advertisement, d o Wireless World, Dorset House, Stamford Street, London, SE 1 9LU.) 
PHONE: Allan Petters on 01 -261 8508 or 01- 261 8423. 
Classed Advertisement Rates are currently zero rated for the purpose of V.A.T. 

Advertisements accepted up to 12 

noon Wednesday, February 5th for the 

March issue subject to space being 

available. 

We have a number of opportunities for instructors to 

train our customer engineers to service and maintain data 

processing equipment including the latest 370 Systems 
and Software. 

If you're an experienced or potential instructor with a 

background in software and /or electronics, educated to 

HNC, C &G standard or perhaps you've had similar 
service experience- now's the chance to find out more 
about these secure, well paid positions, based in NW 

London. Salaries start from£3000 and career development 
prospects and training are excellent. 

If you are interested please write to: 
Anne Dare, IBM United Kingdom Limited, 
389 Chiswick High Road, London W44AL. 
Quoting ref: WW/92418. IBM 

4338 
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APPOINTMENTS 

Radio/Electronics 
officers 

Does it make sense 
to settleforsecond best? 

,,,,,, ..:,,, , ,.. Y .;>: , `.., ;. ;.^ 

When you're thinking about 
your family's future, it 
would be wise to think of 
Shell. Whether you're in the 
service now or ashore for the 
time being, you will already 
know a lot about us. Our 
British flag fleet of about 8o 
ships (with more on the way) 
is widely diversified, 
carrying many different 
cargoes -bitumen, luboils, 
crude, LNG, chemicals and 
black and white products. 
That means that you don't 
have to be stuck in one 
particular kind of tanker for 
long periods. You can move 
up and move around with 
equal familiarity. Our large 
and increasing investment in 

training underwrites our 
determination to ensure that 
we will achieve our intended 
service periods of 4 months, 
and underlines our 
confidence in the future of 
the Fleet. When it comes to 
pay you'll find our salaries 
are highly competitive. 
Providing you are holding 
current certificates (PMG r 
or 2 or MPT and Radar 
Maintenance) you will earn 
between £3207 and £6390. 
Your experience and 
qualifications will determine 
the point at which you can 
enter this scale. Leave too is 
generous -I54 days for each 
month served. All Officers 
are members of the company 

pension scheme and 
certificated officers can take 
their wives to sea whenever 
they wish and for this purpose 
wives are eligible for two free 
air passages a year. We will be 
pleased to tell you all about 
the extra benefits that Shell 
can offer you as a Radio/ 
Electronics Officer in our 
fleet. Write or phone, 
reversing the charges : 

Shell Tankers 
(UK) Limited, 
STP /13, (WW/2/75) 
Shell Centre, 
London SEi7PQ. 

Tel: of -934 4172 or 3968. 

4267 
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Radio Operators. 
How to see more 

of your wife 
without losing 
sight of the sea. 

Join the 
Post Office 
Maritime Service. 
We have openings for 
Radio Operators at 
several of our 
coastal stations. 

The work 
is just as 
interesting, just 
as rewarding as aboard ship, 
but you get home to see your 
wife and family more often. You 
need a United Kingdom General 
or First Class Certificate in 

Radiocommunications, or an 
equivalent certificate issued by a 

Commonwealth Administration 
or the Irish Republic. 

Starting pay for a man of 
25 or over is £2,270, plus cost of 
living allowance with further 

annual 
increases 
after that. 
Though 
we're 

happy to 
take people 

from 19 up. 
In addition to your basic 

salary, you'll get an average 
allowance of £450 a year for 
shift duties and there are 
opportunities for overtime. 

Other benefits include a 

good pension scheme, sick pay 
and prospects of promotion to 
Senior Management. 

For more information, write 
to: ETE Maritime Radio Services 
Division (L531), ET 17.1.1.2., 
Room 643, Union House, 
St. Martins -le- Grand, London, 
EC1A lAS. 

°OOSt Off fea 
Telecommunications 

[93 
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GOVERNMENT COMMUNICATIONS 

HEADQUARTERS 

RADIO 
TECHNICIANS 

Applications are invited for posts in the London area. 

Applicants must be at least 19, have had two years practical 
workshop experience, and hold 

either C & G Telecomms Technicians Intermediate Certifi- 
cate or equivalent technical qualifications 
or GCE 'O' Levels in English Language, Maths and Physics. 

Salary is from £2,094 at age 19 to £2,974 including London 
Weighting Allowance and Cost -of- Living Supplements as 

appropriate. Posts are unestablished, but opportunities exist 
for establishment. 

Applicants must be British, born of British parents and have 

resided in the U.K. for the last ten years. 

APPLY TO: 

Recruitment Officer, GCHQ, Block 2, Government Buildings, 
Eastcote Road, RUISLIP, Middx. HA4 BBS. 

[4382 

The Royal Fleet 
Auxiliary 

requires 

Radio 
Officers 

with 1st Class PMG or MPT General Certificate or (with 
previous experience) 2nd Class PMG Certificate and 
DOT Radio Maintenance Certificate. 
Basic rates of pay at entry depend on experience e.g. 
less than six months sea service E2,312: over six months 
sea service £2,570. These rates are increased to take 
account of qualifications held. 
Regular increments are awarded for Company service 
thereafter and there are excellent prospects for pro- 
motion into the senior grade with salaries rising to 
L6,156 per annum. 

* Leave 183 days per annum served. * Study leave on full pay. * Generous sick leave and welfare arrangements. * Non -contributory personal pension scheme. 
* Special training courses on full pay. * Opportunities for wives to travel. 

The Royal Fleet Auxiliary is a career service offering an 

interesting and exciting way of life to young men of 
above average ability who seek a more challenging 
technical job at sea. 

For further details write to:- 
The Careers Office, Royal Fleet Auxiliary, 
DGST(N) 74A, Room 603, Empress State Building, 
London SW6 ITR. Or phone: -01 -385 1244 ext. 2192. 

4330 
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Communications and 
Control Engineering 

MIDDLE EAST 
BP seek the following staff for service with Abu Dhabi 
Marine Areas Ltd. The work involves the maintenance of 
comprehensive telecommunications, instrumentation and 
computer -based telemetry systems, which are being 
installed as part of a major development programme for 
large -scale offshore oil production in the Arabian Gulf. 
Starting salaries indicated are presently free of tax and 
include provision of an annual service benefit in lieu of 
pension. 

Control Engineer Offshore 
Telemetry 
£7,500- £8,500 net p.a. 
Based on a large offshore platform complex, he will be 
responsible for maintaining a computer -based remote 
control and supervisory system (dual Argus 500 computer 
installation, Ferranti 40,000 drive units and outstations, 
colour visual display units). Applicants, under 35 years of 
age, should have at least 7 years' experience in telemetry 
including 3 years working with similar systems. Preferred 
qualifications are those leading to Chartered Engineer, 
though a lower standard could be accepted if the candi- 
date has had particularly relevant experience. Some 
knowledge of transducers and process control instru- 
mentation is required. Preliminary specific training can be 
provided. Reference ZH.966. 

Control Engineer Offshore 
Process Instrumentation 
£7,500- £8,500 net p.a. 
Based on a large offshore platform complex, he will head a 

small team of technicians in the maintenance of process 
control instrumentation (essentially pneumatic, but in- 
cluding electronic and hydraulic) covering gas /oil 
separation, water treatment and pumping, power 
generation and oil well- heads. Applicants, having HND/ 
HNC and preferably under 35 years of age, should have at 
least 10 years' relevant experience in the oil refining or 
petrochemical industries. Some knowledge of TDM tele- 
metry systems is required. Preliminary specific training 
can be provided. Reference ZH.967. 

Control Engineer 
Computers 
£8,500- £9,500 net p.a. 
Based on the Abu Dhabi mainland, this specialist 
Engineer is to head the computer group which is re- 
sponsible for the effective maintenance and operation of a 

number of Argus 500 machines located on large offshore 
platform complexes and used in conjunction with remote 
control and supervisory telemetry systems and associated 
display and data logging functions. 
Technical leadership in the overall integration of these 
systems, in fault diagnosis and problem solving, is 

especially important. Applicants under 35 years of age 
should have had at least 5 years' experience with process 
control computer maintenance and operation, including 
2 years in maintenance of Ferranti computers and their 
peripherals. Preferred qualifications are those leading to 
Chartered Engineer, though a lower standard could be 
accepted if the candidate has had particularly relevant 
experience. Reference ZH.968. 

Telecommunications Technician 
Das 
£5,500- £6,500 net p.a. 
Based on Das Island in the Arabian Gulf, he will be re- 
sponsible for maintaining H F, VHF and UHF, SSB, FM and 
AM single and switched channel radio equipment, radar, 
echo -sounders and marine electronic equipment, general 
audio systems and cinema projectors. Applicants, having 
OND /ONC or equivalent and aged 25 -35, should have at 
least5 years' experience in maintaining equipment as listed 
above. Knowledge of broadband radio systems and 
telephone multiplex or telephone exchanges would be 
advantageous. Reference ZH.969. 

Telecommunications Technicians 
Rig /Marine 
£6,500 - £7,500 net p.a. 
Based on the Abu Dhabi mainland, these two technicians 
will work within a team responsible for maintaining HF, 
VHF and UHF, SSB, FM and AM single and switched 
channel radio equipment, broadband microwave radio 
systems and associated multiplex equipment (up to 36 
channels), MF radio beacons, small telephone exchanges 
and related line plant. Applicants, having OND /ONC and 
aged 25 -35 years of age, should have at least 5 years' 
experience in maintaining most types of equipment listed 
above. Additional experience with teleprinter systems 
would be advantageous. Reference ZH.970. 

Telecommunications Technicians 
Offshore 
£5,500- £6,500 net p.a. 
Based on a large offshore platform complex, these two 
technicians will be responsible to an engineer located on 
the mainland for, mainly, first line maintenance of the 
equipment listed under post reference 970 above, and 
should have similar qualifications and experience. 
Reference ZH.971 . 

All posts carry staff status and are offered as three -year 
(extendible) engagements. Terms include incremental 
salaries presently free of local tax, plus the usual benefits 
of employment with a major British oil company. Home 
leave is granted on full pay with fares paid to UK. Good 
sports and recreational facilities are provided on Das 
Island and the mainland. Offshore and Das Island posts 
are on an unaccompanied basis, with messing and air - 
conditioned accommodation provided free. Married and 
single accommodation at nominal rental (though without 
free catering) is provided on the mainland. Duty tours /UK 
leave entitlements are mainland twelve months /60 days; 
Das Island 70 days /20 days; with very generous arrange- 
ments for offshore personnel. 

Please send complete personal history, quoting the 
appropriate reference, to : 

The Manager, Central Recruitment, 
The British Petroleum Company Limited, 
Britannic House, Mow Lane, London EC2Y 9BU 
or phone 01 -920 6344 for an application form. 4012 
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"'" 
Bradley Services 
operate the most 

comprehensive 
maintenance, repair and 

calibration service in the U.K. 

New products and more service work means we 
need extra Electronic Technicians and Engineers 

experienced in maintaining a wide range of 
telecommunications, radar, microwave, ECM 

systems, and all types of electronic test equipment. 
We count practical experience more important than 

academic qualifications. 
Competent Engineers 
will find interesting work and 
good promotion prospects. 

FCC 

FNC/yFlON 
We are offering a starting salary up to £2,650 
p.a. and higher for Engineers of exceptional ability. 
There is a 371/2 hour week, generous holidays, 
subsidised restaurant, the Lucas pension scheme 
and other fringe benefits. 
For more details, please telephone, call or write to: 
R. F. Honnor, Personnel Manager, G Et E Bradley Ltd., 
Electra) House, Neasden Lane, N.W.10. 
01 -450 7811. 4366 

BRADLEY 
electronics 

A LUCAS COMPANY 

RADIO MAINTENANCE 
ENGINEER 

An opportunity to work in a very small team in the Central Office of Infor- 
mation at Hercules Road, London SEI, as a Maintenance Engineer in their 
Overseas Press and Radio Division. The post is graded Assistant Information 
Officer. Applicants with suitable qualifications should have at least 5 years' 
experience which must include a thorough knowledge of mains and battery 
operated professional tape recording equipment and ancillary studio equip- 
ment. The ability to construct all kinds of audio amplifiers, equalisers and 
relay circuits, and experience in faultfinding in electromechanical equipment 
are also necessary. Knowledge of Post Office line plant would be an 
advantage. 

Salary on a scale rising to £2,982 plus £410 London Weighting and £229.68 
threshold payments. Non- contributory pension scheme. Please send postcard 
for full details and application form to Central Office of Information, 
Atlantic House, Room 53, Floor 1, Holborn Viaduct, London EC1N 2PD, 
quoting reference number COI /OPR /11/. Closing date for completed forms 
5 February 1975. 

[ 4397 

ELECTRONIC 

VACANCIES 
Engineers 

Draughtsmen Designers . 

Service and Test Engineers 

Technicians Technical Authors 

Sales Engineers 

£1,600-£5,000 pa 
Permanent or Contract 

01 -387 0742 

MALLA TECHNICAL 
STAFF LIMITED 

376 Euston Rd., London NW1 3BG 
195 
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Electronic 
Engineers 
and Instructors: 
potent opportunity 
at Hemel Hempstead 
Join the Company that invented the world's first electroric calculator. now 

expanding continuously as British leaders in both calculators and more complex 

systems. As you would expect from part of the Rockwell Organization, world 
famous for space and microelectronic technology, salaries are high while further 
benefits are extensive. And inevitably, there are few environments which can 

equal the career potential provided. 

ELECTRONIC ENGINEERS can be at anything 'rom Junior Technician level (day 
release training is available where apprppriate) to a level where full qualifications 
and experience have been gained. 

Instructors can have either: (a) C & G (Electronics) with a thorough knowledge 
of basic electricity plus teaching experience -for training Engineers in basic 
electricity and electronics; or (b) with qualifications /experience as specified in 

(a) plus calculating/computing techniques 
experience -for training engineers on Company 
products such as electronic and programmable 
calculators and business systems experience. 

Please phone or write for more information 
and your application form to: 
Mr. D. D. Davies, 
Sumlock Anita Ltd., 
1 Frogmore Road, 
Apsley, Hemel Hempstead, Herts. 
Tel: Hemel Hempstead 61771. 

Ø 4lSumlock Anita Ltd. 
Rockwell International 4365 

UNIVERSITY OF SOUTHAMPTON 

INSTITUTE OF SOUND AND VIBRATION RESEARCH 

ELECTRONICS TECHNICIAN 
required by the Wolfson Unit for Noise and Vibration Control to work 
in support of consultancy teams investigating a wide range of noise and 

vibration control problems. 

The Unit's work involves the use of sophisticated noise measuring 

instruments and other electronic equipment which the technician ap- 

pointed will operate, maintain, and precisely calibrate, and previous 

experience would be an advantage. He may be involved in laboratory 
investigations or required to take responsibility for the operation of 

equipment on field work involving his absence from base for short 

periods. 

Candidates should have a recognised qualification in electronics or 

electrical engineering (O.N.C. /H.N.C. or equivalent), and relevant ex- 

perience in applied electronics. 

The appointment, for one year initially, will be made at Grade 5 (non - 

established) on salary scale £2,439 -£2,895 per annum. 

Applications, stating age, qualifications and experience and giving the 

names of two referees should be sent to the Administrative Secretary's 

Section, The University, Southampton S09 5NH, quoting reference 268/ 
T /WW. 

