
Y ''ïp 

adar lars 

Australia 70 cents New'kealand 65 cr nt 
Belgium Fr. 41.00 Nigeria S5k 
Canada 90 cents Norway K, 6'. 0 mitt Mow, , 

Denmark Kr. 8.00 Rhodesia 70 

Finland Fmk.7. 60 South Africa 65 c. -i 
Germany Dm. 3.50 Spain Ptas. 55 00 
Holland Dn. 7.25 Sweden Kr. 4 7, 11161 

Israel IC. 2.50 Switzerland r, r 10 

Italy L 600 U.S.A. $ 1.00 
Malaysia MS 2 .70 
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I.M.O HOTLIN 
is only a dial away! 
IMO Hotline Distributors have local stock of the Hotline 
products and can usually deliver the goods within 24 hours 
A phone call will bring you instant delivery of OM RON 
timers, microswitches, limit switches, level controls and 
sockets plus IMO range of Midget power relays. 

SHEFFIELD 

LONDON 

LEEDS 

NEWCASTLE 

DUBLIN 

BLACKBURN 

UIRMINGHAM 

LEICESTER 

SCOTLAN D 
W. S. McMillan & Co. Ltd., 
East Kilbride 
phone: 03552 -38641 
YORKSHIRE 
Scattergood & Johnson Ltd. 
Leeds 
phone: 0532 -30203 
Farnell Electronic 
Components Ltd. 
Leeds 
phone: 0532-636311 
John Riley & Son Ltd. 
Sheffield 
phone: 0742 49851 
BRISTOL 
Techniservices Ltd. 
Bristol 
phone: 0272 30701 
NORTHUMBERLAND 
J. Gledson & Co. Ltd. 
Newcastle on Tyne 
phone: 0632-860955 

11. 

BRIS OL 

STAFFORDSHIRE 
H. T. Electrical Ltd. 
Brierley Hill 
phone: 0384 78136 
BUCKINGHAMSHIRE 
Blore Barton Ltd. 
Burnham 
phone: Burnham 5524 
DUBLIN 
McKenna Distributors Ltd. 
Dublin 
phone: Dublin 383988 
LANCASHIRE 
Wilson Automation Ltd. 
Blackburn 
phone: 0254 -63681 
LEICESTERSHIRE 
B.P.X. Supply Co. Ltd. 
Leicester 
phone: 0533 64281 
LONDON 
J & N Wade Ltd. 
London N.W.II 
phone: 01 -458 3311 

LOOK 

REST 

SEE THE 

FOR HOTLINE PRODUCES 

GRAND 
YOUR ON STAND 

HALL 
119 
I.EJ1. NEA, 

STOCKIST EXHIBITION. 

INSTANT 
SERVICE 
POR IMO 
PRODUCTS 

RING. 01402 7333 

WW -001 FOR FURTHER DETAILS 
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The 
Hot Head 

You know his type...always blowing hot and cold... 
getting overheated just when you need him to be controlled 
and efficient. It's the same with some people's soldering irons. 

Hopelessly inefficient heat control can make 
soldering operations a nightmare; if this is what soldering means to you 
it's time you woke up to Antex. 

Choose a new model from the comprehensive Antex range 
of soldering instruments, with low- leakage characteristics, 

unique construction advantages and really precise heat control. 

MODEL X25 
220 -240 Volts or 100 -120 Volts. The 
leakage current of the NEW X25 is only a 
few microamps and cannot harm the most 
delicate equipment even when soldered 
"live ". Tested at 1500v. A.C. This 25 
watt iron with its truly remarkable 
heat -capacity will easily "out- solder" 
any conventionally made 40 and 
60 watt soldering irons, due to 
its unique construction 
advantages. Fitted long -life 
iron -coated bit 1/8 ". 2 other 
bits available 3/32" and 
3/16 ". Totally enclosed 
element ceramic and steel 
shaft. Bits do not "freeze" 
and can easily be removed. 
PRICE £2.15 
(rec. retail) P & P 10p. 
Suitable for production work 
and as a general purpose iron. 

Choose ANTEX-the warm 
hearted iron 
(and keep 

yourcooy 

MODEL SK.1 KIT 
Contains 15 watt miniature iron 
fitted with 3/16" bit, 2 spare bits 
5/32" and 3/32 ", heat sink, 
solder, stand and 
"How to Solder" booklet. 
PRICE £3.64 (rec. retail) 
P &P12p. 

MODEL G 
18 watt 

miniature iron, 
fitted with long -life 

iron -coated bit 3/32" 
Voltage 240, 220 or 110 

2 other spare bits available 
1/8" and 3/16" 

PRICE £2.37 (rec. retail) 
P &P10p. 

MODEL CCN 
220 volts or 240 volts. 

The 15 watt miniature model CCN 
also has negligible leakage. 
Test voltage 4000v. A.C. 

Totally enclosed element in ceramic shaft. 
Fitted long -life iron -coated bit 3/32 ". 

4 other bits available 1/8 ", 3/16 ", 1/4" 
and 3/64" including Heat Shield. 

PRICE £2.48 (rec. retail) P & P 10p. 

MODEL C 
Miniature 15 watt soldering iron 
fitted 3/32" iron -coated bit. 
Many other bits available 
from 3/64" to 3/16 ". 
Voltages 240, 220, 110, 
50 or 24. 

PRICE £2.15 (rec. retail) 
P &P10p. 

MODEL MLX KIT 
Battery operated 12v. 

25 watt iron fitted with 
1 5' lead and 2 heavy clips 

for connection to car battery. 
Packed in strong plastic wallet 

with booklet "How to Solder ". 
PRICE £2.76 

(rec. retail)P & P 12P. 

..a. 

MODEL SK.2 KIT 
Contains 15 watt miniature iron 
fitted with 3/16" bit, 2 spare bits 
5/32" and 3/32" heat sink, solder, 
and "How to Solder" booklet. 
PRICE £3.53 (rec. retail) 
P &P10p. 

ST3 Stand - This stand is made 
from high grade insulation material 
with a chromium plated strong 
steel spring. It is suitable for all 
models and replaces all previous 
stands. The two sponges at the 
side which are easily replaceable 
serve to 'keep the soldering bits clean. 
Spare bits can be accommodated 
as shown on the illustration. 

ALL PRICES 00 0 
include VAT at 10% 

(-Íi Please send the following: 

From radio or electrical dealers, ' car accessory shops or in case of 
difficulty direct from: 

I I 

I--I 
I Please send the APLYMOUTHFPR 1 

1PP RST 
1\ ANTEX colour catalogue. (no stamp required) Tel 0752 67377 

WW -006 FOR FURTHER DETAILS 

I enclose cheque /P.O. /Cash 
(Giro No. 258 1000) 

NAME 

ADDRESS 

PRICE: £1.00 
(rec. retail) P & P 10p. 

DESIGN 
CENTRE 
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Good News 
Travels Fast 

Haltron 

Haltron service is always good news. 
Around the world, Governments and 
mañy other users of electronic valves, 
semiconductors and integrated circuits 
turn to Halton for service they can trust. 
Efficiency they can rely on. 
Haltron are International Specialists, 
supplying products of outstanding high 
quali-y and confirmed reliability. Our 
prices are competitive; and a policy of 
extersive stocking means speedy 
despatch to meet your requirements. 
Specify Haltron. Share in the good 
news yourself. 

Hall Electric Limited, 
Electron House, 

Cray Avenue, St. Mary Cray, 

Orpington, Kent, BR5 3QJ. 
Tele icone : Orpington 27099 
Telex: 896141 

WW -007 FOR FURTHER DETAILS WW-008 FOR FURTHER DETAILS l 



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

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

QUAD 
Products of The Acoustical Manufacturing Co. Ltd. 

for the closest approach to the original sound 
QUAD is a Registered Trade Mark 
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Unlike filament indicator lamps, Motorola Light Emitting 
Dijdesdon'tdie. 

They come in three colours- red, yellow and green- 
and in viewing angles to suit all applications. 

We're so confident of your determination to be 

up-to-date, that we've invested heavily to give you 
the LEDs you want, when you want them. 

Use indicator lamps that are worthy of your 
equipment. Use Motorola LEDs as sentries to 

watch over it. 
. To find out more about the design 

possibilities of these high-reliability 
products,just send for the new 

``- Motorola Opto Electronics brochure, 
which gives you information about our 

light detectors and couplers too. 
You'll find it profitable reading. 

(ÁA MOTOROLA Semiconductors 
Motorola Semiconductors Ltd York House. 
Empire Way. Wembley. Middlesex. Telephone: 01-902 8836. 
European manufacturing facilities at Toulouse and East Kilbride 
Distributors: Celdis Ltd., Reading, East Kilbride: 
GDS (Sales) Ltd..Slough. Dublin: Jermyn.Sevenoaks: 
Lock Distribution .Oldham: Semicomps Ltd .. Wembley. 

WW-009 FOR FURTHER DETAILS 
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PROFESSIONAL USER? 

Have you seen our latest catalogue? 

AKG Equipment Ltd., 182 Campden Hill Road, London, W8 7AS WW5/74 

NAME 

TITLE 

ADDRESS 

PLEASE SEND TO ME AKG's NEW CATALOGUE 

AKG Equipment Ltd 182/4 Campden Hill Road 
London W8 7AS. Telephone 01.229 3695. 

WW -o10 FOR FURTHER DETAILS 
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ANDERS EAN5 mETERS... 
KESTREL RANGE 

Modern styling, with clearfront plastic 
case. 

Seven models, scale lengths from 1.3 " 
to 5.2 5 ". 

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. 

mA 

Regal Range 1000 
flattened arc. 2 models 
2.5" and 3.2" scales. 
Taut band. DC moving 
coil and AC moving coil 
rectified. 

D.C. MILLIAMPERES 

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. 

RNDERS ELECTROnKtS U ITED 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 -011 FOR FURTHER DETAILS 



v 
from millions of hours operating experience 
come (our NEW Plumbicon' Camera Tubes. 

Just because over 80 %, of the world's colour 
- TV cameras use our Plumbicon Camera Tubes, 
doesn't mean that we can rest on our laurels. 
At Mullard, experience has taught us to 
anticipate your needs, to keep that extra step 
ahead. Hence we now offer you four NEW 25mm 
Plumbicon Tubes (XQ1083 to 1086) ; that's 

in addition to a ranee already 16 strong. The 
most advanced 25mm camera tubes available any- 
where in the world, they feature the anti- comet- 
tail gun, enhanced red response. anti -halation discs 
and low output capacitance producing improved 
signal to noise performance. They also incorporate 
a Night biassing system for reduced lag. 

q 

Behind Mallard's capability 
Muliard's background it electron optics is based 

on a thorough understanding of vacuum and glass tech- 
nologies. At IV itcha mn, part of Europe's biggest Electron 
optics capability -ccmplete with its own fibre optic 
drawing plant, we make night vision and low light level 
TV devices. Years of experience in the design and manu- 
facture of image intensifiers and other electron optical 
devices has resulted in a capability well geared to today's 
and tomorrow's requirements. Whether your need is for 
high volume standard devices, or custom -built specials, 
Mullard have the experience and the resources to meet it. 

For full details about Plumbicon and other camera 
to Des, contact 
Mullard Limited, Vlullard House, 
Torrington Place, London WC1 E 7HD. 
re)istered trade mask for Teievision Camera Tubes 

Mullard components for communications 

BROADCASTING TELECOMMUNICATIONS RADAR NAVAIDS MILITARY 
M sa 



alo Wireless World, May 1974 

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

integrated circuits...and now a comprehensive 
range of Hybrid Microcircuits. Prices on request. 

Teonex offers more than 3,000 devices. They are competitively priced and they 
are superlative in performance because the company imposes strict quality control. 
Teonex concentrates entirely on export and now operates in more than sixty countries 
on Government or private contract. All popular types in the Teonex range are nearly 

always available for immediate delivery. Write now for 
technical specifications and prices : Teonex Limited, T E 0 N E X AVAILABLE ONLY 

2a Westbourne Grove Mews, London W11 2RY, 
FOR EXPORT 

England. Cables : Tosuply London W11. Telex : 262256 

REGD. TRADE MARK 

WW -012 FOR FURTHER DETAILS WW -013 FOR FURTHER DETAIL; 



C 
The e 

ingredie 

Every KEF speaker 
gets it. 
It's a revelation, to watch a KEF speaker being made. No automated process, but 
one where the final result still depends on the hands that build it. And on the 
philosophy of the company ... an exceptional ccncern that rejects cheaper 
materials or short cuts ... searches always for design advances that lead to 
that ultimate in performance. A philosophy that takes care, even over the 
smallest details. Feed wires secured so that they never rattle. Ordinary 
wadding replaced by consistent pre- formed bloc Ks of special acoustic 
foam. Every drive unit is KEF made, tested at every stage. 
Even the build -it- yourself Kefkiis are individually tested in the /Send me 
correct enclosure. The next time you hear a KEF speaker literature on' 

coupon for detailed literature. 
you'll know why it sounds better. Return the completed the items ticked. 

Reference Series 
C Series if you're serious 

about sound. 

the speaker 
engineers 

/KEFKITS / Chassis Units 

Name 

Address 

KEF Electronics Limited 
Toy I Maidstone ME15 6OP Kent 
Telephone 0622 57258 Telex 96140 
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Testmatic 
answers testing problems 

Edith Parker easily handles all the Testmatic work in a sub -assembly department of 32 people. 
When a board leaves that department, its faultless. 

If your product uses elaborate circuitry, 
it takes skill to faultfind by standard test depart- 
ment methods. But if you put skilled staff on 
repetitive work, you don't deserve to keep them. 

Ansafone's answer was the Testmatic TM30. 
Repetitive work is what it thrives on -like all 
machines. It frees qualified staff to do what they 
were trained to do. And it has other advantages 
that are just as important. 

Mr. S. P. Robinson, a Director of Ansafone 
states: "An obvious benefit of the Testmatic is that 
it helps us educate people working on assembly. 
If they get faulty boards back at once, they feel 
that much more involved and more responsible. 
In fact, we don't even see the Testmatic as a tool 
of the Test Department but as a tool of the 
Production Department' 

Furthermore, the Testmatic makes money 
by saving time. Ansafone predict that it will help 
them reduce routine testing time by half. This is a 
cool and cautious estimate. There will be people 

saying "I- told -you -so" if the saving turns out 
to be even more dramatic than that. 

Once again, that is not peculiar to Ansafone. 
The common experience is that from the time 
the TM30 is set up ( "set up" rather than 
"programmed;'because the procedure is so 
simple), it pays for itself in months if not weeks. 

I-The Wayne Kerr Testmatic TM30 tests circuit boards, cableforms7 
and sub -assemblies. Capable of 30 separate DC measurements, 
which it does in seconds. For complete information, post this 
coupon -or call Bognor Regis (02433) 25811. 

Your name 

Company Name 

Address 

Wayne Kerr 
Post to Wayne Kerr, Durban Road, Bognor Regis, Sussex P022 9RL 

ITelex 86120 Cables: Waynkerr Bognor. 

Lmember of the Wilmot Breeden Group. 

WW-014 FOR FURTHER DETAILS 
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gg 

et74$ of research... 
... on accessories for dictating machines, tape recorders, 

tele- communications and electroacoustic equipment, etc. 
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JUNIOR 60 
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LIGHTWEIGHT 
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STETOCLIP STETOMIKE 

SENIOR 
HEADSET 

BOOM MICROPHONE 

HEADSET MINIAMi`1i '._" 
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PLASTIC 
EAR HANG ERS 

STANDARD & 
SUB -MINOR 
EARPHONES 

..:. 

M+la R egi 
FOOTSWITCHES HOSPITAL 

'. HEADSETS 

ïßí: 

tarfirgitailkiteitith 
2.5 mm and 3.5 mm 
JACK PLUGS & 
SOCKETS & SUB- 
MINIATURE 

:St:Y SWITCHES 

[11 

DANASOUND HEADSET THROAT 
MICROPHONE 

DANASON IC 
INDUCTION AUDIO 
LOOP RECEIVER 

Da navox 
I N T E R N A T I O N A L 

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

TEL: 0990 23732/6: TELEX 847584 

WW-017 FOR FURTHER DETAILS 
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Are anti reflection coatings 
just an afterthought 
in your laser system? 

Photograph of a Laser Ranger and 
Marked Target Seeker installation in a 

Canberra aircraft by kind permission of 
Ferranti, Edinburgh. 

TO OCLI OPTICAL COATINGS LTD. 

Please send me technical details of your Laser Coatings. 

My application is: 

Name Position 

Company 

Address 

OC-42 

Here's why Ferranti specified OCLI laser coatings 
at the design stage of their aircraft Laser Ranger 
and Marked Target Seeker. 

Ferranti realised right at the start that it was vital to 
specify high -quality optical coatings for their aircraft 
laser systems if optimum performance from mirrors, len- 
ses, prisms, and other components was to be achieved. 
Laser system requirements not only push the per- 
formance of optical components, including coatings, to 
their limits, but also make any latent shortcomings and 
flaws more evident. For these reasons, transmission and 
reflection efficiencies in Ferranti's laser systems were 
required to be in the 99 + % range. 
Such efficiencies can only be obtained with well - 
designed and properly -applied optical coatings, such as 
those produced by OCLI Optical Coatings Limited. 

OCLI OFFERS A FULL LINE OF COATINGS AND OPTICS 
FOR USE IN ALMOST ANY LASER AND F.L.I.R. SYSTEM. 

OOLI 
OCLI Optical Coatings Ltd., Hillend Industrial Estate, 
Dunfermline, Fife KY11 5JE. Telephone: Inverkeithing 
3631 (038 -34 3631) 

WW-018 FOR FURTHER DETAILS 

NEW STANDARD CASES from OLSON 
NEW SERVICE FROM STOCK - DESPATCHED BY RETURN OF POST 

TYPE WIDTH HEIGHT DEPTH FRONT PAN DIM. PRICE LEG EXTRA 

21 62" 42" 42" 6 "x4" £2.95 70p 

22 81" 51" 51" 8 "x 5" £3.30 70p 

23 101" 62" 62" 10 "x6" f3.95 75p 

24 122" 72" 72" 12 "x 7" £4.30 75p 

Our Trade Counter is open for personal callers from 9 a.m. to 5.30p.m. Monday- Friday 

Cases made from 
20swg. zinc coated 
m /s. Front & rear 
panels 16swg. alum- 
inium. Cases finished 
in Olive green ham - 
mertone with front 
panels in light straw 
shade 384. All cases 
fitted with ventilated 
rear panels and a 
very attractive 
chrome plated re- 
tractable leg can be 
fitted as an optional 
extra. 

POSTAGE EXTRA + 10% V.A.T. 

OLSON ELECTRONICS LTD., FACTORY NO. 8, 5 -7 LONG ST., LONDON E2 8HJ. TEL: 01 -739 2343 

WW-019 FOR FURTHER DETAILS 
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The Greenwood guide to 
professional soldering. 

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

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

1. The Iso -Tip. A safe, high -power iron which 
works anywhere without a mains lead. The 
breakthrough? Nickel Cadmium cells that are 
re- chargeable. (A charging stand is included 
for 240v or 115v A.C.) Each charge gives at 
least 60 soldering joints. Weight? Only 6 oz. 
Price: £ 10.70 & VAT. 

2. The Oryx 50. A temperature controlled 
mains soldering iron. (Temperature control 
within ± 2 %). Adjustment (200° - 400 °C) can 
be made whilst iron is operat ng, using the 
same tip. Light, compact, and easy to handle. 
A large 50W element loading gives rapid 
heating and high performance with constant 
tip temperature. 
Price: £5.90 & VAT. Also available: Oryx safety 
stand: £2.10 & VAT. 

3. Oryx SR3A desoldering tool. Ideal where 
components are tightly grouped. Instantly 
removes unwanted solder from printed 

2 

circuitsetc. Accurate, reliable, speedy, and safe. 
Price: £4.50 & VAT. 

4. The Ersa Multitip. Atop -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. 

Price: £3.20 & VAT. 

5. The Ersa Sprint. Unique 
- it heats up to maximum 
temperature n only 10 
seconds, and is the lightest 
gun on the UK market. Ideal 
for the service -man. With its 
light weight (only 7 oz.) and 
compact construction, it 
can be manoeuvred in even 
the most awkward areas. 
Price: £5.95 & VAT. 

1 

a17 

Greenwood 
Electronics 

21 Germain Street, Chesham, Bucks, HP5 1LL Tel: 02405 4808 Telex: 83647 

WW-020 FOR FURTHER DETAILS 
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the FP 210K,Shìbudens latest 
1"Plumbicon® 
Cumeru 
This is the camera that will operate anywhere - in the 
studio or on outside location - and guarantee excellent 
results fora wide range of T. V. requirements in the fields 
of industry, education and commercial applications. 
Equipped with a 5" electronic viewfinder for accurate 
picture composition and focus, the FP 210K is auto- 
mated to ensure all major functions are easily handled. 

if you prefer, a separate mesh type vidicon tube 
can be used, which, like the 1" Plumbicon® 
gives high definition picture reproduction. 

To see the FP 210K in action, or for complete 
technical information, contact Shibaden's 
Technical Service Department at 01 -203 4242/6 
or write to.. 

FEATURES 
Built in 2 -' interlace sync gererctr for 
single camera operation and External 
driving feats re for multi- camera operation. 

at Negative /Positive switch and sn 
reverse feats re. 

w Built in intercom and tally circuit:. 
e Automatic or remote 

iris control for zoom 
lens. 

0 Wide range of lenses 
available. 

HITACHI' SH/17,40E0 
(U.K.) LIMITECI 

BROADCAST & CCTV EQUIPMENT MANUFACTURERS 
Lodge House Lodge Road Hendon London N W4 4DQ. Telephone: 01 -203 4242,6 

R) Trade Mark N.V. Philips 

NV W-021 FOR FURTHER DETAILS 

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 100/100A SERVO AMPLIFIER. A new addition to th 
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 1006S . 

With integral potentiometer. Max 
à 

continuous output Torque 
14.6 kgcm at 7 r.p.m. 
3. LOW INERTIA DC SERVO MOTO 
Output 5W 
4. CONTROL AMPLIFIER EM 40 Output 15V 0.5 amp 
5. TYPICAL PRECISION GEARS 120 to 32 DP 

WW-022 FOR FURTHER DETAILS 

Molennan 
McLennan Engineering Ltd 
Kings Ro3c, Crowthorne, Berkshire. 

Tel Crowthorne 5757'8 



Wireless Workk., May 1974 a I 9 

Looked at closely 

The best pick -up arm in the world 

' Write to SME L °n ted 
' -i Steyning Sussex England 

Telephone: Steyning (0903) 814321 

LT D!525 

WW -023 FOR FURTHER DETAILS 
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How can you justify buying 
anew public address system 

at a time like this? 

Nobody's going to forget the 3 -day 
week overnight. It'll take time to catch 
up on lost production. 

Butforthe smart, efficient 
company it'sa time to get ahead of 
competition. A chance to catch up first. 

More than ever you'll need to 
keep everyone on their toes, ready for 
last minute instructions, always available 
for an unexpected meeting. 

PAGING MICROPHONES. 

Whatever size your office, factory 
or workshop, we have the perfect PA 

system to suit you. 

TPA 20 PAGING AMP. 

One of the best ways we know of 
doing this is a good public address 
system. Like the equipment you see 
here from the Eagle range. 

HH1 
H 

WALL MOUNTING SPEAKERS. 

Imagine how much time you'd 
save with every member of staff at your 
reception ists fi nge rti ps. 

At the touch of a switch she could 
reach anyone you wanted -whether 
they were out in the loading bay, in one of 
the offices, on the factory floor. Anywhere. 

PRO.A120 -120 WATTS AMP. 

There's even a specialised 
contractor in your own area who's used 
to dealing with us. He'll come and fit 
your system with no fuss, and very little 
waiting. For him it's a simple wiring job. 

HDB 8/12 

OUTDOOR SPEAKER. 

And because he's local you'll get a 

speedy after -sales service. As well as our 
two year guarantee. 

WW-024 FOR FURTHER DETAILS 

If it only saves you a few minutes 
a day over the next critical months, your 
profits will be looking up again sooner 
than you expected. 

_ -- 
TPA 40 MAINS /MOBILE AMP. 

And who knows, maybe sooner 
than anyone else's. 

FF22 CEILING SPEAKER. 

:e International 
Eagle International, Precision Centre, Heather Park Drive, 

Wembley HAO 1SU. Telephone 01 -903 0144. 

lease send me more information on Eagle PA ands 
Idetails of how it can help towards more efficient 
running of my firm. 

1Na me 

Company 

'Address 

'Telephone No 

M r. W. Morrow, Eagle International, Precision Centre, 
Heather Park Drive, Wembley, Middlesex HAD ISU. 

I Tel. No. 01 -903 0144. 

If you need specific details urgently, please don't 
hesitate to contact Mr. Morrow personally. 

WW1 
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Heathkit for 
Frequency Counters 
CHOOSE KITS OR FACTORY ASSEMBLED AND CALIBRATED 

MODELS. 

IB -1101 100 MHz counter with 5 -digit resolution -8 digit capability ; 50- 
100 mV sensitivity ; wide range input. 
Price - Assembled IB -1101 £108.50 + VAT. 

IB -1102 120 MHz counter with 8 -digit readout; 45 -125 mV sensitivity; 
time -base stability better than + 1 ppm. 

IB -1103 180 MHz counter with phase - locked frequency multiplier ; 8; digit 
display plus overrange; 50 -100 mV sensitivity ; time -base stability better 
than ± 1 ppm. 

Send for comprehensive catalogue containing complete instrument range. 

Free Catalogue 
Please send me the FREE Heathkit Cata- 
logue Et details of Monthly budget plans. 

NAME 

ADDRESS 

HEATH 

Schlumberger 

HEATH (GLOS.) LTD. DEPT. WW/5/74 
Bristol Road, 
Gloucester GL2 -6EE 
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We've put our 
money where 
our mouth is! 
IF YOU'RE STILL NOT 
CONVINCED THAT 

AMTRON ELECTRONIC 
KITS ARE A GREAT 

SALES PROMOTION- 
THINK ABOUT OUR 

`SALE OR RETURN' OFFER 

And that there are over 200 different kits for your 
customers to choose from appealing to hobbyists, 
students, teachers, technicians, etc. etc. 
And that Rec. Ret. Prices vary from £1.56 to 96.00 

-a very wide market. 
And that we look after cII after -sales services and 

similar worries for you. 
*And that we pass on'all -he numerous enquiries that 
we get everyday straight to our dealers. 

And that we support yoJ with constant national 
advertising. 
*And that we supply you with all the necessary 
brochures, catalogues and price lists, etc., that you 
need, along with very attractive point -of -sale material 
and useful sales -aids. 
*In fact, if you don't already stock AMTRON Kits 
you're missing out. So what are you waiting for? 
Contact us today for further information. 

ffluJL& vK 
THE BIG NAME IN ELECTRONIC KITS 

AMTRON U.K., 4 & 7 CASTLE STREET, HASTINGS, 
SUSSEX TN34 3DY. Telephone HASTINGS 437875 
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Liii4ead 
Laboratom 
Instrumenfs 

., 
' YFaE: rv12A 

M2B 
WIDE RANGE MILLIVOLTMETER 
High impedance millivoltmeter with 20 scales 
total measurement range 60 micro -amp a.c. to 
400 volts d.c. 10- megohm input with overload 
protection and frequency range of 500 kHz. 

O £38.80 

111. 

f 

D1v S ELit,Tl,1r1 ,Yv i: 

G3 
WIDE BAND SIGNAL GENERATOR 
Sine -square wave wide band high power signal generator. 
10 Hz-1 MHz. 0-6 volts r.m.s. 2 watts into 5 ohms in- 
corporating short circuit protection. 
NUFFIELD SPECIFICATION 181 

íL7alffa VL f 
the best for less 

BRITISH MADE BY LINSTEAD 

Linstead Electronics, Roslyn Works, Roslyn Road, 
London N15 5JB. Telephone: 01 -802 5144 

Ireland, Lennox Laboratory Supplies Ltd., 3/4 South Leinster Street, 
PO Box 212A, Dublin 2. 

Denmark, Scanrysik, 13 -15 Hjorringgede; DK 2100, Copenhagen. 
Sweden, EMI Svenska A/B, Tritonvegen 17, Frick, 171 19 Solna 1. 

Norway, EMI Norsk A/S, Postboks 42 Korsvotl, Oslo 8. 
Malaysia, Laboratory Equipment Sdn. Bhd., P.O. Box 60, Batu Pahat. 

Benelux, A.S.E. Ltd., Nationalestreet 38, B -2000 Antwerp. 
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Minimod 
Made in Britain by Gardners 

First of a new range of all- British 
miniature encapsulated power 
supplies, the Minimod series is 
designed and manufactured by 

Gardners to provide reliable, 
regulated power supplies in a neat 

pack designed to plug into your P.C. 
board. Minimod simplifies 

development or production of 
equipment by providing power where 

rie 
you need it. Minimod provides a 
choice of a standard 5 volt 
output (available up to 1 Amp) 
for digital circuits or 12 -0 -12 or 
15 -0 -15 volts for linear circuits, 
using a 230 volt input. Each unit 
is fully stabilised with fold back 
current limiting, and in the case of 
5 volt units, over voltage 
crowbar is provided ... 

Ask Gardners to tell you more about Minimod. 
Standard or special models can be supplied. 

Specialists in Electronic Transformers and Power Supplies. 

GARDNERS 
TRANSFORMERS LIMITED 

Gardners Transformers Limited, Christchurch, Hampshire BH23 3PN 
Telephone 02-015 2284 Telex 41276 Gardners XCH 
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used as standards in many industries 
Accurate to ± 0.3% or ± 0.1% 
as specified 
Not sensitive to voltage or 
temperature changes, within 
wide limits 
Unaffected by waveform errors, 
load, power factor or phase shift 
Operational on A.C., pulsating or 
interrupted D.C., and super- 
imposed circuits 
Need only low input power 
Compact and self- contained 
Rugged and dependable 

Anders means meters 

FRAHM Resonant Reed 
Frequency Meters are available 
in plastic and hermetically 
sealed cases to British and 
U.S. Govemment approved 
specification. Ranges 
10 -1700 Hz. Literature on 
these meters and Frahm 
Resonant Reed Tachometers 
available on request. 
Manufacture and Distribution 
of Electrical Measuring 
Instruments and Electronic 
Equipment. The largest stocks 
in the U.K. for off- the -shelf delivery. 

ANDERS ELECTRONICS LIMITED 
48/56 Bayham Place, Bayham Street, 
London NW1. Tel: 01 -387 9092 

WW -028 FOR FURTHER DETAILS 
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the new Rank 
WOW & KUTTER 

Meter 
Type 1742 

Fully transistorised 
for high reliability 

Versatile 
Meets in every respect all current specifications 

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

equipment using film, tape or disc 

High accuracy 
with crystal controlled oscillator 

Simple to use 
accepts wide range of input signals with 

no manual tuning or adjustment 

Two models available: 
Type 1742 'A BS 4847: 1972 DIN 45507 

CC1R 409 -2 Specifications 
Type 1742'B' BS 1988: 1953 Rank Kalee 

Specifications 

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

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

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

l,y RANK FILM EQUIPMENT 
WW -033 FOR FURTHER DETAILS 
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1 "and' /' VideoTape 

from 
DixonsTechnical. 

At very 
non -technical prices. 

Our z" Tape range. 

SCOTCH 2" 2400 ft 

Recommended Price Dixons Price 
(Exc. VAT) 

£10 40 £8.50 

SCOTCH 1" 3000 ft £16.82 £13.50 

BASF';" 2400 ft £10.75 £8.50 

S H I BAD EN ;" 2400 ft £10.80 £9.10 

DIXTEC CCTV 1" 2400 ft £5.50 

Now 1 "tape at less 
than hal (price! 

1075 ft on 8" x1" 
NAB Metal Spool 

Average recommended 
price (Exc. VAT) 

£15.00 

Dixons price 

£7.00 

1500 ft on 8 "x1" 
NAB Metal Spool £19.50 £7.50 

2150 ft on 8" x 1" 
NAB Metal Spool £20.75 £9.50 

3000 ft on 91" x 1" 
NAB Metal Spool £26.50 £9.50 

All Dixtec Video Tapes are of the highest 
quality ; we supply 2" in air -tight containers, 
also 1" on metal spools. Current stocks are 
high, but so is demand. We recommend you 
place your order quickly. 

Please send me reels of 

Size _ __ _ Length Dixons Price 

TOTAL PRICE: 
I enclose a cheque made payable to Dixons 
Technical Limited. 

Tape. 

NAME 

ADDRESS 

wwM/5 

WW -034 FOR FURTHER DETAILS 
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\T14111' ''l' I\TCI.IJSIV1: PRICES 
4PDIfO ter 

Audio I.C. Leaflet No 12 (Circuit data etc) 

FREE with I.C.'s 10p separately. 

MC1303L 11.89 
Dual Pre -amp 

MC1339P £1.29 
Low noise Dual Pre -amp Single 

M FC4000 A or B 49p 
250mW 

TAA300 £1.79 
1 Watt into 8n. 9v rail 

LM380 f1-40 
2 Watt 

SL414' £1.76 
3 Watt NEW pin for pin 

replacement for 514030 

TBABOO 

5 Watt into 356 

BHA0002 £3.95 
15 Watt 

NE540L 
35 Watt driver 
T099 Can 

MC1310 
Inductorless,phase- locked loop 

multiplex stereo decoder, supplied with 
FREE leaflet No 11 (available separately 10p) 

MC1312 16.49 
The I.C. CBS SO Quadraphonic decoder 
Available, only with all components inc. 
veroboard & detailed leaflet. Price is all 
inclusive. 

'see SL414 above. Also available, heatsink 
for SL414 or SL415 15p. Suitable stereo 
P/C Board 69p. SL415 (5 Watt Amp) £2.29 
Z11414 with free leaflet no 10 11.32 

f1.32 

E3.05 

71 Series TTL 
INTERNATIONALLY 

KNOWN BRANDS 

1st. GRADE DEVICES AT NEW 

ROCK BOTTOM PRICES 

SN7400 20p SN7473 41p 
SN7401 20p SN7474 41p 
SN7402 20p SN7475 83p 
SN7404 20p SN7476 44p 
SN7408 25p SN7490 82p 
SN7410 2Op SN7492 82p 
SN7413 31p SN7493 82p 
SN7420 20p SN74100 £237 
SN7430 20p SN74121 45p 
SN7441 81p SN74141 £1.10 
SN7442 81p SN74192 £215 
SN7447 £1.45 

Cheapest Opto yet 
6e4sp LED's 

LED 2. 0-125' 26p 
LED 3. 0175" rap 

'GREEN 
LED4. 0.125 49p 
LED 5.O-175" 7517 

Vat Inclusive Prices 

PRICE DJRR /ER SLASHED 

LFa 
READOUTS 

1" high 
characters 
14pin Di' 
Ref LED 1 

LITRONIX 
DL707 

SERIES 

also 
a coda ble 

+ 1 

Ref LED to 

1!99 + 20p VAT = f2.19 

OVERSEAS CUSTOMERS DEDUCT 

ONE ELEVENTH. 

timers 
Spin DIP TO99 14pin Dil 

I 
f1.65 
f1.95 
f 1.65 

991. 

£4.92 
f4.92 
f4.92 
12.80 
(2.75 
f2.60 
f3.08 
£2.89 

901. 

991, 

f 1.37 

>KP 
E254 
f 5.15 

91p 

£1.65 

709 34p 40p 
710 35p 40p 
711 - 45p 
723 - 96p 
741 42p 45p 
747 - 
748 42p 45p 
CA3046 95p MVRSV 110051 
CA3075 E7.65 MVR12V 11036) 
CA3082 £1.65 MV1115V(L037) 
LM101N f1.99 NE555 
LM201H f1.15 NE5605 
LM301 £1.05 NE 561 8 
LM307N 66e NE 562 
LM308K f1.45 NE 565 
LM3096 f2.69 NE 588 
1143900 77p NE 561 
MC1330 Mp S634025 
MC1350 63p S1440 
MC1351 £1.10 TA4283 
MC1352 f1.10 TAA293 
MC1357 f1.59 TAA310 
MC1358 f1.69 TAA320 
MC14580 f1.75 TAA350 
MC1458CP1 £242 TAA370 
MC1495 f5.65 TAA550 
MC1496N £1.49 TAA510 
MFC6030A £4.95 

NEW 
MM5316 - alarm clock 
Liquid Crystal 4 digit display inc 

socket -AN4132 
TBA81 OS (7 Watt) 
Dual 555 (2556) 
Mullard LP1400 Multiplex 

Decoder Module 

£16.50 

£14.38 
£1.70 
f1.32 

f4.96 

neur 
stabilised 

POWER PACK 'CONVERTER 
Switched 3.6. 71 or 9 Volts 

Up to 400ma Output 

a. 54" Output lead 

With 36 mm I. Transistor & 

Zener Stabiliser 

Circuit 
plug plus FREE 

multi -plug & 

socket adapter 

metal case ( e 

h. Polarity 

Reversal 

Switch 

c. Vdtkge 
Selector 

h Mans Lead 

(Over 4h.) 

d. Rubber 

Feet 

g. Power Output 

Transistor 

1. Neon 

e. On/Off 
Indicator 

Switch 

Our Pita f499 + pa, p 28p 
ueetai'i.d maim of above £291 
Miter Diwwataa (aasti dl 
8 Volts 4 up to 56.A 
9 Vohs (? up to 58wA 
9 Volts IminiaNre) t8) up Y SOmA 
8 + up to 50111Á 

9 + 9 up to 50mA 
71 Volts for cassette Players Mime) 
3:43;171;112 Volts up to 1A 
Fully stabilised car battery Convener' 

outputs of 8; 71 or 9v 

pit p ea el medals 20p 

11.95 

11.65 

f2.110 

1275 
1275 
£2]0 
1496 

giving snitched 

15.49 

I I.C. SOCKETS 
I 

Duel in lia 516 7A0 
Spin 13 .1p 28pin 304p 14pin 153p 

14pin 154p 36pin 394p 1 6pin 174p 
16pin 17}p 40pin 44p 
24pin 26}p 

IUIiii1i\2 0 

-1r 
Dept. 5. 

electronics 56, Fortis breen Road, London N10 3HN. 

883 3705 

DIGITAL CLOCK 

1ri'tr' NS_ 
`11 11 

MM5314 

wawa 
LP1175 MOLLARD 470khz 
Block I.F. Filter 
Now only £1.49 

Denco (Clacton) Ltd: Maxi -Q Coils 

Transistor Range 
Series 1T to 5T inclusive 
Blue: Yellow: Red & White 

All 49p each 
Dual Purpose Range: 
Series 1 to 7 inclusive 
Blue: Yellow: Red & White 
All 49p each 
1 to 5 Green 53p each 

Ferrite Rod Aerials Medium & Long Wave 
for 300pí & 500pf tuning (state which) 
88p each 

12 or 24 hour. 4 or6 digit 
50 or 60Hz operation 
leading zero supression 
single voltage supply 
similar to DIGITRONIC in 
P.W. March 1973. 

Only £ 7.99 

R.F. Choke Range 0.1uH to 19mH 
For full details ask for leaflet No. 5 

p & p Sp. 

erekee/rl 

COPPERCIAD PIAIN 

0.1" 0.15" 0.15" 
21 x 31" 24p 18p 12p 

2 }x5 " 2134 23p 13p 

31 x 31" 28 }p 23p - 
31x 5'" 30p 30p 20p 
17, 2z' 82p 63p 45p 
17x 31" 0.10 86p 60p 
17:5 " - - 90p 
Sip Breadboard 4.15" e 6.15 - 
Spot Face Cutter 
Pin insertion Tool (State 0.1" m 0.15 ") 
Terminal Pins IPKS501 Stare Size 

EXTRA 

P&P 

10p 

10p 

10p 

11.15 
44v 
55p 

55p 

aatia9 Ceaps 

TYPE C804 
5pf 71p 

lupf 71p 
15pí 71p 
20pf 77p 
25pí 71p 
5opf 77p 
hopf 83p 
75pf 83p 

100pí 85p 

TYP O 
365pí 
365 i 365pí 
TYPE 00 
208 + 176pf 
with screen & 
trimmers 
Dilecon 
1 OOpf 
300pí 
500pf 

83p 
99p 

99p 

69p 
69p 
69p 

51 decada DVm 
A State -of -the -Art Digital Voltmeter I.C. 

Price includes 
data booklet 
(10p separately) 

for only £779 

Mulard LP1186 
Varamor diode tuned F.M. 
Tuning heart £4.75 as 
described in P.E. May 1973. 
LP1185 matching 1.F strip 
£5.50. 

!a tQIN 
20 + 20 Watt Integrated 
stereo amplifier Kit superb 
state -of- the -an design by 
engineers of Texas Instru- 
ments 
£31.35 + p&p49p 

5G5 EA1000 
3 Watt amplifier module 
Price including handbox 
and FREE HEATSINK 
(Quantity Discounts) 
Our Price E2.49 

A1005S 

F.M. tuner chassis. fully 
transistorised. 9 Volt 
positive earth operation 
Our Price £8.20 

A1018 

F.M. Tuner, similar to 
A10055 but in oiled 
walnut case. black & 

silver fascia etc 
Our Price £11.39 

A1005MS 

Multiplex Stereo Decoder 
fully built & aligned to 
match A1005S 
Our Price £6.60 

`'L'I1 I\TV()IC):S ON REQUEST UNLESS SHOWN OTHERWISE P&P ON UK 

ORDERS IS1Op. OVERSEAS ORDERS AT COST 

WW -035 FOR FURTHER DETAILS 
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One of our 
customers puts 
the achievement 

of the G800 
on record! 

This letter is typical of many received by 

Goldring. If you would like some further 
evidence, start by writing fora full 
descriptive leaflet on Goldring Cartridges 
to: Goldring Limited, 10 Bayford Street, 
Hackney, London E8 3SE. 

WW -036 FOR FURTHER DETAILS 

cower ® 

transformers 
mains, audio, microphone, ferrite core 
and other wound components 

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

Prompt Prototype 
Service available 

MICROPHONE 
TRANSFORMER IN 
MUMETAL CAN 

TRANSFORMER 
WITH UNIVERSAL 

END FRAMES AND 
TURRET LUG CONNECTIONS 

TRANSFORMER WITH 
TWO HOLE CLAMP AND 

SOLDER TAG CONNECTIONS 

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

WW-037 FOR FURTHER DETAILS 
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ULAR FILTERIN 
ONE MAIN FRAME 

and that's 
only the start! 

Barr & Stroud's new EF3 Electronic Filter System 
means no more compromises when you buy variable 
filters. Now you can get the filter you need today, 
and additional plug -in units tomorrow. Today -the 
basic main frame and your choice of two modules to 
operate in low -pass, high -pass, band -pass, band -stop, 
band -separate, band -combine or cascade modes. 
Tomorrow -other interchangeable modules to meet 
your newest requirements. The first two modules, 

already available, provide filtering with variable cut -offs 
between 0.01 Hz and 10.0kHz, stop -band attenuation 
of 48dB /oct. (96dB /oct. in cascade), and pass -band 
response from dc to 500kHz. Get full details of 
EF3, the big breakthrough in electronic filtering from 
BARR & STROUD LIMITED 
1 Pall Mall East, London SW1Y 5AU 
Tel: 01- 930 1 541 
Telex: 261877 

WW -038 FOR FURTHER DETAILS 

BARB ANI1=1 
SD-I-FRCP U 

Glasgow and London 

nombrex 

MODEL 41 
R.F. SIGNAL GENERATOR 

Price £38.50 
150 KHz - 220 MHz on fundamentals. PLUS 10% FOR V.A.T. 
8 clear scales - Total length 130mm. 
Spin -Wheel Slow Motion Drive 11 1 ratio. 
Overall Accuracy -2 } %. 

Modulation, Variable depth and frequency. 
Internal Crystal Oscillator providing calibration checks throughout all 
ranges. 
Mechanical scale adjustment for accurate alignment against internal 
1MHz crystal oscillator. 
Powered by 9V Battery. 

Trade and Export enquiries welcome. 
Send for full technical leaflets. 
Post and Packing 5Op. extra. 

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

WW -039 FOR FURTHER DETAILS 

JUST ONE OF 
A RANGE 

32 MHz, 50mV Sensitivity, STABILITY 3 parts in 10"£75 
DELIVERY ... EX -STOCK TO 10 DAYS 
THE HIGH EST PERFORMANCE DIGITAL FREQUENCY COUNTERS 

AT THE PRICE IN THE WORLD EVERYBODY BUYS THEM 

OTHERS IN THE RANGE: - 
401 6 DIGIT. 32 MHz. 
STABILITY 1 part in 108 
SENSITIVITY 10mV 

501 8 DIGIT. 32 MHz 
STABILITY 3 parts in 108 

(crystal oven) 
SENSITIVITY 10mV 

£115 

£170 

701 8 DIGIT, 50 MHz 
STABILITY 3 parts in 108 
SENSITIVITY 10mV 

801A 8 DIGIT, 300 MHz 
STABILITY 1 part in 106 
SENSITIVITY 10mV 
MEMORY VERSIONS ONLY 

£190 

£285 
PRICES EXCLUSIVE OF VAT 

ELECTRONIC START STOP version PLUS £12 
MEMORY version PLUS £25 

DIRECTLY COUPLED INPUT AND SPECIALS AS REQUIRED 

Write for illustrated leaflet 

Supplied to and acclaimed by professional engineers everywhere 
who have purchased our electronic instruments for the past 10 years 

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

Telephone: 01-572 0933/4 

WW-040 FOR FURTHER DETAILS 
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ELECTRONIC 
INDUSTRIAL THERMOMETER 

----TA" Jil- 

a 

THROW TEA 

t 11tt.li . 

,;_ 

MI .\til'at 

THE MODERN WAY TO MEASURE TEMPERATURE 
A Thermometer designed to operate as an Electronic Test Meter. Will 
measure temperature of Air, Metals, Liquids, Machinery, etc., etc. 
Just plug -in the Probe, and read the temperature on the large open 
scale meter. Supplied in zippered vinyl case with transparent front 
and carrying loop. Probe, and internal 11 volt standard size battery. 

Model "Mini -On 1" measures from - 40 °C to + 70 °C, price f 17.50 
Model "Mini -On Hi" measures from + 100 °C to + 500 °C, price 

£20.00 (VAT. EXTRA) 
Write for further details to 

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

('Phone 01 -837 7937) 

WW-047 FOR FURTHER DETAILS 

Gardners 
line up 
Line MatchingTransformers 
from Standard to Super Fidelity 

It's easy to choose 
the right Line Match- 
ing Transformer 
from the flare 
Gardners ranges. 

The Super Fidelity 
Series, with a 
frequency response of 
10Hz to 80kHz - 0.5dB. 
gives the widest possible 
bandwidth for high accuracy 
instrumentation and recording 
applications. 

Then there's the Wide and 
Extra Wide -band ranges. Out- 
standing performers with a 
frequency range 30Hz - 
20kHz or more - for the 0.5dB 
points. Used a lot by broad- 
casting and recording 
companies throughout the 
world. 

The Miniature and 
.Standard ranges provide 
excellent bandwidth for 
most purposes. 30Hz - 
22kHz for the 1.008 
points. 

Except for the very 
smallest in the range. all 
Gardners Line Matching 

Transformers are fully magneti - 

catty shielded. giving very high 
hum rejection ratios. 

Prices start from £2.29 
(recommended retail price) and 
all types are usually available 
from stock. 

Complete technical 
information is given in 
brochure GT.5 'Audio 
Frequency Transformers' 
which well be glad to send on 
request. 

SO accurate 'a the balancing of the 
wmdmgs on 

e 
of these 

Transforme a that, when used as 
' pairs in e hybrid circuit (as 

iluslraled) we can guarantee a 
refection of baller than 55dB over 
Me frequency range 50z lo 10kHz 
and normal 'election of up ro 

750B may be expected. 

Specialists in Electronic Transformers and Modular Power Supplies 

GARDN ERS 
TRANSFORMERS LIMITED 

Gardners Transformers Limited. Christchurch. Hampshire. BH23 3PN 
Tel. Christchurch 2284 (STD 0201 5 22841 Telex 41276 GARDNERS XCH 

WW -048 FOR FURTHER DETAILS 
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SOHO 
SQUARE 

f f 

CCTV 
in 

Soho 
As a result of continued expansion, 

Dixons Technical require CCTV 
engineers to work in their new 
showrooms and workshops. 

Applicants shouPd be fully 
experienced in ~he installation and 
maintenance of PalColour cameras, 
videotape recorders and all makes of 
CCTV equipment. 

Salaries around £3500 can be 
expected along with a pension 
scheme and all other benefits 
associated with a large company. 

Dixons 
Technical Ltd 

Write or telephone 
Mike Biddle, Managi,-lg Director, Dixons Technical Ltd. 
3 Soho Square London W1 01- 4378811 

Importers of ITC Palca Fora !equipment. 
AgentsforNational Fanasonic ,Akai, Philips, Shibaden. 

WW -049 FOR FURTHER DETAILS 
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Celestion Loudspeaker Engineering 
advances the state of the art to a 

new plateau. 

Dillon 66 
Studio Monitor 

L) Celestion 's new super 
tweeter. 2.) New design 
'pressure' mid -range unit. 
3.) Ultra Linear 12" Bass 
drive unit. 4.) A.B.R. 
ensures controlled bass 
down to 16Hz. 
5.) Precision crossover for 
perfect system integration. 

A lew Loudspeaker of advanced design suitable for studio 
use and for home installatiòns of the highest quality. 
UNITS: HF 2000 (dome 'pressure' type) MF S00 (Mid -range 
Dcme 'pressure' type) Ultra linear 12" bass driver and 12" 
AE R. The crcssover has resulted from considerable re- 
search and crossover points are at 500 Hz and 5000 Hz 80 
Watts Maximum, 4-8 ohm. This monitor loudspeaker system 
has an exceptionally wide, and flat frequency response. 
Very low order- harmonic and inter -modulation distortion. 
Precise response to transients. Beautifully maintained polar 
response ensures absence of unwanted directional effects 
anc pro ,rides a highly satisfactory stereo image throughout 
the li;teraing area. Matched pairs. 
SIZE 40 15 x I I ; Natural Teak or Walnut Cabinet 

Lcudspeakers for the Perfectionist 
ROLA CELESTION LTD. 
DITTON WORKS, FOXHALL ROAD, IPSWICH, SUFFOLK IP3 8JP 

WW -050 FOR FURTHER DETAILS 
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single 

source 

makes 

sense 
If you buy electronic or 
electrical components, 

industrial or consumer 
fastenings .. . 

As the largest stockists of Cinch, Dot & FT 
products we shall be happy to deliver 
small or assorted quantities of anything 
you need. Let us have your next enquiry. 

Make United -Carr Supplies 
your SINGLE SOURCE for 

CINCH DOT 

United -Carr Supplies Ltd., 112 Station Road, 
Ilkeston, Derbyshire, DE7 5LF. 
Tel: Ilkeston 78711 STD 06072 78711. Telex: 377117 

ww -051 FOR FURTHER DETAILS 
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DO YOU WANT 
to use your 

a IMHz oscilloscope to capture 

pen recorder for storage one -shot 
with digital waveforms 

readout 

Then see the 
datalab 

range of transient 
recorders on stand 623 

lEA, or details from: 
D L905 

Data Laboratories Limited, 28 Wates Way, MITCHAM CR4 4HR, Surrey Tel: 01 -648 4643/4 Telex: 947680 

WW -052 FOR FURTHER DETAILS 

chart recorder 

INSTRUMENTS 

TYPE CR 100 
Designed and built to professional standards this British 
product introduces a new price /performance concept in pen - 
recording. Modular design and optional facilities permit an 
advanced system to be built up at a modest cost. 
Facilities include access to a transmitting potentiometer with 
or without "High -Low" alarm facilities; remote control of 
speed selection; extension of basi: speed ranges by externally 
generated digital pulses; ability to 'slave' one recorder to 
another for chart speed correlation; event marker; range of 
existing and projected plug -in pre -amplifiers. 
Slewing rate: 400 mm /sec 
Sensitivity: 50pV /cm - 500 -nV /cm [with pre -amplifier] 
Speeds: 1, 2, 5, 10, 20 ;ec /cm, 1, 2, 5, 10 min /cm 
Paper size: 270 mm wide [DIN 16230] 
Paper drive: Digitally controlled stepper motor 
Pen type: Ballpoint, fiore -ip, capillary 
Pen drive: Infinite resolution d.c. potentiometric servo 

Compact, robust design 

Basic Recorder£154 
Pre -amplifier from £36 
(prices subject to V.A.T.) 

STAND No. 630 
ground floor 

I.E.A. OLYMPIA 

l.>. Lloyd Instruments limited 
Brook Avenue, Warsash,Southampton SO3 6HP. Tel Locks Heath 4221 
Telex No. 477042 JAY JAY- SOTON 
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HIGH POWER DC- COUPLED AMPLIFIER 
* UP TO 500 WATTS RMS FROM ONE CHANNEL 

* DC- COUPLED THROUGHOUT 

* OPERATES INTO LOADS AS LOW AS 1 OHM 

* FULLY PROTECTED AGAINST SHORT CCT, 
MISMATCH, ETC. 

* 3 YEAR WARRANTY ON PARTS AND LABOUR 

The DC300A Power Amplifier is the successor to the world famous DC300 which is so widely used in 

Industrial, and Research applications in this country. It is DC- coupled throughout so providing a power 

bandwidth from DC to over 20,000Hz. The ability of the DC300A to operate without fuss into totally 
reactive loads while delivering its full power, and maintaining its faithful reproduction of Pulse or complex 

waveforms has established the DC300A as the world's leading power amplifier. Each of the two channels 
will operate into loads as low as 1 ohm, and the amplifier can be rapidly connected as a single ended 
amplifier providing over 650 watts RMS into a 4 ohms load, and still providing a bandwidth down to 
DC. Below is a brief specification of the DC300A, but if you require a data sheet, or a demonstration 
of this fine equipment please let us know. 

Power Bandwidth DC -20kHz @ 150 watts + 1 db. Ddb. Slewing Rate 8 volts per microsecond 
Power at clip point (1 chan) 500 watts rms into 2.5 ohms Load impedance 1 ohm to infinity 
Phase Response +0. 15' DC to 20kHz, 1 watt BO Input sensitivity 1.75 V for 150 watts into 8f2 

Harmonic Distortion Below 0.05% DC to 20kHz Input Impedance 10K ohms to 100K ohms 

Intermod. Distortion Below 0.05% 0.01 watt to 150 watts Protection Short, mismatch & open cct. protection 
Damping Factor Greater than 200 DC to 1 kHz at 8Q Power supply 120 -256V, 50 -400Hz 
Hum & Noise (20- 20kHz) At least 1 10db below 150 watts Dimensions 19" Rackmount, 7" High, 91" Deep 

Other models in the range: D60- 60 watts per channel D150 - 150 watts per channel j MACINNES LABORATORIES LTD 
MACINNES HOUSE, CARLTON PARK INDUSTRIAL ESTATE, 

SAXMUNDHAM, SUFFOLK IP17 2NL 

TEL (0728) 2262 2615 
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A NEW STANDARD FOR SOUND REPRODUCTION 
H D250 High Definition Stereo Control Amplifier 

11.1 

11111 T. 
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 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. 
Distortion. -88dBV Measured with 'A' weighted 
Pre -amplifier: Zero. (Cannot be identified or measured characteristic 

as it is below inherent circuit noise.) Line: -85dBV Measured flat. 

Power amplifier. -88dBV 'A' weighted. 
at rated output: Less than 0.02% (typically 0.01% at 1 kHz). Size: 17 inches X 4; inches X 11 inches deep 

at 25w output: Typically 0.006 %. overall. 
Weight: 21 lb. 

Write or phone for leaflet which describes the design philosophy and conception of the HD250 
together with a complete specification. 

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

WW-055 FOR FURTHER DETAILS WW-056 FOR FURTHER DETAIL 
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TBA 800-TBA 820 

to make them crow at full power 



 TBA 800 TBA 820 
Cost saving audio power amplifiers 

TBA 800 and TEA. 320 are much - 
copied h glh performance audio circuits, 
developed and paterted by 
SGS -ATES They are important new 
low -cost designs for bw frequency 
Stages in radio, record player and TV 
Equipmert, and allow tie component 
count to te: reduced by more 
than 50°/c compared with discrete 
component audio circui :s. 
Considerable savings can be made 
cn total ccmponent cost, storage 
cost and assembly time with 
increasec performance and reliability. 
Both devices are avai able in volume, 
Ex- stock. 

TBA 800: 5W at 24Vr1351. 
The performance, versati ity and 

easy application of f-BA 800 have made 
i' the natural choice fc -r the audio 
stage in the most acvanced colour TV 
sets manaáactured it Europe today. 
Providing a guaranteec 4.4W (min ) 

cutput power at 24"/1652, it works 
with a supply voltage up to 30V and 

`eaturs high efficiency (70`ßi) at 4W 
oatput,) and very low ha-mcnic distortion 
without cross -over prolblems. 
The a:dition of a comp ementary 
transis-or output stage will allow power 
oatput of 15W. 

lts high curent hand) ng 
capabi ity (output peak current 2A) 
crakes it suitab e for non -audio 
applications such as vertical 
deflect on in large sc-een B&W TV 
sets or for driving very high power 
s ''steams The TBA 800 is mounted in a 
- 2 -lead quad in -line package, originally 
rtrcduced by S3S -ATES, and now an 
.rdust:ry standard. The external cooling 
-abs. o- this package enabie .2.5W to 
be dissipated without external heat 
sink while up tc 5W car: be dissipated 
using only a small part of the primed 
circuit copper a-ea as heat sink. 

TBA 820: 2W a' 1í2V /81 
At only E 0.70 100 -999, the TBA 820 

is a ow cost. hign performance audio 
amplifier. It .s specifically designed Ion 
portable, battery- cperated racics, TV 
receivers, cesseae tape recorders and 
record players. 

Workings will supply voltages 
ranging from 3V to 16V, its low carrent 
drain, freedom 'romp motor- boating 
and absence of cross -over cistertion 
make it the De-fact choice for a large 
varie:y of apclicatiors, including: 
intercom systems 
staff location systems 
two -way radios 
telephone monitoring amplifiers 
ultrasonic doer openers 
inductive transmit :ers and receivers. 
The TBA E29 comes in a 14 -lead dua 
in -line (or quad in -line) ptast c package. 

TBA, 500: dissipation 
and efficiency vs. cutput power 
Ptot -- :.::_:_ 
twl 1 i " r' 

!!=! : zo ' ' ' . e'! . i=:: 
!llI.!. 

=le 

._ '+1.,.'- 
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TBA 820: out put power 
vs. suppiy voltage 
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(Urged Kingdom) L.td 2 4 ,b(W) C e az s wrvl 

Distributors äm the UK: ci=_tronic Ltd., Harlow, 02'96 -32947 - Electronic Qomporxent Supplies Ltd., Windsor, 07535 -68'01 - Hewnt Elecron cs Ltd., 3 r- 

m ncham, CZ- 3594301 - ITT Electronic Services, Hlar.ow 02796 -26777 - REL E.puiiprment & Components Ltd., ü:chen., )462 -50551 - Quarndcn E ectromice 

Ltd., Derby. 32551. 
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RHU.JR 
Public Address & 

Sound Communication 
Systems 

AHUJA 

AMPLIFIERS 
MICROPHONES 

DRIVER UNITS 

UNI T -HORN 
COMBINAT IONS 

MEGAPHONES 

All AHUJA 
products manufactured 

with scientific 
precision for 

sound communication 
are the last word in 

performance 
reliability 
and finish. 

And all this 
at money- saving 

prices. 

With world -wide 
reputation AHUJA 

is the leading 
choice in 

over 35 countries 
including 

Western Europe. 

Solid State and Vacuum Tube P A 
ampl fiers with power output from 
10 Watts to 120 Watts. 

Manufacturers : 

AHUJA RADIOS 
215, OKHLA INDUSTRIAL ESTATE 
NEW DELHI -110020, (INDIA) 
Issued by : Engineering Export Promotion Council, Calcutta (India) 

WW-058 FOR FURTHER DETAILS 
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ARE YOU LOOKING FOR 

COMMUNICATION ANTENNAS? 

HY -Q ANTENNAS LIMITED, a newly formed 
company with technical staff having 10 years 
experience in the development of radio tele- 
phone ship to shore, satellite tracking, 
telemetry and broadcasting antenna, 
together with a well equipped laboratory are 
now offering Professional Communication 
Antennas. 
At this time we are able to offer VHF and UHF 
Yagis, Centre Fed Dipoles covering low and 
high bands and are rapidly developing further 
new ranges. Stocks are being maintained and 
in instances where your orders cannot be 
supplied from stock, we guarantee delivery 
within 7 days. We would greatly welcome 
your enquiries and details of specifications 
and prices may be obtained by telephoning 
in the absence of our printed catalogue. 

HY -Q ANTENNAS LIMITED 
Pondwood Close, Moulton Park Industrial Estate, Northampton. 
Tel: Northampton 48129 Cable Address: Hikeant, Northampton, England. 

WW-059 FOR FURTHER DETAILS 

NEW 
FROM A,S.P.! 
CASED 
AUTO 
TRANS- 
FORMERS 

240 Volt Mains to 115 Volts, smart steel cased 
units coated in tough resin, fitted with power 
lead, tuse and 115 Volt American type socket up 
to 500VA, above 500VA cable entry. 
VA (Watts) PRICE Post 

L5.56 
L9 50 

1000 L1592 
2000 L29.70 
20VA version uncoated, no tuse:- 

£252 

38p 
67p 
82p 

L750 

30p 

AUTO TRANSFORMERS (Open) 
VA (Watts) Rel. No. Price Post 

Tapped at 115, 220, 240 Volts 
L L 

20 113 132 0-22 
75 64 2.93 030 

Tapped at 115, 200, 220, 240 Volts 
150 4 339 0-39 
200 65 3.99 040 
300 66 4.94 0.52 
500 67 0.03 0.67 

1000 84 1351 0.82 
2000 95 25.311 1.00 
3000 73 33 -N 1.20 

POWER UNIT Type P6200 
Supplying 6 or 9 Volt DC at 
200 mA 
In moulded case forming a 2 pin 
5 A mains plug. 
2 metre output lead with 4 -way 
multlplug giving 2.1 and 2.5 
mm sockets and 3.5 mm plugs. 
Price £235. Post 10p. 

POWER UNIT Type P1076 
Output switched 3, 
45, 6, 75, 9 and 
12 Volts at 500 mA 
D.C. Operatesirom 
240 V mains, suit- 
able for Radios, 
Tape Recorders, 
Record Players etc. 
Size 7.5 x5.0X14.0 
cm. Price E3.95. 
Post 25p. 

TRANSFORMERS 
SAFETY ISOLATING 
Prim. 120/240V. Sec. 120/240V. Centre Tap with screen 

VA REF. PRICE 
(WATTS) No. Cased Open Post 

L. L L 
038 
0.52 
0-52 
0.65 

350 153 14-00 11.44 0.80 
500 154 15.80 1330 100 

1000 156 30-70 2746 120 
2000 158 N15 55.44 O.A. 
3000 159 7963 72.49 O.A. 

CASED VERSION in plastic coated steel case 
with Powerlead. Please state 115V or 240V output 
British or American outlet sockets up to 500VA. 
Over 500VA Cable Entry. 

60 149 
100 150 
200 151 
250 152 

- 3.74 
116 

9- 48 748 
1205 9.57 

MINIATURE & EQUIPMENT 
Primary 240V with Screen 

VOLTS MILLIAMPS TYPE 
Sec. I Sec, 2 Sec. 1 Sec. 2 No. 
3 -0 -3 200 238 
0-6 0 -6 500 500 234 
0-6 0 -6 100( 1000 212 
9 -0 -9 100 13 
0 -9 0.9 330 3- 30 235 
0-8 -9 0-8 -9 500 500 207 
0 -8 -9 0 -8 -9 1000 1000 208 
15 -0 -15 - 40 240 
0 -15 0.15 200 20- 0 236 
20 -0-20 - 30 - 241 
0-20 0 -20 150 150 237 
0 -15 -20 0 -15 -20 500 500 205 
0 -20 0-20 300 300 214 
0 -20 - 3500 No Screen 1116 
20 -12.0- - 700 - 221 
12-20 (D.C.) 
0.15.20 0 -15 -20 1000 1000 206 300 
0 -15 -27 0.15 -27 500 500 203 308 
0 -15 -27 0.15 -27 1000 1000 204 3-24 

PRICE Post 
£ L 

133 0.10 
130 0.10 
1.98 032 
1.23 0.10 
1.43 0.10 
230 032 
303 030 
133 010 
130 010 
1-23 0.10 
130 010 
2.97 038 
1.76 032 
300 040 
135 030 

038 
038 
038 

12 and 24 VOLTS PRIMARY 200.240 Volts. 
AMPS TYPE PRICE Post 

12V 24V No. L E 
0.3 0.15 242 134 032 
03 025 111 134 032 

1 0 5 213 159 032 
2 1 71 2 N 032 
4 2 18 2.7S 038 
6 3 70 3 80 0.42 
8 4 108 3-N 0.52 

10 5 72 447 0.52 
12 6 116 S -97 0.52 
16 8 17 6 N 0.52 
20 10 115 10 23 0 69 
30 15 187 1375 0'97 
40 20 232 1031 1.00 
60 30 226 2252 1.10 

30 VOLTS 
PRIMARY 2001240Y. 
SECONDARY 12, 15, 
30V. 
AMPS Ref. Price 

No. L 
0.5 112 1 59 

79 2ßO 
3 3.19 

20 3-N 
21 4.98 
51 500 

117 8-93 
88 9-00 

1 89 19.00 

50 VOLTS 

20, 24, 

Post 
L 

032 
0-38 
0-38 
0.42 
0.52 
0.52 
0.52 
067 
0-67 

PRIMARY 200I240V. 
SECONDARY 24, 30, N, NV. 
AMPS Ref. Price Post 

No. E L 
06 124 2.10 038 

1 128 2.97 038 
2 127 5.77 0.42 
3 125 7-15 0.52 
4 123 935 0.67 
5 40 1155 0.67 
6 120 13-57 0.82 
8 121 19410 1.00 

10 122 1940 140 
12 189 2182 1.10 

60 VOLTS 
PRIMARY 2001240V. 
SECONDARY 19, 25, 33, 40, 
59V. 
AMPS Ref. Price Post 

No. L E 
03 

1 

2 
3 
4 

8 
8 

10 

102 
103 
104 
105 
106 
107 
118 
119 

211 
3'M 
4-29 
577 
7-48 

11 N 
1119 
17 N 

030 
0.38 
0.42 
0.52 
0.52 
087 
0.97 
097 

BRIDGE RECTIFIERS 

ONE AMP Price TWO AMP Price 
50 P.I.V. 65 50 P.I.V. 635 

100 P.I.V. 025 100 P.I.V. 0.49 
200 P.I.V. 030 200 P.I.V. S-45 
800 P.I.V. 936 400 P.I.V. 954 
FOUR AMP SIX AMP 
100 P.I.V. 5-Ss 50 P.I.V. S -85 
200 P.I.V. S-59 100 P.I.V. 6.76 
400 P.I.V. 065 200 P.I.V. 908 
600 P.I.V. 0-7S 400 P.I.V. 6 N 

ELECTRONIC MAINS TIMER 
A reliable unit ideal for 
timing Bathroom /Toilet 
Venhiators, Stairway 1 

Cloakroom Lighting etc. 
Gives up to 30 mins. delay 

switching oft. 
Delay: 1.30 mins. adjust- 
able. Ma: Load: 400 VA or 
1000 Watts resistive. 
Ivory Case: 31in. x31in. x 
2in. Fittings Instructions 
Included. Trade Price: 
E5 -110. Post 20p. 

MAINS KEYNECTOR 
The safe, quick, connec- 
tor for electrical appli- 
ances, 13 Amp rating, 
fused will connect a num- 
ber of appliances quickly 
and safely to the mains. 
ideal for testing, demon- 
strating, window displays, 
etc., Warning Light, Inter- 
locked to prevent connect- 
ing when live. 
Trade Price: £2.9S. Post 
25p. 

I PLEASE ADD 10% FOR V.A.T. 

A-SEP 
BYRE HOUSE, SIMMONDS RD. 
WINCHEAP, CANTERBURY 
KENT CT1 3RW 
Tel: Canterbury (0227) 52436 

WW-060 FOR FURTHER DETAILS 
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Problem 
Where to obtain a low -cost device to use as a linear 
output stage for mobile and marine radio under 
SSB conditions. 

M -0V long -life beam tetrodes. 
A single TT21/22 gives 
100W PEP at 1200V H.T. 
and one TT100 delivers 
180W PEP at 850V H.T. 

EEVand M -OV 
know how. 
LAP e0 

THE M -O VALVE CO LTD, Hammersmith, London, England W6 7PE. 
Tel: 01- 603 3431. Telex: 234356.Grams: Thermionic London. Sae 

WW-061 FOR FURTHER DETAILS 

DC/AC SINEWAVE TRANSVERTORS 
(transistorised Invertors/Convertors) 

TYPE 012/400S 

Many world famous car 
manufacturers such as FORD, 
BRITISH LEYLAND, inclu- 
ding ROVER -TRIUMPH, 
VAUXHALL, develop their 
cars under exact laboratory 
conditions. The AC electric 
power to drive the precision 
instruments and computers 
is provided by Valradio Trans - 
vertors. 

Input Price & 
Type Volts Output 10% VAT 

C12/30S 12 115 /230v50Hz30W Sine Wave £35.70 
R12/250/24R 12 24 7A DC £75.55 
R24/250/50R 24 50 3A Regulated £97.25 
D12/400S 12 115/230 400W 50Hz Sine Wave £ 197.00 
D24/500S 24 115/230500W 50Hz Sine Wave £ 197.00 

All prices + 10% VAT. All 50Hz ±' -, Hz. Also available 60Hz ± + Hz 
at same price. 
For operating frequency and wave form sensitive equipment such 
as sound tape recorders, video tape recorders. professional film 
cameras, sensitive instruments, etc. 

Other models available for inputs of 24. 50. 110 and 220 volts 
DC. Square waveform output also available. generally from stock. 
Send for informative brochure. 

VALRADIO LIMITED 
BROWELLS LANE, FELTHAM, MIDDLESEX 

TW13 7EN, ENGLAND 
TEL: 01 -890 4242/4837 

WW -062 FOR FURTHER DETAILS 
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More than 350 
different types 
to choose 
from 

vitality's 
the name for 

miniature and 
sub -miniature 

lamps. 
If you can't find the lamp you need 

from the 350 different types of Vitality 
sub -miniature and miniature lamps just 
pick up the phone and ask for the Vitality 
applications service. 

Miniature and sub- miniature lamps 
are Vitality's speciality and the range 
available is one of the most comprehensive 
in Europe. 

Write for the Vitality catalogue 
for full details on the range and appli- 
cation notes, or phone us if you have a 
special requirement for conventional or 
unusual environments, wherever a light 
source is needed for illumination, reference, 
indication or warning. 

vitality Ltd 
BEETONS WAY, BURY ST EDMUNDS, SUFFOLK. 
TELEPHONE: 0284 62411. TELEX: 81295. 
Authorised Distributors 
Townsend Coates Ltd., Coleman Road, Leicester LE5 4LP. 
Telephone: 0533 768561.Telex: 34321. 

FarnelLElectronic Components Ltd., Canal Road, 
Leeds LS12 2TU.Telephone: Leeds 636311.Telex: 55147. 

WW -063 FOR FURTHER DETAILS 
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ADVANCE CALCULATORS PROGRAMMABLE ONLY £199! 
88 POCKET 2 MEMORY, % SQUARE ROOT £99! 
FULL RANGE OF QUADRAPHONIC & STEREO SYSTEMS 
AVAILABLE, ALSO GARRARD TURNTABLES 
Advanced off -air frequency reference. Phase -locked, with Signal Monitor. A lab standard £85.00 
Signal source, type 1. Precision frequency reference £66.00 
Osborne source (W.W. Jan '73), de luxe version £44.50 
Kit for construction of an Osborne -based signal source £30.00 
Full range of items for Quadrophony (full lists sent with all goods supplied) 
CBS-SO Matrix Decoder using MC1312P (see W.W. Nov 1973) kit (I-hr. to build) £8.00 
CBS-SG Decoder as above, built and tested production board, fits any set -full instructions supplied £11.00 
Advanced phase -lock -loop Stereo Decoder on board, regulator provision, typically 40dB separation £6.95 
Stereo Qecoder, as above, but in kit form (about 30 mins to build) (uses MC131 OP in holder, inc. LED) £5.95 
Superb 20W 80 Loudspeakers, as used for "P.E. Rondo ", built in white or teak per pair £42.00 + £2.00 carr. 
Easy -to -build Kits for above Loudspeakers, per pair £35-50 + £2.00 carr. 
Goldring G101/2 Turntable Chassis, less cartridge £22.90 + £1.00 carr. 
Deutsche -Elac STS 144/17 Cartridge, ideal high -quality, low priced unit for Matrix quad f7-90 
Instrument Cases, attractively featured with black Vinyl- covered steel top and sides, aluminium fronts and backs 
Good Stereo Headsets with volume controls £4.95 

Case A 8" X 5" X 2" nom. £1.45 Case B 11" X B" X 3" nom. f1 -95 Case C 9" X 5" X 21-" f1.70 

Handy little Aluminium Boxes, with lids and screws: Box 1 -5'" X 21" X 11" = 42 p. Box 2 -4" X 4" X 11" = 42p. 
Box 3 -4" X 21" x 11" = 42p. Box 4 -51" X 4" X 1 +" = 47p. Box 5 -4" X 2f" X 2" = 42p. Box 6 -3" X 2" 
X 1" = 34p. Box 7 -7" X 5" X 21" = 66p. Box 8 -8" X 6" X 3" = 84p. Box 9 -6" X 4" X 2" = 54p. 

Babani & Bernards books stocked -lists available. 

UK ORDERS -All prices carriage free. Please add 10% VAT. 

OVERSEAS ORDERS -Please send to Studio Electronics International at Harlow. No VAT chargeable. Please add ample 
carriage allowance -we credit or refund the excess. 

A FULL TECHNICAL AND AFTER- SALES -SERVICE IS PROVIDED. 

AS MANUFACTURERS AND DISTRIBUTORS WE WELCOME TRADE AND EXPORT ENQUIRIES. 
COMMUNICATIONS CONSULTANTS ... INSTRUMENT DESIGNERS . FOUR- CHANNEL SOUND SPECIALISTS. 
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Please print clearly and detach 
coupon along the dotted line 

P.R.O.G. £199.00 
88 £9900 NEW 
O.A.F.R. 
S.S I 

£85.00 
£66.00 

CAT. 

D/L OS.S £44.50 OUT 
OS.S. K. £30-00 SOON. 
SO-DEC. K. £8 0o ARE 
SQ-DEC. B.&T. £11.00 

YOU 
PLL-DEC. B.&T. 
PLL-DEC. K. 

£6-95 
f5.95 

ON 

PR/LS/teak,vhite £44.00 OUR 
2K/LS/leek/white 
G101/2 

£37.50 
£23.90 

LIST? 

STS 144/17 £7-90 S.A.E. 

Phones f4.95 APPRE- 
Case A fl -45 CIATED. 
Case B £1.95 
Case C £1.70 

Box No. Qty 
Box No. Qty 
TOTAL 
+ VAT 

Money enclosed f 
by cheque/P.O./M.O./bank draft 

PLEASE LET US KNOW TER 7 

YOUR ORDER lS NOT AOCKNOAFWLEDGED 
D. AYS IF 

NAME 

ADDRESS 

Studio Electronics 
P.O. BOX 18 HAR LOW 
CM 18 6SH ESSEX 
Telephone' Harlow ist dO279l 25457 

WW5/74 
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can cgrar 
A NOVEL STEREO FM TUNER 
Kits of parts for this tuner are now available from us. 
All parts are to the designers' specification including P.C. 
board, filter, I.Cs, etc. and are of the highest quality. Our 
confidence of your success is backed by a performance 
guarantee. Send now for details (S.A.E. please) to: 

ICON DESIGN 
33 RESTROP VIEW, PURTON, 

WILTS SN5 9DG. 
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Audio Connectors 
Broadcast pattern jackfields, jackcords, 
plugs and jacks 
Quick disconnect microphone connectors 
Amphenol ( Tuchel) miniature connectors 
with coupling nut 
Hirschmann Banana plugs and test probes 
XLR compatible in -line attenuators and 
reversers 
Low cost slider faders by Ruf 

Future Film Developments Ltd. 

90 Wardour Street 
London W1V 3LE 

01- 437 1892/3 
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Sí451 Millivokmeter 
* 20 ranges also with variable 

relative frequency response 

JES AUDIO INSTRUMENTATION 
Illustrated the Si453 Audio Oscillator 
SPECIAL FEATURES: 
* very low distortion content -less than 0.05% * an output conforming to RIAA recording characteristic 
* battery operation for no ripple or hum loop 
* square wave output of fast rise time 

£45.00 
also available 

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

£40.00 facilities including L.F. cut switch, etc. £3500 
ALL PRICES PLUS VAT 

J. E. SUGDEN & CO. LTD., CARR STREET, CLECKHEATON, YORKS. BD19 5LA. Tel: 09762 -2501 
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REVOX A77 Series 
REVOX 

REVOX A700 Series 

a4 1 

111 11 l lilla. 

Available in 
a wide variety of con- 
figurations, inc. i track, 
full track, 4 track. Tape speeds 1 s ips to 
30 ips. 

3- speeds. Full deck logic. Four inputs. 
Crystal servo control. Tape footage counter. 
Servo tape tension. 

Write for full information. Scotch 207 -lowest UK price. IMMEDIATE DELIVERY -ALL MODELS 

NOTE NEW ADDRESS- 
Industrial Tape Applications 
5 Pratt Street, London NW1 OAE.Tel: 01 -485 6162 Telex: 21879 
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from STARWET 
SPECTRUM ANALYSER 
MODULE ST858 

The STARWET spectrum analy- 
ser module ST 858 is the latest 
item to stem from the STARWET 
design team. The result of 
several years work it incorpor- 
ates new concepts based on a 

different approach to spectrum 
analysing. The outcome being 
an ultra reliable instrument with 
an excellent specification (by 
any standards) at a price hither- 
to thought impossible for equip- 
ment of this calibre and type. 

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 M Hz to 400 MHz variable Input Via 50ohm B NC 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 requirements 240 volts AC 50 Hz i Owatts. (Other voltages and 
frequencies available as required) Size Width 1 lin (28cm.) Height 4375in. (1 1.2cm.) Depth 8.5in. (21.6cm.) Nett weight 7.5lbs (3.4 Kg) Grossweight 
101bs (4.5 Kg.) 

For further details contact the sole distributors of STARWET equipment: 

=HULTMEAO LTD 
7 -9 ARTHUR ROAD, READING, BERKS (rear Tech College) Tel. Reading 582605 
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Ideal for installation, maintenance and 
the laboratory, the T1007 measures supply voltages from 200 
volts to 260 volts AC and frequencies from 35Hz to 65Hz. 
An electomechanical counter records the incidence of 
interference pulses occurring above threshold levels selectable 
from 10 volts to 200 volts. Provision is made for the 
connection of a recorder for external monitoring. A 100 volt to 
130 volt AC range model, and 350Hz to 450Hz models are also 
available. 
Price (50Hz). 79.00 ea 

(400Hz) £86.00 ea 
(Plus VAT) 

coe 
COLE ELECTRONICS LTD 

BRUCE GROVE 

WICKFORD, ESSEX SS1 2 8BT 

tel: WICKFORD (03 7- 441 51 41/4 
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,..Lialnled as thé Wcricis ieadrnd 
telescopic tlltover toiAer in the 
field of radio communu.atl(n 

Models from 25' to 120' 

L urik fnr thn 

STRUMECH 
Strumech Engineering Co Ltd 

Coppice Side. BrovvrlhlFls. W'alsall, Stifts 
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ENGINEERS 

YOURSELF FOR A 

Wireless World, May 1974 

BETTER JOB -^MORE PAC! 
Do you want promotion. a better job. 
higher pay? New Opportunities" shows 
you how to get them through a low -cost 
B.I.E.T. home study course. There are no 
books to buy and you can pay- as -you- 
learn. 

The B.I.E.T. guide to success should be 
read by every ambitious engineer. 
Send for this helpful 76 page FREE book 
now. No obligation and nobody will call 
on you. It could be the best thing you 
ever did. 1CUT OUT THIS COUPON EN NNE =Ill 

CHOOSE A BRAND NEW FUTURE HERE! 
Tick or state subject of interest. Post to the address below. 

BIET -Technatron Electrical 
Practical Radio & 

Electronics (Technatron) 
Electronic Engineering 
Television Maintenance & Servicing 
General Radio & TV Engineering 
Radio Servicing. Maintenance 

and Repairs 
City & Guilds Radio, 

TV Electronics Mechanics 
Radio Amateurs 
Practical TV 
Colour Television 
Computer Electronics 

C. & G. L.I. Radio 
TV Servicing Cert. 

Post Master General 
1st & 2nd class Certs. 

C. & G. Electrical 
Engineering Practise 

C. & G. L.I. Installations 
and Wiring 

General Electrical Engineering 
Society of Engineers 

(Electrical Eng.) 
Electrical Installations and Wiring 
C. & G. Electrical 

Technicians (Primary) 
C. & G. Telecommunications 

To B.I.E.T. Bwwo3 Aldermaston Court, Reading RG7 4PF QK 

NAME (BlockCapitals Please) 

ADDRESS 

Other subjects 
Accredited by C.A. C. C. 

o 

o 

1 

' 
1 

' 
' 

B W W03' 

Age 
MP,nhrr of A. BCC. 

O 

o 

BRITISH INSTITUTE OF ENGINEERING TECHNOLOGY 

BIAS ELECTRONICS 

PROFESSIONAL RECORDERS 
for broadcasting and studio use. 

Our range includes console, transportable and rack 
mounting machines. 
Mono-stereo 4 track 4 track slow speed radio 
station loggers all to IBA requirements. 

BIAS ELECTRONICS LTD. 01 - 540 8808 
572 Kingston Road, London SW20 8DR 
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TEAC 4- CHANNEL 
INDUSTRIAL RECORDER 

ITA -TEAC 
ITA 10 -4 
MODULAR MIXER 

a43 

The complete 
mobile record- 
ing studio. 
Four totally 
independent 
channels. Sel 
sync on all channels. 
Mixing facilities. 63dB signal to noise 
ratio. Wide flat band -width. 

Ten inputs. Four output grcups. Four limiters. 
Base, mid, treble EQ. Balanced inputs. Modular 
construction. Headphone monitoring. 

IMMEDIATE DELIVERY. 
£590 + VAT 

TAIndustrial Tape Applications 
5 Pratt Street,London NVV1 OAE.TeI: 01 -485 6162 Telex: 21879 
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,. ., ,,.,. , ANTENNAS AND RADIO MASTS 
TRANSMISSION LINES AND ANTENNA ROTATORS 

Manufacturers & Suppliers of- 
Antenna Systems. 
From centre fed dipoles. 
Vertical radiators, 
radio masts including 
telescopic & tiltover, 
transportable, permanent 
tubular masts. 
Lattice masts. 
Telescopic tiltover 
towers. 
Transmission line 
equipment. 
Coaxial cable. 
Coaxial connectors. 

Suppliers to- 
Government Ministries, 
Crown Agents, principal 
manufacturers of 
telecommunications equip- 
ment, local governments, 
overseas governments and 
administrations. 

Low cost. 
6.2 to 30 Mhz. 
Size only 40' by 48'. 
Weight only 300 lbs. 

SMC /MLP. 
One of our range the log periodic of reduced size, 
making it suitable for roof mounting for commercial 
and embassy applications or with larger masts 
for field application. 
This design eliminates the need for overhead boom 
bracing. This antenna gives the advantage of large 
log periodics without the high cost and excessive 
size as well as weight. 

When replying please refer to this advertisement and indicate nature of enquiry. 

SOUTH MIDLAND CONSTRUCTION LTD 
S. M. House, Osborne Road, Totton, Hants. Telephone Totton 2785/4930 Cable Aerial Southampton 
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BRITAIN'S FASTEST SERVICE! 
component specialists for the discerning amateur and professional 

SOLDERING IRONS 

A new range by "ANTEX ". 
Soldering irons of the highest technical standard, low current 
leakage, rapid heating, high efficiency. 
SK2 Soldering kit including 240v 15w Iron £3.20 each 

MLX12 12 volt portable 25w Iron for car or boat. 
15ft. lead. In protective wallet. £2.50 each 

X25/220 General purpose 240v 25 watt Iron. £1.95 each 

X50/TC Temperature controlled Iron. Sensitive SCR 
controlled temperature sensing. Bit is con- 
trolled to within 2° C of the set temperature. 
For 240v mains operation. £5.95 each 

Order as "Soldering Irons" + Part No. 

SPARE BITS 
Type No. Size 

2 
3 5" 4 3 // 

T6 

50 
51 +" 
52 a" } 

Suits 
SK2 
SK2 
SK2 
X25 
and 
MLX12 

Order as Type No. + Spare Bits 

Plating 
Nickel 
Nickel 
Nickel 
Iron 
Iron 
Iron 

Price 
32p 
32p 
32p 
44p 
44p 
44p 

SEVEN WATT AUDIO I.C. 
TBA 810S £1.68 
FEATURING THERMAL PROTECTION 
IDEAL FOR CAR RADIOAPPLICATIONS 
SHORT FORM DATA AND CIRCUITS 

15p 

TIMER I.C. 
7Ó NE 555v p 

SHORTFORM DATA & CIRCUITS 15p 

RED L.E.D's 
NEW LOW PRICES 
TI L 209 30p 
HP 5082 29p 

MC 1310P I.C. £2.80 
FM STEREO DEMODULATOR 

REQUIRES NO COILS! 
PRICE INCLUDES DATA 

40669 TRIAC £1.00 
400 PIV 8 AMPS PLASTIC 
3 PAGE DATA 15p 

OP. AMP 
741/8 DIL 

NEW LOW PRICE 

34p 

TR1 DIAC 
20p 

SUITABLE FOR 

USE WITH 40669 

I.C. PIN SOCKETS 
NOW RECOGNISED AS THE 
STANDARD I.C. MOUNTING 

1000 PIN SOCKETS £7.00 
100 PIN SOCKETS £1.00 

LOGIC CHECKER 
FAST & EFFECTIVE METHOD OF 
CHECKING DIGITALDILI.C.s 

IN CIRCUIT. INSTANT L.E.D. DISPLAY. 
FULL INSTRUCTIONS £25.85 

SUPERHET SYSTEM I.C. 
CA 3123E £1.80 
WITH RF AMP. IF AMP. MIXER OSC. 
GC DET. OR VOLTAGE REGULATOR 

IDEAL FOR CAR RADIOAPPLICATIONS 
DATA AND CIRCUIT 15p 

VHF 5 TRANSISTOR I.C. 
CA 3046 70p 
DC TO 120MHz ARRAY 3 PAGE DATA 

15p 

DEPT. W W4 
7 COPTFOLD ROAD 
BRENTWOOD 
ESSEX 

' I I 1 
COMPANY 

REGISTRATION 
No 1062424 

TEST CLIP 
FOR DIL I.C.s 
14 & 16 PINS. 
ALSO USEFUL 
AS REMOVAL 
TOOL £1.95 

WARE SPECIALISE IN EDUCATIONAL 
AND GOVERNMENT ORDERS 
-See catalogue for further details. 

FINNEW SERVICE PLUS 
10% DISCOUNT OVER E4. NO POSTAGE 
AND PACKING. TOP QUALITY PRO- 
DUCTS ALWAYS BY RETURN 
COMPREHENSIVE CAT. 

Important Notice All prices are 
exclusive of V.A.T. Please add 10% V.A.T. 
to the final total of your order after 
deducting any discount which may 
be due. ". 
V.A. T. No. 246 0626 72 15Q 

JO F. 

O aoyQ °a 

b Q .' e oa ova 
°° O ¿o0 bye+ 
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*Use economical 35mm film. 

*Pulse operation up to 4f.p.s. 

*Optional large capacity o scillosco e film magazines. 

*Clockwork or electrical cameras operation. 

More complete details available on request from: 

Telford PRODUCTS LTD. 
WADSWORTH ROAD PERIVALE GREENFORD MIDDX. ENGLAND Telephone:01-9981011 Telex:935524 
aCffig A MEMBER COMPANY OF BENTIMA INDUSTRIES LIMITED 
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Bantex 
for Aerials 

The photo above shows the newly 
designed motor tunable H F mobile 
Aerial LTA 10 and this will be on 
demonstration at the Communications 
'74 show, along with the other 
fine Bantex aerials. 
Come and see us at Stand No. 84. 

Bantex Ltd 
ABBEY ROAD, PARK ROYAL, LONDON NW10 

01 -965 0941 Telex 82310 
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TPA SERIES -D 
Integrated circuit 
power amplifier 

TPA 50 - D Specification 
Power Output 

Freq Response 

Total harmonic 
distortion 
Input sensitivity 
Noise 
Rise time 
Price 

100V Line (C.T.) 
For full technical 

100 watts rms into 4 ohms 
65 watts rms into 15 ohms 

±0.1dB 20Hz to 20KHz into 
15 ohms. -1dB at 150KHz 
Less than 0.04% at all levels up to 
50 watts rms into 15 ohms 
OdBm 
-100d B 

2 u seconds 
£59 plus V.A.T. 

and balanced inputs available. 
information contact: 

HIIH ELECTRONIC 
CAMBRIDGE ROAD, MILTON, CAMBS 
TELEPHONE CAMBRIDGE 65945/6/7 
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JVC 
video cassette recorder /player 

a4 

llu 
1 

Two outstanding models: - 
CR -6000E 34<" U -type video cassette recorder /player 
CP -5000E 3/<" U -type video cassette player 

IIIIII 

For further details telephone or write today to:- 
Video Systems Division Bell & Howe 'I A -V Ltd., Freepost,. 
Wembley, Middx. HAO 1BR no stamp requiredl.Te1:01- 9028812 

BELL E HOWELL 
WW -078 FOR FURTHER DETAILS 

Are you an 
inventor? 
Newnes - Butterworths, the 
technical publishers, invite 
you to enter for - 
THE NEWNES- 
BUTTERWOR'THS PRIZE 

Worth £250 
Awarded for the "most 
novel application of an 
electronic device ". 
Judged by a distinguished 
panel of experts. 

Entry forms should be available at your 
local bookseller, b.It in case of difficulty 
please contact the publisher direct. 

Newnes- Butterworths 
The big name in technical publishing 
Borough Green,. Sevenoaks, <ent TN15 8PH 
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A SPARK OF 
GENIUS 

The above kit comprises: 
Ready -drilled case and metal- 
work, cables, coil connectors, 
silicon grease, printed circuit 
board. All 5 -year guaranteed 
components, and full instructions 
to make this fascinating, very 
efficient capacitive discharge 
system in either positive earth 
or negative earth forms. 

ORDER 
NOW FROM: 

THE SPARKRITE 
MK 2 ELECTRONIC 

IGNITION KIT 

WHEN COMPLETE 

THE SYSTEM CAN BE 

FITTED IN ONLY 

15 MINUTES TO GIVE: 
instant all- weather starting, up 
to 20% fuel saving, longer battery 
life, higher top speed, faster 
acceleration, spark plugs last 
about 5 times longer, misfire 
due to contact breaker bounce 
electronically eliminated, purer 
exhaust emission resulting in 
less air pollution, contact breaker 
bum eliminated. (Suitable for 
petrol engined cars up to 8 
cylinders.) 

PRICE ONLY f11.62 
Ready built £1485 

(state + or - earth) 
We can supply a Sparkrite 
Ignition (ready -built) to fit all 
petrol engined vehicles (boats, 
motor cycles, etc.) with coil and 
contact breaker ignition. Prices 
on application. 

for send S.A.E. for 
full brochure.) 

I.C.E. ELECTRONIC SYSTEMS 
114 Park Farm Road, Birmingham, B43 7GH 
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So you think you know 
what hi -fi really sounds like 

You know that the room in which you play your Hi -Fi equipment 
affects the sound reproduction. But have you given the same 
thought to your speakers? The quality of most speaker enclosures 
is one step up from orange boxes, and the sound is probably 
delivered by two or three mass -produced drive units. Which means 
that you get an arbitrary, non -directed, mass produced sound. 

There is, however, a speaker unit with a difference. 
For more than thirty years, one of the most respected names in 

the Hi -Fi world has been developing and perfecting a speaker 
work of art. His name is Chave. He brings together a speaker 
enclosure that is a masterpiece of handcraftsmanship with drive 
units that provide optimum efficiency over the entire audio 
frequency range. 

The Lowther speaker cabinets are hand -built, pressure driven, 
folded exponential horns -a fundamental design dating back 
thousands of years. This ensures a free and spacious reproduction 
of the lower sound frequencies. 

Built into these horn enclosures is the world's most sophisticated 
transducer magnetic system, ensuring that every part of a complex 
sound wave created by an instrument or human voice is clearly 
audible when electro- acoustically reproduced. 

This is truly a speaker for the Hi -Fi intellectual. Because the 
entire unit is hand -made, of course, quantity is limited. We invite 
the most demanding audiophil to visit our workshops and test the 
speakers on our own equipment. We're sure you will agree that the 
Lowther Folded Horn speaker unit provides the finest sound repro- 
duction possible today. 

We make these speakers LSL PRICE V two price levels. L48 
mind 

+ 
VAT each if you don't mind 
an unnoticeable cabinet 
defect or £76 when perfect. PER SPEAKER + 10% VAT 

(cabinet only -122) 

Loudspeakers Limited 
Cheque with order, please, or write / telephone for further details. 

Loudspeakers Ltd., Brookroyd Mills, Bradford Road, Batley, Yorks. 
Tel: Batley 473646. 
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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 - 
Professional soldering kit. 25w iron, 
spare tips, tool and solder, together 
with 10 X BC208, 2 X W02 bridges, 
and 2 X PP3055 Plastic Power 
transistors. 

Marksman BARGAIN PACK PEP2 -£4.30 
iron kit 

Please send your catalogue -free! 
Name 

Address 

WW5 
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ELECTIiORI' hT 
Electronic fun for all ages 

THE MOST VERSATILE ELECTRONICS= KITS. 
All components are beautifully encapsulated 
in unbreakable transparent plastic blocks. 
Perfect connections are made WITHOUT 
SOLDERING, SCREWING OR WIRING. 

INCREDIBLE VALUE. Build, dismantle and 
rebuild projects any number of times and 
invent your own experiments too. 

COMPLETELY SAFE,instructive and FUN - all 
kits operate from 9v. battery only. 

VALUABLE MANUALS included with every kit. 

Kit 2A -30 projects L10.45 
Radios, amplifiers,alarms, 
microphones, morsel etc. 

Kit 3A -100 projectsfi20.45 
As 2A plue electronic 
birds , cats, sirens, organs, 
metronome,guns,light and 
sound,burglar alarmstetc. 

3ADX -105 projects L25.25 
As 3A plue solar cell 
experiments and complete 
sophisticated control 
panel, etc. 

4ADX -150 projects 033.95 
As 3ADX plus Relay and 
Meter experiments: ion 
concentration -,volume -, 
output -,field intensity -, 
volt -,resistance meters, 
ammeter,illuminometer,etc 
and -many, many more. 

PRICES FULLY INCLUSIVE. 
Cheque /P.O.(or 6p. for literature 

Sati,tachon guaranteed 

ELECTRONI -KIT LTD, 408 St.John's Street, 
London, EC1. )01 -278 4579) 
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PRACTICAL PAPERBACKS 
FROM 

FOULSHAM 
125 Typical Electronic Circuits 
Analysed and Repaired £1.45 
by Art Margolis 

Understanding and using the 
Oscilloscope £1.70 
by Clayton Hallmark 

Pictorial Guide to Colour TV 
Circuit Troubles £1.60 
by Forest Belt 

How to Repair Small Petrol 
Engines £1.75 
by Paul Dempsey 

Troubleshooting Solid State 
Amplifiers £1.60 
by Ben Gaddis 

Fun with Electricity £1.30 
by Tom Kennedy Jnr. 

Transistors -How to Test - 
How to Build £1.20 
by Tab Editorial 

How to Fix Radios and 
Printed Circuits £1.60 
by Leonard C. Lane 

Handbook of Magnetic 
Recording £1.45 
by Finn Jorgensen 

Landsailing from RC Models 
to Big Ones £1.45 
by George Sipposs 

-TAB 
Small Appliance Repair 
Guide £1.50 
by Lemons & Montgomery 

Basic Colour TV Course £2.20 
by Stan Prentiss 

Electronics Hobbyist IC 
Project Handbook £1 .40 
by Robert M. Brown 

Radio Communication 
Transreceiver Servicing £1.45 
by Burns & Sands 

99 Ways to Use the 
Oscilloscope £1.45 
by Albert Saunders 

On the Colour TV Service 
Bench £1.45 
by Jay Shane 

Basic Radio Course E1.50 
byJohn T. Frye 

How to Repair Home and 
Car Air Conditioners £1 .45 
by Lemons & Price 

Complete Mini Bike 
Handbook £1.85 
by Paul Dempsey 

FOULSHAM-TAB LTD. 
YEOVIL ROAD. SLOUGH. BUCKS. 
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DAVENPORT 
FULLRANGE 

LINE SOURCE 
PUBLIC ADDRESS 

SPEAKERS 
LAYOUT OF 
SPEAKER UNITS 

LAYOUT OF 
SPEAKER UNITS 

Twelve 8' ' x 5' ' elliptical Eight 8' ' x 5' . elliptical 
and one 12' ' twin cone and one 10' twin cone 

CABINET HEIGHT 66" CABINET HEIGHT 48" 

A BROCHURE GIVING FULL SPECIFICATION, INCLUDING SPECIFIC 
SOUND PRESSURE LEVELS. FREQUENCY RESPONSE GRAPHS AND 
POLAR DIAGRAMS. AVAILABLE FROM THE MANUFACTURERS. 

S. B. DAVENPORT LTD. 
ELLES RD., FARNBOROUGH, HAMPSHIRE, ENGLAND 

TELEPHONE FARNBOROUGH (HANTS) 514551 

THE 
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CHINAGLIA 
HEART OF 

CHINAGLIA 19 Mulberry Walk, London SW3 6D2 
U.K. L 1 

T 
D . Tel: 01- 352 1897 
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Bi 
otent'a 

Small price 
£115 

That's the new D61 from 
Telequipment. 