[4369 

Medical 
Physics 
Technician 
required for servicing hospital and 
home -based kidney machines. Con- 
siderable travel in South East England, 
and there are opportunities for re- 
search. Previous experience of kidney 
machines is not essential but proven 
ability in this or similar fields of 
engineering is of greater importance. 
Academic achievement should at 
least be ONC or equivalent standard. 
Current driving licence essential. 
Salary according to qualifications and 
experience. 

Apply, Personnel, Guy's Hospital, St. 

Thomas Street, London SEI 9RT. 

Telephone: 01 -407 3662 Ext. 68. 
[4015 

www.americanradiohistory.com

www.americanradiohistory.com


Wireless World, February 1975 

Electronic 
Lecturers /Trainers 
TELECOMMUNICATIONS 
Principal Lecturer c£4,000 
To investigate, develop and implement specialist software training courses to 
provide software training associated with processor systems. 
Desirable qualifications are a degree or equivalent in a numerate discipline 
together with considerable experience of software systems and programming in 
machine codes and high level languages. 

Senior Lecturers a Lecturers cz3, 200 
To teach on a number of advanced courses on topics which include one or more 
of the following systems. Electromechanical electronic and digital switching 
systems. Time will be made available for course preparation and learning new 
systems as the need arises. 
Desirable qualifications are a degree or possibly H.N.C. or Full Tech. Certificate in 
Electronics or Telecommunications together with considerable background 
experience in telecommunications design, development or installation. 
These appointments are located in the East Midlands where the housing situation 
is good and generous relocation expenses will be paid where appropriate. Our 
client can also help to obtain mortgage. r PERSONNEL ADVERTISING LIMITED 

Write in the first instance to David Macmillan, Personnel Advertising 
Limited, 22 Red Lion Street, London WC1 R4PX stating any companies 
to whom you do not wish your application forwarded and quoting 
reference GRS 309. 14380 

ELECTROSONIC LTD. 
S.E. LONDON 

Senior 
Test Engineer/Supervisor 

Salary £2,600- L3,400 

Electrosonic Ltd. a leading company in the rapidly expanding fields of lighting 
control, audio and audio -visual systems require a Senior Test Engineer. 

Duties include the organisation and running of a production test shop 
employing 8 -10 test engineers, the introduction and programming of auto- 
matic test equipment and the training of junior Test Engineers. 

A capacity for work, a sound theoretical circuit knowledge, an appreciation 
of production engineering and organisation together with previous experi- 
ence essential. 

The company offers an attractive working environment, interesting work 
and excellent conditions of employment. 

Apply: Electrosonic Ltd., 
815 Woolwich Road, 
Charlton, SE7 8LT. 
Telephone: 01 -855 1101. [4379 

THE OPEN UNIVERSITY 

ELECTRONIC 

ENGINEER /TECHNICIAN 

GRADE 6 

We are looking for a person to design elec- 
tronic equipment for use in teaching and 
research. Applicants should have experience 
of both digital and analogue circuit design. 
A degree in electronics is desirable, but 
applicants with H.N.C. or H.N.D. will also 
be considered. The person appointed will be 
expected to give design advice to academic 
and technical staff where necessary. Routine 
work with students is not part of the job 
function. 

The appointment will be on the Technician 
Grade 6 Scale: £2,844 to L3,450 per annum. 

Application forms and further particulars are 
available from the Personnel Manager (EE6), 
The Open University, P.O. Box 75, Walton 
Hall, Milton Keynes, MK7 6AL, and should 
be returned as soon as possible. 

[4375 
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Electrical /Electronic 
Mechanic 

required by the Trinity House Lighthouse 
Service to work in a small team involved in 
the prototype construction and testing of 
electrical /electronic equipment, including 
occasional travel within the U.K. to assist 
with field work. 

Pay commences at L38.26 plus L3.44 bonus 
plus £4.40 threshold pay per week, and 
assistance may be provided with further tech- 
nical education. 

For further details and application form 
apply to:- 

The Establishment Officer, 
Trinity House Lighthouse Service, 
Tower Hill, 
London EC3N 4DH. 

or 'phone 01 -480 6601 Ext. 245. 
[4403 

ROYAL FREE HOSPITAL 
HAMPSTEAD 

MEDICAL PHYSICS 
TECHNICIAN 

(ELECTRONICS) 
A vacancy exists in the Electronics Workshop of 
this brand new major Teaching Hospital. Applicants 
should hold the final City and Guilds or an 
equivalent qualification. Some knowledge of 
analogue and digital circuit techniques desirable. 
Salary on a scale L2,314 -0,004 dependent on 
qualifications and experience. 
Application forms to be returned by 15th Febru- 
ary 1975, from the Personnel Department, Royal 
Free Hospital, 21 Pond Street, London, NW3. 
Tel: 01 -794 0431. 

[4402 
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PHILIPS CROYDON 

Electrical 
Design Engineer 

An Engineer is required for electrical design and development of new 
mass production TV receivers, at Phillips Croydon, an ultra modern 
TV manufacturing plant, within the international Philips Group of 
Companies. 

The vacancy would suit an experienced graduate level electrical 
engineer, aged 23 -32, wishing to broaden his career potential. 

Good theoretical knowledge of circuits and experience of TV design 
is necessary. 

Excellent conditions of employment apply, including more than 4 weeks 
holiday and annual bonus. Starting salary will match successful 
applicant's experience and qualüfications. Substantial assistance will be 
provided towards removal oasts where appropriate. 

Applicants should submit brief details to: 

Mr. L. H. Lewis, Personnel Officer, Philips Croydon, Commerce Way. 
Purley Way, Croydon CR9 4JA, 
Telephone: 01 -688 7766, ext. 2286. 

PHILIPS 

Am, PHILIPS 

[4383 

Merton, Sutton and Wandsworth Area 
Health Authority (Teaching) 

Wandsworth & East Merton Teaching District 

ST. GEORGE'S HOSPITAL, LONDON, SW1 

OPPORTUNITY IN 
ELECTRONICS 

A vacancy exists in the Electronics Section of the Department of 
Medical Physics. The work involves the design, development and 
manufacture of a wide variety of medical and research instruments; in 
particular, the solution of problems arising from the use of cardiac 
pacemakers. Experience with digital integrated circuits very desirable. 
The salary is on the M.P.T. II scale, which is £2,727- £3,516 p.a. plus 
Threshold. Minimum qualification H.N.C. or the M.P.T. Ill scale, which is 
£2,316- £2,943 p.a. plus Threshold. Minimum qualification O.N.C. The 
salary point on the above scales depends on experience and 
qualifications. 
Further information and application forms are available from the 

Hospital Secretary's Office, 
St. George's Hospital, Hyde Park Corner, 
London SW1X TEZ. 

[4395 
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Yorkshire 
Regional Health 
Authority 

Regional Medical Physics Unit 

MEDICAL PHYSICS 
TECHNICIAN (GRADE III) 

A Medical Physics Department is to be set up at Grimsby, as an integral part of the 
new District General Hospital now under construction. In the first stage, a pilot 
scheme is to be operated with one Medical Physics Technician Grade Ill. Initially, 
the service, mainly relating to Radioactive Isotopes, will be provided at Grimsby 
General Hospital to the Consultant Staff in the District. Subsequently, the variety 
of work will be largely dependent upon the demands made upon the Service and 
the experience and initiative of the person appointed. 

Applications are invited from persons qualified to H.N.C. standard in Medical 
Physics or Electronics, or equivalent, with three years' relevant experience, and 
preferably in hospital work. Persons with O.N.C. qualifications and broader ex- 
perience will also be considered. 

Starting, salary within the range £2,190 to £2,355 rising by annual increments to 
£2,817 plus threshold of £13.92 per month. 

The person appointed will work under the supervision of a Physicist and will 
receive training as necessary to provide the physics service. 

Application forms to be obtained from and returned to the Regional Administrator, 
Yorkshire Regional Health Authority, Park Parade, Harrogate, HG1 5AH, within 
14 days of the appearance of this notice. 

[4378 

WEST BERKSHIRE HEALTH DISTRICT 

AUDIO ENGINEER 
(SCIENTIFIC OFFICER) 

to join busy group of surgeons, scientists and audiology technicians working with 
child and adult patients. Duties include running small well- equipped electro- acoustic 
laboratory, calibrating and maintaining audiometric instruments, assessing perform- 
ance of hearing aids, with occasional CCTV, tape- recording and apparatus design jobs. 
Applicants should have HNC or degree (in physics, applied physics or electrical 
engineering) and relevant experience would be an advantage. Salary on scale £1,689- 
£'2,994 +threshold payments (approx. £229 p.a.). 
Further details from Dr. R. J. Bench, Audiology Unit, Royal Berkshire Hospital; 
applications to Hospital Secretary, Royal Berkshire Hospital, London Road, Reading. 

[4377 

Telecommunications 
Engineer 

Commercial Cable Company have a number of vacancies for Engineers 
experienced in telephony and data transmission. Salary according to 
experience and qualifications but not less than £3,700 per annum. Please 
telephone Chief Engineer, Commercial Cable Company. Telephone: 
01 -251 1577 for appointment. 

[4399 
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Harrow College of 
Technology & Art 

FILM AND TELEVISION 
TECHNICIAN 
up to £2,677 

A Technician /Engineer in Television 
and Sound is required for a post in the 
Film and Television Department of the 
School of Photography. Duties will in- 
clude the technical operation and rou- 
tine maintenance of a CC TV Studio 
requiring electronic and mechanical 
skills and knowledge in the television 
field. 

Reasonable removal expenses reim- 
bursed, lodging allowance of up to £6 
per week and up to £500 towards 
legal and estate agents fees may be 
payable. 

Good conditions of service including 
pension. 

For more information and an applica- 
tion form telephone 01- 864 4411 Ext. 
31 or write to Harrow College of 
Technology & Art, Northwick Park, 
Watford Road, Harrow. 

[4018 

WEST SUSSEX COUNTY COUNCIL 
INSTRUCTOR 

Industrial Training Centre, College Road, 
Crawley 

The person appointed will be required to 
give industrial training in electronics to 
First Year "Off the Job" trainees at both 
Craft and Technician level. Candidates 
for this post should possess qualifications 
of at least an appropriate Ordinary 
National Certificate level. The present 
salary scale is £1,900 x £54(3) x £57(9) 
to a maximum of £2,575 (under review) 
plus London Allowance. The commencing 
point on the scale is determined by quali- 
fications and previous experience. Appli- 
cation forms and further particulars may 
be obtained from the Manager (Electrical) 
at the above Centre. Requests for 
application forms should be made within 
14 days of this advertisement. 

[4367 

L §17 
caaoiFF 

Unnervty of Wal.`, InVinne ul Sun,t and Techolucry 

Department of Applied Physics 
and Electronics 

M.Sc. /DIPLOMA COURSE 
IN ELECTRONICS 

Applications are invited for places in 
the full -time one -year M.Sc. /Diploma 
course in Electronics, commencing 
October 1, 1975. 
Further details may be obtained from 
the Academic Registrar, UWIST, 
Cardiff CF1 3NU. 
Application forms should be completed 
and returned to the College as soon as 
possible. 4371 
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THE UNIVERSITY OF 
MANCHESTER 

INSTITUTE OF SCIENCE 
AND TECHNOLOGY 

DEPARTMENT OF 
OPHTHALMIC OPTICS 

ELECTRONICS 
TECHNICIAN 

(GRADE III) 
(REF: 0 /172 /AU) 

Required in the electronics workshop of the 
visual sciences research section of the above 
department. The duties will be varied over a 

wide range including equipment repair, main- 
tenance and prototype wiring and testing. 
Opportunities will exist for gaining experience 
in computer programming and electronic design. 
A sound knowledge of electronic techniques is 
essential and some experience in workshop prac- 
tice would be an advantage. Qualifications 
required are O.N.C. or equivalent together with 
relevant experience. 

Salary within the scale: L2.01342,343 per 
annum. 

Write for application forms, quoting reference, 
to the Registrar, U.M.I.S.T., P.O. Box 88, Man- 
chester, M60 IQD, to whom completed applica- 
tions should be returned by 3rd February, 1975. 

[4370 

ARE YOU 
LONDON'S 

TOP 
VIDEO 

ENGINEER 
We need the very best there is to take com- 
plete charge of the Engineering Side of our 
busy Video Company. 
We are probably the country's biggest inde- 
pendent systems house and already have top 
Grade Engineers so are looking for someone 
really special, capable of organisation and 
above all Technically Sound. 
We are prepared to pay a super salary with 
fringe benefits, car, etc. commensurate with 
the responsibility of this situation. If you are 
capable of hard work and want to get right to 
the top in an Expanding Business this is the 
job for you. This sort of opportunity only 
comes once in a lifetime. Please contact:- 

Ian Crammond, Managing Director, 
Teletape Video, 
76. Brewer Street, 
London WIR 3PH. 
Tel: 734/1319 434/1267. 

[4394 

KING'S COLLEGE LONDON 
Department of 

Electrical and Electronic Engineering 

ELECTRONICS 
TECHNICIAN 

Interesting new position for electronics 
technician, Grade 5, preferably with 
interest and experience in digital elec- 
tronics. Some circuit design ability 
essential. The post offers good opportu- 
nity to acquire experience in computer 
systems. Four weeks annual holiday. 
Contributory Pension scheme. Salary 
on scale E2,849- E2,939 rising to E3,305 
p.a. including London weighting. Apply 
in writing giving details of age, experi- 
ence and qualifications to Head Clerk, 
( Ref. WW 138749) King's College Lon- 
don, Strand WC2R 2LS. 

[4398 
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EALING, HAMMERSMITH AND HOUNSLOW 
AREA HEALTH AUTHORITY (T) . tI 
CHARING * x 
CROSS AAIL 

HOSPITAL 

DEPARTMENT OF MEDICAL PHYSICS 

Electronics Technician (Grade II) 

Applicants should have a wide experience of analogue equipment and 
preferably a good working knowledge of digital techniques. Knowledge 
of Medical equipment an advantage but not essential. 

ALSO 

Graduate Electronic 
Engineer 
Knowledge of medical equipment an advantage but not essential. 
Whitley Council conditions of service apply. Salaries for both posts 
within the range of £1,689- £3,390 p.a. plus London Weighting at £126 p.a. 

(under review) and current Threshold payments. Point of entry on scale 
dependant upon qualifications and experience. Temporary single 
accommodation may be available for single men. 

Application form and job description available from Mr. C. J. Hill, 
Personnel Department, Fulham Palace Road, Hammersmith, London W6 
8RF. Te: 748 2050 Ext. 2992. Please quote ref. 106. Forms should be 

returned by 4th February 1975. 
[4364 

INSTITUTE OF GEOLOGICAL SCIENCES 

Professional and Technology 
Officer Grade IV 
Applications are invited for appointment -as a Professional and Technology Officer Grade IV in the 
Geomagnetism Unit of the Institute. 

DUTIES 
The maintenance of equipment for the continuous monitoring of the Earth's Magnetic Field, to 
make the necessary calibrations and absolute observations and to assist in their reduction. There 
will be opportunities to assist in new development and proving. 
Direct experience is not required as appropriate training will be given. Some electronic 
experience is, however, essential. The successful applicant may undergo a period of training at the 
Unit's geophysical observatory at Eskdalemuir, Dumfriesshire, prior to appointment to a permanent 
station. 