Simple Controls 
Dual Trace 
10 mV Sensitivity at 
10MHz 
Automatic Triggering 
X -Y Displays 
TV Frame and Line 
Bright 8 x 10 cm Display 

IS Easy to Carry 

Developed for use in the 
field or on the bench, and rt's 
small in size too -just how 

TELEQUIPMENT <15 > 

small you'll discover when 
placing it on the busiest 
of benches. 
But don't imagine that 
performance has been pre- 
cluded by its size, or the 
fact that it costs only £115. 

On the contrary, this little 
fellow features several facilit es 
looked for on heftier, 
higher -cost oscilloscopes. 

Write or telephone now for 
full specification (you won't 
be disappointed). 

Tektronix U.K. Ltd., 
Beaverton House, 
P.O. Box 69, Harpenden, Herts. 
Tel: Harpenden 63141 
Telex: 25559 

EXCLUSIVE OF VAT WW-088 FOR FURTHER DETAILS Ta2A 1173 



This month's cover picture is an abstract 
design symbolizing the colour -sound 
system described by J. R. Penketh in this 
issue. 
(Photographer Paul Brierley) 

IN OUR NEXT ISSUE 
(published June 19) 

FM tuning indicator. A novel design using only 
one indicator lamp. 

Professional sound recording. A review of 
techniques, equipment and development. 

Horn loudspeaker design. Series concluded, with 
two systems for construction. 

Radio interference. International standardization 
of measurement and limits; investigation and 
suppression. 

Rest kssaYRs 

I.P.C. Electrical -Electronic Press Ltd 

Managing Director. George Fowkes 

Administration Director. George H. Mansell 

Publisher Gordon Henderson 

o I.P.C. Rosiness Press Ltd, 1974 

Brief extracts or comments are allowed provided 
acknowledgement to the journal is given 

wireless 
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Picture telephone system 
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H. C. Johnson 
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123 Circuit ideas 

Simple t.t.l. oscillator 
High- performance voltage reference 
10 -digit combination lock 

124 Novel stereo f.m. tuner -2 by J. A. Skingley and N. C. Thompson 

130 Circards -14: introduction to digital counters by J. Carruthers, J. H. Evans, 
J. Kinsler and P. Williams 

133 Horn loudspeaker design -2 by J. Dinsdale 
139 Radio astronomy as a school activity by J. C. Codling 
143 Electronic piano design -3 by G. Cowie 
145 H.F. predictions 
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Damping factor 
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Active filter crossover networks 
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Now EMI Colorline Cable TV 
has even longer reach 

EMI Colorline is now 
available with two new 
competitively- priced long - 
reach trunk amplifiers for 
systems with trunk routes 
up to 35.5 km. The RE984 
Amplifier (40 -2 70MHz) is 
designed for systems 
requiring a large number of 
units in cascade. The RE993 
Long -reach Low Frequency 
Amplifier (30 -120 MHz) is 
for Supertrunk lines, and 
operates on a limited band- 
width to achieve even longer 
reach. Automatic gain (ALSC) 

EMI 

versions of both amplifiers 
are also available. Another 
new device is the EMI outlet 
plate (complying with the 
recommendations of 
lEC 169 -2) for Colorline or 
other cable television 
systems. 

Colorline is a multi- 
channel push -pull system 
with high channel capacity, 
low distortion and high 
cascadeability, and is 
supported by unrivalled 
experience of European 
cable TV requirements. 

EMI Sound &Vision 
Telecommunications Division, EMI Sound & Vision Equipment Limited, 
252, Blyth Road Hayes, Middlesex. 
Telephone: 01-573 3888 Telex: 25145 
A member of the EMI Group of Companies. 
International leaders in music, electronics and leisure 

WW -089 FOR FURTHER DETAILS 



Wireless World, May 1974 109 

Editor: 

TOM IVALL, M.I.E.R.E. 

Deputy Editor: 

PHILIP DARRINGTON 

Technical Editor: 
GEOFFREY SHORTER, B.Sc. 

Assistant Editors: 
BILL ANDERTON, B.Sc. 
BASIL LANE 

Drawing Office: 

LEONARD H. DARRAH 

Production: 

D. R. BRAY 

Advertisements: 

G. BENTON ROWELL (Manager) 
Phone 01 -261 8339 

KEITH NEWTON 
Phone 01 -261 8515 

A. PETTERS (Classified Advertisements) 
Phone 01 -261 8508 or 01 -928 4597 

JOHN GIBBON (Make -up and copy) 
Phone 01 -261 8353 

wireless 
world 
Pocket numeracy 
The pocket electronic calculator is another case of a technology that has found its 
market. The availability of c.m.o.s. integrated circuits with their low power consumption 
and low supply voltage has made possible an instrument of about the same size as a 
cigarette -case at a price within the reach of private individuals. In one sense the product 
was forced on the general public, because it was one of those things by which the 
American semiconductor manufacturers created a new market for their devices after 
the cutback in spending on the Vietnam war and the space programme. On the other 
hand, the public seems to have been very willing to buy the product. What we don't 
yet know is the motivation behind the buying. Does the pocket calculator fill a real need 
that has existed for 2,000 years or more? Or is it being bought mainly as a new toy, 
or as a status symbol for impressing one's friends or colleagues, to be discarded when 
the novelty has worn off? Whatever the answer, the manufacturers 'are not worried as 
long as the buying continues. 

One of the problems that this new tool brings with it is its effect on our mental 
powers. If it results in mental arithmetic being largely abandoned will our ability to 
manipulate numbers atrophy, putting us even more at the mercy of the machine? For 
example, a school -child equipped with a pocket calculator does not need to learn multi- 
plication tables. This could mean a relief from time -consuming drudgery or it could 
mean a loss of an elementary and therefore important faculty in the handling and under- 
standing of numbers. When we do mental arithmetic, perhaps with the aid of pencil 
and paper, we are constantly aware of our fallibility -as an animal is constantly on the 
alert for dangers that threaten it -and we therefore check and re -check what we have 
done. When we use a calculator, an error -perhaps caused by incorrect key operation 
or an electrical fault -could go undetected. But to set against this dependence on the 
machine the advantages it may bring for mental development seem greater. One school 
science master we know considers that because a pupil with a calculator can handle 
numerical data at a vastly greater rate than normal his intuitive feel for numbers will 
be tremendously enhanced. The same way well apply to other users. If this is so, the 
pocket calculator could be an important step on the road to universal numeracy -the 
lack of which has been so often deplored by people concerned with science and 
engineering education. 

In the end probably a compromise will be found between usage of the brain and 
usage of the machine for arithmetic. It should be possible to achieve a balance between 
the alleviation of mental drudgery and the cultivation of a good understanding of 
numbers and ability to manipulate them. As with many other products of advanced 
technology placed suddenly in our hands, we must learn to use this new instrument 
wisely. 



110 Wireless World, May 1974 

Colour -sound system design 
Providing coloured illumination as functions of sound frequency and 
intensity 

by J. R. Penketh, B.Sc., M.I.E.E. 

Highbury Technical College, Portsmouth 

The compact system to be described for construction provides coloured illumination of a reflecting 
or opalescent surface, the brightness and colour being functions of the frequency and amplitude 
of an audio input. The circuitry is based on the 741 op -amp and its dual version the 747. Triacs 
control the mean lamp power which is a maximum of approximately 2kW for each of three 
channels. 

The sound intensity and light intensity 
correlation of a colour -sound system is 
based on the premise that related simul- 
taneous sensory activity . of ear and eye 
will produce a reaction to which most 
people will be sympathetic. The relation- 
ship between pitch and colour (that is 
between the frequencies of sound and light) 
is not at all critical, probably because of 
the very different responses of the brain 
to these phenomena -few people, except 
possibly physicists, consciously relate 
colour to frequency. 

Other systems are possible. For example, 
a sound intensity /colour correlation may 
be sought, coupled with a pitch/light 
intensity correlation. Whilst the author is 
not aware of any published work in this 
field, it is likely that aesthetic apprecia- 
tion of such a system would require a 
considerable training programme. This 
would necessarily severely restrict the 
enjoyment of an untrained majority of 
observers. 

A gate pulsing arrangement is used 
for each controlling triac which relates 
the firing angle to the instantaneous peak 
output voltage from the appropriate 
filter. In this way the conduction angle is 
closely proportional to the sound intensity, 
resulting in a good correlation between 
brightness and sound intensity. Tungsten 
filament lamps form the light sources. 
Fluorescent tubes could be used as an 
alternative. 

Design philosophy 
A block diagram of the colour -sound 
system and the waveforms at the various 
points in the system are shown in Figs. 
1 and 2. 

The incoming mains voltage (V,) is 
squared (V) and integrated to provide a 
linear time varying voltage (V) in each 
half cycle. This is compared with the peak 
rectified filter output voltage (V) to 
advance or retard the triac firing angle 
a in sympathy with the amplitude of the 
audio input to the filter. Voltage V4 is 
arranged to increase towards zero from 

+ 10V for control during the positive 
mains half cycle and from - 10V during 
the negative mains half cycle. The output 
from the level detector (V) is arranged to 
rest at zero volts when 

(- 12 +V4)<V3 <(12 -V4) 

to be + 10V when 

V3 > (12 - V4) (2) 

and to be -10V when 

V3 < ( -12 + V4) (3) 

(1) 

'mains 
input! 

The positive and negative edges occurring 
at the times set by the above relation- 
ships (2) and (3) initiate narrow pulses 
(V6) which fire the triac appropriately. 

Three channels are used to cover the 
frequency ranges below. 

Bass: 30Hz -125Hz 
Mid: 125Hz -500Hz 
Treble: 500Hz- 2000Hz 

These frequency ranges cover adequately 
the range of fundamental frequencies in 
music. The rest of the audio spectrum 
above 2000Hz carries principally har- 
monic information for aural identification 

audio 
input 

other channels 

Fig. 1. Block diagram of one channel of 
the colour -sound system. See Fig. 2 for the 
waveforms marked at V V2, etc. 

Fig. 2. Waveforms at the points indicated 
(V) in Fig. 1. See text for full explanation. 

+lo 
V5 O 

10 

+3.5 - 

V6 o 

-3.5 
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of particular instruments. The lower limit 
of the bass range is judged to be a 
reasonable compromise between adequate 
bass instrument coverage and the exclu- 
sion of mechanically originated signals 
such as turntable rumble. Harmonics from 
the bass and middle range tones of 
instruments cannot be excluded from the 
filter if they lie within the pass band. 
Subjective tests with various types of 
music indicate, however, that no serious 
problems arise from these harmonics. 

Circuit description 
The circuit diagram is shown in Fig. 3. 

The filters are low pass/high pass 
combinations based on the voltage con- 
trolled source (v.c.v.s.) circuit. The 
requirement for this application is to 
have no pronounced peaks in the response 
curves of either the low or the high pass 
sections (see Appendix). 

The filter output rectifier is of conven- 
tional design and provides two sym- 
metrical outputs. Under no- signal 
conditions the outputs settle to potentials 
± VB close to ± 10V, determined by 815, R and R 17. Voltage V3 sets a minimum 
conduction angle for the triac and so 
provides a minimum brightness facility. 
This is desirable to ensure that lamps re- 
spond visibly to small input signals. Trim- 
ming is provided by R26 which controls the 
slope of the integrator output. Alterna- 
tively R may be made a preset resistor, 
but integrator slope control has the 
advantage of taking up the tolerance in 
the feedback capacitor. Resistors R 13 and R are included to limit the maximum 
output current from the amplifier to a 
safe value. Time constants C7R 15 and 
C8/216 are chosen as a compromise between 
reasonable smoothing of the lowest audio 

audio 
input 

frequency and rapid decay so that musical 
transients are tolerably handled. 

An amplifier with a non -linear feedback 
loop comprising zener diodes D and 
D12 squares the transformed mains wave- 
form. The zero -resetting integrator time 
constant C12(R26 + R27) is calculated from 

0 

V3 - (1 /C12RT) f V2dt 

where V3 is the integrator output, V2 the 
input square wave, and RT. = (R26 + R27). 
With ± 12V supplies, a 741 amplifier has a 
useful output voltage range of ± 11V. 
Hence, V3 = 11V at t = l Oms. Therefore 

11 = V3C12RT X 10 X 10 -3 

C12RT = 0.91 X 10-3 X V2. 

But V2 = 10V so C12RT = 9 lms, and 
C12 is made 0.1NF and R T 91kí1. 

Resistor R T is conveniently formed by a 
series combination of 68k0 and a preset 
50kí1. Transistor Tr, or Tr2 is pulsed 
momentarily at the end of the mains half 
cycle to discharge C12 rapidly through Rao- 

Which transistor is pulsed depends on the 
direction of the square wave edge and it 
is arranged that the transistor with the 
appropriate collector polarity at this time 
turns on. The emitters are at earth poten- 
tial because of the virtual earth property 
of the amplifier. 

Resistor R30 limits the capacitor dis- 
charge current to a safe value for Tr, and 
Tr2 but still provides a very short dis- 
charge time constant. 

Diodes D13 and D prevent spurious 
reverse bias effects of Tr, and Tr2 affecting 
the integration. 

Transistors Tr, and Tr2 must conduct 
for long enough to fully discharge C12 

but for a short time compared with the 
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mains half cycle duration of 10ms. 
Assuming RsAT = 0 for Tr, and Tr2, 

C12 will discharge in approximately 
5C12R30 secs. Inserting values yields a 
discharge time of 

t = 5 X 0.1 X 330 X 10-6 = 165 Ns. 

Mowing 200Ns for safety, C11 can be 
estimated from a knowledge of the base - 
emitter resistance Rb of Tr, and Tr2. The 
calculation will be approximate because 
of the non -linear nature of Rb, and the 
natural spread of this parameter between 
transistors. Resistors 828,29 limit the peak 
base current. 

Assuming Rb = 3kO and a base turn-on 
voltage of 0.7V, then the turn- offpotential is 
(4/3) X 0.7 = 1V. Therefore 

I = V2 exp (- t /C R) where 

R = R,, + R25 and the applied square - 
wave amplitude, V2, is 10V. Then, 

C =t /R 1°00= 22nF. 

A standard 22nF capacitor suffices for 
C11. Care must be taken not to make C 
too large since it prolongs transistor con- 
duction and impairs the integration wave- 
form. 

The two outputs from the rectifier are 
compared with the integrator output using 
the differential input facility of the 741 
amplifier. 

For amplifier 3, diode D5 holds the out- 
put (V5) at + 10V unless the integrator 
output (V3) voltage is greater than the 
appropriate (positive) filter rectifier output 
(V4). 

When V3 > V,, V5 falls to a value 
V, - Vz where V, is the zener voltage of 

A similar result but inverted is obtained 

see Fig.5 

other 
channels 

Fig. 3. Complete circuit of the colour -sound 
system. A voltage stabilizer for the mains 
power supply from T, is shown in Fig. S. 
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from amplifier 4 when the negative rectifier 
output falls below V4, in the negative half 
cycle. 

Resistors R1, and R 1, provide the zener 
current and should not be large. A value of 
1kí7 is satisfactory. 

The networks C, R20, D, and C,o, R21 
D,p provide short negative and positive 
pulses respectively generated from the 
leading edges of the level detector out- 
puts. These are summed and squared by 
amplifier 5 which provides gating pulses 
to the triac. 

Transformer coupling to the triac (T2 in 
Fig. 3 and T2-4 in Fig. 8) is used to provide 
isolation of the control circuitry from the 
mains. 

It is useful to have a separate manual 
gain control for each channel. Since the 
audio input comes from a low- impedance 
(i.e., loudspeaker terminals) a simple 
network such as that in Fig. 4 gives excel- 
lent results. 

The current demand per channel is 
approximately 2OmA. A regulated power 
supply based on zener diode stabilization 
of the base of a transistor is shown in 
Fig. 5. 

It is desirable when using linear i.cs to 
decouple the supply rails close to the 
amplifier. Capacitors C, of value 0.1 pF 
are used for this as shown and are placed 
close to the filter amplifier in each channel, 
and close to the integrator. 

Triac circuitry and layout 
Triacs are constructed usually with the 
A2 anode in contact with the heat sink. To 
simplify the mounting of the three triacs 
a single heat sink is used and all anodes 
are thus in contact. The lamps are placed 
in the A, anode leads and the gating trans- 
former secondaries connected between 
gate and A, anode. The electrical arrange- 
ment appears in Fig. 6. 

The main system (filter channels, 
resetting integrator and power supply) 
are conveniently laid out on a single 
O.1in pitch stripboard. The prototype main 
system used single 741 amplifiers and was 
laid out as in Fig. 7. The input attenuator, 
triacs, mains transformer, input and output 
sockets are mounted separately to suit the 
installation. The prototype used the layout 
in Fig. 8. 

Lamps and displays 
The triacs specified are capable of handling 
up to 8A r.m.s. which corresponds to 
approximately 2kW per channel. Filament 
lamps of this order of power tend to have 
long thermal time constants and do not 
follow a sound intensity pattern as well 
as do lamps of lower power. Very satis- 
factory results are obtained with filament 
lamps up to 15OW. Three of these are con- 
sidered adequate for a domestic installa- 
tion (i.e., one per channel). For larger 
installations in dance halls, discos and 
exhibitions, banks of 15OW lamps are 
recommended. 

The author has found it more satisfac- 
tory to use a reflecting surface than a 
transmitting opalescent medium for dis- 
play since attention tends to be drawn 

Components 
Resistors-R 

1 1001in 1W 11,12 10k 
2,3,4 1k lin ZW 13,14 470 
5 1 2k low range 15,16 22k 

3.3k mid range 17 150k 
820 high range 18,19 1 k 

6 12k low range 20,21 2.2k 
3.3k mid range 22, 23 10k 
820 high range 24 47'11W 

7,8 10k 25 6.8k 
9 56k low range 26 50k lin preset 

12k mid range 27 68k 
3.3k high range 28,29 1 k 

10 56k low range 30 330 
12k mid range 31,32 560 
3.3k high range 33 100k 

All resistors -,11W 5% unless stated otherwise. 

Capacitors-C 

1,2,3,4 0.1N ±20% 
5,6,7,8 10N/25V 
9,10 0.1p ± 20% 

11 22n ±20% 

Diodes -D 
1 -5 
6 

7 

8 

9,10 

0A200 
BZY88C9V1 
0A200 
BZY88C9V1 
0A200 

12 0.1N ±20% 
13, 141000p/25V 
x 0.1N ±10% 

11,12 BZY88C9V1 
13,14 0A200 
15,16 0A210 
17,18 BZY95C12 

Transistors-Tr 

1 BC108 
2 25303 

Triacs 

All MAC 11 

Op amps 

All 741 8 -pin d.i.l. 

3 AC176 
4 AC128 

Sockets-SK 
1,2,3 2-pin 250V 5A 4 jack 

Transformers -T 
1 Radiospares 12V miniature 
2, 3, 4 primary 300mH and <SOturns ratio 

3:1. 
Insulation to withstand 1000V flash 
test between prim. and sec. 

Suppression 

R, 47 1W 
C, 0.05p /400V 
Ls 0.2mH non -saturating 

up to full load current 

Heatsinks, switch, stripboard 

Triac sinks -aluminium 
150mm X 40mm X 16 s.w.g. 

Tr- Tr,sinks- aluminium 
80mm X 40mm X 16s.w.g. 

Switch -250V, 5A 

Stripboard -0.1 in pitch 34 -way 

from 
loudspeaker 

to filters 

Fig. 4. Input attenuator which can provide 
separate manual gain control for each 
channel. 

Fig. 6. Lamp and triac circuitry. Mounting 
the three triacs is simplified by using a 
single heat sink. 

to squarer 

T r4 

Fig. 5. Regulated power supply based on 
the zener diode stabilization at the base of 
a transistor. 
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from 
attenuator 

(E)r 

AMPLIFIER PIN 

i 

O1 

02 
03 

04 
4 

9 

CONNECTIONS 

null (not used) 01 

inverting input 02 
non -inverting input 03 

negative supply 04 

05 null (not used) 
06 output 
07 positive supply 
O0 no connection 

Fig. 7. Layout of one filter channel (top), 
resetting integrator and power supply 
from the component side. Strips 1 -11 
(top) are continuous to 35 (not shown) 
to facilitate the remaining two 
channels. These strips (1 -35) are 
continuous with the lower diagram. 
* 12V from T, secondary in phase with 
line (mains) input. 

to the brightest parts of a transmitting 
system, namely the lamp filaments. A 
simple but effective display for domestic 
purposes consists of three lamps mounted 
separately in ventilated boxes with gelatine 
colour filters on the fronts and aluminium 
foil reflectors behind the bulbs. Set about a 
yard apart and tilted upwards to illuminate 
a white or cream wall some pleasing 
results are obtained. 

The rapid switching of triacs every half 
cycle gives rise to a wide spectrum of 
harmonics in the mains current wave- 
form. These must be properly filtered to 
prevent interference with television recep- 
tion. Present practice with lamp dimming 
circuits is to employ an r.f. choke/ 
capacitor arrangement as shown in Fig. 6. 

Appendix 
Filter design 
The v.c.v.s. (Fig. 9) is chosen for this 
application because of its very high input 
impedance and low output impedance, 
and its tolerance of variations in com- 
ponent values. 

Moreover, the parameter Ho (see below) 
in the filter transfer function is a free 
parameter equal to the v.c.v.s. gain con- 
stant K. This makes mid -band gain simple 
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Fig. 8. Layout in the prototype. 

Fig. 9. Configuration of the voltage - 
controlled voltage source circuit. 
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Fig. 10. Response curves for various values of a =1 /Q. 
The equivalent high pass case is given by cooles. 

to control for the cascaded sections. 
The design equations are: 

V/V1= K = 1 + Rb /Ra 

Ha =K 
Low pass section: 

R 6 

a 

oC 
(l + l 

+ 4(Ho - 
2m 22 J 

R5 = 1 /w02R6C2 

High pass section: 

R9 
4w C(1 

+1 +8(K- 1)\ 

o 

Rio = 1 /wo2R9C2 where a = 1/Q 

and coo is the undamped natural frequency 
of the two-pole filter. 

The curves of Fig. 10 show the general- 
ized responses for various values of K. 
From this it is clear that a =1 provides 
the type of response suitable for the 
present application. 

The input voltage will be that appearing 
across the terminals of a loudspeaker. 
Adopting a nominal 2V r.m.s. for full 
brightness the overall mid -band gain of the 
filter should be, by assigning the same 
value K to each section and assuming a 
peak output of 11V from amplifier 2, 

K2 = 11/2V2 = 3.89. 

This leads to a nominal K value per sec- 
tion of 2. Inserting these results in the 
above formulae gives: 

low pass: R2 = 1 /co0C and R, = R2 

high pass: R, = 1 /m0C and R2= R1. 

The procedure is now to choose C for 
convenience and calculate R, and R2. 
Resistors Rb and Ro are chosen for a K 
value of 2 and for minimal output loading 
of the amplifiers. 

The design of these sections has been 
such as to ensure overlap of responses 
between the three bands. Some frequen- 
cies, therefore, will excite responses from 
two adjacent lamps. Additive or subtrac- 

10 

tive combinations of colours can be so 
produced to the requirements of a par- 
ticular installation. Should wider band 
separation or different bandwidths be 
required for a particular application it is a 
simple matter to apply the above for- 
mulae. Only four resistors per channel 
need be altered to tailor responses to suit 
these requirements provided the 0.1 pF 
filter capacitor value is unchanged. 

AES Convention- 
Copenhagen 
Copenhagen's Scandinavia Hotel was the site of 
the 1974 European Section Convention of the 
American Audio Engineering Society held from 
March 23rd to 30th. The choice of Copenhagen 
this year was particularly apt as the work of 
Valdemar Poulsen "the father of magnetic 
recording ", P. O. Pedersen, Holger Lauridsen 
and other Danish engineers, has given Denmark 
a surprisingly large contribution to the 
history of audio technology development. 

Seventy -nine papers in 12 sub -groups were 
presented to members (compared with fewer 
than 50 at the 1973 Convention in Rotterdam). 
The papers covered subjects ranging from 
"Acoustics and Psychoacoustics" through 
"Design Considerations For a Multi -Track 
Sound Recording Vehicle" to "Digital 
Techniques in Audio ". 

While space does not permit detailed com- 
ment on the material read, it was interesting to 
note that some papers dealing with quite basic 
subjects had universal interest. James Moir 
described a method of sound power measure- 
ment which avoids the complication of calcu- 
lating power from the output of a hemispherical 
multimicrophone array at many frequencies 
or the equally difficult alternative of using a 
single microphone in a very large reverberant 
room of special design. Moir's method involves 
introducing an amount of noise from a 
calibrated amplifier/loudspeaker combination 
until the sound pressure level of both the signal 
under test and the calibrated source is 3dB 

higher than the pressure level created by the 
signal under test alone. The method offers 
independence from room acoustics and can be 
used when checking loudspeaker efficiency and 
sound power output of permanently sited 
industrial machinery. 

Hugh Ford presented a paper of great topical 
interest -especially in the United States -on 
the Admissibility of Magnetic Tapes as 
Evidence in Law. Mr Ford's extensively re- 
searched paper concluded that while it is 
possible to detect alteration to recordings in 
some cases, present techniques are not able to 
detect interference with the material in 
every case. 

Automation in multi-track studio recording 
and quadraphony have both excited a great 
deal of attention at past AES conventions. 
Both fields were treated cursorily in 
Copenhagen although both Sansui and Nippon 
Columbia operated demonstration suites 
equipped with their respective systems. 

Forty -six companies exhibited commercial 
audio equipment. The exhibits representing the 
greatest commercial value were those relating 
to multi -track sound recording. European tape - 
machinery of this category was exhibited by 
Lyrec, Studer and Telefunken and American 
3M, Ampex and MCI multi-track machines 
were also shown. Twenty -four track, two-inch 
tape recording seems well established now in 
spite of its departure from the four- track/half- 
inch, eight- track/one -inch, sixteen-track/two- 
inch progression. 

Electronic tape -noise reduction equipment 
by Dolby and DBX Inc., was shown. The DBX 
system claims to improve the signal to noise 
ratio of a transmission medium by some 39dB 
-more than enough to defeat the 16dB noise 
build -up encountered when mixing down 24- 
track master tapes. Discs encoded with the 
DBX noise reduction system demonstrating 
this figure of noise reduction, were played in 
the JBL loudspeaker booth. 

BASF, again, showed the "Unisette ", their 
extremely well engineered 6.3mm professional 
tape cassette. The Unisette has no internal 
tape guides as it is intended that these be 
built into the transports with which the cassette 
is used. Although the intended area of applica- 
tion is audio, the cassette is sure to find use in 
data recording when suitable transports are 
available. 

Frequency allocations 
wallchart 
A wallchart showing frequency allocations for 
the UK and Europe is the subject of a special 
offer to be made by coupon in the June issue. 
Designed by Wireless World and printed in 

colour, the chart covers the electromagnetic 
spectrum from 3kHz to 300GHz. It is scaled 
on eight logarithmic bands containing 15 main 
categories of transmissions identified by colours. 
All the important spot frequencies are marked, 
as well as "special interest" frequencies. The 
special-offer price, available only to readers of 
Wireless World, is 30p including VAT, postage 
and packing. Normal price is 80p including 
VAT, postage and packing. See the June issue 
for details of how to order the wallchart. 
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Nervs of 
the Month 

TV information service 
A unified system for a broadcast television 
information service of the CEEFAX or 
ORACLE type (see May and July 1973 
issues) has been agreed by a working party 
representing the BBC, the IBA, BREMA 
and the MPT. 

A bit rate of about 7 Mbits /sec will 
allow each 40- character row of the display 
to be accommodated on a single television 
line. Information will be transmitted on 
lines 17 (330) and 18 (331) of the television 
waveform. Thus every television field will 
convey two rows of the display. The alpha- 
numeric characters will be represented by 
a seven -bit ASCII code with an additional 
parity bit for error protection. Each of up to 
99 pages will have 40 characters per row 
and 24 rows per page. Complete pages will 
be transmitted in sequence so it will take 
some 15 seconds to transmit a complete 
"magazine" of say 60 pages. Each page 
will have a page heading followed by 23 
rows of text. The page heading will also 
show the time to the nearest second. 

Among refinements of the system are 
arrangements for news flashes and sub- 
titles to be displayed along with the 
normal programme. The system is very 
flexible and allows for differing amounts of 
complexity to be incorporated in the 
receiver. The simplest receiver might use 
only capital letters, the most complex 
would use capital and lower case letters 
and make use of all the other refinements 
that are possible. 

There will be full-scale tests of the new 
standard in the autumn or winter of this 
year, as soon as a supply of prototype 
receivers has been produced by the 
industry. 

Automated satellite station 
By means of a new telemetry and command 
control station for communications satellites 
one engineer can monitor the flight 
behaviour of up to three satellites at one 
time. The station, designed by Hughes Air- 
craft in the USA, has a display panel that 
presents the satellites' spin -speed, tempera- 
tures, antenna -pointing accuracy, spin - 
axis inclination, information from trans- 
ponders and the quantity ofjet- thruster fuel 
remaining aboard each spacecraft. While 

the information is being monitored by an 
engineer it is simultaneously recorded into 
a computer. 

The most critical time for use of the 
equipment is when the satellite separates 
from the rocket booster after launching. 
From then on the spacecraft's behaviour 
must be known precisely and continuously 
in order to determine when to fire the on- 
board apogee motor to shift the satellite 
from its elliptical transfer orbit into the 
final circular orbit 22,300 miles above the 
equator. 

Colour recording by laser 
Images in colour and other multi- spectral 
data can be recorded on black -and -white 
film by a laser system developed by RCA. 
The system can be used to display and 
interpret information generated by sensors 
used in aircraft and spacecraft, and can also 
be used with other colour scanners in 
facsimile systems. Recording is accom- 
plished by combining three modulated video 
signals to drive a single light modulator. 
The modulated laser beam is expanded and 
focused via scanning mirrors into a small 
spot on the film. At present a laboratory 
model records the information on long 
lengths of five -inch -wide film. 

A simple, portable display device 
enabling the recorded images to be viewed 
in full colour has also been developed. This 
viewer is small enough to fit in a typewriter 
case and weighs 11 lb. It contains three 
lamps, each with a filter so that three 
primary colours are provided. Colour 
balance is achieved by thumbwheels which 
adjust the brightness of the lamps. 

Portable colour camera 
A portable version of their Mark VIII 
colour television camera has been produced 
by Marconi Communication Systems. In 
its hand -held form the camera fits on to a 
harness which rests on the operator's 
shoulder. A light -weight tripod is also 
available, while an alternative mounting 
unit permits the use of studio tripods and 
heads. A range of lenses is provided, and 

The new Marconi portable colour 
television camera. 

lens changes are made by a quick -release 
coupler. 

The camera head contains the optical 
assembly, three one -inch light -weight 
scanning yokes and four printed circuit 
boards carrying the scanning circuits, tube 
supplies and amplifiers. The design retains 
the Mark VIIII features of automatic align- 
ment and automatic colour balance, which 
are particularly important for portable 
cameras because they are sometimes sub- 
jected to rough treatment. Brightness and 
contrast controls are provided for the 
cameraman and there is a built -in "crispen- 
ing" circuit for enhancing the sharpness of 
the picture. The viewfinder is a removable 
unit, using a high -definition one -inch c.r.t. 
with an optical magnifier to obtain the 
required image size. 

Up to 150ft of 13mm cable may be used 
between the camera and its auxiliary pack, 
which is designed primarily to be mounted 
on a trolley but may be carried on a 
harness by the cameraman or his 
assistant. 

Call China by satellite 
Britain's telephone service with the 
People's Republic of China, which had 
been available for only three hours a day, 
has now become full time with a change 
to satellite working. The move follows the 
opening in China of a satellite earth station 
using the INTELSAT -IV communications 
satellite positioned 22,300 miles above the 
Indian Ocean. Telephone calls from Britain 
to China are now transmitted from the 
Post Office satellite earth station at Goon - 
hilly Downs, Cornwall, and received by 
China's new earth station near Peking. 

The satellite link replaces a high - 
frequency radio route (08.00 -11.00 hours 
GMT) and gives an immediate improvement 
in service. Clarity of speech is much 
greater, while continuity of communi- 
cations -always difficult to maintain on 
h.f. radio, which can be affected by 
weather conditions -is greatly improved. 
The satellite link consists of one telephone 
circuit but can be readily increased to three 
if there is sufficient demand. 

The cost of telephone calls to China 
remains unchanged, with a minimum 
charge of £3.75 for the first three minutes 
and £1.25 for each additional minute (plus 
VAT at standard rate of 10 per cent). 

Queen's Awards for 1974 
Technical innovations in the electronics 
industry which have this year received the 
Queen's Award to Industry encompassed 
the fields of solid state TV, sound and 
vision transmission and production of 
high -performance silicon integrated circuits. 

A two -dimensional self -scanned photo - 
sensor array which forms the heart of a 
miniature solid -state TV system is the 
award -winning development from Inte- 
grated Photomatrix. The prototype camera 
contains a fin sq. light -sensing array. At 
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present, this technology has applications 
from screening of medical slides to dimen- 
sion monitoring in inspection systems but 
will result eventually in a complete 
miniaturized solid -state TV camera. 

The now well -known "sound in syncs" 
system developed by the BBC for the 
transmission of sound and vision signals 
over a single vision link has also received 
an award. The system was brought into 
use progressively throughout the country 
in 1972 and is already in regular use for 
the international exchange of television 
programmes over much of the Eurovision 
network. 

An award for a new production process 
which permits the production of inte- 
grated circuits of greater complexity and 
with improved performance was made to 
Plessey for their Bipolar Process III, first 
reported in Wireless World, News of the 
Month, March 1973. 

Congratulations to all award -winning 
companies for their outstanding contri- 
butions to Britain's industrial development. 

Display terminals for 
news pages 
Composition of display advertisements 
and full newspaper pages can be built up 
on a new video display system and then 
stored for use in automated typesetting 
and printing processes. The system is 
known as CAM (for Composition and 
Make Up). In use, an operator calls up 
copy and graphics from a computer store 
which are displayed on a video display. 
The displayed material is then positioned 
by means of the equipment's keyboard, a 
cursor, and a table of digital/graphic 
information. When the most effective 
composition is obtained, the presentation 
is stored for later use. 

Raytheon Company's equipment divi- 
sion, Massachusetts, is to develop the 
CAM terminal for the automated full - 
page composition system being developed 
by the Newspaper System Development 

Group. The first CAM system, consisting 
of three operative terminals, should be 
delivered for testing in early 1975. 

Electrical measurements 
seminar 
A residential specialist seminar on "Elec- 
trical Measurements in Europe" will be held 
at the Université Libre de Bruxelles, 
Belgium, from September 2 -5, 1974. It is 
being organized jointly by the Institution of 
Electrical Engineers and the Société Royale 
Belge des Electriciens in association with 
the British Calibration Service. 

The seminar will provide a forum for a 
supranational review of electrical measure- 
ments in Europe and is intended to promote 
harmonization in this field of technology by 
surveying the scene, identifying industrial 
needs, highlighting problems and postu- 
lating solutions to such needs and problems. 
The five half -day sessions will be devoted 
to specification and certification, national 
standards and problems of traceability, 
national calibration facilities, the market 
for electrical instruments, and prospects of 
European co- operation. 

Attendance will be by invitation, and 
those wishing to be considered are asked to 
write to the Divisional Secretary LS(S), 
IEE, Savoy Place, London WC2R OBL, 
England. 

Picture telephone system 
An experimental picture telephone system 
is being tried out in Holland between 
establishments of the Dutch PTT and the 
Philips company. It interconnects offices 
and laboratories at Waalre (20 subscribers), 
Eindhoven (10 subscribers), Hilversum 
(11 subscribers), The Hague (4 sub- 
scribers) and Leidschendam (9 subscribers). 
The PTT provides the transmission paths 
via radio relays and cables, while Philips 
Telecommunicatie Industrie supplies the 
equipment. For the local sections of the 

Floating a 70ton load on air. Application of the hovercraft principle allows the 
British Post Office to move cable loads with ease. The system is to be used at 
the new cableship depot being built at Southampton. 
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network, transmission is over the con- 
ductors of existing telephone cables. 

In order to reduce the bandwidth from the 
5MHz television standard to about 1MHz, 
the number of lines used in picture scanning 
has been reduced from 625 to 325. The 
number of picture elements per line has 
been reduced proportionally. This has 
resulted in a bandwidth of 1.3MHz. 

During frame flyback a digital code word 
is transmitted which accurately defines the 
end of the past frame period and the start 
of a new one. During part of the line flyback 
a series of short pulses ensures that an 
oscillator in the receiver remains in syn- 
chronism with a similar oscillator in the 
transmitter. The remaining part of the line 
flyback time is used on a "sound in sync" 
basis to transmit a delta -modulated sound 
signal. The visual information is transmitted 
in the conventional way by an analogue 
signal. Transmission of the combined 
picture, sound and sync signals takes place 
on one pair of conductors for each direc- 
tion. Thus a four -wire connection is avail- 
able for the sound signal, which means that 
crosstalk will not occur in the transmission 
path. 

The camera has an automatic lighting 
control system, which adapts the camera 
to any changes in lighting conditions. The 
picture tube has a screen size of about 
19cm X 14cm. 

Data Act 
The Swedish Data Act, a comprehensive 
piece of legislation directed against mis- 
use of computerized files, has aroused wide- 
spread interest abroad. This has prompted 
the Federation of Swedish Industries to 
publish in English a 22 -page booklet on the 
Act. 

The Swedish Data Act is divided into five 
parts. The first is concerned with the 
definition of terms. The second pre- 
scribes basic regulations on the issue of 
permits to create a personal information 
file. The third lays down the obligations and 
duties of those holding such files. The 
fourth specifies how the files should be 
supervised. The fifth deals with penalties, 
award of damages, etc. 

Two important provisions of the Act - 
part of which came into force on July 1, 

1973, the rest becoming operative a year 
later -are that permits to create a personal 
information file must be issued by a special 
body, the Data Inspection Board, and that 
organizations holding files must inform 
those recorded in them of their contents. 

Pro -Electron goes passive 
The Pro- Electron system of codification of 
active devices in operation in Europe is to 
be extended to include all passive com- 
ponents. The eventual object is to achieve 
a standard codification for both active and 
non -active components for all consumer, 
professional and government interests in 
the latter half of this decade. This was 
decided when the Pro -Electron association 
held its eighth general meeting in Brussels. 



Wireless World, May 1974 117 

Clutter -free radar for cars 
by J. Shefer, R. J. Klensch, G. Kaplan and H. C. Johnson 

RCA Laboratories, New Jersey 

A radar system using second harmonic reflection that monitors the distance and closing rate of the 
car in front as well as the ground speed of the driver's car but remains immune to "blinding" and 
"clutter" from surrounding objects. 

During 1970, in the USA, there were 12.3 
million collisions involving two or more 
vehicles. Of this number, 3.8 million, or 
close to one -third, were rear -end collisions.' 
An experimental car radar has been 
demonstrated which is designed to avoid 
rear -end collisions. A completely passive 
reflector, mounted on the back of vehicles, 
returns the second harmonic of the 
frequency transmitted from the trailing receiver 
vehicle. The radar is immune to clutter 
since its receiver is tuned to the second 
harmonic frequency only. It is also immune 
to blinding by cars travelling in the opposite 
direction, as well as to other interference 
problems inherent in a "dense" environ- Fig. 1. Harmonic radar configuration. 
ment. 

trznsmitter 

y2f 2f 101. 

passive reflector on 
back of car 

System considerations 
RCA Laboratories have developed a radar 
system that will aid the driver in maintain- 
ing a safe distance from the car in front by 
constantly monitoring the distance and the 
closing rate, as well as his own ground 
speed. The driver would be warned by sound 
or light signals whenever the combination 
of these parameters indicates that the 
separation between his car and the car in 
front becomes unsafe. As a further step in 
the system's development, the brakes would 
at the same time be activated automatically. 
Throttle control can eventually be added for 
completely automated headway control. 

A viable radar for cars on highways must 
first be immune to clutter, which includes 
reflections from the roadway, trees, highway 
signs, overpasses, bridges, and similar 
highway fixtures. The seriousness of clutter 
can be assessed when it is recognized that 
the radar cross -section of an overhead sign 
can be 30dB larger than the radar cross - 
section of the back of a small car. Other 
car radar systems try to cope with this 
problem by excluding any returns from 
objects that are stationary with respect to 
the ground. That kind of processing does 
eliminate clutter from stationary objects. 
Unfortunately, it also eliminates the return 
from a car standing in one's own lane. This 
is a serious deficiency, especially since a 
majority of all rear -end collisions occur at 
a time when the car in front has completely 

stopped. When we add to the picture a large 
number of other cars carrying the same kind 
of radar and travelling in both directions 
of a highway, a whole new family of mutual 
interference problems arise. These can be 
characterized as blinding, masking, and 
cross -talk types of interference, which can 
cause false alarms or mask true alarms in 
conventional radar systems. In the har- 
monic radar system, however, they have 
been completely eliminated. Minimizing 
the incidence of false alarms is of prime 
importance if automobile radar systems 
are ever to become a reality. When false 
alarms occur more often than at a very 
low threshold rate, users are likely to lose 
faith in the system and either override it or 
shut it off completely. 

The harmonic radar concept 
The radar receiver shown in Fig. 1 is tuned 
to the second harmonic of the transmitted 
frequency and the car in front is equipped 
with a special reflector that efficiently 
returns the second harmonic only. (In 
extensive testing so far we have not found 
any natural objects that will produce a 
detectable second harmonic frequency.) 
Thus clutter is eliminated because the 
sources, such as signs and overpasses do 
not produce radar echoes at the second 
harmonic. Blinding is eliminated because 
all radar receivers respond only to signals 

active part on 
trailing car 

O 

at the second harmonic of the transmitted 
frequency. 

Blinding interference 
Car A in Fig. 2 is travelling behind car E, 
with its conventional radar measuring 
distance to car E. Car D, going in the 
opposite direction, will deliver an enorm- 
ously large signal to car A's receiver, com- 
pared with the reflection from car E. 
Quantitatively, the blinding signal can be 
50dB or 60dB higher than the echo being 
looked for. This blinding transmission will 
therefore be seen from a long distance 
ahead and may cause a false alarm, as well 
as saturate the receiver of car A. The side - 
lobes from cars B and C may have the same 
effect. In the harmonic radar system, how- 
ever, the receiver of car A will reject all 
signals other than the second harmonic of 
its transmitted frequency. 

Cross -talk interference 
Indicated in Fig. 3 is another kind of 
interference, inherent in conventional radar, 
which may be called cross -talk inter- 
ference. Car C in Fig. 3(a) may receive a 
false alarm even though it is in no danger 
of running into car B. With a harmonic 
radar, as in Fig. 3(b), the return signal is 
shaped into a well- defined beam, covering 
the width of one lane only. 

In the situation on a curve, as in Fig. 4(a), 
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Fig. 2. Blinding by oncoming vehicles. 
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Fig. 3. Conventional versus harmonic radar: "cross talk" from adjacent lanes. 
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Fig. 4. Conventional versus harmonic radar: road curves. 
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quite evidently we do not need a third car 
to produce a false alarm. The skin of car B 
will respond to the transmission from a 
fundamental radar and may cause a false 
alarm at car A. Fig. 4(b) shows that with a 
well -defined narrow beam reflected from 
car B, if any reflection occurs at all, the 
possibility of a false alarm is drastically 
reduced. 

Masking interference 
Illustrated in Fig. 5 is yet another problem 
inherent in a conventional radar which uses 
the car's body as the reflector. Radar cross - 
sections of rears of cars can vary tremen- 
dously: the back of a lorry may have a radar 
cross -section several hundred times larger 
than a small car. The effect is then the 
masking of the desired return from a close 
vehicle by a larger vehicle much farther 
down the road. With the harmonic radar, 
all radar cross -sections of reflectors are the 
same, unless designed otherwise. If all 
reflectors are mounted at a standard 
height, only the nearest reflector can be 
"seen" while all others will be blocked. 

The radar system described in this paper 
is unique in its ability to eliminate false 
targets and clutter, in its immunity to 
blinding by radars of similarly equipped 
vehicles, and in its potential of providing 
automatic braking for specifically "tagged" 
objects, such as known off -highway 
collision hazards or wrong -way entrances 
to one -way streets and highway access 
ramps. 

When in general use, it also has the 
potential for safely providing higher traffic 
packing densities without running the risks 
of massive "pile- ups ". 

Although it is a co- operative system, 
in that all vehicles must carry the harmonic 
reflector, the reflector is completely passive, 
quite inexpensive in mass production, and 
can easily be fitted on existing vehicles. The 
co- operation required is not more burden- 
some than the requirement for red tail-light 
assemblies; and the purpose is the same - 
to aid in preventing collisions. 

The radar uses solid -state components 
throughout, and is easily adaptable to 
integration and printed circuit techniques. 
It uses a frequency spectrum region that is 
still not crowded and, with a power density 
over the antenna aperture of 0.15mW /cm2, 
it does not constitute a radiation hazard 
even in the immediate vicinity of the radar. 

General description of harmonic 
radar system 
The harmonic radar system is shown in the 
block diagram of Fig. 6. A varactor -tuned 
transferred -electron oscillator (t.e.o.) 
generates c.w. power at X -band. A tri- 
angular waveform is used to frequency 
modulate the t.e.o. with a total frequency 
excursion of dF at a rate of f,,, as shown 
in Fig. 7. The frequency -swept power is 
radiated from antenna A, mounted on the 
front of the trailing car (see Fig. 6). This 
power impinges on a similar antenna A2 
which is a part of the harmonic reflector 
mounted on the back of the front car. The 
passive doubler generates the second har- 
monic frequency of the power incident on 
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Fig. 5. Conventional versus harmonic radar: masking. 
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Fig. 6. Block diagram of experimental 
collision avoidance radar system. 

antenna A2 and radiates it back to the 
trailing car via antenna A3. This frequency 
is in Ku -band. The receiving antenna A, 
delivers the received power, which is at the 
second harmonic frequency, to the mixer, 
where it is mixed with a sample of the 
doubled frequency of the transmitter power. 

The returned signal is shifted in 
frequency from the second harmonic of the 
transmitted frequency due to the round 
trip time delay 7- =2R /c (R is the distance 
between cars and c is the velocity of light). 
The frequency shift (or difference frequency, 
fR) is given by 

df 8AFfR 
r= R-dt 

c 

A measurement of the frequency shift 
yields the range since the time delay is 
proportional to the distance between cars. 

Two techniques for measuring this 
frequency shift have been investigated for 
the automotive radar. The first, for which 
the bulk of the experimental effort has been 
carried out, will be described first. 

The output of the mixer is amplified, 
filtered and then fed into a counting 

closing 
rate 

amplifier 
limiter 

frequency 
counter 

processor 
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received 
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transmitted 
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fR= cR (AFxfm) 

Fig. 7. Modulation scheme of harmonic radar. 

circuit. This counting circuit develops a 
voltage which is proportional to the rate of 
zero crossings of the input signal and 
therefore the range. In addition, the radar 
processing circuitry derives a voltage which 
is proportional to the first derivative of the 
range, i.e., the closing rate. To make a 

t 
proper decision for a "safe distance ", a 
third piece of information -the ground 
speed of the vehicle -is used. The ground 
speed is derived from an independent 
microwave Doppler speed sensor. The 
radar processor combines the three 
measurements of range, closing rate and 
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ground speed in a predetermined fashion, 
depending on the criteria chosen for "safe 
distance ", which are, of course, dependent 
on weather and road conditions. When a 
dangerous driving situation is detected, an 
audible warning is sounded and a light is 
flashed. In our experimental unit, with the 
system switched to the automatic braking 
mode, the brakes are also applied for 
dangerous driving situations. The range, 
closing rate and ground speed are displayed 
on three panel meters mounted on the 
dashboard. In an 'operational system, it is 
not expected that these measured quantities 
would be displayed. 

Quantization effects 
As shown in Fig. 7, the difference frequency 
fR is given by 

fR = 84Ff,,,R /c - (1) 
where R is the distance between vehicles, 
4F is the total frequency excursion at X- 
band, and fm is the modulation frequency. 
The choice of parameters AF and fm is 
closely related to the presence of a step 
error (or quantization error) in distance 

fo 

measurements with frequency modulated 
radar. The conventional signal processing 
technique2 which measures the return 
frequency by counting the number of zero 
crossings that occur within a fixed time 
interval leads to a result which is quantized 
in frequency and therefore in range. The 
quantization arises because the difference 
frequency waveform is periodic in L. 
Therefore the average measured frequency 
(as measured by using the entire waveform 
and counting zero crossings in a fixed time 
interval) must be a multiple of fm. The 
quantization step in range 4R is therefore 
(from equation (1)) equal to 

4R = c /84F 
To minimize this basic "granularity" in 

distance readings, 4F should be chosen as 
large as possible. In practice, bandwidth 
limitations in the doubler and mixing 
circuits, as well as regulations requiring the 
efficient use of frequency spectrum do not 
allow 4F to exceed a few tens of MHz. In 
the experimental system, a good com- 
promise was found to be 4F equal to 
25MHz, resulting in a range quantization 
of 1.5 metres. This quantization error can 

phase 
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Fig. 8. Typical difference frequency waveform. 
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Fig. 9. Doppler shifts with moving vehicles. 
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be tolerated in a distance measurement for 
collision avoidance where the relative 
motion of the two vehicles tends to have 
an error -smoothing effect. 

A different processing technique has 
also been investigated. This technique 
processes the difference frequency wave- 
form in a digital manner allowing accurate 
range measurements to be made without 
the quantization limitation just described. 
This technique can allow the radar to 
operate with a smaller frequency deviation 
4F which in turn simplifies the bandwidth 
requirements at the t.e.o., mixer, doubler, 
etc., as well as conserving r.f. spectrum. 

To understand how this signal processor 
overcomes the quantization limitation 
refer to Fig. 8, which depicts a typical 
difference frequency versus time waveform. 
The number of zero crossings in a given 
time interval is quantized, with the quanti- 
zation effects arising because of the phase 
reversals occurring every 1/2!, seconds. 
However, if we restrict our attention to 
portions of the difference frequency wave- 
form that are removed from the phase 
reversals, then we see that the time between 
zero crossings of this restricted portion of 
the waveform is not quantized. 

If an accurate measurement of this time 
period (po) were made, then a non -quantized 
frequency (1 /2pc could be found by 
generating the reciprocal of the measured 
period. This non -quantized frequency could 
then be converted to range via the relation- 
ship shown in eq. (1). Further details of the 
non -quantized signal processing technique 
are presented in the video circuits and 
signal processing sections of this paper. 

Modulation parameters 
The frequency excursion at X -band is 
25MHz while the modulation frequency is 
3kHz. This was chosen as a compromise 
because iffm is made very high, the video 
bandwidth needed to accommodate the 
expected variation in range becomes very 
large while if fm is made very low, there are 
various components of noise (in excess of 
thermal noise) which behave as 1/f noise, 
limiting system performance. For the 
parameters chosen, the frequency versus 
range slope is 2kHz/m resulting in a 
10kHz- 200kHz range for the difference 
frequency as the distance varies from 5 to 
100 metres. 

Doppler shifts 
As seen in Fig. 9, relative movement 

t between vehicles will have the effect of 
shifting the difference frequency by an 
amount equal to the Doppler frequency. 
It will be a positive shift during one half of 
the modulation cycle and an equal but 
negative shift during the other half. The 
average difference frequency (averaged over 
many cycles of fm) will be the same as for 
a stationary car at the same average 
distance. The range reading is therefore 
independent of the Doppler shifts. An up- 
down counter switched in synchronism 
with fm could be used to detect the closing 
rate. In the present system, however, the 
closing rate is derived by differentiation of R. 
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Frequency doubler 
The success of the harmonic radar concept 
was critically dependent on developing an 
efficient, passive harmonic reflector, i.e., 
finding a solid -state device which in a suit- 
able circuit will generate the second 
harmonic with the required efficiency. For 
the car radar application it was felt 
strongly that the reflector must be complete- 
ly passive, with no wiring to the car's 
electrical system to insure reliable operation 
and inexpensive installation. 

The above needs have been met by the 
device shown in Photo 1. A silicon 
Schottky barrier diode is mounted in a 
microstrip circuit. A 0.8thou'- diameter 
diode chip is seen connected across a gap, 
located for best impedance match in a A/2 
(fundamental resonator). Input at X -band 
is coupled at a voltage maximum point of 
the fundamental frequency, output is 
coupled at a voltage maximum point of the 
second harmonic, with a d/4 open section 
coupled to the output line to reflect the 
fundamental frequency back into the 
circuit. Fig. 10 shows the conversion 
efficiency of the doubler circuit. As one 
would expect, at the lower levels the 
power output at the second harmonic varies 
as the square of the power input at the 
fundamental, following a law of 

Pout = Kp2 
with K equal to 2500 W -'. The bandwidth 
of the doubler is approximately 75MHz, 
centred within the Ku -band in the experi- 
mental unit. 

A similar doubler circuit is used to 
provide a sample of double frequency trans- 
mitter power to the local oscillator port of 
the mixer, but this circuit is operating at 
high power levels. A 50mW input at X- 
band yields a conversion efficiency of 10% 
over a 200MHz band. 

Antennas 
The choice of antennas and the r.f frequency 
are closely related. For reasonable traffic - 
lane discrimination, a maximum horizontal 
beamwidth of 5° requires a horizontal 
aperture width of ten wavelengths. To 
achieve this aperture in a 12in physical 
size (approximately licence plate size) 
necessarily places us somewhere in X- 
band. A 102 X 102 aperture with 50% 
efficiency has a gain of 28dB, which makes 
transmitter power requirements quite 
reasonable. Also, solid -state power sources 
at X -band frequencies are readily avail- 
able, and spectrum space at X -band is still 
under -utilized. 

Printed antenna design was found quite 
suitable for our system. The X -band an- 
tenna has an aperture of 13 X 7#-in, a gain 
of 26dB at 9GHz, and a 10% bandwidth. 
It consists of 128 fan- shaped dipoles 
printed on both sides of a 1 /32 -in thick 
polyethylene sheet, phased into a 5001 
input through a succession of quarter - 
wave balanced transmission lines. An 
18GHz antenna has been produced by 
scaling up in frequency from the X -band 
design, with similar electrical charac- 
teristics. 

By using a polarization of the Ku -band 
antenna at 90° to the polarization of the 

Photo 1. Frequency doubler microstrip 
circuit. 
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X -band antenna, we get additional rejec- 
tion of spurious second harmonic power 
generated at the source and received either 
directly from an oncoming vehicle or re- 
flected from "nontagged" objects. This is 
in addition to second -harmonic filtering 
at the low -pass filter and isolators in the 
transmitter circuit. Total rejection of 
spurious second harmonic amounts to 
150dB, reducing it to well below receiver 
noise level. 

Doppler speed sensor 
A low -power microwave Doppler speed 
sensor was developed for use on cars and 
lorries to provide true ground speed for 
both anti -skid braking and speedometer 
applications. In an anti-skid system, the 
true ground speed and wheel speed are com- 
pared to accurately determine wheel slip 
during braking. 

The speed sensor, which is shown in 
photo 2 and diagrammatically in Fig.11, 
is a completely self -contained radar in- 
cluding transmitter, receiver, antenna, 
d.c. and signal processing circuits. A 
smaller version of the printed antenna 
in the collision avoidance radar is used for 
transmitting to and receiving signals from 
the road surface. The radar is mounted on 
the vehicle so that the beam lies in a ver- 
tical plane, with the vehicle's velocity 
vector at an acute angle a (typically 45 °) 
to the road surface. Part of the transmitted 
signal is diffusely reflected from the road 
surface back to the antenna. If the vehicle 
is moving with a velocity y, the reflected 
signal is shifted by the Doppler effect and 
the difference between transmitted and 
reflected frequencies is given by FD = 2v 
cose /r where r is the wavelength of the 
transmitted signal. This difference fre- 
quency is extracted from the mixer and is 
converted to a series of fixed width pulses 
having a repetition rate proportional to 
speed. The pulses may be counted to indi- 
cate total distance or may be averaged for 
analogue speed information as is the case 
for the collision avoidance system. These 
radar speedometers have an operating 
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Fig. 11. Block diagram of Doppler radar module. 
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temperature range of -60 to +75°C 
and, once calibrated, have demonstrated 
inaccuracies of about 1% or less on dry 
road surfaces for speeds of 20-70 m.p.h. 

Signal propagation 
Assuming free -space propagation condi- 
tions, effective antenna apertures of Ai. 

and Av for the X -band and Ku -band 
antennas, respectively, a target at distance 
R will present to the receiver a signal 
power of 

P, = (4K)P02AfAJ /Á6R6 (2) 
where Po is the transmitter power at the 
fundamental wavelength A and K is the 
doubler coefficient when operating in its 
square law region where Pout equals 
K(Pn)2. 

The signal strength at the receiver is 

modified by ground reflections. Power will 
reach the antennas via a ground reflection 
in addition to the direct path. For the car, 
radar angles of incidence are between 5° 
and 0.5 °. At such small angles, the reflec- 
tion coefficients for horizontal and vertical 
polarization are similar (about 0.7 to 0.8 
in magnitude and a phase shift of close to 
it radians). As a result of the ground 
reflected component, the range equation 
(2) has to be modified. Assuming an ideal 
case (not far from reality) where the 
reflection coeficient is equal to -1, 

P; = P,[64sin4 (2irh1h2 /AR) X (3) 
sine (47rh,h2 /AR)] 

where h1, h2 are heights above ground of 
the active radar and passive reflector 
antennas, respectively, and A is the funda- 
mental wavelength. As R changes, we ex- 
pect a series of reinforcements and partial 
cancellations of signal strength. A partial 
cancellation will occur wherever R = 
4h,hJn.1, where n = 1,2,3 ... and for the 
values h, = h2 = 0.52m of the experi- 
mental radar. A signal minimum is ex- 
pected at R _, equals 32m and R2 equal 
to 16m, with more below R min. 

For distances where R > 10h1hJJ, 
the trigonometric functions in eq. (3) can 
be replaced by the arguments, resulting 
in a received signal of 

P;" a Po 34/A ,i2(h ,h2)6/0 R )' 2 

indicating a drop -off with distance as steep 
asR -12. 

It is obviously more advantageous, 
relative to conventional radar systems, to 
increase the source power, and, for a given 
total aperture, to allocate the larger area to 
the fundamental antenna. In our radar, 
this aperture ratio is 4:1, giving the same 
gain to the two antennas. The very steep 
decrease of signal strength with distance 
has an advantage in that interference effects 
caused by out -of -range targets will be 
greatly reduced. 

Measured signal strength as a function 
of distance is shown in Fig. 12 for the 
experimental radar over dry asphalt. 

Source of noise 
There are several sources of noise in the 
present radar system which limit the 
range. These sources include thermal noise, 
essentially "white" across the system - 
bandwidth 

B = fRmax JRmin 

Photo 2. Doppler ground speed radar. 
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Fig. 12. Signal strength versus distance. 
(Antenna is 21 in above road 
surface.) 

Local oscillator noise, generated by beat 
products of the t.e.o. noise spectrum in a 
bandwidth B away from the carrier'''. 
This noise source varies with the "corner" 
at f = 100kHz. It is possible to reduce 
the effects of noise source by using a 
balanced mixer. For the radar parameters, 
with a mixer balance reduction of 20dB, 
the local oscillator noise becomes less than 
thermal. Amplitude modulation at the local 
oscillator, caused by the dependence of 
t.e.o. output power on frequency as 
frequency is varied over a range AF. This 
noise source has frequency components 
at f,, and its harmonics. Use of a balanced 
mixer and a t.e.o. power variation of less 
than 0.1dB over dF ensure that this noise 
source is of minor importance. Mixer 
sensitivity and balance are strongly. 
dependent on frequency. This is partly 
caused by the fact that the isolation 
between the r.f. ports is rather poor 
e- 6dB), causing multiple reflections of 
the local oscillator power and its har- 
monics at the imperfectly matched isolator, 
antenna, and high -pass filter (see Fig. 6). 
When swept over a range of frequencies 
dF, a noise signal at f, is generated at the 
i.f. output port, the harmonics of which 
enter the video band, fm, to fRmex, of the 
system. The magnitude of this noise signal 
varies with the mixer diodes in use and the 
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choice of centre frequency. With careful 
matching of components and adjustment 
of cable lengths it can be reduced, but in 
practice it is the dominant noise source, 
exceeding the first two contributions by 
10 -20dB. Therefore, the current design is 

not operating at its theoretical Johnson 
noise limit regarding signal -to -noise ratios, 
and consequently its maximum range of 
100m is below a theoretical noise limited 
system. 

Improvement in the future can be 
achieved by using a balanced mixer design 
which has better isolation and is less prone 
to generating spurious signals at fn and its 
harmonics. One could also attempt matched 
filtering in the video amplifier chain to 
improve matching between the amplitude 
and range characteristic of the radar 
system. Should increased range become 
necessary a more sophisticated and com- 
plex design may be used, incorporating 
a tracking, narrow -band filter. 

In the present design, a signal of P,,,,,, 

equal to - 80dBm is required at the 
receiver input for a 10dB overall s/n ratio. 

(To be continued) 
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Sixty Years Ago 
In these days of "light current" electronics, 
and the professional, highly qualified radio 
engineer, it is worth remembering that it was 
not always thus. This extract from Wireless 
World, May 1914, may give some inkling of 
the sort of thing your average engineer came 
up against. 

`Wireless Engineer' sends us the following 
two recipes for a cheap mixture for covering 
boilers in order to prevent loss of heat: 

(1) Take 1 bushel of fireclay, 1 bushel of 
ordinary clay, 1 bushel of cow- dung, ,= bushel 
of ashes (not the finest dust), } gal. of coal - 
tar, and a little plasterers' hair as a binder; 
mix well together ..." 

And now we grumble when integrated cir- 
cuits are in short supply! 
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Circuit 
Ideas 

Ten -digit code -operated 
switch or combination lock 
The circuit is that of a switch which is 
only operated by the insertion of a ten - 
digit code. On pushing either the " 1" or 
"0" button, a positive -going clock pulse 
is applied to the clock input of the shift 
registers which then clocks into the first bit 
whatever is present at the serial input. With 
the serial input connected as shown, it is 
clear that pushing the "1" or "0" button 
will clock into the shift registers a "1" and 
"0" respectively. One requirement of the 
shift registers is that the information be 
present at the serial input before the clock- 
ing pulse occurs. This is clearly achieved 
in this design. The pair of cross -coupled 
NAND gates associated with each switch 
is to prevent the undesired effects of contact 
bounce. 

switch 4- push 

UOC 

clock 

h f- push 

Each output of the shift registers is 
applied either directly or through an inver- 
ter to a NAND gate which, when all inputs 
are high, will cause the point X to go high. 
Thus the insertion of an inverter between 
a shift register output and the NAND gate 
will make it necessary for that particular 
output to be "0" before X goes high. As 
two five -bit shift registers are used, then 
clearly a ten -digit code will be required 
to operate 'the switch. Though the shift 
registers have a "clear" input, it was found 
that its use was unnecessary as any states 
present at switch -on are virtually no help 
in obtaining the code. 

The theoretical probability of obtaining 
the correct code is one in 210 or 1 in 1024, 
assuming that one knows that ten digits 
are required. The average code breaker 
will not know this, and so the odds against 
him will be much larger. 

Seven Texas monolithic positive -logic 
chips are used in the present design. The 
NAND gates 1, 2, 3, 4, are part of a 
SN7400N package. Likewise are gates 
5, 6, 7, 8. The 12 inverters are formed by 
using two SN7404N packages, each of 
which contains six inverters. The eight - 
input NAND gate is a SN7430N, and 
each of the two shift registers is a 
SN7496N. 

If one chooses a code with only four 
zeros, then only one SN7404N will be 
required. The system operates with a 5 -V 
supply rail and consumes 100mA, exclud- 
ing relay current. 
K. E. Potter, 
University of Sheffield. 

enter 
code 

o 

nput 

N74967 

I o-° 

Note: preset inputs of 
SN7496N are earthed 

SN7430N 

relay 

8FX84 

x 

390 

Stable t.t.l. oscillator 
This circuit satisfied my requirements l'or 
a self -starting t.t.l. oscillator which was 
more than the usual Schmitt trigger 
circuit. Components R3,C3 provide a start- 
ing pulse at switch on. 

+Vcc Cy +Vcc R2 Cz +Vcc 

14 11 10 

74121 

A A B O 

14 11 10 

74121 
R3 
1k 

C3 
1n 

Period of oscillation is approximately 
log. 2(C,R, +C2R)+sum of propagation 
delays (about 45ns each). 

Stability is approximately 0.07% change 
in frequency for a supply change from 
4.75 to 5.25V, and approximately 0.015 % / 
degC for a 1MHz oscillator. For reliable 
operation R 1C,r-z* R 2C2. 

M. Walne, 
Brighouse, 
Yorks. 

High performance reference 
Using only six components this reference 
circuit has exceptionally good characteris- 
tics. Current through the zener diode is 
held constant because it is derived from the 
stabilized output. With the equipment at 
my disposal I have been unable to measure 
most of the parameters of the circuit and 
so can only quote limits to these values. 

input 

Regulation < 0.005% i.e. when the input 
rose from 10 to 30V the output 
changed by less than lmV. 

Output resistance approximately 0.1(2. 
Short- circuit current approximately 

20mA. 
Ripple rejection < 80dB; with an input 

ripple of 10V pk -pk output ripple 
was less than lmV pk -pk. 

Temperature coefficient typically 
0.003 % /degC although this can be 
reduced to zero by adjustment of the 
resistors. 

Circuit can be rearranged to give either 
positive or negative outputs, and other 
values of output voltage. 
M. Walne, 
Brighouse, 
Yorks. 
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Novel stereo f.m. tuner 
2 -Stereo decoder, assembly and setting up 

by J. A. Skingley and N. C. Thompson 

Plessey Company Ltd, Swindon 

Using a ready -made front -end, integrated circuits and only one inductor, this tuner 
design is simple to operate, construct and set up. Part 1 gave novel circuitry for inter - 
station muting, a.f.c. restricted to less than station spacing, a single -lamp tuning 
indicator, and temperature compensated varicap tuning allowing stations to be 
preset. This second article gives a stereo decoder circuit that uses active filters to 
eliminate "birdies" and subcarrier harmonics, assembly instructions, setting up 
procedure and a linear -scale frequency meter circuit. 

Fig. 7 shows the internal circuit of the 
SBA750. Pins 3 and 4 receive the input from 
the i.f. which is passed along the chain of 
five limiting amplifiers to pins 6 and 7. From 
here the signal is passed internally direct to 
the quadrature detector, and also extern- 
ally via the quadrature coil and pins 8 and 9. 
The demodulated signal is then available at 
pins 10 and 11, and it is from here that the 
drive for the a.f.c. and tuning indicator is 
taken. This audio signal is taken internally 
to an amplifier giving a single -ended output 
on pin 12. 

The stereo signal is taken from this pin 
and fed to the stereo decode board. It is also 
coupled via C11 to pin 1, and after further 
amplification is available de- emphasized as 
a mono signal on pin 15. De- emphasis is 
accomplished by C13 on pin 16. Both stereo 

and high -level mono outputs are therefore 
available. 

The amplifier output to pin 12 can be 
attenuated by varying the current fed into 
pin 13. In this design pin 13 is open circuited 
to fully mute the amplifier while preserving 
the a.f.c. drive from pins 10 and 11. This 
ensures that the receiver captures a station 
from the muted condition. 

Improved stereo decoder 
The stereo decoder is shown in Fig. 8. When 
this decoder integrated circuit was first used 
"birdy" -type interference was experienced 
under certain conditions. The causes of this 
have been reported elsewhere, but it is 
worthy of further explanation judging by 
the lack of effort to remove it in expensive 
receivers. 

The nature of a frequency modulated 
signal is such that a bandwidth many times 
that of the deviation is needed for accurate 
transmission and reception, around 300kHz 
often being used. The spacing of broadcast 
programmes is however only 100kHz and 
this inevitably results in frequencies from 
one station arriving at the detector of 
a tuner receiving an adjacent station. The 
products from the detection are however 
normally supersonic and therefore in- 
audible. 

This is fine until we introduce stereo 
reception which involves demodulation of 
the stereo channel at 38kHz usually using 
square -wave switching. This process also 
demodulates signals around the odd har- 
monics of 38kHz, i.e. 114, 190, 266kHz etc. 
The first two of these will produce audible 
signals from the adjacent channels at 100 
and 200kHz away from the wanted station, 
giving interference centred on 14 and 
10kHz respectively. These sound like high - 
pitched twittering sounds commonly called 
birdies. 

Knowing the cause, the effect can be 
greatly reduced, if not completely elimi- 
nated. The wanted stereo information ex- 
tends up to 53kHz, so by filtering the signal 
above this frequency before the stereo de- 
coder, the unwanted adjacent channel 
signals can be attenuated. This also brings 
about an improvement in signal -to -noise 
ratio during stereo reception, as noise above 
53kHz is also reduced. Such noise can be 
demodulated down to the Audio band by the 
harmonics of the 38kHz switching frequ- 
ency in a similar fashion to the adjacent 
channel signals if it is not removed. 

The filtering required is carried out by 
Tr1 in Fig. 8, which also shows the complete 
stereo decoder. (This circuit has been built 
on a separate board, and for this reason the 
components have been numbered inde- 
pendently). Transistor Tr1 forms an active 
filter of the Sallen and Key type and provides 
a second -order response. There is an addi- 
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tional pole supplied by C10 between pins 10 

and 11 of the SBA750 and this, together 
with the two poles of the active filter, com- 
bine to give a three -pole optimally flat 
response up to 53kHz, followed by a sharp 
roll off of 18dB per octave. This transistor is 
directly coupled and biased from pin 12 of 
the SBA750, and its output fed to the input 
of the decoder integrated circuit. 

This decoder is of the phase- locked loop 
type, and in appreciating the advantages of 
this form of decoder, it is worth looking 
briefly at the conventional type. These de- 
coders work by generating the necessary 
38kHz switching frequency either by con- 
verting up the 19kHz pilot tone, or by phase 
locking a local oscillator to this pilot tone. 
The 38kHz signal may then be used to 
switch the multiplex signal into its two 
separate paths. Obviously, this switching 
must not only be at the correct frequency 
but it must also be in synchronism with the 
original coding. In other words the phase of 
the coding and decoding signals must be 
identical. If a tuned circuit is used as in the 
conventional decoder to separate the 19kHz 
from the audio, then a high -Q tuned circuit 
must be used to avoid phase jitter from the 
residual audio. A high -Q tuned circuit how- 
ever has a high phase shift for a small 
amount of mis- tuning. For this reason a low 
Q would be required. Hence there is a corn- 
promise. 

The phase- locked decoder operates by 
generating a 38kHz signal (in this case a 
76kHz signal divided by two). This is 
divided by two to give 19kHz which is com- 
pared in phase with the pilot tone. The dif- 
ference between the two is used to provide 

Multiplex 
input R1 R2 

5k6 91(1 
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Fig. 7. Internal circuit of SBA750A i.c. includes circuitry if. amplifier (below) balanced 
quadrature detector and a.f. preamplifier (used on mono only). Signal to unmute output is 
applied from Fig. 4 to pin 13. Drive for af.c. and indicator circuit is taken from pins 10 and 11 
via circuit of Fig. 5 and drive for mute circuit is taken from pin 6. 
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Fig. 8. Decoder circuit includes an active filter to roll -off response at 18dB per octave above 53kHz to prevent "birdies" that result from 
interference between odd harmonics of 38kHz and adjacent carriers. Two further active filters remove the 38 -kHz harmonics from the outputs. 
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feedback, and hence phase lock the local 
oscillator to the pilot tone. The time con- 
stant of the feedback path may be made long 
so as to reduce the phase jitter to a negligible 
amount. This is equivalent to producing a 
high -Q tuned circuit, but one which cannot 
drift in phase provided the loop gain of the 
feedback path is high. This system also has 
the advantage that no coils are required. 
The complexity required dictates the use of 
integrated circuits on economic grounds, 
which has the added advantage that fewer 
corners need be cut in the design stage, so 
that the full potential of the system may be 
realized. 

Two more active filters have been added, 
one per channel, formed by Tr2 and Tr3 
(Fig. 8) and these are directly biased from 
the integrated circuit. Their function is to 
remove unwanted signals from the outputs, 
such as the 38kHz sub -carrier and its har- 
monics, which could otherwise cause trouble 
when tape recording. 

The MC1310 has a direct output for a 
stereo indicator lamp and the facility for 
disabling the decoding process if desired. In 
the tuner described this is implemented by a 
second pole to the switch which also stops 
the oscillator to prevent any possible inter- 
ference. The stereo decoding may need to be 
stopped if the signal is weak and a poor 
signal -to -noise ratio is obtained. Reverting 
to mono reception will provide an improve- 
ment. You may prefer to use the mono out- 
put provided from the receiver board, but 
this will need attenuation to give a com- 
patible level when switching to mono. The 
tuner will, of course, automatically give a 
mono output in the absence of a pilot signal. 

Construction 
Layout and general presentation of the 
tuner is largely a matter of personal choice, 
and in this connection the mechanics de- 

scribed represent only our solution, offered 
as a suggestion. The layout of the printed 
boards are critical, and it is strongly ad- 
vised that the board design offered here is 
used. The system employs a generous 
amount of gain at high frequencies and 
even small deviations from the layout given 
could prove troublesome. This layout, 
given in Figs 9 and 10, follows good en- 
gineering practice and ensures stable per- 
formance. 

When assembling a board of this corn- 
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plexity it is a good idea to insert a few corn- 
ponents at a time, solder these and clip their 
leads before inserting a few more. Start with 
the passive components and finally the 
transistors, integrated circuits, filter and 
front end. There are four wire links and 
these are made using discarded resistor ends. 
The single coil is 15 turns of 33 s.w.g. cotton 
cord wire, close -wound on a Neosid type A 
screened assembly using an F16 screw core. 
Before soldering the wire ends of this, insert 
the capacitor C9 (100pF) into the same pins 
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as the coil. This capacitor is slim and is 
easily accommodated within the can. 

The emitters of the transistors are ad- 
jacent to the tag on the can. Transistors Tri 
and Tr2 are an exception to this. Insert so 
that the flat face of the plastic package is on 
the opposite side to the base of the triangle. 
If the centre (case) lead is bent forward 
towards the flat all these leads will fall into 
place. 

Finally, solder twisted -pair wires at points 
A and B for the a.f.c. switch and C and D 
for the mute switch, together with pairs for 
the tuning indicator lamp (observe polarity), 
audio outputs and 15 -volt power supplies. 
Mount the two boards on fin brass 
pillars at the four corners, preferably on a 
metal chassis to ensure good earthing and 
screening. 

The chassis system (Fig. 12) was con- 
structed from 16 s.w.g. aluminium sheet, a 
piece 11in square being required. After 
drilling the chassis is bent into a U -shape 
where shown, and the front panel fitted 
on yin brass pillars. This can be made of 
aluminium, sprayed and marked with Letra- 
set. Alternatively, perspex may be used, 
marked in mirror image and sprayed on the 
reverse side. There are many ways open to 
home constructors these days, and the pro- 
duction of a professional finish is largely a 
matter of ingenuity and personal taste. 

The front panel is made yin deeper 
than the front edge of the chassis to allow 
the use of rubber feet on the chassis, yet 
leaving a smaller clearance beneath the 
front panel. A false front panel has the ad- 
vantage of hiding most of the screws and 
allowing the push buttons and meter to pro- 
trude the correct distance. It also allows 
space for a hidden pilot lamp to illuminate 
the meter. A cover made of polished wood 
or sprayed metal may easily be made to fit 
over this chassis, consisting of inverted U- 
shape forming the sides and top. This should 
be about 8 or 8 +in from front to back, de- 
pending on the front and back overhang 
desired, and the sides the same drop as the 
front panel. 

The only difficulty is in mounting the ten - 
turn potentiometer which has a short 
spindle and must be brought forward 
from the chassis. This is achieved by cutting 
a clearance hole in the chassis 1 -in square 
and mounting the potentiometer on a strip 
1 x 2in held on *in pillars, or long srews and 
double nuts. The spindle will then protrude 
from the front panel by the correct distance. 

The prototype used six push buttons for 
pre -selected stations mounted on a printed 
board with the pre-set potentiometers be- 
tween them. This resulted in a compact 
switch unit, but the method necessitated a 
minor trimming of the width of the poten- 
tiometer by rubbing their faces with emery 
paper until a sliding fit was obtained. This 
board also held a drive circuit for the meter 
used to display the frequency. This is shown 
in Fig. 13, and the p.c.b. in Fig. 14. This unit 
may be mounted on 0.1 in pitch Letrokit 
board and hand wired if preferred, using 
the p.c.b. layout as a guide. 

The meter drive circuit is basically an 
emitter follower driven from the tuning 
voltage, but the addition of a Plessey SL301 
matched pair as shown results in a tempera- 
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Fig. 11. Stereo decoder layout. Points A, B and C connect to mono /stereo switch shown 
actual size. 
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Chassis for complete receiver can be made 
from an 11 in square 16- s.w.g. sheet of 
aluminium, bent into a U -shape (Fig. 12, 
above). Separate front panel and cover 
improve appearance. Drive circuit for 
frequency meter gives linear frequency 
scale, varicap non -linearity being matched 
by matched -pair integrated circuit (Fig. 13, 
below). Layout on right shows pre -set 
potentiometers and frequency meter 
components (Fig. 14). 

from 
varicap line 

+15V 

11 in. 
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cure -stable law- bending circuit producing a 
linear frequency scale from the non -linear 
law of the front -end varicaps. The meter is 

and RS Components miniature edge meter 
MR42A, 25 -0 -25 isA. By removing the two 
screws the case may be removed and the 
scale lifted from its mounts. A wipe with 
acetone or nail varnish remover removes 
the lettering which may then be replaced 
with a suitable frequency scale using Letra- 
set-or free -hand if you have a steady one! 
Take care to avoid damage to the pointer, 
and the case should be replaced to exclude 
dust while the scale is being redrawn. Final 
calibration is done by mechanical adjust- 
ment of the zero adjuster while receiving a 
known station. 

It is important that the power supply 
should be free of ripple and temperature 
stable, and this is achieved by a regu- 
lator integrated circuit RS Components 
MVRI5V. This, together with bridge recti- 
fier REC70, 1000 µF capacitor, and trans- 
former (634) from the same supplier corn - 
plete a stable power supply for little effort. 

Top -grade components were used to en- 
sure reliability and consistency of perform- 
ance. It is strongly recommended that the 
components specified are used. There are 
parts of the circuit which require 2% 
resistors, for example, to ensure correct 
biasing and balance of the tuning point and 
a.f.c. circuitry. 

Setting up and testing 
When the boards have been wired and 
mounted make the appropriate intercon- 
nections. Connect I.e.ds and switches and 
check everything before switching on. Put 
switches in the a.f.c. -off and mute disabled 

a 

C o P 

c_;0 

o Q a o ÿ 
Oc.10,0 ce 

multi turn 
50k pot. 

push buttons 

copper side 

.8 a 
Ac 

O 
tl) 

0 
a 
Y 

Y 
t0 

p 
a 

Y 
tL0 ) 

Y 

y 
o a 

8C109 % meter 
b c\ + 

S Z 
Y o o N 

TTT 
t e 

o 4 2Ok 1- 

connections 
to main board 

I I 

component side 



Wireless World, May 1974 

Tuner performance 

- lo 
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IS -40 
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- 50 
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-70 

LO 

NO 

EO 

audio output at 75kHz deviation 

distortion 0.51. at 75kHz 
capture ratio 1.8dB 
mute level 3 to 5µW 
output 180mV stereo 

1.7V mono 

I 1 11111 
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16.3V filament 
transformer 

1 1 
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1 

main 
board 
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board 

screen not 
connected here 

1OmV 

+15V 
to board 

(b) 

Components for suitable power circuit, above, were listed in part 1. 

positions, and leave the aerial unconnected. 
Do not adjust the front -end module which is 
pre -aligned and should not be touched. 
Under these conditions there will be a band 
of noise defined by the i.f. filter passing 
through the limiting amplifier to the de- 
tector. If the core of the single còil is adjusted 
until the tuning lamp responds and be 
trimmed for maximum brilliance, the de- 
tector will be correctly adjusted to the centre 
of the i.f. pass band. 

Now connect an audio amplifier and 
speaker. A loud smooth hiss should be 
heard. If the mute switch is operated this 
hiss should be silenced and the tuning lamp 
extinguished. Connect the aerial -a short 
length of wire may receive several stations - 
and, with all push- buttons out, adjust the 
ten -turn potentiometer to find stations. 
Observe a.f.c. action by mis- tuning a station 
until the tuning indicator is just extinguished 
and the output muted. Switching in the 
a.f.c. should recover the station. 

3 -pin 
Din plug 

A good aerial will now reveal anything 
around a dozen stations. The three least 
noisy should prove to be the national 
stations, and the frequencies of these are 
given in the local Radio Times. Trim the 
meter using the internal adjuster and obtain 
pre -set stations by pressing the appropriate 
button and adjusting the adjacent pre -set 
potentiometer. If this adjustment procedure 
cannot be achieved switch off and check all 
components and interconnections. Particu- 
larly check for incorrect polarity 1.e.ds and 
capacitors, misplaced n -p -n an p -n -p tran- 
sistors, capacitors omitted in coil assembly 
or wrong number of turns. 

If the alignment of the main board is 

achieved set the stereo decoder. This in- 
volves adjusting the oscillator using the 
single pre -set potentiometer. First find a 
transmission known to be stereo ; check 
with the Radio Times. Ensure that decoding 
is not disabled by the switch provided and 
adjust until the stereo indicator lights. Now 
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Components 
(stereo decoder) 

Transistors BC109 
IC MC1310 
Diode 5082 -4403 (l.e.d.) 

Resistors 
R, 5.6kS2 
R2 9.1kS2 
R3, R11i R15 10kS2 
R4 16k52 

R5 1k52 

R6, R7 5.1k52 
68052 

15kS2 
470kS2 

4.7kS2 

R8 

R9, R10, R13, R14 
R12, R16 
RV, 

Capacitors 
C, 620pF (polystyrene) 
C2 150pF (polystyrene) 
C3 111F (polycarbonate) 
C4, C5 lOnF (polycarbonate) 
C6 470pF (polystyrene) 
C7, CIO 0.22µF (polycarbonate) 
C8, C13, C16 0.47µF (polycarbonate) 
C9 47nF (polycarbonate) 
Cil, C14 1.5nF (polystyrene) 
C12, C15 680pF (polystyrene) 
C17 22nF (polycarbonate) 

release and pre -press the stereo switch and 
adjust the potentiometer until the l.e.d. 
lights in the shortest possible time after the 
switch is pressed. This is the correct setting. 

Finally, a word about aerials. This tuner 
will receive stations on a few feet of wire, 
but if the full potential and maximum signal- 
to -noise ratio is to be obtained, a good aerial 
is essential. Any system can only be as good 
as its signal source, be it a pick -up partridge, 
tape head or radio aerial, and this can easily 
be the weakest link in the chain. 

Tuner kit. A kit of parts will be available for 
this tuner from Icon Design at 33 Restrop View, 
Purton, Wilts SN5 9DG. See advertisement on 
page 40 for details. 
Modification. A resistor (R51) of 2k0 should 
be added in place of the wire link shown just 
below R43 in Fig.9. Because Motorola have 
altered the specification for the MC 1310, a 
150 -0 resistor should be added in the supply 
line to the decoder board, returning the 1.e.d. 
current directly to the + 15V rail. Increase C17 

to 20pF to decouple this. 
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An introduction to digital counters 
-to accompany series 14 of Circards 

by J. Carruthers, J. H. Evans, J. Kinsler & P. Williams 

Paisley College of Technology 

A digital counter comprises an intercon- 
nection of bistable or two -state memory 
circuits or, colloquially, flip -flops. The 
counter embraces those circuits which 
accumulate pulses according to a specific 
code as they appear at the input, frequency 
dividers, sequence generators and pulse 
waveform generators. The application 
requirement will generally determine how 
the collection of flip -flops is identified, but 
in this article the generic name of counter 
will be used. 

The basic flip -flop has one or two 
control inputs, and two outputs termed 
Q and Q (not -Q), where Q represents 
the opposite state of Q. The logic state of 
these outputs may be termed set or reset, 
high or low, 1 or 0, and the change of state 
may occur on 0 to 1 or 1 to 0 transitions 
at the input, depending on the type used. 
The varieties of flip -flops used in counters 
are normally described by the control 
inputs and are termed D -type, T -type, RS 
and JK. The triggering input, called the 
clock -pulse input, ensures that a change 
of state will only take place on the 
occurrence of a pulse at the clock -input. 
Other facilities that may be available are 
preset and clear inputs which allow a 
flip -flop to be set (Q = 1) or reset (Q = 0), 
independently of the control inputs. 
Typical symbols for these flip -flops are 
shown in Fig. 1. Other variations include 
operation by positive or negative logic, 

triggering on positive or negative pulse 
edges or a combination of these as in 
master -slave flip -flops. 

A basic RS flip -flop using NAND gates 
is shown in Fig. 2. To represent the 
dependence of the Q output on the control 
inputs when a clock pulse occurs, a truth- 
table is used to demonstrate the state of Q 
at the nth clock pulse (Q,), and after the 
next clock pulse (Q +1) -Fig. 3. For 
example, if S and R are both at logic zero 
when a clock pulse occurs, the output Q 
will not change state, but remain as it was 
before the clock pulse. However, if S = 1, 
R = 0, then Q becomes logic 1, i.e. if it 
was previously logic 0 a change of state 
occurs, and if it was logic 1, it remains so. 

The indeterminate state of Q for the 
condition that R = S = 1 exists because 
of a race condition between gates and is 
one disadvantage of this flip- flop -such a 
condition must be avoided. The JK flip - 
flop, however, does not have this disad- 
vantage -all output conditions are predict- 
able, as shown in Fig. 4. The last com- 
bination of J = K = 1 permits a useful 
toggle action in which the output changes 
state on the occurrence of every clock 
pulse. 

Counters are generally classified as 
asynchronous or synchronous. The basic 
asynchronous circuit is implemented with 
cascaded toggle flip -flops, where the out- 
put of a previous flip -flop is the clock- 

input for the next in sequence. Alter- 
natively, the drive inputs may come from 
Boolean combinations of other outputs. 
In either case, a disadvantage is that each 
flip -flop changes state at a different time 
in a sequence. For each flip -flop a pro- 
pagation delay exists between the 
occurrence of a trigger pulse and the next 
state of the output, and this delay "ripples - 
through the counter. This restricts the 
maximum operational speed of the counter, 
since the maximum ripple- through delay 
must be less than the time between input 
pulses. 

In integrated circuit technology, these 
counters have the advantage that each 
flip -flop operates at half the frequency of 
the preceding one. This allows a trade -off 
in high -speed (high -power dissipation) 
circuits to be used in the first stage, with 
lower speed (low -power) configurations 
being used in later stages. The maximum 
count (including zero) of a counter con- 
taining n flip -flops is 2 ", feedforward or 
feedback techniques allowing counts less 
than this to be achieved. The number of 
distinguishable states through which the 
counter cycles is known as the modulus of 
the counter, and this may be fixed when 
implemented with individual flip -flops, but 
some m.s.i. packages are available that 
permit variation of the modulus by a simple 
connection or change or simple gating. If 
the outputs of ripple -counters are to be 

(a) 

P-- T 

Q 

Q 

(b) 

-O 

-o 

(c) (d) 

Fig. 1. Four basic types offlip- ,flop. 

clock 
pulse 

R 

Fig. 2. Nand -gate RS flip-flop. 

Fig. 4. Truth table for 
JK flip flop. 
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Fig. 3. Truth table for Fig. 2. 
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decoded, care must be taken to ensure that 
the decoder network is enabled only when 
it is certain that all intermediate state 
changes have occurred. 

The disadvantage of the asynchronous 
counter is avoided by the synchronous or 
parallel counter, in which all flip -flops 
change state in synchronism with a com- 
mon clock -pulse. The speed of operation 
is limited by one flip -flop delay and that of 
any gating necessary, and these will depend 
on the type of hardware being used, e.g. 
c.m.o.s., t.t.l., e.c.l. Recent Schottky 
synchronous counter packages have 
internal circuitry which eliminates all 
external gating, and counting speeds up to 
70MHz are claimed, and e.c.l. packages 
are available for speeds up to 110MHz. 

Any sequence may be generated using 
individual JK flip -flops and associated 
gating. The design is more complicated 
than the asynchronous types, but one 
technique simplifies the design problem 
using Karnaugh maps.' 

The map is a two -dimensional repre- 
sentation of all possible combinations of 
a number of variables, where each 
square is one unique combination and 
adjacent squares are identical except 
for one variable. The rows and columns 
are arranged in accordance with the 
Gray code representation of decimal 
numbers, in which only one bit changes 
as we progress through adjacent numbers 
(Fig. 5). A Karnaugh map for four 
variables, A, B, C and D, is shown in 
Fig. 6, where a 1 in a square means the 
existence of logical "ANDed" variables, 
identified by the row and column com- 
mon to that square. 

The 1 squares are connected by the 
logical OR function, and the Boolean 
expression represented by Fig. 6 is 

F = X B.C. D + A.B.0 D + 
+ A.B.C.D. A 0 in a square indicates that 
this particular combination does not exist. 
The advantage of the map is that minimiza- 
tion of the Boolean expression is simplified 
by being able to group adjacent squares 
in pairs, fours, etc. Two squares can be 
combined to eliminate one variable, and 
these two squares can be combined with 
another two adjacent squares to eliminate 
one more variable. The four squares may 
be looped as shown, because of their 
adjacency, thus A and C become redund- 
ant as both states of each are included in 
these squares reducing the function to 
F = $.D. This can be confirmed by a 
Boolean minimization. Note that adjacency 
of squares exists at the extreme ends of 
horizontal rows, and at the extreme ends 
of vertical columns. 

A design of a modulo-6 Johnson counter 
is considered as an example of the tech- 
nique. The maximum modulus of an 
m -stage Johnson counter is 2m, hence a 
minimum of three flip -flops is required. 
It is assumed that the outputs are taken 
from the Q output of the flip -flops 
designated A, B and C, and the map is 

used to minimize the gating necessary to 
obtain the prescribed sequence Fig. 8. 
As all possible combinations of the 
variables are not used, the "can't happen" 
or redundant states are denoted by a 

3 

combination of one and zero (m) in the 
state table (Fig. 9) because the states are 
not specified and may be made 1 or 0 at 
will. In this case they will be considered as 
1 s. The state table shows the desired out- 
puts at A, B and C on the occurrence of 
the numbered clock pulse, where 0 and 6 

are equivalent, i.e. the 6th pulse resets the 
counter to zero. It will be assumed that 
the counter commences from the zero 
state. 

The design technique requires the pre- 
paration of a Karnaugh map for the J and 
K input of each flip -flop to determine the 
control levels required at each input for 
every step of the sequence, by deriving a 
minimal Boolean expression for each map, 
though as these are derived independently 
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the circuit may not necessarily be minimal. 
This then determines the internal gating 
required. 

An excitation table for the JK flip -flop 
is derived from the JK truth -table shown 
earlier. This table (Fig. 7) shows the 
necessary J and K inputs to either hold 
the flip -flop in a 1 condition or a 0 con- 
dition, or to cause a 1 to 0 or 0 to 1 

transition, all on the occurrence of an 
input clock -pulse. The X indicates that it 
does not matter what that particular J or 
K state is, provided the other control input 
is in the correct state. 

For example, if it is assumed that 
Q = 1, and a transition to logic 0 is 

required on the occurrence of a clock - 
pulse, then from the truth-table either 

rDECIMAL GRAY -CODE 

A B C D 

o 0 

i 0 

2 0 

3 O 

4 0 

5 0 

6 0 

7 0 1 

Fig. 5. Gray code for decimal numbers. 

Fig. 6. Karnaugh map for four 
variables. 
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Fig. 11. Implementation of modulo-6 
Johnson ring counter. 

Fig. 12, M- sequence generator using 
exclusive -OR gates. 

J = 0, K = 1, or J = 1, K = 1 will cause 
this change, i.e. provided K = 1, J may 
be either 0 or 1. As each input pulse 
occurs, the flip -flops should change in 
accordance with the truth-table of 
Fig. 8. The steps involved in filling the JK 
maps are as follows. 

The can't -happen conditions of the state - 
table are transferred to equivalent squares 
on the separate J and K maps. Consider 
the JA and KA maps. On the occurrence 
of the first pulse, Q should hold at logic 1, 
hence an X is put in the JA map square 
representing pulse no. 1, and a 0 in the 
KA map square. This is repeated for pulse 
no. 2. At pulse no. 3 a 1 to 0 transition is 
required, hence an X is put in JA map 
square for pulse no. 3, and a 1 in KA map. 
A 0 is maintained for pulse no. 4, hence a 
O in JA and X in the KA square for pulse 
no. 4 is necessary. This is continued until 
all squares for each map are filled. 

As an example of the minimization, 
notice that symbols m or X may be 1, 
hence a loop of four adjacent squares is 
available in the JA map, i.e. the minimal 
solution for JA is ,given by C. Similar 
loops of four are obtained for each of the 
other maps, the circuit being implemented 
in Fig. 11. No external gates are required 
in this circuit, because the complemented 
outputs are already available from each 
flip -flop. 

Common arrangements using this tech- 
nique are b.c.d. counters, decade counters, 
up -down counters, though some are also 
available in m.s.i. packages. 

The implementation of Fig. 11 has been 
described as a modulo -6 Johnson ring 
counter. However, examination of Fig. 8 
shows that each output QA, Q a and Q 
has one pulse for every six of the input 
so that the device could be regarded as a 
divide -by -six frequency divider. Most 
frequency dividers, on the other hand, 
allow one to divide by an arbitrary 

number so it cannot be regarded as a very 
good frequency divider. 

The device of Fig. 11 can also be 
regarded as a sequence generator, in that, 
given an input pulse sequence, one obtains 
a different output pulse sequence- 
admittedly not a very interesting one. 

There is an infinite number of sequence 
generators that one could build but of 
particular interest are those which produce 
so -called maximal length binary sequences 
(M- sequences). Used in many areas, such 
as data communication system identifica- 
tion and correlation methods, M- sequences 
are generated by synthronous shift regis- 
ters with feedback from various stages 
being used to determine the next state to 
be fed in. Feedback complexity is not 
proportional to the register length and 
very long sequences can be generated by 
very simple feedback arrangements. Feed- 
back is performed by modulo -2 addition, 
i.e. via exclusive -OR gates (Fig. 12). 

The properties of these sequences depend 
on the clock rate, L, and on the number of 
stages in the shift register, n, but all of 
the sequences possess to some degree pro- 
perties close to those of band -limited white 
noise. (Hence the name pseudo -random 
binary sequences or p.r.b.s.) The signal 
bandwidth is given approximately by 
f/3 and the greater the value of n the more 
closely do the properties resemble those 
of random noise. The sequences are not 
in fact random because they are binary in 
nature and because they are cyclic, the 
cycle length being 2n -1 clock periods. 
The binary nature of the signals is easily 
removed by passing them through simple 
first- or second -order filters so that the 
signal becomes continuous and has a pro- 
bability density function which is close to 
Gaussian. The cyclic nature of the signal 
is in fact one of the advantages of 
M- sequence and is one of the non -random 
features one would wish to retain. This is 
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because experiments can be repeated for 
checking purposes over a cycle length 
without the statistical difficulties of genuine 
random noise. From this point of view it 
is therefore desirable to limit n. 

Design is greatly facilitated by tables 
which indicate what feedback paths are 
necessary to produce an M- sequence of 
given length.' The problem comes down 
to one of choice of f, and of n for the 
particular application in mind. 
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How to get Circards 
Order a subscription by sending £13.50 
for a series of ten sets to: 

Circards 
I.P.C. Electrical- Electronic Press Ltd 
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1 active filters 
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10 micropower circuits 
11 basic logic gates 
12 wideband amplifiers 
13 alarm circuits 
14 digital counters 

Next issue will cover pulse modulators. 
Introductory articles in Wireless World 
indicate availability of Circards, which are 
normally ready for despatch on the 14th 
of the month. The Circard concept was 
outlined in the October 1972 issue, pages 
469/70. 
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Horn loudspeaker design -2 
Continuing the development of design theories and techniques 

by J. Dinsdale, M.A., M.Sc. 

Cranfield Unit for Precision Engineering 

The previous sections have outlined the 
physical principles underlying the operation 
of horns, and have shown how, provided 
certain basic rules are followed, sound re- 
production of startling clarity and realism 
is possible from horns. However, it will also 
be clear by now that, unless one is prepared 
to accept extremely large and costly struc- 
tures, it is all too easy to lose many of the 
potential qualities of horns through at- 
tempts to reduce the size to more acceptable 
proportions. This section now considers 
the procedures to be adopted in designing 
a domestic horn enclosure. 

It has already been stated that the horn 
behaves as a transformer, converting acous- 
tic energy at high pressure and low velocity 
at the throat to energy at low pressure and 
high velocity at the mouth. As with the 
analogous electrical transformer in which 
electrical voltage and current correspond to 
acoustical pressure and velocity, the basic 
requirements of the acoustical horn are that: 
(a) the primary (throat) should be correctly 
matched to the signal source (loudspeaker 
motor); (b) the secondary (mouth) should 
be correctly matched to the load (listening 
room); (c) the horn should be designed to 
handle the specified power level and fre- 
quency range. There are four principal 
parameters of the horn, namely mouth area, 
throat area, flare contour, and axial length. 
Any three of these will determine the fourth, 
and hence the characteristics of the horn 
itself. Once non -circular cross -section and 
non -linear axes are adopted, the problem 
becomes far more complex, and mathemati- 
cal and physical concepts are no longer 
sufficient to design a horn. Nevertheless, the 
basic characteristics even of folded horns 
are determined to a large extent by known 
acoustic principles, and the most effective 
method of design is to work from these 
principles, ensuring that any deviation from 
theory is made on scientific grounds where 
possible. 

Flare profile 
Previous sections discussed the most com- 
monly considered flare profiles, and it was 
concluded that a contour which allowed an 
exponential increase of the area of the wave - 
front as it travelled from throat to mouth 
provided the best compromise between the 
extremely gradual expansion of the hyper- 
bola (giving optimum loading of the motor, 
but excessive throat distortion) and the 

rapid expansion of parabolic and conical 
horns (giving minimum throat distortion 
but poor loading of the motor). However, 
the exact shape of the wavefront within a 
horn of curved profile is uncertain, and 
therefore assumptions have to be made, 
ranging from Wilson's modified exponen- 
tial (lying a little inside the true exponential) 
to Voigt's tractrix, (which commences in a 
virtually identical manner to the true ex- 
ponential, but departs substantially outside 
it in the region of the mouth). Which con- 
tour one adopts must be largely a matter of 
personal preference based preferably on 
careful listening experience. 

Mouth geometry 
The mouth of the horn couples the horn 
itself to the listening room. One of the com- 
monly raised disadvantages of horns is that 
they require a very large mouth area if bass 
notes are to be properly reproduced. To 
some extent this is true ; one cannot get a 
double bass out of a piccolo. However, there 
are a number of ways in which the mouth 
area may be reduced to manageable pro- 
portions without significantly sacrificing 
bass response. 

As a sound wavefront travels up the 
steadily increasing bore of the hom, it should 
not meet any major discontinuity. However, 
it is clear that, unless the length and mouth 
diameter of the horn are infinite, there must 
be some discontinuity as the wavefront 
emerges and is no longer constrained by the 
walls of the horn. Although the cut-off fre- 
quency of the exponential horn is deter- 
mined by the flare constant, the linearity 
with frequency of the acoustical resistance 
and reactance are determined by the mouth 
area, which, for a given throat area and flare 
constant will also determine the overall 
length of the horn. Strictly speaking, for no 

discontinuity. the mouth should have in- 
finite area. However, Olson' has shown that 
provided the perimeter of the mouth of an 
exponential horn is greater than four times 
the cut -off wavelength, 

i.e. p, > 4.{ 

there will be no significant deviation of 
mouth resistance from that of the infinite 
horn. 

A more important result is that for only 
6dB variation in acoustic resistance, the 
mouth perimeter may be made equal to the 
cut -off wavelength, i.e. mouth area = 
, 2/4n where 2, is the cut -off wavelength. 
As the mouth area is reduced below this 
value, the non -linearity of the acoustical 
resistance and reactance will increase. 

Now these figures refer to the situation 
where the horn is suspended in free space, 
i.e. it radiates into an angle of 4n solid 
radians. In practice, this situation never 
occurs : even if the horn were placed on the 
ground at the centre of an infinite field, the 
mouth would only radiate into half a solid 
angle, or 2n solid radians ; against the centre 
of a wall the mouth would be loaded by n 
solid radians, and in a corner formed by 
two walls and the floor the mouth will be 
loaded by only n/2 solid radians. The signi- 
ficance of this is that, whereas the minimum 
mouth area for a circular horn has been 
shown to be ß.,2 /42T when loaded by 4n solid 
radians, this value may be divided by a factor 
of two each time the solid angle is halved. 
Thus the mouth area may be reduced to a 
size more in keeping with domestic con- 
ditions, e.g. a horn with a cut -off frequency 
of 56Hz (wavelength 20ft) would require a 
mouth area of 32 sq ft in space, but only 
8 sq ft against a wall and 4 sq ft in a corner 
position, to give variations in loading of 
less than 6dB. 
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Fig. 8. Solid angles presented to a horn in different positions. 
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This situation which is illustrated in Fig. 
8 may be compared with the mouth of a 
single horn placed at the intersection of 
eight rooms : four on the ground floor and 
four on the first floor. The bass response of 
the original horn will not be impaired, even 
though a listener in each room will see only 
one eighth of the total mouth area. One sel- 
dom gets anything for nothing in this world, 
and those who adopt corner speaker posi- 
tioning in order to obtain a purer extended 
bass response from as small an enclosure as 
possible, may have to live with the eigen- 
tones such a position produces. 

A plan view of a corner horn shows that 
the room itself provides a natural extension 
of the horn mouth. Many listeners have 
observed that comer horns can provide bass 
notes from fore -shortened horns, well below 
the limit dictated by the mouth area". It is 
tempting to reduce the mouth area still fur- 
ther below the 3dB limit established earlier 
and rely instead on the comer placement 
itself to supply the additional mouth area 
and horn length. In the author's experience, 
this technique cannot be justified because 
although the bass response is undoubtedly 
there, careful listening reveals an uneven 
response over the first two octaves above 
the cut -off frequency which will often de- 
tract from the realism offered by the horn. 
It is therefore recommended that in cases 
where overall enclosure size is a limitation, 
a correctly- designed horn with a cut -off fre- 
quency of (say) 80Hz will give a more satis- 
fying and linear response than a fore- 
shortened horn whose expansion constant 
has been set to 40Hz but whose length has 
been limited to give a mouth area corres- 
ponding to 80Hz. 

Most domestic horns will be of rectangu- 
lar cross -section for ease and cheapness of 
manufacture. The foregoing comments re- 
garding horns of circular section apply also 
to rectangular sections, although it is clear 
that the wavefront must behave in a most 
complex way at the corners, thereby re- 
ducing slightly the effective cross -sectional 
area. Provided that the ratio between the 
major and minor axes at the mouth does 
not exceed 4 : 3, rectangular horns may be 
employed to good effect. 

Tabular design data is given for horns of 
both round and square section, with mouth 
areas computed for both corner positioning 
(7r/2 solid radians) and wall positioning Or 
solid radians). 

Throat geometry 
The throat of the horn couples the wave- 
fronts from the loudspeaker, which should 
ideally be plane at this point, to the horn 
itself. It has previously been shown that the 
horn is an acoustic transformer, converting 
acoustic radiation of high pressure/low 
velocity at the throat to low pressure/high 
velocity at the mouth. It is clearly of advan- 
tage to have a high pressure (and hence a 
low velocity) at the throat, because the low 
velocity will result in smaller movement of 
the loudspeaker cone, thus reducing the 
distortion produced by non -linearities in 
the magnetic field and the suspension. One 
way of increasing the pressure, and also of 
ensuring a higher degree of "plane -ness" of 
the wavefronts is to employ a throat area 

substantially smaller than that of the loud- 
speaker itself. Tests carried out on a number 
of loudspeakers have shown that the 
"equivalent piston area" is approximately 
70% of the speech cone area, i.e. the loud- 
speaker diaphragm in the shape of a trun- 
cated cone gives the same acoustic output 
as a plane piston with 70% of its area. 

There are a number of practical reasons 
why modern loudspeakers are not manu- 
factured as plane pistons ; one of the un- 
fortunate results of employing conical dia- 
phragms is that the resulting wavefronts are 
in general not planar. However it has been 
found empirically that a throat area of be- 
tween one quarter and one half the "equiva- 
lent piston area" of the loudspeaker provides 
satisfactory coupling between the loud- 
speaker and the horn, and also gives an 
approximation to plane wavefronts at wave- 
lengths well in excess of the throat dimen- 
sions. It must be emphasized that for higher 
frequencies, where the wavelengths are of 
the same order as the physical dimensions 
of the loudspeaker diaphragm, the throat 
area should be made the same as that of the 
loudspeaker, and the horn should be of 
circular section, at least at the throat, so as 
to minimize standing waves across the horn 
itself. 

The phenomenon of air overload distor- 
tion is caused by the non -linear relationship 
between pressure and volume of the air in 
the throat of the horn as it undergoes adia- 
batic compression and expansion. Beranek' 
has derived the relationship for 2nd har- 
monic distortion at the throat of an infinite 
exponential horn as: 

2nd harmonic distortion 
= 1.73(f /0,x 10-2 

where f = driving frequency f = cut -off 
frequency I, = intensity (watts /sq in) at the 
throat. 

This expression is also closely correct for 
finite horns because most of the distortion 
occurs near the throat. This expression has 
been plotted in Fig. 9 from which the throat 
area for given power and distortion may be 
obtained. 

It is important to appreciate that the 
acoustic power radiated by musical instru- 
ments is extremely small', and that the 
higher the frequency the lower is the acous- 
tic power to give the same subjective effect 
at the human ear. With the exception of full 
orchestra and pipe organ, which in the 
author's view it is futile to attempt to repro- 
duce in domestic surroundings at anything 
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Fig. 9. Distortion caused by air overload at 
the throat. 
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approaching normal volume level, the 
acoustic power levels are extremely small, 
and an aim -point of (say) 3 watts and 1 

distortion at the cut-off frequency, reducing 
to 0.05 watts and 0.5% distortion at four 
times the cut -off frequency, is likely to prove 
entirely satisfactory for domestic listening". 

The above proposals for power and dis- 
tortion give a throat area of around 10 sq 
cm, from Fig. 9, which compares not un- 
favourably with the effective piston area of 
43 sq cm for a 31in loudspeaker, one 
quarter of which is a little over 10 sq cm. Of 
course, if the throat area is increased, as 
would be the case with larger loudspeakers, 
the available power for a given level of dis- 
tortion will also increase. 

Having established the throat and mouth 
areas and the flare profile, the length of the 
horn and hence its area at any point may be 
obtained mathematically or graphically. 

The horn as a filter 
The foregoing sections have indicated how 
the horn can act as a bandpass filter- the 
lower pass frequency of which is determined 
by the expansion coefficient and the upper 
by the volume of the cavity between the 
loudspeaker and the throat of the horn. It is 
important that the response should be as 
linear and free from distortion as possible 
over this passband, and as far as the lower 
frequencies are concerned, careful choice of 
mouth area, in conjunction with a know- 
ledge of the solid angle into which the horn 
will radiate and the flare constant, can en- 
sure that non -linearities in the frequency re- 
sponse are kept to a satisfactorily low level. 

However, with regard to higher frequen- 
cies, non -linearities of increasing amplitude 
become apparent at frequencies exceeding 
about four times the cut-off frequency, due 
to internal cross -reflections and standing 
waves set up within the horn itself. These 
non -linearities will be more serious if the 
material of which the horn is constructed 
can resonate, and they are also accentuated 
if the horn is folded, when wavefronts at the 
higher frequencies will be distorted at bends. 
In fact, there is also a practical limit beyond 
which folding becomes undesirable : folding 
should not occur beyond the point at which 
the lowest wavelength (highest frequency) 
to be transmitted exceeds 0.6 of the diameter 
of the horn. More will be said of this limit- 
ation during the discussion on folding, but 
it clearly points to a practical limit on the 
highest frequency a horn may accurately 
transmit. 

Yet a further limitation becomes apparent 
from the graph of throat distortion versus 
frequency (Fig. 9). As the frequency in- 
creases, the percentage distortion for a given 
power density at the throat will also in- 
crease, and although it is generally true that 
in the majority of complex musical sounds 
the energy level reduces with increasing fre- 
quency there will still be a frequency above 
which throat distortion becomes unaccept- 
able. 

A commonly used and quite adequate 
rule of thumb is that a horn should not 
handle frequencies higher than four octaves 
above its cut -off frequency, although purists 
may prefer to limit at only three octaves in 
order to ensure lower distortion levels. 
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The complete multi -horn system 
The maximum frequency range to be 
handled by a wide -range high -quality loud- 
speaker is about 9 octaves, i.e. 40Hz to 
20kHz. This is clearly too wide a range to be 
handled by a single horn, for the reasons 
already noted, but it can conveniently be 
divided into three ranges, i.e. 40Hz to 
320Hz, 320Hz to 2.5kHz and 2.5kHz to 
20kHz. In practice, a 10% overlap should 
be allowed to ensure that there are no 
troughs in the response at the crossover 
points, and a case could be made for a four - 
horn system to cover a wider range. 

It is worth considering a more modest 
instrument. If the cut -off frequency is limited 
from 80Hz to 18kHz and a two -horn system 
is considered with each horn handling a 
little under four octaves, the frequency 
ranges become 80Hz to 1.2kHz and 1.2kHz 
to 18kHz. Again, about 10% frequency 
overlap should be allowed. 

The great attraction of a two -horn system 
is that only a single loudspeaker is required : 

the bass horn will be loaded from the rear 
of the loudspeaker ; while the middle and 
treble horns will be loaded from the front of 
the loudspeaker, to eliminate interference 
and diffraction effects caused by the frame 
and magnet assembly at lower wavelengths. 
It has already been emphasized that the 
throat of the horn should match exactly the 
loudspeaker dimensions at these higher fre- 
quencies, and this arrangement is particu- 
larly attractive if a twin -cone speaker is 
employed. Treble wavefronts may be pre- 
vented from going down the bass horn by 
the cavity. To show the ease and utility of 
this approach, this article will include the 
design of a "mini -horn" utilising both sides 
of a single loudspeaker in a cabinet of 
reasonable size and cost for small domestic 
living rooms. 

Purists may claim that the curtailed fre- 
quency range of 80Hz to 18kHz is in- 
adequate. It is however the author's experi- 
ence that the flat relatively distortionless 
response between these limits, together with 
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the sense of presence afforded by the horn's 
transformer action, make the mini -horn 
sound more attractive than many commer- 
cial loudspeaker systems of similar size but 
two or three times its price. 

Once one adopts a multi -horn approach, 
there will be a number of frequencies which 
fall within the compass of two horns, i.e. 
320Hz and 2.5kHz in the case of the three - 
horn system, and 1.2kHz for the two -horn 
system. It is essential that the radiation from 
the relevant pair of horns should be reason- 
ably in phase at the crossover frequency, to 
avoid the presence of troughs in the fre- 
quency response, because the bass horn will 
be folded to bring its mouth adjacent to the 
other horns (it is not normally necessary or 
desirable to fold the middle and treble 
horns). This requirement places a restriction 
on the length of the horn, which has until 
now been regarded as a parameter to be 
determined solely by the throat and mouth 
diameters and the flare constant, and it is 
now apparent that the length of the lower 
horn of each pair should be either an odd or 
even number of half wavelengths of the 
crossover frequency, depending on whether 
the radiation wavefronts at the throats of 
the two horns are respectively in or out of 
phase. 

Thus, if separate loudspeakers are used 
and the voice coils are connected in phase, 
the combined length of the horns from the 
loudspeakers to the plane of the mouths 
should be an even number of half wave- 
lengths. Conversely, if a single loudspeaker 
is used to feed two horns, the radiation from 
the front and rear of the cone will be out of 
phase and the combined length of the two 
horns should be an odd number of half 
wavelengths. In practice, the lower horn 
will be considerably longer than the upper, 
and will effectively determine the design. 

Folding, cabinets and room placing 
Hitherto, discussion has been confined to 
ideal horns, of circular cross -section and 
straight axis, constructed of very stiff ma- . 
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terial. Although typical dimensions for 
practical horns have not been calculated 
formally, it will be clear from many of the 
tables and diagrams that the dimensions of 
bass horns are almost certainly too large for 
comfortable accommodation in an average 
living room. Two further points must there- 
fore be added to the design procedure, 
adoption of rectangular sections and folding 
the horn into a compact size. 

Rayleigh showed that bends in tubes of 
constant cross -section will have no effect on 
transmitted sounds if the wavelength is large 
compared with the diameter, but that any 
cross vibrations set up will have a funda- 
mental wavelength of 1.7 times the tube 
diameter. Wilson" has summarized the 
three principal rules of folding horns as 
follows : the wavefronts must not be twisted 
across the horn ; the horn diameter (or 
width if rectangular) must be less than 0.6 
times the lowest wavelength to be trans- 
mitted by that horn ; the wavefront should 
be accelerated round bends to preserve its 
form. 

As soon as one departs from the straight 
horn of circular cross -section, the scientific 
design principles described cease to be so 
relevant and become of more approximate 
value, although the three basic rules quoted 
above, together with the choice of a suitably 
stiff material for construction, provide very 
acceptable results. 

A folding technique which twists the 
wavefront across the horn is difficult to 
achieve in practice, and may be eliminated 
by folding always in one plane. The require- 
ment to "accelerate the wavefront around 
bends to preserve its form" is difficult to 
achieve when more than one fold is involved, 
since it requires a rectangular cross -section 
before the bend to become trapezoidal 
around the bend itself ", and then revert to 
a different rectangular section after the 
bend. If one considers a multi -fold horn, 
concertina- fashion within an overall rec- 
tangular enclosure, this is not really a prac- 
tical proposition, and is unnecessary because 

section Y -Y 

under floor horn 

Fig. 10. Methods of folding horns (a) Olson, (b) Olson and Massa, (c) Lowther, (d) Newcombe, (e) Klipsch. 
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subsequent bends correct the waveform. 
But for single bends it can be adopted, and 
the mini -horn design described later could 
utilize this feature. 

Examination of the Patent Office records 
for folded horn designs registered during 
the 1920s and 30s provides a fascinating 
monument to the ingenuity of acoustical 
designers, and Fig. 10 illustrates a number 
of the more well -known methods of folding. 
The restriction of horn width at a bend to 
0.6 times the highest wavelength to be trans- 
mitted suggests initially that folding can 
only be attempted over the first few feet of 
the length of a horn ; after that point the 
width will have reached the limiting value. 
However, this limitation may be overcome 
by bifurcating the horn (splitting into two 
equal channels) at each point when the 
width limits. Thus the mouth of a horn may 
comprise four equal mouths (brought to- 
gether for convenience and to ensure audio 
realism) and the four "quarter- horns" may 
be folded far closer to the mouth than 
would otherwise be possible. Rayleigh has 
shown' in Art. 264 that bifurcating a con- 
duit will have no effect on the transmission 
of sound provided the lengths of the two 
portions are equal and the sum of their areas 
at corresponding points is equal to that of 
the original conduit. 

In many cases, the front side of a loud- 
speaker, whose reverse side is horn loaded, 
will be physically close to the mouth of the 
horn itself, and it is commonly feared that 
there will be concellation at certain fre- 
quencies caused by interference between the 
two radiations in anti -phase. However, the 
direct radiation from the unloaded front of 
the cone is only a few percent of that through 
the horn, and so the amount of cancellation 
is negligible. 

Frequency handling 
Although it has been shown that each horn 
acts as an acoustic bandpass filter, the lower 
cut -off frequency being determined by the 
expansion coefficient and the upper cut-off 
frequency by the throat cavity, there are 
important reasons why the full audio signal 
should not be applied directly to all horns 
regardless of their frequency handling capa- 
bility. At the low frequency end of the 
spectrum, examination of Fig. 3 (Part 1) 

shows that the horn provides the loud- 
speaker with no resistive acoustic loading 
below its cut -off frequency. Thus any ap- 
plied signals below this frequency will cause 
excessive movement of the loudspeaker dia- 
phragm, which will be constrained only by 
the mechanical and electro- magnetic fac- 
tors. This excessive movement can cause 
unpleasantly high intermodulation distor- 
tion, and can also lead to further non -linear 
distortion when the loudspeaker moves 
outside its linear range. At the upper fre- 
quency end, signals of excessive power can 
also give rise to distortion products due to 
deficiencies in the cavity /throat relationship. 
It is therefore beneficial to restrict the band- 
width of the electrical signal reaching each 
loudspeaker to match the acoustic band - 
with of its corresponding horn. 

Although most commercial, multi -unit 
loudspeaker systems use passive LC cross- 
over networks between power amplifier and 
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Fig. 11. Circuit for an active filter network. See appendix for component details. 

loudspeaker to route signals of the appro- 
priate bandwidth to each loudspeaker, 
careful comparative listening tests show that 
these units undoubtedly introduce a "dull- 
ness" or loss of "brilliance" into the audio 
output. Many explanations have been 
offered for this situation; in the author's 
opinion, the most likely reason being the 
loss of "direct drive" from the output of the 
amplifier, allied with a significant reduction 
in the degree of electro- magnetic damping 
afforded by the low output impedance of 
the amplifier. 

Recent correspondence in Wireless 
World" and elsewhere has extolled the vir- 
tues of splitting the frequency range at low 
signal level, and employing a separate power 
amplifier directly coupled to each loud- 
speaker. The author has devised such a 
circuit, which consists of three (or four) 
parallel frequency -selective channels com- 
prising Sallen & Key active filters giving 
preset low and high -pass characteristics in 
series in each channel, together with some 
gain adjustment to allow for the inevitable 
differences in sensitivity of each loud - 
speaker/horn combination. The active filters 
provide 2nd order Butterworth characteris- 
tics, a response which appears to give the 
least displeasing effects at the cross -over fre- 
quencies. (There will inevitably be phase - 
shifts associated with any filter circuit, and 
the effects of these on transients can produce 
a marked difference in their character.) This 
circuit is in Fig. 11 and the Appendix. 

Thus, some form of electrical cross -over 
is generally necessary in addition to the 
acoustic cross -over provided by the horn 
itself. An exception is of course the case 
where a single loudspeaker drives two horns: 
one loading the front and one loading the 
rear of the diaphragm. In this situation, 
some compromise will be necessary in the 
acceptable distortion level and bandwidth 
of the loudspeaker system. 

Directional horns 
This article has extolled the ability of the 
horn to propagate wavefronts that are 
nearly plane at its mouth. However, there 
are situations where it is desirable to propa- 
gate wavefronts with different character- 
istics in the vertical and horizontal planes, 
particularly when middle and treble horns 
are used in stereophonic systems ; it is often 
desirable to spread the wavefronts in the 
vertical plane while preserving more of a 
"point- source" in the horizontal plane. 
There are a number of different techniques 

o 

for achieving this, based on diffraction and 
refraction effects at the horn mouth with 
the comparatively short wavelengths (a few 
inches or less) with which these high fre- 
quency horns are concerned. 

The design and manufacture of multi - 
cellular horns, distributed -source horns, 
diffraction horns and reciprocal -flare horns 
is beyond the scope of this article, and with 
the exception of the first two mentioned is 
probably outside the capability of most 
amateur constructors. Those interested 
should refer to the papers by Smith29, 
Winslow30 and to the relevant chapters by 
Olson' and Cohen'. 

Klipschlb, l' has described the design of 
his high frequency horn, in which the 
length/breadth ratio of the (rectangular) 
mouth assumes a value in excess of 4:1 c.f. 
the ratio of near unity advocated for bass 
horns). The optimum dimensions, length/ 
breadth ratio, and apportionment of flare 
to the long and short axes depend on a 
number of complex factors, however, an 
aspect ratio between 2:1 and 4:1 with the 
flare apportioned in similar ratio has been 
found to give good practical results, and 
these parameters have been adopted for the 
"no-compromise horn" to be described. 
Although the high frequency horn of the 
"mini -horn" system is specified as circular 
(in view of its handling the relatively large 
wavelengths at 1kHz) an alternative rec- 
tangular mouth with aspect ratio of 2.5:1 
has also been described. 

Detailed design procedure 
The previous sections have dealt in some 
detail with the basic theory of the horn, and 
the essential design procedures have been 
outlined for a series of horns which can 
cover the complete audio range. The final 
sections will consider the detail design of 
two horns: a "mini- horn" and a "no- 
compromise horn ". 

Because all horns are designed to slightly 
different requirements, and inevitably many 
readers will wish to "bend" the specification 
to a greater or lesser extent in order to 
satisfy their own needs, the designs are pre- 
sented here by means of tables so that they 
represent a comprehensive design code for 
a wide range of horns. 

Bass horn design 
The bass horn should be examined initially, 
commencing with the mouth. Tables 1, 2 
and 3 indicate the relationship between 

continued over page 
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Table 1 

Freq. 
(Hz) 

Wave - 
length 

(ft) 
Diameter 

(ft) 
Area 
(sq. ft) 

30 37.5 11 .94 111.98 
40 28.13 8.95 62.92 
50 22.5 7.16 40.27 
60 18.75 5.97 28.0 
70 16.07 5.12 20.59 
80 14.06 4.48 15.77 
90 12.5 3.98 12.44 

100 11.25 3.58 10.07 
110 10.23 3.25 8.30 
120 9.38 2.98 6.98 

Table 1. Minimum mouth dimensions 
for bass horn (free loading). 

Table 2 

Freq. 
(Hz) 

Area 
(sq. ft) 

Dia. 
(ft) 

Sq. side 
(ft) 

Rect. 
sides 
(ft) 

30 28 5.97 5.29 4.69 5.97 
40 15.73 4.47 3.96 3.52 4.47 
50 10.07 3.58 3.17 2.81 3.58 
60 7.0 2.98 2.64 2.34 2.98 
70 5.15 2.56 2.27 2.01 2.56 
80 3.94 2.24 1.98 1.76 2.24 
90 3.11 1.99 1.76 1.56 1.99 

100 2.52 1.79 1.58 1.41 1.79 
110 2.07 1.62 1.44 1.27 1.62 
120 1.74 1.49 1.32 1.17 1.49 

Table 2. Minimum mouth dimensions 
for bass horn (wall position). 

Table 3 

Freq. 
(Hz) 

Area 
(sq. ft) 

Dia. 
(ft) side side (ft) sides 

30 14.0 4.22 3.75 3.32 4.22 
40 7.87 3.16 2.81 2.49 3.16 
50 5.03 2.53 2.24 1.99 2.53 
60 3.5 2.11 1.87 1.66 2.11 
70 2.57 1.80 1.60 1.42 1.80 
80 1.97 1.58 1.40 1.24 1.58 
90 1.55 1.41 1.25 1.10 1.41 

100 1.26 1.27 1.12 0.995 1.27 
110 1.04 1.15 1.02 0.904 1.15 
120 0.87 1.05 0.93 0.829 1.05 

Table 3. Minimum mouth dimensions 
for bass horn (corner position). 

Table 4 

Freq. 
(Hz) 

Wave- 
length 

(in) 
Dia. 
(in) 

Area 
(sq. 
in) 

Sq. 
side 
(in) 

Rect. 
sides 
(in) 

200 67.5 32.2 815.4 28.6 25.3 32.2 
250 54.0 25.8 522.9 22.3 20.3 25.8 
300 45.0 21.5 365.1 19.1 16.9 21.5 
350 38.57 18.4 265.9 16.3 14.5 18.4 
400 33.75 16.1 203.6 14.3 12.6 16.1 
450 30 14.3 160.6 12.7 11.3 14.3 
500 27.0 12.9 130.7 11.4 10.1 12.9 
550 24.55 11.7 107.5 10.4 9.2 11.7 
600 22.5 10.7 89.9 9.5 8.4 10.7 
700 19.28 9.2 66.5 8.2 7.2 9.2 
800 16.88 8.1 51.5 7.2 6.3 8.1 
900 15 7.2 40.7 6.4 5.6 7.2 

1000 13.5 6.4 32.2 5.7 5.1 6.4 
1100 12.27 5.9 27.3 5.2 4.6 5.9 
1200 11.25 5.4 22.9 4.8 4.2 5.4 
1300 10.38 4.9 18.8 4.3 3.9 4.9 
1400 9.64 4.6 16.6 4.1 3.6 4.6 
1500 9 4.3 14.5 3.8 3.4 4.3 
2000 6.75 3.2 8.0 2.8 2.5 3.2 
2500 5.40 2.6 5.3 2.3 2.0 2.6 

Table 5 

Freq. 
(Hz) 

Cut- 
off 

() 
Flare 

(ft f) 
Area 

increase 
(% ft) 

Doub- 
ling t. (f)Hz 

30 25 .278 32 2.49 
40 33 .366 44 1.89 
50 42 .466 59 1.49 
60 50 .555 74 1.25 
70 58 .644 90 1.08 
80 66 .733 108 .945 
90 75 .833 130 .832 

100 84 .932 154 .744 
110 92 1.02 178 .679 
120 100 1.11 205 .624 

Table 5. Exponential constants for bass 
horn. 

Table 6 

(Hz ' ( ) 

Cut- 

frref 
(Hz) 

Flare 
cpeff. 
(in -1) 

Area 
increase 
(% in -1) 

Doub- 
ling 

i (in) 

200 166 .155 17 4.48 
250 208 .193 21 3.59 
300 250 .233 26 2.97 
350 292 .271 31 2.56 
400 330 .307 36 2.26 
450 375 .349 42 1.98 
500 420 .391 48 1.77 
550 458 .426 53 1.63 
600 500 .465 59 1.49 
700 580 .539 71 1.29 
800 660 .614 85 1.13 
900 750 .698 101 .993 

1000 840 .781 118 .887 
1100 920 .855 135 .810 
1200 1000 .930 153 .745 
1300 1083 1.01 175 .686 
1400 1166 1.08 196 .642 
1500 1250 1.163 218 .596 
2000 1660 1.54 368 .450 
2500 2080 1.93 590 .359 

Table 6. Exponential constants for mid/ 
top horn. 

Table 8 

Table 7 

Nom. 
dia. 
(1n) 

Area 
(sq.in) 

Efve 
tive 
area 

(sq. in) 

Throat 
area 

(sq. In) 

Throat 
area 

(sq. ft) 

31 9.62 6.74 2.02 .014 
5 19.64 13.75 4.12 .029 
61 33.19 23.23 6.97 .048 
8 50.27 35.19 10.56 .073 

10 78.55 54.99 16.50 .114 

Table 7. Throat dimensions. 

Table 10 

Freq. 
(Hz) 

3# 5 61 8 

200 30.9 26.3 22.9 20.3 
250 22.5 18.8 16.1 14.0 
300 17.1 14.0 11.8 10.0 
350 13.6 10.9 8.98 7.46 
400 11.1 8.78 7.07 5.73 
450 9.09 7.05 5.55 
500 7.58 5.77 4.42 
550 6.51 4.84 
600 5.56 
700 4.24 
800 3.31 
900 2.58 

Table 10. Length of mid /top horn (in), 
free loading. Since the mouth perimeter 
equals 1.5 times the highest working 
wavelength, the tractrix cannot be used. 
Tractrix contours can however be in- 
corporated if the mouth perimeter is 
reduced to one wavelength. 

Freq. 
(Hz) 

31 5 61 8 10 

Ex Tr Ex Tr Ex Tr Ex Tr Ex Tr 

30 27.3 25.1 24.7 22.5 22.9 20,7 21.4 19.2 19.8 17.6 
40 19.2 17.6 17.2 15.6 15.8 14.2 14.7 13.1 13.5 11.9 
50 14.1 12.8 12.6 11.3 11.5 10.2 10.3 9.3 9.62 8.30 
60 11.2 10.1 9.88 8.78 8.98 7.88 8.22 7.12 7.42 6.32 
70 9.17 8.23 8.05 7.11 7.25 6.31 6.50 5.66 5.92 4.98 
80 7.69 6.83 6.70 5.84 6.01 5.15 5.44 4.58 4.83 3.97 
90 6.48 5.75 5.61 4.88 5.00 4.27 4.50 3.77 3.97 3.24 

100 5.57 4.91 4.79 4.13 4.25 3.59 3.80 3.14 3.32 2.66 
110 4.90 4.30 4.18 3.58 3.69 3.09 3.28 2.68 2.84 2.24 
120 4.34 3.79 3.68 3.13 3.23 2.68 2.85 2.30 2.46 1.91 

Table 8. Length of bass horn (ft) for different flare constants, wall position. Ex- 
exponential, Tr- tractrix. N.B. The tractrix lengths are approximate. 

Table 9 

Freq. 
(Hz) 

31 5 61 8 10 

Ex Tr Ex Tr Ex Tr Ex Tr Ex Tr 

30 24.8 22.6 22.2 20.0 20.4 18.2 18 9 16.7 17.3 15.1 

40 17.3 15.7 15.3 13.7 13.9 12.3 12 8 11.2 11.6 10.0 
50 12.6 11.3 11.1 9.8 9.98 8.66 9 08 7.76 8.12 6.80 
60 9.95 8.85 8.64 7.54 7.73 6.63 6 97 5.87 6.17 5.07 
70 8.10 7.16 6.96 6.02 6.18 5.24 5 53 4.59 4.83 3.89 
80 6.75 5.89 5.75 4.89 5.07 4.21 4.50 3.64 3.89 3.03 
90 5.65 4.92 4.78 4.05 4.17 3.44 3.67 2.94 

100 4.83 4.17 4.05 3.39 3.51 2.85 
110 4.22 3.62 3.51 2.91 
120 3.72 3.17 

Table 4. Minimum mouth dimensions Table 9. Length of brass horn (ft) for different flare constants, corner position. 
for mid /top horn (free loading). Ex- exponential, Tr- tractrix. N.B. The tractrix lengths are approximate. 
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minimum frequency and mouth dimensions 
for horns positioned in free air (4n solid 
radians) at a wall Or solid radians), and in a 
corner (n /2 solid radians). In table 1, the 
speed of sound has been taken as 1125 ft/ 
sec, and the mouth perimeter as the wave- 
length. The mouth areas in tables 2 and 3 
are equal to á and it respectively of the 
mouth area in free air, and the dimensions 
for the circular, square and rectangular 
mouths are derived from these areas. It is 
tempting to reduce the areas of the square 
and rectangular horns so as to give a peri- 
meter equivalent to the wavelength (suit- 
ably scaled for wall or comer positioning) 
but this is not recommended. However, the 
shorter side of the rectangular horn has 
been derived in this way (i.e. a square horn 
with this side would have the appropriate 
perimeter). 

After settling the mouth dimensions, the 
throat may be determined from the chosen 
loudspeaker unit. Table 7 gives suggested 
throat areas for five typical mean loud- 
speaker sizes. In some designs, the choice of 
loudspeaker will be influenced by consider- 
ations of overall size (the length of the horn 
is greatest for the smallest loudspeaker) and 
whether the loudspeaker is to perform as 
both bass and mid /top driver, using two 
separate horns on either side. Many loud- 
speakers will possess different dimensions, 
and in these cases table 7 will be of little 
value. The effective area (piston area) has 
been taken as 0.7 of the area derived from 
the mean (quoted) diameter, and the throat 
area as 0.3 of the effective area. Although 
there is obviously scope for experiment here, 
the quoted dimensions should give very 
acceptable results. 

Having decided the throat and mouth 
areas, tables 8 and 9 give the overall lengths 
of horns with true exponential and tractrix 
contours for both wall and corner placing 
for horns with the five derived throat areas 
at each of the cut-off frequencies specified 
in table 1. The factor of 1.2 applied to the 
cut -off frequency in table 5 when calculating 
the flare coefficient is to ensure a fairly 
linear frequency relationship throughout 
the working range of the horn. The flare 
coefficient m is thus given by 

m = (4a /c)(f /1.2) 

where c is the speed of sound (1125ft /sec) 
and f is the lowest frequency to be repro- 
duced. 

The area increase is given by (em -1)% 
and the doubling distance by (loge2) /m for 
each frequency. The length of the exponen- 
tial horn is given by (1 /m) loge S,,,/ST for 
each specified set of areas, and the length of 
the tractrix horn will be rm(1- loge2) shorter 
than the true exponential, where Sm = 
mouth area, ST = throat area, rm = mouth 
radius. 

N.B. The tractrix lengths given in tables 
8 and 9 are approximations, being based on 
the fully developed tractrix referred to the 
flare cut-off frequency, whereas the mouth 
radius is referred to the lowest bass fre- 
quency to be reproduced. 

Middle top horn design 
Attention should now be directed to the 
middle and high frequency horns. The 

mouth perimeter should not be less than the 
wavelength of the lowest working frequency, 
and in practice a perimeter of 1.5 times the 
lowest working frequency has been found to 
give good results. Table 4 is based on this 
factor of 1.5, and gives the recommended 
minimum mouth dimensions for free air 
loading. It is safest to assume free air load- 
ing to apply at these higher frequencies, be- 
cause diffraction and reflection effects at 
short wavelengths prevent true wall or 
corner loading from being achieved, and it 
is for this same reason that the perimeter has 
been specified at 1.5 times the wavelength 
of the lowest working frequency. The di- 
mensions of square and rectangular horns 
have been derived in the same way as those 
in tables 2 and 3. The throat dimensions of 
middle and high frequency horns should 
match the drive unit directly, and may be 
taken as the mean diameter and area of the 
chosen loudspeaker, shown in table 7. 
Tables 6 and 10 give the flare constants and 
lengths of exponential horns assuming the 
throat and mouth dimensions of tables 7 
and 4 respectively. 

Integration of multiple horns 
It has been emphasized that the radiation 
from the mouths of each pair of horns at 
their common crossover frequency should 
be in- phase. Assuming that the mouths of 
all the horns will lie in the same plane, the 
total length of each pair of horns should be 
compared with the multiples of half wave- 
lengths of the crossover frequency set out in 
table 11. If the drive signals at both throats 
are in -phase (separate loudspeakers), the 
total length should be an even number of 
half-wavelengths ; if the drive signals are 
out -of -phase (single speaker horn- loaded at 
both front and rear) the total length should 
be an odd number of half wavelengths. If 
necessary, small changes may be made to 
the crossover frequency (with subsequent 
re- design of the higher frequency horn) to 
ensure optimum conditions at crossover. 

The complete design 
The bass horn will generally be folded. 
Originally it was intended to provide a table 
giving the maximum permitted length of 
horn before folding should cease because 
the horn diameter has become equal to 0.6 
times the lowest wavelength to be trans- 
mitted. However, examination has shown 
that at frequencies up to five times the bass 
cut -off frequency (i.e. 4 octaves bandwidth) 
this restriction does not apply to the corner - 
positioned horn (due to the small mouth 
dimensions) and with the wall -positioned 
horn the limitation lies between 92% and 
95% of the full exponential length. It may 
therefore be assumed that provided the 
wall -positioned horn is not folded within 
the final 10% of its length, the problem of 
cross reflections will not arise. 

Finally, the cavities at the throats of the 
lower frequency horns should be designed 
in accordance with the formula already 
given, remembering to allow for the loss of 
cavity volume due to the frame, magnet and 
cone assembly of the loudspeaker itself. 

The design procedure laid down in this 
part has been applied to two different de- 
signs of horn to follow, and further examples 

Wireless World, May 1974 

of overall horn design are given in refs 34 
to 37, and also in ref. 5. 

Appendix 
A variable bandpass active filter for feeding 
a 3 horn loudspeaker system (see Fig. 11): 

Low -pass filter 
Frequency 
(Hz) 

R1 

(ki2) 
R2 

(ka) 
C 
(pF) 

C2 
(pF) 

200 59 59 20,000 10,000 
lk 12 12 20,000 10,000 

2k 59 59 2,000 1,000 
10k 12 12 2,000 1,000 

6k 59 59 680 330 
30k 12 12 . 680 330 

N.B. R, & R, to be realized as 12k in series 
with 47k log pots. 

High -pass filter 
Frequency 
(Hz) 

R3 

(ka) 
R4 

(ka) 
C3 

(PF) 
C4 

(PF) 

25 28 57 160,000 160,000 
100 7 14 160,000 160,000 

250 28 57 16,000 16,000 
1 k 7 14 16,000 16,000 

4k 28 57 1,000 1,000 
16k 7 14 1,000 1,000 

H.B. R, to be realized as 6.8k in series with 
22k log pot. R4 to be realized as 12k in 
series with 47k log pot. 

All i.cs to be Signetics N5741 V, etc. R5 
10k log, R6 22k, R7 100k. 
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PIIMIECT 
Radio astronomy as a school activity 
by J. C. Codling, * F.R.A.S. 

As readers of this journal will know, there 
have, in recent years, been many important 
changes at all levels in the teaching of 
science in our schools. These have included 
not only important changes in the curricu- 
lum but also in the way science is presented 
to pupils of all levels of ability. 

Very briefly, curriculum changes have 
brought science, and physics in particular, 
more into line with the world outside the 
classroom, while the emphasis has shifted 
from teaching to learning. Pure blackboard 
and lecture demonstration methods have 
largely given way to pupil -based activities 
either individually or in small groups using 
an impressive array of modern apparatus. 
Topics which were once the preserve of 
level and above are now introduced much 
lower down in the school. So now, it is not 
uncommon to see basic courses in elec- 
tronics introduced in the first and second 
years, i.e. with 11- to 13- year -old children, 
while higher up in the schooltheir colleagues 
often reach a remarkable level of ability 
and are encouraged to design and build 
interesting projects based on their earlier 
mastery of fundamentals. Their physics 
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lessons are no longer complete in them- 
selves because the children are actively 
encouraged to apply this knowledge to 
problems they will meet in the world of 
technology outside the classroom. Nowhere 
has this trend been more evident than in the 
field of electronics, which is now well estab- 
lished in physics syllabi from CSE level 
upwards. A recent series of articles in this 
journal by a distinguished colleague well 
illustrates the sort of advanced projects 
which are being successfully undertaken by 
schools up and down the country.' 

It is against this background of change 
that the work described below was started 
in a Suffolk school and continues now with 
students undergoing a three -year course of 
teacher training. 

The boys concerned with this project 
were already following a course in practical 
electronics as part of their physics work in 
the school. As they progressed from the 
simple experiments of the first and second 
years they became used to handling test 
equipment such as oscilloscopes, signal 
generators and valve voltmeters. At different 
stages of the course they constructed pro- 
jects of increasing difficulty from simple 
logic circuits using relays or transistors to 

phase 
switch 

oscillators, model binary computers and 
amplifiers. Some of these have been des- 
cribed elsewhere.' 

The school already had a flourishing 
astronomical group who made regular 
observations with a six-inch telescope and 
small home -constructed refractors. As 
part of their work they took photographs 
of the moon, of star trails and carried out a 
variety of astronomical measurements 
both at school and at home. It seemed an 
exciting idea to extend these to include a 
regular radio watch of the sun over the 
recent maximum period and try to relate 
the results to any optical activity observed 
on the disc. By choosing a frequency of 
136MHz they could at the same time 
monitor the many American scientific 
satellites transmitting beacon and telemetry 
signals on this band. As we wished to record 
not only the more intense radio storms but 
also the continuous level of the quiet sun (of 
the order of 10- 22W(Hzm ') ' of aerial 
power) we decided in spite of the added 
circuit complexity and the extra amount 
of setting up involved, a phase- switching 
interferometer would best serve our purpose 
(Fig. 1). 

In this arrangement the signals are 

head 
amplifier 

switching 
generator 

sun 
1 

1mh ) 

d.c. 
amplifier 

satellite 
(3in h -') 

Fig. I. Block diagram of 
150MHz interferometer. 

high -speed 
recorder 

slow -speed 
recorder 
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received by two aerials on an east -west 
baseline spaced an exact number of electrical 
wavelengths apart. The aerials can be altered 
in altitude to allow for the changing N -S 
swing of the sun during the year, but they 
are fixed in azimuth. The polar diagram of 
one aerial is shifted by half a lobe when an 
extra half wavelength of coaxial cable is 
switched into its feeder by a conventional 
multivibrator operating at a low frequency, 
in this instance, 600Hz. In position A of 
Fig. 2 the signals reach the aerials by equal 
paths, in position B all previous lobe maxima 
become minima and vice versa. If a signal 
source is on a fringe maximum at moment 
A, the aerial outputs will add and the detec- 
tor output will be, say, positive. The next 
moment B they will cancel and the detector 
output will be zero. Noise is neglected in 
both cases. 

A B Output = (2S +1V)- (0+1V) - 2S 

When the source has moved half a fringe: 

Output = 
(O +N) (2S +N) - -2S 

Here S is the signal from one aerial and 
N is the receiver noise. The fringe amplitude 
thus remains unchanged but reverses in sign 
as the phase of one aerial is reversed. By 
adding a ,l/2 piece of coaxial cable to one 
of the aerial feeders the fringe pattern will 
be shifted so that peaks will occur where 
nulls used to be. By switching the loop in 
and out at a rapid rate the fringes scan back 
and forth between two adjacent regions of 
the sky. If one of these regions contains a 
local source like the sun, for one half cycle 
the receiver will see the source, whilst on 
the other half cycle it will not. So the inter- 
ferometer will generate an alternating signal 
which is easily detected and amplified. A 
broad source like the Milky Way gives rise 
to little or no signal, since the receiver sees 
virtually the same intensity for both fringe 
positions. The lobe -switching interferometer 
is highly effective in picking out small 
sources from background interference and 
also reduces problems of receiver noise 
and stability. 

The aerials 
Ready -made Yagi aerials are expensive 
and not easily modified for other frequen- 
cies. Parabolas provide excellent reflectors 
giving full illumination and could be built 
by students at minimum cost. Accordingly 

z 
the graph of y= 72 was plotted and 

enlarged on the workshop floor so that 
the end formers could be bent to this 
shape. These were bolted to 12 -ft -long 
galvanized pipes. The reflecting surface 
consisted of lengths of Post Office wire 
spaced at one -inch intervals -more than 
adequate for this frequency. The six folded 
dipoles, three for each aerial, were cut 
from aluminium strip supported at their 
earthy ends on angle iron. The dipoles 
were sited along the latus rectum of the 
reflector and fed by twin 3000 feeders in 
parallel and one wavelength long (Fig. 3). 
In order to match the balanced aerials to 
the unbalanced input of the aerial ampli- 

A 

B 

Fig. 2. Polar diagram of parabolic aerial 
shown with shifted lobes introduced by 
A/2 addition of feeder cable. 

fiers, a quarter wave balun was used and 
sealed in wax to protect it from the 
weather. 

Receiver components 
Power supplies All d.c. power supplies 
are stabilized against mains fluctuations. 
These include h.t. stabilization for the 
valve sections of the receiver and low - 
voltage supplies of 14V for the f.e.t. con- 
verter and aerial head amplifiers -the 
latter fed up the coaxial feeders. To make 
fault -finding easier all voltages and currents 
are monitored by meters on the power 
supply panel. Alternating current for the 
heaters is supplied from a constant -voltage 
transformer. 
Phase switch and switching generator 
(Fig. 4) The half wave loop in the phase 
switch and other stubs werecut to resonance 
by driving them with an oscillator at the 
operating frequency and cutting off small 
pieces at a time until a simple reflectometer 
showed the best forward/backward stand- 
ing wave ratio. The half wavelength loop in 
the phase switch is switched in and out of 
the feeder of the east aerial by using square 
wave to block off two 0A47 diodes con- 
nected between the feeder and the loop. 
The frequency and amplitude of the square 
wave was checked with an oscilloscope and 
the mark to space ratio adjusted for unity. 
R.f. and i.f. units (Fig. 1) The r.f. unit is a 
current AB Electronics f.e.t. television tuner 
realigned for the 150- 153MHz band and 
with its i.f. output increased to 45MHz. 
The i.f. strip is an ex -radar unit Type 7925 
with a centre frequency of 45MHz and a 
band width of 5MHz. This is a more recent 
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unit than the previous wartime i.f. strip 
which used EF50 valves, and after some 
modifications to the suppressor and bias 
circuits has proved reliable and free from 
faults over a long period of continuous use. 
After the diode detector the usual cathode 
follower feeds the valved low -frequency 
sections of the receiver. 
Low -frequency sections From the cathode 
follower of the i.f. strip, the signal is passed 
to a selective amplifier tuned to the narrow 
pass band of the switching frequency. It 
was here that resistor and capacitor values 
had to be selected with some . care using 
decade boxes whilst watching the output 
waveform on the oscilloscope. This output 
is applied to two EB91 diodes, each diode 
connected in series with its partner. The 
detector is synchronized to the frequency 
of the lobe switch by the other square wave 
output from the multivibrator. The output 
waveform at the anode cathode junction of 
one diode pair is shown on the oscilloscope 
in Fig. 5 and shows receiver noise contained 
within the square wave envelope. 

The output of this phase -sensitive detec- 
tor is fed via an integrating circuit of a 
IMO resistor and suitable paper capacitors 
of values required to smooth out small 
impulsive interference, depending on the 
chart speed of the particular recording. It 
was found, for example, that with the slow 
excursion of the sun across the aerials at a 
chart speed of lin/hr, a time constant of 
IMO and 8 p was adequate. 

When the telescope started recording 
solar noise, by far the most serious problem 
was interference from strong aircraft trans- 
missions near the original operating 
frequency of 136MHz. Due to the excep- 
tional sensitivity of the receiver and the 
wide bandwidth used, these signals fre- 
quently obliterated the trace due to the 
quiet sun. The problem was further aggra- 
vated because cross modulation by these 
signals was occurring through the original 
germanium transistors in the head amplifiers. 

At this stage we decided to apply to the 
Royal Society Research in Schools Com- 
mittee for a grant to purchase two high - 
gain f.e.t. head amplifiers. This proved to 
be a double blessing for not only did we 
obtain new head amplifiers but also the 
Royal Society appointed Professor Anthony 
Hewish, F.R.S., as our adviser. It is largely 
due to his interest and help that the project 
advanced beyond this stage. At his sugges- 
tion we also changed our operating fre- 
quency to 150- 153MHz so that aircraft 
interference was greatly reduced. Although 
we lost contact with the scientific satellites 
on 136MHz we still occasionally record 
those operating near the amateur two-metre 
band. 
Calibration The instrument is calibrated by 
allowing the Cassiopeia "A" radio source 
to drift across the aerials during the night 
and the maximum pen deflection (Fig. 6) 
is measured. The mean amplitude of the 
solar fringe pattern is measured at noon 
each day and, after conversion, for con- 
venience to a logarithmic scale, is plotted 
on a monthly summary chart (Fig. 7) which 
also shows the level of the calibration source. 
Solar flares show as peaks on top of the 
interference fringes and are drawn on top 
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of these with a scale to represent duration 
in minutes or hours. A much faster pen 
recorder is connected to the output of the 
i.f. detector to record details of these short- 
lived bursts. A more complete picture is 

seen if any optical activity on the sun's disc 
is recorded on the same time scale. 

Solar activity 1968 -1973 
We have tried to keep a continuous radio 
watch on the sun over this, the 21st recorded 
solar cycle. From mid -1965 onwards, there 
was a rapid rise of active areas to a peak 
during 1969-1970. One of the most interest- 
ing observations has been the number of 
intense storms in the period 1970 -1972, 
the last major one recorded being of excep- 
tional intensity occurring during August 
1972, after a relatively quiet July. From 
worldwide reports this gave rise to brilliant 
aurorae, severe interruption of microwave 
radio reception and a noticeable increase 
in solar wind recorded by Pioneer 9 at the 
beginning of August. A glance at the Wire- 
less World h.f. predictions for August 1972 
will confirm the many results of this storm. 
At present it looks as if the predicted 
minimum of 1973 -1974 will be extended 
to 1975 or even 1976. Certainly, there have 
been two or three peaks of activity over the 
whole four years or so of the maxima. The 
most intense storm for years originating in 
a 100,000 -mile -diameter group of spots was 
first detected by 0807 on July 28, 1972. 
The 28, 21 and 14MHz amateur bands 
were subject to almost complete blackout. 
This was certainly the highest energy solar 
storm ever recorded. 

A glance at the two summary charts for 
March/April 1972 and January/February 
1970 (Fig. 6) will show the high levels of 
two of these storms which have been a 
characteristic of this late and prolonged 
maximum period. For comparison these 
peaks, often of days duration, should be 
compared to the level of the calibration 
source and that of the quiet sun -all on the 
vertical log scale. During the prolonged 
storm of October 1970 a second interfero- 
meter on 610MHz was brought into use, 
and although this receiver was handicapped 
by low collecting power of single Yagi 
aerials, the recorder indicated sufficient 
amplitude to confirm the activity on the 
v.h.f. band. 

Looking forward to the next active sun- 
spot period we should hope by then to 
compare results continuously on both v.h.f. 
and u.h.f. bands, together with some detail 
of shorter bursts with a faster speed 
recorder. 

Looking back over the years since the 
project started it is difficult to assess the 
success of the enterprise since no current 
examination could possibly do this justice. 
There are, however, several interesting facts 
which emerge which those of us interested 
in education in its broadest sense would do 
well to note. 

1. Most of the boys involved in this 
project have now gone on at different levels 
according to their ability to make their 
careers in the electronics industry, and a 
fair number with the GPO Engineering 
Branch. All these boys, including those 
who completed university courses success- 
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Fig. 5. Square wave enclosing received noise, at the anode -cathode junction of 
phase -sensitive detector. 
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Fig. 6. (a) Pen recording at 1 in / hr showing the noise from a quiet sun. (b) Recording 
at same chart speed showing a full -scale deflection obtained during a solar storm 
recorded in 1970. 
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major storm from Aug. 1 to Aug. 10. 

Fig. 8. Complete interferometer receiver and recording equipment. 
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fully, had failed the selection examination 
as 11 -year -olds. 

2. Reports of their success beyond "O" 
level, i.e. ONC, HNC and degree courses, 
have shown consistently that they not only 
did well in these examinations but in their 
practical work they showed a much broader 
grasp of the subject than the examinations 
themselves demanded. 

3. Probably, most of all, they have learnt 
to apply branches of their school physics 
to the solution of problems, some of which 
presented considerable difficulties. They 
were certainly tremendously enthusiastic 
about the work and looked upon the many 
difficulties we encountered as problems 
which we could solve together, sometimes 
with help from interested people in the 
world of eléctronics outside the school. For 
these reasons, amongst others, I personally 
welcome the approach to science which the 
Schools Council Project Technology is now 
advocating at this leveL 

Finally, this enterprise could never have 
succeeded but for the generous help of the 
people and organizations listed below. 
Nowadays schools who wish to embark 
on such projects have a ready -made organ- 
ization for liaison with the electronics 
industry. One of the conclusions of the 
Committee established by the Working 
Group on Scientific and Technological 
Manpower states, "There is almost universal 
goodwill in industry towards schools, there 
is a widespread desire among teachers 
for practical and improved contacts with 
industry at local level. "3 Long before this 
report was written, we had to make our own 
contacts not only locally but nationwide 
and everywhere we found such a desire to 
help that we wondered why this great pool 
of goodwill had not been used before. 
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¡hake. rattle & roll. 

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

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

WW -090 FOR FURTHER DETAILS 

SHVRi= 
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The Sinclair Scientific 
Logs,trig and 

arithmetic. 

All at the touch of 
a button. 
Forget four -figure tables. 
Forget slide rules. At last there's 
a pocket calculator which gives 
you log and trig functions 
instantly - and carries on to 
complete the calculations 
which use them -at a price that 
makes sense. 

Because the new Sinclair 
Scientific costs a mere £49 
(plus VAT). 

Here's what you can do 
With the functions available on the 
Scientific keyboard, you can handle 
directly 

10910, antilo91o, 
sin and arcsin, 
cos and arccos, 
tan and arctan, 
automatic squaring, 
automatic doubling, 
xy (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. 

Here's what you get 
A full 12- function machine 
The keyboardisas simple as a 

normal arithmetic calculator's. 
('Upper and lower case' operation 
means the basic arithmetic keys 
each have two extra functions.) 

7 -digit scientific notation 
Display shows 5 -digit mantissa, 
2 -digit exponent, both signable. 

200 -decade range 
10 -99 to 10+99 

Reverse Polish logic 
Post -fixed operators allow chain 
calculations of unlimited length. 

25 -hour battery life 
The Scientific gives about 25 hours 
continuous use from 4 AAA 
manganese alkaline batteries (e.g. 
M N2400). Complete independencí_ 
from external power. 

Genuinely pocketable format 
Illustration shows calculator life 
size (43 "x 2" x 4"). Weight 4 oz. 
Attractively styled in grey, blue and 
white. 

Comprehensive guarantee 
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And all for around £49. (PLUS VAT) 

Here's how to find out more 
The Sinclair Scientific is the latest in 
a long line of Sinclairfirsts. Its logic is 
built into a unique, single integrated 
circuit, which we designed, and 
which is exclusive to us. No other 
machine offers it. 

You'll find the Scientific at all the 
dealers listed. See it, handle it, skim 
the instructions -find out for 
yourself how powerful it is, and how 
convenient to use. 

If you've any difficulty, send us a 

cheque for £49 direct. We'll be 
happy to send you a Scientific in 
return - calculator, carrying 
case, instructions, batteries, 
everything. All on a full 
10 -day money -back 
undertaking, of course. 

Or simply ask for the literature. The 
Scientific is fully described in a 

comprehensive, full -colour 
brochure, with plenty of real -life 

B.19 29 -Q I 

57.2958' 
230259 
2.71828 
314159 

IMhlN 

examples. Ask for a copy at your 
nearest stockist, use the reader reply 
service, or clip the coupon below. 
Reading the brochure is the next 
best thing to holding a Scientific in 
your hand. 

Sinclair Radioaics Ltd, 
London Road, St Ives, 
Huntingdonshire, PE174HJ. 
Reg. no : 699483 England. VAT reg. no : 213 8170 88. 

sinlair 
r 7 

To: Sinclair Radionics Ltd, 
London Road, St Ives, Hunts., 

PE17 4HJ. 
Please send me full illustrated details 
of the Sinclair Scientific calculator. 

Name 

Please print __J 
Sinclair Scientific available from: 
Ryman, Dixons, Underwoods, Henry's 
Radio, Lasky's, Wallace Heaton, larger 
branches of Boots; Harrods and Selfridges; 
department stores; leading office 
equipment, electrical and photographic 
suppliers; and other good stores everywhere. 

WW -091 FOR FURTHER DETAILS 
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BLJdiX 
SOUND SYSTEMS AND ELECTRONICS 

...and this 
is standard 
equipment! 

Kit FADE 

fit 

PEE-f>ot PEE -FADE 

A11 As 

fETFE 

A AOS 

FütEA 

The 
Capable 
MXT -200 
Audio 
Mixer. 

COMPARE YOUR 
REQU REMENTS WITZ- 
THESE FEATURES THEN 
DESIGN YOUR MXT -200 

OR ASK US TO. 

Input Facilities 
F' to 15 plug in Mono, 2 group, or sturet 

inhut`mod,ules per combiner. 
* Modules for Microphone, gramophone. 

Tape, Radio Cine and line sources. 
* Exceptionally versatile bass and treble 

equalisation on one easy to use control. 
* Linear motion faders for smooth mixing. 
* Interlocked pre -fade listen switching. 

Output facilities 
* Mono or Stereo Combiners o ith large scale 

VU or PPM metering, fit two combiners . 

for 2 group working. 
* Linear notion fader and separate ßa. < ,,n,! 

Treble controls for output signal 
adjustrrent. - - 

* Line level output with high Overload 
capability. 

* Monito-Mòdule with PFL /Output 
switching. heaclphone'oc Let anti Lee 10.( ' 

output. 

MXT -200 THE MIXER 
The standard equipment is built up in 
19 inch frames, each 9 modules wide. The 
frames may be stacked or placed end to 
end and housed in a console, rack or 
cabinet. You only order the input modules 
you now need. Additional modules may be 
plugged in the frames as your 
requirements change. 

ASI\ I-OR FURTHER IVF ORMA HON 

audix MANUFACTURERS OF 
SOUND SYSTEMS AND 
ELECTRONICS 

AUDIX LIMITED - STANSTED ESSEX CM24 8HS 
TELEPHONE BISHOP'S STORTFORD 813132 
(4 lined (STD 0279) 

WW-092 FOR FURTHER DETAILS 
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Electronic piano design 
Part 3 -tuning the touch -sensitive design, an m.o.s. master 
oscillator and other optional circuits. 

by G. Cowie, B.Sc. 

This simple and inexpensive design retains the touch- sensitive feature of string 
pianos, unlike most electronic keyboard instruments. The first article (vol. 80 no. 1459) 
described design concepts together with circuit and component details and the 
second part (vol. 80 no. 1460) gave constructional procedure. This final article includes 
circuits for suppressing "thump ", hiss due to leakage and an m.o.s. master oscillator 
to simplify tuning. 

When you have completed the wiring of the 
piano the remaining work is to commission 
and tune it. In a project of this complexity 
it is inevitable that a number of faults and 
wiring errors will occur and the purpose of 
the commissioning stage is to weed these 
out and make various adjustment. 

Start by applying power and making the 
following voltage checks 

supply busbars, OV, + 5V, - 5V 
collector busbar, about 0.5V 
switch busbar (after RS07), 7 to 8V 
damper busbar, about -0.4V 
bias busbar, about + 0.8V 
output busbar, + 0.4V. 

Turn both potentiometers on the amplifier 
board to mid -position, and check that the 
pre -amp and amplifier outputs are about 
OV before proceeding further. 

Connect headphones or an audio am- 
plifier to one of the output sockets. A hiss 
and probably some whistles will be audible 
but ignore this for the moment. If nothing 
is heard, check the output amplifier and 
preamplifier. Check that a note is heard 
when each key is struck, and that the pitches 
are more or less in the right order, bearing 
in mind that the oscillators are not tuned. 

The system is organized in such a way that 
with a little thought any fault evident can be 
localized to one or two connecting lines, or 
a few components either in a letter -group 
or in a key circuit. Absence of signal from a 
key circuit will most likely be caused by 
absence of input signal, resulting from a 
reversed diode, or a misconnection at a 
divider or oscillator. Whistles, traceable by 
their pitch, will be caused by leaky tran- 
sistors or bias connection faults, or damper 
faults. Faint notes will be caused by collector 
open -circuits. Open or bent key -switches 
will show up as faults. The sort of defects to 
look for are missing wires, missing links 
near i.cs, bad soldered joints, assembly 
mistakes, solder bridges, parts touching 
where they should not touch, tracks not cut. 
It may possibly be necessary to add power 
supply decoupling capacitors on the various 
circuit boards. 

If the power supply uses a 9 -volt trans- 
former, RS07 must be increased to about 
18 ohms to drop the raw direct voltage to 
the 8V required for the switch busbar. 

Check that each note ceases when its key 
is released, then short- circuit the sustain 
pedal socket and check that the notes now 
are sustained after the keys are released. 

When all the circuits have been made to 
work, several finer adjustments can be 
made. Disconnect the positive- signal input 
of the summing preamplifier from OV and 
extend it from the edge- connector with 
about 30in of flex wire. Solder the wire to 
the end of resistor R"1 and then attach 
Root to the 0 -V busbar on the key circuit 
boards, in a position that gives minimum 
pick -up of unwanted signals. Run the posi- 
tive.signal lead alongside the output busbar 
as far as possible. It is important to arrange 
the 0 -V lines carefully, to minimize stray 
signals. Connect a lead directly between the 
key circuits 0 -V busbar and the preamplifier 

ground. Hiss should be inaudible while the 
instrument is being played. 

If there is still too much background hiss,* 

then reduce the value of R501, until the hiss 
is reduced to a low level. If the resistance is 

reduced too much there will be an undesir- 
able effect whereby the keys refuse to work 
at all when pressed down very slowly. 

If the damper action is felt to be too 
abrupt then the potential of the damper bus 
can be raised by connecting a resistance of 
a few hundred ohms in series with R502, and 
connecting the base of Tr502 to the junction 
of the resistors. 

If the action of any of the keys is notice- 
ably different from that of the majority, the 
cause should be looked for and put right, 
otherwise it will be a permanent irritation 
when playing the instrument. 

It is important to alter the light spring- 

'If a hiss present while the piano is not being played is 

annoying, it can be eliminated with a "squelch" circuit, 
given later. 

Fig. 21. To simulate the inertial load of the keying action, a piece of foam plastics material 
is inserted between the key undersides and the lower flange on the keyboard chassis. 
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loaded feel of the keys if the touch -sensitive 
action is to be satisfactory. The ideal 
arrangement would compromise 61 viscous 
dampers simulating inertial loads, but in 
the prototype a much simpler device was 
adopted which proved to give an acceptable 
result. 

Cut a piece of flexible foam plastics 
material to dimensions of 2 x x 33in. If a 
piece 33 -in long cannot be found then use 
shorter lengths. Push this into place between 
the white key undersides and the lower 
flange on the key chassis (see Figs 10 & 21). 
In this position the black keys will rub 
against the foam and the white keys will de- 
form it so that a drag is felt on the keys. Key 
action will not be satisfactory unless this is 
done. 

Tuning 
The easiest and most satisfactory way of 
tuning the oscillators is to remove the 
oscillator board from the instrument and 
take it to a laboratory which has a suitable 
digital timer /counter and d.c. power sup- 
plies. The oscillators should be connected 
to a ±5 -V supply. They should be moni- 
tored at the op-amp output where a clean 
square wave is present. It is advisable to use 
an oscilloscope to look at the waveforms 
and see that all is well. 

The oscillators can then be adjusted to 
the frequencies in Table 1 (part 1) by the 
tuning pots to an accuracy of ±2 parts in 
1000. If an adjustment is outside the span of 
the potentiometers it will be necessary to 

2:1 

I I 

I 

1k 

1k 

2N3906 

4n7 

'I 
47k 

add padding resistors. Label the oscillators 
after they are set so that they can be wired 
up without confusion. 

If you do not have access to the above 
equipment, either through work or friends, 
the oscillators must be tuned in situ, by ear. 
The person doing the tuning must have a 
musical ear and be equipped with an "A" 
tuning fork. The piano case must be open 
so that the tuning pots are accessible. Tune 
the A group of notes against the fork. Notes 
F are next tuned against the A ; the interval 
should be a major third. Next tune C by 
means of the major chord F -A -C, and 
adjust F again if necessary. Use C to tune E, 
the interval being a major third, then tune 
G in the major chord C -E -G. Use G to 
tune B (major third) then tune D using the 
major chord G -B -D. This completes the 
white notes. 

Tune Eb using the chord F- A -C -E b and 
Bb using the major chord Eb -G -Bb. Tune 
Ab using the chord Bb- D -F -Ab or the 
major third C -Ab. Tune F* using the major 
third D -F *. Tune C* using the major 
chord A -C * -E. You will probably need to 
go over the process several times. Fortun- 
ately the electronic piano is much easier to 
tune than a string piano, which has over 
two hundred adjustment points. 

If you use a m.o.s top -octave synthesizer 
i.c., only one tuning adjustment will be 
necessary, and will take only a few minutes 
(see later). 
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+12V 
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2N3708 

Fig. 22. This alternative tone generator, which can replace the twelve RC oscillators used in 
the original design, avoids conventional tuning procedures. 

1N 4001 2N697 

+12V 

Ov 

15V 
22 

Fig. 23. Power unit to provide appropriate supplies for the m.o.s. tone generator also feeds 
the preamplifier and headphone amplifier. If the m.o.s. circuit is used, the -5V supply in 
Fig. 8 (part 1) can be omitted. 

Circuit options 
On the key circuit boards (Fig. 18), remove 
the links between track 24, to which resistors 
R2 are grounded, and track 23. Link the 
tracks by a silicon signal diode on each 
board, connecting the cathodes to track 23. 
This modification is based on work done 
after the prototype was completed, and if 
carried out should slightly improve the 
keying action at the "soft" end of the 
dynamic range. 

The prototype is a basic instrument in 
that no attempt is made to modify the in- 
herent tone of its working waveform, 
except by a single low -pass filter. It is purely 
by coincidence and the laws of physics that 
it sounds as much like a harpsichord as any- 
thing. If this tone is not acceptable then 
additional wave -shaping can be added 
fairly easily. There is room on the keying 
boards to fit a low -pass filter between D1 
and Rs. I fitted filters on the 16 lowest notes 
to take harshness out, with resistors of 10L! 
and capacitors of 20nF. More complex cir- 
cuits could be built on a separate board, 
linked by a 61 -way cableform. 

A power amplifier could be fitted inside 
the case, but as this would need a separate 
power supply it does not seem worthwhile. 
Similarly, loudspeakers could be fitted in 
the case, but as fairly large speakers will be 
needed to reproduce the bass notes properly, 
and as the case is not designed as a loud- 
speaker enclosure, this is not recommended. 

A tremolo circuit could easily be fitted 
after the preamplifier. It is not known 
whether vibrato can be applied to the 
oscillators successfully, and anyway this 
seems inappropriate. 

The headphone amplifier could be re- 
placed by an integrated circuit. The MFC 
4000 is a cheap i.c. designed for the output 
stage of transistor portable radios. 

A board containing twelve L-C oscil- 
lators could be made as a plug -in replace- 
ment, but as discussed in part 1, relaxation 
oscillators are preferred for several reasons. 

Amplification 
For low -power amplification, as for prac- 
tising, almost any amplifier and speaker 
can be used provided that the speaker is of 
adequate size. A speaker of 8in diameter 
should give good results, bearing in mind 
that the bass notes have more fundamental 
than those of an acoustic piano. If high 
powers are wanted then it is essential to use 
heavy -duty speakers of the type used for 
electric guitars. The speakers should have a 
higher nominal rating than the amplifier 
otherwise the percussive piano waveform 
will probably damage them. 

A standard volume control pedal may be 
bought and fitted between the piano and 
amplifier, and R403 preset to a suitable level. 

M.O.S. master tone generator 
The r.f. oscillator and AY -1 -0212 master 
tone generator replace twelve oscillators 
(Fig. 22). The frequencies generated are 
within 0.1% of an equal -temperament scale, 
so the piano will work perfectly well without 
being tuned at all ! It can easily be tuned 
against another instrument or a frequency 
counter if desired. It would be possible to 
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Parts for 
m.o.s. tone generator 

AY -1 -0212 i.c. from General Instru- 
ment Microcircuit Sales, 57 Mortimer 
Street, London W 1 N 7TD. 
470 -kHz i.f. transformer, 2:1 turns ratio, 
with ferrite core 
2N3708- Tr601 (twelve) 
2N3706 
2N3905 
Capacitors -50pF, 680pF (Cfi02), 4.7nF 
Resistors -lk (two), 100k, 39kO2 

(twelve) 
16 -pin d.i.l. socket 

Power unit (Fig. 23) 
12 -V, 50 -mA transformer 
Capacitors - 1000µF, 25V (three) 
Resistors -270, 2252 
1N47001 diodes (two) 
BZY88 -C12V zener diode 
2N697 or BFY52 transistor 

AY-1-0212 connections 
1 Vss + 12V . 9 VGG -15V 
2 in 500 or 334kHz 10 Vpp OV 

3 C*orF* 11 A*orD* 
4 E or A 12 A or D 
5 GorC 13 F* or 
6 G*orC* 14 ForA* 
7 BorE 15 D* or G* 
8 CorF 16 DorG 
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Fig. 24. Optional "anti- thump" circuit 
comprises three additional components to 
the circuit of Fig. 7. 
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arrange the circuit for rapid transposing; 
this is impracticable with twelve oscillator 
generators. It is still necessary to have 
twelve interface circuits to the t.t.l. dividers. 

An extra power supply is necessary also. 
The circuit shown (Fig. 23) provides regu- 
lated + 12V and smoothed unregulated 
-15V for the AY -1 -0212. The - 5V supply 
of the original piano design is omitted. The 
preamplifier and headphone amplifier 
should be powered from the + 12V, -15V 
power supply. 

A coil of the 470kHz, i.f. type, with a 2 :1 

turns ratio is needed. It may be necessary to 
change C602 to get the frequency into adjust- 
ment range of the ferrite screw core. The 
circuit will oscillate with any coil of about 
the right turns ratio. 

The AY -1 -0212 will stand a certain 
amount of abuse but should nevertheless be 
treated with care. It should be mounted in a 
16 -pin dual in -line socket. The one-off price 
is about £5.90. A Veroboard of 3 x 4in 
should give ample room for the oscillator, 
i.c. and the transistor /resistor array. It is 
advisable to bring the connections out at 
the edge of the board in scale order ; the i.c. 
outputs are in a random order. 

If high- frequency noise causes trouble on 
the lower octaves, additional power line 
filter capacitors should be fitted on the cir- 
cuit board, or 1nF capacitors can be fitted 
at the Tr601 collectors or bases. 

Squelch and anti -thump circuits 
Some degree of "thump" will always be 
present where waveforms are not generated 
symmetrically about ground potential. Fig. 
24 shows the anti -thump circuit now fitted 
in the prototype. 

Hiss due to leakage though the reversed - 
biased diodes D1 is very low, but can be 
completely eliminated by the "squelch" 
circuit of Fig. 25. Connect between points 
B -B in Fig. 7. 

Correction. In the text on page 11 of part 
1 (March issue) a line was omitted between 
lines 16 and 17. The missing line is ". . . 

that in the high state it acts as a current .." 
In Fig. 3 the annotations S2 and S3 should be 
transposed. In Fig. 18 of part 2 (key circuit 
board) diode D2 should be reversed. 
Parts kit. Elvins Electronics will supply a 
kit of parts for the piano design. Details 
from 12 Brett Road, London E8. 

Fig. 25. Use this squelch circuit to eliminate "hiss" due to leakage currents that may be 
evident during standby. Suitable values for potential divider are 10k0 and 5k0 for the 
preset resistor. 
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H.F. Predictions 
for May 

The charts are based on an ionospheric index 
of 8 giving FOT curves two or three MHz 
lower than those for May 1973 when the index 
was 40. Magnetic disturbances are likely on 
all days except between the 7th and 14th. This 
gloomy outlook should be brightened by 
sporadic -E propagation considerable modifying 
FOT curves on at least 2096 of the days as 
follows: Hongkong peaking to 21MHz at 
10GMT. Johannesburg rising to 22MHz at 
09GMT and remaining so until 15GMT. 
Montreal maintaining 10MHz from 23 to 
08GMT. Buenos Aires dip between 06 and 
10GMT smoothed out. 
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World of 
Amateur 
Radio 

10GHz to Guernsey 
What is believed to be the first -ever 
amateur microwave contact between the 
Channel Islands and the mainland of 
England was effected at 1000GMT on 
Saturday, March 30. This was between 
Dr Dain Evans, G3RPE, operating port- 
able at Prawle Point, south Devon, and 
Gordon Lean, G3WJG, operating as 
GC3WJG/P at Torteval, Guernsey, both 
on the 10GHz amateur band. The distance 
spanned was 111km from sites 100ft 
(Devon) and 250ft (Guernsey) above sea 
level. The transmitter used by G3RPE 
consisted of a 1W klystron and 3ft dish 
reflector, for GC3WJG a Gunn -diode 
oscillator provided 20mW of microwave 
power into a 4fì dish aerial. Further 
contacts were made at hourly intervals 
with the mainland signals received in 
Guernsey at least RS56, although there 
were times when signals from GC3WJG 
could not be heard in Devon; for the initial 
contact reports were RS59 -plus at both 
ends. 

The following day contacts on 10GHz 
were established between GC3WJG/P 
and A. R. Williams, G3KSU/P, at St 
Catherine's Point on the Isle of Wight 
from a site 750ft above sea level and where 
the equipment included a Gunn -diode 
oscillator providing 5mW output to a 
large horn aerial with a gain of 27dB. On 
Guernsey signals from this station varied 
from not readable up to RS56. The in- 
coming signals at G3KSU/P were RS59 
and at times the carrier /noise ratio varied 
from 18dB to as high as about 28dB. Path 
length is 161km. To assist the setting up 
of the microwave links, contact between 
the stations was made initially on 70MHz. 
It had been hoped to complete the 
triangle with contacts between Devon and 
the Isle of Wight but this was not possible 
in the time available. 

On the other side of the world a new 
long -distance record for 2304MHz has 
been claimed by two Californian amateurs, 
W6FZJ and WA6HXW. With both 
stations operating from home locations 
and using "homebrew" equipment a 330 - 
mile c.w. contact was made by means of 
tropo- scatter mode. Both stations used 
6ft aerial dishes but W6FZJ had a power 
of only 5W compared with the 1kW input 
at WA6HXW. 

Notes and news 
The proposal to install a 144MHz f.m. 
repeater at the Crystal Palace (see March 
issue) has now been approved in principle 
by the Ministry and a licence has been 
applied for. 

Contacts through the amateur satellite 
Oscar 6 are now being limited to the 
ascending orbits (afternoon and evenings) 
on Mondays, Thursdays and Saturdays 
in an effort to preserve battery life -hope- 
fully until the launch of Oscar 7 later this 
year. Oscar 6 has already achieved an 
operational lifetime of 18 months, 50 per 
cent longer than the predicted lifetime of 
one year. 

The International Amateur Radio Union 
has introduced new "five -band" and "six- 
band" categories of their "Worked All 
Continents" award with a view to pro- 
moting more uniform use of the h.f. bands 
for international communication. To 
qualify for these . new versions of the 
popular WAC award contacts must have 
been made on or after January 1, 1974. 
While the original award is relatively 
easy to achieve using the 14 and 21MHz 
bands, a five -band or six-band award, for 
which two -way communication must be 
achieved with the six continental areas of 
the world on each band, represents no mean 
achievement. 

The regular news and code- practice 
"broadcasts" from PAoAA in the Nether- 
lands (see August, 1973, issue) on Friday 
evenings have been extended to "Top 
Band ". PAoAA now transmits on 1827kHz, 
3600kHz, 14.1MHz and 144.8MHz 
(changed from 145.14MHz) with news in 
English at I915GMT, beginners' code 
practice at 1930GMT, advanced code 
practice at 2000GMT, r.t.t.y. news bulletin 
(45 baud) at 2030GMT and news in English 
again at 2115GMT. Proficiency tests at 
various Morse speeds are transmitted on 
the last Friday in each month at 2130GMT. 

On the h.f. bands 
Following a longish period of subdued 
"sunspot minimum" conditions on the h.f. 
bands, conditions perked up noticeably over 
the Easter holiday period with many 
Japanese and other Far Eastern signals on 
21MHz and extremely strong North and 
South American signals in the evenings on 
14MHz. Many amateurs are beginning to 
wonder if we shall soon reach the end ofthe 
present sunspot cycle; this would agree with 
forecasts made over a decade ago that mid - 
1974 might see the beginning of the next 
suspot cycle. On the other hand, the curious 
and still unexplained high level of sunspot 
activity throughout the summer of 1972 
could mean that the old cycle still has some 
time to run. But once past the low point, a 
new cycle usually sees a fairly rapid rise in 
sunspot levels and consequent rise in usable 
frequencies to the benefit of users of 14, 21 
and 28MHz. 

Some amateurs can indeed claim to have 
experienced a considerable number of 
sunspot cycles. A recent QSL card from 
Robert Galea, 9H lE (one -time ZB lE and 
VP3E), mentions that he was first on the air 
as long ago as January, 1914. A personal 
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reminder of passing years and sunspot cycles 
came when working VX 1 AW at St John's, 
Newfoundland, on Good Friday; it so 
happens that the very first long- distance 
contact ever made from G3VA was with 
VO1B, St John's, and that was 35 years 
ago on Good Friday 1939. I have to admit, 
however, to no longer using an 0 -v -1 two - 
valve "straight" receiver and 10W 
transmitter as in 1939! 

And 50 years ago (April/June, 1924) 
saw the biggest threat ever to British 
amateur operation (or "experimental" 
operation as it was then called) in the form 
of new licence conditions which stated that 
"Messages shall be transmitted only to 
stations in Great Britain or Northern 
Ireland which are actually co- operating in 
the licensee's experiments and shall relate 
solely to such experiments ". It was this 
condition, which would have eliminated 
all casual and all international contacts, 
that caused Wireless World to offer to 
provide £500 to support the RSGB in a test 
case in the Courts. However, the authori- 
ties gradually gave way although they 
insisted that British amateurs should 
not use the general call "CQ" and this 
remained in force until 1946. 

In brief 
Callsigns in the sequence G4DAA are now 
being issued.... A meeting of the executive 
committee of the IARU Region 1 Division 
is to be held in The Hague from October 
11 to 13.... Class -B type licences with a 
ZR prefix are being issued in South Africa 
for use on 144MHz and above to those who 
have passed all the conditions for the 
amateur licence except the Morse test.... 
Rosario Vollero, I8KRV, is the new presi- 
dent of the Italian amateur society ARI... . 

From the Newsletter of the Wirral Amateur 
Radio Society comes the following advice 
on successful low -power operation: "Stable 
transmitter, good operating technique, 
intelligent use of propagation, patience, 
perserverance, the courage to `have a go' 
realizing that once you become an addict, 
you are `hooked for life'." ... The Hull and 
District Amateur Radio Society is holding a 
mobile rally on Sunday, May 26, at the East 
Riding College of Agriculture, Bishop 
Burton on the A1079 York to Beverley 
road with talk -in stations on 1980kHz 
and 145MHz a.m. and 144.3MHz s.s.b. 
with a full programme of events (last year 
over 1,000 people attended).... The fifth 
Elvaston Castle Mobile Radio Rally is on 
Sunday, June 9, organized by the Nuns - 
field House Community Association 
amateur radio group. Elvaston Castle, 
near Derby, is on the B5010 some five 
miles south-east of Derby, just off the A6 
and within easy access of the M1 (junction 
24). The rally aims at providing a "family 
day out" of interest to the general public 
as well as to the radio amateur himself... . 

A meeting of the International Amateur 
Radio Club in Geneva will immediately 
follow the XIIIth Plenary Assembly of the 
CCIR, July 27 to 28, at the ITU head- 
quarters building with a technical panel 
on "CCIR studies and the radio amateur 

PAT HAWKER, G3VA 
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Communications 

Radio & Data Communications 
Exhibition and Conference 
Brighton June 2 -7 

Encouraged by the success of Communications '72 held in 1972 the organizers 
are putting on a similar, but larger, conference and exhibition this year at the 
Metropole Convention Centre, Brighton, from June 4 to 7. Devoted to radio and 
data communications, it enjoys the full support of Government departments such 
as the DTI and the Ministry of Defence and of the industry's Electronic 
Engineering Association. The exhibition is a four -day event, embracing data, 
mobile radio, fixed radio and defence communications and has over 100 exhibitors. 
The conference call for papers attracted well over 100 papers from all parts of the 
world and 56 of these are to be read in a four -day, 14- session conference organized 
by Electronics Weekly and Wireless World. Six "inward missions" of senior users 
of radio and data communications equipment are being brought into the UK at a 
time to coincide with the event. These "missions" are sponsored by the EEA. For 
further information on the exhibition contact: ETV Cybernetics Ltd, BETA, 109 
Kingsway, London WC2 6PU. For further information on the conference contact: 
Roger Woolnough, IPC Electrical -Electronic Press, Dorset House, Stamford 
Street, London SE 1 9LU. 

Marconi Spector automatic error correction unit 

List of exhibitors 
Airtech 
Abbey Electronics 
Antenna Specialists UK 
Astro Communication Laboratory 
Automation & Technical Services 
Bantex 
Barkway Electronics 
J. Beam Engineering 
Bell Telephone Manufacturing Co 
Belling & Lee 
Boyden Data Papers 
British Aircraft Corporation 
Burndept Electronics 
Cable & Wireless 
Campbell -Bruce Electronics 
Cescom Electronics 
Cole Electronics 
Communication Accessories & Equipment 
Computer & Systems Engineering 
Cossor Electronics 
Data & Control Equipment 
Decca (KW Communications) 
Dictaphone Company 
Digital Systems 
Dymar Electronics 
Eddystone Radio 
Electro- Acoustic Industries 
Ever Ready Company (GB) 
The Exchange Telegraph Co 
Farnell Instruments 
Ferranti Limited 
Frederick Electronics 
The GEC Electronic Tube Co 
Goodacre & Davenport Semiconductors 
Granger Associates 
Gretag AG 
Hatfield Instruments 
Hayden Laboratories 
HCD Research 
The Home Office 
Honeywell 
International Aeradio 
Interscan -dex 
IPC Electrical & Electronic Press 
Italtel SPA 
ITT Creed 
Knowles Electronics 
Logica 
Marconi Space & Defence Systems 
Marconi Communications Systems 
Marconi Instruments 
MEL Equipment Company 
Micro Computer Systems 
Ministry of Defence 
Ministry of Posts & Telecommunications 
Motorola 
Muirhead 
Mullard 
Multitone Electric Company 
New Electronics 
Panorama Radio Co 
Plantronics 
The Plessey Company 
Post Office Telecommunications 
Pyral (UK) 

continued over page 
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continued from previous page 

Racal Electronics 
Racal Communications 
Racal BCC 
Racal Mobilcal 
Racal Antennas 
Racal Amplivox Communications 
S. G. Brown Communications 
Racal Instruments 
Racal Milgo 
Racal Thermionic 
Racal -Zonal 

Rank Telecommunications 
Rank Xerox (UK) 
Redifon Telecommunications 
REL Equipment & Components 
RF Communications 
RFL Electronics 
Scientific Atlanta (UK) 
Security Systems International 
Solartron/Schlumberger 
Standard Radio & Telefon AB 
Data Equip. & Syst. Div. STC 
STC Priv. Comms. Div. 
Sperry Gyroscope Division 
Storno 
Tektronix (UK) 
Teleprinter Equipment 
Texas Instruments 
Thomson -CSF 
Transtel Communications 
Trend Communications 
Varta (GB) 
Wandel & Goltermann (UK) 
Watkins Johnson International 
Wragby Plastics 
Zellweger Uster 

Racal transportable station including a 
solid -state 1 kW transmitter (right), 
h.f. receiver and a radiotelephone 
terminal (centre) 

The conference 
June 4 is "data communications day" and 
has sessions on data communications, 
equipment design and mobile communica- 
tions. A "highlight" paper is on the Post 
Office and its data customers -tele- 
processing now and in the future. 

June 5 is "mobile communications day" 
and has sessions on mobile communica- 
tions, equipment design and maritime 
communications. A "highlight" paper is on 
computerized frequency assignment for the 
private land mobile services. 

June 6 is "fixed communications day" and 
has sessions on fixed communications, 
equipment design and defence com- 
munications. A "highlight" paper is on 
tropospheric scatter. 

June 7 is "defence communications day" 
and has sessions on defence communica- 
tions (featuring the Clansman system), 
equipment design and instruments. A 
"highlight" paper is on electromagnetic 
compatibility -the army's outlook and the 
work of the army. 

Letters to 
the Editor 

Damping factor 
More and more do we see damping factor 
incorrectly stated as the ratio of loudspeaker 
impedance to amplifiers internal (source) 
impedance. Figures quoted because of this 
assumption are often many hundred percent 
in error, errors arising largely because the 
source impedance of an amplifier is for 
very good reasons seldom resistive at low 
frequencies. 

The method of measurement laid down 
by the British Standards Institution in 
BS 3860:1965 obviates these errors and 
should always be used if damping factor is 
to be quoted. 

To the user, of course, damping factor is 
largely irrelevant because as soon as music 
is played via a moving coil loudspeaker the 
speech coil will warm up and change its 
resistance. The first four bars of Beethoven's 
fifth played at any reasonable level will 
change the loudspeaker damping by an 
amount greater than any variations between 
amplifier specifications. 

The damping (in terms of circuit Q) of a 
moving -coil loudspeaker at resonance is 
approximated by 

27rfM (RE +RG)2 +XG2 

BY RE +RG 

The relevant terms in the bracket are : RE, 
d.c. resistance of speech coil (varying by 
0.4% per degree centigrade); RG, source 
resistance of amplifier; and XG, source re- 
actance of amplifier at loudspeaker resonant 
frequency. 
P. J. Walker 
The Acoustical Manufacturing Co. Ltd, 
Huntingdon 

Printed circuits kit 
I have been following your recent corres- 
pondence on printed circuits with 
considerable interest and I wish to offer 
the following information in response to 
M. R. Yeo's letter "One -off printed circuit 
boards" (March 1974 issue). 

For some time we have been marketing 
a printed circuit kit which was designed to 
provide the enthusiast, laboratories, educa- 
tional establishments, etc., with a method of 
making low -cost, one -offs or prototypes 
to a reasonable degree of precision. The 
use of self -adhesive, paper -surfaced resist 
allows the ttser to draw, or trace, the desired 
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pattern with any normal writing implement 
such as a pencil, ball- point, etc. A scalpel 
is used to cut and strip the unwanted resist. 
Chemicals are pre -packed for the con- 
venience of the user who merely adds water, 
and the printed circuit board, for the etch- 
ing process which can be observed as it 
proceeds. 
J. H. Evans, 
Keltronix Ltd, 
15 Barra Street, 
Glasgow G20 OAX. 

Howl suppression 
I agree with K. J. Young (Letters, March 
1974) that, where there are one or two 
dominant peaks in the overall frequency 
response of a public address system, tun- 
able rejection filters can be helpful in 
reducing acoustic feedback problems. 
Such equalization is often achieved nowa- 
days by the incorporation of an octave - 
band or third -octave -band graphic 
equalizer. 

However, one is still left with the inevit- 
able response irregularity of the room 
itself, where adjacent peaks and dips are 
typically only a few hertz apart (Fig. 2 in 
my original article, W. W. July 1973, 
p.317). The smoothing of such a response 
is an impossible task for conventional 
filters, but the frequency shifter is able to 
overcome the ill -effects of such irregularity 
and effect a significant improvement in 
available gain prior to feedback. 

I should be the last to deny that 
frequency shifting on music is a highly 
controversial subject. When I first designed 
and used the howl suppressor, it was 
solely with speech applications in mind; I 
expected the technique to be unacceptable 
for music. It was therefore with some 
surprise that I found the frequency shift 
usable for musical performances. The 5Hz 
beat, which, as I mentioned in the article, 
is sometimes audible on long continuous 
notes, is the only unusual effect. There are 
just one or two instruments, such as organ 
and electric guitar, where the beating is 
obvious, being heard as a sort of "stereo 
vibrato" between the original sound and 
the frequency -shifted version. 

I found the absence of a beat in the 
majority of musical applications rather 
mystifying at first, but the answer was 
found to lie in the delay between direct and 
amplified sound. Virtually all public address 
systems exhibit such a delay, which occurs 
because of the difference in sound path 
lengths; in a well- designed system the 
direct sound is arranged to arrive at the 
listener first, exploiting the "Haas effect" 
to produce the correct apparent sound 
direction. To investigate the effect of time 
delays on beats, I tried mixing a music 
signal and its frequency -shifted version 
and feeding the signal to headphones. 
Strong 5Hz beats were audible on all types 
of music. When, however, an adjustable 
time delay was interposed in the frequency - 
shifted channel, a time difference of 3 
ms was found to be sufficient to destroy 
coherence between the two signals on most 
types of music, thus eliminating beats. 
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Exceptions were found in the cases of 
organ and electric guitar, where even 
delays as long as 100 milliseconds did not 
destroy coherence, owing to the steady 
pitch and level of the notes produced. The 
beats produced on these instruments 
become very much less obvious if the 
frequency shift is reduced to 2.5Hz by 
doubling the values of capacitors C2, C3, 
and C10 in the oscillator circuit to 200nF. 
This change usually involves a slight loss 
(typically 2dB) in the amount of feedback 
reduction available, but it is worth trying 
if beats are audible. 

I should be very interested to hear 
reports, whether favourable or otherwise, 
from any readers who have used the 
frequency shifter in a music amplification 
system. 
M. Hartley Jones, 
University of Manchester, 
Institute of Science and Technology, 
Manchester. 

Current flow controversy 
The letters by Messrs D. V. Ellis and 
C. H. Banthorpe in your December 1973 
issue each has a final paragraph of such 
graceful compliment that it largely defuses 
what I might otherwise have said about 
what went before. Fortunately I feel I can 
confidently leave readers to draw their 
own conclusions on most of the arguments 
put forward, so that replying to them all 
in detail would be superfluous. 

For example, if, as Mr Ellis suggests, 
my ideas on cathode rays are freakish 
and absurd, how is it that since those 
ideas were introduced into Foundations 
of Wireless (and Electronics) 22 years 
ago about 100,000 copies have been 
bought, and (many of them being in 
public and college libraries) the number 
of readers must be considerably greater, 
yet not a single one of them has pointed 
out the difficulties arising from use of the 
conventional direction of current flow in 
connection with that subject or with any 
other in that or any other of my works, 
but on the contrary people continue in 
large numbers to vote with their purses 
right up to the present day? 

One thing I have ascertained from Mr 
Ellis's second letter is that he advocates 
reversing the current -flow convention but 
not the polarity conventions. So he does 
have to teach that his current flows from 
negative to positive, i.e., from a deficit 
to a surplus, presumably on the principle 
that "to him that hath shall be given and 
from him that hath not shall be taken 
away even that which he hath" -another 
paradox, but not one applicable to electric 
circuits. And yet by some logic that 
escapes me he reconciles this with water 
flow! This, in addition to teaching that 
the rules in the textbooks mean the 
opposite of what they say, and the arrows 
in device symbols are there to show the 
direction the current does not flow! And 
yet in August he found unacceptable an 
imaginary situation in which a horse 
described as black had to be taken as 
white! 

Mr Banthorpe seems not to know what 
"the positive direction of current" means. 
May I try to enlighten him? The actual 
direction of current (conventional or 
electronic) from A to B in a complicated 
circuit may not be known; in fact, that 
may be what is to be found. So let us 
agree to call current from A to B (say) 
positive. Then if our calculations result in 
a positive value of current in that branch 
it does indeed flow from A to B. A 
negative value means it flows from B to A. 

May I reiterate that "the direction of 
current flow" cannot be established con- 
sistently on a basis of physical facts, 
since an electric current can be con- 
stituted by physical movements in either 
or both directions. So it is a convention; 
and whichever of the two possible ones is 
adopted students and others will have to 
accept that some current carriers will 
move "against" the current. (In spite of 
what Mr Ellis says, the existence of 
negative ions does not get rid of this 
awkward fact.) If we could start from 
scratch we in electronics would almost 
certainly vote for the direction.of electron 
flow, but Mr Smethurst has wisely 
reminded us that we are not the only 
pebbles on the beach of science. The 
important thing is that everyone should 
use the same conventions. 

For about a century and a half there 
has been an accepted convention among 
British railwaymen that trains going in the 
general direction of London are referred 
to as "up" trains and those going in the 
opposite direction are "down" trains. 
If signalmen in cabins where this con- 
vention is manifestly absurd, because the 
track thereabouts goes uphill in the 
"down" direction, decided to take the 
"sensible" view and report as "down" 
all trains they saw going downhill, con- 
fusion in British Rail would be as _great 
as during a work -to -rule. Much less 
confusing, when nobody can be literally 
right all the time, to stick to the con- 
vention that has been in use for so long. 
So it is, surely, with current. 
"Cathode Ray" 

Soldering -iron leakage 
I was interested to read the letter from 
Mr Sproxton of Home Radio in your 
March issue. As far as I . know only one 
soldering -iron manufacturer makes an 
issue of leakage currents but, I suspect, 
misguidedly. 

The point really is that to solder semi- 
conductor devices safely it is necessary to 
ensure that no voltage appears on the bit 
of the iron. Provided that the iron is fitted 
with a three -core flex which in turn is 
properly connected to a three -pin plug, 
then the bit must always be at earth 
potential, and it would take a very large 
leakage current indeed to make it other- 
wise. If the earth connection is not used, 
then even the smallest leakage current will 
cause a possibly damaging potential to 
build up on the bit. 

Incidentally, nearly all temperature - 
controlled irons also produce switching 
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transients which can damage the more 
delicate (and expensive) devices since they ' 

use mechanical or thyfistór switching tech- 
niques. It was for this reason that we 
developed the special transistor switching 
circuit for our variable temperature ETC /1 
system. ' 

C. P. Adamson, 
Light Soldering Developments Ltd, 
Croydon, 
Surrey. 

Active filter crossover 
networks 
Mr Read's article "Active filter cross- 
over networks" (December) raised 
interesting ideas, which could prove very 
fruitful to audio experimenters: Indeed, 
I intend to experiment with such networks 
when student finances permit. However, 
I was astonished to read "Peak powers 
if 20W occurred in all the three bands ". 
Could the author ,possibly enlarge as to 
how he measured these peak powers, 
and under what circumstances? 
D. J. Bradshaw, 
University College, 
Oxford. 

The author replies: 
In answer to Mr Bradshaw's query 
regarding amplifier power requirements the 
following details of tests and observations 
made when setting up the 2 X 3 -way 
arrangement described in my article may 
be helpful. 

With the three KEF units (types B139 
for l.f., B110 for m.f. and T27 for h.f.) 
installed in the transmission -line enclosure 
each speaker input signal was monitored 
by display on a storage oscilloscope 
during repeated runs of the same test 
programme comprising music from full 
orchestra, choir and solo female singer. 
The storage oscilloscope persistence 
control was set so that the decay time 
was of the same order as the test pro- 
gramme duration; the brightness control 
was at a suitably low setting to avoid 
"overloading" the phosphor during that 
period. In this way, the three filter outputs 
were (sequentially) displayed to indicate 
and record: 

(1) Instantaneous peak power. Voltage 
amplitude was here considered propor- 
tional to instantaneous power; because of 
the change of load impedance with 
frequemcv. However, such an assumption 
was valid only for the intended purpose 
of comparative estimate. 

(2) Integrated peak power. The 
differing trace brightness at various 
voltage levels showed the proportion of 
programme time spent at these levels and 
hence, taking the brightest level in each 
instance, the average peak power during 
the programme run. Again, this test is 
more concerned with intelligent observa- 
tion than measurement -the human eye 
is a poor judge of brightness difference 
even by direct comparison and is still 
worse if it has to "remember" a previous 
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image. But, as the results show, the 
observed differences were sufficiently 
large to justify the conclusions reached. 

The results were: 
(a) The highest peak voltages (instan- 

taneous powers) were those handled by 
the B139 (l.f. unit), being about 6dB more 
than for the B110 mid -range speaker. 

(b) The integrated peak power was 
obviously much larger for the B110 unit 
-say 75% of the total compared to 20% 
for the B139. 

(c) The T27 tweeter received the least 
amount of energy during the programme 
-in fact, the estimated figure for 
integrated peak power was only a few 
percent. But, and this is of prime impor- 
tance, the input to this unit included 
short- duration peaks of nearly the same 
amplitude as the maximum recorded for 
the B110. Hence it was concluded that 
the instantaneous power requirement 
here was similar to that for the mid- 
range units. 

Further tests were done using the 
same technique but for an input of typical 
"pop" music. As might be expected with 
the heavy bass component normal in this 
type of music, the results indicated a shift 
in power distribution between the m.f. 
and l.f. speakers such that their "integrated - 
power" percentage figures were more or 
less equal. In all other respects there was 
little difference as compared with the 
previous test. 

I hope that above serves to show why 
the amplifiers feeding h.f. units required 
the full 20 -watt capability and also why 
the output -stage heat sinks in both 
"l.f." and "m.f." amplifiers were chosen 
to be of the same size as the circuit 
boards themselves (3Zin X 42in) whereas 
those for the "h.f." amplifiers were made 
smaller. 

Finally, two other points should 
perhaps be mentioned. First, to obtain an 
overall level response (according to 
measurement in an anechoic . chamber) the 
gain of amplifiers driving the II. units was 
made 5dB greater than for the other 
amplifiers. Secondly, considering the wide 
variation in speaker characteristic 
impedance, at some frequencies it is 
obviously the available supply voltage 
(and hence the maximum possible 
voltage swing) which sets the limit on 
amplifier output rather than its power 
handling capability. 
D. C. Read 

Fast printed circuit etching 
I was appalled to read Mr Langvad's letter 
in the December 1973 issue of your maga- 
zine and fervently hope that my comments 
may prevent the occurrence of a very 
serious accident. Your correspondent 
recommends that printed circuits be etched 
with a mixture of hydrochloric acid and 
hydrogen peroxide. Although he issues a 
fairly gentle warning about the use of these 
chemicals, I would like to emphasize that 
the two are very vicious substances indeed, 
and hydrogen peroxide at the suggested 
concentration in particular is very, very 

hazardous to handle. The use of these 
should only be permitted in a laboratory 
and not in any amateur's workshop. Your 
correspondent may also be unaware that 
the result of the reaction between hydro- 
gen peroxide and hydrochloric acid, as 
shown in the following overall equation 

H202 + 2HC1 -' 2H20 + C l 2 

is chlorine gas, which, as everyone knows, 
is a very toxic gas. 
E. I. Szabó, 
Ottawa, 
Canada. 

Radio and TV museum 
As part of educational technology, I am 
attempting to build a small museum of 
radio and television equipment to show the 
change in components and design philo- 
sophy since the inception of radio. 

I would be most appreciative of any 
suitable equipment, however small, or 
technical literature, for the period 1900 to 
1930. I must make it plain that the above 
would be in the form of a gift, as I have no 
finance for this project. 
C. Matthews, 
School of Engineering Science, 
University of Edinburgh, 
King's Buildings, 
Mayfield Road, 
Edinburgh EH9 3JL. 