QUALIFICATIONS 
(a) ONC or equivalent, in electrical engineering. 
(b) All candidates must have served an apprenticeship, or have had equivalent training, appropriate 

to the duties of the post, plus, normally, at least 3 years of suitable engineering experience 
(preferably assembly and testing of electronic equipment). 

(c) Ability to drive would be an advantage. 

SALARY 
L1845 (age 21) -[2260 (age 27 or over on entry) -[2625. In addition Cost -of- Living supplement of 
í19.14 per month is paid. Non -contributory superannuation arrangements are available. 
Application forms and further particulars, including the location in the UK of the Institute's 
geophysical observatories, may be obtained from Establishments, Institute of Geological Sciences, 
Exhibition Road, London SW7 2DE. Please quote Ref. ESK /75. 
Closing date for applications: 22 January, 1975. 

NATURAL ENVIRONMENT RESEARCH COUNCIL 
4407 
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AUDIO /VISUAL 
TECHNICIANS 

(TWO POSTS) 

The Commonwealth Institute has vacancies for two Audio 
Visual Technicians as follows:- 

(A) AN Officer to head small AN Unit under Chief Exhibi- 
tions Officer. 
The successful applicant will possess extensive knowledge 
of A/V equipment (slide /tape, video, cine, etc.) and have 
practical experience in the operation and maintenance of 
such equipment related to exhibitions. The vacancy offers 
a varied and interesting position in congenial atmosphere 
for a person of initiative. 

(B) A/V Assistant with good working knowledge of opera- 
tion and maintenance of all WV equipment. Practical 
experience essential. 
Post (A) is graded Scientific Officer with salary range 
£2,002 by 12 increments to £3,085 inclusive of London 
Allowance. 
Post (B) is graded Technician Ill with salary range £1,997 
by 7 increments to £2,436 inclusive of London Allowance. 
Both posts attract a cost of living supplement of £19.14 
per month. 
Good working conditions, 4 weeks' holiday. 
Non -contributory pension scheme. 
Some weekend working will be obligatory in both posts. 
Application forms are obtainable from the Establishment 
Officer, Commonwealth Institute, Kensington High Street, 
London W8 6NQ. 01 -602 3252. 

TECHNICAL 
OPERATIONS 
MANAGER 
(Television Service) 

For the Educational Television Unit at 
Guildford County College of Technology. 
To be responsible for the daily operations 
of a team of technicans concerned with 
production and presentation of EN material. 

Applicants need a sound knowledge of closed - 
circuit television systems including colour, 
together with experience with helical -scan 
recorders and vidicon cameras. Organising 
ability, and an interest in the development of 
television and other audio -visual equipment as 
teaching aids, of considerable importance. 

Salary (including Threshold and Surrey 
Allowance) £2,275 -£2,947 according to 
age, qualifications and experience. 

Application form and details from the 
Vice - Principal, Guildford County College 
of Technology, Stoke Park, Guildford. 

4) SURREY 
COUNTY .4 

Wireless World, February 1975 

required for 

BBC's ENGINEERING INFORMATION 

DEPARTMENT in Central London 

Salary according to experience, in the range £4,329- 
£4,725 rising to £5,319. Pensionable post. 

Duties include writing leaflets and booklets, mainly about 
broadcast reception and drafting reports and letters. Some 
exhibition work may also be included. 

The job requires an ability to write clearly and attractively 
on technical subjects -both for Engineers and the 
general public. 

Applicants must have experience in the design and layout 
of printed material, also a good basic understanding of 
radio theory, television technology and audio repro- 
duction allied to a natural flair for writing and public 
relations. 

Requests for application forms to The Engineering 
Recruitment Officer, BBC, Broadcasting House, London, 
W 1A IAA, quoting reference no. 74.E.2417/WW and 
enclosing self -addressed envelope at least 9" X 4 ". 
Closing date for completed application forms 14 days 
after publication. 

00 4013 

RADIO 
OFFICERS 

Do you have PMG I, PMG II, MPT 2 years operating 
experience? 

Possession of one of these qualifies you for con- 
sideration for a Radio Officer post with composite 
signals organisation. 

On satisfactory completion of a 7 -month specialist 
training course, successful applicants are paid on a 
scale rising to £3,096 pa; commencing salary according 
to age -25 years and over £2,276 pa. During training 
salary also by age, 25 years and over £1,724 pa with 
free accommodation. 

The future holds good opportunities for established 
status, service overseas and promotion. 

Training courses commence at intervals throughout 
the year. Earliest possible application advised. 

Applications only from British -born UK residents up 
to 35 years of age (40 years if exceptionally well 
qualified) will be considered. 

Full details from: 

Recruitment Officer, 
Government Communications Headquarters, 

Room A/1105, Priors Road, Oakley, 
Cheltenham, Glos GL52 5AJ 

Telephone Cheltenham 21491 Ext 2270 192 
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ELECTRONIC 

TECHNICIAN 
GRADE III 

An electronic technician is required for the 
Electronics Department dealing with the 
maintenance of a wide variety of electronics 
and electro- medical apparatus. /Applicants 
must possess HNC, HND or ONC in electro- 
nics or equivalent City and Guilds Certificate. 
/General diagnostic maintenance experience 
in the electronic field is necessary. Training 
in maintenance experience in the electronic 
field is necessary. Training in maintenance 
of specialised hospital equipment will be 
given. /Salary scale from £2,190 to £2,817 
p.a. plus Threshold payment. Additional 
payments are made if overtime is required. 
/Applications stating age, qualifications and 
experience, together with two referees should 
be sent to the Area Works Officer, Coventry 
Area Health Authority, The Birches, 
Tamworth Road, Keresley End, Coventry 
CV7 8NN 

COVENTRY 
Area Health Authority 

ELECTRONIC 
ENGINEER 
aged 25 -35 years, with knowledge of 
Logic and Audio equipment design, 
required by expanding Group of Com- 
panies. Must have H.N.C. or equiva- 
lent. 

Write or telephone: 
Personnel Department 
SONTRANIC (C.H.C. GROUP) 

LTD. 
The Forum, High Street, 
Edgware HA8 7HB 
Telephone: 01- 952 6666 

I 4022 

TOP ARTISTS RECORDING STUDIO 

Well established in the heart of Paris 
have an opening for experienced record- 
ing engineer who is also able to do some 
maintenance on electronic recording 
equipment. Excellent prospects for a 

bachelor age about 25. Living accommoda- 
tion, bachelor flat, will be provided. 
Please contact to -day 
Loulou Gasté Studios 
5 Rue du Bois de Bologne 
Paris 16 

France 
14386 
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Electronics Test 
Engineers: 
career openings 
that affect all 
sorts of people... 

. you most of all, naturally. Mainly because, by 
joining the world's largest exporter of radio -telephone 
equipment you will inevitably open up for yourself 
career advantages that very few companies can provide. 
Pye Telecom is growing at an ever -increasing rate - and 
the potential for its products has as yet been only 
fractionally utilised. 
But the work you do will also be vital to an incredible 
number of others. Very frequently, life itself depends on 
the efficiency of the UHF and VHF equipment you'll be 
working on. Police, firemen and ambulance staff are a 
small sample of the extensive range of users. Which 
explains the exacting specifications of the test 
procedures in operation - and why previous fault- finding 
and testing experience is an essential requirement. If it 
relates to communications equipment, so much the 
better, but this is not absolutely essential. More 
important is practical proficiency, which may well have 
been gained in the armed forces. 
Find out more right now by phoning or writing to 
Mrs Audrey Darkin at : 

p Pye Telecommunications Ltd ' Cambridge Works, Elizabeth Way, 
Cambridge CB41 DW. Tel: Cambridge 58985 

4292 
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Q MARCONI INSTRUMENTS Ltd. 
Lilili - AT ST. ALBANS AND LUTON 

AT'IMIT 7 
We a e a company that manufactures precision electronic measuring instruments and have a ange of technical caree 
vacancies within our Production and Engineering departments at St. Albans and Service Division at Luton. 
To fill these posts we are looking for people with a good electronic background, but not necessarily qualified. 
Attractive salaries are offered for the right candidates along with the normal benefits of staff employment. 

For further information and or application forms contact John Prodger, Mt Ltd., Longacres, St. Albans, Herts. Tel:59292. 
A G.E.C. Marconi Electronics Company. 

4356 

LINK 
ELECTRONIC 
TEST ENGINEER 
TV CAMERAS 

We are looking for another engineer to join our 
young team testing and commissioning TV studio 
equipment. 

Link Electronics is a successful, independent 
company making a complete range of units for 
TV broadcasting, from monochrome and colour 
cameras to complete studio systems and Outside 
Broadcast mobiles. Our modern factory, on the 
edge of Andover, is currently being extended to 
help us meet the increasing demand for our 
products. 

For this position formal qualifications are 
less important than direct experience of similar 
equipment and this means you are unlikely to be 
younger than 23. A knowledge of both digital 
and linear techniques is essential and you 
should be used to fault finding down to 
component level. 

We offer a competitive salary with above average benefits including subsidised canteen, 
excellent pension scheme with free life assurance, free health insurance and financial assistance 
with re- location where necessary. 

Please write or telephone, giving brief details only at this stage, to M. D. Comber. 

LINK LINK ELECTRONICS LTD. 
Walworth Industrial Estate, 
Andover, Hampshire, England Telephone: Andover (02641 61345 

ELECTRONICS 
4411 

T.V. Engineers 
for New Zealand 

Are you dissatisfied with your present position, feeling like a change of 
scene? Do something about it now! Be our guest -come down under and 

join the Tisco Team, N.Z.'s largest service organisation. 
We are in service only and our engineers are all important people, 

every one of our 30 managers is an ex engineer. 
We are now selecting staff to sponsor under the Immigration Scheme 

to arrive in N.Z. mid 1975. 

If you, 
Have 5 years experience, preferably some in colour. 
Single or married with 3 children or less. 

write now enclosing a photograph and details of past experience to:- 
The Technical Staff Supervisor, Tisco Ltd, Private Bag, Royal Oak, 
AUCKLAND, NEW ZEALAND. 14070 

LEEDS CITY COUNCIL 
Department of Education 
Leeds Polytechnic 
Educational Technology Unit 

TELEVISION 
ENGINEER 
(REF. 13/21) 
T.3. £2,187- £2,538 
plus Threshold payment 

To work with media production team 
in the operation and maintenance of 
the colour television studio and related 
recorded facilities. 

Application form (quoting ref. no.) 
together with further particulars from 
the Administration Officer, Leeds 
Polytechnic, Calverley Street, Leeds 
LS1 3HE. [4023 

Radio 
Technicians 
A secure future with Overseas Division 
of one of the world's largest airlinek is 
within easy reach if you are interested in 
either aircraft or ground radio and have 
at least 5 years' experience. 

The vacancies are at Heathrow Airport 
-London. 
Starting pay is £49.66 per 40 hour week 
and there are chances of rapid promotion 
to £56.04 per week. 

Additional benefits include a contributory 
pension scheme, a first -class sports and 
social club and opportunities for conces- 
sional holiday air travel world wide. 

Please write, quoting reference 430 /WW/ 
BW, to: 

Manager Selection Services, British 
Airways Overseas Division, PO Box 10, 
Heathrow Airport- London, Heathrow 
TW6 2JA 

British 
airways 

4021 
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B. BAMBER ELECTRONICS 
TERMS OF BUSINESS: WITH ORDER. ALL 
PRICES INCLUDE POST T PACKING (UK ONLY). EXPORT 

20 WELLINGTON STREET, LITTLEPORT, CAMBS. ENQUIRIES WELCOME. PLEASE ADD 8% VAT. 

TEL: ELY (0353) 860185 (TUESDAY- SATURDAY) CALLERS WELCOME BY APPOINTMENT MINIMUM ORDER £1 

PLEASE ENCLOSE STAMPED ADDRESSED ENVELOPE WITH ALL ENQUIRIES 4404 

PYE AC10 POWER SUPPLY 
240V input, 12V (nominal) at t Oamp 
output, stabilized, fully enclosed. fused, 
used by tested £30.00 

ELECTROLYTIC CAPACITORS 
AXIAL LEAD AND SINGLE ENDED 
MFD 6.3V 10V 16V 25V 35V 50V 
22 30p - - - - 40p 
33 - 30p 35p 40p 40p 45p 
47 - - - 40p 45p - 
100 35p 40p - 45p 60p - 
220 40p 40p - 50p 75p - 
330 40p 45p 60p 75p 95p 95p 
470 45p 60p - 95p - - 
1000- - 95p 95p - - 
3300 95p 95p - - - - 
PRICES PER PACK OF 5 
Trade enquiries welcome for quantity 

PLUGS AND SOCKETS 
TV PLUGS (metal type) 6 for 50p 
TV SOCKETS (metal type) 50p 
TV LINE CONNECTORS 5 for 50p 
PL259 (PTFE) PLUGS 50p each or 5 
for £2.25 
S0239 (PTFE) SOCKETS 50p each 
or5 for £2.25 
25 -WAY ISEP PLUGS and SOCKETS 
40p set (1 plug + 1 skt). Plugs and 
sockets sold separately at 25p each 
CANNON Right -angled plugs XLR 
LNR15 75p 
DIN SPEAKER SKTS, 2-pin, 4 for 30p 
STANDARD JACK PLUGS, +in.. 4for 
50p 
ANDREWS 44AN FREIE SKTS (N- 
TYPE) for FH4/50B or FH.14/50B cable 
£1.00 each 
50239 BACK -TO -BACK SOCKETS 
£1.25 each 
BNC INSULATED SOCKETS (single- 
hole type) 65p each 

PYE RADIO -TELEPHONE 
EQUIPMENT 

Cambridge. Westminster. Motofone, 
Europa series. Send s.a.e. for full details. 
stating requirements, frequency, channel 
spacing, etc. 

TEST EQUIPMENT 
MARCONI UHF SIGNAL GENERA- 
TOR, TF762B, 300- 600MHz, £50.00 
MARCONI STANDARD SIGNAL 
GENERATOR. TF867/2. 15kHz- 
30MHz, £100.00 
MARCONI TV SWEEP GENERATOR, 
TFt 104/1, £66.00 
MARCONI VALVE VOLTMETER, 
TF428C, £28.00 
MARCONI AMPLITUDE MODULA- 
TOR. TF1102, £35.00 
MARCONI VALVE MILLIVOLT - 
METER. TF899A, £30.00 
MARCONI STANDARD SIGNAL 
GENERATOR, TF144H, 10kHz- 
72MHz, £195.00 
WAYNE KERR VHF FREQUENCY 
STANDARD. 12- channel, £20.00 
AIRMEC BRIDGE HETERODYNE 
DETECTOR. Type 775, £65.00 
AIRMEC SIGNAL GENERATOR, 
Type 201, 30kHz-30M Hz. £75.00 
AVO PORTABLE TRANSISTOR 
ANALYSER, Mk Il. £45.00 
HEWLETT PACKARD UHF SIGNAL 
GENERATOR, Type 614A, 800- 
2300MHz. £175.00 
SOLARTRON DIGITALVOLTMETER, 
Type LM1420/2, with "TRUE RMS AC 
UNIT ", 10mV- 1000V, 5 -digit display. 
new condition, £400.00 
TEKTRONIC TYPE -526 VECTOR- 
SCOPE, 240V input, complete but 
needs slight attention, good external 
appearance. 