Valve amplifiers 
Recently a "Williamson" amplifier fell into 
my hands, displaying the fault of falling gain 
over a period of hours of operation. (The 
older hands may remember that the 
Williamson design was first published in 
1947 and modified in 1949- I,'personally, 
wasn't born then!) On examination I dis- 
covered two major faults: (1) a cracked wire 
in the negative feedback meant that there 
was no negative feedback; and (2) a short- 
circuited decoupling capacitor was prevent- 
ing half the output stages from functioning. 

Yet, despite the faults, the amplifier was 
producing quite acceptable results. It 
makes one wonder if we were a little hasty 
in abandoning valves so absolutely. 
D. J. Bradshaw, 
University College, 
Oxford. 

"Recording by ear" 
I was rather amused to read of the efforts 
of the scientists at the Battelle Institute 
(December, News of the Month). During 
1963 I constructed an intercom system 
for use between the rider and passenger 
of a motor -cycle combination. As those 
with two- or three -wheel experience will 
know, high noise levels are prevalent. 
However, communication was secured as 
follows. Mounted in the toe of the side- 
car was a 7 X 4 elliptical loudspeaker 
driven by a 2 -watt amplifier. The passen- 
ger spoke into a hand -held noise - 
cancelling microphone which was per- 
manently live. This arrangement gave 
useful sidetone with no howl. The rider 
for his part listened through a miniature 
earphone let into the earflap of his crash 
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helmet. This, however, pressed snugly 
against the ear, and doubled as a micro- 
phone operated by a push- button on the 
handlebars. Bystanders might be seen 
giving anxious and startled looks as a 
loud male voice apparently issued from 
the female resident of the sidecar. 
A. Puffett, 
Stevington, 
Beds. 

Calculator I.C. 
I read with interest your article on the 
GIM C500 calculator chip in the March 
issue. I am in the process of designing and 
building a more ambitious calculator using 
this chip. Additional features are: 
20 fixed functions (pi, reciprocals, %, 

metric conversion, etc.) 
Automatic squaring and square root. 
1 non -calculating store. 
1- inch -high home -made display. 
Left and right shift on decimal point. 

The point of this letter is to air a 
criticism that all the above would have 
been far simpler if the manufacturers had 
provided a b.c.d. output instead of seven - 
segment. After all one can buy (quite 
cheaply) a chip to convert from b.c.d. to 
seven segment, but not the reverse. 

Messrs GIM have expressed the wish 
that by releasing the C500 at a competitive 
price it would encourage its use in fields 
other than calculators, but the above 
remarks place limitations on interfacing 
with other logic. The m.o.s. inputs and 
outputs can be overcome with suitable 
circuitry. 
A. M. Coppin, 
Feltham, 
Middlesex. 

Return to c /s? 
I am sure you will find your new feature 
Project very rewarding, especially as it 
will have the backing and experience of 
Wireless World behind it. Writing as a 
teacher of long experience, could I make 
one observation which I think would im- 
prove the physics masters' lot quite 
considerably? 

Ever since the introduction of the term 
"hertz" instead of "cycles per second" 
there has been uncertainty as to its mean- 
ing. I noticed some hesitation and difficulty 
by lecturers on two occasions while giving 
the Christmas lectures, and on another 
occasion a member of the BBC television 
"Tomorrow's World" team-deliberately 
used the old- fashioned "cycles per second" 
as it expressed what he wanted to say. 

After all, Heinrich Hertz was investi- 
gating electromagnetic waves radiated 
through space, and if the term "hertz" 
were confined to this, then cycles per 
second could be applied to sound -wave 
frequencies. In fact, I would suggest that 
all wave frequencies below 20kHz, includ- 
ing the 50Hz mains, should revert to its 
more meaningful description. 
G. A. Cozens, 
Bartley, 
Southampton. 
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101111 F 
OPkirig' 

Probably the most popular 
series of general purpose d.c. 

power supplies in Europe! 

Nine models, all of which 
may be set to provide constant 

voltage or constant current. 
Very stable, low ripple, well 

protected against overloads 
and short- circuits. Two models 

( *) feature adjustable 
overvoltage crowbar, this 

additional protection making 

them suitable for applications 
involving integrated circuits. 

Line regulation 

Load regulation 

Ripple 

0.01°0 

0.01 c' io 

1 mV pk-pk 

Reliable. well proven design - 
ideal for both industrial and 
educational laboratory bench 
top use. 

and powerful value at that: 
LABORATORY BENCH POWER SUPPLIES : CONSTANT VOLTAGE /CONSTANT CURRENT 'L' SERIES 

X 
_ _ : 

Ili.. 
.' r 

130E 

0-30V 
at 5A 

130A L3OB L30C* L30D 

0-50V 0-30V 0-10V 0-30V 
at 500mA at 1 A at 3A at 2A 

£42 £42 £58 £66 £98 

For full details contact: 

ta 

Itltl 1 

L3OF* 

0-12V 
at 10A 

£98 

(excluding V.A.T.) 

sill 
! 111 ! 111 ! 

L30A/T 

2x0-50V 

at 500mA 

£84 

2x0 -30V 

at 2A 

£132 

Farrell 
FARNELL INSTRUMENTS LIMITED POWER SUPPLIES DIVISION 
SANDBECK WAY WETHERBY YORKSHIRE LS22 4DH 
TELEPHONE: 0937 3541 - TELEX 557294 
LONDON OFFICE: TELEPHONE 01 -802 5359 

WW-093 FOR FURTHER DETAILS 
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The Sinclair Cambridge... 
no other calculator is so powerful 

and so compact. 

Complete kit- £2495! 
The Cambridge - new from 
Sinclair 
The Cambridge is a new electronic 
calculator from Sinclair, Europe's 
largest calculator manufacturer. It 
offers the power to handle complex 
calculations, in a compact, 
reliable package. No other calculator 
can approach the specification below 
at anything like the price -and by 
building it yourself you can save a 
further £5.50 ! 

Truly pocket -sized 
With all its calculating capability, the 
Cambridge still measures just 
41" x 2" x ; 6 ". That means you can carry 
the Cambridge wherever you go 
without inconvenience - it fits in your 
pocket with barely a bulge. It runs on 
U16- type batteries which gives weeks 
of life before replacement. 
Easy to assemble 
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. 
Total cost? Just £27.45! 
The Sinclair Cambridge kit is supplied to you 
direct from the manufacturer. Ready 
assembled, it costs £3295 - so you're saving 
£5.50 ! Of course we'll be happy to supply you 
with one ready -assembled if you prefer - it's 
still far and away the best calculator value 
on the market. 

I 5 9 

, C 

7 

4 

r 

_ 

t- 

5 

{ 

9 

6 

3 

Features of the Sinclair Cambridge 
* Uniquely handy package. 

42" x 2" x I6, weight 32 oz. 

*Standard keyboard. All you need 
for complex calculations. 

*Clear -last -entry feature. 
* Fully- floating decimal point. 
*Algebraic logic. 
*Four operators (+, -, x, 4), 

with constant on all four. 
*Constant acts as last entry 

in a calculation. 
*Constant and algebraic logic 

combine to act as a limited 
memory, allowing complex 
calculations on a calculator 
costing less than £30. 

* Calculates to 8 significant digits, 
with exponent range from 

1040 to 1079. 

*Clear, bright 8 -digit display. 
* Operates for weeks on four 

U16 -type batteries. 
(MN 2400 

recommended.) 
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A complete kit! 
The kit comes to you packaged in a heavy -duty polystyrene container. 
It contains all you need to assemble your Sinclair Cambridge. 
Assembly time is about 3 hours. 
Contents : 

1. Coil. 
2. Large -scale integrated circuit. 
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. 

Actual Size! 

Chin long x 2 in wide x u /sin deep 

This valuable book - free ! 
If you just use your Sinclair Cambridge for 
routine arithmetic -for shopping, 
conversions, percentages, accounting, 
tallying, and so on - then you'll get more than 
your money's worth. 
But if you want to get even more out of it, 
you can go one step further and learn how to 
unlock the full potential of this piece of 
electronic technology. 

- -1 
; 

,2e,_a .,..a 

simelwa Gad.. 

¡...°'. 
How ? It's all explained in this unique 
booklet, written by a leading calculator 
design consultant. In its fact-packed 32 
pages it explains, step by step, how you can 
use the Sinclair Cambridge to carry out 
complex calculations 

Sinclair 
Sinclair Radionics Ltd, London Road, St Ives, Hunts. 
Regno: 699483 England VAT Regno: 213 8170 88 

Why only Sinclair can make you this offer 
The reason's simple : only Sinclair - Europe's largest electronic calculator 
manufacturer - have the necessary combination of skills and scale. 
Sinclair Radionics are the makers of the Executive -the smallest electronic 
calculator in the world. In spite of being one of the more expensve of the small 
calculators, it was a runaway best -seller. The experience gained on the Executive 
has enabled us to design and produce the Cambridge at :his remarkably low price. 
But that in itself wouldn't be enough. Sinclair also have a very Icng experience of 
producing and marketing electronic kits. You may have used one, and you've almost 
certainly heard of them -the Sinclair Project 60 stereo modules. 
It seemed only logical to combine the knowledge of do- it- yourself kits with the 
knowledge of small calculator technology. 
And you benefit ! 

Take advantage of this money -back, no -risks offer today 
The Sinclair Cambridge is fully guaranteed. Return your kit within 10 days, and 
we'll refund your money without question. All parts are tested and checked before 
despatch - and we guarantee a correctly -assembled calculator for one year. 
Simply fill in the preferential order form below and slip it in the post today. 
Price in kit form : £24.95 + £2.50 VAT. (Total : £27.45) 
Price fully built: £29.95 + £3.00 VAT. (Total : £32.95) 

To: Sinclair Radionics Ltd, London Road, 
ISt Ives, Huntingdonshire, PE174HJ 

I Please send me 
a Sinclair Cambridge calculator kit at 

£24.95 - £2.50 VAT (Total : £27.45) I a Sinclair Cambridge calculator ready built 
at £29.95 - £3.00 VAT (Total : £32.95) 
*I enclose cheque for £ made 

Iout to Sinclair Radionics Ltd, and crossed. 

I*Please 
debit my *Barclaycard /Access 

account. Account number 
L*Delete as required. 

Name 

Address 

WW/5/74 ell 

I 

I 
I 
I 
I J PLEASE PRINT 

WW-094 FOR FURTHER DETAILS 
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the many secrets of 
the Dymar 1711 

is right here. 

The Dymar 171I is a VHF /UHF Milli - 
voltmeter with a number of clever, and 
extremely useful, differences. 

Take the compact, lightweight RF probe. 
This houses two high speed rectifying 
diodes in a full -wave circuit. The result- 
ing low level DC voltage is amplified in a 
low noise chopper -stabilized DC ampli- 
fier. The rectifying characteristic of 
these diodes is such that below approxi- 

mately 3omV they follow a square law. 
The result? True rms response. 

Then there are the special linearising 
circuits used on each of the eight voltage 

In the probe. 

ranges provided. These ensure com- 
pletely linear readings between one -third 
fsd and full scale. 

And, as you would expect from Dymar, 
the instrument is fully portable and 
provided with a comprehensive range of 
accessories. 
Take a look at this brief spec. 
Frequency range: 
Voltage range: 
Minimum reading: 
RMS response: 

5okHz to 850MHz 
ImV fsd to 3V 
300µV 
True below 3omV 

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

the name in radiotelephones 

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

WW-095 FOR FURTHER DETAILS 
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Realm of microwaves 
8 Lenses and radomes 

by M. W. Hosking, M.Sc. 

British Aircraft Corporation, Stevenage 

From the last two articles it should be 
apparent that the most usual antenna func- 
tion is to direct as much radiated energy as 
possible within a specified beamwidth. The 
efficiency with which this can be achieved 
depends on how closely the radiation from 
the antenna system approximates to a plane 
wavefront; that is, a constant phase across 
the aperture. An obvious and good example 
of this is the paraboloid reflector which con- 
verts the generally spherical wavefront of 
the primary feed to a plane -wavefront 
radiated beam. Such a situation implies 
equal electrical path lengths for all rays 
from the feed to the aperture plane and this 
can also be achieved by a microwave lens. 

Microwave lens design can be approached 
along similar lines to those in optics but, 
because certain lens dimensions are com- 
parable to the wavelength, diffraction effects 
cannot always be ignored. These lenses fall 
conveniently into three categories, although 
not every type of lens is discussed within 
each category. 

Firstly, there is the uniform dielectric 
type of lens constructed from some solid 
material and behaving in much the same 
way as its optical counterpart. Secondly, 
there is the artificial dielectric lens wherein, 
as the name implies, an effective dielectric 
constant is produced by means other than 
the bulk property of a material. Thirdly, the 
non -uniform dielectric lens of which the di- 
electric constant is not, in fact, constant 
throughout the lens, but varies with distance 
in some prescribed manner. 

Dielectric lens 
Bringing back memories of school physics, 
the design of solid dielectric lenses can be 
based on the methods of geometrical optics. 
Analogous to the optical transparency is the 
dielectric loss tangent of the lens so for 
microwaves there is a much wider choice of 
materials. The lens does not have to be op- 
tically transparent and, being the same order 
of size in thickness as the wavelength, the 
overall transmission loss is low. However, 
when the mechanical, environmental and 
fabrication requirements are taken into 
account, the range of suitable materials is 
reduced ; those most generally applicable 
being plastics such as the polyolefins, poly- 
styrene and p.t.f.e. 

Refractive index is one of the main design 
parameters, but microwave materials are 

characterized by their dielectric constant. 
There is, however, a direct relationship be- 
tween the two. Refractive index is defined 
as the ratio of the speed of light or electro- 
magnetic propagation in free space to that 
in material; that is, n = c /v. These speeds 
can be expressed in terms of the relative and 
absolute permeability and permittivity as 

retractive refractive 
index =1 \ index =/1 

refracted 
ray 

incident 
ray 

spherical 
wavefront 

(a) 

Snell's law 
sin i =n sin r 

focus f 

raf(n -1) 
n cos B -1 

( b) 

Fig. I. Refraction of a plane wave at a 
dielectric interface (a). A point source, 
spherical wavefront can be converted to a 
plane wavefront by a suitably curved 
surface (b). In this case the contour can be 
hyperbolic or elliptical depending on 
whether n is greater or less than unity. 

plane 
wavefront 

(a) 

A 
B 

path length of last 
ray A must be E ray,B 

plane surface 
zoned 

(b) 

curved surface 
zoned 

Fig. 2. Zoning the microwave lens saves 
weight, although at a sacrifice in bandwidth 
for the solid lens. 

cz = 1 /µ e,, and vZ = 1 /11,,µ,eve,. Manipula- 
tion of these relationships shows that 
n = e, for the case when µ, = 1. A word 
of caution here in that n is not necessarily 
the same as the optical refractive index, be- 
cause the dielectric constant may vary with 
frequency between the microwave and op- 
tical bands. 

Another important characteristic of the 
uniform lens is that Snell's law is obeyed so 
that sin i = n sin r using the notation of 
Fig. 1(a). This makes ray -path tracing easier 
and simplifies equations for the lens sur- 
faces; which brings us to Fig. 1(b). The 
requirement of the lens shown is to convert 
the spherical wavefront from a source at the 
focus into a transmitted plane wavefront. 
For this to happen, all of the ray -paths into 
and out of the lens must be equal electrically 
and defining one surface of the lens as plane, 
the problem is to find the equation for the 
other one. Flom the geometry shown, this 
means that r +nt' mist equal f +nt, or 
r -f = n(t -t'). The term (t -t') can be ex- 
pressed as (r cos B) -f resulting in the sur- 
face equation 

f(n -1) 
r 

(n cos B) -1' 
For values of refractive index greater than 

unity this is the equation of a hyperbola of 
eccentricity n. So a simple microwave lens 
might be made from, say, polystyrene having 
a microwave refractive index of 1.6 and 
would be plano- convex in shape with the 
convex surface being a hyperbola facing the 
incident radiation. 

If such a lens were to have an appreciable 
diameter, then the thickness would be large 
and the weight would consequently be high: 
both undesirable features. It is, however, 
possible to remove material from the lens in 
a controlled fashion and to drastically re- 
duce the weight ; the process being termed 
zoning, Fig. 2 showing end result. By "con- 
trolled is meant removing a section of the 
lens such that the last ray, so to speak, in the 
dielectric, A of Fig. 2(a), differs in path 
length from the adjacent ray B in the air -gap 
left by a whole number of 2n phase changes. 
In this way the phase relationship between 
all rays is maintained at the correct value 
and, electrically, the lens does not know that 
pieces have been removed. The price paid 
is a reduction in bandwidth due to the 
frequency -sensitive nature of the steps, 



152 

together with a reduction in aperture effi- 
ciency due to a diffraction at the edges of 
each step. 

Although the dielectric lens antenna holds 
promise of greater ease of beam scanning by 
just moving the feed, it is up against severe 
competition from the reflector antenna and 
the phased array and is not nearly so widely 
used. Possibly its main application is as a 
phase corrector for microwave horns. The 
horn itself was reviewed in an earlier article 
and it can readily be appreciated that, due 
to the changing path length within the horn, 
there can be considerable phase change 
across the aperture causing inefficient radi- 
ation. By placing a lens in the aperture, the 
efficiency can be raised from something like 
50 to about 80% together with a reduction 
in spill -over and back radiation. 

Artificial dielectrics 
It is possible to calculate, with varying 
degrees of success, the dielectric constant of 
a material from a knowledge of its molecu- 
lar structure. In general, this means the 
determination of a quantity called polariz- 
ability, which is a measure of the ease with 
which an applied electric field can induce a 
directional charge in each atom. Normally, 
each molecule with its atoms and orbiting 
electrons has no preferential charge on it 
and is electrically neutral. But when brought 
under the influence of an electric field, some 
electron re- positioning occurs, producing a 
preferential alignment of charge in the same 
direction as the field -the dielectric becomes 
polarized. 

Polarization also occurs in metallic con- 
ductors due to an applied electric field 
re- positioning surface charge and has led 
to a class of artificial dielectrics wherein 
metallic particles of various shapes are used 
to simulate the molecules and so form what 
is really a large -scale model of a molecular 
structure. Knowing the shape of the par- 
ticles, their polarizability, and hence di- 
electric constant, can be fairly simply 
calculated (compared with an atomic struc- 
ture) from an electrostatic approach. 

Things are not that simple in practice, 
due largely to variations in particle size and 
shape and in uniformity of distribution. The 
particles can be of a variety of shapes: 
spheres, discs or flakes, filaments and strips 
being commonly used, with cross -sectional 
dimensions typically lying between 0.05 
and 0.01 of a wavelength. Dielectric con- 
stant depends on the particle shape used and 

(a) 

stack of 
metal plates 

direction 
of propagation 

whether the particles have a preferred ori- 
entation. Spheres, for example, place an 
upper limit of about 1.6 (n = 1.27) on the 
dielectric constant, but being symmetrical 
this does not vary with the direction of 
propagation through the material. A disc 
on the other hand allows any value (theor- 
etically) to be obtained, provided that both 
the electric and magnetic fields are tangen- 
tial to the disc's surface. This means that the 
dielectric constant becomes a function of 
direction, to say nothing of alignment prob- 
lems in producing the material itself. 
Whichever shape is selected, the particles 
themselves must be supported in some way 
and distributed as evenly as possible. The 
most popular supporting medium is poly- 
styrene or polyurethene foams as these are 
light, easy to produce and have a very low 
refractive index. 

Having selected the particle shape and 
distribution to give a particular refractive 
index, together with the binding medium 
the lens design can proceed as for the solid 
dielectric. The main advantage of this type 
of artificial dielectric is its low density, 
resulting in significant weight saving and 
not only in lens design. The material can 
also be used for radomes (see later). Poss- 
ibly the largest problem facing its use is that 
of obtaining a uniform and repeatable dis- 
persion of the metallic particles within the 
supporting medium. 

There is another, widely -used method of 
creating an artificial dielectric constant 
which makes use of the guiding properties of 
parallel metal plates. A stack of such plates 
is shown in Fig. 3(a) with an incident electric 
field parallel to the plate surface. Under 
these conditions, the plates will support a 
waveguide mode, the wavelength of which 
then becomes governed by the plate spacing. 
It may be recalled from an earlier part of 
this series that the guide wavelength can be 
expressed as 1 /.l92 = (1/202)- (1 /4a2) where 
the quantity 2a represents a cut -off wave- 
length above which energy will not propa- 
gate in the guide. The refractive index, 
n = c /v, which is the same as n = .lo /)9, as 
the frequency remains constant. Therefore, 
by using the above expression for wave - 
guide wavelength, a refractive index for the 
parallel plate system can be written as 
n = [1 -(A /2a)2]4 Some limitations are 
put on this expression as the spacing, a, 
must be greater than 4/2 to remain above 
cut -off and must be less than to avoid 
risking the propagation of the next -order 
waveguide mode. 

for dominant 
mode only 

2 -2>a< No 
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profile 
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Fig. 3. Equivalent dielectric constant of less than unity can be produced by constraining the 
wave to pass through metal plates (a). By shaping the plate surface (b), a further type 
of microwave lens can be produced. 

( b) 
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An interesting feature of this type of struc- 
ture is that the refractive index is less than 
unity, implying that the velocity within the 
guide is greater than that of light. However, 
the overall velocity within any substance 
can be considered as the geometric mean of 
two velocities. One being that at which sig- 
nal energy is carried, called group velocity 
and which cannot exceed c, and the other 
called phase velocity, which describes the 
movement of the phase front and which can 
be greater than c. For a non -dispersive 
medium the two are equal, but that is not 
the case here and y is the phase velocity. 

We thus have another artificial dielectric 
with an equivalent refractive index and, in 
similar fashion to the solid dielectric case, 
wish to find the profile of one surface to 
produce a lens. The first equation can be 
used again, but with n < 1 is re- written 
r = f(1 - n) /(n cos 0)- 1 which is now the 
equation of an ellipse. Thus, a metal plate 
lens might appear something like Fig. 3(b) 
in general profile. 

Many other types of lens are possible and 
the methods of producing artificial refrac- 
tive indices and lenticular effects are many 
and varied, although often having little 
practical application. Consequently, there 
is little to be gained in reviewing these 
further ; rather the intention has been to in- 
troduce to the reader the concept of a 
microwave lens and to highlight differences 
in physical form between it and the more 
familiar optical counterpart. Anyone in- 
terested in delving further into the subject 
could obtain the basic groundwork.* There 
is one other lens from the category of non- 
uniform dielectrics which is well worth 
mentioning; partly because of its novelty 
and partly because it is the most widely used 
of all microwave lenses. 

The Luneberg lens 
This was first propounded in a treatise on 
optics but proved impractical to construct at 
those wavelengths. The idea is to produce a 
lens that will focus energy from a point on 
one side to a point on the other, with par- 
ticular attention paid to the limiting case 
where one of these points is on the surface 
of the lens and the other point is at infinity. 
In other words, to derive another spherical 
to plane wave -front convertor. The lens 
itself is a sphere having the general ray 
geometry shown in Fig. 4(a) wherein radi- 
ation from a point- source feed on the sur- 
face follows elliptical ray paths through the 
lens and, if all of these ray paths can be 
made electrically equivalent, emerges as a 
plane wavefront. A fairly complicated 
mathematical analysis of this lens shows 
that to provide the necessary phase vari- 
ations within the lens, the dielectric constant 
must vary with the distance from the centre 
of the lens, r, in the simple fashion given by : 

e,(r) = 2 - (r 1r0)2. In other words, the refrac- 
tive index must vary continuous) from unity 
at the lens surface (r = re) to (r = 0) at 
the lens' centre. 

When one gets down to constructing the 
Luneberg lens such a variation is not really 
practicable, so an equivalent approach 

* From "Microwave Lenses" by J. Brown, Methuen 1953. 
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must be found. One which gives exceedingly 
good results and also permits a simple 
manufacturing process is to divide the lens 
into a series of hemispherical shells as in 
Fig. 5. Each shell has a definite dielectric 
constant, but different from its neighbour 
and so the variation of the last equation is 
achieved in step fashion instead of con- 
tinuously. Provided the thickness of each 
shell is chosen so that the phase errors are 
not cumulative, the lens performs very well. 

Because of its symmetry, the Luneberg 
lens is capable of scanning a beam in all 
directions and without distortion by just 
moving the feed. Its widest use, however, is 
as a radar reflector wherein the feed is re- 
placed by a metal cap as shown in Fig. 4(b) 
onto which an incident plane wávefront is 
focused and then reflected back again in the 
same direction. Such reflectors are used in 
enhancing the radar return from small air- 
borne targets, calibrating radar systems and 
acting as marker buoys. 

Radomes 
This topic is lumped together with that of 
the lens because, to my mind, the two have 
many similarities. Both are constructed 
from dielectric materials, either solid or 
artificial, both strive for maximum power 
transmission, and both involve the same 
basic design problem of an incident electro- 
magnetic field at a dielectric air interface. 
Often a "tail -end Charlie" in system design 
and perhaps in receipt of less fundamental 
design attention than other components, 
the radome is nonetheless a vital part of 
radar and communication systems. 

The radome is an unwanted extra in the 
majority of systems and it would always be 
an advantage, electrically, to do without it. 
This is seldom possible, as the prime func- 
tion of the radome is to provide weather 
protection for the microwave and electronic 
equipment beneath it. Also, in the case of 
aircraft and missiles, the radome must form 
a part of the aerodynamic profile and there- 
fore has to contend with the harsher set of 
environmental conditions which this im- 
poses. Thus, the radome designer must be a 
fairly versatile character as he must produce 

(a) 
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Fig. 4. Spherical Luneberg lens can convert 
a point source on its surface to a plane 
radiated wavefront by suitable radial 
grading of its refractive index (a). By 
placing a metal cap on the surface the lens 
can be converted into an efficient reflector 
(b). 
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Fig. 5. Continuous radial variation of refractive index is not practically possible, so the lens 
is constructed of hemispherical shells, each with a slightly different refractive index. 

an equipment cover that is electrically in- 
visible, will withstand rain, snow, ice and 
extremes of temperature, is mechanically 
strong and is often aerodynamically pro- 
filed. Needless to say, these diverse require- 
ments are not mutually compatible. 

It is not reasonable to try and cover here 
the mechanical and environmental side, 
except to highlight major points, as this is 
really a materials technology problem. On 
the electrical design, however, radomes can 
be divided into fairly definite categories 
according to their method of construction 
and the design itself boils down to that of 
proper phasing of the reflections which 
occur at the various material boundaries. 

Suppose a radome consists of a sheet of 
some plastics material of thickness d and 
dielectric constant e,. A wave travelling 
along in free space will see the dielectric as 
an abrupt change in the characteristic im- 
pedance of its environment. The net result 
will be a reflection of some power at the 
interface with an amplitude depending on 
E, and having a maximum possible value of 
R = (e, - 1)2/(e, + 1)2. 

In addition, the phase of this reflected 
wave will be opposite to that of the incoming 
radiation. Having traversed the sheet, the 
wave now meets another impedance change 
as it emerges back into free space and this 
gives rise to a second reflected wave, equal 
in amplitude to the first but without the 
phase change. In summation, there will thus 
be two reflected waves emerging from our 
plastic sheet, one from the front surface and 
one from the back and, depending on the 
phase relationship between them (remember 
that one wave has traversed the panel twice), 
they will form a resultant. Such a resultant 
wave, by interfering with the incident radi- 
ation, will cause a further loss in the 
transmission performance of the radome 
and it is here that the radome designer 
steps in. 

Fig. 6(a) shows how, for normal inci- 

dence, the power transmission of a dielectric 
sheet varies with its thickness, the features 
to note being the periodic nature of the 
curves and the existence of optimum values 
ofd /,) 0. These optimum values to give maxi- 
mum power transmission occur when the 
two reflected waves from the radome com- 
bine in such a way that their resultant is 
zero. In other words, one must be n radians 
out of phase with the other. Bearing in mind 
that because of the nature of the impedance 
change (high to low) the reflection from the 
front surface is 180° out of phase with the 
incident wave, the condition for cancella- 
tion is that the second wave should travel 
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Fig. 6. Variation in power transmission 
through a dielectric sheet as a function of 
thickness for normal incidence (a). 
Transmission properties are different for 
perpendicular and parallel polarizations, 
that for perpendicular always being worst 
(b). 
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Fig. 7. Main types of radome construction are, from left to right: thin skin, half -wave and 
three A- sandwiches with different cores. 

multiples of 2n radians before combining 
with the first. As 2n radians corresponds to 
one wavelength, the radome should there- 
fore be a half -wavelength thick. This means 
the wavelength within dielectric ; i.e..lO/ er. 

This feature of a dielectric sheet gives one 
of the main radome classifications : the half - 
wave type which finds application at fre- 
quencies generally above X -band (above 
about 10GHz). While many dielectrics are 
convenient for manufacture, the most popu- 
lar material by far is fibreglass /resin 
laminate. Its loss tangent may leave some- 
thing to be desired at about 0.01, but this is 
made up for by ease of fabrication, good 
weathering properties and great strength. 
With a dielectric constant of four, a fibre- 
glass, half -wave radome designed to operate 
at 15GHz would thus be a nominal 0.5 cm 
thick. 

A second radome type, really a limiting 
case of the half -wave, is the thin -skin 
radome which, as its name implies, has a 
thickness small compared with the wave- 
length. Generally, this means less than 
A0 /20 and Fig. 6(a) shows that, for a fibre- 
glass laminate, 85% power transmission is 
still achieved at this upper limit. Glass -fibre 
is still a commonly used material for the 
thin -skin radome but, when circumstance 
permits, relatively cheap radomes in poly - 
olefin or polystyrene types of plastic can be 
made using vacuum forming. Example of a 
thin -skin and a half -wave radome are shown 
in the two left -hand items of Fig. 7. 

The three other samples shown in this 
figure are from a third main type of radome : 

the sandwich. In this case, they are of an 
A- sandwich which consists of two high - 
dielectric constant thin skins and a low - 
dielectric constant core. There is also a 
less -used B- sandwich in which the core is 
of higher dielectric constant than the skins 
and a C- sandwich which is really a double 
A- sandwich. The main reason for going to 
a structure such as the A- sandwich is that 
of weight saving, at the same time main- 

taining good strength and rigidity. Electric- 
ally, the idea is to arrange the spacing of the 
two skins so that the reflection from the front 
skin cancels out the one from the rear. For 
this to happen, a 180° phase difference must 
exist, which means that the skins must be 
2/4 (in the core material) apart. If the differ- 
ence between this situation and the half - 
wave radome is not at first apparent, 
remember that the sandwich reflections 
arise at two high/low impedance interfaces 
whereas those of the half -wave come from 
a high/low and low/high transformation. 

Construction -wise, the outer skins of the 
A- sandwich are usually of fibreglass and 
the core can be made from a number of low - 
density, low Cr materials. The left -hand and 
centre sandwiches of Fig. 7 have cores of 
polyurethane foam and the end one uses a 
honeycomb or resin -impregnated fibreglass. 
Typical dielectric constants range from 1.1 

to 1.2. 
So far, the transmission properties of 

radome materials have been maintained 
with radiation incident only normal to the 
surface, but in practice angles of incidence 
as high as 80° can be encountered. The 
design situation then becomes much more 
complicated because the transmission co- 
efficient varies both with incidence angle 
and polarization of the E -field vector. Before 
looking at this in more detail, it is necessary 
to define what is meant by E -field polariza- 
tion. If this page represents the radome 
surface, then it is possible to define a plane 
of incidence formed by the normal to the 
page and a line indicating the direction of 
the incident wave. There are then two 
polarizations : vertical when the E- vector is 
perpendicular to the plane and parallel 
polarization when the E- vector is parallel 
to the plane. The transmission properties 
are different for each type. This difference is 
marked and is shown in Fig. 6(b) for fibre- 
glass sheet of e, = 4. At normal incidence, 
the power transmission is limited by the 
reflection coefficient of the last equation 

giving T = 0.64. As the incidence increases, 
the transmission coefficient for perpendicu- 
lar polarization steadily decreases to zero for 
90° incidence, while that for parallel polar- 
ization increases and eventually reaches 
100% transmission. 

The incidence angle at which this occurs 
is the Brewster angle and is equal to 
tan -'/. Having passed this angle, the 
transmission falls off rapidly to zero at 90 °. 

Over the whole range of incidence angles, 
the transmission of parallel polarization is 
always better than that for perpendicular 
which makes it much more difficult to de- 
sign the more streamlined type of radome 
having a wide range of incidence angles. 
This is particularly so for the case of the 
sandwich radome as its transmission pro- 
perties are more susceptible to changes in 
incidence angle than are those of the half - 
wave type. Fig. 8(a) shows a sample of 
aircraft and missile radomes of thin -skin, 
half -wave and sandwich construction where 
it can be seen that the designs range from 
the relatively straightforward, normal in- 
cidence, hemispherical radomes to types 
having a very high fineness. An advanced 
half -wave radome, both production -wise 
and design -wise, is the Concorde radome 
shown in Fig. 8(b). It is made from epoxy 
resin fibreglass, is 11 ft high and has a slightly 
elliptical cross -section. Fig. 8(c) shows an 
example of a large A- sandwich radome 14ft 
diameter for a ship -borne radar. 

Because of the imperfect transmission 
properties and the way in which these vary 
with incidence and polarization, the placing 
of a radome over an antenna system gives 
rise to various types of performance de- 
gradation which it is the designer's job to 
minimize. One of these is the straight- 
forward reduction of radiated power due 
to the mismatch reflections from the radome 
wall and the attenuation in passing through 
the lossy dielectric medium. Usually, these 
losses can be kept to around 0.5dB. 

Another effect, generally called bore- 
sight error, causes the radiated beam to 
point in a slightly different direction from 
that of the antenna. The cause is diffraction 
effects at the radome and the amount of 
error is largely dependent upon the vari- 
ation in phase across the radome surface. 
Depending on the method of construction, 
the boresight error is generally less than 
20 minutes of arc, which may not sound 
much but can be most important to certain 
types of radar : missile homing systems, for 
example. Once again, due to phase vari- 
ations, the radome can distort the antenna 
pattern, usually manifesting itself as a 
broadening of the beam and an increase in 
sidelobe level. 

Although the main types of radome have 
been reviewed here there are, needless to 
say, many variations. The core of the 
A- sandwich, for example, could be made of 
lightweight artificial dielectric of the same 
s, as the skins, thereby forming the less 
polarization- sensitive half -wave radome but 
at a much -reduced weight. Thickness and 
weight can again be saved by embedding 
wires in thin radome skins to produce 
lumped inductive or capacitive elements 
instead of the distributed transmission path 
through the normal radome. When one 
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Fig. 8. Aircraft and missile radomes of 
different methods of construction illustrate 
the wide range of radome shapes (a). 
Half -wave Concorde radome and part of its 
3-21-ton mould (b) and a large A- sandwich 
radome (c). 

Scottish search for gravity waves 

For the last few years the detection of 
"gravity waves" from outer space has been 
claimed by the American physicist J. 
Weber. Gravity waves are bursts of 
gravitational energy which are expected to 
be emitted when a star is swallowed by a 
"black hole ". Gravity waves travel at the 
speed of light and are detectable by measur- 
ing the movement produced when they 
traverse a freely suspended mass. (Piezo- 
electric transducers convert the movements 
into voltages which are then amplified and 
recorded.) 

Weber detects about one short- duration 
(less than 500 milliseconds) gravitational 
"event" per day. This has presented 
astronomers with a problem. If each 
"event" marks the destruction of a star 
at the centre of our galaxy, and the pro- 
cess has been going on indefinitely at the 
same rate, then the entire galaxy should 
have been consumed long ago. This is one 
reason why other attempts to check on 
Weber's measurements are being made. 

The detection problem is difficult 

because the incoming gravity waves are 
weak, and apt to be obscured by local noise. 
This noise may be caused by external 
(seismic) vibrations or by internal temper- 
ature effects (thermal vibrations). Seismic 
effects are excluded by using two detectors, 
spaced well apart, and correlating their 
outputs. Thermal noise has to be com- 
bated by signal -processing techniques. 

An improved type of detector is in use 
at Glasgow University. In this, each 
freely -suspended mass (a 300kg aluminium 
bar) is divided into two equal parts, with 
the piezoelectric transducers between them, 
acting as mechanical couplers. The trans- 
ducers detect relative movements of the 
two half -bars. This arrangement is much 
more sensitive than the earlier ones in which 
transducers were fixed to the surface of the 
suspended mass. 

Thermal noise sets the detector -mass 
vibrating on its resonant frequency of 
about 1kHz. The arrival of a signal im- 
pulse from outside interferes with this 
resonance signal, producing an increase, 

adds to these electrical design considera- 
tions the severe environmental and mech- 
anical requirements such as imposed by 
most aircraft and missile systems, the 
design of a radome becomes a most in- 
teresting topic involving many areas of 
technology. 

decrease, or phase shift. Any such modu- 
lation of the output requires -the existence 
of other frequencies. If the natural 
resonance signal is eliminated by a notch 
filter, the true incoming signals can be 
distinguished. 

In the Glasgow apparatus the outputs 
of the six stacks of piezoelectric trans- 
ducers at each detector are pre -amplified 
by f.e.t. amplifiers and filtered by a broad 
bandpass filter centred on the fundamental 
resonance frequency of the detector mass. 
The fundamental output frequency is 
eliminated by a passive LCR bridged -T 
notch filter. 

The two detectors are separated by 50 
metres. Their outputs are applied to co- 
incidence circuitry and then recorded in 
various forms. So far, "events" have been 
recorded very infrequently in comparison 
with Weber's results, though there is still 
a possibility that Weber may have 
detected events of much larger duration 
than the short (a few milliseconds) events 
predicted and searched for at Glasgow. 
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A problem of measurement 
Rectifier -meter readings with distorted waveforms 
by Thomas Roddam 

At an exhibition last season, or maybe it was 
the season before, I was surprised, and then 
alarmed, to find quoted for a piece of equip- 
ment two figures which seemed incom- 
patible. The alarm came when the chief 
engineer of the company concerned said he 
could see nothing wrong with them. The 
equipment was, if you are sitting on the edge 
of your chair with excitement, a sine wave 
power source. I have forgotten the exact 
numbers, but typically they were 10% dis- 
tortion and an output voltage constant to 
within 2%. Readers who remember the old 
engine -driven aircraft generator with its 
carbon -pile regulator will also remember 
that the most certain way of burning out the 
valve heaters in flight was to set up the 
carbon -pile regulator using an average - 
reading voltmeter. 

For much of the time most of us are con- 
tent to use a rectifier meter, which reads, 
i.e. responds to, the average voltage but is 
calibrated to indicate the root -mean -square 
voltage of a pure sinewave giving the same 
meter reading. To what extent should we 
turn away from this easy and inexpensive 
practice now that our power supplies may 
no longer have the same purity of waveform 
as that supplied by the Generating Board? 

Until twenty years ago there was no ques- 
tion about it. The one really critical voltage 
inside a piece of equipment was the valve 
heater voltage. If the heaters were too hot, 
the life was shortened : if they were too cold, 
some circuits, though none of mine, just 
would not work. Looking back more critic- 
ally, however, we did accept quite wide 
variations by modern standards. The 12.6 
volt line of a wide range of valves was a 12- 
volt battery, and no one expected that to be 
closer than ± 10 %. 

Technically it is not difficult to measure 
r.m.s. voltage, although the simple measur- 
ing techniques all have flaws. The old and 
tried method was the use of a thermocouple, 
calibrated in my young days against d.c. for 
each measurement or group of measure- 
ments. Accident -prone and slow, I do not 
regret that we no longer see this. Thermistor 
circuits are also slow, and I suspect that they 
are temperature dependent. Then there are 
tricks, using a number of diodes to build up 
the parabolic characteristic in a set of arcs. 

I used this method a long time ago in a 
psophometer but I am not sure how good it 
is over a wide temperature range. More 
recently all kinds of clever devices have 
come into use. A Hall multiplier will pro- 
duce V2, and one can also do the multipli- 

cation by using length and amplitude modu- 
lation of a sampling train of pulses. In fact 
you can buy an expensive box of tricks. 

Is this refinement necessary? How much 
does it really mean? In this article I propose 
to look at the error caused by distortion and 
on some of the other factors which are in- 
volved. 

In order to make life easy, because, as I 
have never failed to preach, any examina- 
tion of principles should not allow a passion 
for generality to complicate the argument, 
I shall examine only the effect of the third 
harmonic. As this is usually the main source 
of error, we do not lose much by this limita- 
tion. It is often, though not always, the pre- 
dominating harmonic in an imperfect power 
supply. We therefore take a supply wave- 
form 

sin 0 +h sin (30 +0) 
where h is the fraction of harmonic ; 0 is cot; 
and 0 the phase of the harmonic, which is 
very important. 

We need to consider the value of the func- 
tion over the range from O = 0 to O = x, a 
half cycle, since we are dealing with only odd 
terms. The average value is quite simply 
given by 

Y AV = -1 sin 0 +h sin (30 +0) dO 
0 

= 
n1 

0 +3 cos (30 +0)] [cos 
L o 

1 2h 
= -ñ(- 2 + -3 cos 0) 

= ñ(1- 3cos0) 

The value of cos ¢ may be anything from 
-1 to +1. 

For the r.m.s. value we can do some rather 
more complicated mathematics. However, 
the whole point of using r.m.s. measure- 
ment is that it adds up the component 
powers, and the result is that 

V 0.707 (1 +h2)1 

or, if h is reasonably small, 

V 0.707 (1 +h /2) 

The factors 2/n and 0.707 are always 
wrapped up inside the measuring device, 
and so we see that a true r.m_s. meter will be 
reading (1 +h /2) when an average -sensing 
meter reads 'something between (1 +h /3) 
and (1 -h /3). It is very convenient to look 

at this for a waveform with 6% distortion. 
The r.m.s. meter indicates 1.03, while the 
other meter may read anything from 0.98 
to 1.02. Thus the average -sensing meter may 
be giving an indication which is 5% low for 
a distortion of 6 %. If the distortion were 
12 %, the error could be as much as 10 %. 

If we were to consider the fifth har- 
monic we should get a term of the form 
1 -(h /5) cos 0), which is not so bad, and 
similar forms for the higher harmonics. 

It is this analysis which is used to justify 
the demand for testing the power supply 
with a meter which reads the r.m.s. voltage. 
It also gives us a rather easy way of checking 
our simple r.m.s. indicating systems. Let us 
put the fundamental at 50Hz. We add to 
this a small amount, 10 or 20 %, of nearly 
third harmonic, 151Hz. A true r.m.s. meter 
will give a steady reading, but since the 
effect of the small frequency difference is to 
change ¢ continuously, an average -reading 
meter will show the beats quite clearly. 

We have seen that with an impure sine - 
wave there is a real error in using the 
average value in place of the r.m.s. value. Is 
this of great significance in practice? A first 
thought is that a disadvantage of the aver- 
age indication is that if the power factor of 
the load is varied, with the actual con- 
stituent voltages held constant, there will be 
a change in relative phase of the harmonic 
and thus a change in meter reading. I do not 
believe that this matters at all. The sort of 
load which has a significant linear phase 
angle is a motor, or some similar type of in- 
ductive device. We are talking, then, of 
current -operated systems, and the very 
effect which produces the deviation of the 
power factor from unity also reduces the 
flow of harmonic current. The literature is 
by no means agreed on the effect of even 
square waves on motors and my own limited 
experience suggests that a waveform con- 
taining no third harmonic but some 20% of 
fifth harmonic, together with higher har- 
monics, actually reduces the motor losses. 

I am inclined to discount the valve heater 
problem. The designers of valve equipment 
rarely expected the precision of supply 
which we all seem to take for granted nowa- 
days. In any event, they are working at 
constant power factor, and a once- for -all 
correction is all that would be needed if they 
were to become seriously concerned. 

A good deal of the 50Hz power we put 
into equipment is transformed and smartly 
turned into d.c. Here we really do run into 
some very interesting problems with the 
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sinewave inverters which are the main alter- 
native source of supply. When we wish to 
produce a sinewave under conditions of the 
highest efficiency, and once the power gets 
up into hundreds of watts we will not be in 
business unless the efficiency is high, we 
must adopt methods which have ideally 
100% efficiency. Do not be misled by the 
"stay in business ". Even if it is just a unit 
you rig up to keep the heating pump running 
off a car battery during the next power 
strike, you still need to eke out your limited 
number of ampere- hours. So any power 
conversion unit from d.c. to\a.c. must 
operate in the switching mode. 

I had thought that there were two basic 
alternatives at this point, but I find that this 
is not so. Or perhaps more correctly, the two 
alternatives are not what one imagines. 

The most usual form of switching in- 
verter produces a square wave output. This 
contains 33% third harmonic, 20% fifth 
harmonic, and so on. We do not wish to 
feed these harmonics through to the load. 
We therefore require two sub -systems. One 
must reflect the harmonic energy back into 
the inverter, while the other converts the 
harmonic energy back into d.c. and stores 
it for re -use. A small amount of energy may 
be used to set up special current and voltage 
conditions, the commutation process in- 
volved in making thyristors switch off. 
There is a rule about the filter and storage 
element which I think goes back to work by 
Belevitch on switching modulators : the re- 
active components of the two sub -systems 
must be of opposite signs. In the commonest 
form this means that the output filter has a 
series inductor and there is a large capacitor 
to accept the reflected energy. 

The most economical way of regulating 
the output voltage of such an inverter is to 
maintain all the devices switched off for part 
of each half -cycle. This also has a very useful 
effect on the harmonics. If the current only 
flows for of the time, the third harmonic is 
zero. This, then, is the form of the basic a.c. 
input to the filter : + V, 0, - V, 0, + V and 
so on. Diodes, one might call them flywheel 
diodes, come into operation during the 0 

period, maintaining the interchange of 
energy between the filter and the storage 
element which is needed to avoid wasting 
harmonic energy. 

Notice that this is a three level system. It 
can be generated by binary logic elements, 
but only if a branch is taken off the chain 
and brought back in what I call push -push, 
though I imagine the mathematicians have 
a classy name for it. 

When I want to slow down my motor car, 
nowhere in particular, I let it free -wheel to 
rest. So I go forward, coast, or reverse: a 
three -level logic system. An aircraft landing 
on a runway simply cannot free -wheel, and 
the brake shoes, or whatever they have, 
cannot get rid of all that energy. The answer 
is reverse thrust. We could have modified 
our square wave for regulation purposes by 
producing the waveform shown in Fig. 2. I 

have put in the reference square wave to 
show how at the beginning and end of each 
half cycle there is a reverse push. But this, 
you will see, is only a two -state logic system. 
We always have either V or - V, never an 
intermediate zero. Of course the filter con- 
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(a) 

Fig. 1. The square wave (a) is modified to 
the three -level logic waveform (6) for the 
purpose of voltage regulation. 

Fig. 2. Another way of regulating a square 
wave. 

Fig. 3. The essentials of the filter. 

load 

Fig. 4. Typical current waveform in 
rectifier capacitance circuit. 

tinues to refuse all this harmonic energy and 
may not be prepared to pass it back through 
the device which is switched on. The fly- 
wheel diodes are still needed. 

It is clear that in modifying the waveform 
we have introduced some new, higher, har- 
monics. I think it is also clear that if the 
short up -down section lasts for i of half a 
cycle it is too fast to produce third har- 
monic, and averages out to the zero of 
Fig. 1(b) which gave zero third harmonic. 
Do the mathematics, but do not write and 
tell me I am wrong. The point is that some- 
thing like that happens, even if the pulses 
are not 30 degrees. 

We can add more reversals and if we time 
them correctly we can get rid of successively 
increasing harmonics. I am not going to 
draw any waveforms, but one way of getting 
just the pattern we want is an old, and I fear 
a long -lost friend, the class -D amplifier. All 
that we have done is to restrict the signal in 
our class -D system to a single frequency, 
and state that the switching frequency is to 
be a multiple of the signal frequency. 

The essential difference between the sys- 
tems really arises from the circuit detail. It 
would be possible to produce a three -level 
logic type of waveform with the many 
switching operations needed to synthesize a 
sinewave free from all low harmonics, but 
it is not the economical solution. The two 
classes of system remain distinct from one 
another. 

The essential job of an ideal filter is to 
store the unwanted energy until it can be 
dispatched back to the source. It can do no 

other, for the ideal filter has no dissipative 
elements, and what it cannot send back to 
the source it must send on to the load. The 
energy storage capability must be measured 
in terms of storing the lowest unwanted fre- 
quency for half a cycle. It is this feature 
which makes the practical difference be- 
tween the simple waveform of Fig. 1(b) and 
the very complicated one of the class -D 
amplifier. There is a world of difference be- 
tween having to reject the third harmonic 
and having to reject the thirtieth. 

We can represent the filter in the simple 
form of Fig. 3. We can have additional half 
sections added on before the load, and we 
can indulge ourselves in frequency and im- 
pedance transformations until square root 
signs come out of our ears. None of this will 
alter the fact that if most of the work of 
cleaning up the waveform is to be done by 
the filter, the inductance will be biggish, 
whereas if we use a lot of clever switching 
operations the inductance will be smallish. 

Now we consider that rather common 
load, the rectifier and capacitor. The sort of 
current demand this makes is shown in 
Fig. 4. Before the rectifier the pulses of cur- 
rent are alternating. Their duration depends 
on the ratio of source resistance to load and 
the value I have chosen, which gives about 
0.85 times the peak input voltage, makes 
the pulses last about 60 degrees. The load, 
in fact, is demanding third harmonic. 

It is at this point that the two techniques 
of power generation, the square wave and 
filter, and the waveform synthesis type, 
behave quite differently. If we have a filter 
which is designed to stop third harmonic it 
will also refuse to supply it. The waveform 
across the load will have its top clipped off, 
and any connection between the r.m.s. volt- 
age and the peak voltage will be purely 
coincidental. 

With the synthesis type of generator this 
does not happen. Something much more 
alarming does, though. I have not got the 
Schade results handy, but you will remember 
that with this type of supply unit you must 
always check the rectifier peak current. 
Well, the rectifier peak current, some 3 -5 
times the load current, is also, after allowing 
for the transformation, the device peak cur- 
rent. You will need some 500W of device 
capability to get 100W of d.c. supplies in the 
load. That small inductor just will not help 
to make life easier. 

Of course, you will never discover this. 
In exploring the problem of mobile and 

stand -by power supply measurement I have 
not really expressed any conclusions. Dis- 
cussions over the years have led to two 
simple rules, however. The first is that the 
higher the professional qualifications the 
less dogmatic the opinion on this matter 
tends to be. The second is that absolute 
certainty is expressed by people who have 
one, and only one, system to sell. 

I suspect that there are already readers 
who are licking their pencils in preparation 
for a letter to the editor demolishing all my 
ideas. Remember, as you write, that once 
you hand one of these units over to a user 
you have no control at all over the mixture 
of loads he will connect to it. And even if 
you know now, what is he going to use in 
the future? 
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New 
Products 

Thick -film networks 
Sprague now offer standardized single in- 
line networks similar to the dual in -line 
range. All resistors are rated ate watt and 
are available with a standard ± 5% tole- 
rance or up to ± 1% on special order. Type 
216C Metanet s.i.l. resistor networks for 
signal and data processing applications 
are also available especially designed for 
calculators, electronic clocks and gas - 
discharge displays. Type 206C Multi-Comp 
s.i.l. resistor capacitor networks are also 
intended for use with gas -discharge dis- 
plays and for interfacing between m.o.s. 
logic and display drivers. Resistor ratings 
up to 40V are available with a typical tem- 
perature coefficient of ± 500p.p.m./°C, 
while the ceramic chip capacitors are 
rated at 200V over the temperature 
range -55 to +70°C. Sprague Electric 
(UK) Ltd, 159 High Street, Yiewsley, 
West Drayton, Middx. 
WW306 for further details 

Cermet film resistors 
A new cermet film resistor from Allen - 
Bradley measures 0.25in long and 0.09in 
in diameter. The resistor, type CC, is 
available over the range 10 ohms to 1 

megohm (E96 preferred values only) at 
± 1% selection tolerance and is rated at 
+ watt at 70 °C, or watt at 125 °C with a 
temperature coefficient of ± 100p.p.m 

vs' W 301 

°C. The resistor is suitable for auto- 
matic insertion and can be supplied 
bandoliered. Allen -Bradley Electronics 
Ltd, Bede Industrial Estate, Jarrow, 
County Durham NE32 3EN. 
WW304 for further details 

Precision potentiometers 
Beckman Instruments Ltd have introduced 
two single -turn precision potentiometers. 
Model 3371 is lain diameter; model 6671 
is 2in diameter. Both models feature a 
new conductive plastics resistance element 
providing stability, fine independent linearity 
and immunity to adverse environmental 
conditions. Power ratings are 1W at 65 °C 
for model 3371 and 8W at 70 °C for model 
6671. The output smoothness is 0.1% maxi- 
mum for both types. In addition to model 
6671's bushing -mount type, a servo -mount 
version is available in model 6673. 
Beckman Instruments Ltd, Queensgate, 
Glenrothes, Fife. 
WW303 for further details 

Continuous wire- wrapping 
tool 
Vero Electronics are now offering a con- 
tinuous wire- wrapping tool manufactured 
by the OK Machine & Tool Corporation. 
The model AW -8LS is a rugged, pistol 
grip, bare wire- strapping tool which is de- 
signed to make wire- wrapped continuous 
connections of gas-tight quality. The bare 
wire feeding through the tool permits inter- 
connection of as many terminals as needed. 
The tool, which weighs 19-4 -oz, will accom- 
modate wire sizes a.w.g. 22 and a.w.g. 24 
and comes complete with a two -metre 
length of flexible plastic air hose. Vero 
Electronics Ltd, Industrial Estate, 
Chandler's Ford, Eastleigh, Hants. 
W W301 for further details 

Splash -proof panel 
indicator lamps 
A range of splash -proof panel indicator 
lamps manufactured by Sloan AG of 
Switzerland, is available exclusively from 
Walmore Electronics Ltd. The lamps will 
withstand pressures of up to 5kg/cm2 in 
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both fresh and sea water. The lampholders, 
which are called the 867, can be supplied 
with a variety of interchangeable nickel - 
plated brass lens caps in either fully or 
partially shrouded styles with an anodized 
or a 'black finish. The four basic lens cap 
styles are supplied fitted with 11.6mm- 
diameter nylon lenses in one of six colours 
(blue, green, amber, red, white and clear). 
The body of the lampholder measures 
30.1mm long (including contacts) by 13mm 
in diameter. The lampholders cost 92p each 
or 72p each for 1000 +. Walmore Elec- 
tronics Ltd, 11 -15 Betterton Street, Drury 
Lane, London WC 2H 9BS. 
WW302 for further details 

Travelling wave tube amplifiers 
EMI -Varian have introduced a new range of 
17in rack -mounted travelling wave tube 
amplifiers (t.w.ts) suitable for laboratory 
and production test applications. Frequen- 
cies from 1 -18GHz are covered by only 
three amplifiers, saving capital expense. 
Standard frequency ranges are 1 -4GHz, 
4 -12GHz and 12- 18GHz. Power levels of 
1, 2, 5, 10 and 20 watts are available for 
each frequency range. Each t.w.t. has 115V 
and 220V power supply tappings and pro- 
tective circuitry including warm -up time 
delay, helix overload cut -out and over- 
heating cut -out. The new range of t.w.ts 
has a.m. and p.m. noise levels of 50dB 
below carrier and spurious non -harmonic 
noise levels are 80dB below carrier. EMI - 
Varian Ltd, Blyth Road, Hayes, Middlesex. 
WW310 for further details 

Microwave panoramic 
frequency analysers 
The 8011 series of panoramic frequency 
analysers are now available from Telonic. 
These instruments which cover the range 
0.5 -30GHz enable rapid analysis of 
spurious products of microwave signals. 
Using a swept y.i.g. filter no cross modula- 
tion products or spurious signals are pro- 
duced. Full tuning range of the instruments, 
e.g. 1- 18GHz, can be covered in one sweep 
and controls give a choice of start/stop or 
centre frequency setting. The dynamic 

WW 307 
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range of 55dB is displayed in either log 
or linear modes on the 5in display tube. 
The flat response of ± 2dB over most of the 
tuning range enables accurate power 
measurements to be taken. Options avail- 
able enable the y.i.g. filter to be used as an 
independent r.f. filter with input and output 
on the front panel of the analyser. Also 
available is a four -digit l.e.d. read -out of the 
centre frequency. The tuning ranges for the 
models are 1 -18GHz (8011B), 1 -20GHz 
(8011C), 3 -30GHz (8011) and 0.5 -5GHz 
(8011L). Telonic Industries UK, The 
Summit, 2 Castle Hill Terrace, Maidenhead, 
Berks. 
WW309 for further details 

Impulse counters 
A range of impulse counters, manufactured 
by Hopt GmbH, are now available in the 
UK from Radiatron Components. Two 
basic types make up the ZR range, the 
ZR3 and ZR4; both count up to 25 im- 
pulses per second d.c. or ten impulses per 
second a.c., displaying three, four, five and 
six digits. Push -button reset facilities are 
available on the three- and four -digit ver- 
sions and all types can be rear stud or panel 
mounted. The ZR6 series are six-digit 
instruments, panel or socket mounting, 
and incorporate either electrical or mechani- 
cal reset options. Counting speeds up to 50 
impulses per second can be achieved with 
a wide range of operating voltages. Addi- 
tional features include elapsed -time coun- 
ting functions, multi -group mounting 
facilities, key reset, magnified numerals, 
lamp and dummy modules and a step -down 
ratio unit. For higher speed applications 
a modular predetermining electronic coun- 
ter with a solid -state display can be 
supplied. Radiatron Components Ltd, 76 
Crown Road, Twickenham, Middlesex. 
WW308 for further details 

Twin -output modular 
power supplies 
Two new units, designated GPT200 and 
GPT500, are twin- output supplies that are 
complementary to Coutant's existing single - 
output GP range. They are both contained 
in standard metalwork and offer the same 

WW 308 

principal specifications: line regulation 
0.01% + 1mV for ± 10% mains fluctuation, 
0.03% +3mV zero to full load, ripple 
less than 1.5mV peak -to -peak, re- entrant 
auto -resetting overload protection, optional 
overvoltage protection and an operating 
temperature range of 0 -50 °C. The 125 X 
125 X 240mm GPT200 offers twin out- 
puts of 2A at 12 -15V and the GPT500 
offers two 5A outputs at 12 -15V in a 
190 X 125 X 240mm case. Prices of the 
two new power supplies are £40 for the 
GPT200 and £58 for the GPT500. Coutant 
Electronics Ltd, 3 Trafford Road, Reading 
RG 18JR. 
WW307 for futher details 

Speaker matrix 
Beyer Dynamic (GB) Ltd have recently 
introduced a four -channel synthesizer 
for use with loudspeakers or headphones. 
Up to three pairs of quadraphonic head- 
phones may be connected to the unit, 
alternatively up to three stereo head- 
phones may be used. 

Headphone outputs are connected to 
separate three- contact jack sockets for the 
front and rear channels of each quadra- 
phonic headphone. A changeover switch 
selects either loudspeakers or headphones, 
with the speakers being muted when head- 
phones are connected. 

The unit is designed to work into the 
following load impedances: loudspeakers, 
4-160; four -channel headphones, l50- 
3000 and stereo headphones, 250 up- 
wards. Power handling capacity is 60W/ 
channel and the price is £20.23 plus VAT 
Beyer Dynamic (GB) Ltd, 1 Clair Road, 
Haywards Heath, Sussex RH16 3DP. 
WW 316 for further details 

Illuminated push switches 
From Walmore Electronics Ltd comes a 
range of illuminated push switches manu- 
factured by Sloan AG of Switzerland. 

They are available in on -off and 
momentary contact arrangements contain- 
ing gold -plated silver, single -pole change- 
over contacts, brought out to either a 
printed circuit board or solder pin connec- 
tions. The lamps can be either T1 base 
incandescent lamps, current rated from 
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20 -60mA at 5 -28V or alternatively T1 
based l.e.ds can be used. Several bezel 
types are available and five lens colours. 

The switches are rated for á maximum 
current of IA and a maximum resistive 
load of 100W. Voltage limitations are 110V 
a.c. and 30V d.c. Price in small quantities 
is about £3.14 each falling to £2.56 eách 
for quantities between 100 and 999. Wal- 
more Electronics Ltd, 11 -15 Betterton 
Street, Drury Lane, London WC2H 9BS. 
WW315 for further details 

Clip contact adaptor 
A perennial problem in any electronic 
laboratory is the connection of electronic 
equipment to the mains supply on a tern - 
porary basis without using a plug. A 
solution offered by Rendar, called "Insta- 
power", makes such connections possible 
from a 13A socket to loads of up to 1 kW. 

Looking rather like a conventional "un- 
breakable" 13A plug top, the interior con- 
tains three spring clips for retaining the 
wire ends and 5A fusing. Access to the 
interior is only obtained by unplugging 
the unit thus rendering the unit totally safe 
when open. 

With a case moulded in flame -retardant 
glass -filled nylon, the clip jaws have 
moulded coloured push tabs to open them 
for connection and are marked L, E and N. 
The cable entry will accept up to 0.4in dia. 
cables, clamping being achieved by the 
cover and its screw fixings. Price £2. 
Rendar Instruments Ltd, Victoria Road, 
Burgess Hill, Sussex RH 15 9LE. 
VVW314 for further details 

Two- and three -phase 
oscillator 
This device, produced by Gearing and Wat- 
son (Electronics) Ltd, provides the source 
for two- or three -phase power to be 
generated over the frequency range 0-2Hz- 
20kHz. 

Designed to be used in conjunction with 
suitable power amplifiers, available from 
the same company, from 75W to several 
kilowatts can be produced. 

A phase sequence switch is provided to 
reverse phase rotation and four outputs, 

WW 312 
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0 °, 90 °, 120° and 240° are provided on 
both front and rear panels. The 90° quadra- 
ture output can be used for two -phase 
systems, for "Scott" connected three -phase 
systems and for reference purposes. The 
oscillator output is 1V r.m.s. with a maxi- 
mum error between phases of 5° and a dis- 
tortion of less than 1 %. Gearing & Watson 
(Electronics) Ltd, Birch Close, Eastbourne, 
Sussex BN23 6PE. 
WW312 for further details 

Wide -band differential 
d.c. amplifiers 
A new range of wide -band differential d.c. 
amplifiers is available from Datron Mar- 
keting Ltd. Called the 700 series, the range 
is based on a single common design which 
is offered with a wide range of options, re- 
sulting in a total of 510 different con- 
figurations within the range. The standard 
housing for all configurations is a 5.25in 
high X 1.4in wide rack -mounting module. 
All models have their own internal power 
supply for operation on 105/220V, 50/ 
400Hz. There are six fixed, switch- selectable 
or computer -controlled gains available, 
from 0 to 1000, with a 0-01% gain accuracy 
and 0.003 % / °C gain stability. Common - 
mode voltage is given as ± 100V d.c. or 
± 300V d.c. or peak a.c: to 400Hz, 
according to option. The common -mode 
rejection is 126dB with a bandwidth of 
100kHz and linearity ± 0.005% f.s. Datron 
Marketing Ltd, Meteor Close, Norwich 
Airport Industrial Estate, Norwich NOR 
17B. 
WW300 for further details 

32 -digit multimeter 
D. A. Pitman have recently released details 
of a 3+-digit, bi- polar, portable multimeter 
from DigiTec. The d.c. ranges extend from 
199.9mV, full scale, to 1000V, full scale, 
with an accuracy of 0.1% of reading. 
The a.c. ranges extend from 1.999V, full 
scale, to 500V, full scale, with an accuracy 
of 0.5% of reading. Resistances from 
199.90 to 19.99M0 can be measured with 
an accuracy of 0.5% of reading, test lead 
resistance being balanced out using a front 
panel control. 

All functions are selected by push -button 
switches and ranges by rotary switch. An 
l.e.d. display is used which blanks out leav- 
ing only the decimal point illuminated when 
overranging occurs. Price £127. D. A. 
Pitman Ltd, Jessamy Road, Weybridge, 
Surrey. 
WW311 for further details 

Small power bench supplies 
Intended for use where space is at a 
premium, the Datoda units are available 
from Lawtronics. The unit is 6 X 3 X 2Zin 
and is available in two forms. One pro- 
vides fixed output levels (Type VB 1), the 
other has a switched output range of 5, 6, 
9, 12 and 15V. Current and thermal over- 
load protection is provided with a full load 
regulation of 10mV at 1A. The VB1 is 
priced at £11.50 and the VB2 at £16, in 
small quantities. Lawtronics, 139 High 
Street, Edenbridge, Kent TN8 SAX. 
WW320 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. 

Avalanche photodiode 
Epitaxial silicon photodiode type S30506 
is a high- speed, light -sensitive detector with 
a circular photoactive area of approxi- 
mately 0.5mm diameter. Internal current 
gain is obtained by reverse biasing the 
detector near to the avalanche breakdown 
voltage which improves sensitivity to weak 
light signals. A short decay time for the 
output current, 90%10% in 6ns, after 
illumination with near infra -red radiation 
at modulation frequencies up to 100MHz 
is claimed. 
WW350 for further details EMI 

High -voltage rectifiers 
A range of high- voltage silicon rectifier 
assemblies has been manufactured by 
Semtech. The KV -PAC PLUS series has a 
rating of 1 amp as a half -wave rectifier 
and 2 amps in a bridge circuit with a one - 
cycle surge current capability of 50 amps 
at 55 °C. Peak inverse voltages are 5 to 
15kV at 55 °C and the reverse current at 
p.i.v. is 1.OpA at 25 °C. 
WW351 for further details Bourns 

High -speed r.a.ms 
Fairchild has added two new high -speed 
e.c.l. random access memories to its 10,000 
series of integrated circuits. The new 
memories, F10410 and F10415, comple- 
ment the previously announced F10405 
r.a.m. The 10410 is organized as 256 X 1 

bits with typical access time of less than 
20 nanoseconds. The F10415 organized as 
1024 x 1 bits has typical address times 
of less than 45 ns. Both memories have 
inputs and outputs at standard 10k e.c.l. 
levels and outputs drive standard 50-ohm 
line loads. 
WW352 for further details Fairchild 

Cascade amplifiers 
The WJ -A5 and WJ -A7 type, 5- 500MHz 
cascadable amplifiers are now available 
from Watkins- Johnson. The amplifiers 
exhibit a flat frequency response, tempera- 
ture stability and are unconditionally stable 
for any source and load conditions. The 
WJ -A5 and WJ -A7 are guaranteed over 
the temperature ranges -54 to + 100 °C 
and - 54 to + 71°C respectively. The 
amplifiers are supplied in four -pin TO -8 
packages and have a typical performance 
of 14-5dB gain with a gain flatness of 
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± 3dB and a noise figure of 4dB (WJ -A5), 
5dB (WJ -A7). Output power is +9dBm 
(A5) and + 14dBm (A7), phase linearity 
± 1.0° from 10- 500MHz, power supply 
range 8 -20V d.c. (A5), 15-24V d.c. (A7). 

Watkins- Johnson 
WW354 for further details 

Multi -port register file 
Motorola have added the MC 10143 8 X 2 
multi -port register file to their MECL 
10,000 series. This device, which falls into 
the l.s.i. class, is capable of simultaneously 
reading two bits while writing another bit. 
The access time is typically lOns or 5ns 
from clock to data out. The MC 10143 
employs two sets of eight latches for data 
storage and is fully compatible with all other 
members of the MECL 10,000 and MECL 
3 series. 
WW353 for further details Motorola 

Sample and hold op -amp 
A monolithic sample- and -hold op -amp has 
been introduced by Harris Semiconductor. 
Designated the HA -2425, the device has 
a d.t.l./t.t.l. compatible control input, 
2MHz bandwith, SOns aperture time and a 
slew rate of 5Vps. The HA02425, which is 
available in a 14 -pin dual -in -line package, 
operates from 0 to 75°C and has a slew rate 
to droop rate ratio of 5 X 106. Internal 
design consists of a high -performance 
op -amp with its output in series with an 
analogue switch providing low leakage 
current (1 nA max). The switch is then 
buffered with a m.o.s.f.e.t. input unity -gain 
amplifier. 
WW355 for further details GDS 

21 -stage counter using c.m.o.s. 
A low- voltage c.m.o.s. 21 -stage counter 
has been introduced by RCA. The de- 
vice, designated TA6152, is a timing 
circuit designed for use in digital equipment 
where low dissipation or operation in the 
1.1 -6V range is required. Quiescent dissipa- 
tion is 0SpW (typical) at VDD= 1.5V; 
2.SpW (typical) at VDD =SV; operating 
dissipation is 75pW (typical) at V DD= 1.5V 
and f = 1MHz. The TA6152 consists of 21 
negative edge counter stages, two inverter 
output drivers and input inverters for use 
in a crystal oscillator. The device is sup- 
plied in a 16 -lead dual -in -line ceramic 
package and samples will be available in 
June/July. 
WW356 for further details RCA 

Suppliers 
EMI Electronics and Industrial Operations, 

Blyth Road, Hayes, Middx. 
Bourns (Trimpot) Ltd, Hodford House, 

17/27 High Street, Hounslow, Middx. 
Fairchild Semiconductor Ltd, Kingmaker 

House, Station Road, Barnet, Herts. 
Motorola Semiconductor Ltd, York House, 

Empire Way, Wembley, Middx. 
Watkins- Johnson, Shirley Avenue, Wind- 

sor, Berks. 
GDS Marketing Ltd, Michaelmas House, 

Salt Hill, Bath Road, Slough, Bucks. 
RCA Ltd, Solid State Europe, Sunbury- 

on- Thames, Middx. 



Wireless World, May 1974 161 

Audio Products 
A selection of new equipment seen at the 
concurrent Sonex 74 and Hi Fi 74 exhibitions 

Electrostatic headphones 
Perhaps the most remarkable sight in the 
Sonex exhibition were the Jecklin Float 
headphones. Manufactured by a Swiss 
company and appearing by courtesy of the 
Lustraphone stand, these units were being 
displayed in an effort to gauge public 
reaction prior to launching the product in 
the UK. 

The electrostatic elements were large 
and rectangular in shape, reminiscent of a 
design published by Wireless World in 
November 1971. Of doublet design, the 
Jecklin units radiate both towards the ear 
and outwards and the fit of the headband 
is intentionally loose. 

The headband and holder for the drive 
units is moulded from a single piece of 
plastic in a silver metal sheen and lined 
with polyurethane foam. A power supply 
in a black rectangular metal box is used to 
polarize the electrostatic elements and also 
provides a connecting point for loud- 
speakers. Designed to be driven by 

WW 360 

amplifiers capable of accepting 8 -0 loads, 
the Jecklin float headphones have not yet 
been priced. Belcaire Trading, 59 Cheriton 
High Street, Folkestone, Kent. 
WW360 for further details 

Mini monitor loudspeaker 
Several high -quality bookshelf speakers 
are now produced from various sources 
and in fact this seems to be the end of the 
market where most improvements are 
being made, a reflection made more 
apparent by the introduction of the new 
Rogers LS3 /3A monitor loudspeaker. This 
measures only 7; X 62 X 11;'ín and 
weighs 91lb. The speaker is necessarily 
inefficient but is ideal for monitoring or 
domestic purposes where space is lacking 
and high power output is not required. 
Two drive units are used in a sealed 
enclosure -a 4in bass driver with a doped 
Bextrene cone and a -'in unit. Both units 
are selected to meet a BBC standard. 

WW 361 

Cross -over frequency is 3kHz. Response 
extends from 60Hz to 20kHz ± 4dB. Price 
is around £60. Rogers Developments 
(Electronics) Ltd, 4 Barmeston Road, 
London SE6 3BN. 
WW361 for further details 

New series of speakers 
The Quasar loudspeakers QS1, QS2 and 
QS3 comprise the new range from Eagle 
International. These should be followed 
by the introduction of a deck, cartridge, 
amplifiers and tuners under the Quasar 
name. Minimization of distortion has 
included consideration in the reduction of 
Doppler distortion in conjunction with 
J. Moir & Associates. 

The main specifications of the largest 
and highest performance loudspeaker 
(QS1) in the Quasar range are: 
Dimensions 11 i X 15 i X 26in 
Frequency response 45Hz to 20kHz 

+ 3dB 
Impedance Bohm 
Nominal power 

capacity 
Drive units 

Harmonic distortion 

50W continuous 
12in, 4in, 2in and 
1.5in 
100Hz 0.7%, 1kHz 
0.16% both for 
90dB at 1 m 

Doppler distortion 0.007% for 90dB 
at 1m, with input at 
100Hz and 3kHz 
simultaneously 

Price (inc. VAT) £92.40 
Quasar Division Precision Centre, Heather 
Park Drive, Wembley, Middx HAO 1 SU. 
WW362 for further details 

Denon amplifiers 
Denon -braid hi -fi products, now imported 
from Nippon Columbia by Johnson's of 
Hendon, include two integrated ampli- 

WW 362 
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fiers, a stereo tuner, pick -up arm and direct - 
drive turntable (see separate item). Ampli- 
fier PMA350Z has an output power of 28 
watts per channel at 0.1% distortion and 
power bandwidth 10Hz to 40kHz(- 1dB, 
0.1% distortion). Type PMA500 delivers 
40 watts per channel at 0.1% distortion and 
power bandwidth of 5Hz to 75kHz 
(- 3dB). Intermodulation distortion is 
quoted as 0.06% at - 3dB of rated output. 

PMA350Z preamplifier section has a 
sensitivity of 2mV (pickup inputs) and a 
maximum input level of 100mV at 1kHz. 
Signal -to -noise ratio is 62dB (pick -up in- 
puts) with input short- circuited. Harmonic 
distortion is 0.08% at rated output. Filters 
at 9kHZ and 40Hz have slopes of 12dB per 
octave. PMA -500 preamplifier has an har- 
monic distortion of 0.05% rated output and 
a 65dB s/n ratio (pickup inputs). Both have 
muting, tone, dubbing, tape monitor and 
loudness controls. In addition, the 500 has 
a microphone input mixing facility. RIAA 
equalization accuracy is ± 0.5dB. John- 
son's of Hendon Ltd, Radlett Road, Colney 
Street, St Albans, Herts. 
WW363 for further details 

SQ/RM decoder -amplifier 
The new Trio KSQ -400 is a quadraphonic 
decoder with rear- channel amplifier and 
costing about £70. Phase shift circuitry, 
having a phase -frequency response 90 ± 
10° from 25Hz to 18kHz, is switchable to 
provide SQ and RM decoding. Amplifier 
gives 15 watts (1kHz) in both channels for 
4-ohm loads with 0.6% harmonic distortion 
at rated output and 0.2% at - 3dB. B. H. 
Morris & Co, Trio House, The Hyde, 
London NW9 6JP. 
WW364 for further details 

British electronic turntable 
As well as a restyled version of the RD11 
turntable, Ariston Audio Ltd will be market- 
ing a two -speed electronically- governed 
turntable with variable speed control. With 
wow and flutter of 0.04% weighted r.m.s., 
it will cost around £136. The RD11 itself 
has a redesigned main bearing and the 
makers claim an unmeasurable rumble and 
hum level. The 24 -pole synchronous motor 
drives the 9+1b table through a non -stretch 
belt. Ariston Audio Ltd, P.O. Box 13, Irvine, 
Ayrshire KA 12 8JL. 
WW365 for further details 

ERA amplifier 
Models 5770 and 5750 are new French 
stereo amplifiers with output powers of 40 
and 24 watts per channel respectively. A 
power bandwidth of 30Hz to 30kHz is 

quoted for the ST50 together with harmonic 
distortion at maximum output of 0.5 %. 
(Full details of the 5770 were not available 
at the time of going to press.) A stereo tuner 
will be marketed shortly. Current products 

mainly centre around a 48 -pole synchronous 
motor fitted to three turntables each with 
different pickup arms, but all with a quoted 
0.04% wow and flutter (pk -pk) and a 
rumble level of - 73dB DIN weighted. 
De Banks Electronics Ltd, Market House, 
High Street, Tring, Herts. 
WW366 for further details 

Professional cassette recorder 
Although Jonathan Fallowfield did not 
have a stand at either Sonex or the High 
Fidelity Exhibition at Heathrow, two of 
their latest imports were in evidence on 
several stands at Sonex. These were the 
new and remarkable cassette machines 
from the Nakamichi stable. The model 
1000 is intended for professional use at 
the very professional price of £695 inc. 
VAT. It would seem that an effort has 
been made, in designing this recorder, to 
include just about every feature of 
advanced design ever seen on other 
recorders, plus one or two new ones. 

The deck mechanics are solenoid 
operated and contain memory rewind 
facilities and dual capstan drive. Three 
magnetic heads are provided, thus 
optimizing the requirements of record and 
replay gap. The replay head is wrapped 
around one of the pinch wheels and fits in 
the same cassette entry. It is therefore 
extremely small and requires precise align- 
ment and high- quality cassettes to ensure 
reliable performance. The electronics in- 
corporate both Dolby B and the Philips 
d.n.l. together with a record amplifier 
limiter. 

Finally, as if that were not enough, 
there is a unique arrangement for checking 
the azimuth of the record head. Using a 
blank cassette, a test tone is recorded from 
an internal oscillator and the replayed 
signal sampled by a phase sensitive switch. 
Adjustment of the head is by a knurled 
knob and is continued until two indicator 
lamps flicker alternately. Jonathan Fallow - 
field Ltd, Strathcona Road, North 
Wembley London HA9 8QL. 
WW367 for further details 

Capacitor cartridge 
As well as showing a new CD -4 demodu- 
lator and four -channel amplifier, Toshiba 
announced the UK marketing of the 
electret capacitor cartridge, type C401S. 
By relying on the variation of capacitance 
between cantilever and two fixed elec- 
trodes, attachment of electrodes or magnets 
to the cantilever is avoided. Relying merely 
on such a small capacitor size and varia- 
tion would result in poor signal -to -noise 
ratio so Toshiba have used an electret 
electrode with a charge equivalent to 
several hundred volts, together with built - 
in i.c. preamplifiers. Power for the i.c. is 
provided by an additional lead in the 
screened pickup wire. The cartridge pro- 
vides 40mV (at 5cm/s and 1kHz) which is 
then equalized by a special amplifier, 
SZ -200, giving an output level of 200mV 
and a distortion of 0.1% at ten times rated 
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output. Amplitude response extends to 
35kHz and is virtually flat over the whole 
audible range, and Toshiba claim an 
excellent phase response that is especially 
appropriate for playing matrixed records. 
Price of cartridge and equalizer is £70. 

A version of the cartridge that extends 
amplitude response to 50kHz is fitted in 
the SR -510 direct -drive turntable and 
pickup arm. It includes the Toshiba "ex- 
tend" stylus. Wow and flutter of this deck 
is given as 0.03% with a signal to -noise 
ratio of 60dB. Toshiba (UK) Ltd, Great 
South West Rd, Feltham, Middx. 
WW368 for further details 

Turntable with servo control 
An interesting method of detecting platter 
speed is employed by the Denon DP 3700F 
direct drive turntable. The inner rim of the 
platter has a magnetic coating on which 
1,000 pulses are recorded at accurately 
determined intervals. As the turntable 
rotates, the pulse signals are detected by a 
magnetic head. Comparison of the signal 
voltage thus generated with a reference 
voltage indicates any speed error. Any 
difference is instantly detected to produce 
a differential voltage which regulates the 
motor servo control. Wow and flutter is 
less than 0.03% (weighted r.m.s.) and 
signal -to-noise ratio is better than 60dB. 
Final speed is attained in half a revolution. 
Johnsons of Hendon Ltd, Radlett Road, 
Colney Street, St Albans, Herts AL2 2EA. 
WW369 for further details 

Amplifier with overload 
indicator 
An amplifier with two unusual facilities 
was introduced at the show by Cambridge 
Audio. The P60 provides separate pre- 
amplifier volume and power amplifier level 
controls to cope with varying levels of 
input so that the capabilities of the power 
amplifier can be used to the full. Coupled 
with this is an l.e.d. overload indicator 
which doubles as a power on-off light. The 
l.e.d. flashes whenever either of the two 
power amplifiers is overloaded. 

Main specifications for the P60 are: 
Power output 30W continuous 

into 80 at 1kHz 
Amplitude response 25Hz to 25kHz 

± 0.5dB 
less than 0.5% at 
1kHz 
less than 0-1% at 
any level (f,60Hz, 
f27kHz, amplitude 
ratio 4:1) 
better than 60dB 
pickup, 70dB tuner 
(unaffected by 
volume setting) 

Harmonic distortion 

Intermod. distortion 

Signal -to-noise ratios 

Input overload 
capacity 50dB 

Dimensions 16 Z X 9 i X tin 
Price (inc. VAT) £130.90. 
Cambridge Audio Ltd, The River Mill, 
St Ives, Huntingdon PE17 4EP. 
WW370 for further details 
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JAMES SCOTT 
IflDUJTRF1. 

The James Scott range of Microwave equipment 
now offers industrial users a greater chcice of 
alternative systems in robust, industrial, cast 
aluminium housings, for a wide variety of 
applications. 
The range is made up of standard sub -assemblies 
which can be permutated to suit Indivicual 
application requirments. 
Some Suggested Applications for these Units 
Level controllers; Proximity alarms; Small object 
counters; Process control systems; Positioning 
systems; Door opening systems; Safety barriers; 
Presence /detectors; Train control systems; Vibration 
sensing systems; Intruder alarms; Road vehicle 
systems. 
If any of the above are your problems or if you have 

a particular problem for which we could adapt a 

system please write or telephone for fur her 

information and technical literature to. 

JSCOTT 
(Electronic Engineering) Ltd - CARNTYNE INDUSTRIAL ESTATE 
GLASGOW G32 6AB 
Tel 041 778 4206 

WW-096 FOR FURTHER DETAILS 
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Audio 
Test Set 

ö6 öó 0000000 

forampliliers, mixers 
tape recorders 

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

... in one compact unit 

Auxiliary Unit provides extra 

facilities for Studio testing. 

Send for leaflet RTS2 

Ferrograph Company Limited Auriema House 442 Bath Road 

Cippenham Slough Buckinghamshire SL1 6BB 

Telephone: Burnham(062 86)62511 Telex: 847297 

FERROGRA PH 
A member of the Wilmot Breeden group 

WW -097 FOR FURTHER DETAILS 
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Sinclair Project 80 
exciting 

Stereo 80 pre -amplifier /control unit 

Project 80 tuner Stereo decoder 

only deep x 2" high 

Project 80 Active Filter U nit (A F U ) 

Living with hi -fi takes on new meaning with Sinclair Project 80. The electronics of these revolutionary new modules are all contained within elegantly designed matching cases no more than three -quarters of an inch deep. They are designed for mounting on any appropriate flat surface by means of 6BA bolts extending from the rear of each module and which pass through suitably drilled holes. Connections are taken away out of sight in a similar manner. The possibilities opened up by Project 80 are endless - superb hi -fi systems can be installed in ways hitherto only dreamed about and never before made practical. No more cutting out and shaping to put modules in position. A few holes drilled with the aid of templates supplied and the job is done. Now you need never again be faced with problems of keeping the hi -fi from clashing with carefully thought -out furnishing schemes. (That will surely please wives!) Slider controls have been introduced in place of knobs and all modules in the range incorporate new up -dated circuitry with emphasis on performance standards and built -in protection against overload and shorting. The aim was to re -think modular construction completely - to make it infinitely more versatile, even simpler and more reliable - the result - Project 80 - another triumph for Sinclair, and the most exciting construction modules ever. 

the slimmest,most elegant hifi modules ever made 

Typical Project 80 applications 
System The Units to use Units cost 

Simple battery record player Z.40 £545 
+ 54p V.A.T 

Mains powered record Z.40, PZ.5 
player 

£1043 
+f1.04 V.A.T. 

30W. RMS continuous 2 - Z.40s, Stereo 
sine wave stereo amp. 80; PZ.6 

£3083 
+£3.08 V.A.T. 

50W (8 0) RMS continuous 2 . Z.60s, Stereo 
sine wave de luxe stereo amp. 80; PZ.8 

£3383 
+£3.38 V.A.T. 

Indoor P.A. Z.60, PZ.8 £1493 
-+f 1 .49 V.A.T. 

Project 80 FM tuner, decoder, and A.F.U. may be added as required 

Mount Project 80 on a bookshelf, 
a loudspeaker, a lampshade base 
a false wall with two 0.16 loud- 
speakers .... almost anywhere. 
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new thinking in modular hifi 
Stereo 80 pre -amplifier 
and control unit 

. For P.U., radio and tape 

Tape monitoring switch 

Simplest ever fixing 

Each channel has its own separate tone and volume controls operated by 
sliders, enabling ideal environmental matching to be obtained. A virtual 
earth input stage forms part of the up -dated circuitry that ensures the 
finest possible quality from all signal sources. Generous overload margins 
are allowed on all inputs. Clear instructions with template are supplied. 

TECHNICAL SPECIFICATIONS 
Size -260 x 50 x 20mm (10} x 2 x *ins) 
Finish - Black with white indicators and transparent sliders 
Inputs - Magnetic pick -up 3mV RIAA corrected; Ceramic pick -up 300mV 
Radio 300mV; Tape 30mV 
Signal /noise ratio - 60d1 
Frequency range - 20Hz to 15KHz f 1d8: 10Hz to 25KHz ± 3dB 
Power requirements- 20 to 35 volts 
Outputs -100mV + AB monitoring for tape 
Controls - Press button for tape radio and P.U. Sliders for volume, 
bass (-i- 12dBto- 14dBat100Hz) treble (+11dBto- 12dBat10KHz) 

R.R.P. £11.95 19 +V1AT. 

Project 80 FM tuner 
and stereo decoder 

.Twin dual varicap tuning: On the decoder, solid 
4 pole ceramic filter: state stereo indicating 
switchable A.F.C. beacon. 

Making the Project 80 F.M. tuner and decoder available separately gives 
a wider choice of systems and saves money where stereo reception may 

not be required. The tuner is a triumph of electronic design and assures 

excellent performance. The decoder gives a 40dB channel separation with 
150mV output per channel. Both units may be used with other than 
Project 80 systems. 

TECHNICAL SPECIFICATIONS OF TUNER 
Size -85 x 50 x 20mm (3} x 2 x }ins) 
Tuning range -87.5 to 108 MHz 
Detector - I.C. balanced coincidence for good A.M. rejection 
One I.C. equal to 26 transistors 
Distortion -0.2% at 1 KHz for 30% modulation 
4 pole ceramic filter in I.F. section 
Aerial impedance -75 O or 240 -300 O 

Sensitivity- 4 microvolts for 30dB quieting 
Output - 300 mV for 30% modulation 
Power requirements - 23 to 33 volts 

DECODER 
Size -47 x 50 x 20mm (1} x 2 x }ins) 
One 19 transistor I.C. 

Guarantee 
If, within 3 months iof purchasing any product direct from us, you are 

dissatisfied with it, your money will be refunded on production of receipt 

of payment. Many Sinclair appointed stockists also offer this guarantee. 
Should any defect arise in normal use, we will service it without charge. 

For damage arising from mis -use a charge (typically £1.00) will be made. 

R.R.P. f11.95 +V1A1T. 

R.R.P. 
£7.4 +:ÁT. 

sinlair 
Sinclair Radionics Ltd. London Road, St. Ives, Huntingdon PE17 4HJ 
Telephone St. Ives (0480) 64646 

Z.40 & Z.60 power amplifiers 
totally short -circuit proof 

Z.40 Z.60 
Intended for use in Project 80 installations, these modules readily adapt 
to an even wider range of applications. Both incorporate built -in protec- 
tion against short circuiting and risk of damage from mis -use is greatly 
reduced. 
Z.40 TECHNICAL SPECIFICATIONS 
Size -55 x 80 x 20mm (2} x 311 x lins) 9 transistors 
Input sensitivity -100mV 
Output -15 watts RMS continuous into 8 0 (35v) 
Frequency response -10 H z- 100 K H z± 1 d B 

Signal /noise ratio - 64d B 

Distortion - at 10 watts into 8 O less than 0.1% 
Power requirements -12 to 35 volts 

Z.60 TECHNICAL SPECIFICATIONS 
Size -55 x 98 x 15mm (2} x 31 x }ins) 12 transistors 
Input sensitivity - 100- 250mV 
Output - 25 watts RMS continuous into 8 0 (45V). 
Distortion - typically 0.03% 
Frequency response -10Hz to more than 200KHz } 1 dB 
Signal /noise ratio - better than 70dB 
Built -in protection against transient overload and short circuiting 
Load impedance -4 O min; max. safe on open circuit 

Z.40 R.R.P. £5.45 + 0.54 V.A.T.: Z.60 R.R.P. £6.96 t 0.69p V.A.T. 

Project 80 active filter unit 
Makes a highly desirable part of 
any worthwhile system where 
inputs may be from record, radio 
or tape. As with Stereo 80, 
separate controls applied to 
each channel make it easier to 
obtain ideal stereo balance. 
TECHNICAL SPECIFICATIONS 
Size -108 x 50 x 20mm (41 x 2 x }ins) 
Voltage gain - minus 0.2dB 
Frequency response - 36Hz to 22KHz controls minimum 
Distortion - at 1 KHz -0.03 %using 30V supply 
HF cut off (scratch) - 22KHz to 5.5KHz. 12dBfoct. slope 
L.F. cutoff (rumble) - 28dB at 20Hz. 9dB /oct. slope 

R.R.P. £6.95 +VV.A T. 

Power supply units 
PZ.8 

Stabilised. Re- entrant current limit- 
ing makes damage from overload or 
even direct shorting impossible. 
Normal working voltage (adjust- 
able) 45V. 

R.R.P. £7.98 + 0.79p V.A.T. 
Without mains transformer 

PZ.5 30V unstabilised 
R.R.P.£4.98 + 0.49p V.A.T. 

For scratch and 
rumble control 
Transistorised 
active circuitry 

PZ.6 35V.stabilised 
R.R.P.£7.98 + 0.79p V.A.T. 

To SINCLAIR RADIONICS LTD. ST. IVES, HUNTINGDON PE17 4HJ 

Please send post paid 

for which I enclose Cash /Cheque for £ 

Name 

including V.A.T. 

Address 

WW -098 FOR FURTHER DETAILS 
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HART ELECTRONICS 
AUDIO KITS 

F.M. TUNER 
This latest addition to our range will be In production late March '74. It 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 Bailey amplifier metalwork thus turning it 
into a tunerlamaiifier whilst only Increasing its width by 1} in. 
Cost of tuner chassis (no case) Is £22 for mono, £2545 for stereo. Metal case £235. An extended 
wooden case to fit tuner and amplifier will be offered shortly. 

B AILEYIBURROWS /QUILTER PRE AMP. 
The best engineered kit available of the combined best of three pre -amp designs. This is the 
kit with no wiring to the controls, switches or inputs. A complete and sophisticated 5 input 
signal processing stage for any power amplifier requiring up to 1 }v input for only £20.50. 
Front end only £10.44. Tone control only £1141. 

B AILEY 30 WATT POWER AMPS. 
Our best selling power amplifier, you can't better Its performance or the quality of the kit and 
at only £5M per channel, it's amazing value for money. 

METALWORK, FRONT PLATES, WOODEN CASES 
These are the things that convert your hobby into cost saving professional equipment. 
Remember if the finished lob looks decent the wife won't worry about the money you spend. 
Complete metalwork for Stereo Bailey 30's, preamp and power supply £5.40. Metal cover £1.00. 
Wooden case £4.05. Front plate 41.37. 

DIGITAL MULTIMETER 
Our first venture into instruments and by the way it's selling it won't be long before we're 
offering others. It Is of course unique as it measures DC and AC volts, resistance, capacitance, 
period, time and frequency. Not bad for £OS's worth of parts. 

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 is In our lists FREE if you send us a 9 in. X 4 in. S.A.E. 

REPRINTS 
Post free, no VAT. 
BAILEY 30W. 1Ip. 

STUART TAPE RECORDER 
3 articles under one cover 30p. 
PRE AMP circuit and assembly notes 1Sp. 

SPRING BARGAIN SALE Of brand new components at trade prices. 
Unit prices are shown, quantity prices by negotiation. 

50. BYX38,300. Mullard 00p 
200. 2N3708. Texas Sp 
860. 2N4058. Texas 13p 
390. 2N3704. Texas 12p 
780. 2N3702. Texas 12p 
290. 2N3710. Texas 

19. CA30900. RCA (stereo decoder) 55 
30. 2N697. Texas and Hughes lip 
50. 2006. IR 71p 
30. BCIB2L 11p 
20. OC81D. Mullard 10p 
20. ACY 18. Mullard 241) 
90. OAZ 235. Mullard 45p 
30. 2N1613. Texas 1Ip 

100. BC212L. Texas 13p 
400. 2N377. Sylvania 15p 

10. 2N696. Texas 
60. VS248. Varo (200piv 2A Bridge) Sip 
30. 2N2906. Motorola 35p 
25. MJ480. Motorola Up 
30. 2N388. Sesco 25p 

Resistors 
25. CLR 11061115. 100311. WW Preset Colvern 30p 

800. 1W WIW 2212. Plessey lap 
28. Trimpot 1k. MEC Np 

Capacitors 
50. C437AR/A4000. 4000123. Mullard 29p 

400. C428AR1F80. 80125. Mullard tip 
60. 2500uí 70v. CCL Np 
25. C431 BR H1600. 1600164. Mullard 77p 
30. 2503uí 25v. Plessey 35p 
40. C432 FR/H2000. 2000164. Mullard £1.44 

Miscall 
90. 50DN 0400 A100 Heatelnk. Marston Np 

100. 10DN 0400 Cl SX Heatsink. Black anod 400 
1. CRT DPM9 -11. Mullard £1544 
1. CRT 3AZP 31. El -ei AWN 
1. CRT 10MWIA. £5.44 
1. CRT 10FP4A. RCA £544 
2. CRT 5E14170. EMI £12.09 
2. Monitor. BD851. Marconi £544 

20. T 502. Eagle 2 in. Vernier Dial £112 
300. 791840. away Phono soc. Carr Np 
350. 791844. Sway Phono soc. Carr Np 
100. SW 1587. 3 X 3PCO. Push button sw. 1Sp 
200. 4P 3W. Rotary switch lip 
200. fill 5W. Rotary switch 30p 

1. PE Gemini FM Turner. AMC £12.00 
2. FM Turner Front end. Guest £4N 
1. Deram loudspeaker. Decca £12.44 

Also others too numerous to mention, please send for full list. 

Penylan Mill, Oswestry, Salop 
Personal callers are always welcome, but please note we are closed all day Saturday 

I!F1 flFIJ5 
MONEY BACK IF NOT 
all brand new full spec. Top grade. 

Free fabulous NEW catalogue. Send SAE. 

dáalsó1reléL Ea ,5 I7pi TiI2098,clip22p 
B1G1 4 panel clip &RED LED 28p. GREEN &clip59p 
INFRA RED LED £I. IC photo amp44p,& amp /switch 85p 

Digital Display `C 13 0- 9DP.DIL. £1.69 
Minitron type 0- 9dPDIL£.1i9. SOCKETS 13p. 

`C DIGITAL CLOCFiCHIPS. 
Texas etc with 4 displays £12.6displays &chip £14. pcb£1.49 Mostek date & alarm chips with 6 displays £19. 
kit :All parts &case.National chip. 4digit £20.6x£231 

data integrated circuits TGS3 2 

741 :8pin 29p, to99& l4pin 27p 748 33p 709 21p uully£8 9 
710 35p 723 59p.555 timer 79p ZN4I4rx.£1.10 built 
703rfif28P mc1310 &led £2.76 mc1339£1.20 TADIOO &if£2 
LAMP+ REGULATOR 7805,5( &7- 20)V. also l2& 15v £1.49 
AUDIO AMPS: mfc4000 50p;I &2W£1-19;3W£129;6W -__ 

gates7400etc 16P 7413 32P 7447£125 7411 TIL 7470/ 72 32P 7474/ 76 39P 7490 63P 1111 
7492 6913 74121 49P.& al I others incat. lÌ :7 low prices. 
NEW 16pin counter /driver 90/47 £225 DALOp.cb.PEN 69 DI L. SOCKETS: Professional' /gold P.Pins hi or lo Prof ile8,14,16PPin13P 

2N3055 33p.fear £1. 1C107,1C108,1C109 all 7p ea 
IN914 3p ZENERS BZY88 8p,1Á RECTS 50v SIP 400v 5p,BRIDGE 2Op 
FETS:2N3819 19p 2N3823E 20p 441óE 25P BC182/3/4 loP 
BC212/3/4 11p BCY70 13p BD131/2 35p ea. BFY5V2I3 15pTIS43 25p 
2N2926 Oy 7p 2N3053 15P 2N3702/3/4/5/6/7/8/9/10/11 all 9p ea 
2N3904/6 14p HEATSINKS 5f /T05 18f /T018 5p.T00:4YL 29p TV) 14p 
CAPACITORS 25v10,50,100uf 5p.DISCS 4p.PRESETS 5p- CARBON- 
POTS I IP.Switch +IIP.Dua155P. ULTRASONIC TRANSDUCERS TRANSDUCERS.g2g2 

m U5 FLUORESCENT LIGHTS,8W.I3'12VOLT£[ 9 
Ir p ADD 10% VAT TO PRICES. P. &P. 10P CWO. 

ala] U IEl i1: P.O. BOX 29,BRACKNELL,BERKSI 
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MARCONI 
TF 887 

SIGNAL 
GENERATOR 

Rangge: ¶SKHzto 
30MHz. Output 
0.4pV to 4V at 
13 or 75 ohms. 
Impedance with 
termination 
(supplied). Built 
in crystal check 
facility with 
handbook. £138 

T.F.995A/1 F.M./A.M. SIGNAL GENERA- 
TOR. Freq. range: 2 MHz to 216 MHz. Built -in 
crystal calibrator. Output range: 100 mV to 
0.1 V. F.M. or A.M. also simultaneous f.m. 
and a.m. £235. 

T.F.801 D/1 /S A.M. SIGNAL GENERATOR. 
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. 
output level 0.1pV to IV source e.m.f. £249. 

OA.1094A/3 H.F. SPECTRUM ANALYSER 
with L.F. extension unit type TM6448. 
Freq. range: 100 Hz to 30 MHz. Measures rela- 
tive amplitudes up to 60 dB. Spectrum width 
0 -30 KHz. Sweep duration: 0.1. 0.3. 1. 3. 10. 
30 sec. and manual. Full spec. on request. 
£695. 

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. £220. 

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. 

OA.1094A /S H.F. SPECTRUM ANALYSER. 
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 reauest. £445. 

T.111 ROBAND TRANSISTORIZED 
SUPPLY. Mains input 110V or 230V. output 
0-50v at b Amperes cont. variable. overload 
cut -out. £49. 

JOHN CRICHTON 
Electronic Equipment 

558 Kingston Road, Raynes Park. 
London. S.W.20 

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. 

TF.2343 QUANTIZATION DISTORTION 
TESTER. Checks a.f. to a.f. distortion of 
p.c.m. systems. Utilises system power supply. 
Output level: Variable in 1 dB steps. from - 50 to +2 dBm. Accuracy: 0.2 dB at +2 dBm. 
+ 0.5 dB incremental. Quantization distortion: 
0 to -40 dB in 05 dB steps. Meter indication: 
True r.m.s. Input impedance: 6000 ± 10% 
balanced. £245. 

RACAL UNIVERSAL COUNTER/ 
TIMER SA5501CT488) 

8 digit in- 
line read -out, Facilities - 
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. £145. 

AVO MULTIMETER Model 7X (Panciimatic) 
£19.80. 

AVO MULTIMETER Model 8X (Panclimatic). 
£32. Cases. prods and leads extra. 

TF. 10613A F.MJA.M. SIGNAL GENERA- 
TOR. Freq. range: 10MHz to 470MHz. Carrier 
generated directly at output frequency. Freq. 
stability: 00025 %. Stepped as well as con- 
tinuously variable. Internal modulation at 1 and 
5KHz. £325. 

CT. 373 TEST SET. Oscillator: 17c /s- 
t 70kc/s ± 1 %, ± 1 c/s at ambient temp. 
0 °C -45 °C. Distortion Meter: Freq. range: 
20cs 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. £98. 

AVO MODEL 3 VALVE TESTER. Enables 
comprehensive characteristics to be plotted 
or measures valves on a simple good/bad 
basis. £55. 

AVO CT 180 VALVE TESTER. As above 
but in portable valise form. £85. 
Viewing by appointment only. 

Inland V.A.T. add 10 %. Prices include 
P. & P. Carriage extra for overseas orders. 

Please phone 01- 5409534 

WW -I00 FOR FURTHER DETAILS 
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AUDIOTRONIC Model ATM1 
Top value 1,000 
opv pocket multi - 
meter. Ranges 
0/10/50/250/1 000 
volt AC and DGt. 
DC current 0-1mA/ 
100mA. Resistance: 
0/150k ohms. 
Decibels: -10 to 
+22dB. Size 90 x 
60 x 28mm. 
Complete with 
test leads. 

OUR PRICE £2.95 P&P 15 

MODEL HIOKI 730X 
30.000 opv. Over- 
load protection. 
6/30/60/300/600 / 
1200V DC.12 /60/ 
120/600/1200V AC 
60 /pA/ 
30mA /300mA. 
2K /200K/ 
2 Meg Ohm. 
-10to 63dB. 
OUR PRICE £7.50 
PS P 15p. 

MODEL 500 
30,000 opv with 
overload protect - 
tion. Mirror scale. 
0/0.5/2.5/10/25 / 
100/250/500/ 
1000V DC. 
0/2.5/10/25/100 / 
250/500/1000V 
AC. 0/50uA/5/50/ 
500mA. 12A DC. 
0/60k/6 meg/60 megohms. 

OUR PRICE £13.95 Carr. paid 
Leather case for above E1.75 

AUDIOTRONIC Model ATM5 
Jewel movement, 
attractively moulded 
case with edgwise 
ohms adjustment 
Ranges: 0- 3/15/150/ 
300200V AC, 
(2500 opv). 0-6/30/ 
300 /600V DC, 
(5000 opv). 0 -300 
uA /0 -300mA DC. 
Resistance: x 10 & 
x 100. -10 to +16dB. 
Supplied with battery 
test leads and data 
booklet. Size: 121 x 73 x 29mm. 

OUR PRICE £3.50 P &P 15p 

MODEL TE300 
30,000opv. Mirror 
scale. Overload 
protection. 0/0.6/3/15/ 
60/300/1200V DC. 
0/6/30/120/600/ 
1200V AC. 0 /30uA/ 
6mA /60mA /300mA/ 
600mA. 0 /8k /80k/ 
800k /8 Meg ohms. 
-20 to +63dB. 

OUR PRICE £7.50 P &P 15p 

MODEL C1092 MULTIMETER 
Features 5,000 opv 
jewel movement and a 
good selection of range 
functions. Edgwise 
ohms adjustment. 
Ranges:- 0- 3/15/150/ 
300200V AC 12,500 
opv). 0- 6/30/300/600 
V DC (5,000 opv). DC 
current. 0 -300u A/ 
300mA. Resistance: 
R x 10, R x 1,000. -10 to +16dB. 
Complete with battery, test leads and 
data booklet. Size: 120 x 73 x 29mm. 

OUR PRICE £3.75 P &P 35p 

U4324 MULTIMETER 
High sensitivity, over- 
load rotected. 
20,0 v. Ranges: 
0.6r/1.2/ /12/30/ 
60/120/600/1200V 
DC. 3/6/15/60/150/ 
300/600/900V AC. 
Current: 0.06/0.6/ 
6/60 
0.30/300mA/ 3/ 3O 
3A AC. Resistance: 
25/500 ohms /0.5/5/50/500k ohms /5 
Mohms. Decibels: -10 to +12dB. Size 
167 x 98 x 63mm. Supplied comp- 
lete with test leads, spare diode and 
instructions. 
OUR PRICE £8.00 P &P 20p 

HIOKI 750X VOLT -OHM- 
MILLIAMETER . - 
43 ranges: 0- 0.3/0.6/ 
1.5/3/6/12/30/60 /150/ \I 
300/600/1,200V DC. . 
0- 3/6/15/30/60/120 / 
300/600/1,200V AC. re 
Current: 0- 30 /60uA/ 
1.5/3/15/30/150 /300 
mA /6/12A. Resistence: y 
0- 3 /300k /3 /30Mohms. 
Decibels: -10 to +17dB. Output: - 
0-3/6/15/30/60/120/300V. Recur. 
acy ± 3% DC, ± 4% AC. Sensitivity: 
50,000 opv DC, 5,000 opv AC. 4 inch 
meter. Built in protection. Size: 57 x 
102 x 153mm. 
OUR PRICE £11.95 P &P40p 

U4317 MULTIMETER 
High sensitivity 
instrument for field 
and laboratory work. 
Knife edge pointer,' 
86mm. mirror scale. E 
Ra : 100mV/ 
0.5/2.5 /10/25/50/100/250 /500/1000 
V OC. 0.5/2.5/10/25/50 /100/250/ 
500/1000V AC. Current: 5OuA /0.5/ 
1/5/10/50/250mA/1/5A DC. 0.25/ 
0.5/1/5/10/50/250mA/1/5A AC. Res- 
istance: 0.5/10/100/200 ohms/1 /3/ 
30/300k ohms. Decibels: -5 to +10dB 
Battery operated. Size: 210 x 115 x 
90mm. Supplied in carrying case com- 
plete with leads. 

OUR PRICE £15.00 P &P 20p 

U4341 Multimeter & 
Transistor Tester 
27 ranges. 16,7800pv. 
Overload protected. 
Ranges: 0.3/1.5/8/ 
30/60/150/300/900V 
DC. 1.5/7.5/30/150/ 
300/750V AC. 
Current: 0.06 /0.6/ 
6/60/600mA DC. 
0.3/3/30/300mA AC. 
Resistance: 0.06/ 
0.6/2/6/20/60/200k ohms/2 Mohms. 
Battery operated. Supplied complete 
with probes, leads and steel carrying 
case. Size: 115 x 215 x 90mm. 

OUR PRICE £10.50 P &P 20p 
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KAMODEN HMG500 
insulation resistance tester 
Range 0 -1,000 
Megohms, 500V. 
Battery operated. 
Wide range clear 
meter 4"x 4% ". 
Complete with 
deluxe carrying 
case, batteries and instructions. 

OUR PRICE £19.95 P &P 30p 

MODEL TH12 
20,000 opv. Overload 
protection. Slide switch 
selector. 0/0.25/2.5/10/ 
50/150/1000V DC. 0/10/ 
50/250/1000V AC. 0/ 
50uA/25/250mA DC. 
0/3k/30k/300k/3 Megohms. -20 to 
+50dB. 

OUR PRICE £5.95 P &P 15p 

TMK MODEL TW5OK 
46 ranges, mirror 
scale. 50k /V DC 
50kN AC. 
DC Volts: 0.125/ 
0.25/1.25/2.5/5 /10/ 
25/50/125/250/ 
500/1000. AC Volts 
1.5/3/5/10/25/50 / 
125/250/500/ 
1000. DC current 
25/50uA/2.5/5/25/ 
50/250/500mA/5/ 
10A. Resistance: 
10k/100k/1 Meg/ 
10 Meg ohms. -20 to +815dB. 

OUR PRICE £8.50 P &P 17p 

HIOKI MODEL 700X 
100,000opv. Overload 
protection. Mirror wale. 
0.3/0.6/1.2/1.5 /3/6/ 
12/30/60/120/300 / 
600/1200V DC. 
1.5/3/6/12/30/60 /150/ 
300/600/1200V AC. 
15/30uA/3/6/30/60/ 
150/500mA/6/12A DC. 
2k /200k /2M /20MOhms. 
-20 to +63dB. 

OUR PRICE £14.95 P &P20p 

MODEL U4311 Sub -standard 
Multi -range Volt- Ammeter 
Sensitivity 330 
Ohms /Volt AC 
and DC. 
Accuracy 0.5% 
DC. 1% AC. 
Scale length: 
165mm. 
0/300/750uA/ 
1.5/3/7.5/15/ 
30/75/150/300/ 
750mA/1.5/3/ 
7.5A DC. 0/3/ 
7.5/15/30/75/ 
150/300/750mA/ 
1.5/3/7.5A AC. 
0/75 /150 /300/750mV/1.5/3/7.5/15/ 
30/75/150/300/750V DC. O /75OmV/ 
1.5/3 /7.5/15/30/75/150/300/750V 
AC. Automatic cut out device. Supp- 
lied complete with test leads, manual 
and test certificates. 
OUR PRICE £49.00 P &P 50p 

S100TR MULTIMETER 
TRANSISTOR TESTER 
100,000opv. Mirror 
scale. Overload 
protection. 0/0.12/ 
0.6/3/12/30/120 / 
600V DC. 0 /6/30/ 
120 /600V AC. 
0/12/600uA/12/ 
300mA/6 /12A DC 
0/10k/1 Meg/ 
100 Meg. 
-20 to +50dB. 
0.01 -0.2 MFD 
Transistor tester measures Alpha, Beta 
and ICO. Complete with instructions, 
batteries and leads. 

OUR PRICE £15.95 P &P 25p 

HIOKI Model 720X VOM 
A versatile, 
accurate measur- 
ing instrument. 
20,000 opv. 0/ 
5/25/100/500/ 
1000V DC. 0/10, 
50/250/1000V 
AC. 0 -50uA/ 
250mA. 0 -20k/ 
2 Megohms. 

OUR PRICE , 

£5.97 
P &P 20p 

U435 MULTIMETER 
20,000opv. Overload 
protected. Ranges: 
75mV/2.5/10/25/ 
100/250/500/1000V 
DC. 2.5/10/25/100/ 
250/500/1000V AC. 
Current: 50u A/1 /5/ 
25/100mA/0.5/2.5A 
DC. 5/25/100mA/ 
0.5/2.5A AC. Resist. 
ance: 0.3/3/30/300k 
ohms. Size: 205 x 110 x 84mm. Sup- 
plied complete with leads, crocodile 
clips and steel carrying case. 

OUR PRICE £8.75 P &P 20p 

Model HT100B4 MULTIMETER 
Overload protected, 
shock proof circuits. 
9.5uA Meter with 
mirror scale. Sensitivity . 

100kV. Polarity change 
switch. Ranges: 0.5/2.5/ 
1./50/250/500/1,000 .4 
Volts DC. 2.5/10/50/ 
250/1,000 Volts AC. 
DC resistenze' 0 -20/ 
200k/2/20 Meg. ohms. 
DC current: - 10/250uA/2.5/25/250 
mA /10A. AC current:- 0 -10A. -20 
to +62dB. Operates from 2 x 1.5V 
batteries. Size: 180 x 134 x 79mm. 

OUR PRICE £15.00 P&P 40p 

TE40 HIGH SENSITIVITY 
AC VOLTMETER 
10 Meg input. 
10 ranges: 0.001/ 
0.03/0.1/0.3/ 
1/3/11/30/100/ 
300V RMS. 
5c s- 1.2MHz. 
-40 to +50dB 

supplied complete 
with leads and 
instructions. 

OUR PRICE £17.50 P &P25p 

CI5 PULSE OSCILLOSCOPE 
For display of pulsed 
and periodic wave- 
forms in electronic 
circuits. VERT. AMP. 
Bandwidth: 10MHz. 
Sensitivity at 100kHz 
V R MS /mm: 0.1 -25; 
HOR. AMP. Band- 
width: 500kHz. 
Sensitivity ay 100kHz 
V RMS /mm: 0.3 -25 
Preset triggered sweep 
1- 3000usec. Free running 20 -200 
kHz in nine ranges. Calibrator pips. 
220 x 360 x 430mm. 115 -230V AC. 

OUR PRICE £39.00 Carr. paid 

MODEL P1436 
20,000 opv DC. 
8000 opv AC. 
Mirror scale 
6/3/12/30/120/ 
600V DC.3 /30/ 
120 /600V DC. 
50/600pA/60/ 
600mA. 
10/100K/1 Meg /10 Meg Ohm. 

20to 46dB. 
OUR PRICE £6.97 P&P 15p 

U91 Clamp VOLT 
AMMETER 
For measuring AC volt- 
age and current without 
breaking circuit. Ranges: 
300/600V AC. Current: 
10/25/100/250/500A. 
Accuracy 4 %. Size 283 x 
94 x 36mm. Complete 
with carrying case, leads 
and fuses. 

OUR PRICE £10.50 P&P 20p 

MODEL AS.100D VOM 
100,000 opv. 
Mirror scale. 
Built -in meter 
protection. 0/3: 
12/60/120/300/ 
600 /1200V DC. 
0/6/30/120/300/ 
600V AC. 0. /10pA/ 
6: 60 /300mA/ 
12 Amp. 0 /2Kí 
200K /2M /200 Meg 
Ohm. -20 to 17dB. 
OUR PRICE £17.50 P&P 20p. 

TE65 VALVE VOLTMETER 
28 ranges. DC volts 
1.5- 1500V. AC 
volts 1.5- 1500V. 
Resistance up to 
1000 Megohms, 
200/240V AC 
operation. Com- 
plete with probe 
and instructions. 
OUR PRICE £17.50 P &P 30p 
Additional probes available: 
RF £2.12, HV £2.50 

RUSSIAN CI16 Double Beam 
OSCILLOSCOPE 
5 MHz pass band. 
Separate V1 and Y2 
amplifiers. Rectang- 
ular 5" x 4" CRT. 
Calibrated triggered 
sweep from 0.2usec. 
to 100 milli- sec /cm. 
Free running time 
base, 50Hz -1MHz. 
Built -in time base 
Calibrator and amplitude Calibrator. 
Supplied complete with all accessories 
and instruction manual. 

OUR PRICE £87.00 Carr. paid 

U4323 MULTIMETER 
20,000opv. Simple r -- -- - unit with audio/IF - - -- 
oscillator. Suitable 
for general receiver 
tuning. Ranges: 
0.5/2.5/10/50/250 / 
500/1000V DC. 
2.5/10/15/250/500/1000V AC. 0.05/. 
0.5/5/50/500mA DC. Resistance: 5/ 
50/500 ohms /5/10/100k ohms/1Meg. 
Battery operated. Size: 160 x 97 x 
40mm. Supplied in carrying case com- 
plete with test leads. 

OUR PRICE £7.00 P &P 20p 

U4312 MULTIMETER 
extremely sturdy 
instrument for 
general electrical 
use. 667opv. 
0/0.3/1.5/7.5/30 / 
60/150/300/600/ 
900V DC & 75mV. 
0/0.3/1.5/7.5/30 / 
60/150/300/600/ 
900V AC. 0 /300u A/ 
1.5/6/15/150/60 / 
600mA /1 /1.5/6A 
DC. 0/1.5/6/15/ 
60 /150 /600mA/ 
1.5/6A AC. 0/200/3k/30k ohms. DC 
accuracy 1 %. AC 1.5 %. Knife edge 
pointer, mirror wale. Complete with 
sturdy metal carrying case, leads and 
instructions. 
OUR PRICE £9.75 P &P 25p 

KAMODEN HM720B FET VOM 
Input impedence 10 
Megohms. Ranges. - 
0/.25/1/2.5/10/50 / 
1000V DC. 0/2.5/10 
50/250/1000V AC. 
0/25uA/2.5/25/250 
mA DC. 
0/5k/50k/500k/5 M 
500 Megohms 

OUR PRICE 
£21.00 P &P 30p 

LB3 TRANSISTOR TESTER 
Tests ICO and B. 
PNP /NPN. Operates 
from 9V battery. 
Instructions supplied 
OUR PRICE 
£3.95 P &P 20p 

MODEL TE15 
GRID DIP METER 
Transistorised. Oper- 
ates as Grid Dip, 
Oscillator, Absorb - 
tion Wave Meter and 
Oscillating Detector. 
Frequency range 
440kHz- 280MHz 
in six coils. 500uA 
meter. 9V battery 
operation. Size: 
180 o 80x40mm. 
OUR PRICE £19.95 P &P 20p 

KAMODEN 72.200 Multitaster 
High sensitivity 
tester. 200,000 opv 
Overload protected 
Mirror scale. 
Ranges: -0/.06/.3 
3/30/120/600/ 
1200V DC. 0/3 
12/60/300/11200 
V AC. 0 /6uA/ 
1.2mA /120mA/ 
600mA /12A DC el 
0/12A AC. -20 to ö 
+63dB. 0 /2k /200k/ 
2 Meg /200 Megohms. 

OUR PRICE £22.50 P &P 30p 

MODEL AF.105 VOM 
50.000 opv. Mirror 
scale. Meter 
protection. 
0/ 3/3/12,60 /120/ 
300/600/1200V DC. 
0/6/30.'120/ 
300í600/1200V DC 
0 /30yAï6/ 
60/300 mA: 
12 Amp. 0 /10K, 
1 m /10m %100 
Meg Ohms. 20ío 17dB. 
OUR PRICE £12.50 P&P 20p. 

SWR METER Model SWR3 
Handy SWR meter for 
transmitter antenna align- 
ment, with built -in field 
strength meter. Accuracy 
5 %, Impedance 52' Indic- 
ator 100uA DC. Full 
wale 5 section collapsible 
antenna. Size 145 x 50 x 
60mm. 
OUR PRICE £4.25 P&P 25p 

L84 TRANSISTOR 
TESTER 
Tests PNP or NPN 
transistors. Audio 
indication. Operates 
on two 1.5V 
batteries. Complete 
with instructions etc. 
OUR PRICE 
£4.50 P &P 20p 

AT201 Decade 
ATTENUATOR 
Frequency range 0- 
200kHz. Attenuator 
0- 111dB, 0.1dB 
steps. Impedance 600 ohms. Input 
power maximum 30dBm. Size: 160 x 

90 x 55mm. 

OUR PRICE £12.50 P &P 37p 

Also see following pages 

ALL PRICES 
EXCLUDE VAT 
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Also see previous page 

TRANSISTORISED L.C.R. A.C. 
BR /8 MEASURING BRIDGE 

A new portable 
bridge offering 
excellent range and 
accuracy at low 
cost. Resistance: 
6 ranges: 0.1 

ohm -11.1 megohm ± 1% Induct - 
ance: 6 ranges: 1 microhenry -111 
henries ± 2% Capacity: 6 ranges: 
10pí -1110 mfd f 2% Turns Ratio: 
6 ranges: 1:1/1000 -1:11100 ± 1% 
Bridge Voltage at 1,000cps. Opera- 
ted from 9 -volt battery. 100 micro - 
amp meter indication. Size 71" x 
5" 2 

OUR PRICE £25.00 P &P 25p. 

PS100B Regulated PQWER 
SUPPLY UNIT 
Solid state. Output 
6, 9 or 12V DC up 
to 3 Amp. Meter to 
monitor current. 
Input 220 /240V AC. 
Size: 100 x 82 x 
159mm. 
OUR PRICE £11.97 P &P 25p 

PS200 Regulated POWER 
SUPPLY UNIT 
Solid state. Variable 
output 5 -20V DC 
up to 2 Amp. Inde- 
pendent meters to 
monitor voltage and 
current. Output 
220/240V AC. 
Size: 190 x 136 x 
98mm. 
OUR PRICE £19.95 

KE630 3 Station INTERCOM 

P&P25p 

SKYFON 100mW 

OUR PRICE £24.95 per pair 
P302 Two Channel 300mW 
OUR PRICE £52.50 per pair 
P1003 Three Channel 1 Watt 
OUR PRICE £71.25 per pair 
P &P 50p per pair 
NB. Licence required for use in UK 

Master and two sub -stations. Can be 
used on desk or wall mounted. Comp- 
lete with cable and batteries 
OUR PRICE £5.25 P&P 50p 

TE16A TRANSISTORISED 
SIGNAL GENERATOR 
5 ranges 400kHz 
to 30 MHz. An 
inexpensive 
instrument for 
the handy -man. 
Operates on 9V 
battery. Wide 
easy to read 
scale. 800kHz 
modulation. E 
Size: 149 x 149 x 92mm. Complete 
with instructions and leads. 

OUR PRICE £8.97 P &P 25p 

POWER RHEOSTATS 
High quality ceramic 
construction. Wind- 
ings embedded in 
vitreous enamel. 
Heavy duty brush 
wiper. Continuous 
rating. Wide range 
available ex- stock. 
Single hole fixing. ''4" diameter shafts. 
Bulk quantities available. 

RUH6 Reflex Horn Speaker 
Built -in driver 
unit. Impudence 
16 ohms. Power 
rating 10W. 
Response 380 - 
7000Hz. Size 
app. 6" x 6 ". 
Weather and 
shock protected. 
OUR PRICE £4.97 P&P 30p 

LHO2S STEREO HEADPHONES 
Light weight head- 
phones with padded 
ear pieces. 4/16 ohms 
20- 20,000Hz. 
Complete with 6' 
lead and plug. 
OUR PRICE 
£1.97 P&P 30p 

MODEL TE20 RF SIGNAL 
GENERATOR 
Six bands. 120kHz- 
260MHz. Dual output 
RF terminals. Separate 
variable audio output. 
Accuracy t 2%. Audio 
output to 8V. Power 

r 
eeqquirements: 

105 -125V, 220 -240V AC. Size:193 
x 265 x 150mm. Complete with test 
leads etc. 
OUR PRICE £17.50 P &P 40p 

25 WATT 10/25/50/100/250 /500/ 
1000/2500 Ohms £1.15 P &P 10p 

50 WATT 10/25/50/100/250 /500/ 
1000/2500/5000 Ohms. 

£1.62 P &P 1op 

100 WATT 1/5/10/25/50/100 /250/ 
500/1000/2500 Ohms 

£2.34 P &P 15p 

TE -200 RF SIGNAL 
GENERATOR 
Accurate wide range 
signal generator 
covering 120 kHz-500 
MHz on 6 bands. 
Directly calibrated. 
Variable R.F. 
attenuator audio output, Xtal socket 
for calibration. 220/240V a.c. 
Brand new with instructions. 
Sim 14omm x 215mm x 170mm. 
OUR PRICE £17.50 P&P 30p. 

ARF 300 AF /RF SIGNAL 
GENERATOR 
All transistorised 
compact fully 
portable. AF sine - 
wave 18Hz to 220 
kHz, AF square 
wave 18Hz to 100k 
Hz. Output Square/ 
Sine wave 10V 
'P -P RF 100kHz to 
200MHz. Output 
1V maximum. 
220/240V AC operation. Complete 
with instructions and leads. 

OUR PRICE £29.95 P &P 50p 

AUTO TRANSFORMERS 
0/115/250V. Step up or step down. 
Fully shrouded. 

80 WATTS £2.75 P &P 18p 
150 WATTS £3.50 P &P 18p 

300 WATTS £4.50 P &P 23p 
500 WATTS £6.95 P &P 33p 

1000 WATTS £9.50 P &P 38p 
1500 WATTS £12.50 P &P 43p 
2250 WATTS £20.95 P &P 50p 
5000 WATTS £44.95 P &P £1 

CP110 CHASSIS PUNCH SET 

Carefully machined top grade steel. 
Contains 1/2 ", 5/8 ", 3/4 ", 1" and 
1 1/8" punches complete with gripper 
and accessories. 

OUR PRICE £3.00 P &P40p 

TRIO 9R59DS RECEIVER 

Four bands covering 550kHz to 30 
MHz continuous and electrical band - 
spread on 10, 15, 20, 40,and 80 mtrs. 
8 valve plus 7 diode circuit. 4 to 8 
ohm output and phone ack. SSB- 
CW, ANL, variable BFO. S Meter and 
separate band spread dial. IF freq. 
uency 445kHz, audio output l' /, watt. 
Variable RF and AF gain controls. 
115/250V AC, with instructions. 

Our Price £42.50 PAID 

7E1018 Deluxe Mono High 
Impedence Headset. 
Sensitive magnetic 
headset with soft ear 
pads. Impedence 2,600 
ohms 1600 ohms DC). 
Frequency response. 
200- 4,000Hz. 
OUR PRICE £2.25 P&P 30p 

DHO2SSTEREO HEADPHONES 
Wonderful value 
and excellent 
performance 
combined. Adjust- 
able head band. 
Impedence 8 ohms. 
20- 12,000Hz. 
Complete with 
lead and plug. 
OUR PRICE £2.50 P &P 30p 
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HIGH QUALITY 
CONSTRUCTION 
KITS 
WE ARE 
APPOIN TED 
STOCKI:;TS AT 
ALL BRANCHES 

All kits are complete with compre 
hensive easy to follow instructions and 
covered by full guarantee. 
Post and Packing 15p per hit 
AF20 Mono amplifier 4.BÓ 
AF25 Mixer £3.80 
AF30 Mono preamplifier £2.61 
AF35 Emitter amplifier £2.27 
AF80 0.5W mic. amplifier fì1.22 
AF305 Intercom £9.52 
.AF310 Mono amplifier £5.91 
AT5 Automatic light control £2.58 
AT25 Window wiper robot £5.82 
AT30 Photo cell switch unit £5.70 
AT50 400W triac light 

dimmer/speed control £4.80 
AT56 2,200W trias light 

dimmer /speed control £6.90 
AT60 1 channel light control £7.80 
AT65 3 channel light control £14.55 
GP304 Circuit board £4.94 
GP310 Stereo pre -amplifier 

GP312 Circuit board £11.45 
GU330 Tremolo unit 

for use with 2 x AF310 £2 

í7.5O 

1.27 

HF61 Diode detector fá.32 
HF65 FM transmitter £2.70 
HF75 FM receiver £2.87 
HF310 FM tuner £15.81 
HF325 Deluxe FM tuner £24.12 
HF330 Decoder (HF310 /325) £9.96 
HF3801w /vhf aerial amplifier £4.94 
HF395 broadband aerial amp. £1.77 
LF380 Quadraphonic deseo £11.36 
M160 Multi- vibrator £1.71 
M191 VU Mater £4.55 
M192 Stereo balance meter £4.97 
M1302 Transistor tester fá.45 
NT10 Stabilised power supply 

100mA, 9V £6.15 
NT300 Stabilised p. supply £12.51 
NT305 Voltage converter £4.50 
NT315 Power supply 240V AC 

to4,5 /15V DC, 500mA £9.57 
Amateur Electronics by Josty -Kit, 
the professional book for the amateur 
-covers the subject from basic prin- 
cipals to advanced electronic techniq- 
ues. Complete with circuit board for 
AE1 to AE10. 
OUR PRICE £3.30 (No VAT) 
P &P 25p plus VAT. 

JOSTY 1<IT 

MODEL MG 100 SINE SQUARE 
In WAVE A 

GENERATOR 
Range 

AUDIO 

19- 
220.000Hz Sine 

Wave 19 -100.000 Hz Square Wave. 
Output Sine or Square wave 10v. P. to P. 
Sim 180 x 90 x 9Omm.Operation 
220/240v. A C 

OUR PRICE £19.95 P &P37p. 

YAMABISHI VARIABLE 
VOLTAGE TRANSFORMERS 
Excellent quality at low cost. Input 
230V 50 /60Hz. Output 0 -260V. 
MODEL 5260 BENCH MOUNTING 

P &P 
lA £10.50 30p 

2.5A £12.00 35p 
5A £17.50 37p 
8A £30.35 50p 

10A £33.75 75p 
12A £29.50 75p 
20A £85.00 125p 
25A £95.00 130p 
40A £120.00 150p 

MODEL S2608 PANEL MOUNTING 
1A £10.00 301, 

2.5A £12.00 35p 

BELTEK W5400 CAR 
TRANSCEIVER 

Solid state mobile transceiver for 12 
volt DC neg. Transmits and receives 
on any 12 of 28 channels between 
144 and 146MHz. Power output 10W 
and 1W switchable. Controls: On /off/ 
volume, squelch and channel select- 
or. Internal 3" speaker. Complete 
with dynamic mic. PTT switch, three 
sets of crystals for 144.48, 144.6 and 
145MHz, mounting bracket and ins- 
tructions. Size: 150 x 70 x 220mm. 
OUR PRICE £75.00 P &P 50p 

7E1035 Stereo HEADPHONES 
Low cost with exc- 
ellent response. Foam 
rubber earcups. Adjust- 
able headband. 8 ohms 
impedence. Frequency 
response 25Hz- 18kHz. 
Complete with cable 
and stereo jack plug. 
OUR PRICE £2.60 P&P 30p 

AE1 100mW output stage 
AE2 Pre amplifier 
AE3 Diode receiver 
AE4 Flasher 
AE5 Astable multi- vibrator 95p 
AE6 Monostable multi- vibrator 93p 
AE7 RC generator ........... 97p 
AEB Bass filter 90p 
AE9 Treble filter 90p 
AE10 CCIR filter 90p 

£1.50 
£1.15 
£1.82 

99p 

SHBDV MONO /STEREO 
HEADPHONES 
Volume control for 
each channel. 4/16 ohms 
impedence. Frequency 
response 20Hz- 18kHz. 
Complete with 10ft. 
coiled lead and jack plug. 
OUR PRICE £4.97 P&P 30p 

SPECIAL BARGAIN !! 
STEREOSOUND SPEAKERS 
Matched pair of 
stereo bookshelf 
speakers. Deluxe 
teak veneered 
finish. Size: 
368 x 229 x 
190mm. 8 ohms. 
8 watts RMS, 16 
watts peak. 
Complete with 
Din lead. 

OUR PRICE £12.95 P&P 50p 

240° Wide Angle 1mA METERS 
MW 1-6 60x6Omm 
£6.50 P &P 15p 
MW 1 -8 BOx80mm 
£6.90 P &P 15p 

HITACHI FLUORESCENT 
LANTERN LI901 
A portable battery 
operated lantern 
ideal for home, 
motoring, camping 
etc. Approx. 10" 
tall. Provides 
brilliant light front 9 
1.5v batteries not 
supplied) 

OUR PRICE f7,90. 
P &P 25p. 

BH001 HEADSET and Boom 
Microphone 
Moving coil. Ideal 
for language 
teaching, 
communi- 
cations etc. 
Headphone impedance 16 ohms. Mic- 
rophone impedance 200 ohms. 

OUR PRICE £5.95 P &P30p 

SPECIAL 
BARGAIN! 
FERGUSON 
3406 HI -FI 
SPEAKERS 
High quality 2 way speaker systems. 
25 Watts. 4 -8 ohms. 401lz- 18kHz. 
Size: 560 x 340 x 255mrn. approx. 
Wood grain finish with black fronts. 
OUR PRICE £26.95 PR. P &P £1 

i 

MCA220 Automatic 
Voltage Stabiliser 
Input 88 -125V AC or 
176-250V AC. Output 
120V AC or 240V AC. 
200V /A rating. P &P 50p 

OUR PRICE £11.97 

BVD5 Vernier TUNING DIAL 
App. 7:1 ratio planetary 
drive vernier dial. Log 
scale 0-180 degrees. 
Blank scales 1 -5 
Dial size 128 x 76mm. Overall size 
190 o 117 x 41mm. deep including 
knob and coupling. '''h" diam. shaft 
OUR PRICE £1.62 P &P 15p 

DT55G DIGITAL CLOCK 
MECHANISM 
Features -- 
24 hour 
alarm 
setting, 
on /off 
and auto 
alarm 'sleep' switch. Illuminated rot- 
ary dial with hours, minutes and sec- 
onds. Automatically turns off radio, 
TV, light etc. and with auto-switch. 
ing will turn on again when required. 
240V AC operation. Switch rating 
250V -3 Amp. 
OUR PRICE £5.95 P &P 30p 

EMI LOUDSPEAKERS 
Model 350 13 x 8" with 
single tweeter /crossover. 
20- 20,000Hz. 15 watts 
RMS. Available 8 or 
15 ohms. 

OUR PRICE 
£7.50 each P &P 37p 
Model 450 13 x 8" with 
twin tweeter /crossover. 
55- 13,000Hz. 8 watts 
RMS. Available 8 or 15 ohms 
OUR PRICE £3.62 each P &P 25p 

SPECIAL PURCHASE 
LIMITED QUANTITY! 
Tenney 12 "DR /B 
Bass Speakers 
8 ohms. 30 watt. 
Heavy duty, ideal 
for Hi -Fi P.A. 
Group. 
OUR PRICE 112.50. 
P&P Sop. 

FM TUNER CHASSIS 
6 transistor 
high quality 
tuner. Size 
only 153 x 
101 x 63mm 
3 IF stages 
Double tuned 
discriminator. 
Ample output to feed most amplifiers 
Operates on 9V battery. Covers 88- 
1 8MHz. Ready built, ready for use. 
Fantastic value for money. 
OUR PRICE £5.95 P &P 20p 

Model A1018 
FM TUNER 
6 transistor high 
quality unit - 
3 IF stages and 
double tuned . 

discriminator. 
For use with most amplifiers. Covers 
88- 108MHz. Powered by 9V battery, 
OUR PRICE £13.50 P &P 30p 
Stereo multiplex adapter £!i. 95 extra. 

ALL PRICES 
EXCLUDE VAT 
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CLEAR PLASTIC PANEL METERS 
USED EXTENSIVELY BY INDUSTRY, GOVERNMENT DEPARTMENTS, EDUCATIONAL AUTHORITIES ETC. 

Over 200 ranges in stock -other ranges to order. Quantity discounts available. Send for fully illustrated brochure. 

CLEAR PLASTIC MODEL 50640 
Size: 85 x 64mm 

50uA .. .. .. £3.80 
100uA .. .. £3.75 

£3.70 
500uA .. £365 
50-0-50uA £3.75 
100-0-100uA.. £3.70 
1mA .. .. .. £3.65 
5mA .. .. .. f3.66 
10mA .. .. .. £3.66 
SOmA .. .. .. £3.66 
100mA .. .. £3.66 

£3.66 
1A DC .. .. £3.66 
5A DC .. .. f3.66 
10A DC .. .. £3.65 
5V DC .. .. £3.65 

10V DC .. .. 

20V DC .. .. 
50V DC .. .. 
300V DC .. .. 
15V AC .. .. 
300V AC .. .. 
VU Meter .. 

£3.65 
f3.65 
£3.65 
f3.66 
f3.75 
f3 75 
f3.90 

CLEAR PLASTIC MODEL SW100 
Size: 100 x 80mm 

50uA .. .. .. £4.80 
100uA .. .. £4.50 
500uA .. f4.30 
50-0-50uA £4.50 
100-0-100uA.. £4.45 
1mA .. .. .. f4.30 
1A DC .. .. £4.30 
5A DC .. .. £4.30 
20V DC .. .. £4.30 
50V DC .. .. £4.30 
300V DC .. .. £4.30 

150V AC. 
300V AC .. .. 
VU Meter .. 

£4.45 
£4.45 
14.90 

`Items with asterisk are Moving Iron 
type, all others are Moving Coil 

CLEAR PLASTIC MODEL SD830 
Size: 110 x 83,,m 
5WA .. .. .. £4.30 

f4.25 
£4.20 

500uA .. £4.15 
50-0-50uA £425 
100.0-100uA.. £420 
1mA .. .. .. £4.10 
5mA . .. .. £4.10 
10mA.. .. .. £4.10 
50mA .. .. .. £4.10 
100mA .. .. £4.10 
500mA .. .. £4.10 

£4.10 
£4.10 

10A DC .. .. £4.10 
5V DC .. .. £4.10 

10V DC .. .. 
20V DC .. .. 
50V DC .. .. 
300V DC .. .. 
15V AC .. 
300V AC .. .. 
VU Meter .. .. 

f4.10 
£4.10 
£4.10 
£410 
f4.20 
£4.20 
£440 

EDGWISE MODEL PE70 
Size: 90 x 34mm 

50uÁ .. .. .. £4.15 
100uA .. .. 14.10 

£4.05 
500uÁ .. £3.90 
50.0 -50uA £4.10 
100- 0- 100uA.. £4.05 
1mÁ .. .. £3.85 
300V AC .. .. £3.95 
VU Meter .. .. £4.30 

CLEAR PLASTIC MODEL 
Size: 50 x 50mm 
50uA .. .. .. £3.20 
100uA .. .. £3.15 
200uA .. .. £3.10 
500uA .. £3.00 
50-0 -50uÁ £3 15 
100.0- 100uA.. £3.10 
500-0.500uA .. 12.95 
1mÁ .. .. .. £2.95 

.. £2.95 
10mA .. .. 
50mA 
100mA .. 

500mA .. 
1A DC .. 
5A DC .. 
10VDC .. 
20VDC .. 
50V OC .. 
300V DC .. 
15VAC .. 

.. £2 
£2 

.. £2 

.. £2 
f2 

.. £2 
.. £2 
.. £2 
.. 12 
.. £2 

f3 

95 
95 
95 
95 
95 

.95 
95 
95 
95 
.95 
05 

MR 45P 

300V AC .. . 

S Me er 1mA. 
VU Meter .. . 

1A AC .. . 

5A AC .. 
10A AC .. 
20A AC .. . 

30A AC .. . 

£3.05 
£2.95 
£3.40 
£2.95 
£2.95 
£2.95 
£2.95 
£2.95 

CLEAR PLASTIC MODEL MR 65P 
Size: 86 x 78mm 

100uA .. .. 

500u A 
50-0-50uA 
100-0-100uA .. 
500-0-500u A .. 

1-0-1 mA .. . 

5mA .. .. .. 
10mA .. .. .. 
50mA .. .. .. 
100mA .. .. 
500mA .. .. 
1A DC .. .. 
5A DC .. .. 
10ADC .. 
15A DC .. 
20A DC .. 
30A DC .. 
50A DC .. 
5V DC 
10V OC .. 
15V DG .. 
20V DC .. 
50V DC . 

150V DC .. 

£3.95 
£3.85 
£3.80 
£3.75 
£3.85 
£3.80 
£3.70 
£3.70 
£3.70 
£3.70 
f3.70 
£3.70 
£3.70 
£3.70 
£3.70 
f3.70 
£3.70 
f3.70 
f3.80 
£3.85 
f4 05 
£3.70 
£3.70 
£3.70 
£3.70 
£3.70 
£3.70 

300V DC .. .. £3.70 
5V AC .. .. £3.80 

50V AC . .. £3.80 
50V AC .. .. £3.80 

300V AC .. .. £3.90 
500V AC .. . f3.80 
S Meter 1mA.. £4.10 
VU Meter.. . £3.70 
1A AC .. . £3.70 
5A AC .. . £3.70 
10A AC .. . £3.70 
20A AC .. . £3.73 
30A AC . . £3.70 
50mA AC .. 13.70 
100mA AC .. £3.73 
200mA AC .. £3.73 
500mA AC .. f3 79 

MODEL ED107 EDUCATIONAL METER 
Size: 100 x 90 a 150mm including terminals 

A range of high quality 
moving coil instruments 
ideal for school experi- 
ments and other bench 
applications. 3" mirror 
scale. The meter move- 
ment is easily accessible 
to demonstrate internal 
working. 

100uA 
50-0-50uA 
1mA 
1-0-1 mA .. 
IA DC .. 
5A DC .. 
5V DC .. 
10VDC .. 
15VDC .. 

£8.60 
£7.90 
£7.90 
£7.60 
£7.60 
17.60 
f7 .60 
17.60 
£7.60 
£7.60 

2OV DC .. .. £7 60 
50V DC .. .. £7 60 
300V DC .. f7.60 
500mA/5A DC £850 
5V/50V DC .. 18.60 
5V/15V DC .. £8 60 
1/5A DC .. .. £8.60 
1A/15A DC .. £8.60 

CLEAR PLASTIC MODEL MR 85P 
Size: 120 x 110mm 
50uA .. .. .. £5.45 
100,A .. .. £5.40 
200uA .. .. £5.35 
500uA .. £5.25 
50- 0-50uÁ 15.40 
100-0- 100uA.. £5.35 
500-0- 500uA.. £5.20 

£5.20 
£5.20 
£5.20 
£5.20 
£5 20 

100mA .. .. £5.20 
500mA .. £5.20 
1A DC .. £5.20 
5A DC .. . £5.20 
15A DC .. 15.20 
30A DC .. 15.40 
10V DC .. £5.20 
20V DC .. £5.20 
50V DC £5.20 
150V DC .. £5.20 

1mA 
1 -0-1mA .. 
5mÁ .. .. 
10mA .. .. 

300V DC . .. £5.20 
15V AC . .. f5.30 
300V AC . .. £5.30 
S Meter lmA.. £5.20 
VU Meter.. . £5.55 
1A AC .. . £5.20 
5A AC . . £520 
10A AC . . 1520 
20A AC .. . £5.20 
30A AC .. .. 1520 

SINCLAIR Project 80 Modules 
Z40 Power Amplifier £5.45 
Z60 Power Amplifier £6.95 
Stereo 80 Pre -Amplifier £11.95 
Active Filter Unit £6.95 
Project 805 £26.95 
PZ5 Power Supply £4.98 
PZ6 Power Supply £7.98 
PZ8 Power Supply £7.98 
Transformer for PZ8 £4.05 
SINCLAIR Project 80 Packages 
2 x 240 /Stereo 80/P25 £25 00 
2 z Z40 /Stereo 80/P26 £27.75 
2 e 260 /Stereo 80 /PZ8 £30.45 
POST & PACKING 35p each 

MP7 MIXER -PREAMPLIFIER 
5 Microphone 
inputs each with 
individual gain 
controls enabling 
complete mixing 
facilities. Battery operated. Size: 235 
x 127 x 78mm. 1 ts: Mics. 3 e 3mV 
50k; 2x 3mV 600 ohms. Phono. Mag. 
4mV 50k; Phono Ceramic 100mV 1 
Msg. Output 250mV 100k. 
OUR PRICE £8.97 P &P 20p 

CLEAR PLASTIC MODEL MR 38P 
Size: 42 x 42mm 

200uA .. .. 
500uA . .. 
50-0-50uA 
100.0-100u A .. 
5900505..A.. 
1mA .. .. .. 
1-0-1mA .. 

5mA .. .. 
10mA .. .. 

50mA .. .. 
100mA .. 
150mA .. 
200mA .. 
300mA .. 
500mA .. 
750mA .. 
1A DC .. 
2A DC .. 
5A DC .. 
10A DC .. 
3V DC .. 
10V DC .. 
15VDC .. 

£3.10 
£3.05 
£3.00 
£2.85 
£305 
£3.00 
£2 80 
£2.80 
£2.80 
£2.80 
£2.80 
£2.80 
£2.80 
£2.80 
£2.80 
£2.80 
£2 80 
f2.80 
f2.80 
£280 
£2.80 
£2.80 
£2.80 
f2.80 
£2.80 
£2.80 
/280 

20V DC .. 
50V DC . 

100V DC .. 
150V DC .. .. 
300V DC .. .. 
500V DC .. .. 
750V DC .. .. 
15V AC .. .. 
50V AC .. 
150V AC .. .. 
300V AC .. .. 
500V AC .. 
S Meter 1mA.. 
VU Meter.. .. 

£2 80 
£2 80 
£2.80 
£2.80 
£2.85 
£2.85 
£2 90 
£2.90 
£2 90 
£2 90 
£2.90 
£3.00 
£2.80 
£3.20 

BAKELITE MODEL S80 Enlarged Window 
Sue: 80 a 80mm 

100uA .. .. 
500uA 
50-0-50u A 
100-0.100uA.. 

1 A DC .. .. 
5A DC .. .. 
20VDC .. .. 
50VDC . .. 
300V DC .. .. 
300V AC .. .. 
VU Meter .. 

£4.50 
£4.45 
£4.20 
£4 45 
f4.40 
£4.20 
£4.20 
£4.20 
£4.20 
£4.20 
£4 20 
£4.30 
£4.70 

CLEAR PLASTIC MODEL MR 52P 
Size: 60 x 60mm 

100uA .. .. 

50.0.50uA .. 

100- 0.1001.1A.. 

100mA .. 
500mA .. 

1A DC .. 
5A DC .. 
10VDC .. 

20V DC .. 
50V DC .. 
300V DC .. 
15VAC . 

300V AC .. 

£3.70 
£3.50 
£3.35 
£3.50 
£3.45 
£3.30 
£3.30 
£3.30 
£3.30 
£3.30 
£3.30 
£3.30 
£3.30 
£3.30 
£3.30 
£3.30 
£3.30 
£3.40 
£3.40 

S Meter 1mA.. £3.30 
VU Meter.. £3.80 
1A AC .. £3.30 
5A AC .. 13.30 
10A AC .. £3.30 
20A AC .. £3.30 
30A AC .. .. 13.30 

CLEAR PLASTIC MODEL SD460 
Size: 59 x 46mm 
50uÁ .. .. .. £350 
100uA .. .. £3.45 

£3.40 
500uÁ .. £3.35 
50-0 -50uA .. £345 
100.0- 100uA.. £3.40 
1mÁ .. .. .. £3.30 
SmA .. .. £3.30 
10mÁ .. .. .. £3.30 

£3.30 
10OmA .. £3.30 
500mA .. .. £3.30 
1A DC .. .. £3.30 
5A DC .. .. £330 
10A DC .. .. £3.30 
5V DC .. .. £3.30 

10V DC .. .. 
20V DC .. .. 
50V DC .. 
300V DC .. .. 
15V AC .. .. 
300V AC .. .. 
VU Meter.. .. 

£3.30 
£3.30 
£3.30 
£3.30 
f3.45 
£3.45 
£3.65 

POSTAGE & PACKING 15p 

BAKELITE MODEL MR 65 Size 

25uA .. .. .. £5.25 
SOuA .. .. .. £4.00 
100uA .. .. £3.95 
500uA .. £3.65 
50-0.50uA £3.96 
100-0-100uA.. £3.90 
500-0-500uA.. £3.60 
1mA . .. .. £3.60 
1-0-1mA .. .. £3.60 
5mA . .. £3.60 
10mA.. .. 13.60 
50mA .. .. £3.60 
100mA .. £3.60 
500mA .. £3.60 
1A DC .. £3.60 
2A DC .. £3.60 
5A DC £3.60 
10A DC £3.60 
15A DC £3.60 
30A DC .. £3.60 
50A DC .. £3.80 
5V DC .. £3.60 
10V DC .. £3.60 
15V DC .. £3.60 
20V DC .. £3.60 
50V DC .. £3.60 
150V DC .. £3.60 

80 x 80mm 

300V DC .. 
30V AC .. 
50V AC .. 
150V AC .. .. 
300V AC .. .. 
500V AC .. .. 
VU Meter.. .. 
1 A AC .. .. 
5A AC .. .. 
10A AC .. .. 

20A AC .. .. 
30A AC .. .. 
50A AC 
500mA AC .. 

50mV DC 
100mV DC .. 

£3.60 
£3.60 
£3.60 
£3.60 
£3.60 
£350 
£4.10 
£3.60 
f3.60 
13.60 
£3 60 
£3 60 
£3 60 
£3.60 
£3 75 f 3.75 

1021 Stereo Listening Station 
For balancing 
and gain selection 
of loudspeakers 

[h add t' I w, one 
facility for stereo 
headphone 
switching. Two 
gain controls, speakers on -off slide 
switch, stereo headphone socket. 

OUR PRICE £2.25 P &P 15p 

ALL 
ÉEV4T 

AUDIOTRONIC 
LOW NOISE CASSETTES 
TYPE 5 10 25 
C60 £1.57 £3.00 £7.08 
C90 £2.24 £4.25 £10.00 
C120 £2.73 £5.17 £12.24 
AUDIOTRONIC 
Cr02 CASSETTES 
TYPE 5 10 
CR60 £3.92 £7.72 
CR90 £5.32 £10.46 
AUDIOTRONIC 
8 TRACK CARTRIDGES 

25 
£19.12 
£25.22 

AUDIOTRONIC AHA101 
Stereo Headphone Amplifier 
All silicon, 
transistor 
amplifier oper- 
ates from mag- 
runic, ceramic 
or tuner 
inputs with 
twin stereo headphone outputs and 
separate volume controls for each 
channel. Operates from 9V battery. 
INPUTS: 5mV and 100mV. 
OUTPUT: 50m V per channel. 
OUR PRICE £8.50 P &P 20p 

TYPE Each 5 10 
40M 85p £4.00 £7.50 
80M - £1.15 £5.40 £10.25 
P &P Cassettes 3p, Cartridges 5p each 
OVER 10 of either POST FREE! 

EA41 REVERBERATION 
AMPLIFIER 
Self contained, 
transistorised, 
battery operated. 
Simply plug in 
microphone guitar etc. and output to your amplifier. Volume control and 
depth of reverberation control. Beau. 
walnut cabinet. 184 x 77 x 108mm. 
OUR PRICE £7.50 P &P 20p 

EUROPE'S LEADING 
HI -FI RETAILERS 
We've the world's finest hiigh 
fidelity equipment for you to 
choose from. and expert staff who 
will be pleased to help and advise 
on your particular requirements. 
Amplifiers, tuners and receivers - 
record decks, tape and cassette 
equipment. loudspeakers, com- 
plete stereo systems. quadra- 
phonic units and systems. in -car 
equipment, television - the choice 
is yours from our extensive stocks. 
and you'll find that Laskys prices 
are the most competitive avy- 
where in the country. 
All equipment is offered with a full 

guarantee and 12 
months free after 
sales service. 
Call. write or tele- 
phone for a copy 
of our current 
price list - its 
packed with over 
3.000 items by all 
leading manufac- 
turers. 

fl 
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CALL INTO YOUR 

NEARESTLASKYS 
BRANCH L: ORDER 
WITH ( UfIDENCE 
BY MAIL ORDER 

CENTRAL LONDON 
481 OXFORD ST. 01-493 8641 
10 TOTTENHAM CT. RD. 01437 2232 
27 TOTTENHAM CT. RD. 01-636 3715 
33 TOTTENHAM CT. RD. 01436 2605 
42/45 TOTTENHAM CT. RD. 01436 0615 
87 TOTTENHAM CT. RD. 01 -580 3739 
257/8 TOTTENHAM CT. RD. 01580 6670 
3 LISLE ST. WC2 01-437 8204 
34 LISLE ST. WC2 01-437 4155 
118 EDGWARE RD. W2 01.723 0789 
193 EDGWARE RD. W2 01- 7234211 
207 EDGWARE RD. W2 01.723 3271 
311 EDGWARE RD. W2 01- 2620387 
346 EDGWARE RD. W2 01-723 4453 
382 EDGWARE RD. W2 01- 7234194 
109 FLEET ST. EC4 01 -353 ::812 
152/3 FLEET ST. EC4 01- 353 2833 

ESSEX 

86 SOUTH ST. ROMFORD 70 -20218 

KENT 
53/57 CAMDEN RD., TUNBRIDGE WELLS 

0892 -23242 

LEICESTERSHIRE 
45 MARKET PLACE, LEICESTER 

0533- S17676 

SURREY 
1046 WHITGIFT CENTRE, CROYDON 

01-681 3027 
27 EDEN ST. KINGSTON 01- 5467645 

01 -948 1441 32 HILL ST. RICHMOND 

WARWICKSHIRE 
116 CORPORATION ST., BIRMINGHAM 

021 -236 3503 

ALL BRANCHES OPEN FROM 

9am to 6pm MON. TO SAT. 

HEAD Off /CE AND MAIL 
ORDER DEPARTMENT 
AUDIOTRONIC HOUSE, 
THE HYDE INDUSTRIAL ESTA "E, 
THE HYDE, LONDON NW9 511. 
TELEPHONE: 01 -205 3735 & 5651. 

MAIL ORDER SPECIALISTS 
We offer a speedy and efic ent 
service by mail order. 
Remember to add 10'. VAT to 
Iota! value of goods rnclurl,nq 
carriage and packing and send 
cash with order to head oRite 
TO AVOID DELAYS PLEASE 
PRINT NAME AND ADDRESS 
CLEARLY IN CAPITALS . Holders welcome AL call into any branch 

or telephone y3ur 
order to head office 

CREDIT TERMS available -for 
Personal Shoppers on salts of 
£60 and over 

BARCLAYCARD 
& ACCESS 

a Arum 

BARGAIN CENTRE 
Many special clearance oner, 
and end of stock lines at 
87 TOTTENHAM COURT RD 
FOR PERSONAL SHOPPERS 

EXPORT Personal exports 
arranged for overseas visitors 
at all our branches. 
Goods despatched to all parts 
of the world through our Export 
Mail Order Department. 
Immediate attention given to 
orders. 

CHEQUES ACCEPTED FROM 
PERSONAL SHOPPERS ONLY 
WITH BANKERS CARD. 
All prices cone- at 10 --4-74 but 
subject to change 

A ro mne, of the aod,orrorof 
Group of Companies 



a66 Wireless World, May 1974 

ACTIVE FILTER CROSSOVER 
FOR YOUR TOP FLIGHT SPEAKER SYSTEM 

AS FEATURED IN WIRELESS WORLD Dec 1973 

An essential and critical component in a high quality speaker system is the crossover unit conventionally comprising 
of a series of passive networks which unfortunately, through 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 bandwidth, 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 boards 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 (accomo- 
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 70 
2 Set of resistors, capacitors 

pre -sets (not including 
0/P coupling capacitors) 1.10 

3 Set of semiconductors 2.40 
6 off each pack required for stereo 
system 

4 Special heat sink assembly 
for set of three amplifiers 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 50 
2 Set of rectifiers, zener 

diode, capacitors, fuses, 
fuse holders 2.60 

3 Toroidal transformer 4.95 

ENQUIRIES WELCOME 
For quality sets of speakers 

V.A.T. Please add 10 %* 

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 

POWERTRAH 
SEE FOLLOWING PAGE 

P.P. P.P. 

Solartron Storage Scope QD 910 £40.00 £3.00 Beckman Digital Voltmeter Type BIE 2116 and Ratio 
Cossor D/B Rough 16.00 £1 -50 Meters £25.00 £2.00 
Telechrome Square Sign Wave Generator £10.00 £I-00 Vacuum Compressor Pump with 240V Motor £15.00 £I.50 
Mullard TV Line Selector Type L 190 110.00 LI .00 RCA Marine Direction Finder and Radio 110.00 LI.00 
Voltage Regulator Lang Thompson 220 or 240 out at Telequipment Test Card C Generator £30.00 £5.00 

100 BA £45.00 £3.00 Ferrograph 3 Speed Series 6 150.00 £2.00 

Pye Rangers VHF Transistorised Radio Telephones 
Mobiles 

UHF Marconi Signal Generators TF 762C 299 -610 mcs 
Wayne Kerr VHF Frequency Standard 
Avo Valve Voltmeter 

£10.00 
£40.00 

£8.00 
CIO .00 

£1.00 
£2.00 
LI .00 
£ 1 -00 

Frequency Counter Marconi TF 1345/2 Complete with 
Stand and 4 Plug -in Units -22 mcs. Good condition.. 

Beckman Frequency Time Counters Model 73601H .... 
Output Power Meter TF 340 
Airmec Signal Generator 300 kcs to 30 mcs 7 Bands 
Standard Signal Generator GRC (USA) Type 205/B 

£60.00 
£35.00 
£10.00 
120.00 

£5.00 
£2.00 
£I -00 
£2.00 

Communication Receiver Skyrider 500 kcs -60 mcs. Poor 7 Bands 9.5 kcs to 30 mcs £35.00 £2.00 
condition £16.00 £2.00 Spectrum Signal Analiser Model SB /12 with Tuning 

Test Card C Videcon 110.00 £I-00 Head 2 mcs-4umcs £150.00 £6.00 
1" Videcon £7.00 f0.50 Signal Generator TF 937 85 kcs -30 mcs 8 Bands Effective 
Voltexion 4 Way Mixer 
Aircraft Modulator Unit (Radio /Tel) 440 -LRV 3B 

E8.00 
f4 .00 

£ 
£ 

00 
00 

L. Length of film Scale 50 ft. 
Invertors Leland Airbourne Products 

£40.00 £2.00 

Radar Aircraft No Indicator £15.00 f -50 28v DC Input Output 115/200 -115v 2.2 to 6.5 amps 
Tape Cartridge Players Built -in 10 Watt Amp EI0.00 f 00 400 cx 750/750 vg 3/I Phase with Built -in Stabilisers.... 110.00 £2.00 
Amplifier Clark and Smith 15 Watt 18.00 £ 50 600 /I Electrical Gearbox High Torque I2 -24v Electronic 
As above with VHF Radio £I5.00 [ 50 Brake. Rough exterior 15.00 LI.00 
Phamphomic 25 Watt Amplifier and 4 way Mixer with Racal Digital Frequency Meter Modul SA520. As new 

Base Treble Controls £15.00 £ 50 condition £48.00 f2.50 
I" Tube Oscilloscope Rack Mounting £10.00 £ 00 Electrolytic Capacitors 60v Working. Brand New. 
Delay Lines 1 -300 Milli Secs Adjustable 112.00 f 50 Unused £0.45 £0.10 
Marine Radio Telephone Rediphone £25.00 £2.50 Mixed Surplus Components Pack. Not less than 35 
Decca Radar Marine Complete £175.00 £5.00 useful components £1.00 MI5 
Metrix Wobulator I.20 mcs £12.00 LI.00 Modern Design Telephones E3.50 £0.55 
Resistance Bridge £10-00 LI.00 Klaxton Horns 24v 240v 250v 13.00 £0.40 
Sperry Gyro's MK 4 £8.00 f0.50 Capacitors 22uF 12v Working £0.30 í0I0 

Mail order only to: 
DEPARTMENT (M) 

B & T ELECTRONICS (U.K. 
44 Haddon Road, Sutton, Surrey Tel : 01 -643 3903 

WW -122 FOR FURTHER DETAILS 
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Hi Fi News Linsley -Hood 75W Amplifier Mk 1 11 

DESIGNER 
APPROVED KIT 

* 75 WATTS PER CHANNEL 
* BANDWIDTH (3dB) 3HZ -40KHZ 

* DISTORTION LESS THAN 0.01% 
* UNCONDITIONAL STABILITY 

Pack 
1 

2 

3 

4 
5 

6 

7 

Full circuit description in handbook 

Price Pack 
Fibre glass printed circuit board for 

power amp. 
Set of resistors. capacitors, pre -sets for 

power amp. 
Set of semiconductors for power amp. 

(highest voltage version). 
Pair of 2 drilled. finned heat sinks. 
Fibre glass printed circuit board for 

pre -amp. 
Set of low noise resistors, capacitors. 

pre -sets for pre -amp. 
Set of low noise, high gain semicon- 

ductors for pre -amp. 

£0.85 

£ 1\70 

£6.50 
f 0.80 

£1.30 

£2.70 

£2.40 

8 

9 

10 

11 

12 

Set of potentiometers (including mains 
switch). 

Set of 4 push button switches, rotary 
mode switch. 

Toroidal transformer complete with 
magnetic screen /housing primary: 
0- 117 -234 V. secondaries: 33 -0 -33 V 
24 -0 -24 V. 

Fibre glass printed circuit board for 
power supply. 

Set of resistors, capacitors. secondary 
fuses, semiconductors for power 
supply. 

Toroidal T20 + 2 O* WITH TOROIDAL TRANSFORMER 
* 20 WATTS PER CHANNEL 

Developed from the famous Practical Wireless TEXAN. 

FREE TEAK CASE and HANDBOOK 
with full kits 

KIT PRICE only f28.25 POST FREE (U.K.) 

Pack Price Pack 

1. Set of all low noise resistors £0.80 7 Set of all semiconductors 
2 Set of all small capacitors £1 .50 8 Special Toroidal Transformer 
3 Set of 4 power supply capacitors £1.40 9 Fibre Glass P.C. Panel 

4 Set of miscellaneous parts 
including DIN sockets, fuses, 
fuse holders, control knobs etc. £1.90 

10 

11 

Complete chassis work. hardware 
and brackets 

Preformed cable /leads 

5 Set of slide and pushbutton switches 0.90 12 Handbook 
6 Set of potentiometers and selector 13 Teak Cabinet 

switch £1.45 

SEMICONDUCTORS 
2N699 0.25 2N4058 0.12 BC214L 0.14 
2N1613 0.20 2N4062 0.11 BCY72 0.13 
2N1 711 025 2N4302 0.60 BD529 0.85 

2 N2926 0.10 2N5087 042 BD530 0.85 

2N3053 0.15 2N5210 0.54 BDY56 1.60 

2N3055 0.45 2N5457 0.45 BF257 0.40 
2N3442 1.20 2N5459 0.45 BF259 0.47 

2N3702 0.11 2N5830 030 BFR39 0.25 
2N3703 010 40361 0.40 BFR79 0.25 

2N3704 0.10 40362 0.45 BFY50 0.20 
2N3705 0.10 BC107 0.10 BFY51 0.20 

2N3706 0.09 BC108 0.10 BFY52 0.20 
2N3707 0.10 BC109 0.10 MJ481 1.20 

2N3708 0.01 BC125 0.15 MJ491 1.30 

2N3709 0.09 BC126 0.15 MJE521 0.60 

2N3710 0.09 BC182K 0.10 M PSA05 0.30 

2N3711 0.09 BC212K 0.12 MPSA12 0.55 

2N3819 0.23 BC182L 0.10 M PSA 14 0.35 

2N3904 0.17 BC184L 0.11 MPSA55 0.35 

2N3906 0.20 BC212L 0.12 MPSA65 0.35 

MPSA66 0.40 TIP33A 
MPSUO5 0.60 TIP34A 
MPSU55 0.70 TIP41A 
SN72721P 0.58 TIP42A 
SN72748P 0.58 TIP3055 
TIP29A 0.50 1B08T20 
TIP30A 0.60 IB40K20 
TIP29C 0.71 IN914 
TIP30C 0.78 IN916 
TIP31A 0.60 IS920 
TIP32A 0.70 5B05 

Price 
£8.25 
£4.95 
£2.50 

£4.20 
£ 0.40 
£0.25 
£2.75 

1.00 
1.50 
0.74 
0.90 
0.60 
0.50 
1.40 
0.07 
0.07 
0.10 
1.20 

FREETEAK CASE 
with full kits 

KIT PRICE only 

£62.40 POST FREE (U.K.) 

Price Pack Price 

13 Set of miscellaneous parts including DIN 
£2.05 skis, mains inpu. skt, fuse holder, 

interconnecting cable, control knobs £4.25 
£3.70 14 Set of metalwork parts including silk 

screen printed fascia panel and all 
brackets. fixing parts, etc. £6.30 

15 Handbook. £0.30 
£9.15 16 Teak cabinet. £7.35 

2 each of packs 1 -7 inclusive are required 
£0.65 for complete stereo system. 

£3.50 

COMPONENT PACKS FOR 

W.W. AMPUFIER DESIGNS 
30W BAILEY 
Pk. 1 F /Glass PCB 
Pk. 2 Resistors. capacitors. pots 
Pk. 3 Semiconductor set 
30W BLOMLEY 
Pk. 1 F /Glass PCB 
Pk. 2Aesistors, capacitors, pots 
Pk. 3 Semiconductor set 
20W LINSLEY -HOOD 
Pk. 1 F /Glass PCB 
Pk. 2 Resistors, capacitors, pots 
Pk. 3 Semiconductor set 
60V REGULATED POWER SUPPLY 
Pk. 1 F /Glass PCB 
Pk. 2 Resistors. capacitors, pots 
Pk. 3 Semiconductor set 
BAILEY- BURROWS PRE -AMP 
Pk. 1 F /Glass PCB £1.60 
Pk. 2 Resistors. capacitors, pre-sets. transistors £4.95 
Pk. 3R Rotary potentiometer set 1.60 
For further details on the above and other designs including 
100W amplifier and Stuart Tape Recorder write for FREE 

LIST. 

£0.65 
£1.75 
£4.70 

£0.70 
£2.15 
£5.60 

£0.70 
£2.40 
£3.35 

£0.65 
£1.40 
£3.10 

METALWORK SYSTEM FOR 
WIRELESS WORLD AMPLIFIERS 

Designed to house Bailey, Blomley or Linsley -Hood Class 
AB amplifiers with simple or regulated power supplies and 

Bailey Burrows pre -amp. Options of standard or hum 
reducing toroidal mains transformer. Also rotary control 
version. Details in price list. 

For FREE LIST write NOW! 
Dept. W -05 

POWERTRAN ELECTRONICS 
PORTWAY INDUSTRIAL ESTATE 
ANDOVER, HANTS SP10 3NN 

U.K. ORDERS - Post free (mail order only) 

OVERSEAS - Postage at cost + 50p special packing 

V.A.T. Please add 10 %* 
to all U.K. orders 
l`or at current rate it changed) 

WW -101 FOR FURTHER DETAILS 
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YATES ELECTRONICS 
(FLITWICK) LTD. 

DEPT. WW ELSTOW STORAGE DEPOT 
KEMPSTON HARDWICK 

BEDFORD 

C.W.O PLEASE. POST AND PACKING 
PLEASE ADD 10p TO ORDERS UNDER E2. 

Catalogue which contains data sheets for most of the 
components listed will be sent free on request. 
IOp stamp appreciated. 

CALLERS WELCOME 
MON.-SAT. 9 a.m.-5 p.m. 

PLEASE ADD 10% V.A.T. 

RESISTORS 
4W Iskra high stability carbon film -very low noise -capless construction. 4W Mullard 
CR25 carbon film -very small body size 7.5 x 2.5 mm. 4W 2% ELECTROSIL TR5. 
Power Values Price 
watts Tolerance Range available 1 -99 100+ 

4 5% 4.712- 2.2M12 E24 Ip 0.9p 
} 10% 3.3Mí2 -10Mí2 E12 Ip O.9p f 2% 1012 -IMf2 E24 3-5p 3p 
} 10% lí2 -3.952 Ell Ip 0.9p 
* 5% 4.70 -1M12 El2 Ip O.9p 
4 10% If2 -10f2 El2 6p 55p 

Quantity price applies for any selection. Ignore fractions on total order. 

DEVELOPMENT PACK 
0.5 watt 5% Iskra resistors 5 off each value 4.752 to IMO. 
El2 pack 325 resistors 0.40. E24 pack 650 resistors 14.70. 

POTENTIOMETERS 
Carbon track 5kí2 to 2Mí2, log or linear (log 1W, lin 4W). 
Single, 12p. Dual gang (stereo), 40p. Single D.P. switch, 24p. 

SKELETON PRESET POTENTIOMETERS 
Linear: 100, 250, 5000 and decades to 5M12. Horizontal or vertical P.C. mounting 
(0 -I matrix). 
Sub -miniature 0 I W, Sp each. Miniature O-25W, 7p each. 

TRANSISTORS 
AC107 I5p AFI26 
AC126 12p AF139 
ACI27 ISp AFI78 
AC128 ISp AF180 
ACI31 12p AFI81 
AC132 12p BC107 
ACI76 ISp BC108 
AC187 22p BC109 
AC 188 22p BC 147 
AD140 SOp BC148 
ADI49 4Sp BCI49 
AD! 61 33p BCI57 
ADI62 36p BC158 
AFI14 20p BC159 
AF115 20p BCI87 
AFI16 20p BDI3I 
AF117 20p BDI32 
AF118 38p BDI33 

20p BFI 15 25p 0C42 12p 2N3707 12p 
32p BF173 20p 0C44 12p 2N3708 10p 
32p BF177 28p OC45 12p 2N3709 IIp 
40p BFI78 32p OC70 12p 2N3710 Ilp VEROBOARD 
40p BF179 32p 0071 12p 2N3711 1 l 0-1 0.15 
12p BFI80 32p 0072 12p 2N3819 32p 24 x 3} 22p 16p 
12p BFI8I 32p OC81 12p 2N4062 12p 24 x 5 24p 24p 
12p BF194 14p OC82D 12p 2N4286 20p 34 x 31 24p 24p 
12p BFI95 14p 2N2646 60p 2N4289 20p 31 x 5 27p 27p 
12p BF197 15p 2N2904 20p 40360 35p 17 x 24 75p 574p 
12p BF200 32p 2N2926 IOp 40361 35p 17 x 31 IOOp 78p 
14p BF750 20p 2N3054 S8p 40362 40p 17 x 5 (plain) - 82p 
14p BF751 20p 2N3055 60p 40408 40p 17 x 3 (plain) - 60p 
14p BF752 20p 2N3702 13p ZTX108 ISp 17 x 24 (plain) - 42p 
22p BU105 22Sp 2N3703 12p ZTX300 ISp 24 x 5 (plain) - 12p 
7Sp 0C26 4Sp 2N3704 13p ZTX302 20p 24 x 3} (plain) l ip 
7Sp OC28 SOp 2N3705 12p ZTX500 ISp Pin insertion tool S2p 52p 
7Sp OC35 Sop 2N3706 I lp ZTX503 20p Spot face cutter 42p 42p 

Pkt. 50 pins 20p 20p 

MULLARD POLYESTER CAPACITORS C296 SERIES 
400V: 0.001NF, 0.00150, 0.0022µF, 0.0033µF, 0. 0047µF, 2.4p.0.00680, 0.010, 0.0150, 0022µF, 00330, 3p. 0. 047µF, 0. 0680, 0.1µF, 4p. 0.15pF, 6p. 0.22µF, 74p, 0.33µF, IIp. 
0.47µf, 13p. 
160V: 0.01µF, 0. 0150, 0.0220, 0033pF, 0. 047µF, 0. 068µF, 3p. 0.1µF, 34p. 0.15µF, 
44p. 0.22µF. Sp. 0.330, 6p. 0.47pF, 74p. 0.68µF, I Ip. I.OµF, 13p. 

MULLARD POLYESTER CAPACITORS C280 SERIES 
250V P.C. mounting: 001µF, 0. 0150, 0.022pF, 3p. 0.033µF, 0.047pF, 0.068pF, 34p. 
0.1µF, 4p. 0.15µF, 0.22µF, Sp. 0.33µF, 64p. 0.47µF, 85p. 0.68µF, IIp. I OpF, 13p. 
1.5µF, 20p. 2.20, 24p. 

MYLAR FILM CAPACITORS 100V 
0.001µF, 0 002pF, 0.0050, 0.01µF, 
24p. 0040, 0.05µF, 0 068pF, 0.1µF, 34p. 

CERAMIC DISC CAPACITORS 
100pF to 10,000pF, 2p each. 

ELECTROLYTIC CAPACITORS -MULLARD OI5/6/7 
(1iF /v) 1/63, 1 5/63, 2.2/63, 3.3/63, 4.7/63, 6.8/40, 6.8/63, 10/25, 10/63, 15/16, 15/40, 15/63. 
22/10, 22/25, 22/63, 33/6.3, 33/16, 33/40, 47/4, 47/10, 47/25, 47/40, 68/6.3, 68/16, 100/4, 
100/10, 100/25, 150/6.3, 150/16, 220/4, 220/6.3, 220/16. 330/4, 6p. 47/63, 100/40, 150/25, 
220/25, 330/10, 470/6.3, 7p. 68/63, 150/40, 220/40, 330/16, 1000/4, 10p. 470/10, 680/6.3, IIp. 100/63, 150/63, 220/63, 1000/10, 12p. 470/25, 680/16. 1500/6.3, 13p. 470/40, 680/25, 
1000/16, 1500/10, 220016.3, 18p. 330/63, 680/40, 1000/25, 1500/16, 2200/10, 3300/6.3, 
4700/4, 2I p. 

SOLID TANTALUM BEAD CAPACITORS 
0.10 35V 2.2µF 35V 

0 -220 35V 4.7µf 35V 
0.47µF 35V 6.8pF 25V 

1.0µF 35V 10µF 2.5V 

220 16V 
33pF 10V 
47µF 6.3V 

I00pF 3V 

I2p 

ZENER DIODES 
400mW 5% 3.3V to 30V, 12p. 

WIRE WOUND POTS 
3W, 1O, 25, 5012 and d ead es to 100kí2, 4Sp. 

DIODES 
RECTIFIER 
BYI27 
I N4001 
IN4002 
I N4004 
IN4006 
1N4007 

1250V 
50V 

I00V 
400V 
800V 
I000V 

IA 
IA 
IA 
IA 
IA 
IA 

12p 
7p 
8p 
8p 

10p 
12p 

SIGNAL 
0A85 
0A90 
OÁ91 
0A202 
1N4148 
BAI 14 

7p 
Sp 
Sp 
7p 
Sp 
Op 

BRUSHED ALUMINIUM PANELS 
I2in x 6in, 2Sp; I2in x 24in, 10p; 9in x tin, 7p 

SLIDER POTENTIOMETERS 
86mm x 9mm x I6mm, length of track 59mm. 
DUAL GANG, 10K + 10K etc. log. or lin. 60p. 
KNOB FOR ABOVE, 12p. 
FRONT PANEL, 65p. 
18 Gauge panel I2in x 4in with slots cut for use with 
slider pots. Grey or matt black finish complete 
with fixings for 4 pots. 

THERMISTORS 
VA 10555 ISp 
VA 10665 15p 
VA 1077 I5p 
R 53 LI.35 

THYRISTORS 
2N5060 50V 0 -8A 
2N5064 200V 0.8A 
106F 50V 4A 
106D 400V 4A 

65p 
80p 

80p 

JACK PLUGS AND SOCKETS 
Standard screened 28p 2.5mm insulated 
Standard insulated I8p 3.5mm insulated 
Stereo screened 40p 3.5mm screened 
Standard socket 20p 2.5mm socket 
Stereo socket 30p 3.5mm socket 

I2p 
I2p 
I8p 
IIp 1 l 

D.I.N. PLUGS AND SOCKETS 
2 pin, 3 pin, S pin 180 °, 5 pin 240 °, 6 pin, 7 pin 
Flua 12p. Socket Op. 
4 way screened cable, 2sp /metre. 
6 way screened cable, 30p /metre. 

BATTERY ELIMINATOR LISO 
9V mains power supply. Same size as PP9 battery. 

LARGE (CAN) ELECTROLYTICS 
1600µF 64V 74p 2500pF 64V 80p 4500µF 16V SOp 
2500µF 40V 74p 28001F 100V 0.20 4500µF 25V E1.68 
2500µF 50V S8p 320011F I6V SOp 5000µF 50V El10 

HIGH VOLTAGE TUBULAR CAPACITORS -I,000 VOLT 
0.01µF 10p 0.047µF 13p 0.22µF 20p 
0022µF 12p 0.1µF 13p 0.470 22p 

POLYSTYRENE CAPACITORS 160V 21% 
10pF to I,000pF El2 Series Values, 4p each. 

SMOKE AND COMBUSTIBLE GAS DETECTOR -GDI 
The GDI is the world's first semiconductor that can convert a concentration of gas or 
smoke into an electrical signal. The sensor decreases its electrical resistance when it 
absorbs deoxidizing or combustible gases such as hydrogen, carbon monoxide, 
methane, propane, alcohol. North Sea gas, as well as carbon -dust containing air or smoke. 
This decrease is usually large enough to be utilized without amplification. Full details 
and circuits are supplied with each detector. 
Detector GDI, E2. Kit of parts for detectors including GDI and P.C. board but excluding 
case. Mains operated detector L5.20. 12 or 24V battery operated audible alarm £7.30. 
As above for PP9 battery, £6.40. 

PRINTED BOARD MARKER 97p 
Draw the planned circuit on to a copper laminate board with the P.C. Pen, allow to dry, 
and immerse the board in the etchant. On removal the circuit remains in high relief. 

ri< 
RED & GREEN -LED APPLIED 
LOGIC LEVEL INDICATOR 

Model 320 LOGIC PROBE 
* Wrong polarity and overload protectors provided 

* Detection of the peak value of input waveform 

* Open circuit or faulty IC can be detected 

* All logic levels are visible at a glance 

* Powered from circuit under test 

* Built -in storage circuit 

*Upto12MHz 

For use in 

detecting TTL, 

OTL 1/íp flop 
and other pulse 

circuits 

.f10.20 
including pp + vat 

ASSOCIATES LIMITED Discounts for quantity 

Bishop's Stortford, Herts. Tel. 0279 56347. Tales 81675 JaylempsStort 

WW -102 FOR FURTHER DETAILS 

TELEPHONE AMPLIFIER 

OOrirar LY N 

14.95 
lncrem.e elhelency of Office, Shop and 
Workshop with this DELUXE TELE- 
PHONE AMPLIFIER which enables 
you to take down Icng telephone 
messages or converse without holding 
the handset. Just moisten the suction 
pad and stick it to one side of the 
telephone. A useful office aid. On /Off 
switch. Volume control. Operates on 
one 9v battery, Size 3in. x 4in. Ready 
to operate. Complete with battery. 
P & P 27p. 

£13.95 
This NEW, versatile De Luxe 4- 
Station Transistorised Intercom 
(1 Master and 3 Subs) for desk or 
wall mounting can solve your com- 
munication problems instantly. Effec- 
tive range 300ft. Call /talk /listen from 
Master to Subs and Subs to Master. 
With Selector switch. Ideally suitable 
for office, shop, home or surgery. 
Adaptable for Mains. Complete with 
three 66ft. connecting wires and 
accessories. On /Off switch volume 
control. P. & P. 47p. 

WEST LONDON DIRECT SUPPLIES 
189 KENSINGTON HIGH STREET, LONDON W8 8SN 
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TEKTRONIX 530 Oscilloscope with T 6 CA 
plug -ins £295. 

MAINS STABILISERS 
SERVOMEX type AC2- 9 amps. £20 ea. 

SERVOMEX type AC7-30 amps. £35 ea. 
Carriage £1.50 

AMERICAN SWEEP GENERATOR typ 
52. Covers from 5 to 100 MHZ. Has built I 

I splay and 101 DB Push Button RF Attenua- 
or In one DB steps, plus Calibrated Marker 
Generator covering 5 to 100 MHZ continuous 
American Government Contract, so qualit 
e high. Supplied for 240V 50 HZ operation wit 
plugs and leads. Size 134 x 9} x 19in. Pric 
£70 each. Carriage £1.50. 

AMERICAN SWEEP GENERATOR typ 
TRM 3 15 to 400 MHZ. £300. 

AMERICAN POWER UNITS STANDARD 
213V 50 HZ Input 28V 40 AMP OUTPUT. Size 
22 x 16 X 91n. Supplied in original transit 
case £2S. 

AMERICAN AM GENERATOR type 497. 

4 to 400 MHZ. Supplied with leads, etc., for 
240V 50 HZ operation £35. 

12" LONG 
PERSISTANCE TUBES 

Ideal for SSTV; educational purposes. 
Type 12DP7A. Connections. voltages etc. 
Brand New Boxed E750 each including 
carriage and VAT. 

SPECIAL 40 MHZ SCOPE SOLARTRON 
CD1212 ONLY £50. Has to be a snag. There 
is -no plug -In Y amps available. 
TB -t00 nanosecs per cm. to 5 secs. per cm. I 

24 calibrated ranges. 20 nanosecs per cm 
with times 5 expansion. 5" Oat faced tube 
Trace locator. 0-2 microsec. signal delay 
Built in calibrator. 1 KHZ square wave. 200 
micro volts to 100 volts In 18 calibrated ranges. 
Tube sensitivity 3 VICM MAIN FRAM Y AMP 
boosts this to better than 200mV per cm. a 
40 MHZ. 240V. 50 HZ Input. Complete wit 
full manual including plug -in circuits. Com 
and see one working or Carriage £1 50. 

'STILL at £42.50 
Solartron CD 7115.2 Double Beam Oscil- 
loscope DC-9 mc/s; 3 mvlcm; trigger 
delay; crystal calibrator; 4" flat laced tube. 
In good working condition. Carr. £1.50. 

SOLARTRON CD 523 Single Beam Oscillo 
cope 3db at 10 MHZ; ImV max sensitivity 

DC coupled down to 1 vol . 410. Flat faced 
PDA tube. TB from 1 secs. per cm. to 0. 
microsecs. per cm. plus times 5 expansio 
£S0. 

MARCONI TF 195M -0140 KHZ Sine Wave 
Generator 0/40 Volts output Metered. These 
must go £7.25. 

MARCONI TF 801B. AM SIGNAL GEN- 
ERATOR. 12 to 470 MHZ. In good working 
condition £90. 

MARCONI TF 938 (CT44). Absorption 
Wattmeter 10mW to 6 Watts. Input Impedance 
2.5 ohms to 201( ohms. Freq. response Flat 

at 20KHZ. Calibrated in volts and dbs 5in 
m rror backed meter E7.50 ea. P. 6 P. 75p. 

MARCONI VVM TF104IA £254. 

MARCONI TF 428C. Measures AC 10OMV 

to 150V 20HZ to 15 MHZ. Measures DC 4OMV 

to 300V. Complete with probe. Standard 240V 

operation £1250 each. 

MARCONI TF099. Measures 20MV to 2V AC. 
50 HZ to 100 MHZ. £10 each. 

MARCONI VVM TF 1300. Measures AC 
50MV to 100V, 20 HZ to 300 MHZ, DC 100MV 
to 300V. Ohms 50 to 5 Meg Ohm. In One con- 
dition £18 each. 

SLOPED CASES size 9 X 71n. with Bin. 
slope, 15in. long, in Hammer Grey. Brand New 
boxed £1. Packing and postage 37p. 

E.M.T. TRANSFORMERS. e.g. 5KV at 
0.125 Amps and others. All 240 volts input. 

BRAND NEW AMERICAN HIGH 
VOLTAGE CAPACITORS. 0.15mtd 
120kV working. E20 each. Carriage at cost. 

MODERN TELEPHONES type 706. Two ton 
grey, £3 75 ea. Two -tone green E3 75 ea. Blac 
E2 75 ea. P. 6 P. 25p ea. 

Ideal EXTENSION Telephones with standar 
GPO type dial, bell and lead coding. E1 75 ea. 
P. 6 P. 25p. 

All telephones complete with bell and dial. 

POTENTIOMETERS 

COLVERN 3 watt. Brand new, 25; 50k all 
at 13p ea. 

MORGANITE Special Brand new, 25; 10; 

100; 250; 500K; 1 in. sealed, 17p ea. 

BERCO 2} Watt. Brand new, 5; 10; 50; 250; 
ohms; 1; 2.5; 10; 25; 50K et 15p ea. 

STANDARD 2 meg log pots. Current type 
I5p ea. 

INSTRUMENT 3 In. Colvern 5 ohm 55p ea.; 
50k and 100K Sip ea. 

BOURNS TRIMPOT POTENTIOMETERS. 
20; 50; 100; 200; 500 ohms; 1; 2; 25; 5; 10; 
25K at 35p ea. ALL BRAND NEW. 

RELIANCE P.C.B. mounting. 270; 470; 
500 ohms; 10K at 35p ea. ALL BRAND NEW. 

ALMA precision resistors 200K; 400K; 497K; 
998K; 1 meg -0 1 % 27p es.; 3-25k, 5 0k, 13h- 
01 % 20p ea. 

CAPACITORS. B and New. 10,000mfd 
50V 60p ea. P 6 P 15p. 

RELAYS 

Varley VP4 Plastic covers 4 pole c /o. 15K- 
33p ea. 

CARPENTERS polarised Single pole c/o 
20 and 65 ohm coil as new 370 each. 14 ohm 
coil 33p each. 45 ohm coil 33p each. 

TRANSFORMERS. All standard inputs. 

GardiPerm!Part. 450. 400-0-400-450. 180 MA. 
2 x 6.3v, E3 ea. 

Neptune Series. Multi 6.3 volts to give 48V st 
3.5 amps etc. £3301ncl. P. 6 P. 

Large quantity LT, HT, EHT transformers and 
chokes. 

Vast quantity of good quality components 
-NO PASSING TRADE -so we offer 

3 LBS. of ELECTRONIC GOODIES 
for £1.50 post paid. 

COLVERN TEN TURN POTS, ex eq. 100K 
t Up each. Complete with dial E1'54 each. 

P. 6 P. 15p. 

E1 WORTH OF 'UFS'. Six Brand New capa- 
citors all between 15V and 100V. Total capaci- 
tance not less than 7,000mfd. P. 6 P. 45p. 

CAPACITOR PACK 50 Brand new compo- 
nents only SOp. P. 6 P. 17p. 

POTS 10 different values. Brand new. Sip. 
P. 6 P. 17p. 

COMPONENT PACK consisting of 5 pots 
various values, 250 resistors 1 and } watt 
etc., many high stabs. All brand new. Fine 
value at SOP per pack. P. & P. 27p. 

DELIVERED TO YOUR DOOR 1 cwt. of 
Electronic Scrap chassis, boards, etc. No 
Rubbish. FOR ONLY E3541. N. Ireland E2 
extra. 

P.C.B. PACK S 6 D. Quantity 2 sq. ft. -no 
tiny pieces. Sep plus P. 6 P. 20p. 

FIBRE GLASS as above E1 plus P. 6 P. 20p. 

5 CRYSTALS 70 to 90kHz. Our choice, 25p. 
P.6 P. 15p. 

TRIMMER PACK, 2 Twin 501200 pt ceramic; 
2 Twin 10160 pf ceramic; 2 min strips with 4 

preset 5/20 pt on each; 3 air spaced preset 
301100 pf on ceramic base. ALL BRAND 
NEW 25p the LOT. P. 6 P. 10p. 

ROTARY SWITCH PACK-6 Brand New 
switches (1 ceramic; 1 -4 pole 2 way etc.), 
Sip. P. 6 P. 20p. 

FLAT FACED 4" Twin Beam Tube. Type 
CV2193. (Cossor 89D). Green Trace Brand New. 
E4 each. P 6 P 37p. 

C.R.T.'s 5" type CV1385IACR13. Brand now 
with spec. sheet. 63p ea. P. 6 P. 35p. 

TUBE type VCR138 £2 ea. P. & P. 37p. Numetal 
shields $00 ea. 
BASES ter CV1385 or VCR138 21Ip ea. P. 6 P. 
15p. 

GRATICULES. 12 cm. by 14 cm. In High 
Quality plastic. 15p each. P. 6 P. 513. 

PANEL mounting lamp holders. Red or green. 
9p ea. Miniature. PANEL mounting lamp with 
holders -10V 15MA Sp ea. 

BECKMAN MODEL A. Ten turn po 
complete with dial. 100k 3% Tol 0.25% - 
only £2.13 ea. 
Also 450K 0-5% with dial E2.13 ea. 

ELECTROSTATIC VOLTMETERS from 
0-300 Volts to O -101(V. S.A.E. with your 
requirements. 
FIBRE GLASS PRINTED CIRCUIT 
BOARD.. Brand new. Single sided up to 21" 
wide X 15" ip per sq. In. Larger pieces Ip 
per 

sq. 
in. Double 

e 
sided. Any size 1p per sq. In. 

INTEGRATED CIRCUIT test clip by AP Inc. 
Gold Pleted clip -on. Brand New individually 
boxed. E1 M ea. P. 6 P. 10p. 

DECADE DIAL UP SWITCH -5 DIGIT. 
Complete with escutcheon. Black with white 
figures. Size 4íe. long x lin. high x 111n. 
deep. Ex- Plessey. £1.40 each. P. 6 P. 15p. 

LIGHT EMITTING DIODES (Red) from 
Hewlett- Packard. Brand New 380 ea. 
Information Sp. Holders 1p. 

SANGO Si micro amp meter. 2t" diameter. 
Ex -brand new radiation equip. E1-25 ea. P. 6 P. 
17p. 

METERS. Emest Turner. Model 402. 100 
micro amps. BRAND NEW. Lousy scale - 
hence EZ35 ea. P. & P. 25p. 

VISCONOL EHT CAPACITORS 

0 05mfd 2-5kv 50p ea. 0.01 mid 5kv 449 ea. 
0 05mfd 8kv SOP ea. O Otmfd 101v Sip ea. 
0 1 mfd '4kv 35p ea. 

DUBILIER 0.1mfd 5 KV; 0.1mfd 7.5 KV; 
0.25mtd 7.5 KV; 0 5mfd 5 KV all at Sip ea. 
P. 6 P. 15p. 

OTHER BLOCK PAPER CAPACITORS 
AVAILABLE. S.A.E. with requirements. 

PHOTOCELL equivalent OCP 71, 13p ea. 

MULLARD OCP70 10p each. 

CRYSTALS 

COLOUR 4.43 MHz £1.25 ea. 

P. & P. 10p. 
Reduction for quantity. 

TEKTRONIX 545B 

OSCILLOSCOPES 

From As New to well used 
condition. Price from £275 
(Main frame). 

TEKTRONIX 502A 
OSCILLOSCOPES 

Brand New. Guaranteed. 
P.O.A. 

HEWLETT PACKARD 
OSCILLOSCOPES 

Type 175A. Dual 50MHz £275 

each. 

5 VOLT 4 AMP 
LOGIC (I.C's) 
POWER SUPPLY 
Standard Mains In- 
put. £2.75 each. 
P. & P. 25p. 

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 £5.50. P. & P. 25p. 
STILL AVAILABLE our 20 MHZ version at 
£9.25. 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. £7.85 each. P & P 25p. Sine Wave only 
£5-86 each. P & P 25p. 

TRANSISTOR INVERTER 
12V to 1.5 KV 2MA. Size 14- x 2} x 4in. Multi tapped 
secondary and output level control makes possible 
large range of voltage and current output combinations 
without modification. Very flexible unit at £2.95 each. 
P. & P. 25p. 

NEW WIDE RANGE WOBBULATOR 
5 MHZ to 150 MHZ (Useful harmonics up to 1.5 GMZ) 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 £5.75. P. & P. 25p. 

Unless stated -please add £1.50 carriage to all units. 

VALUE ADDED TAX not included in prices -please add 10% 

Official Orders Welcomed, Gov./Educational Depts., Authorities, etc., otherwise Cash with Order 

Open 9 am to 6.30 pm any day (later by arrangement.) 

Bayd with i as I'UIL'FN- AD LTD 
7/9 ARTHUR ROAD, READING, BERKS. (rear Tech. College, Kings Road) Tel.: Reading 582605/65916 
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R. S. T. VALVE MAIL O R D E R CO. Blackwood A wUield Ro ad, 
ódSWÌ6 2BS 2424 R M S N T. 