Offers please 

MISCELLANEOUS 
MAGNETIC DEVICES PROGRAM - 
MERS, contain 9 microswitches with 
9 adjustable drums for period switching 
(needs slow- motion motor to drive drum) 
many switching applications £1.00 each. 
ITT HIGH -GRADE ELECTROLYTICS. 
6800 mfd at 25V, screw terminals. 
complete with capacitor clip for vertical 
mounting, 50p each (quantity discount 
available). 
MULTICORE CABLE, z" dia. PVC 
covered, in 22ft, lengths with plug and 
socket fitted, 24 core stranded + 1 

screened + 1 twin screened (ideal mobile 
control lead) £2.10 each. 
TWIN HEAVY DUTY CABLE, PVC - 
covered, 50/0.25mm, 15p per metre. 
or £10.20 per 100 metre reel. 
CURLY LEADS, 4 -core telephone -type 
18in. closed. approx. 5ft. extended. 2 for 
Y0p 

MAINS TRANSFORMERS 
240V in voltages quoted approx, RMS. 
TYPE F27BS (ex Pye F27 base station 
TX) 500V at 350mA, 6,3V at 8A, £6.00. 
TYPE 40/2 40V at 2A, £1.00 each. 
TYPE 18/8 18V at 8A, £4.50 each. 
carriage 50p. 
TYPE 16/6 16V at 6A, 45V at 100mA, 
£4.00, carriage 50p. 
TYPE 28/4 28V at 4A, 125V at 500mA, 
£4.00, carriage 50p. 
TYPE 63/1 6.3V at 1A, 85p each, 
2 for £1.50, 
TYPE 129 400V at 20mA, 200V at 
10mA, 6.3V at 500mA. £1.25. 
TYPE 70462 250- 0 -250V, 50- 0-50V. 
6.3V, £1.75. 

VALVES 
QOV03 /20A (ex equipment) £2.10 each 
QOVO3 /10 (ex equipment) 75p each 
2C39A (ex equipment) £1.00 each 
QQV02/6 (ex equipment) £1.00 each 
4CX250B (ex equipment) £2.10 each 
4X250B (ex equipment) £1.50 each 
DET -22 (ex equipment) 2 for £1.00 
EF80 (new) 25p, EZ81 (new) 25p 
ECC81 (new) 30p, ECC83 (new) 30p 

TEST EQUIPMENT 
ROHDE AND SCHWARZ POWER 
SIGNAL GENERATOR, 30- 

00MHz, up to 5V output. £3000.00 
GRESHAM LION 625 -LINE PULSE/ 
BAR /STAIRCASE GENERATOR, 
£25.00 
TEKTRONIX 524D SCOPE. DC- 
10MHz, £70.00 

RADIOSPARES 500 -WATT AUTO 
TRANSFORMER, 100/110/150/200 / 
220/240/250V tapped input and output. 
step up or step down facility, ex new 
equip. £6.00 

TEST EQUIPMENT 
RACAL 125MHz DIGITAL FRE- 
QUENCY METER, Type 801R/2. 
0.01V to 1V sensitivity, 8 -digit readout. 
new condition. £275.00 
ROHDE AND SCHWARZ SIGNAL 
GENERATOR, SMAF. 4- 300MHz, 
AM /FM. attenuation to 0.05 microvolt, 

tion and modulation metered, deviation 
complete. but needs attention. £300.00 
ROHDE AND SCHWARZ FRE- 
QUENCY DEVIATION METER, 
FMV, AM /FM. 20- 300MHz £300.00 

MAINS ISOLATING TRANSFOR- 
MER. 375VA. tapped primary, 240V 
output. new, £6.00. 
MAINS ISOLATING TRANSFOR- 
MER, (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 + 22V at 2.5A, £27.50. 
carriage £2. 

PYE MF TRANSMITTERS 
5B254Ms in final. VFO 340 o 2 

24 
X 
X 

5 
5 can 

s 
s modded upward). 2 

t 

t X 

5B254Ms in Modulator, cw /mcw can 
be modded for AM). units complete, but 
no PSUs, (supplied with circuits of TX 
and PSU) brand new boxed, £20 -00. 

HIGH -QUALITY SPEAKERS 
Sá in. X bin. elliptical, tin. deep, 4 ohms, 
inverse magnet, rated up to 10Watts, 
£1.50 each, or 2 for £2.75 (quantity 
discount available). 

We've got prices 
p put power in your profits 

TOSHIBA VALVES 
Goods 

Type Price (p) 
DY87 30.0 
DY802 30.0 
ECC82 28.0 
EF80 29.5 
EF183 34.5 
EF184 34.5 
EH90 31.5 
PC900 24.5 
PCC89 40.0 
PCC189 41.0 
PCF80 31.5 
PCF86 39.0 
PCF801 42.0 
PCF802 40.0 
PCL82 39.0 
PCL84 34.0 
PCL85 39.5 
PCL86 41.0 
PFL200 55.5 
PL36 55.5 
PL84 25.0 
PL504 60.5 

Type 
Col. 

ITN GEC /Sobel) 
2TO 1400 + 950 Mk II 

2TAK 1500 5 Stick 
2DAF 1500 3 Stick 
2HD 950 3 Stick 

Goods Goods Goods Goods Goods 
Type 
PL508 

Price 
67.0 

Type 
AF 15 

Price 
23p 

Type 
BC147A 

Price 
08p 

Type 
BF173 

Price 
25p 

Type 
BU108 

Price 
C2.10 

PY88 35.5 AF 16 23p BC148 08p BF178 35p BY126 11 
PY500A 85.0 AF 17 23p BC149 12p BF179 40p BY127 12p 

PY800 29.0 AF 18 50p BC 153 20p BF180 35p E.1222 30p 

SEMI-CONDUCTORS 
AC127 17p 

AF 
AF 

39 
78 

42p 
45p 

BC 154 
BC 157 

22p 
12p 

BF181 
BFI84 

35p 
21p 

IN60 
M1E340 

05p 
45p 

AC128 15p AF 80 45p BC 158 IOp BF185 2Ip OA202 7.5p 
AC14IK 30p AF 81 45p BC 159 14p BF194 15p 0071 15p 

AC142K 30p AF239 45p BC173 IBp BF195 15p 0072 15p 

AC151 20p BA 45 14p BC178B 20p BF196 20p BU I05/02 C2.40 

ACI54 18p BC 07 11 BC 182L 12p BF197 17p 2SCI172B C2.40 

ACI55 18p BC 08 Ilp BC 183L 12p BF198 23p R2008B C2.00 

AC156 20p BC 09 12p BC 187 28p BF200 25p R2010B C2.00 

AC 176 22p BC 13 25p BC214L 15p BF218 30p INTEGRATED 

ACI87 19p BC 16 25p BD124 70p - BF224 35p CIRCUITS 

AC187K 30p BC 17 20p BDI31 45p BF258 40p TAA550 49p 

ACI88 20p BC 25 25p BD 132 45p BF336 28p TBA120AS £1.00 
ACI88K 
AD142 

30p 
45p 

BC 
BC 

32 
35 

25p 
20p 

BD235 
BD237 

49p 
52p 

BF337 
BFX86 

35p 
28p 

TBAI205Q 
TBA540Q 

£1.00 
C1.75 

AD149 40p BC 37 25p BDX32 C2.40 BFY50 22p TBA560CQ C2.40 

ADI61 38p BC 38 40p BFI 15 20p BFY52 20p TBA920Q C2.90 

AD162 38p BC 42 26p BFI60 20p BSY52 35p TBA990Q £2.90 
AF114 24p BC 43 30p BF167 20p BT106 C1.40 SN76013ND C1.50 

ENT RECTIFIER TRAY ASSEMBLIES 
Goods Price Type 

£4.50 1 1 TAM Philips GB 
C4.50 TCO Pye/Ekco 
C1.85 11 TAQ 1TT/KB 
£2.00 3 TCU BRC 3000 
01.85 11 TAZ GEC 2010 
C1.70 12 MONTHS GUARANTEE 

Goods Price 
C4.50 
£3.50 
C4.50 
£5.00 
£5.35 

1 COMBINED PRECISION 
COMPONENTS RESTON)LIMITED 
194 -200 North Road, Preston PR1 1 YP 
Telephone: 55034 Telex: 677122. 

COLOUR TUBES 

Goods Price 
19- A49/191 X 48.00 
20" 5100.E22 49.75 
22" Á58/120X 5325 

FULLY GUARANTEED 

. Now Prl i Ust from Ist. AMy 1974. 

www.americanradiohistory.com

www.americanradiohistory.com


CLASSIFIED 
a88 

ARTICLES FOR SALE 

ECONOMISE ON SEMICONDUCTORS 
All prices include VAT 

Lower 741 C prices 100 + 24p 

Economical Digital Clock IC 

x Plastic 3 terminal Regulators 

* Low price DIL sockets 

1+ 10+ 25+ 
709C Op Amp + data 8 pin DIL 34 32 30 
723C Reg. + data 14 pin DIL 65 63 59 
741C Op Amp + data 8 pin DIL 30 28 26 TTL Mixed prices 

748C Op Amp + data 8 pin OIL 39 37 35 1+ 10 +25+ 
NE555 Timer + data 8 pin DIL 65 62 59 7400 17 16 15 

CA3046 Array 14 pin DIL 76 73 69 7402 17 16 15 

TDA1405 Reg. 5V 650mA 100 92 85 7403 17 16 15 

TDA1412 Reg. 12V 500mA 100 92 85 7404 18 17 16 

TDA1415 Reg. 15V 450mA 100 92 85 7405 18 17 16 

BC107, 108, 109 10 9.5 9 7410 17 16 15 

BC182,184 11 10.5 10 7413 36 34 32 

8C212, 214 12 11.5 11 7420 17 16 15 

HP Red LED 11 -" 18 16 15 7442 70 66 63 

HP Red LED 0.2" 19 17 16 7447 90 85 80 
DIL Sockets, 

low profile 
11 10 
12 11 

9 

10 

7473 
7474 

38 
35 

36 34 
33 31 

13 12 11 7476 38 36 34 
7486 30 28 26 
7490 55 52 49 

BC109C 11 BZX88C- 
BC177 18 3V3-15V 
BC178 18 2N3702 

1N914 
11 1N4001 
12 1N4002 

5 

5 

5 

7492 
7493 
74121 

55 
55 
44 

52 49 
52 49 
42 40 

13E244 24 2N3704 12 1N4004 7 

BF244B 27 2N3708 10 1N4148 5 
BFY51 17 2N3055 48 

AY -5 -1224 Digital Clock IC. 12 or 24hr, 7 segment or BCD outputs, drives LED Minitron, 
LED displays. Simple interfacing. 16 pin OIL. IC + data + circuits £4.65. HP 5082 -7740 
0.3" digits f2.00. IC + 4 0.3" digits £12. IC+ 4 0.3" digits + transistors + transformer 
£14.00 

TBA810AS 7W Audio Amp, Thermal protection +data +circuit £1.60 
TCA940 10W Audio Amp, Thermal protection, current limit +data + circuit £2.60 

Carbon film High Stability 1W 5% resistors 10 ohm -2m2 1p ea, 10 9p, 100 80p same value. 

By return service. Prices include VAT. P & P 8p (UK) overseas at cost. All items new TI, 
Motorola, Mullard. SGS etc. SAE lists, enquiries. Data sheets 4p. Colleges etc. supplied. 

SILICON SEMICONDUCTOR SERVICES 
41 Dunstable Road, Caddington, Luton LU 1 4M. 

DOUGLAS For Transformers 
* Comprehensive stock range 

* Rapid prototype service 
* Quantity production orders. 

Douglas Electronic Industries Ltd., 
Eastfield Road, Louth, Lincolnshire LNI1 7AL. 
Tel: Louth (05 -07) 3643 Telex: 56260 4007 

S.I.G.A. 
TOROIDAL TRANSFORMERS 

* LOW PROFILE * LOW LEAKAGE FLUX 
Especially suitable for Audio Amplifier Power Supplies. 
Our comprehensive coil winding service also includes inductors, 
A. C. and D.C. Current Transformers. 

S.I.G.A. ELECTRONICS LIMITED 
Sunderland Road, Sandy, Beds SG1910.Y. Tel : Sandy (0767) 81266. 

4349 

MINI ACCUMULATORS 
2 volt MULTI -USE Sealed 
Lead Acid Rechargeable 
Cells. 
Size L450 -1.4" x 1.1" x 
0.44 ". 
3 for £1.85 inc. P. & P. 
Size GA2-1-7" x 1.3" x 
0.5 ". 
3 for £2.35 inc. P. & P. 

GARFIELDS, 269 Rye Lane, London, SE15 14017 

ENAMELLED COPPER WIRE 
S.W.G. 1 l reel 'v lb reel 

10 to 14 £1.90 £1.05 
15 to 19 £2.00 £1.10 
20 to 24 £2.05 £1.15 
25 to 29 £2.10 £1.20 
30 to 34 £2.20 £1.28 
35 to 40 £2.35 £1.35 

All the above prices are inclusive in U.K. 
COPPER SUPPLIES 

102 Parswood Rd., Withington, Manchester 20 
Telephone 061 -224 3553 

185 

Wireless World, February 1975 

WE SELL 
CONSTRUCTION PLANS 
Phonevision, Television Camera, Police Radar 
Detector, Voice typewriter, Scrambler, Answer- 
ing machine, Wireless quarter mike. Plans; 
57.50 each. 

COURSES 
Detective- Electr, $36.50. Security- Electr, 
$43.50. Telephone Eng. $59. 

OVER 750 ITEMS 
Ask for Catalogue -Airmailed $0.75 

T. STRIK, 
Postbox 618, Rotterdam, Holland. 

144 

CRYSTALS 
Fast delivery of prototype and production 
military quality crystals. Competitive prices 
all frequencies; LF crystals a speciality. 
Details from 

INTERFACE INTERNATIONAL 
29 Market Street, Crewkerne, Somerset 
Tel: (046031) 2578. Telex: 46283. 

135 

PARTRIDGE ELECTRONICS 
MANUFACTURERS OF AUDIO MIXER SYSTEMS 

NEW PEAK READING 

* VU METER SYSTEMS 
Which gives the advantages normally only associated with 
PPM systems at much lower cost. 

REF. W.W. 
21/25, Hart Road, Bentleet, Essex. 

(Established 23 years) (43 

CARBON FILM RESISTORS -E12 SERIES 
High Stab. 1W OR 1W 5%. 1p, 75p/100, £550/1000 
(2262 -1 ME2). 

RESISTOR KITS 220-1Mí2 E12 SERIES 
10E12 KIT 10 of each value (Total of 570) W. £305; 
1W E3 15; 25E12 KIT 25 of each value (Total of 1425) 
0W, £1.35; 1W, £45. 

EQUIPMENT SALE 
Regulated power supply modules. New In original 
packing. ATC 24V/2A, £10. Fenlow J, 15V/1A, with 
F /Panel, £12-50. NGN Vacuum Meters PRU3 (Used) £15. 
Marconi D -A Converters TF2402, £20. Code Converter 
TF2403, £20. Limits Indicator TF2404, £20. HAAKE 
Const Temp. Water Circulators type F- Junior (± 0.10) 
Used, £54. Transformers 50V/30A £20. 7-5KV/0.015A, E7. 
Honeywell Chart Recorders £50. Solartron VF252 Pre- 
cision Millivoltmeter £35. Solartron CA512 V.S.W.R. 
Indicatore 425. 400V, 250mA Bench Power Supplies EIS. 
Hatfield Ins. PUM1/16 400 cycle Generators £30. Muirhead 
2PH. Dec. Osc., £30. Many other Items available. 