VALVES 
AZ31 066 DY802 0.87 
420 0-00 EABC80 
CBL31 1.00 0-38 
CL33 1.60 EAF42 0-76 
CY31 0.60 EAF8010.60 
DAF91 0.30 EBC33 1.00 
DA1196 0-60 EBC41 0-76 
DCC90 186 EBC81 0.88 
DF91 0.80 EBF80 0-40 
DF96 0.60 EBF83 0-40 
DK91 0.46 EBF89 042 
DK92 0.70 EBL31140 
DK98 040 E0C40 1-00 
DL92 0.40 ECC81 0.40 
DL94 0.48 ECC82 048 
DL96 0-66 

R0(183 0-38 
EIXA6 0.40 

DM70 0-00 E88 0-40 
DY86/7 048 ECF80 036 

ECF80 0.40 
ECH36 1-26 
ECH42 1-00 
ECH81 0.60 
ECH83 046 
2C1184 046 
ECL80 0.66 
ECL82 0-66 
ECL88 0.40 
ECLL800 

3-20 
21374 1.00 
EF39 1-20 
EF4I 0.00 
EF62 146 
EF80 0-26 
EF86 0-36 
81186 0.30 
EF89 028 
EF91 0-37 
RF92 0-60 

EF98 076 
EF183 060 
EFI84 036 
EH90 0.66 
EL33 1.76 
SL34 0'96 
E1.37 2-60 
EL41 0-90 
E1.42 0.90 
ELM 028 
EL91 0.60 
2195 0-40 
2L360 146 
ELL80 1.26 
EM80 046 
EM81 040 
21184 036 
EY61 0.40 
EY86 0-40 
11240 0-76 
R7.41 0.76 

TRANSISTORS 
1N21 0-17 
1739 0-86 
IN4001 0.06 
IN4002 0.07 
1N4003 0.08 
174004 0.08 
1N4006 0.12 
18111 0-26 
18131 5-13 
18132 0-13 
90220 5.03 
26301 0.40 
20302 0.40 
214696 046 
211697 016 
2N706 010 
2770640.11 

221708 0.16 
271302 0.18 
2N1303 0.18 
2241304 040 
2N13060ß2 
271306 048 
271307 048 
3N2147 0.75 
272218 0.23 
272444 1.99 
2N2848 0.60 
272926 0-10 
2163702 0.11 
2213709 0.12 
2N3704 0.14 
2N3705 016 
2N3707 0.18 

2803709 0-10 
2N3710 0.11 
2N3711 0-11 
2803819 0.36 
2N4286 0.16 
2N4289 0.16 
AC126 0ßb 
AC127 046 
AC128 020 
AC176 0ßb 
AC187 0-20 
AC188 0.20 
ACY17 0.86 
ÁD140 0.60 
AD149 0.60 
AD161 0.89 
AD102 0.89 
ÁF114 0.26 
ÁF116 045 

AF118 0 06 
AF117 0 20 
47139 0 88 
AFZ12 1 50 
BC107 0 12 
BC108 0 12 
BC109 0 12 
BC116 010 
BC116 0 20 
BC117 0 21 
BC169 0 14 
BCY34 0 46 
BD121 1 00 
BD123 1 00 
BF116 0 22 
BF173 0 28 
BF180 0 86 
BF181 0 86 
BF194 018 

E280 0ß8 
8281 0-00 
2290 0-40 
6Y601 0-80 
6280 0.46 
0232 0-60 
0234 0-66 
1163 0.90 
HL41DD 

070 
1114309 1.60 
KT61 1.76 
KT86 2.60 
KT81 (706) 

1.30 
KT88 2-90 
KTW811-00 
KTW621-00 
N78 2-76 

BF196 0.18 
BF196 0-16 
BF197 016 
BF861 046 
BF898 046 
BFY60 0.00 
BFY51 0.00 
BFY52 0.00 
BTY79/ 

100R 0-76 
BY100 0-16 
BY126 0.14 
BY127 0.16 
BZY88 
Sedes 0.10 
CR81/06 

0.80 
CR81-40 

046 

042 0.40 
OBI 0-40 
024 0-46 
PC86 0.00 
PC88 0-00 
PC900 0.48 
POC84 040 
PCC89 0.60 
PCC1890.60 
PCF80 0-40 
PCF86 0.00 
PCF8010.60 
PCF8010.60 
PCF806 0-90 
PCF8060.76 
PCF808 0-90 
PCL82 0-36 
PCL83 0-68 
PCL84 046 
PCL86 0-60 
PCL86 0-46 

CR83-40 
0.66 

011011 8.60 
CV1(rl 046 
CV103 0.18 
CV263 1.00 
CVI164 8.00 
CV2166 2.00 
0117108 8-50 
C17109 8.60 
DD000 016 
DD006 Oß6 
CETI020.60 
OET1030.40 
0BT1160.86 
OBT8760.40 
OE166 186 
0E1641 

0.75 

PD600 1-30 
PEN46DD 

0.76 
PFLI000.66 
PL36 0-08 
PL38 146 
PL81 060 
PL82 046 
PL83 0.46 
PL84 0.40 
PL500 0.80 
PL604 0.80 
PL608 0-96 
PL609 1.66 
PL801 1.00 
PL802 0.06 
PY32 0-53 
PY33 053 
PY81/800 

0.60 

OJ7M 0.60 
K810040-96 
MAT101 

046 
MAT120 

0.20 
MAT121 

046 
MJE3700.68 
MJE6200-66 
MJE2966 

1-10 
31JE305S 

0-76 
MPF10I 

040 
MPF1030-88 
MPF 04 

046 

PYBI 0-86 
PY83 0-38 
PY500 1.00 
PY801 0.60 
8P41 3-00 
8P61 0-76 
T41 1.00 
025 0.86 
U26 0.86 
U191 0-75 
U404 0-70 
17801 0.80 
1748080 

0-40 
UAF42 0-76 
UBC41 0.76 
UCH42 0-76 
UBF80 0.40 
UBF89 0-40 
U0085 0-46 

UCH42 0.76 
UCH81 0.40 
UCL83 0.85 
170183 0-70 
ÚF41 0.75 
ÚF89 0.40 
UTA1 0-86 
U1.84 0.43 
0Y41 0.48 
17185 0.40 
VP4B 1.25 
VR75/30 

0.48 
VR106/30 

0.40 
VR160 /30 

0.40 
Y63 1.60 
1E5 0.46 
185 0.30 
1T4 0.30 

384 040 
314 0-70 
66404 0.80 
5U40 0.40 
6140 0.60 
6Y30T 0.46 
6240 0-46 
6/30L2 0.90 
BALG 0-25 
6AQ6 0.46 
6487 0.86 
6AT6 0.46 
6108 0.30 
6146 0.46 
6346 048 
OBRO 0.36 
OBH6 0.70 
613.16 0.66 
8BQ7A 0.66 
6867 100 
0BW6 0.90 

6ßW7 0.90 
604 0.86 
60060 1-30 
6CH6 1.40 
RES 1.00 
6823 1.06 
&156 0.45 
6JSOT 0.46 
6J70T 0.46 
6K BOT 0.76 
6K70T 0.36 
6K80T 0-60 
6P25 1.75 
6Q70T 0.60 
68(17M 0.46 
68J76T 0.30 
68L70T0-48 
68N70T 

0.48 
6U4GT 0.76 
4U56 0.75 

6V60T 0-60 
6X4 0.40 
6130T 0.46 
7B6 0.75 
7B7 0.70 
705 1.60 
706 0.75 
7H7 0.70 
707 5.35 
7Y4 O-76 
12406 0-70 
11ÁD6 0.66 
124E6 065 
1IST6 0.40 
12ÁT7 0.40 
124176 046 
124177 043 
12117 0-33 
12616 0 -46 
1213E6 0.50 
128117 0.60 

30015 1.05 
30117 1-10 
30018 0.90 
30F6 1.10 
30FL1 0.80 
30FL14 0.90 
30115 1.06 
30L17 0.96 
30P12 1.06 
30P19 1.00 
30PL1 0-96 
30PL13 1.20 
30PL14 146 
36L86T0-75 
3áW4 0.50 
3523 0.76 
36Z46T0-7O 
6005 0-60 
6001)60 

1.90 
80 0-00 

NKT128 
0-46 

NKT211 
026 

NKT213 
0-06 

NKT2140.24 
NKT'218 

0-40 
NKT217 

0-46 
NKT218 

143 
NKT801 

0.85 
NKT304 

0-76 
NKT401 

0.76 

NKT403 
0.70 

NKT404 
0.60 

NKT7130.80 
0A5 0.00 
046 011 
047 040 
049 0.20 
0410 040 
0447 0-08 
0470 0-10 
0171 0.20 
0479 0-10 
0481 0-10 
0485 0.15 
0486 0-16 
0490 0-07 
0491 0-07 

0495 0.07 
04200 0.08 
0A202 0.10 
04910 0.20 
04211 046 
OÁ22020.46 
0A22100.40 
0422110.40 
0422420.16 
0422440.25 
042246016 
0016 1.00 
OCIOT 1.00 
0019 0.60 
0020 2.00 
0022 1.00 
OC23 1-26 
0024 1-10 
0025 0.40 

0026 0.40 
OCIO 0-70 
0029 005 
0030 0.40 
0035 0.56 
0036 0.66 
0041 0.86 
0042 0-40 
0043 0.70 
0044 0-18 
OC44M 0.17 
0046 0-18 
0045M 0.18 
0046 0.87 
0067 0.40 
0058 0.80 
0069 0-60 
0066 0.50 
0070 048 

0071 0.16 
0072 0.26 
0073 0-60 
0074 0-30 
0076 0.30 
0076 0-30 
0077 0.66 
0078 
0078D 046 
0079 0.30 
0081 048 
0081D 048 
0081M 0-30 
OC81DM 

018 
oC812 0.46 
0082 0-28 
0082D 0-26 
0083 0-8f 

0084 0-80 
00123 1.10 
00139 0-40 
00140 0.66 
00141 0-80 
00169 0.00 
00170 0-26 
O0171 0.30 
00200 0.66 
00201 0.80 
00202 0.90 
00203 0.56 
00204 0.86 
00205 1.00 
00206 1.10 
OC207 1.00 
OCP70 0.60 
OCP71 1-00 
ORP13 0.66 

807 0f0 
5080 2-25 
6146 0.00 

TOM 
2AP1 4.00 
9BP1 3.60 
3DP1A 3.40 
8201 10-00 
0,77 1.80 
3041 3.60 
6BP1 4.00 
5071 6.00 
6FP7 340 
881) 1050 
(71429 22.00 
07960 8.00 
D07-5 8.00 
D07-61000 
VCR1388.00 
VC6139A 

8.00 

ORP80 0.46 
OBP61 0-48 
SX040 0-76 
81643 000 
8X648 0-75 
2821 0.80 
2822 046 
28170 0-10 
28178 045 
Z8271 0-11 
zTI1 035 
2T11070.12 
ZT11080.10 
2T13000.14 
2T18040.26 
2T16000.16 
2T16030-16 
2T1631046 

Industrial Valva 3 
685Z46 

12E1 
12E14 

1BSOT 3328 1301 
1824 3B29 64.744 13E1 
111961 3032 6485 28D7 
1B634 8029 64916 2901 
1721 3024/240 81918 588U 
17216 3045 6475 73B1 
17536 30X10045 6478 7501 
12023CE 3E29 BARB 8341 
1134 8J /1213 6486 8541 
1X23 33 /1602 641740T2 8642 

37/1708 641766T 9040 
343 3Q/150E BAUE 90AV 
24816 3Q/196E 04V66TA 9001 6006/ 
20264 984 64W84 9006 6AQ5W 
2034 87/340B 64150T 90CV 6021 
20394 3V/3904 6B40 9641 1625 6057 
21343 31/390B 68484 100TH 6058 
21821 6B84 15062 2060 6059 
2D31W 4.1364 6BK7A 16063 2050W 6060 
2806 4.8604 6BL76TA 15001 2051 6061 
2J31 4.4004 6676 15002 6062 
2739 4832 6887 15003 40034 6063 
2J60 4085 6B87 15004 4212D or E 6064 
2754 401250E 6B176T 260TH 42424 6066 
2J664 4827 6826 328 43130 6067 
2026 4.150 00B6 329 43284 6072 
2836 4762 OCHO 631 -P1 4687 8073 
2828 47524 6CL6 5644 6074 
21146 4369 6CW4 7064 5645 6080 
8134 411504 BDKB 7154 6097C 

4 %1600 6DQ103 715B 6642 6130 
32/1072 41250E 8E48 7234/B 6644 8136 
34/1084 6F33 7254 5651 6189 
34/108B 6B/261M 6H8(meta1) 5670 6197 
34/109B 6B/26311 6K70T 801 5872 6201 
34/1104 613/2641( 7784 803 6676 6202 
32/1108 5B/266M 61130T 805 6687 8203 
94/1461 5B/266M 807 6696 6206 C10 
84/167M 68/257M 11E3 808 6702 6360 C1K 
946 6022 11213 811 5718 6442 CA4322 
5B/240M 51121 12487 8114 6719 6463 CVO 
3B/241M 6ß40Y 12844 8124 5726/ 6550 0125 
9024 51J40B 12BY7A 813 6436W 6807 01,26 

816 
828 
829B 
830B 
860 
866 
8684 
868E 
8274 
881E 
8918 

954 
955 
966 
957 

5726/ 

67I7W 
2121W 

6749 
6760 
5761 
6802 
5814 
5823 
5840 
6963 
5965 

6923 
6939 

7193 
7203 
7360 
7586 

8013 
80254 

9001 
9002 
9003 
9004 
9006 
9006 

132014 

41834 
42087 
42134 
42293 
42428 
42521 
A2900 
4CT6 
AOT9 

B1C lE 
B890 
B8166 
BT6 
BT96 
BT46 
BT79 
BT83 

CV28 
OV31 
CV46 
CV63 
CV73 
0174 
C486 
CVI18 
CV121 
CVlI4 
CV128 
0X131 
CV132 
OV133 
01136 
01136 
CV1S7 
01138 
07140 
C1144 
01180 
CV173 
CV187 
C1188 
CV190 
07220 
0X381 
C1273 
CV284 
C1286 
0X887 
01315 
C1929 
C1337 
CV342 
0X346 
0X354 
0X359 
01360 
0X371 
0X372 
0X378 
0X391 
0X396 
0X397 

CV404 
CV416 
CV418 
CV417 
CV428 
CV434 
CV447 
CV449 
0X466 
0X489 
CV488 
0X491 
0X492 
CV493 
CV717 
04808 
0X1072 
0X1076 
011092 
071219 
C11343 
0X1476 
CV1476 
CV1477 
011478 
CV1794 
0X1480 
0X1481 
CV1482 
CV1787 
1711832 
011833 
OV1836 
0X1994 
042600 
0X2131 
0X2164 
CV2158 
042160 
CV2179 
CV2236 
0X8237 
0X2238 
072253 
CV2289 

CV2326 
CV2361 
CV2466 
C42616 
0X2519 
012620 
C42522 
012721 
CV2901 
CV3623 
0X3929 
CV3986 
CV9988 
C49991 
0X3998 
0X4001 
CX4002 
0X4003 
CV4004 
CV4006 
CV4006 
CV4007 
CV4008 
0X4009 
0X4010 
CV4011 
0X4012 
014013 
CV4014 
CV4016 
0X4016 
014017 
CV4018 
CV4019 
0X4020 
014022 
0X4023 
0X4024 
CV4026 
CV4028 
0X4033 
014035 
0X4038 
0X4089 
C14040 

CV4043 
074044 
CV4046 
074048 
CV4069 
CV4066 
CV4069 
0X4060 
CV4062 
0X4083 
0X4064 
0X4079 
0X4501 
CV4602 
CV4b03 
CV4604 
CV4607 
CV4508 
C15080 
0X0004 
0X6008 
0X6046 
11430 
DA41 
DA42 
114100 
DET22 
E66L 
88000 
88080 
880F 
8801 
E8OT 
88100 
8811 
E82130 
118307 
E83F 888. 
R90 
E9OL 
29111 
119200 
E180CC 

2180F 
E18100 
B182 
E186F 
E188 
11450 
E452 
RA78 R36 
8CF804 
EF60 
8764 
8866 
RF804 
EFP60 
11191 
8730 
88031 
88032 
8791 
1181774 
28176 
R8Ú77 

76057 
88060 
F6081 
F6063 
7 %219 
8X285 
F1227 
01 /371K 
0120/1B 
0150/2B 
0180/2M 
0240/2D 
0400/1K 
ON4 
GT10 
OTR12OW 
0TB160M8 
01718 
01720/21 
61750 
0 %171 

0%172 
O%i73 
0%174 
611160 

8T66 
KT67 
KT88 

M8079 
M8080 
M8081 
M8082 
M8083 
M8091 
M8096 
M8097 
M8098 
M8100 
318136 
M8137 
M8140 
M8141 
M8142 
M8144 
M8149 
M8157 
M8181 
M8182 
M8163 
M8187 
M8179 
M8190 
M8196 
M8204 
319212 
M8214 
M8223 
M8224 
M8226 
M8232 
M8237 
M8245 
ME1400 
ME1401 

8E1403 
ME1404 
M81500 
0E1501 

042 
043 

0440 

OB2 
OB3 
OD8 
003 
024 
0244 

OT16 

Q42400 
QÁ2403 
Q42404 
Q49406 
Q42407 
QB3/300 
QB3-6-760 
Q64.1100 
QF41 
QF45 
QQV02-6 
QOX03-10 
QQV03-20 
QQVO3.20 
QQ703-204 
QQV04-15 
QQV06-40 
QQV06-404 
Q870/20 
0876/20 
Q876/40 
Q876/80 
Q883/3 
Q892/10 
Q896/10 
Q8106/46 

Q8108/40 
Q8150/16 
Q8L60/80 
Q8160/36 
Q8160/40 
Q0160/46 
Q8160/80 
Q81200 
Q81202 
Q81903 
Q81205 
Q1737 
Q103-12 
QV04-7 
QV05-26 
QVOB-20 
QY8-126A 
QY4-260A 
QY4-4004 
R10 
817 
R1N 

811E12 
8130 
8130P 
8TV280/40 
87,7280/80 
81741 
81742 

TD03-10 
TT16 
TT21 
TTR31MR 
TZ40 

1117 
U19 
1727 

VL8631 

2300T 
Z759 
280317 

Integrated Circuits 7410 .. .. 0.00 7437 .. .. 0.45 7476 .. .. 0.46 74107 0 61 74157 109 
7400 048 7411 .. .. 0.ßi 7488 .. .. 0.43 7480 .. .. 0.80 74110 0 57 74170 2.88 
7401 .. .. 040 7413 .. .. 0.18 7440 .. .. 040 7482 .. .. 0.87 74111 0 88 74174 1.80 

0.30 7416 .. .. 0.50 . 744147 .. 0.86 7483 .. .. 1.20 74118 1.00 74175 1.29 7402 " 7416 .. .. 040 7442 .. .. 0.86 7484 .. .. 1.00 74119 192 74176 1.44 7403 .. .. Ú- O 
7417 .. .. 040 7460 .. .. 040 7486 .. .. 1.50 74131 0 57 74190 240 7404 .. .. 0 -fS 
7420 .. .. 0.96 7461 .. .. 040 7490 .. .. 0.75 74122 0 80 74191 2.80 7406 .. .. 0.40 
7422 .. .. 040 7463 .. . . 0 4 0 0.00 7491ÁN .. 1.10 74123 144 74194 2.80 7407 .. .. 0.40 7423 .. .. 0.40 7464 .. .. 0.00 7102 .. .. 5.79 74141 1-00 74193 2.30 7407 .. .. 0.40 
7426 .. .. 0.87 7460 .. .. 5.96 7408 .. .. 0.75 74145 1 44 74194 1.72 7409 .. .. 0ßb 
747/ .. .. 0.87 7470 .. .. 0.83 7494 .. .. 0.86 74150 2 80 74196 1.44 7100 .. .. Ú.8i 
7 4 2 8 .. .. 0.48 7472 .. .. 048 7496 .. .. 046 74161 116 74196 1.58 
7430 .. .. 040 7473 .. .. 0.44 7496 .. .. 1. 0 74164 2 30 74197 1.68 
7439 .. .. 0.47 7474 .. .. 0.48 7497 .. .. 442 74166 116 74198 3.16 
7433 .. .. 0.46 7476 .. .. 0.59 74100 .. 2.16 74164 .. 1 15 74199 2.88 

FROM 1ST APRIL AU. ORDERS SUBJECT TO V.A.T. AT APPLICABLE RATE. THIS MUST SE ADDED TO TOTAL ORDER PRICE INCLUDING POSTAGE. 
Terms of Business: Mon. to Sat. Open to callers f a.m. to S p.m. Closed Sat. I p.m. to 3 p.m. Express postage Sp. for one valve; p each additional valve. 
Express postage: 3p for one transistor, and Ip for each additional. Over 10 post free. All orders over (S post free. Valves tested and released to A.R.B. 
specification if required. (Full valve availability list on request, S.A.E.) Prices correct when going to press. 

LOW PROFILE 
SOCKETS 

14 pin DII 115. 
16 pin, DIL. 170. 

Stockists of English 
Electric, Ferranti, 
M.O. Valve Co.,, 
Nullard, S.T.C. 

THINKING OF BUYING 
Sullivan 

/MEqqJER ? 
THEN CONTACT THE APPOINTED U.K. DISTRIBUTORS:- 

REPAIR AND 
RECALIBRATION 
SERVICE AVAILABLE 
ON AVO MULTIMETERS 

.0911111. 

Parnell 
FARNELL INSTRUMENTS LIMITED, SANDBECK WAY, WETHERBY, YORKSHIRE 
LS22 4DH TEL : 0937 3541 TELEX 557294 LONDON OFFICE TEL: 01 -002 5359 

WW -103 FOR FURTHER DETAILS 

AEL GATWICK HOUSE, HORLEY, SURREY, ENGLAND 
Tel: Honey (02934) 5353 
Telex: 87116 (Aerocon Horley) Cables: Aerocon Telex Horley 

WW -104 FOR FURTHER DETAILS 
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A'larshalFs 
A. Marshall & Son (London) Limited 
42 Cricklewood Broadway London NW2 3HD Telephone 01 -452 0161 

& 65 Bath Street Glasgow G2 2BX Telephone 041 -332 4133 

Popular 
Semiconductors 
2N456 
2N456Á 
2N457Á 
2N490 
2N491 
2N492 
2N493 
2N696 
2N697 
2N698 
2N699 
2N706 
2N706Á 
2N708 
2N709 
2N71I 
2N718 
2N1185 
2N720 
2N721 
2N914 
2N916 
2N918 
2N929 
2N1302 
2N1303 
2X1304 
2N1305 
2X1306 
2X1307 
2X1308 

2X1309 
2111671 

2N1671Á 
2X16716 
2N167IC 
2X1711 
2X1907 
2X2102 
2X2147 
2X2148 
2112160 

2X2192 
2N2192A 
2X2913 
2X21934 
2X2194 
2N2194Á 
2X22184 
2112219 

2X22194 
2X2220 
2X2221 

2X22214 
2X2222 
2N2222Á 
2X2368 
2X2369 
2N2369 
2X2646 
2X2647 
2X2904 
2N2904Á 
2X2905 
2X29054 
2X2906 
2X29064 
2X2907 
2X29074 
2X2924 
2X2925 
2X2926 

Green 

Yellow 

Orange 

2X3053 
2X3054 
2X3055 
2X3390 
2X3391 
2X33914 
2X3392 
2X3393 
2X3394 
2X3402 
2X3403 
2X3440 
2X3441 
2X3442 
2X3414 
2X3415 
2X3416 
2X3417 
2X3638 
2X36384 
2X3639 
2X3641 
263702 
2X3703 
2X3704 
2X3705 
2X3706 
2X3707 
2X3708 
2X3709 
2X3710 
2X3711 
2X3712 
2X3713 
2X3714 
2X3715 
2X3716 
2X3771 
2X3772 
2X3773 
2X3779 
2X3790 
2X3791 
2X3792 
2X3794 
2X3819 
2X3820 
2X3823 

8C137 
6C138 
BC' 40 
BC141 
BC142 

0.75 203900 021 611143 

0.75 203901 0-32 BC145 

1-35 203903 024 BC147 

316 203904 027 60148 

338 203905 024 60149 
3-99 203906 027 BC153 

420 204036 063 81115 

0.15 2114037 
111}2 

42 BC157 
4 

1115 204058 015 BC158 

025 204059 0-09 BC159 

029 2114060 011 BC160 

9-16 204061 0i11 BC1678 

018 2114082 091 BC1688 

614 204128 020 BC168C 

0.38 204289 013 aC169B 

9-30 2144919 0-84 BCI69C 

021 204920 0-99 811170 

049 204921 0.13 6C171 

030 2114922 084 BC172 

0.55 2N4923 0.83 BC182 

Q22 2145172 012 901821 

041 205174 022 8C183 

047 205175 O26 BC183L 

0.30 205176 032 BC184 

0-19 205190 0-92 6111841 

0.19 205191 0.95 BC186 

0ß4 205192 124 60187 

0.24 205195 146 BC207 

031 2145245 043 BC208 

022 2N5457 049 BC212K 

025 205458 0-45 602121. 

036 2N5459 049 BC2141 

144 40361 648 611237 

134 40362 0-50 611238 

1.72 40363 0-61 60239 

432 40389 046 BC251 

045 40394 956 611252 

5-50 40395 065 611253 

050 40406 044 BC257 

070 40407 0-33 BC258 

1394 40408 0.50 611259 

060 40409 6-52 811281 

040 40410 o-5z 511262 

040 40411 2-25 BC263 

040 40414 335 BC300 

0.61 40430 6-45 811301 

6-73 40583 023 BC302 

030 40601 667 BC303 

060 40602 046 BC307 

045 40603 6-53 6113074 

0-60 40604 0-56 8C308 

045 40636 1-10 6113084 

041 40669 1-00 8113089 

040 40673 0-70 BC309 

040 AC107 025 BC3094 

1350 AC113 016 BC3096 

0-31 AC117 020 BC237 

037 AC126 0-25 BC238 

041 AC127 025 BC337 

0.77 AC128 1125 BC338 

1.12 AC151V 6-14 BCY30 

035 AC152V 017 8CY31 

070 ACI53 0-25 BC932 

048 AC153K 1325 BCY33 

050 AC154 0-20 6CY34 

6-31 4C176 098 BCY38 

0.37 AC176K 1125 BCY39 

040 AC187K Oß3 6CY40 

045 AC188K 0.34 BCY42 

0.14 ACY18 0-24 8CY58 

0-17 ACY19 027 8LY59 

ACY20 0-22 BCY70 

0.12 ACY21 026 BCY71 

0-11 ACY28 0-20 8CY72 

011 ACY30 042 BCY87 

0.32 40142 0-50 811088 

0-60 40143 0-45 911089 

0-75 401499 0.66 B0115 
026 40150 0.63 60116 

043 40161 0,45 B0121 

029 40162 0-45 60123 
0-13 40161 l 80124 
0-13 40162 J 1-05 80131 

013 411099 040 BD132 

018 AF115 024 00135 
0.19 40116 0-25 60136 
0.59 AF117 020 80137 
097 AF118 0.50 80138 
1.69 AF124 024 80139 
010 AF125 0-20 60140 
0.10 AF126 0-19 8GY20 

015 00127 0.20 80115 

021 AF139 0-39 BF116 

0-15 AF170 0-25 00117 

0.15 AF172 0-25 BF119 

0-27 AF178 655 
9F123 0-17 AF179 0-65 

091 AF180 0,50 BF125 
012 AF186 040 80152 

0-14 AF200 035 BF153 

912 AF239 051 
BF158 0.09 AF240 0-72 

0.13 AF279 6-54 6F159 
0-70 AF280 0-54 BF160 

091 ALI02 0-75 8F161 

092 41103 0-70 BF163 

091 BC107 096 BF166 

096 BC108 0-I5 8F167 

1-20 BC109 019 BF173 

133 BC113 013 BF177 

1.50 8C115 0.15 
BF179 1-80 9C116 015 

2-20 901164 0.111 8F180 

180 BC117 021 
BF182 265 BC118 0-11 

3-15 BC119 0-29 BF183 
240 BC121 023 50184 

2-35 60125 015 BF185 

2.69 BC126 020 80194 

0.10 BC132 030 10195 

0-37 BC134 011 BF196 

1338 811135 0.11 80197 

1-42 BC136 1115 BF198 

111s 8F199 
024 BF200 

Q34 BF225J 

0-29 8F237 
0-23 BF238 
O 21 BF244 

o-z1 BF245 

0-12 6F246 
013 6F247 

0-12 8F254 
018 BF255 
0-14 8F257 

014 8F258 

013 BF259 

014 BF521A 
O 37 BF528 

0-13 10561 
O 13 BFS98 

0.11 BFX29 

013 BFX30 

0-13 B0X44 

011 6FX63 
0-13 BFX68 
0.11 6FX84 
012 6F7(85 
012 BF)(87 

0.09 BFX88 

009 BFX89 

011 6FY18 
0-11 6FY19 
025 BFY20 

0-27 10029 
0-12 BFY50 

6-11 80951 

010 6F452 
0-16 BFY53 
021 6FY90 
009 BRY39 
0-09 50104 
0-09 BU105 
020 C106Á 
018 01068 
O 23 C1060 
009 C106E 
009 0130204 
0.13 C,43046 
020 CA3048 
096 CA3089E 
023 CA30900 
2.12 LM301A 
034 LM304A 
029 LM3091( 
O 54 1M702C 
010 1.417097099 
010 8011 
009 14011 
0-12 116723C 
009 LM741T099 
6-10 BDIL 
010 14018 
O -10 141747 
0.21 LA17488011 
019 14011 
019 MC1303p 
019 MC1310 
043 MC1458CP1 
0-52 141480 
1-15 MJ481 
034 MJ490 
037 MJ491 
053 MJE340 
1-05 MJE2955 
1387 14JE3055 
0-15 MP8111 
021 MP8112 
0-22 MP8113 
097 MPF102 
022 MPSA05 
0-13 MPS406 
3-54 MPSA55 
2-42 MPSA56 
097 NE555V 
0-75 NE560 
0-75 NE561 
075 NE565A 
032 0C23 
0-67 0C28 
040 0035 
050 01142 
043 0045 
009 01171 
055 0072 
0-63 0081 
0-71 0033 
087 00012 
1-05 SC350 
025 SC360 
023 SC400 
043 SC410 
0-58 SC450 
0-25 SC46D 
0-27 SC500 
0-25 SC510 
0-20 SL4144 
0ß1 SL623 
0-16 944263 
023 TAA350 
0-27 744621 
623 1446618 
042 TA0100 
032 Filter 
0-32 164271 
021 TBA6418 
0-24 TBA800 
0ß9 TBA810 
0-35 1I1209 
043 TIP29A 
035 110304 
0-34 110314 
040 110324 
040 TIP33A 
030 TII044 
017 71P35Á 
1116 11P364 
017 TIP41A 
1315 TIP424 
015 T1P2955 
018 TIP3055 

018 
040 
1319 
1322 
1322 
P16 
013 
043 
023 
016 
1311 
046 
6-59 
6-55 
2-30 
1392 
o-z7 
0-20 
0-30 
025 
033 
2-48 
0.30 
6-24 
0.30 
1328 
0-25 
045 
035 
035 
0-5o 
040 
1323 
Q19 
021 
Q16 
O60 
023 
142 
2-25 
046 
055 
0-45 
043 
1-80 
070 
2-11 
1-96 
423 
046 
2-03 
1418 
1375 

046 
0-38 
033 
075 
040 
046 
1338 
1-00 
1360 
073 
126 
2-92 
0-79 
0-90 
1-14 
0-98 
1-38 
042 
1-12 
068 
032 
040 
647 
6-39 
025 
026 
0-26 
O -27 
090 
4-48 
448 
448 
056 
0.76 
060 
035 
032 
012 
013 
0-20 
620 
O 50 
1-68 
145 
149 
1.32 
1-89 
1-96 
260 
2,39 
1-B0 
459 
070 
2-10 
2.03 
1-32 
1.50 
1170 
0-64 
225 
1-50 
1-50 
035 
049 
0-58 
0-62 
0J4 
I-01 
1-51 
2.90 
3.70 
0-79 
690 
093 
0-00 

New from Siemens 
Liquid Crystall Type AN 4131 complete 
with data. From stock now. Price £13.00 
complete witn holder. Ideal for battery 
operated Quartz clock using two of the 
latest CMOS ICs from Solid State 
Scientific.15- battery operated, minimum 
of discrete components required 
Send SAE fo' details. 

Seven Segment Read Out 
Minitron 3015F £1.55 
DL707 Litromix £2 35 
All data in our new catalogue price 20p 

Printed Circuit Marker Pen 
DALO 33PC- complete with instructions. 
No masking No mess! Red or blue 
Price 87p 

400mW Zeners 3-3v to 43v 
New low price 11p each £8.20 fc r 100 

A large selection of heatsinks for all types 
of transisto-s from Redpoint, in stock now 
T05 -6p TD18 -7p 
6W1 -6' x 4' urtdrilled £1.00 
4W1 -4 x 4 un frilled £0 80 
2W1- 2' x undrilled £0.45 

Resistors Tantalum Bead 
Power W lid Price Caps 
'/8 5 %ó 1p Value Price 
V. 5% 1.5p 1/35v 14p 

5% 2p 22/35v 14p 

1 '0 °/e 2.5p 47/35v 14p 

2 "0% 6p 1p/35v 14p 

- 2'/2 5% 7p 2.2/35s 14p 

5 - 5% -9p 4-7/35v 18p 

10 5% 10p 2.2/16v 14p 

Veroboard Largest stockist 
Copper 
15 1 

Plain 
-1 -15 

2.5x33/. 20 28 - 14 

2.5x5 30 30 - 14 

33/. x 34/. 30 30 
33/.x5 35 34 - 24 

23/4 x17 67 89 - 49 
33/4x17 95 1.21 76 69 
trade or retai supplied 

Thermist3rs 
Mullard E299DD Series 121/2p 

E298ED Series 10p 

Neg temp Coef VA1000 Series 20p 
R53 EA-2D 
Full detains of ranges in our catalogue 20p 

Equivalents Books 
Transistors 90p 
ICs 70p 

-1 -15 

Pins 36pc 24 24 
200pcc 89 92 

Face Cutter 46p 
Insertion Tools 64p 

VAT 
Please include 10% Vat with all orders 
Prices quoted are all exclusive of Vat 

Post and Package 
13p pos'age and package charges 
Prices correct at July 1974 
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Everything you need is in our 
New Catalogue 
available now price 20pence 
(100 pages of prices and data) 
Call in and see us 9 -5.30 Mon -Fri 

9 -5.00 Sat 

Trade and export eiquiries welcome 

Integrated Circuits 
Each month we will show a different range of i.c.'s 

which are kept in stock. 

TTL (SN 7400 Series) 
Type Price Type Price Type Price Type Price 

5N7400 
£ 

20p SN7437 35p SN7483 £128 51474154 LI 64 

5N7101 20p SN7438 35p 5147484 95p SN74155 £1S5 

SN7401AN 369 SN7440 20p 5047485 LI 58 SN74157 £1 09 

5N7492 200 5347441 05p SN7486 45p SN74160 E1-58 

5N7403 20p SN7442 85p SN7490 65p SN74161 E1.58 

5N7404 24p 53474/5 £139 SN7491 £1 10 51471162 LI SO 

SN7405 24p SN7416 £2 SN9792 75p SN74164 LI 01 

5347406 45p SN7117 LI 30 5N7193 65p SN74165 £2 01 

SN7407 45p SN7448 E150 SN7194 65p SN74167 £4-10 

SN7408 25p SN7450 20p 5N7/95 60p SN74174 E1-60 

SN7409 33P 5147451 20p SN7196 LI 00 5N74175 £1ß9 

5N7410 20p SN7453 206 SN74100 E2 16 SN71176 LI 74 

5N7411 25p SN7451 20p SN74107 43p SN74180 

SN7412 28p SN7460 20p 5N74118 £1-00 5N74181 ESU 
SN7113 50P SN7470 30p SN74119 E1-92 5N74190 LI 95 

SN7416 45p SQ7472 38p SN74121 57p SN74191 £1.95 

SN7417 30p 5147473 Up 5N71122 tOp SN74192 £2 05 

5N7420 206 SN7474 44p SN74123 Mp 
£1-06 

SN74193 E2 30 

SN7423 
SN7425 

37p 
37p 

5N7175 
SN7476 

59p 
45p 

SN74141 
SN74145 £1 44 

SN74196 
SN74197 

E1-511 

£1-511 
SN7427 
5N7430 

45p 
206 

SN7480 
SN7481 

75p 
LI 25 

SN74150 
SN74151 

£1 44 
LI 10 SN74198 £316 

SN7432 45p SN7482 17p SN74153 £1.09 53174199 £2 tt 

Diodes & Rectifiers 
Ply 50 100 200 400 600 800 1000 

1 5 0 08 0-09 010 0 11 0 12 0 15 020 
3 0-15 0 17 020 Oß2 025 027 020 

10 - 0 35 0 40 047 056 - - 
35 0 64 0.92 1 16 2 15 252 3'65 420 

CATHODE STUD ONLY 
I N3766(35 amp 800 pv) ,E3 651 N3768 (35 amp 1000 pv) £4 20 
IN34A 0 10 BAI41 0 17 BY237 0121 0A79 0 07 

IN914 0 07 BA142 017 BYZIO 0 35 0A81 0 04 

IN916 0-07 BA144 0 12 BYZ11 032 0A85 0 10 

AA119 0 07 BA145 0 17 BYZ12 0 30 OA90 0 07 

AA129 0 15 BA154 0 12 0A9 0 10 0A91 0 07 

BA100 0 IS 80100 0 15 0A10 023 0A95 0 07 

BA102 02i BY126 015 0A47 0-071 0A200 0 07 

BA110 Oß5 B0127 0i7; 0A70 0 07; 0A202 0 10 

BA115 0 07 BY140 1 00 0A73 0 10 0A210 0 27; 

Bridge Rectifiers 
Plastic Metal- Professional quality 

1A 2A 4A 6A 5 15 25 50A 

50 Oß4 0.32 0.60 062 222 264 3.36 1230 

100 036 0.37 0 70 0 75 224 300 360 1236 
200 0.30 041 0.75 0 00 242 376 432 14.40 

400 036 045 0.65 110 3.72 420 540 1634 
600 0.40 052 0 91 125 

AB Potentiometers- carbon 
Rotary type 45 
Singles (Log and linear) IS pence 
Single switched (Log and linear) 21 pence 
Doubles (Log and linear) 311 pence 
Slider type 58 
Singles (Log and linear) 34 pence 
Doubles (Log and linear) 50 pence 
Presets (Please specify vertical or horizontal) 
09 watt 4 pence 
Oß watt 4 pence 
0.3 watt 73 pence 

Kellner Construction Kits 
We are the sole distributors in U.K. 
E83 3 watt Mono Transistor Amplifier Kit .. 
E815 15 watt Hi -Fi Transistor Amplifier Kit (two for stereo) 

with Tone Control and ?re -Amp .. .. .. 
E830 30 watt Mono Hi -Fi Power Amplifier .. .. .. 
E850 50 watt Mono Hi -Fi Power Amplifier .. .. .. 
EV5 Distortion Compensator Pre-Amplifier 
AV7 Aerial Amplifier. LW. SW, MW, VHF, TIV Channels 

2 -12 

UH870 FM Transmitter Kit. 65mHz- 145mHz. A GPO Licence 
is required 

MUE7 Short Wave and VHF Receiver Kit. Companion to 
UH87625mHz- 150mHZ .. .. .. .. .. 

UH87025rnHZ- 150mHz .. .. .. .. .. .. 
EW18 Electronic Dice Ki^ .. .. .. .. .. .. 
EW20 Electronic Dice with Sensor Button .. .. .. 
ST800 Strobe Light Kit. 120WIS 
LO1000 Psychedelic Light Control. single channel .. .. 
10350 Psychedelic Light Control, three channel .. - 

NT15 Power Supply-4 to 30V, 1.5W .. 
NT85 Professional Stabilized Power Supply, 5 to 70V, 2A .. 
13800 800W Light Dimmer Speed Control .. 
WT7 Aircraft Communication Tuner- 110- 130mHz. Built and 

aligned 
WT9 Transminer VFO for 2 meters (14mHZ- 140mHz). Built 

£40t 

£13ß0 
£9ß0 
£4 53 
£4 00 

£2 04 

£2 79 

£3.22 
£3ß2 
£6 53 
£7 79 
ETU 
£700 

E1350 
£7 46 

£1253 
£2-99 

£1544 

£1544 

All prices plus 10% VAT and plue 15p post and packing. 
All kits with easy to follow instructions and covered by a full 
guarantee. 

Full range of Carbon and Wirewound resistors 
available. 

Post and Packing 13p per order. Europe 25p. Commonwealth (Air) 65p 

(Min.) 
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U.K's URGEST RANGE OF BRANDED AND GUARANTEED 
DEVICES. (Quantity Discounts 10%12+, 15%25+, 20%100+) 

(Any one type except where quantity discounts show) Min. Order £1.00 please, Post10p. 

INTEGRATED CIRCUITS 
VERY IMPORTANT. ONLY branded I.C's are to the FULL manufacturers specifi- 
cations. ALL others are not. Henry's sell only branded Integrated Circuits ... From 
TEXAS ... I.T.T.... FAIRCHILD ... SIGNETICS. So why buy alternatives or 
under spec. devices when you can purchase the genuine article from us-ex stock ... 
need we say morel 

Type 1/11 12/29 30/99 Type 111112/2930/99 Type 1/11 12129 30199 

£p £p Ep £p Ep Ep £p £p £p 
SN7400N 025 0-18 11.18 SN7448N 1'511 147 153 SN74141N 1.00 ON 0N 
SN7401N 025 SN7450N 020 011 0-10 SN74142N 2-411 2 M 2.52 
SN7401AN 038I-3t 033 SN7451N 020 5.11 0.16 SN74145N 1.44 1-44 121 
SN7402N 0311 0.18 0.111 SN7453N 5-25 0111 5.16 SN74147N 2.30 230 1.83 
SN7403N 020 018 018 SN7454N 026 019 046 SN74148N 2.1/1 2.01 1.53 
SN7403AN 038 OJB 0-33 SN7460N 020 8.111 1II SN74150N 2.30 2.30 201 
SN7404N 431 021 015 SN7470N 0.33 000 1137 SN74151N 1.15 1.15 1 N 
SN7405N 024 011 0.16 SN7472N 5J8 OJE 5.34 SN74153N 1-09 1 N 5 95 
SN7405AN 0-41 0.44 038 SN7473N 0.44 0-41 0 3 SN74154N 2J0 2.30 2111 
SN7406N 4.45 038 6.35 SN7474N 0.48 0-/8 0-42 SN74155N 1-15 1-15 1.00 
SN7407N 0411 0J1 035 SN7475N 050 055 051 SN74156N 1.1111 109 1.05 
SN7408N 045 022 0-10 SN7476N 0-45 0J6 032 SN74157N 1.09 1.0E OPES 

SN7409N 5J3 4.33 038 SN7480N 0.115 0.79 5.55 SN74159N 2.44 2.44 2-14 
SN7409AN 5-44 0-44 033 SN7481N 125 1.111 555 SN74180N 1.59 1-59 138 
SN7410N 028 5-1t 0111 SN7482N 0.87 055 5-72 SN74181N 1.59 1-58 1`38 
SN7411N 1125 033 041 SN7483N 149 1.19 1114 SN71182N 1-58 1-53 1-33 
SN7412N 023 028 025 SN7485N 1117 1117 1.63 5N74183N 1-58 1-S8 1-31 
SN7412AN OJ1 0P311 0.33 SN7486N 050 0-50 0.44 SN74184N 2.M 201 1?0 
SN7413N 0J0 037 0-25 SN7489N 4-32 4-32 3.71 SN74165N 2-01 2-01 1 75 
SN7414N 0 72 0.72 5.03 SN7490N 0-75 0?5 043 SN74166N 240 2-15 1115 
SN7418N 034 0-27 035 SN7491AN 1-10 1.00 0-110 SN74167N 4-10 440 3.59 
SN7417N 030 047 021 5N7/92N 0.75 070 0-63 SN74170N 2 N 2.N 252 
SN7420N 020 E-18 0-16 SN7493N 5.75 0-70 0-63 SN74172N 5.70 5-75 5 04 
SN7422N 021 024 025 SN7494N 0115 0II 0-75 SN74173N 1.116 1-64 145 
SN7422AN 4J0 038 0-33 SN7495N 0E5 0.80 0.75 SN74174N 1N 1.80 157 
SN7423N 027 034 5.32 SN7496N 1-116 0110 0-03 SN74175N 1-29 120 1-13 
SN7425N 037 037 8J2 SN74100N 245 149 1-N SN74178N PM 114 144 
SN7427N 8-37 037 032 SN74104N O-N 0.53 0-45 SN74177N 1-44 1-44 1-26 
SN7428N S-43 I-13 037 SN74106N 0-53 0-45 SN74180N 1.44 1-44 1-26 
SN7430N 025 1i8 0-16 SN74107N 5-51 0-51 5-45 SN74181N 5.18 5-18 4.53 
SN7432N 0J7 037 032 SN74110N 057 057 0.50 SN74182N 1-44 1-44 1-25 
SN7433N 1143 043 025 SN74111N 085 9.84 0.75 SN74184N 246 2.15 1-89 
SN7433AN 1157 657 0-58 SN74116N 2-15 2-16 1-69 SN7418SAN 246 2.16 /N 
SN7437N 11.43 I-13 0-37 SN74118N 1.011 ON 5-83 SN7411)8N 11-411 6-48 5-17 
SN7438N 4-43 0-13 037 SN74119N 1.92 1`92 1-68 SN74190N 2-35 2-311 2.01 
SN7438AN 057 1157 0511 SN74120N 105 052 SN74191N 2-30 2-35 2111 
SN7440N 025 645 9-16 SN74121N 6-57 5.57 0-55 SN74192N 2.311 2J5 2.81 
SN7441AN S-M 9-79 5-73 SN74122N S-N 11.80 0-70 SN74193N 2-35 2311 2-91 
SN7442N 6115 11.7E 0-73 SN74123N 1-44 1-44 1-25 SN74194N 1-72 172 151 
SN7443N I-M 1-27 1-13 SN74125N 4-49 069 0N SN741O5N 1-44 14/1`N 
SN7444N tN 137 1-13 SN74196N 1`511-N 1-38 
SN7445N 240 246 1-85 SN74126N 1169 069 060 SN71197N 1-511 1S8 1`38 
SN7446N 2-16 2.16 1-89 SN74132N 4-72 072 6-63 SN74196N 346 3.16 2-77 
SN7447AN 1-80 1.N 1-57 SN74136N 8-43 453 055 SN74199N 2.88 2-811 2-52 

LARGER QUANTITY AND O.E.M. PRICES PHONE (01) 723 3646. PRICING OF 
SN7400 SERIES I CALCULATED ON THE TOTAL NUMBER ORDERED 
REGARDLESS OF MIX. S1474 ... HIGH POWER ... SN74 ... LOW POWER 
SERIES IN STOCK ... SEND FOR LIST 36. FREE ON REQUEST. LOW PROFILE 
SOCKETS 14 PIN ... 15p. 16 PIN ... 174. 8 PIN ... 14p. 

TRANSISTORS A SELECTION FOR FULL LIST SEND FOR 
BOOKLET 36 TODAY. 

AAZ13 104 BC182 12p BYZ13 3Sp 0C36 fSp ZTX108 104 2N3714 1`410 
AC107 35p BCY32 85p C1080 55p 0C14 114 ZTX30014p 2N3771 1-75 
AC128 254 BCY39 tN 6E7111 SSp 0C45 18p ZTX302 15p 2N3773 23S 
AC187 294 BCY55 2.50 GET115 75p OCT! 15p ZTX500 15p 2N3790 235 
ACY17 35p BCY70 1Sp GET880 SSp 0072 25p 2G301 4114 2N3319 35p 
ACY39 054 BCY71 204 LM309K 0077 SSp 2N097 tSp 2N3865 lSp 
AD149 54 BCY72 13p 1117 0081 28p 2N706 154 2N3903 tSp 
AD161 394 BD124 ND MAT121 0083 25p 2N930 204 2N4002 144 
AD162 35p BD131 Up 25p OC740 Up 2N967 454 2N4126 154 
AF117 25p 8E115 224 MJE34051p 0C170 25p 2N1132 25p 2N4871 35p 
AF118 Np 15F180 33p MJE520 Mp OC200 SSp 2N1304 22p 2N5457 354 
AF139 334 8E194 13p MJE3055 OC202 ND 2N1613 2114 28001 TN 
AF188 Np BFX13 25p 7Sp OCP71 t-05 2N1671 1.00 2S025 1.118 
AF239 44p BFX34 SSp MPF105 Np ORP72 SSp 2142147 754 2S303 70p 
ASY27 304 BFX88 224 NKT21745p ORPM 46p 2N2160 69p 40250 454 
BA115 1114 BFY50 20p NKT404 Np P346A 2114 2N2926 IOp 40361 4S4 
BAX13 Sp BFY51 214 OAS Np TIL209 Up 2N3053 2114 40362 404 
BC107 154 BFY84 454 OA81 194 TIP29A 4114 2N3054 454 40408 504 
BC OS 1Sp BFY90 7Sp 0A200 Sp TIP30A SOP 2N3065 434 40486 75p 
BC109 15p BLY36 6.25 0A202 154 TIP31A1114 2N3440 S6P 40636 'UN 
BC109C t44 BSX20 1S4 OC16 Up TIP41A 744 2N3442 1.19 40430 Up 
BC113 ISp BU705 2.211 0C20 135 TIP42A Np 2N3525 Np 
BC147 124 BY100 154 OC28 NP TIS43 Np 2N3614 5114 
BC169C 144 BY127 1Sp OC35 S54 V405A 23p 2N3702 11p 

TRIACS taccessories mounting 

3 AMP RANGE SC4SB 200e £1 15 
SCUD 400v £I.45 
SC45E 500v £1 SS 
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Price 
Type P.I.V. Each 
SC35A 100v Np 
SC35B 200e 11154 

SC35D 400v NO 
SC35E 500v E1 29 

0 AMP RANGE 
SC40A 100v Mp 
SC4OB 203v OSp 
SC40D 400v E145 
SC40E 500e E1-SI 

10 AMP RANGE 
SC45A 100v LINN 

3 Amp 
T048 

15 AMP RANGE 
SC-50A 100v E1-45 
SC5OB 200e Elm 
SC5OD 400e £1.04 
SC50E 500v £2.25 

TRIACS 
Additional Types 
40430 TRIAC 

(7006) SSp 
40669 TRIAC 

(Plastic) Np 
40486 TRIAC 

(T05) 754 

15 Amp 
T048 

SILICON CONTROLLED 
RECTIFIERS 
Type 1 -11 
ONE AMP (714) P.I.V. 
CRS 1 /O5AF 50v 30p 
CRS 
CRS 1 //20ÁF 200v 35p 
CRS 1 /40AF 400v 45p 
CRS 1/604F 600v 55p 
THREE AMP (TON) 
CRS 3 /05AF 50v Np 
CRS 3/10AF 100v Illy 
CRS 3/20AF 200v 45p 
CRS 3 /40AF 400v 5Sp 
CRS 3 /SOAF 600v 650 
FIVE AMP 
CRS 51400 400v Mp 
SEVEN AMP (7644) 
CRS 7/100 10(N Mp 
CRS 7/200 200v 674 
CRS 7/400 400v Up 
CRS 7/600 600v Mp 
SIXTEEN AMP (7143) 
CRS 16 /100 100v 
CRS 16/200 200e 
CRS 16/400 400e 
CRS 16/600 6O0v 

ísó 
ISP 

Et -111 

EASY TO BUILD KITS BY MATRON 
-EVERYTHING SUPPLIE 

Model No. 
310 Radio control receiver 329 
300 4- channel RIC transmitter Oit 
345 Superhet RIC receiver 004 
65 Simple translator tester 1 -N 

115 8 watt Amplifier 450 
120 12 watt amplifier 4.73 
125 Stereo control unit 11 01 
130 Mono control unit 4.15 
805 Power supply for 115 S-31 
810 Power supply for 120 531 
615 Power supply for 2 x 120 O -N 
230 AM /FM aerial amplifier 329 
240 Auto packing light 0.90 
275 Mlc. preamplifier s-N 
570S LF generator 10Hz -1mHz 2145 
575S Sq. wave generator 20Hz -20Khz 1077 
590 SWR meter 9.47 
630 STAB Power sup ly 6-12v 025 -0-1A 034 

331 
702 

1257 
1001 
7 E2 
4 9 
ON 

690 DC motor speed Gon. 
700 Electronic Chaffinch 
760 Acoustic switch 
780 Metal Detector (electronics only) 
790 Capacitive Burglar alarm 
835 Guitar preamp. 
840 Delay car alarm 
875 CAP. Discharge Ignition for car engine 

( -Ve Earth) 
80 Scope Calibrator 

255 Level Indicator 
525 120- 160mHz VHF timer 
715 Photo cell switch 
795 Electronic continuity tester 
860 Photo timer 
235 Acoustic Alarm for driver 
465 Quartz XTAL checker 
220 Signal Injector 
390 Vox 
432 Testaklt 
670 Buffer Battery Charger 
885 Capacitive Contact Alarm 
850 Electronic Keyer 
820 Electronic Digital Clock 

131111 
2-i5 
4.118 

11-31 
8-57 
4-57 

1551 
8111 
5-N 
2-30 

15.N 
15-30 

4-55 
1125 

1075 
S8-50 

ALL KITS OFFERED 
SUBJECT TO STOCK 
AVAILABILITY 
Prices correct at time of 
preparation. Subject to 
change without notice. 

EXCLUSIVE -SPECIAL OFFERS! 
MWILW CAR RADIO + or - Earth with speakers and 
fixings. Li -SO carrlpackg 30p. 
t TRACK CAR STEREO (- Earth) with speakers, In 
pods and fixings E12.4111 carrlpackg IOp. 
PORTABLE BATTERY CASSETTE TAPE PLAYER 
E7.23 
CAR LIGHTER PLUG and ADAPTOR for all cassette 
and radio 6/7 1j9 volt output (state width) E1110 each. 
ROTEL STEREOPHONES RH630 G-N; RH700 LI-75; 
RH430 £3 76. ROTAL RA31115+1Swatt Stereo Amplifier 
(List £5200) £3452 
ARAI GXCIS 
Stereo cassette recorder £55-SO carrlpackg 504. 
Pair Abel ADM microphones LI-M carrlpackg 204 
WEIN WSM BATTERY/MAINS CASSETTE 
RECORDER E12-73 
PORTABLE CASSETTE TAPE 
Player -far car or carry around. L7-25 carrlpackg 20p. 
HANIMAX POCKET CALCULATOR WITH KEY 
£33-SI. 
HANIMAX BC811M Memory Version E37-SI 
MAINS UNIT for BC808, BC811M £2-IS (state model) 
Hanimax H101 STEREO COMPACT RECORD 
PLAYER 2x7 watts. Complete with speakers (List 
£5450) Price £35-IS Plus free pair of stereo phones. 

NEW RANGES 
BRIDGE RECTIFIERS 
FEATURES SMALL SIZE AND LOW COST. Sizes are 
approximate. 
2S111MIA QUARTER AMP 2 AMPS P.I.V. 
8095109 50 PIV tip B2/05 50v 35p 
8025/10 100 PIV 184 82/10 100v Np 
}x}a }'die. 82/20 200v 454 
} AMP t -11 Pricing B2 /60 IIOM SOp 

P.I.V. ea. I} O d 
SSD 

2114 iii a } . 

8805 /j2Ó 200e 23p 4 AMPS P.I.V. 
B05140 400v 23p 84/100 100v 554 
1305160 600v 274 84(200 200e SSp 
4H v IL z *-" die. 84/400 400e Np 
1 AMP P.I.V. 84/600 000v 7Sp 
B1/05 50r 254 84/800 800e MN 
B1/10 100v 25p }H x }L a j,' die. 
81/20 200v 284 i AMPS P.I.V. 81160 30P 

B6105 50v Np }H v }L v" 86/10 100v 7114 
1 AMP P.I.V. 
W01 D5 50v yap 86 /40 400v Np 
WO 
W02 200v 32p B6 /8 500v LI1114 

WO6 600v 34p }H a }L x jr' die. 
I x I" Tubular 
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Henrys LIMITED 
EDGWARE EDGWARE ROAD, W2 

ELECTRONICS 
FOR EVERY 
PURPOSE 
See facing page 
for addresses 

All prices correct 
at time of press 
10X VAT to be 

added to all 
orders (UK only) 

Export & UK 
Manufacturers/ 

Colleges supplied. 
E. &O.E. 

FREE BOOKLET 
All types of 
Transistors 
Rectifiers- Bridges 
SCR's - Triacs 
Integrated Circuits 
F.E.T. - Light Devices 

OVER 1500 DIFFERENT DEVICES 
ENTIRELY NEW 1973 EDITION 

More Devices * New Prices * New Ranges * 
This is a must for all Semi -conductor 
Users. (Ask for booklet No. 3E.) 
SEND FOR YOUR FREE COPY TODAY 

TEAM 5 WATT IC 
Suitable alternative to 
SL4030 5)30 volt operated. 
8(18 OHM 5 watt output. 
With circuits and data 
LI-SI. Complete with 
printed circuit boards and 
components £2 -iS. 

Sinclair IC12 
with circuits and data. 6 
watt IC with printed 
circuit board. 28 volt. 
operated, £2.04 

214414 IC 
Integrated circuit radio as 
featured by many maga- 
zines (PW Jan. 73 Reprint 
Ref. No. 19 for IOp). E1-25. 

STROBE TUBE 
ZFT4A. Suitatle for Dec. 
'73 Pract.Electranics £3 -N 
5T2 (032) DNAC 25p 
CRS1 /46 SCR 45p 
2E74 E7 N 
2E78 E350 
2FT12 24.50 
Ultrasonic Transducers 
Operate at 40Khz up to 100 
yds. Ideal remote switch- 
ing and signaling. Com- 
plete with data transmltter 
and receiver new I.0 
circuits. Per pair LS N. 
TANO with socket E1.55 

31115F 7 SEG. 
I.C. size complete with 
data price Eí70 each 
(digital clock cl -cults ref. 
No. 31, 1Sp). 

TIL245 LED 24p ea. 22p ea. per 10 

BUILD YOURSELF A POCKET CALCULATOR 

A complete kit, packaged in a poly- 
styrene container and taking about 
3 hours to assemble -that's Me Sinclair 
Cambridge pocket calculator from 
Henry's. Some of the many features 
Include Interface chip, thick -film 
resistor pack printed circuit board, 
electronic components pack. Size 
41' long a 2' wide x deep. 
Free of charge with the kit for the more 
advanced technologist is a 32 -page 
booklet explaining how to calculate 
Logs, Tangents, Sines etc. 

Price £19 95 VAT Aise 
blavailable 

assembled Beady to 
use E22-N } VAT. 

LIVING SOUND LOW NOISE TOP QUALITY 
CASSETTES MADE BY EMI TAPES LTD TO 
INTERNATI ESPECIALLY 
FOR HENRY'S. ALL POST PAID LESS THAN 
REC. PRICES. COMPLETE WITH LITERARY 
CASES. 

3 for 6 for 10 for 25 for 
C 80 £1.10 E1-1111 £.3-SI £7.40 

C 90 Eff £2-N LI-Ii L1125 
C 120 EOM £3 -I5 E6511 E13-45 
Quantity and trade enquiries Invited. 
LEARN A LANGUAGE -complete with phrasa book. 
German- French -Spanish -- Italian Etta per course. 
LS for any 4. 

A SELECTION OF 
INTERESTING ITEMS 
3025 Compact transistor tester £S O5 p 3 p 1Sp 
Q4002 Photoelectric system £1378 
E1310 Stereo mag. cart. preamp. £4 N p 5 p 25p 
Easiphone D1201 telephone amplifier Li5S p ,: p 25p 
D1203 Teleamp. with PU coil EAU p b p 20p 
LL1 Door intercomm. and chime LI-45 p t p 25p 
US50 Ultrasonic Switch transmitter /receiver £1275 
1 Kw Dimmer /controller E3-40 o -h p 10p 
9' Twin spring unit For £3.35 p L p 15p 
16' Twin spring unit Reverbs £s 15 p ,: p 25p 
VHF 105 Aircraft Band Convertor E4-S0 p e p 15p 
82005 4 Ch. mic. mixer £140 p 4 p 15p 
92004 2 ch. Stereo mixer EI.75 p A. p 15p 
PK3 kit. Etch your own printed circuits LI115 p L p 20p. 
C3041 1 -250 MHz £425 
C3043 50H 1 -300 MHz ES-75 

2ENER DIODES SILICON RECTIFIERS 
400 mlw BZY48IBZXS3. From 3-3 volt- 

1 amp series 1N4001 to IN4007. From alp ea 33 volts 1114 each. 
13 watts 5° %, Miniature Tubular. 1114718 1.5 amp P14001 to PL4007 from Sp es 
series. From 3-3 volt-33 volt ISp each. 

3 amp PL700111N5100 From tip ea 
10 watts. Stnd. Mounting. ZS series 
6.8 volts -100 volts 5% 404 each. Send for lull list 30. 
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Now built and used 
by thousands of 
satisfied custo- 
mers. Features el i m 
design overall size 
in cabinet 15 }' x 
2 }" x 64" 6 -IC's, 10 
transistors, stabi- 
lisers Gardners 
low field trans- 

former. Fibre Glass PC Panel, 
complete chassis work. Now 
available built and tested as well 
as in kit form. HIGH QUALITY 
AND STABILITY ARE PRE- 

DOMINATE FEATURES - DEVELOPED BY TEXAS 
ENGINEERS FOR PERFORMANCE, RELIABILITY 
ANDEASE OF CONSTRUCTION FACILITIES. 

Onloff switch Indicator, headphones socket, separate 
treble, bass. volume and balance controls, scratch 
and rumble filters, mono/stereo switch, input selector; 
Mag. P.U., Radio Tuner, Aux. Can be altered for 
Mic., Tape, Tape -head, etc. Constructional details 
Ref. No. 21 30p. Distributed by Henry's throughout 
UK. 

FREE - Teak cabinet with complete kit. 

Kit Price £28.50 

DON'T RELY ON YOUR MEMORY 
BUY NOW AT BARGAIN PRICES 
Hi Fi and Transistors -Up to date 

Brochures on request 

BUILD THE BUILD THE NEW 

BAN HENELEC 
20 + 20WATT IC STEREO AMPLIFIER 

As featured by Practical Wireless 1972 

( +VAT +50p carrjpacking) or built and tested MN ( +YAT +50p caul 
packing), as Illustrated. 

EARN YOURSELF EASY MONEY, 
WITH PORTABLE DISCO EQUIPMENT 
DISCO MINI A complete portable disco, 
fitted mixerlpreamp, 2 decks all facilities EM51 
As above but with Slider Controls £11555 
100 watt amplifier for above E4í59 
SDLSIN 100 watt mixer /amplifier with slider 
controls OWN 
RN 50 watt mlxerlamplifier G9.59 
R1119 100 watt mixer/amplifier £5759 
DISCO AMP 100 watt mlxerjamplifler £73.99 
NORTHCOURT 
400, 40 watt Mixer Amplifier £37.58 
800, 80 watt Mixer Amplifier £45N 
DISCO MIXER/PREAMPLIFIERS 
(OP for up to 6.100 watt amplifiers) 
SOU (rotary controls) í.49.51 
Soul (slider controls) ES939 
DISCO VOX (slider controls) the complete 
disco preamp £72110 
DJIN 100 watt power amplifier for above £49.51 
DJNL Mk II 3 channel 3kw sound to light £38-N 
DJNL Mk III Slider Controls 045.59 
DJ DISCLITE As 30L/II +Variable speed flashes 

£54.18 

Carlabro Reverberation Unit £4419 
Disco anti- feedback microphone £11.95 
Colt ISO watt liquid wheel projector £23-5* 
150 watt Qf liquid wheel projector INN 
ISO waft QI cassette wheel projector £59-N 
Spare Effects and Liquid cassettes large range 
of patterns G'N 
bin. Liquid wheels £5-S6. Various Cassettes G-5* 
Mini spot bank fitted 3 lamps £12.95 
Auto Trilite (mini with flashers) 01718 
Bubblemaker with 1 gall. Liquid E2 -S8 
Mixer/Mac/Speakers/Lighting UK's largest range. 
FREE stock list ref. No. 18 on request. 
AKGIRESLOIDJICARLSBROIEAGLE Mica, Stands, 
Mixers, Cabinets, Chassis and complete Speaker 
Systems, Megaphones, Turntables, Public Address 
Components. 

STEREO FM TUNER 

CA HENRY'S Due to 
TALOGU 

Shortages id price change, 
s paper 

raw 
materials, all 

in the catalogues 
long er r 

app/ Call 

wS( 'eb ek a 
7beaail 

for 4ug /Spt. 94 
. 

A completely new high stability stereo FM 
tuner. Features variable capacity diode 
tuning, stabiliser power supply, IC Decode', high gain low noise. IF 
stages, LED Indicators. Tuning meter, AFC, easy to construct and use. 
Mains operated. Slim modern design with fibre glass PC, teak cabinet 
etc. Available as a kit to build or ready built. 
Overall size 8' x 2 }'x61'. Produced to give high 
performance with a realistic price. (Parts (list 
and constructional details Ref. No. 5 30p.) 
Henry's are sole distributors UK and Europe. 

Kit price 

£21.00 (+VAT) 
OR BUILT AND TESTED £24.95 (+VAT) 
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LOW COST HI -FI SPEAKERS 
SPECIAL OFFER 
EMI 13' x 8' -full range speakers (post 20p 
each or 30p pair) 
150TC -8 ohms Twin Cone 10 watt Et25 
each or Gig pair. 
450 10 waft Clo Twin Tweeters 3, 8 or 15 
ohms E3.1115 each. 
EW 15 watt 8 ohms C/o Tweeter £5ß6 each. 
or £7.95 per pair. 
350 20 watt C/o Tweeters 8 or 15 ohms £1-95 ea. 

Polished wood cabinet Gib post 35p. 

SPEAKER KITS (ca. etc. 3Sp)) 
watt 

20-3 8' 40 watt 
LINTON 2 20 waft 
GLENDALE 3 30 watt 
DOVEDALE 3 50 watt 
KEF KK2 
KEF KK3 

C24.54 pair 
E5S-95 pair 

£15íg pair 
E3215 pair 
£5195 pair 
£5519 pair 
E78í9 pair 

MINIATURE AMPLIFIERS 
AMPLIFIERS (cari. etc. 20p). 

4-300, 0.3 watt 9 volt £1.75 
104, 1 watt 9 volt 03'111 
304, 3 watt 9 volt -_ r tí3'95 
555, 3 watt 12 volt I, E4 Ill 
E1206, 5 waft 12 volt ,I £5.14 
808, 10 watt 24 volt C Ú.ñ 410, 10 watt 28 volt 
01209, 30 waft 45 volt £575 
E1210, 21. + 24 wafts 12 volt ET 75 
RES00, 5 waft IC mains operated Amplifier with 

controls G-3S 
SAC14, 7 -I- 7 waft Stereo with controls E11.7S 
SAC13, 15 + 15 watt Stereo with controls E14 95 
PROJECT 605 KIT 
PROJECT 805 
SP40 -5 2240 /Stereo 801P25 
SP40-6 2240/Stereo 80IP26 
SP60 2Z60/Stereo 80/P28 

£1915 
E2195 
£2S.N 
£2175 
531.45 

FIBRE OPTICS 
0 -01 diam. Mono Filament FINN per 25 metre reel. 
0.13 diam. 64 Fibres Sheathed. £L-5* per metre. 
SPRAYS 15mm. diam. Mares Tails. GN 

NEW SINCLAIR PROJECT 80 
Stereo Pre -Amplifier 
Audio Filter Unit 
224015 watt Amplifier 
2Z80 25 watt Amplifier 
PZ5 Mod. for 1 on 2 240 
PZ6 Mod. (S Tab) 1 on 2 Z40 
P28 Mod. (S Tab) 1 on 2 ZIO 
TRANSFORMER FOR PZ8 
NEW FM TUNER 

STEREO DECODER 
All items post paid. 

21195 
LASS 
£5.45 GN 
14.98 
E7N 
£7.98 
£3-fS 

£1115 
E7.45 

POWER SUPPLIES 

FOR EVERY 

PURPOSE 
(All cased unless stated chassis; 

4700 617119 volt 300 MA (Includes Multi- Adaptor for 
Tape Recorders, etc.) 02.15 post 20p 

Car Lighter Voltage Adaptors 300mA (State voltage 
6v, 7 }v, 9v) £1-IS ea. post 2Sp 

SC202 310171(9 volt 400mA E3'B cart. 30p 
HC244R Stabilised version £4111 can. 30p 

£3 Se post 20p 
£2.911 post 20p 
£2.90 post 20p 
£4.511 post 20p 
£7.58 post 2011 

£7.15 post 300 
£12-Se post 25e 
012.95 post 30p 

P500 9 volt 500mA 
Pii 24 volt 500mA (chassis) 
P15 28/28 volt 1 amp (chassis) 
P1080 12v 1 amp (chassis) 
P1081 45v 0.9 amp (chassis) 
P12 44-12 volt 01-1 amp 
SE101 A 31619112 volt 1 amp (Stab.) 
RP164 617 }19112 1 amp (Stab.) 

TEST EQUIPMENT 
MULTIMETERS 
(can. etc. 30p) 
ITI -2 20K/V Slimline £S-5* 

2OKIVolt Slimllne 
deluxe with case 

TLH33D 2K/Volt Robust with 
case £1-S9 

U437 1OKIVolt Steel case. 
AC up to 40KHz GAS 

U4324 20K/Volt with AC 
eunent ranges G-N 

AF105 50K/Volt £1195 
U4313 20K/Volt AC current. 

Steel case £15.55 
U4341 Plus Built In 

transistor tester 
LIS -N 

Model 500 30K1Valt G-95 

OTHER EQUIPMENT 
SE25061 Pocket Signal Injector 

2.1e csrr. 159 
SE500 Pocket Signal Tracer 

1.75 cart. 15p 
TELS Grid Dip meter440kHz- 

2NmHz 15.95 cart. 30p 
TE40 AC Millivoltmeter 

1.2mHz IS-S cart. 35p 
7E85 28 Range valve 

voltmeter 15.95 cary. 40p 
TE20D 120kHz- 500mHz RF 

Generator 
1715 carr. 40p 

TE22D 20Hz- 200kHz Audio 
Generator 

I8.95 cary. 40p 
SE350A Deluxe Signal Tracer 

12.511 can. 20p 
SE400 VoltslohmalR -C sub./ 

RF fieldiRF gen. 
14.75 cary. 20 

SPECIAL 
PURCHASES 
UHF TV TUNERS 
CHANNELS 21 TO M 
Brand new transistorised geared 
tuners for 825 line Receiver IF 
output. £2-95 post 20p. 

GARRARD BATTERY 
TAPE DECK 
GARRARD 2 speed 9 
volt tape decks. Fitted 
recordlplay and oscilla- 
tor/Erase heads. Wind 
and rewind controls. 
Takes up to 4' spools. 
Brand new complete 
with head circuits. 
G-N carr. 30p. 

All types offered subject to availability. Price correct at 
time of proof. E. & O. E. Subject to change without 
notice. 10% VAT to be added to all orders. Export 
Supplied. 

HENRY'S CATALOGUE 
Due to rapid price changes, shortages of paper and 
raw materials, all prices In the existing catalogues 
no longer apply. Call or phone for latest prices. A 
new catalogue will be available for Aug. /Sept. 1574. 

TOP QUALITY 
SUPER CONTROLS 

80mm stroke high quality 
controls complete with 
knobs (post, etc., 15p 
any quantity). 
Singles Lag and Lin 
5K, 10K, 22K, 50K, 100K, 
250K, 500K, 1 Meg, 45p 
each. 
Ganged Leg and Lin 
10K, 22K, 50K, 100K, 
250K, 85p each. (Quantity 
discounts available.) 
Complete with knobs. 

MARRIOT 
TAPE HEADS 

4 TRACK MONO or 2 
TRACK STEREO. '17' 
High Impedance EtSe. 
'18' Medium Impedance 
Lt 5e. '38' ESN. R7301E73 
2 track mono Record/ 
Erase, low imp, 7Sp pair. 
Erase Heads for '17', '18' 
and '38' EVIL '83' 2 track 
mono Hi imp, £1.75. '43' 
Erase Head for '63' 7Sp. 
(Post etc., 15p any quan- 
tity.) 

NEW REVOLUTIONARY 
SUPER TESTER 6110R 

The complete testing system 
Volts AC =11 ranges from 2V to 2500V 
Volts DC =13 ranges from 100mV to 
2KY 
Amp DC =12 ranges from 500A to 10A 
Amp AC =10 ranges from 200µA to SA 
Ohms =6 ranges from one tenth of 
Ohm to 100MQ 
Reactance =l range from 0 to 10MQ 
Capacity =6 ranges from 0 to 500pF 
and from 0 to 0.50 and from 0 to 
50.0000 
Frequency =2 ranges from 0 to 500Hz 
and from 0 to 5000Hz 
Output Voltage =9 ranges 10V to 2500V 
Decibels= /Oranges from -24to +7003 

EXCLUSIVE 
DECCA 
KELLY 
SPEAKERS 
12 watt speaker Tweeter systems. 
81n. BassiMidrobe and Melinex 
Domed HF radiator plus crossover 
£12.95 per pair of systems (carr./pkg. 
40p) or built into veneered cabinets, 
size 18x12x8}in. £1535 pair (cart. 
£1). 

Electronics Supplies 
Specialists in electronics for more 
than 30 years. Trade and industry 
supplies-every type of component 
and equipment. 

ACCESSORIES 
Transistor tester 
Electronic voltmeter 
Ampclamp 
Temperature probe 
Guess meter 
Signal Injector 
Phase Sequence 
EHT Probe 
Shunts 25/501100A 

TRANSISTORS/ 
SEMICONDUCTORS 
U.K.'s largest range for every applica- 
tion. Small quantity discounts. Also 
Trade, Export and Industrial enquiries 
Invited. Latest stock list (Ref. No. 38) 
Includes valves on request. 

PRICE as £18.50 

11-1/4 
1tN 
1115 
IIPS 
11.95 
SIS 
5.95 
S-95 
4.95 

HI -FI TAPE 
EQUIPMENT 

U. K.'s largest range with discount and 
demonstrations for callers. Latest 
stock lists on request (Ref. No. 17) 
Phone 01-402.4736 for Barclay /Access 
Card Direct orders and latest prices. 

Henry,s LRIAMDI 

ED 
EDGWARE ROAD, LONDON W2 

404 406 Electronic Components and Equipment 01 -402 8381 
309 PA - Disco - Lighting High Power Sound 01 -723 6563 
303 Bargains Store (Callers only) 
rt, -ne and Car £ntetarnment Centres London and branches now open 
120 Shaftesbury Avenue. London W1 01 -437 9692 
104 Burnt Oak Broadway. Burnt Oak. Edgware 01- 952 7402 
190194 Station Road. Harrow. Middlesex 01.663 7788 9 

354 356 Edgware Road. London W2 01 -402 5854 4736 

All mail to 
303 Edgware Road. 
London W21BW 
All stores open 9 am to 
6 pm sir days a week 
M -Fr - Tape Equipment 
Discount Stock List 
Free at all stores 
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Samplebest Ltd 'for the amateur electronics engineer' 

FULL SCIENTIFIC CALCULATOR 

OUR PRICE £88.50 (Inc: VAT, P &P) 

7 -day tria/ offer- Money -back guarantee 

This fully portable scientific calculator is on special offer for a 

limited period. The QI 1015 is a fully proven calculator with the 
following functions: 

Arithmetic Functions 
*4 standard 1 +. -. X. -- *Chain operation 
*Intermixed operation *Repeated operation 
*Constant operation *Memory operation 
*The interchange of X and Y register (X - Y) 

*The interchange of X register and memory 
(X.7-"MI 

Trigonometric Functions 
*Sine (Sin) *Cosine (Cos) *Tangent (Tan) 
*Arc sine (Sin i ( - t *Arc cosine (Cos -i) 
*Arc tangent (Tan -1) 
*Exponential Function (E'( 
*Natural logarithm (LN( *Log (Lq ) 

*Reciprocal ( /x) *Square root ( X) 
*Power (Xi) *Pi In) 
*Trig facility of answers in radian or degrees 

General 
Display: 9 -digit light emitting diodes. Capacity: 8 digits for all factors and results in operation. 
Decimal Paint: Full floating system. Negative Numbers: True value indication with minus sign at ninth 
digit. Ovsllow and Ens Indictor: sign at ninth digit, indicating the result of operation is over 8 
digits, or the argument of operation is out of range. Function Mode Indicts: (decimal point) at 
ninth digit indicating the scientific function mode is activated. Battery- lowindiMar: sign at ninth 
digit. Operating Temperature: 0°C-40°C. Power Supply:4 X 1.5 volt batteries (SP7): 6 volt AC adap- 
tor. Power Consumption: DC 0.30 watts. Size: 145mm X 77mm X 32.5mm. Weight: 207 grms. 
(7.29 ozs) with batteries. 

CHEQUES SHOULD BE MADE PAYABLE TO 

SAMPLEBEST LTD. 
ALLOW 7/10 days for delivery 

127 CLAYTON ROAD 
CHESSINGTON 

SURREY 
tel : 01 -949 2430 

WW -123 FOR FURTHER DETAILS 

22 35 
SR352 SP352 

MK50250N -NEW MOSTEKALARM CLOCK IC .. £6.00 + VAT =£640 
24hr format -Alarm- Snooze -Multiplexed 4- to 6 -digit display -etc. This is a 

high performance clock IC from Mostek Corporation at a break- through price. 

BUILD AN ATTRACTIVE DIGITALALARM CLOCK WITH RADIOTURN -ON 
A kit of all parts except case and switches for a digital alarm clock with radio turn -on 
using the M K50250N and highly attractive SP352 .55" displays (see above). The kits 
include: Building instructions, MK50250N. SP352 displays, all semiconductors. 
resistors and capacitors, radio turn-on relay, miniature loudspeaker for alarm, 
soldercon pins for IC socket. main PCB and digit mounting PCB. Both PCBs have 
been designed so that constructors of the 4 -digit clock may easily expand their unit to 
6 digits at a later date. 

4 -digit kit £26.00+ VAT = £28.60 
6 -digit kit £31.40+ VAT = £34-54 

Send for free information on low -cost kits using the MK50250N with LEDs, 

Minitrons. etc. For details of the SP352 and other Beckman Displays available from 
us, see our WW April or PE June ads or send for free information. 

CT5001 4- FUNCTION CALCULATOR IC £5.00 + VAT-- £5.50 
We have designed an exciting low -cost calculator for the amateur constructor using 
this device -send for free information. 

SLA7.33" RED LED DIGITAL DISPLAYS plug -in replacements for DL707 
Packof4:4 X £1.70 £6.80 +VAT =£7.48 
Packof6:6 X £1.70 £10-20 +VAT -£1122 

MM5316N ALARM CLOCK IC £15.00 +VAT =£1650 
RCATA8055T LIQUID CRYSTAL DISPLAY (Note : Extended delivery) 

£11.60 +VAT = £1276 
Transmissive 4 -digit clock- format. similar to AN4132: supplied with socket. 
MM5316N +TA8055T (Extended delivery) 

together, ONLY £21-00+ VAT= £2310 
PCB for P.S. Digital Clock with RCA L -C £1.50+ VAT = £1.65 
N.B. CONSTRUCTORS OF THE P.E. DIGITAL CLOCK. With minor modifica- 
tions an RCA Liquid Crystal may be substituted for the Siemens Liquid Crystal, 
and RCA L -Cs bought from us will include clear instructions on how this may be 

done. 

Data supplied with all devices. Also available separately at 10p per device 
NO P&P CHARGE for UK orders. Overseas p &p 50p. 

SINTEL, 53 ASTON STREET, OXFORD 
WW -124 FOR FURTHER DETAILS 

The 

FORGESTONE 
400 
o high quality 
colour television receiver. 

A complete and up- to- the -minute 
Electronic Kit* 

with all these plus features ... 
9 integrated circuits Thick film resistor units 
Ready -built and Glass epoxy 
aligned I F module printed circuit panels 
High quality components 
Plugs and sockets for 
easy panel removal 
Full technical 
construction manual 

less cabinet, which can be manufactured yourself 
from normal DIY sources. 

Send for further details of the Forgestone 400 .. 
the quality kit for the constructor of today. 

Fully isolated power supply 
Each module kit 
available separately 
LT supply regulator 

Forgestone Components 
FORGESTONE COLOUR DEVELOPMENTS LIMITED 

Ketteringham, Wymondham, Norfolk 
Telephone: Norwich 810453 (STD 0603) 

U 

WW-125 FOR FURTHER DETAILS 
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THE NEW NELSON -JONES FM TUNER 
PUSH- BUTTON VARICAP DIODE TUNING 

(6 Position) ('WW' JUNE '73) 

What are the important features to look for in an FM tuner kit ? Naturally it 
the latest and best in circuit design such as:- 
MOSFET Front end for excellent cross modulation performance and low 

noise. 
3 GANG Tuning for high selectivity 
VARICAP tuning diodes in back to back configuation fo low distortion. 
CERAMIC IF filters for defined.IF response. 
INTEGRATED circuit IF amplifiers for reliability and excellent limiting /AM 

rejection. 
The Nelson -Jones Tuner has all of these features and many more, and more importan 
of working tuners spread across the world. 

Exclusive Designer Approved Kits 
must have an attractive appearance when 3uilt, but it must also embody 

PHASE LOCKED Stereo decoder with Stereo mute, see below. 

LED fine tuning indicators. 

PUSH BUTTON tuning (with AFC disable) over the whole FM band. 

IC STABILISED and S/C protected power supply. 

CABINET veneered inside and out. 
ly the design is fully proven not just with a few prototypes but with many thousands 

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

Basic tuner module prices start as low as £10.79, with complete kits starting at £23.95 
(mono) + PP 50p. 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 detail all of the many options and . 

special low prices for complete kits. All our other products remain available. NM 
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) I ,.. 
Supplied complete with Red LED. 
Price £5.50 when bought with a complete N -J tuner kit or £7.68 if bought separately - *r 
(P.P. 19p.) 
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 i- a, ... 
Texan amplifier (see photograph). Complete designer approved Texan kits are available at `EXSA 444 
£2850 plus p.p 50p including Teak Sleeve. 

Available Shortly: Varicap tuner using Mullard LP1186 module -no alignment 
required. Image Rejection -40dB. I.F. Rejection -65dB. 

- 

* SWITCHING * COMPLETE * INDIVIDUAL * LOW COST, 

THE RONDO 
// QUADRAPHONIC 

*v SYSTEM (20 WATTS /CHANNEL) 

j Complete designer approved kits for this outstanding Quadraphonic Sound System 
('P.E.' Sep. '73, etc.) with the following features:- 

FACILITIES AND MODULES FOR SQ, QS AND CD4. * COMPLETE LOUDSPEAKER SYSTEMS AVAILABLE. 
LOUDSPEAKER ENCLOSURE DESIGN. * MODULAR BUILT IN -AM /FM RADIO. 

KITS MAY BE INCORPORATED IN EXISTING EQUIPMENT. * KITS AVAILABLE AS PUBLISHED -SEE BELOW. 
FULLY ENGINEERED, INTEGRAL DESIGN. 

CBS SQ* MATRIX DECODER Complete Kit £8.00 Post Free VAT Extra 
'TM CBS INC. Incl. CBS Licence Fee 

PREAMPLIFIER BOARD Complete Kit £3.00 Post Free VAT Extra 

MASTER VOL. /TONE /BALANCE BOARD Complete Kit £8.50 Post Free VAT Extra 

POWER AMP. BOARD AND HEATSINK Complete Kit £7.50 Post Free VAT Extra 
STEREO PAIR per Board 

POWER SUPPLY BOARD Complete £5.00 Post Free VAT Extra 

MAIN SMOOTHING CAPACITORS (TWO REQD) Per Pair £1.50 Post Free VAT Extra 

MAINS TRANSFORMER Complete Kit £6.25 Post Free VAT Extra 

CHASSIS -PUNCHED and DRILLED WITH SCREENS Complete Kit £3.25 Post Free VAT Extra 

QUAD SELECTOR SWITCH £1.30 Post Free VAT Extra 

WOODEN CASE £1.75 Post Free VAT Extra 

HARDWARE PACK £2.00 Fost Free VAT Extra 

CONTROL SECTION FACIA £3.50 Post Free VAT Extra 

THE COMPLETE P.E. RONDO SYSTEM IS AVAILABLE AS PUBLISHED. PLEASE PHONE OR WRITE FOR FULL DETAILS 

AIMAccess 
You can order these goods s by 
Telephone Simply on Access. Simply 
quote your Access Number. 

OPTO- DEVICES 
Panel mounting LED's. 

RED 1 -9 29p 10 -24 23 p p 

GREEN 1 -9 59p 10 -24 49p 

7 LED's Seg 
0'325" RH Dec Point. 
Common Anode 1 -4 f2.00; 5 -24 Cl 80. 
Common Cathode 1 -4 £2.00; 5 -24 £1 80. 
7447 Dec Driver £1'30 (C.A.) 

V.A.T. Please add V.A.T. at 10% to all prices for U.K. orders. 

INTEGREX LIMITED, P.O. Box 45, Derby, DE11TW Phone Repton (028389) 3580 

WW -l05 FOR FURTHER DETAILS 
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G. F. MILWARD 

ELECTRONIC COMPONENTS 
WholesalelRetail : I 369 Alum Rock Road, Birmingham B8 3DR. Tel. 021 -327 2339 

Special Offer ! ! ! -From Stock -New -Boxed -AND BOY/Discount! 

MULLARD ELECTROLYTIC CAPACITORS 
071 and 072 Series Working Capacitance Max. Ripple 

Type No. Voltage Vdc. uF Current at 50 °C Weight Price Please calculate the weight of your order 
and Include appropriate postage. 

Ordinary 
Not over Parcels 
151b 20p 
21b 22p 
41b 27p 
6Ib 32p 
8Ib 
10Ió 

b 
4 
4 52p 

18Ib S29 
221b 72p 

' 

/ ' ( 1' 

Q 

71 14472 10 4700 65 amps loz 15p 
71 14882 10 6800 4 amps loe 17p 
71 15332 16 3300 64 amps 1oz 15p 
71 15472 16 4700 3.9 amps 1oz 17p 
71 15682 16 6800 58 amps 1 500 22p 
71 14113 10 11000 + 11000 106 amps 3oz 37p 
72 14173 10 16500 -F 16500 164 amps 4oz 49p 
72 15752 16 7500 t 7500 165 amps 3oz 37p 
72 15113 16 11000 + 11000 138 amps 45oz 49p 
72 16502 25 5000 + 5000 9.6 amps 35oz 37p 
72 16752 25 7500 + 7500 12.6 amps 4 1oz 49p 
71 18681 63 680 2.1 amps 1oz 150 

U 0 

! 106 and 107 Series frlf-, ,' e 
106 14153 10 15000 7 amps 4oz 57p . 'h. Ó ti 
106 17103 40 10000 12 amps 5 1oz 94p O { 107 10222 100 0 2200 10 amps 5 1oz 74p s 

4 
i / 

Type No. Voltage Capacitance Weight Price ... 4 

102 15163 16 16000 Boz 20p 
104 90003 25 000 1oz 25p y s 

000 oz 25p 102 181102 25 8000 
104 90001 45 20000 16oz 50p 

i 

A discount of 10% may be deducted from above prices on lots of 100 of any one type. 

J 
I 

SMALL ELECTROLYTICS 

Ref. No. Capacity Voltage Price Ref. No. Capacity Voltage Price 
H8I2 2s2uf 25v 4p H7I3A 6410 25v 4p 
H812A 3.3uf 25v 4p H714 64uf 15v 4p 
H813 3uf 500 4p H711A 64uf 35v 5p 
H8I3A 4uf 50v 4p H715 80uf 16v 4p 
H814 4-7uf 25v 4p H717 100uf 25v 4p 
H8/4A 5uf 64v 4p H7/8 1250 16v 5p 
H815 5uf 10v 4p H7/8A 100uf 35v Sp 
H8/5A 5uf 1500 4p H7/9 100uf 63v Op 

H8/6A but 10v 4p H7/9A 1250f 4v 4p 
H817 10uf 70v 4p H7110 125uf 25v Op 

H818 16uf 35v 4p H7/10A 150uf 2-5v 3p 
H8/8A 16uf 16v 4p H7111 16001 25v 00 
H819 20u1 6v 2p H7I11A 150uf 160 Sp 
H819A 20uf 70v 4p H7/13A ' uf 25v Op 

H8110 22uf 50v 4p H7114 220uf 50v 10p 
H8/10A 22uf 100v 4p H7/15 220uf 25v Sp 
H8111 25uf 12v 4p H7115A 220uf 35v IOp 
H8112 321.if 15v 4p H6I1A 250uf 4v 3p 
H8/12A 30uf 10v 4p H6I3A 320uf 2.SV 3p 
H8/13A 32uf 50v 4p H614 320uf 10v 4p 
H8114 40uf 25v 5p H6/4A 330uf 16v Sp 
H8114A 40uf 16v 4p H615 330uf 25v IOp 
H8115 471f 50v 4p H6/5A 330uf 35v 15p 
H8/15A 40uf 35v 4p H618 470uf 25v 10p 
H7/1 50uf 8v 3p H6/8A 4700f 35v 20p 
H7I1A 50uf 10v 4p H6/9A 400uf 40v 2017 

H712A 64uf 23v 2p H8113A 1000uf 25v 10p 

RECTIFIERS 1N4007 1200 peak volts, 30 
amps peakcurrent, lamp mean current. 100 
for £7.50, 1,000 £50. 

UNREPEATABLE BARGAIN BD112 
T03 -NPN DIFFUSED SILICON PLANAR EPITAXIAL. 
VCBO COLLECTOR TO BASE -80 VOLTS. 
VCEO COLLECTOR TO EMITTER-SO VOLTS. 
VEBO EMITTER TO BASE -5 VOLTS. 
20 WATTS -2 AMPS -30 MHz. FEATURES HIGH CURRENT GAIN 
OVER WIDE RANGE OF COLLECTOR CURRENT 

25p! 
ONLY 

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 .. .. .. .. .. .. E100 plus 
Developer and Etchant .. .. Sip postage 
Copper -clad Fibre -glass Board -50p sq. ft. (max. 3' X 4') 

NEWER THAN NEW!!! 
Fibre Glass Board pre- treated with 75mm x 100mm 
light- sensitive lacquer enabling you to 150mm x 100mm 
produce prototype printed circuits within 150mm x 200mm 
five minutes. 250mm x 200mm 

.. .. .. 

.. .. 

.. 

.. 

33p 
66p 

£1 32 
£220 

SILICON P.N.P. SILICON N.P.N. 
Type Voltage frequency Price Type Voltage frequency Price 
BCY 71 45 200 MHz 12p 2N 3053 60 100 MHz 17p 
BFS 92 100 70 MHz 20p 2N 3707 30 12p 
BFS 95 40 70 MHz 17p 2N 5179 20 900 MHz 40p 
BFX 12 25 210 MHz 10p GERMANIUM P.N.P. 
2N 2906 60 200 MHz 15p ACY 44 50 1 MHz IOp 
2N 3702 40 100 MHz 11p ADY 26 80 75 watts £1 
2N 3703 50 100 MHz 120 AF 124 20 75 MHz 200 

AFY 19 32 350 MHz 20p 
SILICON N.P.N. ASY 32 25 5 MHz 10p 
BC 108 30 150 MHz 10p ASZ 21 15 450 MHz 20p 
BC 109 30 150 MHz IOp GET 113 32 10p 
BF 179 225 125 MHz 40p GET 120 32 2 watts lop 
BF 180 30 625 MHz 25p OC 123 50 1 MHz IOp 
BFW 58 80 80 MHz 15p OCP 70 Light -sensitive 20p 
BFX 43 30 500 MHz 20p 2N 1307 30 10 MHz 15p 
BFX 86 40 50 MHz 17p 2N 1309 30 15 MHz 1Sp 
BFY 53 30 50 MHz 10p 2N 443 60 150 watts EI 
2N 697 60 40 MHz 120 HIGH FREQUENCY. POWER 
2N 709 15 900 MHz 30p BFR 64 10 1,200 MHz LI 
2N 718 60 60 MHz 12p BLY 89A 35 650 MHz £5 
2N 753 25 250 MHz 12p BLY 93A 60 500 MHz £5 
2N 744 20 300 MHz 12p BLY 218 36 1,200 MHz £2 
2N 1613 75 60 MHz 17p 2N 709 15 800 MHz 15p 
2N 2220 60 250 MHz 15p 2N 3926 36 250 MHz LI 
MICROWAVE DEVICES 
CL 8300 Gunn effect oscillator 964 GHz £40 
CL 8370 ditto 9-5 GHz £10 
CL 8380 ditto 103 GHz £10 
CL 8390 ditto 113 GHz £10 
CL 8430 ditto 935 GHz £40 
CL 8450 ditto 635 GHz £40 
CL 8470 ditto 9-35 GHz £40 
BXY 27 Varacter Diode. "S" Band. Cut -off 70 GHz El 
BXY 28 Varacter Diode. Cut -off 100 GHz LI 
BXY 32 Frequency Multiplier. "X" Band 150 GHz £1 
BXY 35A1C ditto 25 GHz £1 
BXY 36C/D ditto 75 GHz LI 
BXY 37CID ditto 100 GHz £1 
BXY 38CIE ditto 120 GHz £1 
BXY 39CID ditto 150 GHz £1 
BXY 40DIE ditto 180 GHz £1 
BXY 41C/DIE ditto 200 GHz £1 

REMEMBER! ALL GOODS PLUS 10% V.A.T. 

G. F. MILWARD, Drayton Bassett, Tamworth, Staffs. Postage (minimum) per order 15p. 
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BIPREPAK 
,AUDIO BARGAINS, 

STEREO. DECODER 

40,45set 
incl. P. & P. and VAT 

A ready built unit ready for connection to the I.F. stages of existing F.M. Radio 
or Tuner. A tell -tale light can be connected. The unit is a small printed circuit. 
no further adjustment necessary. A L.E.D. is recommended as the indicating 
light. suitable device available from us at 36 }p. Instructions included. 

3Wn.MSI.C.AMP 
only 

incl. Incl. P. & P. and VAT £16 s Order Code I.C.A. 1 

On P.C. Board with all components or 2 on 
one board for £2.86. Order Code I.C.A. 1 /S. 
these amps. are supplied with a free booklet on 
connecting up, specifications and easy to build 
projects using the I.C.A. 1. 

5W & 10W AMPS 

5WONLY £1.98 
10W ONLY £2.49 

incl. P. & P. and VAT. 

These matchbox size amplifiers have an exceptionally good tone 
and quality for the price. They are only 2}" x 14". The 5W amp will run 
from a 1 2V car battery making it very suitable for portable voice 
reinforcement such as public functions. Two amplifiers are ideal 
for stereo. Complete connection details and treble, bass, volume and 
balance control dircuit diagrams are supplied with each unit. Dis- 
counts are available for quantity orders. More details on request. 
Cheapest in the U.K. Built and tested. 

Now available for 5 &1OWAMPS 
Pre -assembled printed circuit boards 2" x 3" available in stereo only, 
will fit 1 5 edge connector. 
Stereo Pre -Amp 1 (Pre 1). This unit is for use with low gain 
crystal or ceramic pick up cartridges. £1.21. 
Stereo Pre -Amp 2 (Pre 2). This unit is for use with magnetic pick -up 
cartridges. £1.69. 
Stereo Tone Control (STC). This unit is an active tone control 
board and when used with the right potentiometers will give bass and 
treble boost and cut. £1.21. 
Instruction leaflet supplied with all units. Post and Packing and 
VAT included in Prices. 

-# 
111111 1111111 111111111111111 111111 - 11111111111111_ -- 

(enclose f for 
Decoders/ 3W Amps/ 5W Amps 

IOW Amps Stereo Pre -Amps 1 

Stereo Pre Amps 2 Stereo Tone Controls 
I;Please insert quantifies and delete those not applicable/ 1 
Name 
Address 

i 
I 

Dept 8 222.224 WEST BIaPAK WESTCLIFF ON SEA. ESSEXDSSO 90F. 

CO. No.820919 TELEPHONE SOUTHEND (0702) 46344. `----- - - - --J 

1 

a 7 7 

TRANSFORMERS 
SAFETY MAINS ISOLATING TRANSFORMERS 

Pri 1201240V Sec 120/240V Cen-re Tapped & Screened 
Rez. VA Weight Size cm. ? 6 P 
Nc. (Watts) lb o 
0" 20 1 

149 60 3 1 

154 100 5 

7.0X 7.OX 60 2.55 30 
9.9x 7.7x 86 3.79 36 
9.9X 8.9x 8.6 4.17 52 

12.1x 9ßi102 709 52 
152 250 131 12.1 x118 x10-2 925 67 
152 350 15 14.0 X108 x11.8 12ß2 82 
154 500 19 14.0 X 13.4 X 11'8 17.67 
15 750 29 17.2x14.0x14.0 2431 
15-0 1000 38 17.2X16.6x14.0 2967 
158 2000 60 21.6X15.3 x18.1 4925 
159 3000 85 23.5x17.8x19.7 76 53 
113) 6000 78 35.0 X20.4 x29-3 12569 

AUTO TRANSFORMERS 
R rf. VA Weight Size cm. Auto Taps P S P 
Ma. (Wafts) lb oz E P 
1'3 20 1 0 5.8X 51 X 43 0- 115 -210 -240 1-34 22 
14 75 2 4 7.0X 6.7 X6.1 0 -115- 210 -240 264 36 

4 150 3 4 8.9x 7.7 x 7.7 0 -115- 200-220-240 3.16 36 
16 300 6 4 9.9x 9.6x 8.6 6.19 52 
67 500 12 8 12.1 x11.2 x10.2 n 920 67 
84 1000 19 8 14.0x13.4 X14'3 11 1671 82 
13 1500 30 4 14.0x15.9 x143 2419 
)5 2000 32 0 17.2 x166 x14.0 3137 
13 3000 40 0 21.6 x13.4 X18'1 39'17 

CASED AUTO TRANSFORMERS 
1I5V 500VA cased transformer, with mains lead and two 115V outlet sockets, £9.49. 
F 6 P 67p. A 20 Watt version. £2.02. P 6 P 22p. 

LOW VOLTAGE TRANSFORMERS 
PRIMARY 200.250 VOLTS 12 ANDIOR 24 VOLT RANGE 

Ref. Amps. Weight Size cm. Secondary Windings P 6 P 
Mo. 12V 24V lb oz E P 
111 03 025 8 4.8x 2.9x 33 0-12V at 0.25A X2 1-34 22 
:13 1'0 03 1 4 6-1x 5.8x 4.8 0-12V at 0.5AX2 1.511 22 

71 2 1 1 12 7.0x 64x 6.1 0-12V at 1AX2 2.09 22 
18 4 2 2 12 8ßx 7.7x 7.0 0.12V at 2A X2 295 36 
70 6 3 3 8 8.9x 8.OX 7.7 0-12V at 3A X2 3.52 42 

'08 8 4 5 8 9.9x 8.9X 86 0-12V at 4A X2 3.96 52 
72 10 5 6 4 9.9x 9.6x 66 5-12V at 5A X2 4'67 52 
116 12 6 612 9.9x102X8.6 0-12V at 5A x2 5.61 52 
17 18 8 812 121 X 99x10: 0-12V at 8AX2 722 52 

115 20 10 18 8 14.0X 9.6x11.1 0 -12V at 10Ax2 920 67 
187 30 15 15 8 14.0x12.1 x11.0 0 -12V at 15Ax2 1694 82 
226 60 30 32 0 172x153x146 0-12V at 30Ax2 3126 

30 VOLT RANGE 
Ref Amps. Weight Size cm. Secondary Taps P 6 P 
No. lb oz E p 
112 05 1 4 6.1x 5.8x 4.1 0- 12- 15- 20- 24.30V 1.56 22 

79 1.0 2 4 7.0x 6.7x 65 2.11 38 
3 2.0 3 4 8.9x 7.7x 7-7 3.16 36 

20 30 4 8 9.9x 8'3x 8-4 346 42 
21 4.0 6 4 9.9X 9.6X 83 4'67 52 
51 5.0 612 12.1X 8.6x102 5.63 52 

117 6.0 8 0 12.1X 93X102 6.94 52 
88 80 12 0 12.1 x11.8X10.2 6.00 67 
89 100 1312 14.0 x102 x11.3 11.36 67 

50 VOLT RANGE 
Amps. Weight Size cm. Secondary Taps P 6 P 

E P 
7.0X 6.4X 61 0- 19- 25.33- 40 -50V 2.09 30 
8ßX 7.4X 70 3.06 36 
9.9X 8.9X 96 4.29 42 
9.9x102x 8.6 5.79 52 

121 x103 X102 7.N 52 
140x102 X11-8 11 .31 67 
145x12-7x11-8 12.40 97 
17.2X12.7xI4 -0 1662 

Ref. 
No. lb or 
102 03 1 12 
103 1.0 2 12 
104 20 5 8 
105 3.0 6 12 
106 4 0 10 0 
107 6.0 12 0 
118 8.0 18 0 
119 100 25 0 

Ref. Amps. Weight Size cm. 60 VOLT RANGE 
No. lb oz 
124 0.5 2 4 7.0x 6.7x f.1 0-24- 30- 40- 48 -60V 
126 1'0 3 4 8-9X 7.7x 7.7 
127 20 6 4 9.9x 9.6X 1.6 
125 30 812 12.1 x 9.9X192 
123 40 13 12 12.1 x11.8 x14.2 

40 5.0 12 00 14.0 x102 x1 '8 
120 6.0 15 8 14.0X12.1 X1 8 
121 80 25 00 14-Ox 147 x118 
122 100 25 0 172 x12.7 x111.0 
189 120 29 00 172x14.0x110 

MINIATURE TRANSFORMERS WITH SCREENS 
Ref. MA Weight Size cm. VOLTS 
No. lb oz 
238 200 2 2.8 x2 6 x2.0 3-0-3 
212 1A 1A 1 4 6.1 x5 8x4.8 0 -60-6 

13 100 4 3.9x2 6X2 9 9 -0 -9 
235 330, 330 4 4.8x2.9x3.5 0 -9, 09 
207 500, 500 1 00 6.1 x5.4 x4.8 0-8 -9, 08-9 
208 1A, 1A 1 12 7.0x6.4X6.1 08 -9, 0 -8 -9 
236 200, 200 4 4.8 x 2.9)0.5 0-15, 0 -15 
214 300, 300 1 4 6.1 x5.8 x4.8 0 -20, 0 -20 
221 700 (D.C.) 1 8 71) x6.1 x8.1 20- 12- 0-12 -20 
206 1A, 1A 2 12 8.3X7.7 X 7.0 0- 15-20, 0 -15-20 
203 500, 500 2 4 8ßX 7.0 X 7 0 0- 15-27, 0 -15-27 
204 1A, IA 3 4 8.9x77X7.7 0- 15 -27, 015-27 

BATTERY CI-ARGER TYPES 
PRIMARY 200.250 VOLT (Secondary 2V, 6V, 12V) 
Ref. Amps. Weight Size cn. 
No. lb oz 
45 1.5 1 8 

5 40 3 4 
86 60 6 4 

146 80 612 
50 12.5 12 0 

11 

7.OX 6.1X 6'1 
8.9x 7.7X 7.7 Please note, these 
9.9X 9.6X 86 units do not In- 
9'9x102x 86 elude rectifiers 

140x102 X118 

P&P 
E p 

2.12 36 
2.97 36 
467 42 
741 52 
926 67 

1003 67 
13.35 82 
1501 
22.111 
2474 

P 
£ p 
144 10 
1-67 22 
1'23 10 
1-67 10 
2.23 22 
3.00 30 
t-67 10 
1.76 22 
155 30 
4.95 38 
310 38 
315 38 

PAP 
S p 

141 30 
2'93 42 
440 52 
5 02 52 
7 53 67 

*Carriage via B.R.S. 

Also stocked: SEMICONDUCTORS VALVES 
AVOMETERS ELECTROSIL RESISTORS 

PLEASE ADD 10% FOR V.A.T. including P. & P. 

BARRIE electronics 
3, THE MINORIES. LONDON EC3N 1BJ 

TELEPHONE: 01 -488 3316/8 
NEAREST TUBE STATIONS ALBGATE tit LIVERPOOL ST 

WW --166 FOR FURTHER DETAILS 
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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 654, 6S5, 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 
TELETYPE CORP. all configurations 

EQUIPMENT PERFORATORS 14, 19, 28 LPR, RECEIVE & MONITOR GROUP CABINETS 
TAPE TRANSMITTERS 14, 20, 28 LBXD & LXD TRANSMIT GROUPS, etc. 

SIEMENS TELEPRINTERS T100 and T -68 in various configurations 
EQUIPMENT PERFORATORS T -LOCH 12, T -LOCH 15, A, B, D & F, etc. 

OTHER KLEINSCHMIDT, OLIVETTI, LORENZ, COCQUELET, BRITISH, AMERICAN. 
EQUIPMENT CONTINENTAL, ARABIC and other layouts, 5 -8 track. 

SOLID STATE MOTOR CONTROLS, MODEM INTERFACE UNITS, TARRIFI= 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. 

WN --107 FOR FURTHER DETAILS 

CREED 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 -108 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 tapo 
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. 

NW -109 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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EL ECTRÖVA[IFE 
ELECTRONIC COMPONENTS FOR THE 

WIDEST POSSIBLE RANGE OF APPLICATIONS 
EVERYTHING BRAND NEW AND TO SPEC * GOOD DISCOUNTS * FREE POSTAGE (U.K.) 

ELECTROVALUE "SPECIALS" 
Amongst an extensive range of specialised electronic 
components which we stock are 

Magneto Resistors 
Liquid Crystal Displays 
Hall Effect Probes 
Touch Switch I.C.s 
Magnetically operated I.Cs 
Photo -electronic devices 

FERRITE COMPONENTS 
Pot cores in a wide range of useful sizes: 
Double Aperture Cores: 
Ring Cores 

TRANSISTORS 
Very wide range of types is shown together with grouped 
and tabulated specifications for each one. Outlines are 
illustrated. and there is a full range of supporting hardware. 
Also near- equivalent tables are given. 

I.C.S 
Here too a wide range of TTL types are shown. together with 
linear and special purpose types. Over 60 circuit and connection 
diagrams as well as much other useful information is included. 