Please add £1 carriage and 8% VAT. 
METAL FILM KITS ALSO AVAILABLE. 
CATALOGUE No. 3 (Approx. 2044 Parts) 20p. 
C.W.O. P. & P. 10p on orders under £5. Overseas at cost. 

B.H. COMPONENT FACTORS LTD 
Dept. WW, 61 Cheddington Road, PITSTONE, 

Nr. Leighton Buzzard, Beds. LU7 9AO. 
Cheddington (0296) 068446 (32 

SURPLUS BARGAINS 
EASTER LINE ANGUS 
chart recorders, model A601 R 
500- 0- 500u.a. f.s.d. 110v AC, 
as new, with manual. £35.00 
(carr. El). 
Kent Chart recorders single point £20, 
multipoint £301£ 1.50). 
A.E.I. 4 -stage sequential transistorised 
electronic timer, many applications, inc 
3 channel auto -light flasher 1750 watts 
240v). Circuits provided for fully inter- 
rupted and dim /bright flashing. Modification 
instructions and mains transformer. £4.50 
only (50p). 
Printed circuit Kits. £1.25 (30p). 
Instant Heat Soldering Irons, 240v 100 watt 
£2.65 (30p). 
Veedor root 4 digit resettable counters 115v 
AC £1.25 (1 Op). 
AMPEX VIDIO Tape 2" X 1670'. New £9 
(50p). 
Ferric Chloride 25p lb (20p), 10 lbs for 
£2.50 (45p). 
TELEPRINTER PAPERS and TAPES, 8Z" 
wide, 3 -ply carbon, buff manilla 60p (35p), 
ditto 7 -ply NCR, no carbon required £1 
(35p). TAPES. é ". white £2 per 8 rolls (65p). 
p" buff £2 er 10 rolls (65) 1" tap e suit 
Friden, etc, £2 per 7 rolls (65p). 
VARIC Transformers 240 volt input, 0-270v 
output. 2 amp £3.50 (75p). 8 amp £9 (E 1), 
20 amp £18 (£2), 5 amp 1 10v input 
0-130v output £3.50 (75p). 
All prices plus (p &p) total plus VAT 8 %. 
Large S.A. E. for list. 

CASEY BROS, 235 Boundary Rd, St Helens, 
Lancs. 
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LOST- BELIEVED STOLEN 
-a prototype model of the Wireless World noise reducer as sketched below. Dimensions are app.-oximately 15in wide, 3in high and 7in front -to- 
back. Front panel is brushed aluminium with lettering in black, spun aluminium control knobs and twin VU meters. Cabinet is teak veneered. 

Anyone who has seen this unit or knows of its whereabouts please contact the Editor, Wireless World, Dorset House. Stamford Street, London 
SE1 9LU (Tel. 01 -261 8425). A reward will be offered for information leading to the recovery of the unit and the apprehension of the persons 
concerned. /teak -Iooking box 10 in approx.tront torear 

record level record balance 
calibration output level 

wireless 
noise reducer 

power 

/ / 

/ / / 
Irneters 

6T.m.e rec.0 
f. m. noise 19 kHz 

cal- tone s aux. 1.m. Dolby record red. check filter 

i 000000 
ARTICLES WANTED 

TOP PRICES PAID 
for semiconductor and corn - 
ponent redundant or excess 

inventories 

P.R.S. ELECTRONICS 
126 Headstone Road 

Harrow, Middlesex 
Tel: 01 -965 6864 

[34 

ELECTRO -TECH 
COMPONENTS LTD. 
Are buyers of all types of electronic 
components and equipment. They will 
be pleased to view clearance stocks 
anywhere in Great Britain at one or 
two days notice 

and negotiate on the spot ! 

ELECTRO -TECH 
COMPONENTS LTD. 

315/317 Edgware Road, London, W.2 
Tel : 01 -723 5667. 01 -402 5580 

[37 

TAPE RECORDING ETC. 

RECORDS MADE TO ORDER 

DEMO DISCS 
MASTERS FOR 

RECORD COMPANIES 

VINYLITE 
PRESSINGS 

Single discs, 1 -20, Mono or Stereo, delivery 4 days 
from your tapes. Quantity uns 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, Lana. 

Tel. 2273 
[82 

EDUCATIONAL 

C AND G EXAMS 
Make sure you succeed with an ICS home study 
course for C and G Electrical Installation Work & 
Technicians Radio /TV /Electronics Technicians. 
Telecomms Technicians and Radio Amateurs. 

COLOUR TV SERVICING 
Make the most of the current boom! Learn the 
techniques of servicing Colour and Mono TV sets 
through new home study courses, approved by 
leading manufacturers. 

TECHNICAL TRAINING 
Home study courses in Electronics and Electrical 
Engineering, Maintenance, Radio, TV, Audio, 
Computer Engineering and Programming. Also 
self -build radio kits. Get the qualifications you 
need to succeed. 
Free details from: 
INTERNATIONAL CORRESPONDENCE SCHOOLS 

Dept 734, Intertext House, London SW8 4UJ. 
Or Phone 01 -622 9911 (all hours). [4391 

CAPACITY AVAILABLE 

WANTED 
SURPLUS 

* FACTORIES CLEARED * 
MACK'S ELECTRONICS 

283 EDGWARE ROAD 
LONDON WV 1BB 

Tel: 01 -262 8614 
[4014 

BUSINESS OPPORTUNITIES 

Hair 
Transplant 

For free brochure, clip 
this ad. and send to: 

Room 6 
HAIR TRANSPLANT 

INTERNATIONAL 
502 Eccleshall Road, Sheffield 

[4224 

APPOINTMENTS 

Television International 
Operations Limited 
9-11 Windmill Street 

London W1 P 1 H F 

A vacancy exists for a Planning and 
Installation Senior Engineer within 
the Engineering Department of Tele- 
vision International Ltd. Working 
with a small group of engineers he 
would be responsible for the plan- 
ning and installation of Studio and 
Outside Broadcast television equip- 
ment. 

Applications in writing to Director 
of Engineering, Television Inter- 
national Ltd., 9-11 Windmill 
Street, London W.1. 

4029 

14362 

OPPORTUNITY FOR 

GRADUATE IN 
ELECTRONICS 

with some experience of industry to 
join fast expanding firm specializing in 

power supply and logic signalling 
equipment. 

ALPHA OMETRIC LTD., 
HOLMDALE, SIDMOUTH, DEVON. 
TEL: Sidmouth 5151. 

[4319 

APPOINTMENTS 

ELECTRONIC 
EXPERIENCE WANTED. En- 

gineers, technicians or testers required to assist 
teams preparing electronic equipment manuals. Writ- 
ing experience preferable but not essential. Interest- 
ing work on sites in London and Home Counties. 
Impex Publications, 37, Alexandra Street, Southend - 
on -Sea, Essex. [4273 

PROFITABLE and interesting part -time assign- 
ment for knowledgeable and enthusiastic Hi -Fi 

journalist. Apply giving brief details of experience 
to Box No. WW 4374. 

D EDIFON TELECOMMUNICATIONS LTD., Lon- 
-2-. don, S.W.18, have a vacancy for an enthusiastic, 
practical man with some experience of Volume 
Production Testing in the electronics industry. Phone: 
01 -874 7281 and ask for Len Porter. [4288 

SAFFRON WALDEN COLLEGE, ESSEX. Tech- 
nician required for Educational Technology 

Department from 1 March 1975 or as soon after as 
possible. The technician is responsible for manage- 
ment and maintenance of C.C.T.V. aural and visual 
equipment, making of aids and resources, demonstra- 
ting to students. The salary is on N.J.C. Technicians' 
division according to qualifications and experience. 
The post is likely to be for a minimum of two years. 
Application forms and further particulars from the 
Principal. Applications should be returned as soon as 
possible. [ 4392 

QERVICE ENGINEERS for audio visual equipment 
Jv needed to supplement our present team. Salary 
negotiable. Burgess Lane & Co. Ltd., Thornton 
Works, Thornton Avenue, Chiswick W.4. 994 5752/ 
5953. [4388 

'TECHNICAL OFFICER -INSTRUMENT AND 
-I MEASUREMENT. An interesting opportunity is 

offered for a Physicist or electronics /instrumentation 
Engineer to join a project commissioned by the 
Medical Research Council on the calibration and 
measurement of medical ultrasonic equipment. Can- 
didates should have a degree, H.N.C. or equivalent 
qualification in Physics or Engineering and, pre- 
ferably, some practical experience in instrumentation 
work. The project will be located at Guildford and 
the appointment will run to 30th June 1977 in the 
first instance. Salary according to qualifications and 
experience either in Junior Technical Officer scale 
(£1,494 -£2,592) or Technical Officer scale (£2,688- 
£2,895) plus Threshold payments. Detailed applica- 
tions in duplicate, giving addresses of two referees 
to the Secretary, Institute of Cancer Research, 34 
Sumner Place, London SW7 3NU, quoting ref. 301/ 
B/538. [4368 

SITUATIONS WANTED 
FREE LANCE professional Author /Communications 

Engineer invites technical writing commissions. Full 
time employment also considered. Box No. WW 4384. 

Classifieds continued on page 90 
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Classifieds continued from rage 89 

SITUATIONS VACANT 

ELECTRONIC 
engineer to design equipment for 

use of the physically handicapped. Knowledge/ 
interest in medical electronics, digital systems, com- 
munications, computers preferred. Interesting range 
of work with small Company in pleasant location. 
Grange Electronics Ltd., Stone Lane, Wimborne, 
Dorset. [4408 

HI -FI AUDIO ENGINEERS. We require experi- 
enced Junior and Seniors and will pay top rates 

to get them. Tell us about your abilities. 01- 437 4607. 
[19 

ARTICLES FOR SALE 
AARVAK ELECTRONICS. 3 Channel Sound - 

Light Converters from £17; Strobes, £21; Rain- 
bow Strobes, £133. F 8A (W), West 
Green Road, (S' . 0 .r), London 1 -800 
8656. 

5 00,000 CAPACITORS -POLYESTER C280 -250v & 
400v, values from 0.01UF to 2.2UF mixed 100- 

£1.00, 1000 -£8.00. Electrolytics from IUF to 1000UF, 
10v to 63v mixed, 100 -£1.50, 500- £6.00. Electronic 
Mailorder, Ramsbottom, Bury, Lancs. [43 

COLOUR. UHF and-71"WirrES. Colour and v UHF lists available on request. 625 TV. If unit, 
suitable for Hi -Fi amp or tape recording, £6.75, P/P 
35p. Television constructibn cross hatch kit, £3.85, 
P/P 15p. Bush CTV 25. New convergence panels plus 
yoke and blue dot., £3.85, P/P 40p. New Philips single 
standard convergence panels complete, incl. 16 con- 
trols, coils, P.B. switches, leads and yoke £5.00, P/P 
40p. New Colour Scan Coils, Mullard or Plessey plus 
convergence yoke and blue lateral. £10.00, P/P 40. 
Mullard AT1025/05 Convergence Yoke, £2.50, P/P 
35p. Mullard or Plassey Blue Laterals, 75p P/P 
20p. BRC 3000 type Scan Coils, £2.00 P/P 40p. 
Delay Lines DL2O, £3.50, DL1E, DLI. £1.50, P/P 
25p. Lum Delay Lines, 50p, P/P 15p. EHT Colour 
Quadrupler for Bush Murphy CTW25 111 /174 series, 
£8.25, P/P 35p. EHT Colour Tripler ITT TH25 /1TH 
suitable most sets, £2.00 P/P 25p. KB CVCI Dual 
Stand, convergence panels complete incl. 22 controls 
£2.75, P/P 35p. CRI Base panel, 75p. P/P 15p. 
Makers Colour surplus /salvaged Philips G8 panels 
part complete; Decoder, £2.50, IF incl. 5 modules, 
£2.25. T. Base, £1.00, P/P 25p. CRT base, 75p, 
15.. GEC .t,.0 panels, Decoder, £3. '. . Base 

Base 75p, P/P r . B9D valv 10p,.. ARICAP TUNERS. 
hilips VHF for Band 1 and 3, 

£2.85 incl. data. Salvaged VHF and UHF Varicap 
tuners, £1.50, P/P 25p. UHF TUNERS NEW. 
Transistorised. £2.85 or incl. slow motion drive, £3.85. 
4 position and 6 pos. push -button transistorised, £4.95. 
All tuners P/P 35p. MURPHY 600/700 series com- 
plete UHF Conversion Kits incl. tuner, drive assy., 
625 IF amplifier, 7 valves, accessories housed in cabi- 
net plinth assembly, £7.50 P/P 50p. GEC 405 /625 
Dual standard switchable IF amplifier and output 
chassis incl. cot., £1.50 P/P 35p THORN 850 Dual 
standard time base panel, 75p P/P 35p. PHILIPS 
625 IF amplifier panel incl. cct., 75p. P/P 30p. VHF 
turret tuners AT7650 incl. valves for K.B. Featherlight, 
Philips 19TG170, GEC 2010, etc., £2.50. PYE minia- 
ture incremental for 110 to 830, Pam and Invicta, 
£1.00. A.B. miniature with UHF injection suitable 
K.B. Baird, Ferguson, 75p. New fireball tuners Fer- 
guson, HMV, Marconi, £1.80 P/P all tuners 30p. 
Mullard 110° mono scan coils, new suitable all stand- 
ard Philips, Stella, Pye, Ekco, Ferranti, Invicta, £2.00, 
P/P 35p. Large selection LOPTs. FOPTs available 
for most popular makes. 200 +200 +100 Microfarad 
350v Electrolytic, £1.00 P/P 20p. MANOR SUPPLIES, 
172 WEST END LANE, LONDON, N.W.6. Shop 
premises, callers welcome. (No. 28, 59, 159 Buses or 
W. Hampstead Bakerloo and Brit. Rail). MAIL 
ORDER: 64 GOLDERS MANOR DRIVE, LON- 
DON. N.W.11. Tel. 01 -794 8751. 

CONSTRUCTION 
AIDS-Screws, nuts, spacers, 

etc., in small quantities. Aluminium panels 
punched to spec. or plain sheet supplied. Fascia 
panels etched aluminium to individual requirements. 
Printed circuit boards- masters, negatives and 
board, one -off or small numbers. Send 9p for list. 
Ramar Constructor Services, 29 Shelbourne Road, 
Stratford on Avon, Warwks. Tel. Stratford on Avon 
(std 0789) 4879. [28 

CTOSSOR CDU120 60MH3 Solid-State scope. Dual - " ruce lmv /cm. 2 Timebases. Full delay sweep. 
With probe and manual. £220. 01 -346 1103 [4410 

ERNEST 
TURNER 1.5m /a PPMs, £3. Unused ex 

BBC equalizers (bass, treble, prescence) £3.75 
each. Pair Mullard switchable audio high & low pass 
filters £8.50. Optical PPM £6.50. Details-Leeds 
683618. [4389 

HAVE YOU HAD YOUR CHIPS? AY -5 -1224 
Digital Clock chip +data and circuit diagram £3.66 

-Details SAE. Jumbo 0.6" DL 747 seven segment 
L.E.D. display now only £2.04. All post free, add 
standard VAT.- GREENBANK ELECTRONICS, 94 
New Chester Road, Wirral, Merseyside L62 5AG. 