MINITRON DIGITAL INDICATORS 
3015F Seven segment filament. compatible with standard 
logic modules. 0-9 and decimal point: 9mm characters in 
16 lead DIL. £1.20 
Suitable BCD decoder driver 7447 £1 15 
3015G showing + or - & 1 & dec. pt. £1 20 

CAPACITORS 
POLYESTER C.280 

Radial leads for P.C.B. mounting. Working voltage 250V d.c. 
0.01, 0-015, 0022. 0.033. 0.047 ea. 3p 
0.068. 0-1, 0.15 ea. 4p 
0.22, 5p; 033. 7p; 0.47. Sp: 0.88. 11p: 1.0, 14p: 1.5. 21p, 
2.2. 24p 

TANTALUM BEAD 
0.1.0.22. 0.47. 1-0 mF /35V 
2-2/16V. 2-2/35V. 4-7/16V. 10/6-3V 
4.7/35V. 10/16V. 22/63V 
10/25V. 22/16V. 47/6-3V. 100/3V 

ea. 13p 
ea. 13p 
ea. 16p 
ea. 18p 

POLYCARBONATE 
Type 832540 Working Voltage -250V d.c. 
Values in mF: 0.0047: 0.0068: 0.0082: 0-1: 0.012: 
0.015 ea. 3p 
0018: 0022: 0.027: 0.033: 0.039: 0.047: 0056: 0068 
0.082: 0.1 ea. 4p 

Working voltage 100V d.c. 
0.1; 0.12: 0.15 4p: 0.18 5p: 0.22 
0.27 7p: 0.338p; 0.39: 0.47 
0.58 12p: 0.68 

GP 
9P 

13p 

SILVERED MICA 
Working voltage 500V tic. 
Values in pFs -2.2 to 820 in 32 stages ea. Sp 
1000. 1500 7p: 1800 8p: 2200 10p: 2700. 3600 13g: 
4700. 5000 15p: 6800 20p; 8200. 10.000 25p 

CERAMIC DISC 
1000pF /500. 2000/500, 5000/500. 001 mF /50, 0.02mF/50. 
0.1 mF /3 -each 2p: 0.05mF /50V -3p 

CERAMIC PLATE 
In a range of 26 values from 22 to 6800pF /50V d.c.. 
each 2p 

POTENTIOMETERS 
ROTARY, CARBON TRACK. Double wipers for good 
contact and long working life 
P.20 SINGLE linear 100ohms to 2.2megohms ea. 14p 
P.20 SINGLE log. 4.7Kohms to 2.2megohms ea. 14p 
JP.20 DUAL GANG lin. 4.7Kohms to 2.2megohms ea. 48p 
JP.20 DUAL GANG log. 4.7Kohms to 2.2megohms ea. 48p 
JP.20 DUAL GANG Log/antilog 10K. 22K, 47K. 1 megohin 

only ea. 48p 
JP.20 DUAL GANG antilog 10K only 48p 
2A DP mains switch for any of above 14p extra. 
Decades of 10. 22 and 47 only available in ranges above. 
Skeleton Carbon Presets Type PR. horizontal or vertical 
Bp each. 

SLIDER 
L near or log. 4.7K to 1 meg. in all popular values ea. 30p 
Escutcheon plates, black. white or light grey ea. 10p 
Control knobs. blldwht /red /yes /grn/blue /dk. grey /It grey ea. 7p 

JACKS AND PLUGS 
SOCKETS 
2 circuit unswitched S1 /SS 12p 
2 circuit 2 break contacts St /BB 15p 
3 circuit unswitched (Not GPO) S3 /SSS 17p 
3 circuit with 3 break contacts S3 /BBB 20p 
2 circuit with chrome nut and black/white /red/green or grey 
unswitched S5 /SS 16p 
with 2 break contacts S5 /BB 20p 
Miniature 3.5mm 2 circuit. (black) 2 break contacts S6 /BB 9p 

PLUGS 
2 circuit screened top entry P1 24p 
side entry SERI 36p 
Line socket mono 231 40p 
Line socket stereo 244 45p 
3 circuit unscreened. black/grey/white P4 46p 
2 circuit. unscreened. black/white /red/black/green /grey P2 18p 
3 circuit screen top entry P3 53p 
side entry SEP3 55p 
Miniature 3.5mm 2 circuit screened P5 13p 
Miniature 3.5mm 2 circuit unscreened various colours P6 10p 

INSULATED SCREW TERMINALS 
In moulded polypropylene. with nickel plate on brass. 
With insulating set. washers. tag and nuts. 15A/250V 
In black /brown /red/yellow /green/blue /grey /white. Type 
TP.1 ea. 14p 

DIN CONNECTORS 
2 way loudspeaker 
3 way audio 
5 way audio 180 
5 way audio 240 
6 way audio 

Socket 1Op 
Socket 10p 
Socket 12p 
Socket 12p 
Socket 13p 

Plug 
Plug 
Plug 
Plug 
Plug 

12p 
12p 
15p 
15p 
15p 

RESISTORS 
Code Watts Ohms 1 to 9 10 to 99 100 up 

(see note below) 
C 1/3 4.7 -470K 1.3 1.1 0.9 nett 
C 1/2 4.7 -10M 1.3 1.1 O.9 nett 
C 3/4 4.7 -10M 1.5 1.2 0-9 nett 
C 1 4.7 -10M 3.2 2.5 1.9 nett 
MO 1/2 10-1M 4 3.3 2.3 nett 
WW 1 0.22 -3.90 9 9 8 
WW 3 1 -10K 7 7 8 
WW 7 1 -10K 9 9 8 

Codes: 
C = carbon film. high stability. low noise. 
MO = metal oxide. Electrosil TR5. ultra low noise. 
WW = wire wound. Plessey. 
Values: All E12 except C W. C 1W. and MO }W. 
E12: 10. 12. 15. 18. 22. 2T7. 33, 39. 47. 56. 68. 82 

and their decades. 
E24: as E12 plus 11, 13. 16, 20. 24, 30, 36, 43, 51. 

62. 75. 91 and their decades. 
Tolerances: 
5% except WW 10% ±0.050 below 100 and MO }W 2 %. 
Prices are in pence each for quantities of the same 
ohmic value and power rating. NOT mixed values. 
(Ignore fractions of one penny on total value of 
resistor order.) Prices for 100 up in units of 100 only. 

ZENER DIODES 
Full range E24 values: 400mW: 2.7V to 36V, 14p each: 
1W: 6.8V to 82V. 21p each: 1.5W: 4.7V to 75V. 48P each. 
Clip to increase 1.5W rating to 3 watts (type 266F). 5p. 
20W 7.5V to 75V alp each 

VEROBOARD 
Copper clad 01 matrix -2.5 X 3.75 ins. 27p: 3.75 x 3.75 
ins. -30p: 2.5 X 5 ins. -30p: 3-75 X 5 ins. -33p. Copper 
clad 0.15 in. matrix 2.5 X 3.75 ins. -20p: 3.75 X 3.75 ins.- 
30p: 2.5 X 5 ins. -30p: 3.75 X 5 ins. -38p. 
Vero spot face cutter (any matrix)43p. 
0.040 pins (for 0.1 matrix) per 100 -3611. 
0.052 pins (for 0.15 matrix) per 100 -35p. 

ELECTRO ALUS LTD 
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CATALOGUE 7 
SECOND PRINTING 

112 pages, thousands of items, illustra- 
tions. diagrams, much useful technical 
information. The 2nd printing of this cata- 
logue has been updated as much as possible 
on prices. It still costs only 25p post free 
and still includes a refund voucher for 25p 
for spending when ordering goods list 
value £5 or more. 

COVERS & HEATSINKS 
Many types including: 
T03 Transistor cover. clip -on 
HEATSINK 
Type 6WI Extruded aluminium 1° CAN. undrilled 
drilled 2 X T03 

KNOBS 
All for 1" shafts in a very wide range of types from utilitarian 
to modern solid aluminium 

S -DEC 
Unsurpassed for "breadboard work " can be used indefinitely 
without deterioration. Components just push into plug holes 
and connect automatically. Slot for control panel. 70 holes £1.98 

T -DEC 
For more advanced work with 208 contacts in38 rows. Will take 
one 16 lead carrier. £3.83. (Carriers supplied separately.) 

7p 

60p 
78p 

DESOLDER BRAID 
6ft strip 
25 mfr. reel 

66p 
£7 15 

ELECTROLYTIC CAPACITORS 
Axial Lead 
qF 3V 6.3 10V 16V 25V 40V 63V 100v 
0.47 11p SP 
1.0 lip - SP 
2.2 8p 9p 
4.7 lip -p 

SP 9P 8p 
10 - 8p 9p Bp 8p 
22 Bp Sp 10p 
47 8p 9P Bp Sp 8p 10p 13p 
100 
220 

9p 
Be 

SP Sp BP 
10p 100pp 

1Op 
11p 

12p 
17p 

19p 
28p 

470 1Óp 10p 11p 13p 17p 24p 45p 
1.000 11p 13P 13p 17p 20p 25p 41p 
2,200 15p 18p 23p 26p 37p 41p 
4,700 28p 39p 44p 58p 
10.000 42p 48p 

This is EP Service 
GIRO ACCOUNT No. 38/671/4002 
DISCOUNTS 
Available on all items except those shown with NETT 
PRICES. 10% on orders from f5 to E14.99. 15% on orders 
E15 and over. 

FREE PACKING AND POSTAGE 
in U.K. for pre -paid mail orders. For mail orders for E2 list 
value and under there is an additional handling charge of 10p. 
Overseas orders- carriage charged at cost. 

GUARANTEE OF QUALITY 
All goods are sold on the understanding that they conform 
to manufacturers' specifications and satisfaction is guaranteed 
as such -no rejects, 'seconds' or sub- standard merchandise 
is offered for sale. 
Prices quoted do not include V.A.T. for which 10% must be 
added to total nett value of order. Every effort is made to 
ensure the correctness of information and prices in this 
advertisement at time of going to press. Prices subject to 
alteration without notice. 
Every effort is made to ensure the correctness of information 
and prices in this advertisement at time of going to press. 
All postal communications. mail orders. etc., to Head Office 
at Egham address. Dept WW5 S.A.E. with enquiries requiing 
answers. 

28, ST. JUDES ROAD, ENGLEFIELD GREEN, EGHAM, SURREY TW20 OHB 
Telephone Egham 3603, Telex 264475 
Shop hours: 9 -530 daily, 9-1 pm Sats. 
NORTHERN BRANCH: 680, Burnage Lane, Burnage, Manchester M19 1NA 
Telephone 1061) 432 4945 
Shop hours: Daily 9 -1 and 2- 5.30pm; 9-1pm Sats. 
U.S.A. CUSTOMERS are invited to contact ELECTROVALUE AMERICA, P.O. Box 27, 
Swarthmore PA 1 9081 . 
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TRANSISTORS & DIODES 
Type Pc VCBO FT MHz Price 
BSY29 (SNPN) 300mw 15 20 15p 
130107 (SNPN) 11 -5w 64 100 63p 
2N7118/2G106 

(SPNP) 150mw 18 120/150 Tot. Sw. Time 275 NS 43p 
2N985 (GPNP) 300mw 16 Tot. Sw. Time 115 NS 95p 
2N1304 (GPNP) 150mw 30 6 15p 
2N1309 (GPNP) 150mw 30 15 30p 
2N1046(GPNP) 50w 100 20 £250 
2N1146A(GPNP) 90w 70 16 45p 
2N1542(G) 106w 100 0.36 60p 
2N1647 (G) 106w 100 036 75p 
2N1567 (G) 106w 40 035 50p 
2N1908(GPNP) 160w 130 20 £600 
2N2080(G) 170w 70 02 £1 10 
2N2082(G) 170w 40 0.2 £1.10 
2N24051SNPN) 1w - 120 120 55p 
2N3054 (SNPN) 29w 90 1.2 40p 
2N3055(SNPN) 115w 100 45p 
2N3375 (SNPN) 11.6w 65 500 £3 4.6 
2N4427 (SNPN) 3.6w 40 700 52p 
2N5322 (SNPN) 10w 65 325 . . . . . . 50p 
Typa Price Type Price Type Price 
2N301A/OC22 ... 50p 0083 25p RAS310AF . .25p 
ASZ16/0C26 .... 25p GET110/NKT303 20p STC Wire End 
0C35 40p 00702 10p 400PIV1A .. 4 for 50p 
0C42 40p 0A5 20p IN3193 13p 
0071 12p °A10 25p IN3194 14p 
CV7006 /0072 ... 20p 0A81 2Op IN3255 20p 
0076 . . . . 25p RAS508AF 25p 

RCA PHOTOMULTIPLIER C31005B 
Checked and tested ..... £37 

RECTIFIER STACKS 
GEX54101 P2 £688 
GEX541B1P1 £3.50 
GEX541 D2P1 .... £3.50 
GEX541NB1 P1F £600 
GEX541HP3F.... £600 
SX751 N1 B1 P1F E600 

INTEGRATED CIRCUITS 
MC3544...... E1.10 
MC353G £2-00 
MC358AG £5.00 
MC365G £5.00 
CA3020 93p 
CA3021 £1-15 
CA3028A 97p 
CA3038A £2.14 
CA3055 £124 
CA3085 78p 
CD4035AE fl-91 
CD4017AE £3.86 

CD4047AD £3.86 

THYRISTO RS 
G E2 N 1774 200v. 5a. E1 20 
CR1-021 C 20v. 1 a. . . 25p 
CR10-1018 100v. 

10e £1 00 
CR10-021 10a £1 -00 
CR10-40B 10a £1.00 
CR10-051 10a £1-00 
CR10-017 10a £1 -00 
BTX 92 1200R 16a 
1200v £2.85 
SIC 3/40 400v. 3a . . 50P 

CONNECTORS 

BRIDGE RECTIFIERS 
50 IB40KO550v4a 95p 
SWITCHES 

Edwards High Vacuum "Speedivac" model 
VSK1B range 25.760 torr contact ratings 
250v. 5a, volume 4.2 cu. cm. max. working 
pressure 151b /sq. in. gauge net weight 
17 ozs £820 
Belling Delay hand reset L415 £1 10 
Stackpole min. rocker 125e. 10a. 250v. 

5e. 20p 
Tippalite Rocker 12v 60p 
Securex 5000 press button 250v. ac.. £1 20 

DIGITAL COUNTERS 
Veeder Root Mech. Reset 4 dig. 50p 
Hengstler Reset 6 dig. 110v. Type 400 
mounted on Paxolin panel complete with 
2 rectifiers CCL suppressor £5.50 

STABILIZED POWER SUPPLIES 
Advance PM47 0 -15v £18.50 

RELAYS 
Varley Min. 700 D 12v 50p 
Siemens Min. 12/15v 50p 
Magnetic Des. Type 596E f2 00 
BR Type M51 240v 65p 

KEYBOARDS 
ICT Numerical £3d50 

cary. 35p 
ICE. Alpha Verifier (PN7035130) ....£27.50 

can. fí00 
ELECTROACOUSTIC UNIT 

6 watt (peak) Amplifier 240v. AC, with 
inputs for Radio. Tape Recorder, freq. 
response 80- 12,500Hz, bass and treble 
controls. 2 speakers. Dimensions 265 x 
235 x 580 mm. Net weight 10Kg. Ideal for 
education seminars etc. £12.00 incl. carr. 

McMurdo Red Range. Plug RP24 56p 
McMurdo Red Range. SKT RS32 90p 
Eng. Elect. Edge. 36 way 02 Inch £1 00 
Sylvania Edge. 48 way 02 inch pair f1 40 
Ultra Gold -plated Contacts. 0.1 inch Type 10M 54631263C 38 way pair £200 

CAPACITORS 
20 way pair £1.60 

Daly Electrolytic 9000 of 40v. 50p; Wego paper 4pí 400V 60p; Dubilier 
Metallised Paper Type 426 100uf 150v. DC 50p; R.I.C. type 1297 1.8uf 440v. 
AC 35p. TCC Visconol 0.1 of 1500v. DC 50p. 

MOTORS 
GEC fractional 1/12 hp 230/250v 1 ph 50c 285orpm £360 carr. 67p 
E.E. }hp 230v. 50c 1 ph 50c.1443rpm complete with cap 80/100uf 275v .... £13.00 

cart. £1 .00 
3 phase 2HP motor 60/50c.. 1800/1500 RPM, 208/220/440v £21.50 

incl. Carriage 

FANS, CENTRIFUGAL BLOWERS 
Airman Type M1 /Y3954 (3 blades) Cast 
Aluminium alloy impeller B casing (corres- 
ponds to current type 3965 7} ") 230e. 
1ph 50c 290orpm Clan "A" insulation 
425cfm free air weight Nibs. incl. p.p. 
£21.00. 
Woods Aerofoil short casing type "S" 
270orpm 220/250v 1 ph 50c 6" plastic 
impeller incl. P.D. E11-50. 
Woods Aerofoil Code 7.5 280K 200/250v. 
1.08 1ph 50c 2700rpm 71" Impeller 14 
blades incl 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, 440v 3ph 50c 0.75hp 2850rpm. 
continuous 160cfm 12 in w.g. nett weight 441b, 
price incl. carr. £41.00. Sscomak model 350 250v 
1 ph 50c 0.166hp, 2800 rpm continuous 50cfm 2 in. 
w.g. net weight 341bs, price incl. carr. £2600. 
AIr Controls type VBL4 200/250v 1 ph 50c. 11 Ocfm 
free air weight 71Ibs price incl. p.p. £14.50. 
Type VBL5 200/250v 1ph 50c. 172 cim free air. 
Weight 10 1Ibs, price incl. p.p. £18.50. 
WSSsm ASd y Alcosa Single Stage Vacuum Pump 
Model HSPOB 8 HG. Rpm 1420. E.E. 3 phase 
:eduction motor 1/3 hp cunt 220/250v. 380/440v. 
Class E ins. £21.00 incl. carriage. 
Gast MFG. Vacuum pump 0522- P702 -R26X. 
Motor 110/120v. A.C. 1 ph. 60c 1725 rpm. Class E. 

1 Ocuft to 10in Mercury in 2 mins maintains vacuum. 
635mm Mercury. Or as compressor 1Opsi int. or 
15 psi cont. £25.00 incl. carr. 

Where p.p. not advised add 10p per £ handling and post (in UK). Cash 
with order. Personal callers 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. 

W. & B. MACFARLANE 
126 UXBRIDGE ROAD, HANWELL, LONDON W73SL 

WW-110 FOR FURTHER DETAILS 

ROGERS 
AUDIO TEST 
EQUIPMENT 
A comprehensive. versatile range of 
test equipment primarily designed for 
the measurement of high quality audio 
equipment. but with additional 
applications in the electronics industry 
in general. The equipment is of 
particular interest to the professional 
audio engineer. recording studios, 
broadcasting authorities and 
educational establishments. 
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DM344A Distortion Factor Meter. Designed to make accurate and rapid measure- 
ments of total harmonic distortion generated within high quality audio amplifiers. 
recording and transmission equipment. Selling Price: Chassis - £132.50.c/w. 
Case - £140.00 + VAT. 
5324 Low Distortion Oscillator. Generates a pure sine wave and has been designed 
as a general purpose low distortion signal source. The primary application, used in 
con unction with the DM344A, is the measurement of total harmonic distortion. 
Selling Price: Chassis £62.50 t VAT. 
AM324 AF Millivoitmeter. Designed for voltage measurements in the audio and low 
RF ranges and, principally for measuring low level signals in high impedance circuits. 
Selling Price: Chassis - £64.00.c/w. Case - £70.00 + VAT. 

Model 'A' Noise Generator. A portable 
battery operated unit designed for carrying 
out listening tests on loudspeakers. 'Pink' 
or 'White' noise can be selected andoutput 
can be continuous or burst. Output is con- 
tinuously variable. Selling Price: fn2.50 
-f VAT. 

Full Co/our Literature describing the complete range may be had .m request 

ROGERS DEVELOPMENTS (Electronics) LIMITEI) 
4/14 Barmeston Road, London SE6 3BN, England 
Telephone: 01-698 7424/4340 

STEREO IC DECODER 
HIGH PERFORMANCE PHASE LOCKED LOOP 

(as In'W.W.' July'72) 
MOTOROLA MC1310P EX STOCK DELIVERY 

SPECIFICATION 
Separation: 40dB 50Hz- 15kHz. Distortion : 0.3% 
I/P level: 560mV rms 0/P level : 485mV rms per channel. 
Input Impedance: 50kí2. Power requirements: 8 -16V at 16mA 

Will drive up to 75mA stereo 'on' lamp or LED. 
KIT COMPRISES FIBREGLASS PCB ONLY WHY l'AY 
(Roller tinned), Resistors, I.C., Capacitors, ß3.9 MORE 7 

Preset Potm. & Comprehensive Instructions LL post five. 
LIGHT EMITTING DIODE RED 29p 
Suitable as stereo 'on' indicator for above GREEN 59p 

MC1310P only £3.15 plus p.p. 6p 

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

V.A.T. 
Please add V.A.T. at 15% to all price* 

FI -COMP ELECTRONICS 
BURTON ROAD, EGGINTON, DERBY, DE6 SOY 

VVW -111 FOR FURTHER DETAILS 

W M//)SO/!S 
J`rreitia.y, 

RELAYS AND 6T0 
YPE 3000 

BUILT TO YOUR SPECIFICATION. 
HIGHEST QUALITY AT COMPETI- 
TIVE PRICES WITH A QUICK DE- 
LIVERY SERVICE. QUOTATIONS BY 
RETURN HOME AND OVERSEAS. 

B.P.O. TYPE UNISELECTORS 
8 Level all non bridging 300 ohms £14.11 ea. 
11 Level 1 bridging 10 non bridging 65 ohms 
£17.30 ea. 4 pole 50 way all non bridging 75 ohms 
£11.33 ea. 

LARGE STOCKS HELD OF G.E.C. 
MINIATURE SEALED AND EF :ICS- 
SON CYLINDRICAL TYPE RELAYS. 

BRIDGE MEGGERS 1000 Volts 0 /100 Megohms with Resistance Box 0/999 Ohms, E04.70 ea. 
MINIATURE DIGITAL INDICATOR. Size of digits I in., illuminated by 28 volt Ismps, 
reading 0 to 9 with decimal points, quick disconnect at rear of unit for easy lamp replacement. 
This miniaturized digital display operates on a rear -protection principle, when one of the 
twelve lamps at the rear of the unit is lighted, the lamp projects the corresponding digit on 
the condensing lens through a protection lens on to the viewing screen at the front of the unit, 
£4.40 ea. Illustrated details available. 
EQUIPMENT WIRE 7/0076 PVC. Blue only, £7.171,000 yds. 14/0076 Type it, £9.37 1,00) yds. 
BPO NUMBER 2 SWITCHBOARD LAMPS. 6 volts £15.40 per 100. 24 volts L22 per 100. 

ALL PRICES SHOWN INCLUDE CARRIAGE U.K. ONLY AND 10% VAT 
L. WILKINSON (CROYDON) LTD., LONGLEY HOUSE, 

LONGLEY RD., CROYDON, CRa 3LH. Phone 61364 a23a. Grams: WILCO CROYDON 

WW -112 FOR FURTHER DETAILS 
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C. T. ELECTRONICS 
267 ACTON LANE, LONDON 
W4 5DG 01 -994 6275 

MAIL ORDER DEPT. /REGISTERED OFFICE /COMPONENT COUNTER 

semìconductors 
AC107 
AC125 
AC126 
AC127 
AC128 
AC176 
AC187 
AC188 
AD140 
AD149 
AD161 
AD162 
AF114 
AF115 
AF116 
AF117 
AF118 
AF172 
BA102 
8A112 
BA114 
BC107 
BC108 
BC109 
BC109C 
BC147 
BC148 
BC149 
BC157 
BC158 
BC159 
BC169C 
BC182 
BC183 
8C184 
BC212 
BC213 
BC214 
BC238 
BC239 
BCY30 
BCY31 
BCY32 

35p 
25p 
25p 
25p 
25p 
25p 
25p 
30p 
55p 
65p 
44p 
Np 
25p 
25p 
25p 
25p 
50p 
30p 
30p 
60p 
18p 
14p 
14p 
14P 
lep 
12p 
12p 
12p 
14p 
14p 
14p 
15p 
13p 
13p 
13p 
15p 
15p 
15p 
14p 
14p 
40p 
55p 
95p 

BCY33 
BCY34 
BCY38 
BCY39 
BCY55 
BCY70 
BCY71 
BCY72 
BD121 
BD123 
BD124 
BD131 
BD132 
BD153 
BD156 
BDY11 
8E152 
BF194 
BF195 
8E196 
BFX29 
BFX84 
BFX85 
BFX86 
BFX87 
BFX88 
BFY44 
BFY50 
BFY5I 
BFY52 
BFY53 
BFY90 
BS W03 
BSW68 
BSY95A 
BY127 
BY164 
15103 
MJ340 
MJ481 
MJ2801 
MJ2901 
M J E340 

45p 
459 
60P 
95p 

£1ß0 
22p 
20p 
20p 
75p 
75p 
75p 
75p 
75p 
75p 
75p 

£1-40 
20p 
14p 
15p 
1Sp 
30P 
309 
309 
309 
30p 
30p 
50p 
25p 
25p 
25p 
25p 
609 
60p 
75p 
12p 
20p 
80p 
15p 
50p 
95p 

£1.20 
£2.20 

50P 

MJE370 
MJE371 
MJE520 
MJE521 
MJE2955 
M J E3055 
MM1613 
MM1712 
MPF102 
MPF103 
(2N5457) 
MPF104 
(2N5458) 
MPF105 
(2N5459) 
NKT735 
NKT222 
NKT401 
NKT404 
NKT773 
NKT774 
OAS 
OA10 
0A47 
0A70 
OA81 
0A90 
0A91 
0A200 
0A202 
OA210 
0A211 
OC16 
OC19 
0C22 
0C26 
OC28 
0C35 
0C44 
0C45 
OC71 
0075 
0076 

75p 
80p 
60P 
75p 

£1.95 
O5p 
43P 
80p 
45p 

35p 

40p 

40p 
35p 
25p 
75p 
80p 
25p 
25p 
25p 
50p 
10p 
12p 
10p 
10p 
10p 
10p 
10p 
35p 
35p 
90p 
85p 
55p 
85p 
85p 
60p 
20p 
2oo 
17p 
25p 
25p 

0077 
OC81 
0083 
0084 
OC139 
OC140 
OC170 
OC171 
OC200 
OC201 
OC202 
OC205 
TIP29A 
TIP30A 
TIP31A 
TIP32A 
TIP33A 
TIP34A 
TIP35A 
TIP36A 
TIP41A 
TIP42A 
TIP29B 
TIP3OB 
TIP31B 
TIP32B 
TIP33B 
TIP34B 
TIP35B 
TIP36B 
TIP29C 
TIP30C 
TIP31C 
TIP32C 
TIP33C 
TIP34C 
TIP35C 
TIP36C 
TIS50 
ZTX107 
ZTX300 
ZTX500 
ZTX501 

40P 
25p 
25p 
25p 
40P 
25p 
25p 
25p 
50p 
60p 
75p 
80p 
50p 
BOP 
05p 
75p 

£1 .05 
£1.55 
£335 
L3.65 

75p 
95p 
BOp 
70p 
75p 
65p 

£1.20 
E1.75 
£290 
£3.00 

75p 
35p 
909 

£1.10 
£135 
£200 
£325 
£425 

409 
15p 
15p 
18p 
20p 

ZTX504 50p 
ZTX531 30p 
ZTX550 30p 
1N914 Op 
1N916 Op 
iN4001 7p 
1N4002 Op 
1N4003 9p 
1N4004 10p 
1N4005 12p 
1N1006 139 
1N4007 14p 
1N4148 ip 
2N696 309 
2N697 25p 
2N698 25p 
2N706 12P 
2N706A 15p 
2N708 15p 
2N930 20p 
2N1132 25p 
2N1302 20p 
2N1303 SOP 
2N1304 25p 
2N1305 25p 
2N1306 25P 
2N1307 35p 
2N1308 35p 
2N1309 35P 
2N1613 25p 
2N1711 2413 
2N2160 559 
2N2217 25p 
2N2218 30p 
2N2219 35p 
2N2222 25p 
2N2222A 25p 
2N2398 70p 
2N2646 50p 
2N2846 £1.50 
2N2904 30p 
2N2905 45p 
2N2906 25p 

2N2907 
2N2926G 
2N3053 
2N3054 
2N3055 
2N3232 
2N3440 
2N3702 
2N3703 
2N3704 
2N3705 
2N3706 
2N3707 
2N3708 
2N3709 
2N3771 
2N3772 
2N3773 
2N3819 
2N3820 
2N3866 
2N3904 
2N3905 
2N4058 
2N4059 
2N4060 
2N4061 
2N4126 
2N4286 
2N4287 
2N4288 
2N4289 
2N4290 
2N4444 
2N4871 
2N5191 
2N5194 
40360 
40361 
4062 

30p 
13p 
25p 
60p 
65p 
70p 
60p 
14p 
12p 
12p 
12p 
12p 
12p 
12p 
14p 

£280 
£340 
£340 

35p 
55p 
85p 
22p 
22p 
12p 
12p 
12p 
14p 
17p 
15p 
15p 
15p 
15p 
15p 

£1.90 
35p 
96p 

£1.10 
50p 
50p 
55p 

SEMICONDUCTORS. 1 12+ 10% 25+ 15% 100+ 
Mixed Transistors, I. C.'s etc. 

Larger quantity discounts please telephone. QUANTITY DISCOUNTS f 
20% 

DIGITAL 

` 
I 

SN7400 26p 
SN7401 38p 
SN7402 21p 
SN7403 2Op 
SN7404 40p 
SN7405 40p 
SN7406 40p 
SN7407 SIIP 
SN7408 55p 
5N7409 45p 
SN7410 2Op 
SN7411 24p 

INTEGRATED 

SN74 
SN7413 
SN7416 
SN7417 
SN7420 
SN7422 
SN7423 
5N7425 
SN7427 
SN7428 
SN7430 
SN7432 

\ 

`/ 
2 42p 

80p 
40p 
40p 
20p 
4Op 
52p 
48p 
459 
50p 
30P 
48p 

CIRCUITS 

?`OÌ 
' 1 

1 
SN7433 70p 
SN7437 70p 
SN7438 65p 
SN7440 35p 
5147441 75p 
SN7442 79p 
SN7443 £1 05 
SN7445 £2.00 
SN7446 £2.00 
SN7447 £1-75 
SN7448 £2 00 
Sh7450 25p 

SN7451 
SN7454 
SN7460 
SN7470 
SN7472 
5N7473 
5N7474 
SN7475 
SN7476 
SN7480 
SN7481 
SN7482 
SN7483 
SN7484 
SN7486 
5N7490 
SN7491 
SN7492 
SN7493 
SN7494 
SN7495 
SN7496 
SN7497 
SN74100 

25p 
28p 
25p 
30p 
309 
57P 
50p 
98p 
BOp 
80P 

£1.25 
40p 

£1-00 
959 
45p 
75p 

£1.20 
75p 
75p 
80p 
80p 

£1.00 
£Oß5 
£2 50 

51974104 
SN74105 
SN74107 
SN74110 
SN74118 
SN74119 
SN74121 
5N74122 
SN74123 
SN74141 
SN74145 
SN74150 
SN74151 
SN74153 
SN74154 
SN74155 
5/474156 
SN74157 
SN74160 
SN74161 
SN74162 
SN74163 
SN74164 
SN74165 

£145 
£1-45 

50p 
00p 

£1`00 
£1-00 

Oáp 
£135 
£270 
£1.00 
£1.50 
83.35 
£110 
£1ß5 
£2-00 
£1-55 
£1-55 
E1.80 
£2.80 
£2.80 
£3.40 
83'40 
£2.75 
£00 

SN74166 
SN74167 
SN74170 
SN74174 
SN74175 
SN74176 
SN74177 
SN74180 
SN74181 
SN74182 
SN74184 
SN74185 
SN74190 
SN74191 
SN74192 
SN74193 
SN74194 
SN74195 
SN74196 
SN74197 
SN74198 
SN74199 

£400 
£6ß5 
£410 
£2-00 
£1.35 
£1.00 
£1.00 
£1.55 
£7.00 
£2.00 
£2.45 
£2.40 
£1.05 
i1.95 
£200 
£2.00 
£2.50 
£1.65 
£1.50 
£1.50 
£480 
£4.80 

S.C.R. ale#- 
CRS7/05 40p 
CRS1110 589 
CRS1/20 60p 
CR51/40 65p 
CRS1/60 90P 
CRS3/10 82p 
CRS3/20 82p 
CRS3/40 909 
CRS7/400 £1.00 
CRS18/100 05p 
CRS16/200 90p 
CRS16/600 £1.60 
C106B 45p 
C106D 70p 
40669 90p 
TIC44 35p 
2N4444 £1-00 

BRIDGE RECTIFIERS 
WO2 1A. 200V. 35p 
BY164 1.4A. 200V. 57p 
MDA732/2 6A. 100V 809 

ZEN ER DIODES === 
BZY88 series 400mW. 
3.3 -33V. 5° %, 15p 
1.5 Watt range 25p 
10 Watt range 4 p 

L.E.D. 

TIL209 
HP5082 . 

MA2082R . 

=CO 
28P 
Sip 
25p 

L.D.R. 

ORP 12 .... 00p 

TRIACS 
TXL228B 8A 400V. 909 
SC40D E1 40 
SC4oE E1 65 
SC45D £1 70 
SC45E £2 10 
SC50D £2 02 
SC50E £270 
[MAC 25P 

3A 200V Rec. Diode 25p 

LINEAR OP. AMPS 
LM309K 5V. 1A. Voltage 

Reg. £2.10 
LM723C 2 -37V. 150mA 

Voltage Reg. El-05 
MFC4000 250mW Audio 80p 
TBA800 5 Watt Audio £1.50 
709C OP. Amp D.I.L.IT099 45p 
741C Op. Amp 8/14 D.I.L ) 

T099 55p 
748C Op. Amp D.I.L. 75p 
747C Dual Op. Amp. £1.20 
ZN414 Radio I.0 £725 
TAD100 Radio I.C. Inc 

Filter E1-00 
CA3014 £1.55 
CA3018 E1`00 

CA3028 £120 
CA3036 £1`00 
CA3046 95p 
CA3048 £2.35 
CA3075 £1 -N 
CA30900 £4.65 
MC1303L £2.29 

ALUMINIUM BOXES 
AB7 21 x 5=, x tin 50p 

AB8 4 x 4 x t}in 50p 

AB9 4 x 21 X 1}in 50p 

AB10 4 x 51 X 1}in 50p 

ABit 4 x 2} x 2in 110p 

AB12 3 x 2 x lin 44p 

AB14 7x5 x2}in 84p 
AB15 8 x 6 x 3ìn £1.06 

AB16 10 x 7 x 3in £1.22 
AB17 10 X 4} x 3in £1.00 
AB18 12 X 5 x 3in £1.20 
AB19 17 X 8 x 3in £1N 

VEROBOARD 
0.1 

2 }x3; 24p 
2 =, X5 27p 

35 x 31 27p 

35 X 5 31p 
17 x 21. 32p 

17 x 35 L110 
17 X 5 (plain) 98p 
Pin Insertion tool 87p 

Spot face counter 46p 

Pk 36 Pins 20p 

0.15 
19p 
23p 
23p 

31p 
Sip 
87p 
90P 

57p 

48p 
20p 

V.A.T. 
Unless otherwise stated a l l prices 
are EXCLUSIVE of V.A.T. 
Please add 10% to all orders. 
Carriage: orders under £5 + 20p. 
Over £5 post free. 

WAREHOUSE 
20 -24 BEAUMONT ROAD, W.4. 

SURPLUS COMPONENTS, TEST EQUIPMENT, etc., etc. 

THOUSANDS OF BARGAINS 
Test Equipment * Oscilloscopes * Signal Generators * Counters 
Cabinets * Bridges * Meters * Transmitters * Receivers * Power 
Supplies * Laboratory Equipment * Galvanometers * Audio 
Equipment * Video Equipment * Meters * Battery Chargers 

Motors * Etc. * Etc. 

20 TONS OF ELECTRONIC EQUIPMENT 
Resistors * Relays * Capacitors * Switches * Transformers 
Meters * Potentiometers * Component Panels * Semiconductors 

Cable * Values * Ecc. * Ecc. * Etc. 
Regret no lists available. Personal callers only. Cash and Carry only. 

AUDIO ACCESSORY SHOP 
17 TURNHAM GREEN TERRACE, 

CHISWICK, W.4 
VALVE AMPLIFIERS 

5 Watt £1250 50 Watt £36.25 
15 Watt £2450 150 Watt £7590 
30 Watt £2950 500 Watt L124.50 

TRANSISTOR AMPLIFIERS 
FAL Phase 50W £3993 

I 
FAL Phase 100W. £6995 

DISCO CONSOLES 
FAL Disco Mk. 2 £6299 FAL Power Disco £12375 

(with 70W. rms. Amp.) 

HEAVY DUTY DISCO LIGHTING 
LOUDSPEAKERS Sound -Light Module £7-00 

3 Channel Sound -Light £2250 
* SPECIAL OFFER PRICE * Oil Wheel 6 in. dia £525 

Suitable } rpm Motor £1-00 

Decca Sin 10 watt Hi -Fi Strobe 4 Joule £200 
speaker, plus matching Single Flash Box £7.50 

tweeter £750 complete Triple Flash Boxue, 
Gn., Ye 

£1625 
Suitable2 way Xover £1.21 150W Projector plus Wheel £25 

TEAK VENEERED SPEAKER CABINETS 
For 8X5in. Speaker Size 7;x11'' -x5=, £330 

8i n. +Tweeter 91x 131x 5- £5-00 
13x8in. 10}x17x6 £575 
13 x8in. +Tweeter 12X16- X81 £730 
12inxTweeter 151x18x85 £8.00 rí 

ALSO: Audio Connecting Leads, Tape, Cassettes, Stereo 
Systems, Mixers, Mic. Stands, Speaker Cloth, Turntables, 
Plynths, Covers, etc., etc. 

REXI NE COVERED SPEAKER CABINETS 
Suitable for P.A. or DISCO use; takes 12in. speaker unit. Size approx. 18X18X 
8in. £9-00. 

SPEAKER CLOTH 
Available in Black or Green; Approx. width 54in. £1.75 yd. 

HEADPHONES 
Type H -202 Features- Mono /stereo switch, Volume controls on each channel. 
Freq. response- 20- 20,000Hz. Impedance 4 -16 ohms. £4.50. 

V41 Vu meter 
L2.50 

The V41 is cali- 
brated -20 to +3 
and 0-100%, mek- 
ing it suitable for 
use as a recording 
level meter or as a 
pow outputindi- 

r. 
Sensitivity: 130 uA 
Internal resistance: 
600 ohms. Dimen- 
sions: 40 x 40 x 

mm. . 

Solidev /5W Class 
B Audio Amp 
thick film Circuit 
£38Sp. 
Handbook 

ß005W Audio 
LC.I . £130. Data 
10p. 
UA041 5W Am- 
plifier Module£3.75 

ELIECTRON IC COMPONENTS 
BARGAIN COMPONENT PACKS 

Pock 
No. 

1 500 Carbon resistors, }, }, I. 2 watt. 
3 250 Ceramic, Polystyrene, Silver Mica, etc., 

Condensers. 
4 250 Polyester, Polycarbonate, Paper, etc., 

Condensers. 
5 25 Potentiometers, assorted. 
7 50 Assorted Tagstrips. 
8 I lb Assorted nuts, bolts, washers, spacers, etc. 
10 50 Preset Potentiometers. 
13 30 Unmarked 0071 Transistors. 
14 25 Unmarked 250mW. Zener Diode. 4.7V, 

5.1 V, 6.2V, 7.5V, 9.1 V, 10V. Measured and 
tested. Please state voltages required. 

IS 50 G.E. Diode 0A47 Equivt. 

ALL COMPONENTS NEW AND UNUSED 
El + 25p p.p. per pack, L5 for 5 packs p /free. 

* *SPECIAL OFFERS ** 
MINIATURE MAINS TRANSFORMER. PRI. 240V. SEC. 12V. 100mA. 

Manut.: Hinchley 
Size: 36 X 45 x 40mm. F.C. 

53mm. 
Price: 1 -ISp. 10080p. ea. 1000 -50p. ea. 10,000.40p. ea. 

3 CORE PVC INSULATED MAINS CABLE GREY ML6650. 3 x 7 /0.2mm. 
Price: 100m. -E4SO 1000m.4.35 10,000m-8330 

0.47mtd. 50V. MYLAR FILM CAPACITOR Size: lin X 03515 X 0.65in 
P.C. Mount. 

Price: 1004.8p. ea. 1,000 -5p. ea. 10,0004 -Sp. ea. 

POWER SUPPLY. 12V, 6.5A. Stabilised Power Supply. Contains 18 5V. 
8.5A. sec. Transformer, 4X4000uF 25V. Mullard capacitors, 2x2N3055 on 2 

Redpoint heatsinks, 12A.. 120V. Bridge rectifier, stabilised p.c.b. circuit diagram. 
The parts alone are worth the asking price of £13 each inc. carriage. 
240V. A.C. SOLENOID. Reversible operation; twin coll. Size: approx. 21 X 

11X1 1In. Sip each. 

PHILLIPS MINIATURE TUBULAR CERAMIC U.H.F. TRIMMERS. 
Type 092 .. 0.8-2ß pF. Type 801 .. 0.8 --22 pF. Type 991 .. 0.5 -1.3 pF. 

1 -10p; 100 -7.Sp ea.; 1000 -5p ea. 



a82 

AC107 022 
ACI13 Oß0 
AC116 Oß2 
AC117K 0-82 

The largest selection 
BRAND NEW FULLY GUARANTEED DEVICES 

AD161 8 BC150 0ß0 B0131 0.56 
AD162 (MP) BC151 0.22 BD132 0.60 

0 76 BC162 0-19 BD133 0-72 
ADT140 0 66 BC163 0.31 BD136 0.44 

0 27 BC154 333 BD136 0-44 
027 BC157 0ß0 BD137 0.60 
027 BC168 0.13 BD138 0-66 
027 BC159 0-13 BD139 0-01 
089 BC160 0-50 BD140 O88 
033 BC161 0.55 BD156 0.88 
0.33 BC167 0.13 BD176 066 
0 81 BC168 0.13 BD176 0.80 
081 BC169 0 13 BD177 0-72 
083 BC170 0 13 BD178 0.72 
0.55 BC171 046 BD179 0.77 
0 55 BC172 046 BD180 0.77 
0 65 BC173 016 BD186 0.72 
0-65 BC174 016 BD186 0-72 
0.55 BC175 0ß4 BD187 0-77 

AC122 0.13 AF114 
AC125 049 AF115 
AC126 0.19 AF116 
AC127 320 AF117 
AC128 0.20 AF118 
AC132 046 AF124 
AC134 0-16 AF125 
AC137 016 AF126 
AC141 Oß0 AF127 
AC141K 092 AF139 
AC142 Oß0 AF178 
AC142K Oß8 AF179 
AC1a1 0-17 AFI80 
AC154 0.22 A9181 

AC166 Oß2 AP186 
AC166 0ß2 AF239 
AC157 Oß7 

AL102 

AC166 Oß2 
AL103 
A8Y26 AC166 0-22 

AC167 0ß2 A9Y27 

AC168 Oß7 ABY29 
AC189 318 A6Y60 
AC176 0ß2 A9Y61 
AC177 0.27 ABY62 
AC178 0.81 ABY64 
AC179 0-81 ABY66 
AC180 22 ASY66 
AC180K 82 ABY67 
AC181 22 A9Y68 
AC18IK 82 A8Y73 
AC187 24 ABZ21 
AC187K 26 BC107 
AC188 ß4 BC108 
AC188K ß6 BC109 
ACY17 28 BC113 
ACYI8 ß2 BC114 
ACYI9 22 BC111 
ACY20 22 BC116 
ACY21 22 BC117 
ACY22 18 BC118 
ACY27 20 BC119 
ACY28 21 BC120 
ACY29 39 BC125 
ACYSO 81 BC126 
ACY31 31 BC132 
ACY34 23 BC134 
ACY35 23 BC135 
ACY36 31 BC186 
ACY40 19 BC137 
ACY41 20 BC139 
ACY44 39 BC140 
4D130 42 BC141 
AD140 53 BC142 
AD142 53 BC143 
AD143 42 BC146 
AD149 55 BC147 
ADI61 39 BC148 
AD162 39 BC149 

0-41 BC177 0ß1 BD188 0.77 
0-72 BC178 Oß1 BD189 093 
0.72 BC179 Oß1 BD190 0-83 
Oß8 BC180 0ß7 BD195 094 
0.83 BC181 0ß7 BD196 094 

0.28 BC182L 311 BD198 0-09 
028 BC183 0.11 BD199 1-05 
0P28 BC183L 011 BD200 106 
028 BC184 0.18 BD206 098 
0ß8 BC184L 048 BD206 098 
0-28 BC188 0-81 BD207 1-06 
Oß8 BC187 091 BD208 1-06 
0.28 BC207 0-12 BDY20 1-10 
Oß8 BC208 0.12 BF715 0.27 
0.28 BC209 0.18 BFI17 0.50 
0.44 BC212L 0-12 BF118 0-77 
0-12 BC213L 0-12 BF119 0-77 
0.12 BC214L 0.16 BF121 0.60 
0.13 BC225 Oß8 8E123 0.66 
0.11 BC226 099 111,126 0.50 
0-17 BC301 0-80 BFI27 0-66 
0-17 BC302 0.27 8E152 0.81 
017 BC303 0-86 BF163 0.50 
0.20 BC304 0.40 BF164 0-50 
0d1 BC440 0-84 BF156 0.77 
0.88 BC460 0.40 13F168 358 
098 BCY30 027 8F167 0.61 
0.18 BCY30 0.27 BF168 0.81 
0-20 BOY31 099 BF169 0-08 
0.13 BCY32 0-83 BF160 0-44 
0.20 BCY33 0-24 BF162 0-44 
0.18 BCYS4 0.28 BF163 0-44 
0.17 BCY70 0.18 B11164 0.44 
0.17 BCY71 320 BF166 0.44 
0-41 BCY72 0-18 BF167 0.24 
098 BCZIO 092 BF173 0.24 
098 BCZ11 0ß8 BF176 0.84 
098 BCZ12 098 BF177 099 
0.88 BD116 0.68 BF178 0-33 
050 BD116 0.88 BF179 093 
0.11 BD121 096 BF180 098 
0.11 BD123 072 BF181 098 
013 BD124 0-78 BF182 0-44 

BF183 0-44 
BF184 0.28 
BF185 098 
BFI87 0 80 
BF188 0-44 
BF194 0.13 
BF195 0-18 
BF196 0.18 
BF197 0.18 
BF200 0.50 
BF222 1.06 
BF257 0.50 
BF258 096 
BF259 0.99 
BF262 0.61 
BF263 0-81 
8E270 0.39 
BF271 0-83 
BF272 098 
BF273 0.89 
BF274 0-89 
BFW10 0.66 
BFX29 0-80 
BFX84 0-24 
BFX85 0.88 
BFX86 0.24 
BFX87 0.27 
BFX88 0.24 
BFY50 0ß2 
BFY51 0 22 
BFY52 321 
BFY53 0-19 
BPX26 0.94 
B8X19 0-17 
138120 0-17 
B8Y26 0-17 
B8Y26 017 
BBY27 017 
B9Y28 0-17 
13211129 0-17 
B9Y38 020 
B8Y39 0.20 
BSY40 0-81 
B8Y41 081 
B8Y95 0-14 
B8Y95A 0-14 
Bu306 2-20 
C111E 066 
0400 0.83 
C407 0.28 
0424 0.22 
C425 0.56 
0426 0.89 
C428 0.22 
C441 0.38 
C442 0.88 
C444 0.39 
C450 0.24 
MAT100 0.21 
MAT101 0.22 
MAT120 0-21 
MAT121 0.22 
MJE29550-06 

MJE3055 0-62 20309 
M.7E34400.56 20339 
MPF102 0.46 20339A 
MPFI04 0.41 20344 
MPF101 0.41 20345 

20371 
2O371B 
20373 
20374 
20377 
20378 
20381 
20382 
20401 
20414 
20417 
2N388 
2N388A 
2N404 
2N404A 
2N624 
2N627 
214598 
214599 
261696 
2N697 
2N698 
2N699 
2N706 
2N706A 
2/4708 
2N711 
2N717 
2N718 
2N718A 
2N726 
2N727 
2I4743 
2N744 
2N914 
2N918 
119929 
2N930 
2/41131 
2N1132 
2N1302 
2N1303 
2/41304 
2N1305 

P346A Oß2 2611306 
P397 0 48 1611307 
ST140 0.19 2N1308 
9T141 0 19 1611309 
T1043 0 33 2N1613 

2N1711 
2N1889 
2NI890 

20301 0.21 2N1893 
20302 0ß1 2N2147 
20303 0.21 2N2148 
20304 0-27 2N2160 
30306 0-44 2N2192 
20308 0-39 2N2193 

0019 0.39 
0020 070 
0022 0-22 
0C23 0-64 
0024 0-62 
0025 0.42 
0026 0.82 
0C28 055 
0C29 096 
0C38 0.46 
0036 065 
0041 0-22 
0C42 0-E7 
0C44 017 
0045 0.14 
0070 0.11 
0071 311 
0072 0-16 
0074 0.18 
0075 0.17 
0076 0.17 
0077 0418 
0081 047 
OC81D 0.17 
0082 0'17 
0082D 0.17 
0083 0.22 
00139 0.22 
0C140 Oß2 
0C169 Oß8 
00170 0-28 
00171 0.28 
00200 0-28 
00201 0.81 
00202 0-81 
00203 Oß8 
OC204 0-28 
00205 0.89 
0C309 0-44 
OCP71 0-48 
ORP12 0-48 
P20 0 55 
P21 350 

ÚT46 0-30 
ZN414 1120 

0.39 
0.22 
0.18 
0.20 
018 
018 
0.13 
0.19 
0.19 
033 
048 
0.18 
0.18 
0-33 
333 
0.28 
0.89 
0.61 
0.22 
0.31 
046 
0.54 
346 
0.50 
0.14 
0.16 
0.27 
0.39 
0.09 
0.10 
0.18 
0.88 
0.39 
0-27 
0-65 
0.81 
0.81 
022 
0.22 
0.16 
098 
0.83 
O-8 
0-22 
0.24 
0.16 
0.16 
0.19 
0.19 
328 
328 
0.26 
0-26 
Oß2 
0-22 
085 
0.50 
0.41 
0.79 
0.68 
0-08 
0.89 
0.89 

KING OF THE PAKS Unequalled Value and Quality 

SUPER PAKS 
NEW 

SEMICONDUCTORS 
ED 

Satisfaction GUARANTEED In Every Pak, or money back. 
Pak Io. Description Price 
U 1 120 Ohms Bub -Min. General Purpose Germanium Diodes 0.66 
U 2 60 Mixed Germanium Transistors AF /RF 096 
U 3 75 Germanium Gold Bonded Bub -Min. like 085, 0A47 0.56 
U 4 40 Germanium Transistors like 0081, AC128 0.66 
U 5 60 900mA Sub -Mm. Silicon Diodes 0.66 
U 6 30 ái1. Planar Trans. NPN like BBY95A. 214706 0.55 
U 7 16 811. Rectifiers TOP -HAT 750mA VLTO. RANGE up to 1000 096 
U 8 60 811. Planar Diodes DO-7 Glass 250mA like 0A200/202 096 
U 9 20 Mixed Voltages, 1 Watt Zener Diodes 065 
U10 20 BAY60 charge storage Diodes DO-7 Glass 0.55 
Ull 25 PNP Sil. Planar Trace. TO-O like 2241132, 2242904 366 
U12 12 Balcon Rectifiers Epoxy 500mA up to 800 PIV 0.66 
1113 30 PNP -NPN SiI. Transistor. 00200 8 28 104 0.55 
U14 150 Mixed Silicon and Germanium Diodes 0.56 
U15 25 NPN Sil. Planar Trans. TO-5 like BFY61, 224697 0.56 
U16 10 3 Amp Silicon Rectifiers Stud Type up to 1000PIV 336 
U17 30 Germanium PNP AF Transistors TO-S Ilke ACY 17-22 Oß6 
U18 8 8 Amp Silicon Rectifiers BYZ13 Type up to 600 P1V 0'56 
U19 25 Silicon NPN Transistor. like BC108 0.55 
U20 12 1.6 Amp Silicon Rectifiers Top Hat up to 1000 P1V 0.55 
U21 30 AF. Germanium Alloy Transistors 2(1300 Series 8 0071 0.55 
U23 30 MADT's like MHz Series PNP Transistors 0.55 
U24 20 Germanium 1 Amp Rectifiers OJM Series up to 300 PIV 0.65 
U25 26 300 MHz NPN Silicon Transistors 224708, B8Y27 0.65 
0128 30 Fast Switching Silicon Diodes like 114914 Micro- Mln 0.66 
U27 12 NPN Germanium AF Transistors TO -1 like AC127 056 
U20 10 1 Amp SCR's TO.S can, up to 600 PIV CR81 /26 -600 L10 
U30 15 Plastic Silicon Planar Trans. NPN 2142928 0.66 
U31 20 Silicon Planar Plastic NPN Trans. Low Noise Amp 2X43707 0.55 
U32 25 Zener Diodes 400mW DO-7 cue 3-18 volte mixed 0.66 
U33 15 Plastic Case 1 Amp Silicon Rectifiers 1244000 Series 046 
U34 30 Balcon PNP Alloy Trans. TO.S BCY26 26302/4 0.56 
035 25 Silicon Planar Transistors PNP TO -18 2242906 0.56 
U36 25 8111coo Planar NPN Transistors TO.5 BFY60 /11/62 0.56 
U37 30 Silicon Alloy Translators 80.2 PNP 00200, 26322 0.55 
U38 20 Fast Switching Silicon Trans. NPN MHz 2143011 366 
U39 30 RF. Germ. PNP Translators 2N1303/5 TO-6 0.66 
U40 10 Dual Transistors 6 lead TO-5 2242060 0.66 
1141 25 RF Germanium Transistors TO -5, 0045, NKT72 0.65 
U42 10 VHF Germanium PNP Traoeletor TO-1 NKT667, AF117 366 
U43 25 Sil. Trans. Plastic TO -18 A.F. BC113 /114 366 
U44 20 011. Trans. Plastic TO-S BC115 /NPN 0.66 
U45 7 3A SCR. TO66 up to 600P1V 1.10 

Code No's. mentioned above are given as a guide to the type of device in 
the pak. The devices themselves are normally unmarked. 
A LARGE RANGE OF TECHNICAL BI -PAKS NEW 
AND DATA BOORS ARE NOW 

AVAILABLE EX. STOCK. 
SEND FOR FREE LIST. 

RANGE 

QUALITY TESTED SEMICONDUCTORS 
Pak No. Price 

Sp 
QI 20 Red spot transistor. PNP 0-66 
Q2 16 White spot R.F. transistors PNP 0.65 
Q3 4 OC 77 type translators 0.65 
Q4 6 Matched transistors 0044/45/81/81D 0.66 
Q6 4 OC 75 trweletore 0.65 
Q6 6 OC 72 transistors 0.65 
Q7 4 AC 128 transistors PNP high gain 0.56 
Q8 4 AC 126 translators PNP 0.66 
Q9 7 OC 81 type transistor. 096 
Q10 7 OC 71 type transistors 0.66 
Q11 2 AC 127 /128 Complementary pain PNP/NPN 0.55 
Q12 3 AF 116 type translator. 0.66 
Q13 3 AF 117 type trans)Btore 0.66 
Q14 3 OC 171 H.F. type translators 0.66 
Q16 7 2242926 811. Epoxy transistors mixed colours 0.55 
Q16 2 GET880 low uolse Germanium transistors 0.65 
Q17 6 NPN 2 X 8T.141 h 3 x ST.140 0-06 
Q18 4 MADT8 2 x MAT 100 á 2 x HAT 120 0.55 
Q19 S MADT'8 2 X MAT 101 8 1 x MAT 121 0.56 
Q20 4 OC 44 Germanium transistors A.F. 0.66 
Q21 4 AC 127 NPN Germanium transistors 0.65 
Q22 20 NKT transistor. A.F. R.F. coded 096 
Q23 10 OA 202 Silicon diodes sub -min. 0.56 
Q24 8 OA 81 diodes 0.66 
Q25 16 124914 BUlcou diodes 75 PIV 75mA 096 
Q26 8 0A96 Germanium diodes sub -min. IN69 0.56 
Q27 2 l0A 600 PIV Silicon rectifiers I8425R 0.66 
Q28 2 Silicon power rectifiers BYZ 13 0.56 
Q29 4 Silicon transistor. 2 X 224696, 1 x 214697, 

1 x 224698 0.56 
Q30 7 Silicon switch translators 224706 NPN 356 
Q31 6 Silicon switch translators 224708 NPN 0.66 
Q32 3 PNP Silicon transistors 2 x 2241121, 1 x 

2N 1132 0.66 
Q33 3 Silicon NPN transistors 2241711 0.65 
Q34 7 Silicon NPN translators 2N2369, 60OMHz 

(code P397) 0.66 
Q35 3 Silicon PNP TO -6, 2 x 2242904 h 1 x 

2242905 096 
Q36 7 2243646 TO-18 plastic 300 MHz NPN 0.66 
Q37 8 2243053 NPN Silicon transistors 0.66 
Q38 7 PNP translators 4 X 2243703, 3 X 2243702 0.66 
Q39 7 NPN tteoelaton 4 x 2243704, 3 X 2243705 0.66 
Q40 7 NPN translators 4 X 2243707, 3 X 2243708 0.56 
Q41 3 Plastic NPN TO-18 2243904 0.66 
Q42 6 NPN transistors 2245172 066 
Q43 7 BC 107 NPN transistors 0.65 
Q44 7 NPN transistors 4 X BC 108, 3 X BC 109 0.66 
Q45 3 BC 113 NPN TO-18 transistors 0.56 
Q46 3 BC 116 NPN TO.I transistors 0.55 
Q47 6 NPN high galo trausiston 3 x BC167, 

3 X BC168 0.66 
Q48 4 BCY 70 PNP translators TO -18 0'56 
Q49 4 NPN translators 2 x BFY51, 2 x BFY62 0.56 
Q50 7 B8Y 28 NPN switch transistors TO -18 0.65 
Q51 7 B8Y 95A NPN translators 300MHz 066 
Q52 8 BY100 type silicon rectifiers 1.10 
Q53 25 811. 8 Germ. trans. mixed all marked new 196 

8th EDITION 250 pages 
TRANSISTOR EQUIVALENTS BOOK. A complete cross 
reference and equivalents book for European, American and 
Japanese Translators. Exclusive to BI -PAK 6195 each. 
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2242194 0.89 2N3053 0.19 2N40á8 0.13 
2242217 0.24 2N3054 0.51 2244089 0.11 
1192218 0.92 2N3056 0.65 2244060 0.18 
2242219 0.22 2N3391 0.16 2244061 0.18 
2242220 0.24 2N33914 0.18 2244062 0.13 
2N2221 0.2 2N3392 0.16 2244284 0.19 
2242232 0.22 2243393 046 2244288 0.19 
1 /42368 0.19 2243394 0.16 2244286 0-19 
2242369 0.16 2N3391 0.19 2244287 0.19 
2242369A 0.16 2243402 Oßô 2244288 0.19 
2N2411 0-27 2243403 0-23 2244289 0.19 
2X12412 0.27 2N3404 0.81 2244290 0.19 
2X42646 0.62 2N3406 0.48 2244291 0-19 
2N2711 0.23 2243414 0.17 2614292 0-19 
2242712 0-23 2243416 0.17 2194293 0.19 
2N2714 0.23 2N3416 0.81 2615172 0.18 
2N2904 0.19 2243417 0.31 2245294 0.60 
2N2904A 0.23 2243625 098 2N54á7 0.86 
2N2908 0.23 2243614 0.74 2245488 0.85 
2N2905A 0.28 2193616 0.82 2245489 0.44 
2242906 317 2243616 0.82 2246121 0.76 
2N2906A 0-20 2243846 0.10 28301 0.56 
2242907 Oß2 2243702 048 26302A 346 
2N2907A 0-24 2243703 0.18 28302 0.46 
2242923 0.16 2243704 0.14 28303 0.61 
2N2924 0.16 2243706 0.18 28304 0.77 
2242926 0.18 2243700 0-18 28308 0.86 
2N2926(0) 2N3707 0.14 28306 0.86 

0.14 2243708 0.09 28307 0.86 
2N2926(Y) 2243709 0.10 28321 0.62 

0.1E 2N3710 0.10 28322 0.46 
2N2928(á) 

0.11 
2243711 
2N3819 

0-10 
0.81 

28322A 
28323 

0.46 
0.62 

2N2928(R) 
0.11 

2243820 
2243821 
2243813 

0.55 
0.89 
0.81 

28324 
28325 
28326 

0.77 
0.77 
0.77 

2N2926(B) 
0-11 

2243903 
2243904 

0.31 
098 

28327 
28701 

0.77 
0-46 

2X43010 0.77 2243905 0.31 40361 0.44 
2N3011 0.16 2N3906 0.80 40362 0.60 

DIODES 
AA119 0.09 BY130 0.18 áA30 045 
AA120 0.09 BY133 0.23 0A47 0.08 
AA129 0.09 BY164 0.66 0A70 0.08 
AAY30 0.10 BYX38/30 0A79 0.08 
AAZ13 0.11 0-46 0A81 0.08 
BA300 311 BYZ70 099 0485 0.10 
BAIN 0.23 
BA126 0.24 
BA148 0.16 
BA154 0.18 
BA166 0.16 
BA166 0.16 
BA173 0.16 
BY100 017 
BY1o1 0.13 
BY106 0.19 
BY114 0.18 

BYZll 098 
BYZ12 098 
BYZ13 0.28 
BYZ16 0.44 
BYZ17 0.89 
BYZ18 0.89 
BYZ19 0.81 
0062 
(0A91 Eq.) 

0-06 
00681 

0A90 
0491 
0A9ó 
0A200 
04202 
8D10 
8D19 
12434 
1N34A 
1N914 

0.07 
0.07 
008 
0-07 
0-08 
0.06 
0-08 

0.8 
0.08 
0.06 

BY124 0.18 (0A70-0A79) 124916 006 
BY128 0.16 0-07 1244148 0.06 
BY127 0.17 OA6 0.89 18021 0.11 
BY128 0.17 OA88L 098 18951 0.07 

NEW LOW PRICE TESTED S.C.R.'s 
PIV IA 3A 5A 5A 7A l0A 16A 30A 

TOI TO66 TO66 T064 TO48 T048 TO48 T048 
50 0.22 027 0.89 0-39 0.62 0.56 0.68 1-27 

100 097 Oß7 0.52 352 0.66 0-08 0.82 1.64 
200 327 382 364 0.54 092 367 387 1.76 
400 0-32 0.92 0.59 0.62 0.67 0.88 0.77 1.98 
600 0.92 0.52 0.76 075 0 84 1 07 0 97 
800 0 88 0.70 0 88 0 88 0 99 1 32 1 50 4.40 

POWER TRANS BONANZA! 
GENERAL PURPOSE GERM. PIP 

Coded áP100. BRAND NEW TO-3 CABE. POSSIBLE 
REPLACE: -0026 -28 -29-30- 38-36. NKT 901- 403 -404- 
405- 406 -430 -461- 452 -453. T23027 -3028, 2N260A 214466A- 
457A -458A, 224511 A 8 B. 20220 -222, ETC. VCBO 80V 
VCEO 50V IC l0A PT. 30 WATTS We 80 -170. 
PRICE 1-24 25-99 100 up 

48p each 449 each 40p each 

SILICON High Voltage 260V I1111 
TO -3 case. O.P. Switching 8 Amplifier 
Applications. Brand new Coded R 2400 
VCBO 250/VCEO 100 /IC 6A/30 Watts. 
FIFE type 20 /1T 5MHZ. 
OUR PRICE EACH 
1.24 25-99 100 up 
6áD 609 440 

SILICON 60 WATTS MATCHED NPN /PNP 
BIP 19 NPN TO -3 Plastic. BIP 20 PNP. Brand new. 
VCBO 100/VCEO 50 /IC 10A. HFE type 100 /ft 3mHZ. 
OUR PRICE PER PALE: 
1 -24 pr.. 669 26-99 pn. 619 100 pr.. 5óp 

2113055 
116 WATT SH 
POWER NPN 
669 EACH. 

AD161 /162 PNP 
M/P COMP GERM TRANS. 
OUR LOWEST PRICE OF 

75p PER PAIR 

SILICON PHOTO TRANSISTOR 
TO-18 Lens end NPN Sim. to 
BP x 26 and P21. BRAND 
NEW. Full data available. 
Fully guaranteed. 
Qty. 1.24 25.99 100 up 
Price each 499 449 Sep 

JUMBO COMPONENT 
PARS 

MIXED 
ELECTRONIC 
COMPONER T9 

Exceptionally rood valve 
Resistors, capacitors, 
pots, electrolyties and 
colle plus many other 
useful items. Approxi- 
mately EMMA In weight. 
Price Incl. P. 8 P. 21.66 
only. 

FULL RANGE 
ZEBRE DIODES 
VOLTAGE RANG 
2-33V. 400mV 
Case) 12p ea. 104 
Hat) 18p ea. 10W 
Stud) 82p ea. Al 
tested 5% tot. 
marked. State r 

required. 

10 amp POT" 
BRIDGE RECT' 

on heat sin) 
100191/. 99p e 

NEW LINE 
Plugo Encapsular 
2 Amp. BRIDGE F 

60v RES 86 
100v RM8 40 
200v RHO 46- 
400v RAW 50 
Size 18 mm x 

UNIJUICTIO 
UT48. Eqvt. 2 
Egvt. TI843. BE 
30D each, 25-9 
100 UP 28.9. 

CADMIUM C 

ORP12 48p 

GENERAL PUR 
NPN SILICON NSf 
DSG TRANS. 
Bill. TO 21/708/8 
27/28/96A. A.I.I 
devices no open o 
circuits. AL80 A 
ABLE in PNP 8 
2242906, BCY70. 
ordering please 
preference NPN o 

20 
60 

100 
600 

1000 

For 
For 
For 
For 
For 

OIL. G.P. DIOD: 
300mW 3( 
4OPIV(Mlo,) 10( 
Sub -Min. 50( 
Full Tested 1,00( 
Ideal for Organ B- 

TRIACS 
VBOM 2A 6A 

T66pOp.6 TO-66 
Sp 

100 88 66 
200 66 86 
400 77 88 

DIA06 
FOR USE 
TRIACB 
BR100 (D32) 861 

FREE 
One Sop Pak of 
own :hike tree 
orders valued S4 o 

BRAN:) NEW I 
GERM. TRANOI 
Coded and goai 
Pak No. 
T1 203713 
T2 D1374 
T3 D1216 
T4 2á381T 
T5 20382T 
T6 20344B 
T7 20345B 
T8 20378 
T9 20399A 2 
T1O 201417 

All 662 each p 

272060 NPN SIL. 
TRANS. CODE 
TEXAS. Ohr pri, 
each. 

120 VCR NIXIE Dl 
TRANSISTOR. 
BOX21 h C407, 1 

FULLY TESTED 
CODED ND 120 
199 each. TO.5 
25 up 17p each. 

F. E.T.'S P.E. Organ. Metal 
2243819 319 2243820 555 2243821 39p 2713823 31p Eqvt. ZTX300 61 
2246468 369 2245459 44p BFW10 65p MPF105 41p Any Qty. 

SILICON RECTIFIERS 
PIV 300mA 750mA 1 Amp 1.6 Amp 3 Amp 10 Amp 30 A 

(DO 7) (SO 16) Plastic (SO 16) (80 I;) (SO 10) (TO 
50 0.06 0.08 1244001 0 06 008 O18 091 O f 

100 0.06 0.07 1244002 0 06 0.10 0.17 028 0-I 
200 0.08 040 1244003 007 012 022 026 11-( 
400 0.08 0.16 1244004 0.08 0.15 090 0.88 ó1-1 
600 0.09 0.17 1244005 0.10 0.18 0.86 0.46 11-f 
800 0.12 049 1244006 041 0-00 0.88 0.66 624 

1000 014 0.80 1244007 312 026 0.48 0.66 12-1 
1200 0.86 0.80 0.68 0.76 13-0 
All Stud Silicon Rectifiers are available In reverie Polarity, i.e., Stud being An 
When ordering Stud Anode type, please request 'Reverse Type. 

COMPONENT SHOP NOW OPEN WITH A WIDE IS BALDOCK STREET (A10), WARE, HERTS 

OF ELECTRONIC COMPONENTS AND ACCESSORIES AT TEL. (STD 0920) 61593. 
OPEN MONDAY TO SATURDAY 9 a.m. to 5.30 pat 

COMPETITIVE PRICES - ALL PRICES INCLUDE VAT 
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-the lowest prices! 
74 Series T.T.L. I.C'S 

EI -PAK STILL LOWEST IN PRICE FULL SPECIFICATION 

GUARANTEED. ALL FAMOUS MANUFACTURERS 

8N7400 
8N7401 
SN7402 
5N7403 
BN7404 
8167405 
8617406 
8747407 
8N7408 
BN7409 
8617410 
8N7411 
8N7412 
BN7413 
16617416 
8617417 
8747420 
8N7422 
8N7423 
8617426 
8617428 
8N7427 
6747428 
BIY7430 
8N7432 
817433 
8167437 
5747438 
8N7440 
8N7441 
8N7442 
5147443 
8N7444 
5747446 
8N7446 
8N7447 
8N7448 
8617450 

0.18 
018 
018 
018 
048 
0-18 
039 
0.39 
080 
080 
0.18 
088 
0-39 
0.32 
048 
048 
0.18 
055 
056 
066 
050 
0-50 
055 
0-18 
0-50 
0-76 
0.70 
0.70 
0.18 
0.74 
0.64 

/120 
/180 
51-08 
1120 
1110 
8110 

018 

25 
017 
0.17 
0.17 
0.17 
0.17 
0.17 
0.84 
0.34 
0.19 
0.19 
917 
0-27 
0-34 
031 
0.44 
044 
0.17 
0.53 
0.58 
0.63 
0.48 
0.46 
0.63 
0.17 
0.48 
0.73 
0.68 
068 
0.17 
0.71 
0.n 

5115 
1115 
1195 
1115 
1107 
5107 

0'17 

100+ 
018 
0.18 
0-18 
0.18 
0-18 
048 
0.31 
0.81 
0.18 
0.18 
0.18 
088 
0-31 
0.30 
042 
0-42 
0-18 
0.50 
060 
0-60 
0.44 
0-44 
0.60 
0.18 
0.44 
0.70 
0-66 
085 
0-18 
0.84 
0-64 

1110 
11-10 
1190 
1110 
0.05 
1105 

0'18 

8747451 
8747453 
8617454 
ON7460 
8617470 
8N7472 
8N7473 
BN7474 
8N7476 
8N7476 
5677480 
8N7481 
BN7482 
1017483 
8617487 
8N7485 
8677486 
8617489 
8N7490 
8N7491 
817492 
017493 
81147494 
8N7495 
8617498 
8N74100 
8N74104 
8N74105 
81474105 
8N74107 
BN74110 
86174111 
8N74118 
8274119 
86174121 
B074122 
BN74123 
BN74141 

0.18 
0.18 
0.18 
018 
0-32 
0-32 
041 
041 
0.50 
0.44 
0-74 

1130 
0.98 

/1.20 
11.10 
1360 

0-36 
100 

0-74 
/1.10 

0-74 
0.74 
0.86 
0.86 
0.98 

5150 
1107 
51 07 
1107 

0.44 
0-60 

1138 
1110 
5160 

0.50 
1150 
1300 

0.85 

25 
0.17 
017 
0.17 
0.17 
089 
089 
0.39 
0.89 
0-48 
043 
0.n 

1126 
0.96 

1116 
1106 
03-40 

0.34 
13.76 

0.71 
11.06 

0.71 
0-71 
0.82 
0.82 
493 

1146 
11-04 
1104 
5104 

0.42 
0.55 

1187 
1105 
1140 

0 48 
11 45 
1290 

0.82 

10+1 
0-18 
048 
0-18 
018 
087 
087 
0.36 
0.36 
0-48 
0.42 
0.64 

1120 
0.94 

51.06 
1100 
1330 

0.33 
5360 
0'84 

11 00 
0-84 
0.64 
0.76 
0 75 
088 

1140 
1100 
11 00 
/1.00 
0 40 
050 

11-21 
1100 
5130 

0.45 
1140 
1280 

0-79 

1 25 100+ 
81474145 61.86 11.56 6145 
08174150 0290 1280 1270 
87474151 6140 1106 6100 
07474153 6130 1120 11.10 
87474124 1198 1100 1175 
87474156 1150 11.46 1136 
8^174156 1150 51.45 1135 
8N74157 12.00 11.90 1180 
8 N74160 1210 1200 11.90 
81474161 1210 1200 41.90 
8N74162 14-40 116 1385 
81474163 1440 14.15 13.85 
0074184 1220 1210 12-00 
57474165 12 20 110 1200 
8N74166 1320 53-10 13-00 
81474174 12.50 1240 12'30 
8074175 1175 11.86 11.55 
81474176 1186 1176 1186 
8N74177 1186 11-75 11.66 
8N74180 1160 1140 1130 
8N74181 1800 1460 14.00 
8 N 74182 12.00 1190 1175 
88174184 6920 110 1300 
8174190 1216 1210 1200 
8174191 0216 52.10 12'00 
8 N74192 12-15 5210 1200 
81474193 1246 12-10 12.00 
8N74194 5298 1288 1275 
81474195 1200 1196 1190 
81474196 1195 11 90 1186 
81474197 1195 1190 5185 
87474198 15.00 1476 0'50 
0N74199 1800 54.76 04.60 
Devices may be mixed to qualify 
for quantity price. (TTL 74 Series 
only) data le available for the 
above series of 1.0.'s in book form. 
Prise 35e 

NOW WE GIVE YOU 50w 
PEAK (25w R.M.S.) PLUS 
THERMAL PROTECTION! 
The NEW AL60 Hi -Fi Audio 
Amplifier FOR ONLY £3.95 

Max Heat Sink temp. 90 °C. 

Frequency Response 20He 
to 100K1is 
0.1% Distortion 

wt at 
better than 1°., 

Supply voltage 10-36 volts 

Thermal Feedback 
Latest Design Improvements . 
Load --3, 4, S or 18 ohms ' ga 
Signal to noise ratio 800 

0, Overall size 63mm x 
106mm .. 13mm 

a 83 

Especially designed to a strict specification. Only the finest compo- 
nents have been used and the latest solid state circuitry Incorponated 
in this powerful little amplifier which should satisfy the most critical 
A.F. enthusiast. 

FULLY BUILT - TESTED and GUARANTEED 

STABILISED POWER 
MODULE SPM80 £3.25 

ÁP80 le especially designed to power 2 of the ALSO Amplifiers. up to 
15 watt (r.m.s.) per channel simultaneously. Thin module embodies the 
latest components and circuit techniques incorporating complete abort 
circuit protection. With the addition of the Mains Transformer MT80, 
the unit w111 provide outputs of up to 1.5 amps at 35 volta. Sise: 
63 mm x 105 mm x 20 mm. These unite enable you to build Audio 
Systems of the highest quality at a hitherto unobtainable price. Also 
ideal for many other applications including: Disco System., Public 
Address, Intercom Unite, etc. Handbook availeble, 10p. 

TRANSFORMER BMT80 £2.15 p. Et p. 25p 

INTEGRATED CIRCUIT PAKS 
Manufacturers "Fall Outs" which Include Functional and Part-Functional Units. These am classed as 'out -of- 
spec' from the maker's very rigid specifications. but are Ideal for teaming about I.C's and experimental work. 

Pak No. Contents Price Pak No. Contents Price 

U1C00-12f 7400 
UICOl -12 x 7401 

0.66 
0.66 

UIC48=6 x 7446 
UIC48=6 x 7448 

0.55 
055 

UICO2-12 x 7402 0.66 UI060-12 X 7460 0 55 
UIC03-12 x 7408 0-66 UI361-12x7461 066 
UIC04=12 x 7404 0.66 U1063=12 x 7453 O55 
131005 -12 x 7406 0'S6 UI064-12 x 7464 66 

UIC08-8 x 7408 0-66 UIC80-12 x 7460 e 55 
UI007 -8 x 7407 0.66 UI070-8 x 7470 056 
UIC10-12 x 7410 0.66 UI072-8 x 7472 0.56 
1T1C20-12 x 7420 0-65 U1073 -8 X 7473 055 
UIC80-12 x 7430 0.56 U1074.-8 x 7474 055 
U1040-12 x 7440 0.66 UiC78-8 x 7478 0.55 
111041 -5 x 7441 0.66 UIC80-6 x 7480 055 
U1043 -5 X 7442 0-66 UIC81-6x7481 0.55 
131C43 -5 x 7443 0-66 UI(/82-5 x 7482 0-55 
U1044 -5 X 7444 0.66 131083-6x7483 065 
13IC46-6 x 7446 0.66 UIC86=6 X 7488 056 

Pak No. Contents Price 

UIC90-6 x 7490 
UIC91=6 x 7491 
131092 -6 x 7492 
UIC93-5 x 7493 
UIC94 =5 x 7494 
UI095 =5 x 7495 
U1098 =6 x 7496 
UIC100=6 x 74100 
UIC121=6 x 74121 
UIC141-6 X 74141 
U10151 -5 x 74161 
U10154 -5 X 74164 
UIC193-6 x 74193 
UIC199-6 x 74199 

065 
055 
065 
0.55 
0.65 
0-65 
056 
0.65 
0'55 
0.66 
0.65 
0.66 
0.55 
0.65 

1310X1 -25 Assorted 74's 1.56 

Pack. cannot be split, but 25 assorted pieces (our mix) la available as YAK UIC X1. 

LINEAR I.C.'s-FULL SPEC. 
Type No. Case 1 25 100+ 
72702 DIL 1 0 60 0 48 0 46 
72709 DIL 1 0 36 0 33 0 30 
72710 Inh 1 045 043 040 
72741 DIL 1 0 88 0 35 
727410 TO-6 0 46 0 43 0 40 
72741P DIL 0 38 0 38 0 34 
72748P DIL 0 38 0 88 084 
8L201C TO-5 0 60 0 46 0 40 
BL701C TO-5 0 60 0 46 0 40 
5L7020 TO-6 0 50 0 45 0 40 
TAA283 TO-72 0 80 0 70 0 80 
TAA293 TO-74 1 1100 0 96 0 90 
TAA360A TO-6 1 86 DI 80 51 70 
µA703C TO-6 088 088 0 24 
yA7(19C TO-5 0 36 0 33 0 30 
yA711 TO-5 1 0 45 0-43 0 40 
ZN414 TO-18 S1 20 - 

DTL 930 SERIES 
LOGIC I.C's 

BP930 
BP932 
BP933 
BP936 
BP936 
BP944 
BP945 
BP948 
BP948 
BP951 
BY982 
BP8093 
BP90(14 
BY9(1(17 
Bp9099 

0.16 
048 
0-18 
0-16 
0.18 
018 
0.30 
0.15 
0.30 
0.70 
015 
045 
0 45 
0.45 
045 

25 100+ 
0.14 0.13 
0.16 0.14 
0.16 0 14 

0.16 044 
0.15 0.14 
0.16 0.14 
088 085 
0.14 0.13 
088 086 
065 0-60 
014 013 
043 0' )0 
043 040 
043 040 
0.43 040 

3 TERMINAL POSITIVE 
VOLTAGE REGULATORS 
To3 Plastic Encapsulation 0/P 1.6 Amps. 
y47806 6V (Equiv. to MVRSV) 6178 
uA7812 12V (Equiv. to MV R12V) s1.78 

BI-PAK 
CATALOGUE & LISTS 
Send S.A.E. and 10p 

DUAL -IN -LINE 
SOCKETS 
14 A 16 Lead Sockets for use with 
DUAL -IN -LINE I.C's. TWO Ranges 
PROFESSIONAL a NEW LOW COOT. 
PROF. TYPE No. 1 -24 22 -99 100up 
TBO 14 pin type Up 30p 270 
T80 16 38p 36p 320 
T80 24 pin type 75p 70p 68p 
BPS 8 pin type 15p 130 11P 
LOW COOT No. 
BPS 14 16p 14p 12p 
BPS 16 17p 15p 13p 

STEREO PRE -AMPLIFIER 
TYPE PA100 
Belli to a specification and NOT a price, and yet still the greatest value on the market, 
the PA100 stereo pre- amplifier has been conceived from the Retest circuit techniques. 
Designed for use with the AL50 power amplifier system, this quality made unit 
Incorporates no less than eight silicon planar transistors, two of these are specially 
selected low noise NPN devices for use In the input stages. 
Three switched stereo input., and rumble and scratch filters are features of the 
PA100, which also has a STEREO /MONO switch, volume, balance and continuously 
variable base and treble controls. 

SPECIFICATION: 
Frequency response 20Hs -20kH. ±14B Bass control 
Harmonic distortion better than 0íq Treble control 
Inputs: 1. Tape head 185mV into 60E01 Filter.: Rumble (high pus) 

2. Radio, Tuner 36mV into 50E11 Scratch (low pus) 
3. Magnetic P.U. 1-5mV into 50K11 Signal /noise ratio 

All input voltages are for an output of 260mV. Input overload 
Tape and P.U. Inputs equalised to RIAA curve Supply 
within ±1dB from 20Hz to 20kHz. Dimensions 

SPECIAL COMPLETE KIT COMPRISING 2 AL50's, 
I SPM80, I BMT90 & I PA100 ONLY L25.30 FREE p.&p 

f 16dB at 2011s 
±1MB at 20kHz 
100 Hz 
OkBi 
better than +65dB 
+26dB 
+36 volts at 20mA 
292 x 82 x 35 mm 

only £1315 

N UMERICAL 
INDICATOR TUBES 

Type Description 
3015F Minitran 7 Segment 

Indicator .. £1 50 
MAN 336 L.E.D. 7 Segment 

Display 0.127 High 
Character... . 1190 

CD 66 Bide Viewing 'Nixie 
Type Tube 16 mm. 11 87 

CH 118 Side Viewing 'Nixie 
Type' Tube 13 mm. 1170 

TEAK VENEERED 
CABINETS for: 

STEREO 20 
TC 20. E3.95 p &p 30p 
MK 50 KIT 
TC 100. £6.50 p &p 30p 

E.M.I. LEK 350 Loudspeaker 
System Enclosure kit in teak 
veneer, including speakers. 
Rec. retail price E45.50 per 
pr. OUR SPECIAL PRICE 
£35.50 per pair P. b P. El. 
ONLY WHILE STOCKS LAST! 

The STEREO 20 
The 'Stereo 20' amplifier le mounted, ready wired and 
tested on a one -piece chassis measuring 20 cm. x 
14 cm. X 5.5 cm. This compact unit cores 
complete with on /off switch volume control, 
balance, bees and treble controls, Trans- 
former, Power supply and Power amps. 
Attractively printed front panel and match- 
ing control knobs. The 'Stereo 20 haz beer., 
designed to 0k Into most turntable plinth, ,;..- 
without Interfering with the mechanism m, 
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. Baas control ±12dß at 60Hz 
typically 025.0 at 1 watt. Treble Con. f 14.45 f11dB at 14kHz. 

ALIO/AL20/AL30 AUDIO 
AMPLIFIER MODULES 

The ALIO, AL20 and AL30 unite are 
similar in their appearance and In their 
general 
election of the plastic 

However, 
devicce power has 

resulted In a range of output powers from 
3 to 10 watts R.51.8. 
The versatility of their design makes them 
Ideal for use in record players, tape recorders, 
stereo amplifiers and cassette and cartridge 
tape players in the car and at heure. 

Parameter Conditions Performance 

HARMONIC DISTORTION Po =3 WATTS f =1KHz 026°6 

LOAD IMPEDANCE - 8-160 

INPUT IMPEDANCE f =1KHs 100 k42 

FREQUENCY RESPONSE ± 3dB Po =2 WATTS 50 Hz -25K11z 

SENSITIVITY for RATED O/P Vs -25V. R1 =811 f -1KHz 75mV. HMS 

DIMENSIONS - 3- x2 {-xl" 

FRONT PANEL, 4 knobs, Headphone Socket, 
on/off switch and neon for PÁ100 /MK60. FPK100 
12.95. 

TRANSFORMERS 
T481 (Use with AL10) 2.148 P. a P. 15p. 
T538 (Use with ALSO) 11.98 P. a P. 15p. 
BMT80 (Use with AL30 a AL501 115 

P. a P. 25p 

POWER SUPPLIES 
PS 1.2. (Use with ALLO a Al.oui 88p 
8Pß1 8O. (Use with also AL30 a AL50) £325 

The above table relates to the ALI.. ALTO and AL30 modules. The. following table 
outlines the differences in their working conditions. 

Parameter 41.10 AL20 ALSO 

Maximum Supply Voltage 25 30 30 

Power output for 2% T.H.D. 
(EL -811 ( -I KHz) 

PRICE 

3 watts 
REO Min. 

1220 

5 watts 
RON Min. 

12 59 

10 watt. 
rtMS Min. 

£3 3 

PA 12. PRE -AMPLIFIER SPECIFICATION 
The PA 12 pre -amplifier has teen designed to match into 
most budget ateeco systems. It is compatible with the 
AL 10, AL 20 and AL 30 audio power amplifier. and it 
can be euppried from their associated power supplies. 
There are two etereo inputs, one has been designed for use 
with Ceramic cartridge while the auxiliary Input oil . 

suit moot tMagnetic cartridges. Full details are given In 
the specification table. The four PRICE 
controls are, from left to right: 
l olume and on/off switch, balance, 
bass and treble. Sloe 152mm x 
84mm x 35mm 

FRONT PANELS FP12 with knobs £1.20 
£4.35 

Frequency response- - 
20Hz -50K Hz ( -3dB 

Base control- 
± 12dB at 60H 

Treble control- 
±14dB at 14KHz 

Input 1. Impedance 
1 Meg. ohm 

Sensitivity 300mV 
tlnput 2. Impedance 

30 K ohms 
Sensitivity 4mV 

All pr firs inclusive of V.A.'''. Giro No. 388 - 7006 
Please send all o: ders direct to warehouse and despatch department 

DI-PAK 
P.O., BOX S,. WARE HERTS 

Postage and packng add I I p. Overseas add extra for oorme,). 
M,e,r,.m order SIP. Cash with order please. 

Guaranteed Satisfaction or Money Back 
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A smart miniature 
case in tough, rigid, 
high -gloss black 
ABS. Front panels 
in either aluminium 
or white PVC /Steel. 
Built -in slots for PC 
cards, dividers, or 
screens. Chassis or 
PC boards can be supported on "P" 
clips for internal pillars. Excellent 
as encapsulation boxes. 

M2 65mm X 100mm X 50mm 2-}" X 3" X 2" 
M3 100mm X 130mm X 50mm3a" X 5' X 2" 
Prices include P. & P. and VAT. 
Also available less panel and screws. Prices correct to May 31. 

AMTRON 
VENTILATED 
METAL 
CASES 

AMTRON METAL CABINETS 
GIVE EXTRA VENTILATION 
Ideal for Stabilised Power Supply 
Units. A lightweight case with 
perforated sides and top. The front 
panel is of heavy -gauge anodised 
ali. The top, bottom, sides and back 
interlock, secured by four screws. 
The front frame is a clever mould- 
ing holdibg the panels, allowing 
for four hidden fixings for a 
chassis if required (not supplied). 
Integrally moulded front feet also 
form the mounting for the tilt 
support which is standard with 
this matt blue painted case. 

BRADR4D-^' 
DRILLING AND 

DEBURRING 

TOOL 

One ON 10 off 
47p 40p 
63p 55p 

Less for quantities. 
Min. order£1. 

1 off, incl. 
feet tilt, 

es. VAT and 
Height Length Depth Code P. & P. 

120mm 284mm 138mm 00/3009 -00 £6.40 
120mm 224mm 138mm 00/3009 -10 £5.61 
120mm 284mm 188m 00/3009 -20 £707 
Less for quantity. Prices correct to May 31. 

B RADRAD DRIWNG & DEBURRING 
TOOL equals eleven drills. One cut 
drills and deburrs the normal run of steels, 
aluminium, brass. copper and all types 
of plastics, perspex fibreglass, etc.. and 

hardboard should the need arise it is 

designed to overcome all the problems 
associated with drilling thin materials - 
it drills interlocking holes for instance. 

in g" steps or 6-36mm in 3mm 
steps. Both with I" shanks £175 
Also 1f' -2f" and 36 -80mm £27.88 

QMAX 
METAL PUNCH 

O.MAX PUNCHES 

e" £1.18 
I" or 

r 
g" £138 

o £1.47 
41" 1" 1}" 

£1.88 
1-1-" £2.20 

Prices correct to May 31. 

Available in 

21-gauge 

V 
[OUTIL sin sizes in 21- gauge ` 

Zintec with blue Acrylic 
texture. Front panels 

white ZIntec steel or 

PVC/Aluminium. 

TEXTURED 
CASES 

Width Depth Height No. 
7" 5" 5" 755 
8 6 7 867 
9 7 5 975 

12 7 7 1277 
12 7 7 1277 
16 12 7 16127 
19 10 10 191010 

ADEL 
NIBBLING TOOL 

ADEL 

The Adel cuts holes of virtually any 

shape and site starting from a 

hole, cutting cleanly like a punch and 

die. Ideal for notching clearances on 

flanges of cabinets or chassis £676. 
All prices include P. & P. and VAT. 

Extra for 
Case cost ali. panel 

£5.59 23p 
£6.12 19p 
£6.12 19p 
£6.73 18p 
f5.56 unpainted 
£9.55 50p 

£13.17 - 

C O N TI L 

MOD 2 

Less for quantities. 
Prices include steel 
panel with feet and screws. P.& P. a nd VAT. 

Prices correct to May 31 

The design of these cases permits the instrument 
to be built or serviced within their external panels. 48 shapes. 
Low cost. Blue PVC /steel with white PVC -coated aluminium panels. 
Width Height Depth 
A 4.5" 3" 6.5" 
B 4.5" 7" 6.5" 
C 4.5" 10" 6-5" 
D 9" 3" 6.5" 
E 9" 7" 6.5" 
F 9" 10" 6.5" 
G 13" 3" 6.5" 
H 13" 7" 6.5" 
I 13" 10" 6.5" 
J 18" 3" 6.5" 
K 18" 7" 6.5" 

1 off Width 
£3.17 M 4.5" 
£3.91 N 4.5" 
£432 O 4.5" 
£432 P 9" 
£4.79 Q 9" 
£5.52 R 9" 
£4.79 S 13" 
£5.52 T 13" 
£6.07 U 13" 
f552 V 18" 
£739 W 18" 

L 18" 10" 6.5" 0395 X 18" 
Woodgrain :DCd£4.79,E &G(&£52,H@£6.07. 
Prices include screws, rubber feet. one or two chassis according to size, and P. & P. and VAT. 

Height Depth 
3" 13" 
7" 13" 

10" 13" 
3" 13" 
7" 13" 

10" 13" 
3" 13" 
7" 13" 

10" 13" 
3" 13" 
7" 13" 

10" 13" 

Prices correct to 
May31. WEST HYDE 

1 off 
£3.91 
£479 
£6.07 
£4.79 
£607 
f739 
£6.07 
£739 
£8.95 
£739 
£895 

£1070 

WEST HYDE DEVELOPMENTS Ltd, Ryefeld Cres., Northwood Hills, Northwood, MiddxHA61NN. 
Tel: Northwood 24941/26732 Write or phone for new free catalogue. Telex: 923231 

WW -113 FOR FURTHER DETAILS 

Branchas BOLTON COVENTRY 
SUNDERLAND STOCKPORT 
DONCASTER & PRESTON 

BIRMINGHAM 30 -31 Gt. Western Arcade 
(Closed Wed.) Tel.: 2361279 

BOLTON 23 Deansgate 
(Closed Wed.) Tel: 33512 

BRADFORD 10 North Parade (Closed Wed.) 
COVENTRY 17 Shelton Square The Precinct 

(Closed Thurs.) Tel : 25983 
DARLINGTON 19 Northgate (Closed Wed.) 
DERBY 97 St. Peter's Street 

(Closed Wed.) Tel.: 41361 
DONCASTER 3 Queensgate, Waterdale 

Centre. (Closed Thurs.) 
EDINBURGH 101 Lothian Road (Closed Wed.) 
GLASGOW 328 Argyle St. (Closed Tues.) 
HULL 7 W hitefrlargate (Closed Thurs.) 
LEEDS 5 -7 County (Mecca) Arcade, Briggate 

(Closed Wed.) Tel. 28252 
LEICESTER 32 High St. (Closed Thurs.) 
LIVERPOOL 73 Dale St. (Closed Wed.) 
LONDON 238 Edgware Rd., (Closed Thurs.) 
MANCHESTER 60a Oldham St.(Closed Wed.) 
MIDDLESBRO 106 Newport Rd (Closed Wed.) 
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ebe HI-FI CENTRES LTD 
MAIL ORDERS to: 

106 HENCONNER LANE, LEEDS 13. 
Term. C.W.O. or C.O.D. Postage 28p extra 
under £2. 33p extra over £2, or as stated. 
Trade supplied. B.A.E. with enquiries. 

EXPORT ENQUIRIES WELCOMED 
BRANCHES OPEN ALL DAY SATURDAYS 

AND OPERATE A 5 -DAY WEEK 
MAIL ORDERS NOT TO BE SENT TO SHOPS. 

NEWCASTLE -ON -TYNE 24 Newgate 
Shopping Centre Grainger St. (Closed Wed.) 

NOTTINGHAM 19 Market St. (Closed Thurs.) 
PRESTON 41 Frlargate Walk, St. George's 

Shopping Precinct. 
SHEFFIELD 13 Exchange St. (Closed Thurs.) 
STOCKPORT 8 Little Underbank Tel, 480 0777 

(Closed Thurs.) 
SUNDERLAND 5 Market Square (Closed Wed.) 

ALLPRICES INCLUDE VAT MATERIALGUARANTEES 1 yr. 
ALL ITEMS SUBJECT TO AVAILABILITY. PRICES CORRECT AT 19.4 -74 E. .e 0.E. 

HUGE DISCOUNTS ON LEADING BRAND HI -FI 
AKAI TAPE UNITS Rec. Price 
GXC 36D £7695 £11275 
GXC 38D £9995 £13990 
GXC 36 £89.95 £12550 
GXC 40T £135.95 £189.50 
GXC 46D £11495 £160.50 
GOLDRING GL72 T /Table & PU with G800 approx. val. £4730 £2995 Carr. 75p 
GOLDRING GL75 T/Table & PU with G800 approx. val. £6720 £3495 Carr. 85p 
TURNTABLES with MAGNETIC CARTRIDGE, PLINTH & COVER 

GARRARD SP25 MKIV with G800orG850 SPECIAL PRICE £1995 Carr. £1 
MACDONALD MP60 with G800 or 850 SPECIAL PRICE £1895 Carr. £1 
GARRARD AP76 with G800 SPECIAL PRICE £28.95 Carr. £1 
GOLDRING GL75 with G800 SPECIAL PRICE £3995 Carr. £1 

WHARFEDALE 150 DYNAMIC H /PHONES £17.95 (List Price £24.05) 
WHARFEDALE DENTON SPEAKERS £3195 Pair (List Price £4309) 
WHARFEDALE LINTON SPEAKERS £3895 Pair (List Price £5335) 
LEAK 150 LOUDSPEAKERS £3195 Pair (List Price £51.30) 
LEAK 250 LOUDSPEAKERS £42.50 Pair (List Price £6086) 
LINEAR 202 10 + 10 Watt AMPLIFIER £2475 (List Price £39.93) Carr. 45p 
WHARFEDALE DENTON TUNER AMP. £5995 (List Price £9500) 

Low Deposit Terms over 8 Months. Prices correct at 19.4.74. 

Rec. Price 
GXR 82D £8995 £124.90 
4000 DS £9595 £13250 
1721 L £8695 £12075 
CR 81D £69.95 £8410 

£1 Carriage All Akai Models 

FANE ULTRA HIGH POWER LOUDSPEAKERS 
Power Rating R.M.S. continuous. 2 years guarantee. Carr. free 

12" `POP' 50 w52,, 15" 'POP' 60 Z. 18" 'POP' 100 wt. 
£12.99 iE IE 1 6.95 Ga £29.70 ä: 

Or Dep. £195 and 8 monthly Or Dep. £'2 17 and 8 monthly Or Dep. £3.80 and 8 monthly 
payments £1.71 (Total 21563) payments £2.17 (Total £1953) payment- £3.80 (Total £34.20) 
Pair suitable for all purposes . SUITABLE FOR BASS GUITAR, ELECTRONIC ORGAN, etc. 