[4405 
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HEATH IG -37 FM Stereo Generator, brand new, 
factory aligned, £60. I. G. Bowman, 35 Park 

Hill Road, Torquay, S. Devon. [4401 

I CREATE, 51 Midhurst Road, London W13 9XS. 
Zero -X Relays 8A 240V AC. Expoxy Encapsu- 

lated. Integral Heatsink. Input LOUA 2V. £5.40 each. 
[4385 

PHILIPS 
PM3232 Oscilloscope for sale. Used only 

twice, one year old, £160. MEC Electronics Ltd., 
327B Hedon Road, Hull, Humberside. [4403 

PYE INDUSTRIAL CAMERA MARK IV, type 
2048. Ser. 69, with lens change attachment type 

2081. Ser. 46. Camera control panel type 3716 Ser. 90. 
Industrial camera control unit type 2332c. Ser. 85. 
One tripod to fit and three lengths of cable. £400 
o.n.o. Telephone Cambridge 55081. [4381 

VACUUM 
is our speciality. New and second-hand 

rotary pumps, diffusion outfits, accessories, 
coaters, etc. Silicone rubber or varnish outgassing 
equipment from £40. V. N. Barrett (Sales) Ltd., 
1 Mayo Road, Croydon. 01- 684 9917. [24 

ALVES, TRANSISTORS, STYLI. Valves 1930 to 
1975, 1500 types in stock. Many obsolete; List 

5p. Diamond Styli, list 10p; transistors, list 15p. 
S.A.E. for quotation. Cox Radio (Sussex) Ltd., The 
Parade, East Wittering, Sussex. West Wittering 2023. 

[4027 

WIRELESS WORLD 100 copies 1919 to 1937 
offers? BBC Year Books 9 copies 1928 to 1934 

£5; Amplion Horn Speaker Type AR23 New £15; 
'Valves (50), Coils, Transformers, all new 84 compo- 
nents £15. 01- 882 0638 Palmers Green N.13. 

gn K W Hz MSF Rugby and 75 KHz Neuchatel Radio 
Receivers. Signal and Audio outputs. Small, 

compact units. Two available versions. Toolex, 
Bristol Road, Sherbome (3211), Dorset. [21 

ARTICLES WANTED 
SCOPE TUBES. 1" Tupe 1cP1 or DH3/91 prefer- 

ably with bases and screws. Price up to L5.00 
according to age and condition. Cheque or P.O. by 
return. Barry Childe, 370, Charminster Rd. Bourne- 
mouth BH8 9RX. Tel: 516565. Closed Mondays. 

[4413 

WANTED, all types of communications receivers 
and test equipment.- Details to R. T. & I. 

Electronics, Ltd., Ashville Old Hall, Ashville Rd., 
London. E.11. Ley. 4986. [63 

WANTED in good working condition. Philips Pal 
Colour T.V. Lattern generator tupe PM 5508. 

Similar generators would also be suitable. Box No. 
WW 4411. 

WANTED. Ericcson Counting Tubes Type 
GC /12/4B. Ricardo and Co. Ltd., Midge 

Works, Shoreham -By -Sea. Phone 5611. [4016 

WE BUY modem 16mm sound projectors. Burgess 
Lane & Co. Ltd., Thornton Works, Thornton 

Avenue, Chiswick W.4. 994 5752/5953. [ 4387 

CAPACITY AVAILABLE 

AIRTRONICS LTD., for Coil Winding -large or 
small production runs. Also PC Boards Assem- 

plies. Suppliers to P.O., M.O.D., etc. Export 
enquiries welcomed. 3a Walerand Road, London, 
SE13 7PE. Tel. 01-852 1706. [61 

AVAILABLE Capacity for Electronic Electro- 
Mechanical Assembly Wiring of P.C.B.'s Panels 

cableforms, design work undertaken if required. 
Jackson Instruments, 74 Western Road, Leicester, 
0533 -546649. [4026 

IIiATCH Production Wiring and Assembly to 
sample or drawings. Deane Electricals, 19B 

Station Parade, Ealing Common, London, W.5. Tel: 
1H -992 8976. [20 

CAPACITY 
available to the Electronic Industry. 

Precision turned parts, engraving, milling °and 
grinding both in metals and plastics. Limited capa- 
city 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 

¡'COMPLETE PRINTED CIRCUIT DOCUMEN- v TATION including artwork masters, assembly 
drawings, mechanical drawings, circuit diagrams etc. 
prepared from your basic design details. Single and 
double sided PC boards. Assembled prototypes 
supplied. J. T. Electronics, Box No. WW 4390. 
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COMPREHENSIVE 
Electronics Service from design v and manufacturer to installation of the finished 

product. Specialists in Audio-Visual equipment. Zeta 
Electronics. Box No. WW 4412. 

DESIGN, development, repair test and small pro- 
duction of electronic equipment. Specialist in 

production of printed circuit assemblies. YOUNG 
Electronics Ltd., 54 Lawford Road, London, NW5 
01 -267 0201. [29 

ENGINEER makes anything unusual. Inventors 
models, displays. Special tools and equipment. 

Seymour, 30 Devonshire Drive, Stapleford, Notting- 
ham. [4229 

SMALL Batch Production, wiring assembly, to 
sample or drawings. Specialist in printed circuit 

assemblies. D. & D. Electronics, 42 Bishopsfield, 
Harlow, Essex. Harlow 33018. [ 17 

COURSES 
RADIO and Radar M.P.T. and C.G.L.I. Courses. 

Write: Principal, Nautical College, Fleetwood, 
FY7 8JZ. [25 

LITERATURE WANTED 
RADIOTELEPHONE INFORMATION. Collector 

is interested in books and other information on 
radiotelephone pioneers and experiments. Ronald 
Phillips, 1925 Baltimore, Kansas City, Missouri, 64108. 

[4376 

NEW GRAM AND SOUND 
EQUIPMENT 

GLASGOW HI FI, Recorders, Video, Communica- 
tions Reciever always available we buy sell and 

exchange for photographic equipment. Victor Morris 
Audio Visual Ltd., 340 Argyle Street, Glasgow, G.2; 
31 Sauchiehall Street, Glasgow, G.1; 8/10 Glassford 
Street, Glasgow, G.2. Tel: 041 -221 8958. [11 

RECEIVERS AND AMPLIFIERS - 
SURPLUS AND SECONDHAND 

HRO RxSs, etc., AR88, CR100, BRT400, G209, 
S640, etc., etc., in stock. -R. T. & I. Electronics, 

Ltd., Ashville Old Hall, Ashville Rd., London, E.11. 
Ley. 4986. [65 

SIGNAL 
generators, oscilloscopes, output meters, 

wave voltmeters, frequency meters, multi -range 
meters, etc., etc., in stock. -R. T. & I. Electronics, 
Ltd., Ashville Old Hall, Ashville Rd., London, E.11. 
Ley. 4986. [64 

SERVICE AND REPAIRS 

SCRATCHED 
TUBES. Our experienced polishing 

service can make your colour or monochrome 
tubes as new again for only £2.75, plus carriage £1. 
With absolute confidence send to Retube Ltd., North 
Somercote Louth, Lines, or 'phone 0507 -85 300. 

[27 

TV Audio, Radio Servicing. Most spares 1930- 
1975. Equipment designed, tested and main- 

tained. Technical Services (Luton), Ltd., 111, 
Cutenhoe Road, Luton, Beds. LUI 3NG. 0582- 
29673/27601. [8025 

TAPE RECORDING ETC. 
IF QUALITY, durability matter, consult Britain's 

oldest transfer service. Quality records from your 
suitable tapes. (Excellent fund raisers for schools). 
Modem studio facilities with Steinway Grand. - 
Sound News, 18 Blenheim Road, London, W.4. 01- 
995 1661. [4302 

VALVES WANTED 
WE buy new valves, transistors and clean new com- 

ponents, large or small quantities, all details, 
quotation by return.- Walton's, 55 Worcester St., 
Wolverhampton. [62 
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Wilmslow 
Audio 

THE firm 
for 

speakers! 
Baker Group 25, 3. 8 or 15 ohm £7.75 
Baker Group 35.3,8or15ohm £8.50 
Baker Deluxe, 8 or 15 ohm £10.75 
Baker Major, 3, 8 or 15 ohm £8.50 
Baker Regent, 8 or 15 ohm £7.75 
Baker Superb, 8 or 15 ohm £14.50 
Celestion PST8 (for Unilex) £3.25 
Celestion MH 1000 horn. 8 or 15 ohm £10.95 
EMI 13 X 8, 3. 8 or 15 ohm £2.25 
EMI 13 X 8, 150 d/c 3. 8 or 15 ohm £2.50 
EMI 13 X 8. 450 Vtw, 8 ohm £3.75 
EMI 13 X 8,350,8or15ohm £8.25 
EMI 13 X 8,20wattbass £6.60 
EMI 2 +" tweeter ohm £0.65 
EMI 8 X 5.10watt, d/c. roll/s8ohm £2.50 
EIac59RM10915ohm,59RM1148ohm £2.80 
Elac 6}" d/cone. rolVs 8 ohm £3.50 
Elac 1W4 4" tweeter £1.50 
Fane Pop 15 watt 12" £5.25 
Fane Pop 25T 30 watt 12" £7.25 
Fane Pop 50 watt. 12" £12.00 
Fane Pop 55. 12" 60 watt £12.50 
Fane Pop 60 watt, 15" £13.25 
Fane Pop 100 watt. 18" £24.50 
Fane Crescendo 12A or B. 8 or 15 ohm £29.00 
Fane Crescendo 15, 8 or 15 ohm £36.00 
Fane Crescendo 18, 8 or 15 ohm £51.95 
Fane 807T 8" d/c, roll /s, 8 or 15 ohm £3.85 
Fane 801T 8" d/c, roll /s. 8 ohm £7.00 
Goodmans 8P 8 or 15 ohm ,.. £5.00 
Goodmans 10P 8 or 15 ohm £5.30 
Goodmans 12P 8 or 15 ohm £12.95 
Goodmans 12P -D 8 or 15 ohm £16.75 
Goodmans 12P -G 8 or 15 ohm £15.75 
Goodmans Audiom 100 8 or 15 ohm £12.00 
Goodmans Axent 100 8 ohm £7.25 
Goodmans Axiom 401 8 or 15 ohm £17.25 
Goodmans Twinaxiom 8" 8 or 15 ohm .... £8.25 
Goodmans Twinaxiom 10" 8 or 15 ohm ... £9.00 
Kef 727 £5.25 
Kef T15 £6.00 
Kef B110 £7.25 
Kef 8200 £8.25 
Kef B139 £14.75 
Kef DN8 £2.00 
Kef DN12 £4.95 
Kef DN13 £3.30 
Richard Allan CG8T 8 "d /c roll /s £6.35 
STC 400 1 G super tweeter £6.19 
Fane 701 twin ribbon horn £35.00 
Baker Major Module each £10.75 
Goodmans Mezzo each £45.00 
Goodmans DIN 20 4 ohm each £9.75 
Helme XLK25 (pair) £22.00 
Helme XLK30 (pair) £14.95 
Helme XLK50 (pair) £39.95 
Kefkit 1 each £20.95 
Kefkit 3 each £36.75 
Peerless 3 -15 (3 sp. system) each £15.00 
Richard Allan Twinkit each £8.95 
Richard Allan Triple 8 each £13.75 
Richard Allan Triple each £19.95 
Richard Allan Super Triple each £23.75 
Wharfedale Linton 2 kit (pair) £19.25 
Wharfedale Glendale 3 kit (pair) £34.50 
Wharfedale Dovedale 3 kit (pair) £52.50 

PRICES INCLUDE VAT 

Cabinets for PA and H i Fi. wadding. vynair, etc. 

Send stamp for free booklet "Choosing a Speaker" 

FREE with orders over £7 -"Hi Fi loudspeaker 
enclosures" book. 

All units guaranteed new and perfect. 

Prompt despatch. 

Carriage: Speakers 38p each, tweeters and 
crossovers 20p each, kits 75p each (pair E1.50). 

WILMSLOW AUDIO 
Dept WW 

Swan Works, Bank Square, Wilmslow, 
Cheshire SK9 1 H F Tel. Wilmslow 29599 

(Discount HiFi, PA and Radio at 
10 Swan St, Wilmslow.) 

WW -139 FOR FURTHER DETAILS 

Flatform Relay AZ 521 
Cradle relay with 4 change- 
overs, dustproof cover, 
with single or bifurcated 
contacts. 
Contact material: 
Fine silver, silver palladium. 
gold nickel, fine silver 
with hard gold flashing, 
silver cadmium oxide. 
Switching 2A/2.5A 
capability 110V /125VD.C.- 

30 W /100 VA 
Operating 
power ca. 400 mW 

Coil voltage maximum 60 V 

Surface area 36 x 30 mm 

Height 11 mm 

ZETTLE R 
Zettler UK Division 

Equitable House, 
Lyon Rd., Harrow, 
Middx. HA1 2DU 
Tel. (01) 8636329 

WW-023 FOR FURTHER DETAILS 

Private enquiries, send 5p in stamps for brochure 

HE QUARTZ CRYSTAL CO. LTD. 
Q.C.C. WORKS. WELLINGTON CRESCENT, 
NEW MALDEN, SURREY. 01 942 31334 ö 2.988 

TRANSFORMER LAMINATIONS enor- 
mous range in Radiometal, Mumetal and 
H.C.R., also "C" & "E" cores. Case and 
Frame assemblies. 

MULTICORE CABLE IN STOCK 
CONNECTING WIRES 
Large quantities of miniature potentiometers 
(trim pots) 20 ohm to 25K. Various makes. 
Wholesale and Export only. 

J. Black 
OFFICE: 44 GREEN LANE, HENDON, NW4 2AH 

Tel: 01 -203 1855. 01 -203 3033 
STORE: LESWIN ROAD, N.16 

Tel: 01 -249 2260 
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EXCLUSIVE OFFERS 
WORLD -WIDE RANGE 

NEVER BEFORE OFFERED 
COMPLETE TRANSPORTABLE H.F. COMMUNICA- 
TIONS CENTRE housed in Air Conditioned TRAILER 
fitted two COLLINS KWT -6 500W B.S.B. Tranemitter- 
Beceivers and one COLLINS Receiver all fully tuneable 
2 to 30 m /ce digital readout synthesised frequency 
control, with line amplifiers and inputs, operating 
position and remote control facilities and ancillary 
equipment. Power input 115V or 230V A.C. Full details 
on application. 

PHILCO HC-150 POINT -TO- POINT STRIP RADIO HF 
ESCEIVERS 2/30 mine. Ten fully tuneable channels to 
0'5 kcs with synthealsers. Single and diversity reception 
on I8B, DSB, BBB with 4 sub -bands to each channel. 
Full details and prices on application. 

HIGHEST QUALITY 19" RACK 
MOUNTING CABINETS & RACKS 
Orr Heir ** 
Ref. in inches 

CABINETS 
Width Depth Reek Pond 

in inches in inches Spate in ins. Price 
OD 69 21 13 68 21000 
CL 30 60 36 42 21250 
OR 69 30 20 £2400 
DM 70 20 26 138 e21-00 
FA 85 22 36 160 222'00 
FO 52 25 22 47 £17'00 
FD 40 22 24 72 £14'00 
FG 11 19 18 10 £11'00 
FH 15 21 17 11 212'00 
FJ 15 21 15 12 £1200 
FN 70 24 20 68 £17.00 
FL 84 22 17 80 121'00 
LIB 11 21 17 9 £15'00 
LL7 16 20 12 14 215-00 
LLB 10 20 10 9 21500 
LL9 17 21 17 14 £1500 

Also Consoles, twin and multi -way Cabinets. 
OPEN HAM 

Our Height Channel Reek Panel 
Ref. in inches Depth Space Base Pries 
RF 85 3 79 15 £11.00 
RG 57 2 51 14 29.00 

Full details of all above on request. 

We have a large quantity of "bits and pieces" 
we cannot list -please send us your requirements 
we can probably help -all enquiries answered. 

15' dice Reel fibreboard Transit Casa, 
strapped. 10 for £5.00 

Amtrak Chart Recorders 1.0 -1 m/a (New) £30.00 
Marconi Marine Speech Inverters £30 -00 
URA 8 Teleprinter Converters 285.00 
Portable Maine Battery Floodlights 224'00 
400 channel Pulse Height Spectrum Analysers P.U.R. 
Airmec 245 L.F.150 watt Oscillators 23000 
Solartron 5/25000 eye. Oscillators £24'00 
Southern Inst. 1800 F.M. Meters 22400 
Belling Lee T.V. Relay Equipment P.U.R 
Addo 5/8 track Tape Punches 
Tally 5/8 track Tape Readers 
80 column Card Hand Punches 
75 foot sectional self supporting Towers 
Auto Electric Carillon Chimes 
10 foot Triangular Lattice Mast Sections 

6 Inch sides 
Ditto 15 foot with 15 inch sides 
Casella Assmann Electric Hygrometer. 
Racal RA63 SSB Adapters 
WW Vol 1 No. 1 Bound 
Hi -1 News, Vol. 1, No. 1 to date 
Ampex Audio Stereo Tape Machines 
Astrodata 5190 Time Code Generators 
Genteel, 4983 Hello Amplifiers 
19' Chrome trims 11' to 15' from 
Hi -fi Sounds Practical Wireless 
DO 7 5 CRJs 2f' 
SAZ P/31 CRT. 3F' 
00CZ Lightweight Teleprinter 
FR. 1 Fueeihile Transistor Receivers 
Teletype 28, 3 -speed tape printers 

248 00 
£4800 
£4000 

£30000 
£25000 

£1200 
£2900 
£24'00 
£50'00 
P.V.R. 
P.V.B. 

£8000 
£3'00 
£0.25 
P.U.R. 

gg£gg3'00 

£9000 
£8500 
£35.00 

We have a varied assortment of industrial and 
professional Cathode Ray Tubes available. List on 
request. 

FREE 
40 -page list of over 1,000 different Item in stock 

available -keep one by you. 

INSTRUMENTATION -TAPE 
RECORDER -REPRODUCERS 

AMPEX 
FR -600 and FR -100 
1' and k' 14 and 7 
tracks 4 speeds Trans- 
istorised 

MINCOM 
CMP -100 }' }' 1' 7 tracks 6 speeds 

E,M.I. 
BTR -1 
Several other smaller 

decks. 
Full details on request. 

Prices of above are 
from £100 to £400. 

COMPUTER HARDWARE 
* CARD READER 80 col. 600 c.p.m. * 1000 lines 

READER, 
speed 

speed 5/8 track 
800 c.p.m. 

Prices on Application 
PLEASE ADD V.A.T. TO ABOVE 

P. HARRIS 
ORGANFORD -DORSET 

BHI6 6ER 
BOURNEMOUTH-765051 
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HENGSTLER 
Manufacturers of counters and counting systems 

HENGSTLER GB LIMITED. 
NAZEING NEW ROAD. 
BROXBOURNE, HERTS. EN1O6SX. 
TELEPHONE: HODDESDON 68451 
TELEX LONDON 263243 

WW-150 FOR FURTHER DETAILS 

EX- COMPUTER 

STABILISED POWER SUPPLIES 
RECONDITIONED, TESTED AND 

GUARANTEED 
Ripple <10mV. Over -voltage protection 
120 -130v. 50 c/s Input. Stepdown transformer 
to suit about £3. 

Post á Packing £1.70 
5-6v. 8A. £12 5-8v. 16A. £16 
5-6V. 12A. £14 

PAPST FANS 4} x 4} x 21n. 100 cfm. 
240v. 50/60 Hz. £3.50 (30p). 

PAPST FANS 61n. dia. x 2-hin. deep 
Type 7576 £5.00 (30p). 
Few only bin. PAPST £4 (30p) 

TRANSISTORS p & p 10p 
BC107/8/9 BC147/8/9 BC157/8/9 all 9p 
BF180 25p 8F182/3/ 40p BF184 17p BC167 13p 
BFW1O 55p BF336 35p 741 8 DIL 34p 
2N3771 £1.10, 2N3441 50p, BD131 40p 
NE555 67p, 2N3055 45p 

ELECTROLYTICS 
30,00Oµ 25v, 68,000µ 16v, 15,000p 30v 65p (20p) 
4000µ 70v., 3,600µ 40v., 44. x2in. dia. 55p (15p) 
5,O00µ 35V., 40p (12p) 
2,000n 50v +clip 35p (8p) 
2,200µ 63v 35p (8p) 

EX- COMPUTER PC PANELS 2 x 41n. 

25 boards for £1 (30p). 
QH Bulbs, 12v. 55w. 50P (7p) 
150 mixed HI -STABS 60p (11p) 
250 Mixed Resistors 60p (13p) 
250 Mixed Capacitors 60p (11p) 
200 SI Planar Diodes 50p (8p) 
Min. Glass Neons 8 for 50p (7p) 
2N3055 EQUIV 4 for £1 (10p) 

Postage and packing shown In brackets 

Please add 8% VAT to TOTAL 

KEYTRONICS 
Mall Order only. 

44 EARLS COURT ROAD, LONDON, W.8 
01 -478 8499 
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Illustrations in 
Applied 

Network Theory 
F. E. Rogers 

A hundred numerical and algebraic 
illustrations designed to exemp- 
lify practical circuit problems 
and introduce, in analysis, 
principles consistent with studies 
of synthesis that may be pursued 
later. 

1973 240 pp., illustrated 
0 408 70425 X cased £5.00 

0 408 70426 8 limp £2.50 

Obtainable through any bookseller 
or from 

The Butterworth Group 

88 Kingsway, London WC2B 6AB 
Showroom: 4-5 Bell Yard, WC2. 

WE PURCHASE ALL FORMS 
OF ELECTRONIC EQUIPMENT 

AND COMPONENTS, ETC. 
SPOT CASH 

CHILTMEAD LTD. 
7. 9, 11 Arthur Road. Reading, 
Berks. Tel: 582 605 

QUARTZ CRYSTAL 
UNITS from 

1.0 -80.0 MHZ 

FAST DELIVERY 

HIGH STABILITY 

TO DEF 5271 -A 

TEL. HYTHE 848961 
STD CODE 0703 

WRITE FOR 

LEAFLET AT- 1 

McKNIGHT 

CRYSTAL Co. 
HARDLEY INDUSTRIAL 

ESTATE. HYTHE. 

SOUTHAMPTON SO4 6ZY. 

BROADFIELDS & MAYCO 
DISPOSALS 

21 Lodge Lane, N. Finchley, 
London, N12 8JG. 

Telephone : 

01-445 0749 01-445 2713 01 -958 7624 

MAY WE ASSIST YOU TO DIS- 
POSE OF YOUR SURPLUS AND 
REDUNDANT STOCKS. 

We will call anywhere in the British 
Isles, and pay SPOT CASH for Elec- 
tronic Components and Equipment. 

SINTEL Data and circuits 
supplied with orders. 
or available separately 
14 }p stamp each). 

3 Digit DIP LED Calculator display t12" no £15 
High Quality " LED 7 segment display 95p 
MK50250N Alarm Clock IC ... .... ...... £690 

Send for our new simple MK50250N circuit diagrams 
MK50250N + 4 DL704 3" LED's C10-20, + 6 x DL704£1210 
Soldercon IC socket pins 300 pins for Et 50 
(Instructions supplied) 1000 pins for £00 
-send s.a.e. for sample 3000 pins for £1050 

ADD VAT tr 8% -Add 10p p &p for orders under £2 
SINTEL, 53e ASTON STREET, OXFORD Tel 0865 43203 

EXPRESS 
PRINTED CIRCUITS - ROLLER TINNING - 
GOLDPLATING- FLEXIBLE FILMS. ETC. 

Electronic & Mechanical 
Sub -Assembly Co. Ltd 

Highfield House, West Kingsdown 
Nr. Sevenoaks, Kent 

Tel: West Kingsdown 2344 

J. LINSLEY -HOOD 
New Phase Locked Loop F.M. TUNER 

(As per Wireless World Annual). 
Basic kit of parts 

*f29.95 (tax £2.401 

Available in pack 

form as follows: 
Pack 1. Res. and capacitors £2.95 2. Semi conductors and I.C's 

f5.50 3. Tuner head f5.50 4. P.C. boards and drawings £1.50 
5. Chassis and tuning mechanism £5.00 6. Ceramic filters £1.50 
7. Teak finish sleeve f3.00 8. Meter and muting module £2.50 
a Regulator power supply E5.00 10. Stereo decoder. Ready made 

£7.50 11. Push button and trimmer pack £2.50 *Excludes packs 

No.8,10 and 11. VAT extra. p.p. 20p )pks. 5 and 7 50p) 

TELERADIO ELECTRONICS 
325 Fore Street, Edmonton, London N9 OPE. 01 -807 3719. 

Closed Thursdays. 
SA.E. for further details of above and other Linsley -Hood superior 

designs. 

SOWTER TRANSFORMERS 
FOR SOUND RECORDING AND REPRODUCING EQUIPMENT 

We are suppliers to many well -known companies. 
studios and broadcasting authorities and were estab- 
lished in 1941. Early deliveries. Competitive prices. 
Large or small quantities. Let us quote. 

E. A. SOWTER LTD. 
Transformer Manufacturers and Designers 

7 Dedham Place, Fore Street, Ipswich 1P4 IJP 
Telephone 0473 52794 

Housing problems? 
West Hyde will have a MOD 3. 

for 

case to meet your BRIGHTCASE 

needs. Check now. Ring ENVIRONMENTAL 
WEST HYDE HEAVY DUTY CASES 

WEST HYDE DEVELOPMENTS LIMITED 
Ryefield Crescent Northwood Hills, Northwood, Middx. HA61NN. 

Td. Nortwood 24941/26732. Telex: 923231 

WW -136 FOR FURTHER DETAILS 
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STEREO DISC AMP 
FOR BROADCASTING AND DISC MONITORING 

Mains in. Balanced lines out. Excellent distortion and LF 
performance. MEETS IBA SPECIFICATION £85. 

PEAK PROGRAM METERS TO BS4297 
also 200KHx version for high speed copying. 

Drive circuit. 35 x 80mm, tor 1mA L.H. zero meter to BBC 
ED1477. Gold 8 -way edge con supplied. 

4off 10 off 50 off 
Complete kit E10.00 £9.50 £9.00 £8.50 
Built and aligned £14.00 £13.30 £12.60 £11.90 
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. 
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FREQUENCY 
SHIFTER 

FOR HOWL REDUCTION 

PUBLIC ADDRESS : SOUND REINFORCEMENT 
In any public address system where the microphones and 
loudspeakers are in the same vicinity acoustic feedback (howl - 
round) occurs if the amplification exceeds a critical value. By 
shifting the audio spectrum fed to the speakers by a few Hertz 
the tendency to howling at room resonance frequencies is 
destroyed and an increase in gain of 6 -8dB is possible before 
the onset of feedback. 

SHIFTERS IN BOXES with overload LED. shift /bypass switch, 
BS4491 mains connector and housed in strong diecast boxes 
finished in attractive durable blue acrylic. Jack or XLR audio con- 
nectors. 
Type A 8 C 

Input impedance 200Kohm 200Kohm 10Kohm BALANCED 
Output impedance 2Kohm 20 or 600 ohm 20 or 600 ohm BAI 
PRICE 058.00 £88.00 £34.00 

SHIFTER CIRCUIT BOARDS FOR WW July 1973 article 

Complete kit and board £26.00 Including s.u. and DESIGNER 
Board built anti aligned £31.00 mains transformer APPROVED 

SPECTRUM SHIFTER: variable shifts, 0.1- 1000Hz, 
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 I,ss 5 UK post tree add VAT 

HANDBOOK OF THICK 

FILM HYBRID 

MICROELECTRONICS 
A Practical Sourcebook for 

Designers, Fabricators & Users 
by C. A. Harper Price L15.00 
MOTOROLA SILICON RECTIFIER HAND- 
BOOK. Price E1.40 

ESSENTIAL FORMULAE FOR ELEC- 
TRONIC & ELECTRICAL ENGINEERS by 
N. M. Morris. Price £1.05 

THE A.R.R.L. ANTENNA BOOK by A.R.R.L. 
Price £1.95 

OPERATIONAL AMPLIFIERS by G. B. 
Clayton. Price E3.70 

ELECTRONIC SECURITY SYSTEMS by 
L. G. Sands. Price E3.30 

TRANSISTOR AUDIO & RADIO CIRCUITS 
by Mullard. Price £2.05 

THE TRANSISTOR & DIODE DATA BOOK 
FOR DESIGN ENGINEERS VOL I by Texas 
Instruments. Price E2.25 

SCR MANUAL INCLUDING TRIACS & 
OTHER THYRISTORS by G. E. Price EI.85 

SEMICONDUCTOR ELECTRONICS BY 
WORKED EXAMPLE by F. Brogan. Price 
E2.70 

ACTIVE FILTERS FOR INTEGRATED CIR- 
CUITS by W. Heinlein /H. Holmes. Price E21.00 

*ALL 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. 
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PRECISION 

POLYCARBONATE CAPACITORS 
All High Stability -Entremeto Low Leakage 

440V AC 1±10% 6'íV Range 0.1 F (1 }'x }') 50p ±0% f2% ±0% 
022µF(1 }'xl") 59p 047µF SOp 48p 889 
025µF (I 'xI 

") 62p LOPE 88p 589 483 
047µF (I ' X I' 710 22µF 80p 86p 55p 
0OµF(1 }'X I') 75p 470 8130 21.05 85p 
5.68µF (2' X r) 803 6'80 8184 8129 81 09 
1.00F (2'x I') 91p l(lO0F £200 8180 81.40 
200` (2'X 1') 21.22 1500F 875 1215 11 90 

TANTALUM READ CAPACITORS -Values available: 
0.1, 0.2', 0.47, 1.0, 2.2 4.7, 6.8µF at 15V/25V or 35V; 
10.54F at 16V /20V or 25V; 22.00F,ob 6V /10V or 16V; 
33.50 at 6V or 10V; 470µF at 3V or 6V; 100.50 at 3V. 
ALL at lop each, 10 for 969, 50 for M. 
TRANSISTORS BC183J183L lip BFYSO 20p 
BC107/8/9 9p BC184/184L 12p BF Y51 20p 
BC114 12p BC212/212L 145 BFY52 20p 
BC147/8/9 lop BC547/558A 12p AF178 30p 
BC153/7/8 12p BF194 12p ÚC71 lop 
BC182/182L lip BF197 13p 2N3055 50p 

POPULAR DIODES -1N914 Bp, 8 for 45p, 18 for 90P 
1N916 8p, 6 for 45p, 14 for 90p; 1944 5p, 11 for bop, 
24 for 81.00; 154148 5p, 6 for 27p, 12 for 48p; 1N4001 
5'p: 002 8p; 003 fi(p- 004 7p; 005 7 p; 006 Sp; 007 SIp 
LOW PRICE ZENER DIODES- 400mW, Tol. f5% at 
5mA. Values available: 3V, 3.3V, 3-6V, 4-7V, 5.1V, 5.6V, 
6.2V, 6.8V, 7.5V, 8.2V, 9.1V, 10V, 11V, 12V, 13V, 13.5V, 
15V, 16V, 18V, 30V, 22V, 24V, 27V, 30V, 33V. All at 7p 
each, 6 for 39p, 14 for 849. SPECIAL OFFER: 100 Zenets 
for £550. 
RESISTORS -high stability, low noise carbon film 5 %. 
IW at 40 °C, }W at 70 °C. E12 aeries only -from 22S1 to 
2-2MO. ALL at 1p each, Sp for 10 of any one value, 709 
for 100 of any one value. SPECIAL PACK; 10 of each 
value 2.211 to 2-2M13 (730 resistors) 15. 

SILICON PLASTIC RECTIFIERS -1.5 amp. brand new 
wire ended D027; 100 P.I.V. 7p (4 for 289) 400 P.I.V. 8p 
(4 for 80p1; 800 P.T.V. lip (4 for 42p). 

BRIDGE RECTIFIERS -4 amp, 200V 40p; 350V 45p; 
600V 65p, 
SUBMINIATURE VERTICAL PRESET3-0-1W only. 
ALL at 3p each; 5311, 10051, 22052, 47051, 68051, 1k63 

2.2082, 4.7,82, 6-8'r 1, tOkil, 15k11, 22k11, 47kí1, 100k11 
250111, 680482, 1M13. 2.5MS2, 55113. 

PLEASE. ADD lop POST AND PACKING ON ALL 
ORDERS BELOW £5. ALL EXPORT ORDERS ADD 
COST OF SEA /AIRMAIL. 

PLEASE ADD 8% V.A.T. TO ORDERS. 
Send S.A.E. for lists of additional ex -stock items. 

Wholesale price lists available to bona fide companies. 

MARCO TRADING (Dept DII) 
The Old School, Edstaston, Nr.Wem, Shropshire 

Tel. Whixall (Shropshire) (STD 094872) 464/5 
(Propre.: Minicest Trading Ltd.) 

CLASSIFIED ADVERTISEMENTS 

Use this Form for your Sales and Wants 
To "Wireless World" Classified Advertisement Dept., Dorset House, Stamford Street, London, SEI 9LU 

PLEASE INSERT THE ADVERTISEMENT INDICATED ON FORM BELOW 

Rate: 86p PER LINE. Average seven words per 
line. Minimum THREE lines. 

Name and address to be included in charge if used 
in advertisement. 

Box No. Allow two words plus 3Sp. 

Cheques, etc., payable to "Wireless World" and 
crossed " & Co." 
Press Day February 7th, 1975 for March, 1975 issue. 
Subject to space being available. 

NAME 

ADDRESS 

REMITTANCE VALUE ENCLOSED 

PLEASE WRITE IN BLOCK LETTERS. CLASSIFICATION NUMBER OF INSERTIONS 
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STILL ON SPECIAL 
OFFER 

LOW FREQUENCY ANALYZER 
50Hz -50KHz 

ASSEMBLY AND INSTRUCTION 
INFORMATION S.A.E. 

PRICE £27 p &p 75p 
Board, modules and all 
components (excluding 
P.U.). V.A.T. at 

100M Hz SCOPE 
TUBES 

MULLARD D13- 450GH -03. P31 PHOSPHOR. 
INTERNAL GRATICULE 6CM x 10CM RECT- 
ANGULAR. Y SENSITIVITY 3V PER CM X 11V 
PER CM. SINGLE GUN. DISTRIBUTED Y PLATES, 
TRACE ROTATE COILS. 

BRAND NEW BOXED. £30 each. 
CARRIAGE £2. 8% 

CHILTMEAO LT 
7 -9 ARTHUR ROAD, READING, BERKS. (rear Tech. College). Tel. Reading 582605) 

INDEX TO ADVEIITISERS 
Appointments Vacant Advertisements appear on pages 74 -90 

Aero Electronics Ltd. 
Ambientaccoustics 
Ambit International 
Anders Electronics Ltd. 
A.S.P. Ltd. 

Barr & Stroud Ltd. 
Barrie Electronics Ltd. 
Bentley Acoustic Corp. Ltd. 
Bi -Pak Semiconductors 
Bi -Pre Pak Ltd. 
Bias Electronics Ltd 
Black, J. 
Britec Ltd. 
Broadfields & Mayco Disposals 
Bull, J. Electrical Ltd. 
Bywood Electronics 

Cambridge Audio Ltd. 
Cambridge Learning 
Carston Electronics 
Chiltmead Ltd. 25, 55, 
Chromasonic Electronics Ltd. 
Circards 
Colomor (Electronics) Ltd. 
Computer Sales & Services 
Consumer Association "Which" Magazine 

Loose Insert 
Crichton, J. 
Crofton Electronics 
C.T. Electronics Ltd. 

Danavox (G.B.) Ltd. 
Decca Radio & Television 
Decon Labs. Ltd 
Dixons Technical CCTV Ltd. 

East Cornwall Components 
Eddystone Radio Ltd. 
Edgington, John & Co. Ltd. 
Edicron Ltd. 
Electronic Brokers Ltd. 
Electronic Mech. Sub Assembly Co. Ltd. 
Electro -Tech. Components Ltd. 
Electrovalue 
Elektor Publications Ltd. 
Elvins Electronic Musical Insts. 
English Electric Valve Co. Ltd. 
E.S. Electronics 

Fi -Comp Electronics 
Future Film Development Ltd. 
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56 
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54 
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Gardners Transformers Ltd. 
Garrard Eng. Ltd. 
Goodmans Loudspeakers Ltd. 
Grampian Reproducers Ltd. 
Greenwood Electronics 

Harris Electronics (London) Ltd. 
Harris, P. 
Hart Electronics 
Heath (Gloucester) Ltd. 
Hengstler G.B. Ltd. 
Henry's Radio Ltd. 
Hepaire Manufacturing Ltd. 
H.H. Electronics 
Hitachi -Shibaden (U.K.) Ltd. 
Hurst Electronics 

Icon Design 
I.L.P. (Electronics) Ltd. 
Industrial Tape Applications Ltd. 
Integrex Ltd. 

Jasmin Electronics Ltd. 
J.H. Associates Ltd. 

K.T. Manners Design 
Keytronics Ltd. 
Klark Teknik 

Lee Eng. Ltd. 
Levell Electronics Ltd. 
Linstead Electronics 
Logic Leisure Ltd. 

Macfarlane, W. & B. 
Maplin Eleotlonic Supplies 
Marco Trading Co. 
Marconi Instruments Ltd. 
Marshall, A., & Sons (London) Ltd. 
McKnight Crystal Co. 
McLlennan Eng. Ltd. 
Mills, W. 
Milward, G. F. 
Modern Book Co. 
Mordaunt -Short Ltd. 
Multicore Solders Ltd. 

Naim Audio Ltd. 
Nombrex (1969) Ltd. 

Ocli Optical Coatings Ltd. 
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Pattrick & Kinnie 42 
Phoenix Electronics (Portsmouth) Ltd. 31 
Physical & Elec. Labs. Ltd. 28 
Powertran Electronics 48, 49 
Prosser Scientific Insts. 18 

Quality Electronics Ltd. 25 
Quartz Crystal Co. Ltd. 91 

Radford Audio Ltd. 16, 32 
Ralfe, P. 70 
Rola Celestion Ltd. 32 
R.C.S. Electronics 67 
R.S.T. Valves Ltd. 54 

Samsons (Electronics) Ltd. 61 
Scopex Instruments Ltd. 18 
Semicon Indexes Ltd. 70 
Service Trading Co. 62 
Servo & Electronic Sales Ltd. 72 
Shelton Instruments Ltd. 19 
Shure Electronics Ltd. 35, 40 
Sinclair Radionics Ltd. 38, 39 
Sintel 92 
Sowater, E. A., Ltd. 92 
Special Product Distributors Ltd. 22 
Strumech Eng. Co. Ltd. 18 
Sugden, J. E., & Co. Ltd. 16 
Surrey Electronics 93 

Technomatic Ltd. 24 
Teleprinter Equipment Ltd. 43 
Telequipment Products (Tektronix U.K.) Ltd. 34 
Teleradio Special Products 92 
Teonex Ltd. 22 
Toko U.K. Ltd. 66 
Trampus Electronics 48 
T.U.A.C. Ltd. 13 

United -Carr Supplies 36 

Valradio Ltd. 14 
Verd Electronics Ltd. 52 
Vortexion Ltd. cover iii 

Waycom Ltd. 21 
Wayne, Kerr, The, Co. Ltd. 5 
West Hyde Developments Ltd. 92 
Whiteley Electrical Radio Co. Ltd. 20 
Wilkinson, L. (Croydon) Ltd. 68 
Wilmslow Audio 91 

Z. & I. Aero Services Ltd. 6, 69 
Zettler GmbH 91 

std in Great Britain by Hazells Offset Ltd., Leigh Road, Slough, Bucks., and Published by the Proprietors I.P.C. ELECTRICAL -ELECTRONIC Pans LTD., Dorset House, Stamford St., London, SE1 9LU telephone 
'1 8000. Wireless World can be obtained abroad from the following: AUSTRALIA and New ZEALAND: Gordon & Gotch Ltd. INDIA: A. H. Wheeler & Co. CANADA: The Wm. Dawson Subscription Service, Ltd. 

& Gotch Ltd. SOUTH Arabs: Central News Agency Ltd.: William Dawson & Sons (S.A.) Ltd. UNITEn STAnne: Eastern News Distributors Inc. 155 West 15th Street, New York, N.Y. 10011. CONDITIONS u AND SUPPLY. This periodical is sold eublect to the following conditions namely that it shall not without the 'mitten consent of the publishers first given be lent re-sold, hired out or otherwise disposed 
of Trade at a price in excess of the recommended maximum price shown on the cover, and that it shall not be lent, re-sold, hired out or otherwise disposed of In a mutilated condition or In any unauthorised 

v of Trade or affixed to or as part of any publication or advertising, literary or pictorial matter whatsoever. 
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50¡70 watt all silicon amplifier 
with built -in 5 -way mixer using F.E.T.'s. 

SOUND SENSE :VORTEXION 
VORTEXION Design and manufacture public address equpment to meet a range 

of specific requirements for AIRPORTS, HOTELS, THEATRES, GOVERNMENT 

AUTHORITIES, LOCAL AUTHORITIES, SUPERMARKETS, SCHOOLS, SPORTING COMPLEXES, 

POP GROUPS AND THE LOCAL VILLAGE HALL. 

The high fidelity amplifier illustrated has bass cut controls 
on each of the three low impedance balanced line microphone 
stages and a high impedance gram stage with bass and treble 
controls, plus the usual line or tape input. All the input stages are 
protected against overload by back to back low self capacity 
diodes and all use F.E.T.'s for low noise, low intermodulation 
distortion and freedom from radio breakthrough. 

A voltage stabilised supply is used for the pre -amplifiers 
making it independent of mains supply fluctuations and another 
stabilised supply for the driver stages is arranged to cut off when 
the output is overloaded or over temperature. The output is 75 % 

efficient and 100 V balanced line or 8 -16 ohms output are selected 
by means of a rear panel switch which has a locking plate 
indicating the output impedance selected. 

The mixer section has an additional emitter follower output 
for driving a slave amplifier, phones or tape recorder, output 
0.3 V out on 600 ohms upwards. 

50 70 WATT ALL SILICON AMPLIFIER WITH 
BUILT -IN 4 -WAY MIXER using the circuit of our reliable 100 

Watt Amplifier with its elaborate protection against short and 
overload, etc. To this is allied our latest development of F.E.T. 

Mixer Amplifier, again fully protected against overload and radio 
breakthrough, The mixer is arranged for 2 -30/60 0 balanced line 

microphones, 1 -HiZ gram input and 1- auxiliary input followed by 
bass and treble controls. 100 volt balanced line output OR 5 -15 0 
and 100 volt line. 

100 WATT ALL SILICON AMPLIFIER. A high quality 
amplifier with 8 ohms -15 ohms or 100 volt line output for A.C. 

Mains. Protection is given for short and open circuit output over 
driving and over temperature. Input 0.4 V on 100 K ohms. 

THE 100 WATT MIXER AMPLIFIER with specification as 

above is here combined with a 4- channel F.E.T. mixer. 2 -30/60 O 

balanced microphone inputs, 1 -HiZ gram input and 1- auxiliary 

input with tone controls and mounted in a standard robust stove 
enamelled steel case. A stabilised voltage supply feeds the tone 

controls and pre amps, compensating for a mains voltage drop of 

over 25 % and the output transistor biasing compensates for a 

wide range of voltage and temperature. Also available in rack 
panel form. 

20.30 WATT MIXER AMPLIFIER. High fidelity all silicon 
model with F.E.T. input stages to reduce intermodulation distortion 
to a fraction of normal transistor input circuits. Standard model 
1 -low mic. balanced input and HiZ gram. Outputs available 
8/15 ohms OR 100 volt line. 

CP50 AMPLIFIER. An all silicon transistor 50 watt amplifier 
for mains and 12 volt battery operation, charging its own battery 
and automatically going to battery if mains fail. Protected inputs, 
and overload and short circuit protected outputs for 8 ohms - 
15 ohms and 100 volt line. Bass and treble controls fitted. 

Models available with 1 gram and 2 low mic. inputs, 1 gram 
and 3 low mic. inputs or 4 low mic. inputs. 

200 WATT AMPLIFIER. Can deliver its full audio power at 

any frequency in the range of 30 c s -20 Kcis. Can be used to drive 
mechanical devices for which power is 120 watts on continuous 
sine wave. Input 1 mW 600 ohms. Output 100 -120 V or 200 -240 V. 

Additional matching transformers for other impedances are 
available. 

F.E.T. MIXERS and PPM's. Various types of mixers 
available. 3, 4, 6 and 8 channel with Peak Programme Meter. 
4, 6, 8 and 10 Way Mixers. Twin 3, 4 and 5 channel Stereo, also 
twin 4 and 5 channel Stereo with 2 PPM's. 

VORTEXIO N,.o e,°o 
o 

Vortexion Ltd., 257 -263 The Broadway, . 1 

Wimbledon, SW19 1SF. . ets 

Telephone : 01 -542 2814 and , ̂s\ 

01 -542 6242,3 4. c 

London SW19" 
Telegrams : " Vortexion Y 

oJiae p aa{e5s 
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Multitore- LdUt7A5 

the complete answer for 
printed circuit soldering. 

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 Saubit. 
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 

5381 

304D 
304W 
PC. 21A 

PC. 26 

366 

386A-25 

non -activated 
mildly activated 
Chloride and Bromide free 
mildly activated 
Halide Free 
activated 

activated (extra fast) 
activated (extra fast) 
activated (extra fast) 

ORGANIC ACID 
PC. 101 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%1 
25% f 
38°G, 

15% 

38%1 

12 %1 
9.5 %J 

40% 

Specifications 

MIL- F- 14256D Type R; DTD 599A 
DIN 8527 F -SW 31 

MIL- F- 14256D Type RMA; 
DTD 599A 

DIN 852 7 Type F -SW 32 
DTD 599A 

DTD 599A; DIN 852 7,FSW 26 

DTD 599A; DIN 852 7,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. 

illls6 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. 
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