FANE SPEAKERS `POP' 25/2 
12" 30 WATT 

£8.9 
Dual Cone. 15 ohms 

9 
NOT for Base Guitar. 
Terms for Pair 

Dep. £2,80 and rl monthly 
,s.,;h payments LL2 50 (Total £21.201 

R.S.C. MAINS TRANSFORMER 
FULLY GUARANTEED. Interleaved and Impreg- 
nated where necessary. Primaries 200 -260v. Hs 50. 
Screened MIDGET CLAMPED TYPE 29 x 89 x 8 }in. 
250v., 60mA, 6.3v. 2e £1.10 
250- 0- 250v., 60mA, 6.3v. 2a £1.16 
FULLY SHROUDED UPRIGHT MOUNTING 
250.0.250v. 60mA., 6.3v. 2a., 0- a -6.sv. 2e £1.55 
250.0 -250v. 100mA, 0.3v. 4e., 0.5 -6.3v. 3e £2.45 
300.0 -300v. 130mA, 6.3v. 4a c.t., 6.3v la 

For Mollard 510 Amplifier £2.95 
350.).360v. 100mA., 6.3v. 4e., 0- 5.6.3v. 3e £2.45 
350.0 -250v. 150mA. 6.3v. 4a., 0.5 -6.3v. 3a £2.95 
425 -0.425v. 200mA, 6.3v. 4s. c.t., 5v. 3a 5545 
425.0.425v.200mA, 6.3v 4a..6 3v. 4a, 5v. 3a £5.60 
450- 0.450v. 250mÁ. 6.3v. 4a., at., 5v. 3e £6.00 
TOP SHROUDED DROP- THROUGH TYPE 
250 -0.250v 70mA, 6.3v. 2a., 0- 5 -6,3v, Sc 
250.0.250v. 100mA, 6.3v. 3.5a 
250- e -150v. 100mA, 6.3v. 2a., 8.3v. le.... 
350- 0.350v. 80mA, 6.3v. 2a., 0- 5.6.3v. 2a 

49 
£1£1 71 
£1 75 
£1.81 

250- 0.250v. 100mA, 6.3v. 4e., 0- 5.6.3v. 3e. 52.45 
300- 0 -300v. 100mA, 6.3v. 4e., 0.5 -6.3v. 3e. £,2.45 
300- 0.300v. 130mA, 6.3v. 4a. at. 6.3v. 1a. £2.85 
Suitable for Mollard 510 Amplifier 
350.0 -350v. 100mA., 8.3v. 4a., 0- 5 -6.3v. 3a. £2.45 
350-0-350v. 150mA, 6.3v. 4e., 0- 5.6.3v. 3a. £2.85 
FILAMENT or TRANSISTOR POWER PACK Types 
6.3v. 1.5e. 55a: 6.3v. 2e. 60o; 6.3v. 3a. 85p; 
6.3v. ta. £1.45; 12v. la. 61v; 0- 9.18v. 1 1a. £1.25; 
0. 12.25 -42v. 2a. £1.95; 12v. 3e. orß4v. 1.5e. £1.50; 
CHARGER TRANSFORMERS 0.8.15v. 1 }a. £1.10; 
2ia., £1.25; la., 51.40; 5a 81.60; ga.. £1.85; 
as.. £2.20. 
AUTO (Step UP /Step DOWN) Traoatormen 
0. 110 /120v., 200. 230 -250v. 50 -80 watts £1.25; 
150w.. £2.10; 250w., £300; 500w., £6.4o 
OUTPUT TRANSFORMERS 
Standard Pentode5,000a to7,0000 to30 55p 

us Ph -Pall 8 watts EL84 to 80 or 150 .... 95p 
Past -Pull 

or 
10 -12 

150 
watts to match OVO to 3, 

55 5. 8 
Push -Pull 53.84 to 3 or 150 10.12 watts.. 

g1. 
50 

Push -Pull Ultra Linear for ?dullard 510, etc £9.45 
Push -Pull 15.18 watts, sectionally wound 

61,13 KT86, etc., for 3 or 150 £210 
Push -Pull 20 watt high quality sectionally 

wound EL34, 6L8, KT6O, eta. to S or 160 £8.655 

HI -FI SPEAKER SYSTEMS 
Audiotrine 121K. 12 in. 15 watt. 11,000 Gauss 
base unit. Cross-over unit and Tweeter. Smooth 
response and wide frequency range ensure 
realistic sound reproduction. Carr. 33p£7,95 

Audiotrlue 125K 
with extra. eemitive 15,000 Gauss E7,65 
l2 In. speaker. Carr. 39p 

HI -FI SPEAKER ENCLOSURES 
Teak veneer finish. Pleasing design. 
Acoustically Hoed. All slues approx. 
3E8 16 x 11 x 9 io. Preosur- 

L7.50 lend. Excellent resulte L7 7 
Swith 8 In. Hi -FI Speaker, 

ES for optimum results 
with any 8 in. HI -FI fó50 Speaker. la x l01 x 9 in. 
8E10 outetandiug performance withHi -F. 

10 -in. speaker. 251 x 16 x 9 in. Ported. £6.75 
SE18 for high grade results with 
12 In. HI -Fi (maker and Tweeter. £7.95 25} x 16 x 9 in. Pressurised. 7 

FANE 

8077 HIGH FIDELITY 
SPEAKER 8" 10 WATT 

t full range unit to provide excellent 
+nand quality in suitable enclosure. 
Roll P.V.C. cone surround and long 
throw voice coil to achieve very low 
fundamental resonance of 30 Ha. 
Tweeter cone extend. high note 

response. Frequency range 25. 15,000 Ha. Imp. 
3 or 8115 0 (state 

LIST PRICE 1499 £3.99 
MODEL 803T 8' 15w. with parasitic Tweeter. 
Response 25 Ha to 15 KHz. Gauae £5,50 
12.000 imp 3 or 8-15 Cl LIST £6119 

AUDIO FIDELITY 
FR1 SPEAKER KIT 
Response 3011z- 
15kHz. Rating 
Is watts In sealed 
enclosure Imp. 
8 -15 ohms. 8' 
Base Unit with 
P.V.C. Cone 
surround for ultra 
low resonance. 
Pressure Tweeter. Printed Circuit. Inductive/ 
Capacitive Cross-over. Damping Material, 
Screws, Terminal Panel,. £11 each. Carr. Free. 
SPECIAL OFFER £14.99 pr. Carr. 50p 

HIGH FIDELITY SPEAKERS 
AUDIOTRINE RANGE 
Heavy construction. Highly efficient ceramic 
magnets. Plaetiflez were surrounds. "D" or "T" 
indictee Tweeter cone providing frequency 
range up to 15 KHz. Exceptional 
performance at HF 8e8T ..8 10W £2.55 
low cost. HF 102D .10' IOW 53.30 
Please state HF 120...12' 15W 5595 
impedance HF 120D.12' 15W £6.50 
required HF 126.,,12' 15W 57.95 
3 or 8 -15 ohm. HF 126D.12' 15W £8'50 

® BARCLAYCARD 
AND ACCESS 
Holden welcome at 
any branch or phone 
your order. 
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LEMANIA AIRCREW 
CHRONOGRAPHS. Stain- 
less Steel case with screw back; 
luminous hands and markings. 
One fifth sec. sweep hand 
controlled independently 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 complete- 
ly overhauled and checked for 
accuracy. Fitted strap. White 
face £1855, Black face £1950 inc. P.&P. 

Inspection against remittance 

GS WATCHES all with brushed stainless steel case with 
screw back and black faces. Manufactured by CYMA, VERTEX. 

TIMOR, GRANA, IWC, RECORD, SMITHS etc. to a standard 
specification. We will try to meet your requirements for specific 
manufacturer and quantity orders will be of one manufac- 
turer's production. Completely overhauled. Fitted strap. 
£5165 inc. P. & P. 
We also have limited quantities of these watches by OMEGA, 
LONGINES, BUREN, JAEGER LE COULTRE at £1555 Inc. 
P. & P. 

MIL SYNCHROS AVAILABLE EX -STOCK 
In sizes 08, 11, 15, 16, 18 and 23 for 50, 60 and 400 Hz operation. 
Synchro Control Transformers 

Synchro Control Transmitters 
Synchro Control Differential Transmitters 

Synchro Torque Transmitters and Receivers 
Synchro Resolvers 

GAS CHROMATOGRAPHY RESEARCH OVEN 
P V40S11405s 
A large capacity oven of low thermal mass for use between 35 

and 350 °C. Provides a forced air circulating system yielding 
1000 changes of air per min. The oven has torced air cooled 
outer surfaces when the internal temperature is high. 210 -250V, 
50Hz. 2'6KW, £2140. (C.Pd. England and Wales for CWO). 

IONISATION AMPLIFIER PV4075 
A modern high grade low noise solid state amplifier to teed a 

potentiometer recorder. 18 input ranges from 10-13 to 5x10 -r A 

with 5 outputs of 1mV to 100mV. Linearity 0.1% f.e. Noise lese 

than 0'5% f.s. at max. sensitivity. Back off facility. Dimensions 
28 x 10 X 43 cm deep. With operating information £2750. 
(C.Pd. U.K.) 
Details of these three and other gas chromatography items are 

available -price 25p (C.W.O. only) Handbooks (complete) 
Available. 

ALL PRICES INCLUDE IO% V.A.T. 

200 -250V A.C. 
MAINS TO MAINS/27V £413 

27V 500mA D.C. DC POWER EACH 
STABILISED SUPPLY (P.Pd U.K.) 

UNIT INC. VAT 
A.C. MAINS to 27V D.C. POWER SUPPLY UNITS with 
circuit. These interesting 27v 0 5A units (will happily provide 
700mA indefinitely) are built into an attractive grey-finished 
instrument case, provision being made for base or side mount- 
ing. Cable entry grommets are mounted In the base of the 
unit. The choke capacity smoothed output Is solid state stabi- 
lised against variation in input voltage and output current, and 
input and output fuses wi h spares are fitted. The output 
operates a built -in S.P.C.O. relay to switch for instance an 
alarm circuit. There is adequate room for other equipment 
within the ventilated case, which is 12" x 10" X t- deep. 

PLESSEY GROUND BASED U.H.F. GROUNDIAIR TXIRX 
FOR EXPORT ONLY OR SALE TO LICENSED USERS. 
This equipment comprises: 
Single Channel Receiver 5820 -99- 932 -5694. 
Single Channel Transmitter 5820 -99- 932 -5698. 
Single Channel Amplifier 5820 -99- 932 -5701. 
Power Unit for Amplifier 5820 -99- 932 -5700. 
Cooler Unit 5820 -99- 932 -3995. 
These assemble into a free standing rack unit providing U.H.F. 
communications over 7250 to 399-9MHz, the TX /Amplifier unit 
giving 100 Watts R.F. output into 50 Ohms. We have sufficient 
of these units to form 12 complete Installations with s number 
of spare sub- units. All are guaranteed new and unused. Full 
details on request. 

MANUFACTURERS!! 
Metal Oxide Resistors 
(ELECTROSIL & WELWYN) 

Tantalum Capacitors 
(KEMET, ITT, PLESSEY, ETC.) 

Scientific Instruments 
Electronic Test Instruments 
Synchros and Servomotors 

ALL AVAILABLE EX STOCK! 
WE HAVE ONE OF THE LARGEST STOCKS IN THE 
COUNTRY OF INSTRUMENTS AND COMPONENTS 
MANUFACTURERS. TELEX 665265. RE AVAILABILITY. 

SPECIALIST STOCKISTS OF SERVOMOTORS, SYNCHROS, MAGSLIPS & CONNECTORS 

derupt) and 6Iedrnie c$ales 1.?Q 
Post Orders and Technical enquiries to: 24, HIGH ST., LYDD, KENT. Lydd 20252 (STD 0679) 

V.A.T. Reg. No.201- 1296 -23 TELEX 965265 
TELEX 965265 

OVER 300,000 IN STOCK! 
Multiway and R.F. Connectors 
by twenty different companies! 
Send us your detailed require- 
ments quoting Nato numbers if 
known. 'TELEX 965265. 
WE ARE ANXIOUS TO BUY Synchro Test Equipment 
manufactured by Muirhead, Singer -Gertsch etc. Test Dials, 
Dividing Heads, Bridges, Standards etc. to expand our testing 
facilities. 

TELEPRINTER PAPER. Standard rolls 1 ply E3.30 per doz. 
2 ply £3 -50 per doz. 3 ply E310 per doz. 4 ply E4.10 per doz. 
All P.Pd. U.K. 

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 309 each but as a result of a massive new purchase we can 
now offer a case of 55 (Minimum order) at E7.30 inc. P. & P. and 
V.A.T. Sample can available at 3$p inc. P. & P. and V.A.T. 
POLARAD WIDE RANGE DISPERSION SPECTRUM 
ANALYSER covering 10MHz to 40.88KMHz. Model SA 84W 
with handbook £1250 plus V.A.T. Send S.A.E. (Foolscap) for 
information. 
ETHER ELECTROMETHODS LOW INERTIA INTE- 
GRATING MOTORS. Available ex -stock at extremely low 
prices. Motors for 6, 12 and 24v. operation in stock. 
VACTRIC SIZE 23 PULSE GENERATORS (Shaft Digitizers). 
Full details and price on application. 
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 £525 post 
paid. 

R. Axial Flow Fans (with mounting) Type 6PL- 
122.331 Mk.2 tin. 2,800 r.p.m. 400v. 3ph 50Hz. New and boxed 
EIS 50 (C.Pd. U.K.). 
Also available tested and in excellent condition for 220(240v. 
50Hz at Elf 50 (C.Pd.. U.K.). 

DRY REED INSERTS 

Overall length 1.85in. (Body length 1'1 in.) Diameter 0.141n. to 
switch up to 500mA at up to 250v. D.C. Gold clad contacts 
Hp per doz.; £412 per 100; £3025 per 1,000; £275 per 10,000. 
All carriage paid U.K. 
Heavydutytype(body length 21e.) diameter 0ß21n. to switch up 
to 1A. at up to 250V. A.C. Gold clad contacts, E1.37 per doz.; 
Li SE per 100; E52ß5 per 1,000; Changeover type £275 per doz. 
All carriage paid U.K. 
Operating Magnets NP per doz.; £4.40 per 100; £31.511 per 1000. 

All carriage paid 'U.K. 
Operating Coils for 12v supply to accept up to four standard 
reels £1.80 per dcz.; £12 per 100. All carriage paid U.K. 

Z & 1 AERO SERVICES LTD. 
THE MANAGEMENT ANNOUNCES WITH REGRET THAT DUE TO RISING COSTS AND STAFF SHORTAGES 

OUR MAIL ORDER SERVICE WILL HAVE TO BE CURTAILED. NO MAIL ORDERS WILL BE ACCEPTED 

BELOW £5.00 PLUS VAT, I.E. £5.50 VAT PAID. OUR EQUIPMENT WILL STILL BE AVAILABLE TO 

PERSONAL CALLERS ONLY AT OUR RETAIL BRANCH, 85 TOTTENHAM COURT ROAD AND TRADE 

COUNTER, 44A WESTBOURNE GROVE, W2, WHERE THE ABOVE LIMIT WILL NOT APPLY, MINIMUM 
ORDER CHARGE FOR ACCOUNT CUSTOMERS IS £10.00. 

AC /DC TAUT SUSPENSION MULTIMETERS - MADE IN USSR 

U4312; 39 ranges AC /DC Volts 
and Amps Sensitivity 667 o.p.v. 
Accuracy 1/1.5% E9.75 
U4313; 31.ranges AC /DC Volts 
and Amps. Sensitivity 20.000 
o.p.v. /2.000 o.p.v. Accuracy 
1.5/2.5% f10.50 

U435; 30- ranges. 
AC /DC Volts and 
Amps. Sensitivity 
20.000 / 2.000 
o.p.v. Accuracy 
2.5/4% E8.75 

U4341; 27 -range 
multimeter. with 
AC /DC voltage 
and current cov- 
erage plus transis- 
tor tester giving 
current gain 
measurements 
from 10 to 350. 
Sensitivity 16.700/ 
3.300 o.p.v. Accur- 
acv 2.5/4% £ 10.50 

U4324; 32 ranges. 
AC /DC Volts and 
Amps. Sensitivity 
20.000/4.000 o.p.v. 
Accuracy 2.5/4% 

E8.00 

U4317. 42 raoyes AC/ 
DC Volts and Amps. 
Sensitivity 20.000/ 
4.000 o.p.v. Mirror 
scale. Transistorized 
high -speed trigger pro- 
tection. Mirror scale. 
Accuracy 1.5/2.5 %. 

E15.00. 

U4323; 22 ranges AC /DC 
Volts, DC Amps only. Sensitivity 
20.000 o.p.v. Built -in AF /IF 
oscillator. giving signal at 1KHz 
and 465KHz. Accuracy 5% 

E7.00 

OUR NEW 1973/1974 CATALOGUE OF VALVES, SEMICONDUCTORS, PASSIVE COMPONENTS AND TEST EQUIPMENT IS NOW READY. PLEASE SEND 

f0.15 FOR YOUR COPY. EXPORT PRICE LIST AVAILABLE TO BONA FIDE FOREIGN CUSTOMERS. 

Head Office: 

44a WESTBOURNE GROVE, LONDON, W.2 
Tel: 727 5641/2/3 C.A.A. Approved for inspection and 

Cables: ZAERO LONCON release of electronic valves, tubes. 
klystrons, etc. 

Retail branch (personal callers only) 
85 TOTTENHAM COURT RD., 
LONDON W.2. Tel: 580 8403 

WE WANT TO BUY: 

SPECIAL PURPOSE VALVES. PLEASE OFFER US 
YOUR SURPLUS STOCK. MUST BE UNUSED. 

TELEX 261306 

WW-114 FOR FURTHER DETAILS 
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SPECIAL OFFER 
THE 

"WIRELESS WORLD WALLCHART 
OF 

FREQUENCY ALLOCATIONS" 

PRICED 30p 
including VAT, postage and packing in a dispatch tube. 
Normal price 80p 

The chart can be purchased with a coupon worth 50p and available only in the June issue or, 
without the coupon for 80p including VAT, postage and packing in a dispatch tube. The electro- 
magnetic spectrum from 3kHz to 300GHz is scaled on eight logarithmic bands containing fifteen 
main categories of transmissions identified by colours. All the important spot frequencies are 
marked as well as "special interest" frequencies. This chart is compiled from information provided 
by the ITU and applies specifically to the U.K. and Europe. 
Cheques payable to IPC BUSINESS PRESS LTD., and should be sent to IPC ELECTRICAL 
ELECTRONIC PRESS LTD., GENERAL SALES DEPT., ROOM 1 1 , DORSET HOUSE, STAMFORD 
ST., LONDON SE1 9LU. 
THIS OFFER CLOSES JULY 1st 1974. 

TRANSISTORS 
Type Price (f) Type Price (£) 
AC107 0.35 BC148 0.12 
ACII7 0.24 BC149 0.14 
AC126 0.25 8C152 0-25 
ACI27 0.25 BC153 0-20 
ACI28 0.25 BC154 0-18 
AC14IK 0-27 BC157 0IS 
AC142K 0-19 BC158 013 
AC154 0.20 BC159 0IS 
AC176 0-25 BCI67B 0-IS 
AC187 0-25 BC168B 0-13 
AC188 0-25 BC169C 0.13 
AC193K 0.30 BC170 0.15 
AC194K 0.32 BC171 015 
ACY39 0.68 BC172 0.14 
AD140 0SO BC173 0-20 
AD142 0.52 BC176 0-16 
AD149 0.50 BC177 0.20 
ADI61 0.38 BC178 0.20 
AD162 038 BC179 0-20 
AF114 0.25 BCI82L 0-11 
AFI15 0.25 BC183 0.11 
AFI 16 0.2S BCI83L O-II 
AFI17 0.20 BC184L 013 
AFI18 0.50 BC186 0.25 
AF839 035 BCI87 0.25 
AF147 0.35 BC2I2L 0-12 
AF178 0.55 BC213L 012 
AF180 0.50 BC214L O-IS 
AF239 0.40 BC261 0.28 
AL100 110 BC263 0.25 
AL102 IIO BC300 0.58 
AL103 1IO BC303 060 
AU103 1-40 BC308 0.62 
AU110 I-10 BC309 0.15 
BC 07 0.12 BC360 0.95 
BC 08 0.12 BC433 0-36 
BC 09 0.13 BD115 0.65 
BC 09C 0-14 BD123 098 
BC 13 013 BD124 0.80 
BC 14 0.20 BD131 0.45 
BC 15 020 BDI32 0.50 
BC 16 0.20 BD135 0.40 
BC 17 0.20 BDI36 0.46 
BC 25 0-22 BDI37 0.48 
BC 26 0-20 BD138 0S0 
BC 32 0IS BD139 0SS 
BC 34 0.20 BDI40 0.62 
BC 35 015 BD234 0.75 
BC 36 0-20 BDX32 2-SS 
BC 37 0.20 BDY18 I-78 
BC 38 0.20 BDY20 099 
BC 42 030 BFI 15 0.20 
BC 43 0.3S BF121 0.25 
BC 47B 0-13 BF123 0.28 

Type Price (f) 
BF125 0.25 
BF127 0.30 
BF158 0.25 
BF159 0.27 
BFI60 022 
BFI61 0-45 
BF163 0-45 
BF167 0.25 
BF173 0.25 
BF177 0-30 
BF178 033 
BF179 0-33 
BFI80 0-35 
BFI81 0.33 
BFI83 0-44 
BF184 0.26 
BF185 026 
BFI94 OAS 
BF195 0IS 
BFI96 0IS 
BF197 017 
BF198 0-20 
BF199 0-25 
BF200 0.35 
BF222 1.08 
BF240 0-20 
BF241 0-20 
BF244 0-18 
BF256 0.45 
BF257 0.49 
BF258 0-66 
BF259 093 
BF263 070 
BF337 035 
BF596 0-70 
BFT43 0SS 
BFW I O 0-55 
BFX29 0.30 
BFX30 035 
BFX84 0.25 
BFX85 0.26 
BFX88 024 
BFY50 0.25 
BFY51 0.23 
BFY52 0.23 
BFY90 0.70 
BPX25 1-65 
BPX29 1-60 
BPX52 1.75 
BRY39 0.40 
BSY54 0S0 
BSY56 0-80 
BT106 099 
BU 105/02 1-9S 
BUI08 3.25 
BU 126 1-93 
BU204 1-98 

Type Price (£) 
BU205 I 98 
BU207 3-00 
BU208 3-IS 
BU209 2-55 
CRSI/40 0.45 
ME6001 0-16 
ME6002 0-17 
M E8001 0-18 
M1E340 0-68 
M1E341 072 
M1E370 0.65 
M1E520 0.85 
M1E521 0-95 
M1E2955 1.20 
M1E3055 074 
MPF102 0-40 
0C28 0-65 
0C36 0SS 
0C44 0- IS 
0C45 0-1S 
0070 0IS 
0071 0-IS 
0072 O-IS 
0075 0.25 
OCBI 0.25 
008 D 0-30 
0C139 0-28 
0C170 0.25 
0C171 0.30 
ON236A 0.6S 
R2008B 2.05 
R2010B 2IO 
TIP3IA 0-65 
TIP32A 0-67 
TIS43 0.30 
2N706 012 
2N706A 0-I5 
2N916 0.20 
2N918 042 
2N 1304 0-21 
2N1305 0-21 
2N2646 0.53 
2N2904 0-22 
2N2904A 0-26 
2N2905 072 
2N2926G 013 
2N2926Y 0-12 
2N3019 0.75 
2N3053 0-21 
2N3054 0-SS 
2N3055 0.60 
2N3391A 0-23 
2N3706 0IO 
2N3771 1-70 
2N3772 1 90 
2N3773 2-90 
2N3790 4-IS 

Te 
2íV3794 
2N3819 
2N3823 
2N3904 
2N3905 
2N3906 
2N4036 
2N4046 
2N4289 
2N4291 
2N4292 
2N5296 
2N5298 
2N5457 
2N5458 
2N6027 

Price (1) 
0.20 
0.35 
I-45 
0.16 
0.18 
0IS 
0.52 
0.35 
0.20 
0.18 
0-20 
0.37 
0.38 
0.30 
0.35 
0.65 

DIODES 
Type Price (f) 
AA119 0.09 
AA129 0.20 
AAZ13 0.30 
BA102 0.25 
BAI IOU 0.30 
BAI 15 0.12 

0-17 
0.17 
0-13 
0.16 
0IS 
0.25 
0.06 
0.07 
0.45 

BA 148 
BA I54 
BA I55 
BA I 56 
BA 157 
BAX 13 
BAX I 6 
BB105B 

Type 
BBIO5G 

Price (£) 
0.35 RECTIFIERS 

BRIOO 0-50 Type Price (£) 
BY100 0- IS N4001 0.OS 
BY126 016 N4002 0 06 
BY127 0I7 N4003 0.07 
BY133 0-23 N4004 0-08 
0A47 007 N4005 009 
0A81 0IO N4006 O-II 
0A90 008 N4007 0-14 0A9 0-07 N5400 0-1S 
0A95 0-07 N5401 0-17 
0A200 0-10 N5402 0.20 
IN914 0-07 N 5403 0-22 
IN4148 0-05 N5404 0-25 
IN4448 0-10 N5405 0-27 
1S44 0-07 N5406 0-30 

ZENER DIODES 
(400mW) (I WATT) 
I2p each 18p each 

3-0V -33V 3.3V -100V 
(STANDARD VALUES) 

MINIATURE 
BRIDGE RECTIFIERS 
PIV 2A 4A 6A 
50V 0-35 0-38 0-43 

I00V 0-38 0-43 0-49 
200V 0-41 0-48 0.60 
400V 0-45 0-60 0-71 

INTEGRATED CIRCUITS 
Type Price (£) Type Price (1) 
CA3065 190 TBA540 2-20 
MCI3IOP 2-94 TBA540Q 2-21 
MCI351P 0-75 TBA550Q 3-29 
MC1358PQ 1-80 TBA560C 2-71 
MC3051P 0-58 TBA570 1.17 
TAA300 1.46 TBA673 1-80 
TAA320 0-94 TBA700 I-90 
TAA350 1.54 TBA720Q 2-20 
TAA450 1-85 TBA750Q 1-54 
TAA570 1-39 TBA800 1 -75 
TAA630Q 3-29 TBA920Q 3-29 
TAA700 3-30 TBA990 3-29 
TAA840 1-64 TBA990Q 3-29 
TAD 100 1-42 TCA270Q 3-30 
TBA240A 0-88 SL917B 3-80 
TBA480Q I-24 PA263 1-63 
TBA520Q 2-72 ZN414 I-2S 
TBA530 1-98 MFC4060A 0-70 
TBA530Q I -98 709C(T099) 0.45 

"SCORPIO" IGNITION KIT 
Modified version of this well -known 
ignition system with radio suppres- 
sion, etc. Complete with p.c.b. box, 
connectors and full fitting instructions. 

only CIO- 00 

THIS MONTH'S SPECIAL OFFERS: 
TAA550 i.c. I + 49p 25, 4Sp 

100+ 41p 500+ 38p 
PAL Chroma Delay Lines: 

Type DLI LI.40 
Type DLIE LI.65 

RCA (UK) Deflection & Convergence 
Coils (19 in.) [4.85 

PLEASE ADD 10% FOR V.A.T. 
P. & P.: U.K. L0-07 PER ORDER 
OVERSEAS AIR MAIL 

L0.70 PER ORDER 
All items advertised ex -stock on 
magazine copy date. All prices subject 
to availability. Please send S.A.E. 
for lists. 

EAST 
CORNWALL 
COMPONENTS 
CALLINGTON, 
CORNWALL, PLI7 8PZ 



Wireless World, May 1974 a87 

SUPPLIERS OF SEMI- CONDUCTORS TO THE WORLD 

t 
i 

Telephone 
Corner 

COMPLETE TELEPHONES 
NORMAL HOUSEHOLD TYPE AS 

SUPPLIED TO THE POST OFFICE EX G.P.O. 

Only £ 1.05 
P & P 45p EACH 

TELEPHONE DIALS 
Standard Post t Office type. Guaranteed in working order. 

Only // 1'2 
P &P 164p EACH 

Tested and 4 

Guaranteed 1 

Paks 
B79 1 N4007 Sil. Rec. diodes. 

1.000 PIV lamp plastic 4 55p 

4 

BB1 10Reed 
Switches 1" long }" dia. 

High speed P.O. type 

I H35 
1 

Mixed Diodes. Germ. Gold bonded 
etc. Marked and Unmarked 55p 

H38 q 
0 

Short lead Transistors. 
55p 3 NPN Silicon Planar types 

H39 Integrated circuits. 4 Gates 
0 BMC 962.2 Flip Flops BMC 945 55p 

H41 Power Transistors 
2 Comp. Pair BD 131/132 55p 

1-163 2N3055 Type NPN Sil. power Van- 
4 sistors. Below spec. devices p 55 

H65 

H66 

40361 Type NPN Sil. transistors 
4 TO -5 can comp. to H66 55p 

40382 Type PNP Sil. transistors 
TO -5 can comp. to H65 55p 

B1 

Unmarked 
Untested Paks 

anium Tanrs 
50 PNP. 

Germ 
AF and 

r 

RF. 
sisto 

55p 
866 

150 
Germanium Diodes 
Min. glass type 55p 

B84 Silicon Diodes DO -7 glass 
100 Equiv. to 0A200, 0A202 55p 

B86 
1 

Sil. Diodes sub. min. 
00 IN914 and IN918 types 55p 

H 16 Experimenters Pak of 
15 Integrated Circuits- Data supplied 55p 

H46 NPN Silicon Trans. 2N3707 -11 
range. low noise amp. 55p 

H34 Power Transistors, PNP, Germ. NPN 
1 5 Silicon TO -3 Can. P & P 5p extra. 55p 

H67 10 819tyNpeChannel 
FET's plastic 

3 55p 

\\ 
Make a rev counter 
for your car 

The 'TAC HO BLOCK'. This encapsulated block will turn 
anÿ 0 -1 mA meter into a linear and accurate rev. counter 
for any car with comal coil ignition system. 

£1.10 each 

Ex G PO Push -button 
Intercom Telephones 
Exactly as internal telephone systems still in everyday 
use where automatic internal exchanges have not yet 
taken over. Available in 5. 10 or 15 ways. Complete 
with circuits and instructions. Necessary 24 pair cable 
22p per yard. Price of each instrument is independent 
of the number of ways. 

£2.75 P & P 38 }p per instrument 
Cable can be sent by Parcel Post. Post and Packing 
per 50 yds: 731p 

EXTENSION TELEPHONES 
71 4p each p.p. 27 0. E1.374 for 2 p.p. 55p. These 
phones are extensions and do not contain bells. 

BI-PRE-PAK LTD 

Electronic Transistor 
Ignition £6.60 VAT, P &Pliµ 
Ready buih and tested unit £9.90 incl. VAT 
Now in kit form. we offer this "up- to -che- minuté' 
electronic ignition system. Simple to make, full 
instructions supplied, with these outsta nding 
features: transistor and conventional switchabi lily. 
burglar -proof lock -up and automatic alarm. negative 
and positive compatibility. 

New X- Hatch 
Our new, vastly improved Mark Two 

Cross -Hatch Generator is now available. 
Featuring plug -in ICs and a more sensitive sync. pick -up 
circuit. The case is virtually unbreakable -ideal for the 
engineer's toolbox -and only measures 3 X 5 1" X 3 ". 
We have already received a large order from a major TV 
Rental company. 

Reedy buih Cmplete£ 72 unit only £1 x92 kit 

(includes VAT and P & P, but no batteries) 

Over 1,000,000 
Transistors 
in stock 

Ii 

We hold a very large range of fully marked. tested and 
guaranteed Transistors, Diodes and Rectifiers at very 
competitive prices. Please send for Free Catalogue. 

Our very popular 4p Transistors 
FULLY TESTED & GUARANTEED 

TYPE "A " PNP Silicon alloy. TO -5 can. 
TYPE "B PNP Silicon, plastic encapsulation. 
TYPE "E" PNP Germanium AF or RF. 
TYPE "F" NPN Silicon plastic encapsulation. 
TYPE '"G" NPN Silicon. similar ZTX300 range. 
TYPE "H" PNP Silicon, similar ZTX500 range. 

Variout Types Post& 8 RELAYS FOR £1'10 

High -speed 
magnetic 
counters 

Plastic Power 
Transistors 

NOW IN TWO RANGES 
These are 40W and 90W Silicon Plastic Power Tran- 
sistors of the very latest design. available in NPN or 
PNP at the most shatteringly low prices of all time. 
We have been selling these successfully in quantity to 
all pans of the world and we are proud to offer them 
under our Tested and Guaranteed terms. 
RANGE 1 VCE. Min. 15 1 -12 13 -25 26 -50 

HFE. Min. 15 
40 Watt 22p 20p 18p 
90 Watt 26 }p 24+p 22p 
RANGE 2VCE. Min 40 
RANGE 2VCE. Min 40 

HFE. Mir. 40 
40 Watt 33p 31p 29p 
90 Watt 38}p 363p 33p 
Complementary pairs matched for gain at 3 amps, 11p 
extra per pair. Please state NPN or PNP on order. 

LM380 AUDIO I.C. 
as featured in Practical Wire less, December issue. 
complete with application data £1.10. 
INTEGRATED CIRCUITS 
We stock a large range of I.Cs at very competitive 
prices (from 11p each). These are all listed in our 
FREE Catalogue, see coupon below. 

METRICATION CHARTS now available 
This fantastically detailed conversion calculator carries 
thousands of classified references between metric and 
British land U.S.A.) measurements of length, area. 
volume. liquid measure, weights etc. 
Pocket Size 1Sp. Wall Chart 1Bp. 

LOW COST DUAL IN LINE I.C. SOCKETS 
14 pin type et 16}p each Now new low profile type. 16 pin type at 18p each f 

BOOKS 
We have a large selection of Reference and Technical 
Books in stock. 

BUMPER BUNDLES 
These parcels contain all types of surplus electronic 

components. printed panels, switches. potentiometers. 
transistors and diodes. etc. 

2 LBS is weight for £1.10 
Post and Packing 27 }p 

Our famous Pl Pak 
is still leading in value 

Full of Short Lead Semiconductors & Electronic 
Components. approx. 170. We guarantee at least 30 
really high quality factory marked Transistors PNP 
& NPN and a host of Diodes & Rectifiers mounted on 
Printed Circuit Panels. Identification Chart supplied 
to give some information on the Transistors. 
11p P & P on this Pak. 

Please ask for Pak P.1. only 55p 

4 digit (non reset) 24v or 48v (state which) 
4 X 1 X 1".33p p.p. 5p. 

"%"'" 

Please send we the FREE Bi- Pre -Pak Catalogue. 

ALL PRICES INCLUDE 10% VAT 

NAME 

ADDRESS 

MINIMUM ORDER 50p CASH WITH ORDER PLEASE: 
Add 11p post and packing per order. OVERSEAS ADD 
EXTRA FOR POSTAGE. 

By these goods with Access. 

Dept.B . 222-224 WEST ROAD, WESTCLIFFON -SEA, ESSEX. 
TELEPHONE' SOUTHEND (0702) 46344. 
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VALVES 
£ 

A1065 £P25 
AR8 0-50 
ATP4 0-50 
B12H 300 
CY3I 0.50 
DAF96 050 
DF96 0-50 
DK96 040 
DL92 0-44 
DL96 0.00 
DM70 080 
DY86/87 035 
DY802 0.35 
E88CC 0-70 
E92CC 0-55 
E88CC/01 1-15 
E180CC 0-65 
EI82CC 125 
EA50 025 
EABC80 0.38 
EAF42 0-55 
E891 0-20 
EBC33 0-75 
EBC41 0-85 
EBF80 040 
EBF83 
EBF89 
EC52 
EC93 
ECC81 
ECC82 
ECC83 
ECC84 
ECC85 
ECC86 
ECC88 
ECC189 
ECF80 
ECF82 
ECF801 

040 
0.30 
0.35 
040 
035 
0.33 
0-33 
0.30 
0.38 
0.51 
0.40 
0.55 
035 
0.35 
040 

£ 
ECH42 0-75 
ECH81 0.30 
ECH83 0-45 
ECH84 0-45 
ECL80 0-50 
ECL82 0-35 
ECL83 040 
ECL86 0-40 
0E36 0-05 
EF37A 100 
EF40 0.52 
EF41 0.85 
EF00 025 
EF83 1t0 
EF85 0-35 
EF86 0-30 
EF89 0-27 
EF91 0-37 
EF92 0.50 
EF95 0-35 
EF183 0.T0 
EF184 0-31 
EFL200 051 
EL34 040 
EL36 
EL41 
EL81 
EL82 
EL84 
EL85 
EL86 
EL90 
EL504 
EM31 
EM80 
EM84 
EM87 
EY51 
EY81 
EY86 

050 
075 
0.55 
0-55 
026 
0.44 
0.38 
0.45 
070 
0.80 
045 
0-35 
070 
040 
040 
040 

£ 
EY88 0.40 
EZ40 0-50 
EZ41 0-75 
EZ80 0'26 
EZ81 027 
GY501 0-70 
GZ34 045 
GZ37 1-00 
KT66 2-50 
KT88 290 
MHO 0.75 
ML6 030 
0A2 0-40 
OAF70 0-55 
082 0/0 
PABC80 040 

PCC84 
PCC85 
PCC88 
PCC89 
PCC189 
PCF80 
PCF82 
PCF84 
PCF86 
PCF200 
PCF201 
PCF801 
PCF802 
PCF805 
PCF 
PCF808 
PCH200 
PCL81 
PCL82 
PCL83 
PCL84 
PCL86 
PCL805 
PFL200 
PL36 
PL38 
PL81 
PL82 
PLB3 

040 
040 
0.55 
050 
0.110 
0.40 
035 
051 
040 
0.75 
0.75 
0.55 
0.50 
080 
0.65 
065 
080 
0.00 
040 
0.05 
045 
0.50 
000 
070 
040 
055 
0.50 
045 
0.45 

VALVES AND TRANS STORS 
Telephone enquiries fo valves, 
transistors, etc., retail 749 3934; 
trade and export 743 0899. 

E £ 
PL84 0.40 TT2I 420 
PL504 0.75 U25 0-65 
PL508 1.00 U26 0.65 
PL509 120 U27 0.60 
PL802 0.95 U19f 025 
PY33 043 U801 040 
PY80 0-40 UABC80 0.40 
PY81 0.35 UAF42 040 
PY82 025 UBC41 040 
PY83 0-40 UBF80 0.40 
PY88 0-45 UBF89 0.40 
PY500 UBLi 0-70 
PY800 045 UBL21 0-70 
PY801 045 UCC85 0-45 
QV03-12 0-50 UCF80 0-70 
Q0V03-10 UCH42 0-75 

125 UCH81 0-40 
OQVO6-40A UCL82 0.35 

6-00 UCL83 045 
R19 0i0 UF41 0.55 
SC1/400 2-50 UF80 0-35 
SC1/600 4-50 UF85 0.40 
SP61 0-70 UF89 0.40 
SU4 0.110 UL41 040 

UL84 0.40 
UY41 0-45 
UY85 0-35 
VR105130 040 
X66 0-50 
VR150/30 0-40 
ZB00U 2-00 

1T4 
1X2A 
1X28 
2K25 
3A4 
3D6 
3S4 

0-30 
0'51 
051 
s-00 
050 
0.40 
0-40 

VAT 10% 
EXTRA 

Z801 U 2-00 3V4 0.70 
Z803U 1-35 513I254M 5-00 
29002 120 58/255M 3-20 
1A3 0.45 5R4GY 080 
1L4 020 5U4G 0 40 
1R5 0.40 5V4G 050 
1S4 0.30 5Y3GT 0-45 
155 0.30 5Y4G 0 40 

5Z3 0.00 68R7 1.00 
5Z4 0.00 68W6 090 
5Z4GT 0.45 68W7 010 
6AB7 0-50 6C4 0.35 
SAC? 0.50 6C6 040 
6AH6 040 OCB6 040 
6AK5 040 6CH6 1`40 
6AK8 0.36 6CL6 0.65 
6AL5 025 6D6 0.40 
6AL5W 0.50 6EA8 0.70 
6AM6 0.37 6F7 140 
6AN8 0-SS 6FSG 0.50 
BACA 0.45 6E23 040 
6AQ5W 0-55 6F32 030 
6AS6 0.50 8E33 325 
OATS 0.45 OHS 0.30 
6AU8 0.30 6J4WA 140 
6AX4GT 0.7S 6J5 0.55 
6AX5GT 040. 6J5GT 0-45 
6B7 0.00 6J6 0-30 
66E6 0.32 6J6W 0.45 
68G6G 0.70 6J7 0.45 
68J6 0-55 6J7G 040 
6BQ7A 0-55 6K6GT 0.75 

TRANSISTORS 
Please write or phone for current price of any of 

AC113 AF124 
AC126 AF125 
AC127 AF126 
AC128 AF127 
AC176 AF139 
ACY18 AF178 
ACY19 AF186 
ACY20 AFZI2 
ACY28 ASY26 
ACY39 ASY27 
ACY40 ASY28 
AD149 BC108 
AD161 BC118 
AD162 BC119 
ADZ11 BC136 
ADZ12 BC137 
AF114 BC148A 
AF115 BC172 
AF116 BC172A 
AF117 BC212A 
AF118 BCY31 

8CY33 
BCY72 
6F115 
BF167 
8E185 
BFY51 
BFY52 
BFY90 
BSY27 
8SY38 
BSY95A 
BYZ16 
CRS1/10 
CRS1/20 
CRS1/30 
CRS1/40 
CRS3/10 
CRS3/20 
CRS3/30 
CRS3/40 
CRS25/025 

GET115 
GET116 
GEX66 
NKT222 
0A5 
0A47 
0A70 
OA71 
0A73 
0A79 
OA91 
0A200 0 A20 
OAZ200 
0C22 
0C22 
0C26 
0C28 
0C29 
OC39 
0C36 

the transistors, diodes shown below. 
0C42 
0C44 
0C45 
OC70 
0073 
0078 
OC78D 
OC81 
0082 
00820 
OC82DM 
0083 
OC139 
0C140 
OC170 
OC172 
OC200 
OC206 
SX754 
ZR11 
ZR21 

1N23A 
1N25 
1 N32A 

1 N38A 
1 N43 
1 N70 

1 N277 
1N415C 
1 N4148 
2N456A 
2N708 
28918 
2N1304 
2N1305 
2N1307 
2N1309 
2N2062 
2N2147 
2N2411 
2N2989 
2N3053 

MANY OTHERS 7N STOCK including integrated eireuile, C.R.T. 
II and apedai vaicea. Minimum Mail Order 01. U.R. POSTAUE El- 

£2 17p, over E3 free, C.O.D. 25p extra. 

2N3054 
2N3055 
2N3390 
2N3391 
2N3730 
2N3731 
2N3819 
2N4038 
2N4058 
2N4061 
2N4785 
2N5295 
3N128 
3N154 
3N159 
2S303 
404 
2082 
40250 
40251 
40668 

6K7 
6K7G 
6K8GT 
61(25 
6L6 
6L7G 
607G 
6SA7 
6SA7GT 
6SC7GT 
6SG7 
6SJ7 
6SJ7GT 
6SK7 
6SK7G 
6SL7GT 
6SN7GT 
8SQ7 
6V6G 
6V6GT 
6X4 
6X5G 
6X5GT 
6V6G 
6Z4 
6 -30L2 
7B7 
7V4 
9D6 
11E2 
11E3 
12A6 
12AT6 
12AT7 
12AU7 
12AV6 
12AX7 
12ßA6 
126E6 
12BH7 
12C8 
12E1 
12K5 
12K7GT 
12K8GT 

£ 
045 
0-30 
050 
0-75 
1 50 
0-40 
0.45 
0-45 
0-30 
030 
0-45 
0.50 
0-30 
0-50 
0-45 
0-45 
045 
050 
0.15 
045 
0-40 
0-40 
045 
0-00 
0-50 
090 
0-70 
0-75 
040 
5-00 
600 
030 
0-40 
03S 
033 
050 
0-33 
0-40 
0-50 
050 
045 
3.00 
140 
0-50 
040 

1207GT 0.40 
12SA7GT 0.50 
12SC7 050 
12SJ7 045 
121(4 0.30 
12SG7 045 
1457 0.80 
19AQ5 0.50 
19G3 640 

19G6 
19H4 
20P3 
20P4 
25L6GT 
30C15 
30C17 
30C18 
30F5 
30FL1 
3OFL12 
30FL14 

TEE VALVE WITH A 
GUARANTEE 

£ 
040 
7-00 
0-75 
f-00 
0-60 
t-00 
140 
000 
190 
040 
1.05 
04s 

VIDICON 
TUBES 

EMI types 
9677A Et 

9677C 
£20.00 ea. 

30L15 0 9 
30L17 0-0 
30P12 0-0 
30P19 0.95 
3oPL1 095 
30PL13 1-10 
30PL14 1.10 
35L6GT 0 75 
35W4 0-50 
35Z4GT 0-70 
5005 055 
5oCD6G 110 
75 0-70 
76 040 
78 0.55 
80 0-60 
723A/B 7.50 
803 5.50 
805 1200 
807 040 
813 5-50 

£ 
866A 118 
931A 540 
954 0 50 
955 0 40 
956 020 
957 0 40 
1629 030 
2051 0 51 
5933 3 00 
6057 0 51 
6060 040 
6064 0 50 
6065 0 70 
6080 220 
6146 2 00 
8020 4 00 
9001 0 30 
9002 0 50 
9003 0 55 
9004 0 30 
9006 0 30 
C.R. TUBES 
DG7-5 1200 
DG13-2 1000 
DG13-34 1240 
M W 13-3515 00 
VCRI:I9A 040 
38P1 4 00 
88D 9 00 
88J 6 00 
88L 940 

SPECIAL 
VAI.VES 

CV2339 4500 
JP9/7D 4390 
K301 740 
K305 1140 
K308 1450 
K337 14 50 
KRN2A 600 
V 248A I1 K 

2800 
3J192/E 3500 
725A 2250 

MARCONI 
TF 067 

SIGNAL 
GENERATOR 

Range: 15KHz to 
30MHz. Output 
0.4µV to 4V at 
13 or 75 ohms. 
Impedance with 
termination -;y (supplied). Built 

r in crystal check 
facility with 
handbook. £125 
including cary. 

SIGNAL GENERATOR TYPE 
AN /USM -16 (MODEL BJ75A) 
A precision HFIVHF signal generator em- 
bodying facilities seldom found or con- 
tained in one instrument, namely outputs 
of CW/AM/PM and swept carrier, in the 
frequency range 10 to 440 MHz. Some of 
the features of the instrument are: AUTO- 
MATIC FREQUENCY STABILISA- 
TION (lochs output signal to selected 
frequency), AUTOMATIC LEVEL CON- 
TROL (holds output constant ±1db 
INTERPOLATION OSCILLATION (for 
precise tuning between crystal check points) 
MARKERS (for S.F.M.) 
BRIEF SPECIFICATION: Frequency 10 to 
440MHz, RF output 0.224V at 50 ohms. Modes 
of operation CW -HI, CW, CW (calibrated 
and stabilised), AM -400Hz and 1kHz and 
external, FM -400Hz and 1kHz and external 
0.75 kHzdev., S.F.M. -x1, x10, x100, 0-75. 
750 it 7500kHz dee. resp., P.M. -50 to 5000 pps 
at t to 30usec. width Int. or ext., 150 to 5000Hz 
rep rate, 3 meters for: mod. and dev., fre- 
quency discrimination pulse level output. 
With manual. Complete specification and 
price on application. 

5001254W MEDIUM WAVE BROAD- 
CAST TRANSMITTERS. Price and 
details on application. 

M.O. for ET 4336 TX (see description in 
previous issues) £6.50. P. 6 P. £1.50. 
HIGH CAPACITY CONDENSERS 
GENERAL ELECTRIC 25,000 MFD 25VDC 
(40VDC) surge L1-10. 
SPRAGUE 20,000 MFD 55VDC £1.30. 
MALLORY 20,000 MFD 30V (45VDC surge) 
Lt IS. 
MALLORY 35,000 MFD 15V (20VDC surge) 
£1.10. 
SANGAMO 20,000 MFD 50V Lt-30. 
SCHLUMBERGER B 1200 99db UHF 
ATTENUATOR. L5590 
SCHLUMBERGER 0 500a SYNC. OSCIL- 
LATOR 200- 400MHz. £9500 
PLESSEY PR 524 DUAL DIVERSITY 
RECEIVER. Solid state, six pre -selected 
channels with motorised tuning, automatic 
receiver selection and indication. Complete 
with FSK terminal unit and spare coils for 
turret tuners. All housed in table top cabinet. 
L100.00 
RACAL RA 117E COMMUNICATIONS 
RECEIVERS completely overhauled and 
re- aligned to 'as new' condition. 
ROHDE A SCHWARTZ MICROWAVE 
POWER METER. 3200MHz, built -in cali- 
bration, 50(2. £12000 
TF 1102 AMPLITUDE MODULATOR 
Amplitude modulates at up to 80% the C.W. 
or F.M. output of any signal generator with 
a frequency range of 100kHz to 500MHz. 
Input waveforms to the modulator may be: 
sine, square, pulse or picture at any level 
up to Hl impedance, Mod level monitored 
on panel meter. £.40-1110 

Open 9- 12.30, 1.30 -5.30 p.m. 
except Thursday 9 -1 p.m. 

TF104IC VTVM A.C. voltage range 300 MV 
to 300V in 7 ranges, 20 Hz -1500 MHz. D.C. 
voltage ranges 300 MV 1000V in 8 ranges. 
D.C. resistance 50 ohms to 500 ohms. Price 
£6250. 
TF 10418. Spec. as for 1041C. £52.50. 

HEWLETT -PACKARD 
185A 800 MHz SAMPLING OSCILLO- 
SCOPE WITH 188A DUAL TRACE 
PLUG -IN. Full spec. and P.O.A. 
175A 50MHz Oscilloscope. 
5248 COUNTER FREQUENCY MEA- 
SUREMENT: 10Hz to 10,1MH2. 
Accuracy : 1 count. Automatic position- 
ing of decimal point. Period measure- 
ment: 0- 10kHz, reads in seconds, 
milliseconds or microseconds, decimal 
point automatically positioned. Display 
on 6 neon lamp decades and 2 meters. 
Complete with manual and following 
plug -ins: 525A 10 to 100MHz. 5256 100 
to 220MHz. 526A video amplifier. Price 
on application. 
616B SHF SIGNAL GENERATOR. 
Freq. range 1,75GHz- 4,2GHz, Mod.: 
F.M., C.W. Pulse and Ext. A.M., output 
0.100- 200mW. Price on application. 

PLEASE ADD 
10% VAT 

TO ALL ORDERS 
TF 12515A VHF SPECTRUM ANALYSER 
or analysis and measurement of Radar 
Equipment. Frequency range 190 to 230MHz 
with crystal check points. Sweep width 0-5 
o 5MHz, output pulse delay (a) 85 -175 uSec, 
b) 07 -14 mSec with x1 and x2 multiplier 
nd =2, x1, x2 multiplier. Output 21V to 

20mV with x10 multiplier. ENO. 

TF 1370 R -C OSCILLATOR, 
SQUARE AND SINE WAVE. Freq' 
Sinewave 10Hz- 10MHz, squarewave 
10Hz- 100kHz. Direct output: sinewave: 
0 -31.6V rms., 10Hz -1MHz, squarewave: 
0- 73.2pp 10Hz- 100kHz. Attenuator 
range: -50áB to +10dB. Impedance: 
75, 100, 60012. Price upon application 

BEST PRICES PAID FOR TEST AND COMMUNICATION EQUIPMENT. Single items or quantities. Private or Industrial. 

TF 001011/S SIGNAL GENERATOR 
Range 10-485 MHz in five ranges. R.F. outpu 
0.1 uV -IV source e.m.f. Dial calibrated in 
volts, decibels and power relative to therma 
noise. Piston type attenuator. 5052 outpu 
Impedance. Internal modulation at 1 kHz 
at up to 90% depth, also external sine and 
pulse modulation. Built -In 5MHz crysta 
calibrator. Separate R.F. and mod. meters 
P.O.A. 

TEKTRONIX 
OSCILLOSCOPES 
571A- 600MHz, separate P.S.U. £150 
complete. 
561A- 10MHz, solid state, complete 
with 3A1 dual trace vert. and 383 delay 
time base plug -ins P.O.A. 
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. 
0 -High gain differential 1MV -50V. 
N 600MHz sampling 10MV -cm. 
53/54C. Dual trace 33MHz. 60MHz. 
0,05 -20v. 

3 PHASE AUTO TRANSFORMER, wye 
input 400v, wye output 241.5/230/218.5v 50c 
BkVA. Made by Westinghouse of USA. 

Brand new in original cases £60.00 including 
UK transport. 
$94 TF AUDIO TESTER. Combined A.F 
Generator (0- 25kHz), Output meter (up to 
2W. at 600, 15 and 30,) and valve voltmete 
(0- 800V.), with stepped and variable attenua 
tors. E51. 

TF 14005 DOUBLE PULSE GENERA- 
TOR WITH TM 6600/S SECOND- 
ARY PULSE UNIT. For testing radar, 
nucleonics, 'scopes, counters, filters 
etc. SPEC. TF 1400S. Rep. freq. 
10Hz to 100kHz, pulse width 0.1 to 
100u sec., delay -1.5 to +3000u sec., 
rise time 30N sec. SPEC. TM 510015. 
As for TF1400S except pulse width 
0.5 to 25u sec., delay 0 to +300u sec. 
£230. 

TF 52616 OSCILLATOR AND DETECTOR 
UNIT £5040. 

TF 12268, TF1225A, TF 577A. WHITE 
NOISE TEST SET L185 00. Full spec. 
on request. 

TELEPHONE ENQUIRIES relating to TEST EQUIPMENT should 
be made to 01- 748 8006 Extension 23. 

To view TEST EQUIPMENT please phone for appointment 

RACAL UNIVERSAL COUNTER/TIMER 
SASSO (CT400) 

8 digit In- 
line read -out. Facilities 
include: dir- 
red frequency 
measurement 
up to 100MHz: 
pulse, period, 
ratio, time 
interval and totaltsing 
measure- 
ments. Input sensitivity variable from 300MV 
to 9V, three independent inputs, self -check 
etc. Full spec. on request. L145. 

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 231D 415kw., 10 channel, 
autotone 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 uni :s, 
linear amplifiers can be built to 
customers' requirements. Please send 
us your enquiries. 

ARIe SPARES. We hold the largest stock 
In U.K. Write for list. 

R.F. METER 0-8 amp. 21- (U.S.A.) 4140 
P. 6 P. 15p. 

29141FT. AERIALS each consisting of ten 
311., tin. dia. tubular screw -in sections. 
11ft. (6- section) whip aerial with adaptor 
to fit the Tin. rod, insulated base, stay plate 
and stay assemblies, pegs, reamer, hammer, 
etc. Absolutely brand new and complete 
ready to erect, in canvas bag. L730 new or 
L4-50 slightly used. Carriage L130. 
TELEPHONE TYPE "J" (Troplcalised) 
10 line MAGNETO TELEPHONE 
SWITCHBOARD 
50 line AUTOMATIC PRIVATE 
TELEPHONE SWITCHBOARD 
Price of each of the above on application. 

COLOMOR (ELECLTTRDNIcS) 

170 Goldhawk Rd., London, W.I2 
Tel. 01 - 743 0899 
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MARCONI SIGNAL GENERATOR TYPE TF -144G: Freq. 85 Kc /s -25 Mc /s 
in 8 ranges. Incremental: ±1 % at 1 Mc /s. Output: continuously variable 1 micro- 
volt to 1 volt. Output Impedance: 1 microvolt to 100 millivolts, 10 ohms 100mV - 1 

volt - 52.5 ohms. Internal Modulation: 400 c/s sinewave 75% depth. External 
Modulation: Direct or via internal amplifier. A.C. mains 200/250V, 40 -100 c /s. 
Consumption approx. 40 watts. Measurements 29 x 121 X 10 in. Secondhand 
condition. £27.50 each, Carr. £2.00. 
POWER SUPPLY UNIT PN -12A: 230V a.c. input 50- 60c /s, 513V and 1025V at 
420m /A o /put. With 2 smoothing chokes 9H, 2 Capacitors, 10Mfd 1500V ar d 
10Mfd 600V. Filament transformer 230V a.c. input. 4 Rectifying valves type 5Z3. 
2 x 5V windings at 3Amps each and 5V at 6Amp and 4V at 0.25Amps. Mounted 
on steel base 19in. W x l lin. H x 14ín. D. (All connections at the rear.) Excellent 
cond. £8.50 each, Can. £2. 
MODULATOR UNIT: 50 watt, part of BC -640, complete with 2 x 811 valves, 
microphone and modulator transformers etc. £7.50 each, Carr. £2.00. 
CATHODE RAY TUBE UNIT: With 3in. tube, Type 3EG1 (CV1526) colour 
green, medium persistence complete with nu -metal screen, £3.50 each, post 50p. 
APN -1 INDICATOR METER, 270° Movement. Ideal for making rev. counter. 
£1 25, post 30p. 
AIRCRAFT SOLENOID UNIT S.P.S.T.: 24V, 200 Amps, £2 each, 30p post. 
VARIAC TRANSFORMERS: Input 115V, output 0 -135V at 2 Amps. £3 each. 
75p post. 
RACK CABINETS: (totally enclosed) for Std. 19 in. Panels. Size 6 ft. high x 21 
in. wide x 16 in. deep, with rear door. £12 each, Carr. £2.50. 
INSTRUMENT CABINETS: 19 "W. x 16 "H. x 16 "D. £5.00 + £1.25 carr. 
CLASS "D" WAVEMETER NO. 1 MK. II: Crystal controlled heterodyne 
frequency meter covering 2 -8MHz. Power supply 6V d.c. Good secondhand cond. 
£7'50 each. Post 60p. 
ROTARY INVERTERS: TYPE PE.218E -input 24 -28V d.c., 80 Amps. 
4,800 rpm. Output 115V a.c. 13 Amp 400 c /s. 1 Ph. P.F.9. £17.50 each. Carr. £2.00. 
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. x 8in. x 8in. New 
condition £7.50, Carr. 75p. 
WESTON INDUSTRIAL THERMOMETER MODEL 221: 0- 100 °C. 3in. 
dia. scale. Accuracy 1%. Precision made coil within -coil structure. Changes in 
temperature cause a rotary action of the Helix turning the shaft to which the pointer 
is mounted. £2.80 each 30p post. Unused condition. 
TS 15C /AP FLUXMETER: Used to provide qualitative measurements of flux 
densities between pole faces of magnets. Range 1200 -9600 gausses. ±2 %. S /hand 
good cond. £25 + 60p post. 
AUTO TRANSFORMER: 230V 50c /s, 1000 watts. Mounted in strong steel case 
Sin. x 6 }in. x 7in. Bitumen impregnated. £10 each, Carr. £1. 
UHF ASSEMBLY: (suitable for 1000MHz conversion) incl. UHF valves; 2012, 
2C46, 1B40. Complete with associated capacitors and screening; 3 manual counters 
0 -999. Valves 6AL5 and 8 x 6AK5. £10 each, 60p post. 
TELEPRINTER TYPE 7B; Pageprinter 24V d.c. power supply, speed 50 bauds 
per min. 'as new' cond. in original packing case, £25 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. 110/230V a.c. input. S /hand good cond. £30 + £1 cary. 

APN -1 ALTIMETER TX /RX: Freq. approx. 410MHz. Complete with 28V 
dynamotor, 3 relays, precision resistors, 11 valves. Useful breakdown for parts. 
£4 each + 75p cary. 
AUTOMATIC VIBRATION EXCITER CONTROL UNIT TYPE 1016: 
Manufactured by Bruel & Kjoer. 5- 5000c /s per sec. S /hand V. good cond. £90, 
Carr. £2. 
TF -1041B VALVE VOLTMETER: Measure 25mV -300V, 20c /s- 1500Mc /s a.c. 
Also 10mV -100V d.c. Resistance 0.02 ohms- 500Meg. chms. Power requirements 
200 -250V a.c. S /Hand excellent cond. £35 each, Carr. £1. 

AN /ARC -27 TRANSMITTER /RECEIVER (FOR EXPORT ONLY): 
Frequency 225 -400 mc. 1750 channels 100 Kc apart with 18 preset channels. 
Modulation: am. Power output 9 watts. Receiver is superheterodyne. Max. 
output 2 watts. Antenna: 50 ohm impedance. Power requirements 24v d.c. 
Complete transmitter with operating cables, control box, headphones, micro- 
phone. Price £250'00 each secondhand, excellent condition. 
POWER SUPPLY suitable for AN /ARC -27: 100 volts to 250 volts a.c. 
input. 24v d.c. output @ 41 amps fully smoothed. £45'00 each. 

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. £15. Can. £1.50. 
DELPENA RF GENERATOR TYPE E.15: 15kW at 500Hz; input 440V 3 ph. 
50Hz. £275. Carr. at cost. 
H.V. TRANSFORMER: 8000/8000. Output 300mA. rms. Size: 12ín. x 12in. x 
36in. 230V input. £35, Carr. £4.00. 
COPPER WIRE AERIAL: with insulators, 100ft. long. £1 50. Post 40p. 
TELEPHONE CABLE: (Twin) PVC covered suitable for extension speakers, 
burglar alarms etc. 200 yds. per roll. £250 a roll. Post 50p. 
TELEPHONE CABLE: (Twin) 1,350ft. on metal reel. £5 per reel. Can. £1. 
ANTENNA MAST 30ft. consisting of 10 X 3ft. tubular screw sections (11" dia.) 
with base, guyropes and stays etc. £5 each, Carr. £2. 
ANTENNA MAST 12ft. 3 sections with suitable base to mount on the above 
Mast. Extends to 42ft. £1 50 each, Can. £1. 
APN -1 ALTIMETER TX /RX: Freq. approx. 410MHz. Complete with 28V 
dynamotor, 3 relays, precision resistors, 11 valves. Useful breakdown for parts. 
£4 each, Carr. £1.50. 
CT.216 STANDING WAVE METER: 2- 30MHz, complete in strong portable 
case. £40 each, Carr. £1.50. 
AVO VALVE TESTER CT.160: (Portable) similar to Avo Mk. 3 Characteristic 
Meter. Good cond. £35 each, Carr. £1.50. 
MODULATOR UNIT: Complete with mod. transformer and 2 X 807 Valves. 
Mounted 19" chassis, 8" X 8 ". "As new" cond. £8 each; or secondhand £5 each. 
Can. both types £1.50. 
LISTS OF EQUIPMENT AVAILABLE: MOTORS; TELEPRINTERS; 
AR88 SPARES; TEST EQUIPMENT ETC. Send 10p for above lists. 
ALL CARRIAGE QUOTES GIVEN ARE FOR 50 MILE RADIUS OF 
LONDON ONLY. 

ALL U.K. ORDERS SUBJECT TO 10% VALUE ADDED TAX. THIS MUST BE ADDED TO THE TOTAL PRICE (including post or carriage). 

If wishing to call at 
stores, please telephone 
for appointment. 

W3 -B TRULOCK ROAD, LONDON, N17 OPG 
Phone: 01 -808 9213 and Bedford 740605 (STD 0234). 

8amJoit (ELECTRONICS) LTD. 

9 á 10 CHAPEL ST., LONDON, N.W.I 
01 -723 7851 01 -262 5125 

PARMEKO HT TRANSFORMERS 
1100 Pri. only. 50 Hz. Sec. 475-0-1750 
150 m/a 350 -0.3500 274 mla. 830 CT 
32a 63v CT lea 8-3v 0-3a twice. Potted 
type. E4.50 carr. £1. 6-3v lia 1.4 kv. pk. 
wkg. 6.3v O-3a 7 kv. pk wkg £2.50 cary 
50p. 530-0-530v 330 mla 6-5 6a 5430 
cart. £1. 

L.T. TRANSFORMERS 
FRACTION OF MAKERS PRICE 

ALL PRIMARIES 220 -240v 
PARMEKO Potted types No 1 tapped 
24 -30 -320. 2a. E225 p. p. 35p No. 2 
24v. la. and 126v. 0.7a. and 6-3v. 0.5a. 
£225 p.p. 35p. No. 3 Sec. tapped 
9-10v. 0-42a. and 6.3v. 35a. 8.3v. 1.50. 
E130 P.P. 40p. No. 4 Pri. 115 -230v. 
Sec. 66v. 60. twice and 5v. Ba. £400 
Carr 75p. 

BORDON ...": 
SOLENOIDS O) 
12v. DC. }in. 
pull. Size lin. 
dia., length lin. C 

50p, post 10p. 
Reg. 20f1 

- , 

BENSONS SOLENOIDS 
AC 240v 25% duty. Approx 2 ins. } in. 
pull. Size 2x11 x lins. Res. 350(3 TSp 
p.p. 10p. Similar to 120 DC Type above. 

GARDNER HT TRANSFORMERS 
pri. 110 -220 -2400. Sec. tapped 470 -4900 
350 mla. Open frame. Table top con- 
nections £4.50 cari. 75p 
Pri. 230v. Sec. 450- 0- 450v200 mia £050 
carr. 75p. 
AC industries. Pri. 110 -220 -240v. Sec. 
250v 80 mis and 15v lea and 6-3v 45a 
£2.00 p.p. 40p. Atlas Transformer Co. 
Pri. 110- 210-230 -240v. Sec. 230v 200 mIa 
and 0-3v 7a E360 P.P. 40p. 

G.E.C. Open frame. Terminal Block 
Connections Primaries 220 -240v. No. 1 

Sec. Tapped 51 -61 65- 67 -69v. 10a. £750 
carr £1. No. 2. Sec 5863-89.7403a. and 
6v. 3a. E3-SO p.p. 50p. No. 3 3 separate 
windings 30. lea. 9v. lea. 27v. 1-8e. 
and 17 -0-17v. 250 mla £225 p.p. 25p. 

CURRENT RANGE OF NEW L.T. TRANSFORMERS 
FULLY SHROUDED TERMINAL BLOCK CONNECTIONS 

ALL PRIMARIES 22012400 
Type Sec. Taps Amps Price Postage 
to 25- 33- 40-50v 15 E14.00 75p 
1B 25- 33- 40-50v 10 £1200 75p 
1C 25- 33- 40-50v 6 £150 60p 
IC 25- 33- 40 -50v 3 £7 SO 60p 
2A 4- 16- 24 -32v 12 £1000 75p 
2B 4 -16 -24 -32v 8 £000 60p 
2C 4 -16 -24 -32v 4 £4-95 45p 
2D 4 -16 -24 -32v 2 E3.50 40P 
3A 21 -30.380 10 E11-00 hep 
3B 24 -30 -360 5 £750 SOp 
3C 24- 30-36v 2 £3.50 40p 
4A 12 -20.240 20 £1200 75p 
4B 12 -20.210 10 £7-50 60p 
4C 12- 20-24v 5 £4.05 40p 
5A 3- 12 -18v 20 £1000 60p 
58 3.12 -18v 10 E0115 60p 
OA 48156 60 5 £4 -SO 40p 
OA 48-56-60v 2 E450 40p 
8B 48- 56-60v 1 £350 40p 
7A 6 -12v 20 £760 60p 
7B 6 -12v 10 £40 40p 
7C 6-12v 5 £3-SO 40p 
8A 17 -32v 8 E001 60p 
9A 12 -24v 1 £250 30p 
10A 9.15v 2 E251 30e 
11A 8-0-8v 2 E250 30p 

PLEASE ADD 10% V.A.T. 

NEW -THE HIGH DEPENDABILITY 
POWER SUPPLY. ByJOHNSTEED 
In a single unit. Choice of 12v. DC. at 
4a. 24v. DC at 2a. or simultaneously, 
12v. and 24v. DC. Each with total drain 
of 50 watts. Basic unit £025 p.p. 45p. 
Encased with switch, fuse, pilot light, 
mains cord, output connector. £1375 
P.P. SOP. 

GARDNERS. C core No. 1 Sec. 36v. 
350 mia £100 p.p 25p. No. 2 Sec. 
tapped 2.5 -60, In iv. steps. 1.5a. and 
13v. 300 mla £100 p.p. 25p. No. 312.6v. 
2.5e. and HT winding 290v. 350 m/a 
open frame table top connections 
£200 PP 50p. No. 4 Sec. 50v. la. and 
100. 12a. open frame table top sonnet- 
bons £225 p.p. 25p. No. 5 Sec. 90-0- 
90v. 100 m/a 'C' core £1.50 P.P. 25p 
No. 6 Sec. tapped 5- 10 -20v 250. and 
1- 2 -3 -4v. 2.5a. Potted type E3.* P.P. 
35P. 

1 

H.T. TRANSFORMERS by Famous 
Manufacturers. All Primaries 220. 
2411v. Type 1 350-0- 350v.200 M/A, 6.46A, 
50. 3A potted, £460, earn. 50p. Type 2, 
630-0-6300. 105 MIA, 5v. 4A, 5v. 2A, 
potted £330, carr. 50p. Type 3, 1875v. 60 

STC RELAYS 
Type 25OXCE 2500 ohm 
2 H.D. CO contacts set to R' 
pull In at 220. with base 
and cover. 110p, post. 5p. 

MIA, 42kv wkg. and 500v. 31 MIA, pot - 
ted, £4-SO carr. 50p. Type 4, 890-710- 
0- 710-8900.120 MIA open frame terminal 
block connections, E275, post 40p. 
Type 5, 150 -165v. 4 amps. open frame 
terminal block connections, £460, 
carr. 75p. Type 6, 450-0-450v. 150 MIA, 
03v. 2-8A, 6.30. 1-4A, 63v. 12A, £160. 
carr. 50p. Type 7, 250v. 60 MIA, 15v. 
12A, 6-3v. 4.5A, £21111, carr. 35p. 
Type 8. 230v. 200 MIA, 6.3v. 7A, potted, 

6-3v. 
carr. 50p. Type 9, 350v. 150 MIA 

6.3v. 4A, 6.3v. 2A, £211, post 40p. 

GRESHAM. Type 1 16.30. la. twice 
10v. la. twice. 22.5- 25 -28v. 5a. 26v. 
2.5a. 230. 1a,. 6-3v. 2a. 145.0 -145v. 
200 m/a 'C' core £405, carr 75p Type 
2 38v. 4a. 20v. 4a. 40v. la. 29v. 2a. 300. 
2.6a. 28v. 3-8a. 51v. 200 mitt. All separ- 
ate windings, 'C' core E050, carr. £1. 
Type 3 250. 2a. twice, 16v. 45. twice, 
25v. 5a. 31v. 7a., all separate windings, 
open frame table top connection, 
£050, carr. £1. Type 4 tapped 30.31 v. 
4a. £275, post 35p. Type 5 17v. 2a. 
twice, open frame type, £1.75, post 30p. 

KEYSWITCH KMK1 AC. 230v. One 
5 amp. change over contact. 4Sp. post. 
10p. 

AUTO TRANSFORMERS 
Partridge. Tapped 0.220. 230- 240-250v. 
500 watts unshrouded table top con - 
nections E250 carr. 40p. Lemerk tapped 
0 -240 1150. 500 watts unshrouded table 
top connections £500 carr. 60p 360 
watts E3.50. 

HEAVY DUTY UNSHROUDED TYPES I INCH FLYING 
LEADS ALL PRIMARIES 240v. 
Type No. Sec. Volt Tap. Amps. Price Carr. 
1 24 -30-36 .. .. .. .. 20 E14115 £100 
2 12 -20-24 .. .. .. .. 30 £1465 £1.00 
3 3 -12 -18 .. .. .. .. 30 £14.15 £100 
4 6 -12 .. .. .. .. 50 E1465 £1.00 

GRESHAM C' CORE 10H 350 M/A 
E300 carr. 50p. Potted type 10H 300 mla 
E3-M carr. 50p. 9 H 500 mla 5 kv DC 
wkg £030 carr. £1.00. 

12 volt 2 amp TRANSFORMER 
enclosed in metal case. Site 5x4 1 x3 
ins. with fitted input and output fuses. 
On/off switch. Output sockets and 4 ft. 
2400. mains lead. £2.75 p.p. 35p. 

LIMIT SHADED POLE MOTORS 
AC 110-240v 50Hz 1500 RPM Double 
end spindle. Length lins. and 1 ins. 
E1.25 p.p. 25p overall size 3x 2 }X3 }ins TRANSFORMERS FOR LINSLEY HOOD AMPLIFIERS 

Fully shrouded, terminal block connections. Prl. 220-240v. Screen y 
tap. Sec. 30-25-0-25-30v., 2 amps. E4-75, carr. 40p. Heavy duty type 
38- 25-0- 25 -36v. 5 amps. E9-75, carr. 50p. LEMARK Pri. 240v. Sec. 40v. 6a. 5-0-Sv 

GRESHAM MULTI 
TAPPED L.T. TRANSFORMERS 
Pri. 110-220-240v. Sec. 21- 22 -23 -27 -28- 
30v 10e and 23.24-280 2-5a. Twice and 
15 -18-18v 5a and 15- 16-18, 5e and 
25.0 -25v 50 m/a three times. C. core 
type. Table top connections Mlle 
carr. £1. 

STEP DOWN 240/110v AUTO TRANSFORMERS 
3000 watts. Built into steel case with two American 2 pin grounded 
socket outlets. Carry handle. 6 ft. mains lead. E2 -SO, carr. £2. 
Without case and fittings E2200, 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. 

PLEASE ADD 10 %VAT TO 
ALL ORDERS INC. CARR. 

2a. 5-0-5v. }a. Open frame design. 
E450 carr. 75p. Pri. 240v.18- 0.18v. 2-5a. 
24v. 630 mie twice. 240.65 mla and 1150. 
2a. auto tap on primary. Open frame 
table top connections £3.50 carr. SOp 
Pr,. 2100. Sec. 20.0.28 }a. 5.0-5 2a. 
£1.75 carr 35p. All above transformera 
have a screen winding. 
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5 }" dia. 

- ULTRA PRECISION 

é CENTRIFUGAL BLOWER 
t by Air Control Ltd. 

30 segments Individually balanced In 
heavy cast alloy case. 2,300 r.p.m. 
240v A.C. Very powerful and silent 

3" inlet dia. Outlet flange 3" x 2 } ". 

number only £8.95 P47 300oz1 
80Hz., 
per 

_ -SYN" 3 -LEAD r ' - SYNCHRONOUS , `' _- STEPPING MOTOR 
Type SS15. These fine motors are easily reversed, starting and stopping in less than S° 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 80 rpm at 
72 rpm. STEPPING. Holding torque at 50 steps pe second -100 ozlin. Can be wired to give 100 or 200 steps 

revolution with accuracy of 01, per step non -cumu ative. Torque characteristics can be 

£15 A- dia. Weight 
simple 

1 lbs. BRAND NEW ain lions 
dia. body length 4 }', spindle length 

price. at less than } maker's price. S I LVA N IA 
MAGNETIC SWITCH 
Now complete with reference magnet/ 

A magnetically activated switch, vacuum sealed Ina glass 
envelope. Silver contacts, normally closed. Rated 3amp 
at 120v. 1}amP at 240v. Size: ( approx.) 17i' longx }" die. 
Ideal for burglar alarma, security systems etc.. and where - 
ever non -mechanical switching Is required. 10 for E2: P 
6 P 15p. 50 for E{.{01 100 for LIMO. FREE PAP. over 10. 

OPEN FRAME 
shaded pole 

_ 

GEARED 'j 

MOTORS 't 
(Dural gear case) _ 
HIGH TORQUE, 

NEW - - 
HIGH TORQUE, a 
oversll size: 3 1" x 3 }' X 
21'4-spindle }" dia. as Illustrated. E3. P. 6 P. 30p. 
Similar to above, 19rpm. £3PAP. . P. 6 P. 30p. 
110rpm with pressed steel gear case (similar to above 
but slightly smaller). E3. P. 6 P. 30p. 

SHADED ePOLE otNAOpNBaINOTORX 

2 }" x 2'. Spindle 1' x } ". 1,120r. p. m. E1.*5 P 6 P 20p. 

SOLENOIDS 
b WESTOOL 
210ÁC type MN!. 
31b. pull, 2 }'x1'x 
1r. Travel 1 ". Hp 
each. PP. top. 
240ÁC type MM4. 21b. pull, 
1 }"x1 } -x1 ". Travel E lap 

NORPLEX 
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 etc. THIS IS A 
SPECIAL PURCHASE AND ONLY AVAILABLE WHILE STOCKS 
LAST! Sizes: 12" x I2"; 24" x IV; 24' x 24 "; FULL SHEET 13" x 37' 
(11 sq. ft.). Single -sided Copper with thickness of 1132", 3164 ", 3132. 
Also double -sided 1132', 1118", 313r. LI per sq. ft. Cut sizes (1 -10 sq. ft.) 
25p. P. 6 P. Full Sheet LI each. Carr. £1 for 1st sheet plus 25p each 
additional sheet. 

CARTER ELECTRIC 
Similar to above with alloy gear case. 80 r.p.m. This 
item is ex- equipment but perfect. E1.115. P 6 P 30p. 

discount 0-5010 .50up- 
wards 25% 

SMITHS RINGER -TIMER 

0114 
Reliable 15 minute times, spring wound 
(concurrent with time setting) 15X1min 
divisions, approximately }" between 
divisions. Panel mounting with chrome 
bezel 3 }' dia. E1 M. 15p. P. 6 P. 

MAINS 
SOLENOID 
This little unit gives 
vertical lift of aPProxl- 
metely 1" through r 

+ `At hinged "elbow ". 
- 

-- 
Bracket incorporates 2 fixing screws. Length of arm, 

} 
F..EE P. L P. Specialcquotes for oqulb. quantities. 

1. FEW ONLY 
Fully stabilised 

Outputs 8v, 8a D.C., 
Supply Unit. 

Hum and ripple at full load -less than 3MV peak to 
peak. Stability improvement ratio for 15% mains 
change -11000: 1. Output impedance 0005 ohms. 
9}" o 91" x 12(1. Weight 2011ó. E3a.5a. Carr. 6 Pkg 
£1.50. In manufacturer's carton. r' 

KNOWLE (U.S.A.) MINIATURE 
MICROPHONE CAPSULES 

Impedance approx. 2000. output 60 or 80 DB at 1 Kc. As used in deaf 
aids, bugging devices, etc. Size (80 DB) 7132'x5132'x }"; (80 DB) 
} "x5132 "x}". Ex- equipment, all tasted. EiSd each. P. 6 P. FREE. 

. - 'ßí;i !\ 
b 

AMPEX 7.5v. DC 
1 MOTOR 
-. An ultra precision tape motor 

11 designed for use in the AG20 
portable recorder. Torque 
450GMICM. Stall load at500ma. 
Draws 60ma on run. 600rpm 
speed adjustment. Internal 
AFIRFsuppression.}" 

"LABGEAR ELI MINACrr 
P.S.U. 200 -250v. 40150Hz. Alternative outputs fully 
variable (varlet incorporated). Output 1. 12v at 5a 
D.C. fully smoothed. Output 2. 12v at 8a D.C., with 
ripple content. Output 3. 20v at 10a A.C. 2 }'e2 }flush 
0-20v D.C. mlc meter. In attractive grey hammer finish 
case. In maker's canton. £41.51. Carr. & Pkg. £1.50. 

ALL PRICES INCLUDE V.A.T. 
Whilst we welcome official orders from established companies and 
Educational Departments, It Is no longer practical to goods under 
£5. Therefore, please remit cash with orders below this amount. 

- , dia. x1' 
spindle, motor 3" dia.xt }". 

- --/ B9 Original cost £18.5p OUR 
PRICE £3.30. P. & P. 25p. Large 

quantities available (special quotations). Mu -metal 
enclosure aveileble. 7'D -nah. FAEF P. a P. 

ELECTRO TECH 315/317, EDGWARE ROAD, 
COMPONENTS LTD. LONDON, W2. 

Tel: 01 -723 5667 01 -402 5580 

ELECTRONIC ORGAN DIVIDER BOARDS built to 
high Industrial /computer spec. 5 octave set £15. 
Complete with connection data and oscillator details. 

COPPER LAMINATE P.C. BOARD 
6} x 51 x 1 /16 in. 12 0 sheet, 5 for 50p 
11 x6} x1/16 in. 15p sheet, 4 for 50p 
11 x 8 x 1 116 in 20p sheet, 3 for 500 
161 x 4 x 1/16 in. (Fibreglass), 30p sheet. 
Offcut pack (smallest 4 x 2 in.) 50p 300 sq. in. 
P&P single sheet 4p. Bargain packs 200 

TELEPHONE DIALS (New) £1 ea. 
RELAYS (G.P.O. '3000'). All types. Brand 
new from 371p ea. 10 up quotations only. 
EXTENSION TELEPHONES (Type 706) 
Various Colours £3.50. P.P. 25p. Excellent 
condition. 
RATCHET RELAYS. (310 ohm) Various 
Types 85p. P P 5p. 
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 
2200Ní. 100v. (1} x 4in.) 60p. 3,150µf. 40v. (1} x 4in.) 
110p. 10,000µt. 25v. (11 x 4 1in.) 60p. 10,000µf. 100v. 
(2} x 4/in.) £1. 12000µf. 40V. (2 x 4in.) 75p. 16,00011f. 
16v. (2 x 4in ) 60p. 21,000µt. 40v. (2} x 4in.) £1. Post and 
Packing 5p. 
2,8001.f. 100v. (4} x 2 in.). 80p. 15,000µf. 63v. 
(4} x 2 } in.). El. 
ROTARY VACUUM PUMPS (GS10) with Motor on 
Bedplate. £25. P.P. £2. 
HIGH VACUUM DIFFUSION PUMPS (Metrovac 
093C). New condition. £40. P.P. £2. A.E.I. P10. ION 
Pump Control Units. £1750. 
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. (Trial order 100pcs. 50p.) We are confident 
you will re- order. 

REGULATED POWER SUPPLY. Input 110/240v 
Output 9v. DC. 11 amp. 12v. D.C. 500 m /a. f4. P.P. 30p 

I U.K. ORDERS 10% V.A.T. SURCHARGE I 

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 2} 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. 

CVSCO. 45v. at 3 amp: 35v. at 2 amp : 25v. at 3 amp. 
£7. P.P. £1. 

L.T. TRANSFORMER. Prim. 240v. Sec. 13v. at 
1.5 amp. 75p. P.P. 1 5p. 

L.T. TRANSFORMER. Prim. 240v. Sec. 24v. at 
1 } amp. £1.20. P.P. 20p. 

L.T. TRANSFORMER. Prim. 110/240v. Sec. 0/24/40v. 
11 amp. (Shrouded). £1.50. P.P. 30p. 

L.T. TRANSFORMER. Prim. 110/240v. Sec. 28/0/28v. 
at 2 amp: 10.5v. at 1 amp. (Shrouded). £2.25. P.P. 40p. 

L.T. TRANSORME R. Prim. 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. /L.T. TRANSFORMER. Prim. 200/250v. Sec. 
1.500/0/500v. 150 m /a. Sec. 2 31v. at 5 amp. £3. 
P.P. 75p. 

E.H.T. TRANSFORMER. 240v. Sec. 25 -0 -2'5 K.V. 
at 12 m/a :7.5v. at 1 amp : 2.5v. at 2 amp. £2.50. P.P. 35p. 

E.H.T. TRANSFORMER. 240v. Sec. 1800v. 50 mA. 
£250. P.P. 50p. 

250W. ISOLATION TRANSFORMER. 240v. £325. 
P.P. 50p, 

1000W. ISOLATION TRANSFORMER. 220/240v.- 
242v. (c' core type). £12. P.P. £1.50. 

2500W. ISOLATION TRANSFORMER (CONSTANT 
VOLTAGE). Prim. 190 -260v. 50 HZ. Sec. 230v. at 
109 amp. £30. Carr. £2. 

500W. STEP -DOWN TRANSFORMER. (Double 
wound.) 240v. -115v. 50 HZ. £850. P.P. Cl. 

2300W. STEP -DOWN TRANSFORMER. (Double 
wound.) 240v. -117v. 50 HZ. £2250. P.P. £2. 

HIGH -SPEED MAGNETIC 
COUNTERS. 4digit (non reset) 24v. 
or 48v. (state which) 4 x 1 x 1 In. 
40p. P.P. 5p. 

5 digit (non- reset) 6- 12- 24 -48v. 
(state which) 75p. P.P. 5p. 
3 digit 12v. (Rotary Reset) 21 x 1 } x 1 } in. £1 each 

3 digit 12v. (Reset) 31 x 1 x 1 in. £2.25. P.P. 5p. 
5 digit (Reset) 12v. £3. P.P. 5p. 

MULTICORE CABLE (P.V.C.). 
6 core (6 colours) 3 screened, 14/0048. 15p. yd. 100 yds. 
£1250. 
20 core (2 screened) 17 }p yd. 100 yds. £15. 
24 core (24 colours) 20p. yd. 100 yds. £1750. 
30 core (15 colours) 22 }p. yd. 100 yds. £1850. 
34 core (17 colours) 25p. yd. 100 yds. £20. 
Minimum order 10 yds. 

RIBBON CABLE (8 colours) 
£1.25 
10m. 100m. 
8 cores. 7 /,mm. bonded side by side in ribbon form. 

SMALL MOTOR (1/50 H.P.) 900 R.P.M. 230/250v. A.C. 
£1.50. P.P. 30p. 

£10 

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. 6- 12- 24 -48v 
types in stock. 

12 VOLT H.D. RELAYS (3x2x1 in.) with 10 amp. silver 
contacts 2 pole c/o 40p ea.; 2 pole 3 way 40p. P P. 5p. 

24 VOLT H.D. RELAYS (2 x 2 x* in.) 10 amp. contacts. 
4 pole c /o. 40p ea. P.P. 5p. 

240v. A.C. RELAYS. (Plug -in type). 3 change -over 10 amp. 
contacts. 75p (with base). P.P. 5p. 

P.A.R. BISTABLE RELAY (Latching) 24v. D.C. 4 c/o 
contacts 65p. P.P. 5p. 

SILICON BRIDGES. 100 P.I.V. 1 amp. (ix ix i in.) 30p 
200 P.I.V. 2 amp. 60p. 
24 VOLT A.C. RELAYS (Plug -in). 
3 Pole Change -over 60p. 
2 Pole Change -over 45p. 

PATTRICK & KINNIE 
191 LONDON ROAD ROMFORD ESSEX 

ROMFORD 44473 RM7 9DD 



SERVICE TRADING CO 
MATSUNAGA VARIABLE VOLTAGE TRANSFORMERS 

INPUT 230 v. A.C. 50/60 
OUTPUT VARIABLE 0/260 v. A.C. 
BRAND NEW. All types. 
0 5 KVA (Max. 2f Amp) íI0.00 
I KVA (Max. S Amp).. E14 70 
2 KVA (Max. 10 Amp).. £28.10 
3 KVA (Max. 15 Amp) E3125 
4 KVA (Max. 20 Amp) £72 S0 

Carriage extra (Max. 37 5 Amp) L102 S0 

L.T. TRANSFORMERS 
All primaries 220 -240 volts. 
Type No. Sec. Taps Poce 
1 30, 32, 34, 38 v. at 5 amps £6.90 
2 30, 40, 50 v. at 5 amps. £9.15 
3 10, 17, 18 v. at 10 amps £7.20 
4 6, 12 v. at 20 amps. t8.60 
5 17, 18, 20 v. at 20 amps E9.15 
6 8, 12. 20 v. at 20 amps. E865 
7 12.20.24 v. at Memos 03-75 
8 4, 6, 24, 32 v. at 12 amps. £880 
9 8 and 12 v. at 10 amps. £430 

Post 
45p 
60p 
500 
60p 
600 
60p 
500 
600 
40p 

VOLTAGE CHANGING 
TRANSFORMER 
M.1. to highest W.D. spec. Auto wound, and tapped 0 -130, 
160 -200 -250 at least 2KVA. Can also be used as 230 -240V. input, 
115V. out for U.S.A. equipment, or reverse to obtain 240V. from 
115V. The Ideal translormer for making up solid state constant 
voltage unit, by use of taps the following voltages may be 
obtained: 30-40-50-70-90 Volts at 10 amps. Weight 40 lbs., 
length 280 mm., height 190 mm., width 230 mm. In original 
maker's wooden case, £6 -N, carr. LI. 

240 V A.C. SOLENOID OPERATED 
FLUID VALVE 
Rated 1 p.s.l. will handle up to 7 p.s.l. Forged 
brass body, stainless steel core and spring. } in. 
b.s.p. Inlet /outlet. Precision made. British mtg. 
PRICE: LI-75. Post 25p. Special quotation for 
quantity. NEW in original packing. 

FOOT SWITCH 
Suitable for Motors, Drills, etc., etc. 
5 amp. 250 Volt. Price 7Sp. Post 15p. 

-6119r,.*es, 

VENNER TIME SWITCH 
TYPE MSHP 
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 
£4.75 Post 25p. 

A.C. MAINS TIMER UNIT 
Based on an electric clocn. with 25 amp. 
single -pole switch. which can be preset for +I_ 
any period up to 12 hrs. ahead to switch rJr 
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 £2.00. Post 20p. (Total inc. VAT & Post £2.42). 

50 in 1 ELECTRONIC PROJECT KIT 
50 easy to build Protects. No soldering, no special tools 
required. The Kit includes Speaker, meter, Relay. 
Transformer, plus a host of other components and a 56- 
page instruction !cellist. Some examples of the 50 possible 
Projects are: Sound level Meter, 2 Transistor Radio, 
Amplifier etc. etc. Price £7:75 post 25p. 

UNISELECTOR SWITCHES -NEW 
4 BANK 25 WAY FULL WIPER 25 ohm coil, 24e. D.0 
operation L6.90. Post 30p. 
8 BANK 25 WAY FULL WIPER 25 ohm 
coil, 24 v. D.C. £7.90. Post 30p. 
8 BANK 25 WAY FULL WIPER 
24 v. D.C. operation £9.50. Post 40p. 

MINIATURE UNISELECTOR SWITCH 
2 Bank. 12 position. 24 volt D.C. 
operation. full wiper with ancillary 
contacts. NEW Price £2-50 Post 20p. 
As above but with $ Bank. 12 position. 
Price Mai/Post top. 

VERY SPECIAL OFFER 
Miniature Roller Micro Switch. 5 amp. 
c/o contacts. Mfg. BONNELLA. NEW Price 
10 for £1.50. Post 1Op lMin order 10.) 

'HONEYWELL' PUSH BUTTON, 
MOUNTING MICRO SWITCH 

ASSEMBLY 
Each bank comprises of a change -over 
rated at 10 amps 240 volt A.C. Black 
knob 1 in. dia. Fixing hole I in. Prices: 
1 -bank 30p, 2 -bank 40p, 3 -bank 50p. 
(Illustrated) inc. P. 6 P. Special quotes 
for quantities. 

PANEL 

444ái.\\` 
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24 VOLT DC SOLENOIDS 
Unit containing: 1 heavy duty solenoid approx. 25 lb. pull 
at 1 in. travel. 2 solenoias of approx. 1 lb. pull at } in. travel. 
e solenoids of approx. 4 oz. pull at } in. travel. Plus 1 24V D.C. 
1 heavy duty 1 make relay. Price: £2558. Post 80p. ABSOLUTE 
BARGAIN. 

STROBE! STROBE! STROBE! 

* FOUR 
LIGHT 

EASY KITS 
STATENTIMINGI 

WHITE 
# * TRIGGERING CIRCUITS, PROVISION FOR EX- # * TERNAL TRIGGERING. 230 -250v. A.C. OPERATION. 

* EXPERIMENTERS "ECONOMY" KIT 
* Adjustable 1 to 30 Flash per sec. All electronic com- # * ponents including Xenon Tube + instructions £6.30. # * Post 30p. * 
* INDUSTRIAL KIT * Ideally suitable for schools, laboratories etc. Roller * tin printed circuit. Adjustable 1-80 f.p.s., approx. } # * output of Hy- Lyght. Price E12-11). Post 50p. * 
* HY -LIGHT STROBE # * 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) * * strobes. Price £12111. Post SOP * 
* 'SUPER' HY.LIGHT KIT # 

* Aÿ p ox. strobe. ms 
the light output of our well proven 

* Variable speed from 1 -13 flash per sec. * * Reactor control circuit producing an Intense white * * light. ONLY ENV. Post 75p. # * ATTRACTIVE, ROBUST. FULLY VENTILATED it * 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- * tremely efficient optical * system. E18.50. Post 50p. 

* I RPM MOTOR and * COLOUR WHEEL * 200/240 volt A.C. 1 r.p.m. synchronous motor, 2 watt, 
"I" 

Alclock. Spindle 10 mm. long, 3 mm. dia. Motor only 

* 20 
as used for Disco lighting 

6 inch colour wheel 
effects, etc. PRICE motor # * and wheel ES-N. Post 40p. (Motor not available # * separately). * s INCH COLOUR WHEEL ONLY. Price £4 50. Post * 

300. 

* * * * * * * * * * * * * * * * * * * * * * * * * ** * * * * * * * # * * * * * * * # * * * * * * * 

AUTO FADE 
COLOUR BLEND MODULE 

Will control up to 750W. of lighting. Automatic 
fade -up, fade -down at a manually pre -selected 
timing, which may be varied between 1 second to 
1 minute. Based on 10 amp. triac for maximum reliability. Ready built with switch and Time 
Control, on 4 }' x 5' glass P.C. board. Three modules or more can be sequenced to obtain fantastic colour blending effects. Price E12.50. 
Post 30p. Per. module. (Send S.A.E. for further details.) # 

* * * * * * * * * * * * * * * * * * **1-« * 
* BIG BLACK LIGHT * 400 Watt. Mercury vapour ultra violet * lamp. Extremely compact and powerful * source of u.v. Innumerable industr. al * applications also ideal for stage, display, * discos etc. P.F. ballast is essential with * these bulbs. Price of matched ballast and 

bulb £16MN. Post C. Spare bulb E7-so. * Post 40p. 

* BLACK LIGHT FLUORESCENT U.V. TUBES 4ft. W watt. Price ESSO. Post 30p. 2tt. 20 watt E425. * * Post 2Sp. (For use in stan bl -pin fittings.) MINI 12in. 'P O watt Et MN. Post 15p. 61n. I watt E1-36. Post 15p. Corn- * * plate ballast unit and holders for either 9' or 12' tube. # * £1-70. Post 25p. (91e. a 121n. measures approx.). * * * * * * * * * * * * * * * * * * * * * * * * * *# 

# 
4t 

# 
# 
4t 

# 
# 

PROGRAMME TIMERS 
2301240 Volt A.C. 15 RPM Motors. 
Each cam operates a clo micro 
switch. Ideal for lighting effects, 
animated displays etc. Ex equip- 
ment tested. 

4 cam model E236 post 30p. 
6 cam model E325 post 30p. 

12 cam model EI -N post 35p. 
6 cam model 3 RPM £3- 25 post 30p. 

High Visibility 
Panel Mounting LED'S 
25 inch mounting, 16 inch lens. Typical parameters 2 volt 
20 m.a. all types. Supplied complete with snap in mountings 

and data. Red 4 for £1'1111, Green 3 for £1 00, Yellow 3 for £1 00. 
Post 5p. (Min. order E1-N.) 

VAT 
All prices 

are subject to 

10% VAT. 
(10p in the L) 

To ail Orders add 10 °b VAT'to total 
value of yotd5 inCludinq carriage.' 
packaging. 

RE LAYS MIN ATNURE RESAYS 
etc 

1 2 3 4 1 2 3 4 
52 4-6 6M Np' 700 6 -12 1c/oHD 50p' 

150 4A 2010 7700p' 2500 36 -45 6Mo 600' 
185 8-12 6 M Np' 2400 30 -48 4 c/o 60p 
308 9-14 4 c/o 7Sp' 2500 31 -43 2 do HD 60p' 700 18.24 4M28 11p' 5800 24 -26 2 c/o 6013 700 16 -24 4 clo $0p' 9000 40-70 2 clo 15p' 

15k 85 -110 6 M Np (t) Coll ohms: (2) Working d.c. volts; (3) Contacts: (4) Price HD -Heavy Duty. All Post Paid. (*Including Base) 

6 VOLT D.C. 1 make con. 35p. Post 5p. 
9 VOLT D.C. RELAY 
3 c/o 5 amp contacts. 70 ohm coil 76p. Post 5p. 
12 VOLT D.C. RELAY 
3 c/o 5 amp contacts 120 ohm coil 75p. Post 5p. 
24 VOLT D.C. 3 c/o 600 ohm coil 75p. Post 5p. 
2 HD vó 700 ohm coil 75p. Post 5p. 

100 VOLT A.C. 
2 c o sealed type. octal base £1.00. Post 10p. 
24 VOLT A.C. 
Mfg. by ITT. 2 h.& c/o contacts. 5Sp. Post 5p. 

240 VOLT A.C. RELAY ITT 
240V. A.C. heavy duty c/o contacts. Octal plug in base. 
Price 75p. Post 5p. 

DIAMOND H Heavy Duty Relay 
230 240V A.C. 2 cio contacts 25 amp RES at 250v A.C. 
Price £2.00. Post 10p. 

HEAVY DUTY SEALED RELAY 
110 Volt 2 c/o 20 amp contacts. £1.25. Post 10p. 
220/240 Volt A.C. 3 c/o 5 amp cont. Sealed. incl 11 -pm 
base. £135. Post 10p. 

CLARE -ELLIOT Type RP 7641 G8 Miniature relay. 675 ohm coil. 24 volt D.C. 2 c/o. 70p. 
Post Paid. 

ITT LOW PROFILE 
R E LAY 500 ohm coil. 12 -24 volts! 
D.C., 4 c /o. Price 85p. Post 5p each. 

DRY REED RELAYS 
M.f.g. by ERG 12 volt D.C. encapsulated. 
Single c/o 6Sp. Post Paid. Two c/o 35p. Post Paid. 
STC28o ohm coil 8112 V D.0 3 make contacts metal shrouded 
60p. Post Paid. Large range of other types available. 

BLOWER UNIT 
200 -240 Volt A.C. BLOWER UNIT 
Precision German built. Dynamically 
balanced, r,uiet, continuously rated, 
reversible motor. Consumption 60mA. 
Size 120mm. r:ia. a 60mm. deep. 
Price £4 BO. Post 30o. 

POWER 
RHEOSTATS 

New ceramic construction, vitreous 
enamel embedded winding, heavy duty 

brush assembly, continuously rated. 
25 WATT 10125)501100M501300/50011k ohm E1.1S Past 10o. 
N WATT 115110125/50/1001250150W1fJ11kl ohm 
£1.1111. Post 10p. 
1116 WATT 115 /10 /251 5011001250150011 k/13kl2-Sk/3.5k/5k ohm 
£2-3i. Post 15p. 
Black SilverSki -tad knob calibrated in Nos. 1 -9. 11 
in dia brass bush. Ideal for above Rheostats, 22p ea. 

A.C. MOTOR M.fg. AEI 
Smooth running, powerful, con- 
tinuously rated, reversible motor. 
2301250V. A.C., 50 cycle 1150th H.P., 
Oß5 amp. 900 r.p.m. £3.50. Post 30p. 

230V/240V COMPACT 
SYNCHRONOUS 
GEARED MOTORS 
Manufactured by either Sangamo, 
Haydon or Smith. Built -in gearbox. 

2 RPH, 3 RPH, 6 RPH, 12 RPH. 
Price 90p. Post 10p. 

GENERAL ELECTRIC POWER - 
GLAS TRIACS 
10 amp. Glass passivated plastic Triac. Latest device from 
U.S.A. Long term reliability. Type SC 146D 10 amp. 400PIV 
E1-N. Post 5p. Type SC 146E 10 amp. S00PIV. £130. Post 5p. (Inclusive of data and application sheet) suitable Diac 18p. 

METERS NEW! 2 1in. FLUSH ROUND 
available as D.C. Amps 1, 5, 10, 15, 20 or A.C. Amps 
1, 5, 10, 15, 20. Both types £2 -N. Post 15p. 
VOLTMETER 6J01V. A.C. E2 00. Post 15p. 

600 WATT DIMMER SWITCH 
Easily fitted. Fully guaranteed by makers. Will 
control up to 600 watts of all lighting except fluor- 
ascent 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 LB -00 Post 27p. 

INSULATION TESTERS (NEW) 
Test to I.E.E. Spec. Rugged metal con- 
struction, suitable for bench or field 
w>rk, constant speed clutch. Size L. 8 In., 
W. 4 In., H. 8 In., weight 8 lb. 
500 VOLTS, 500 megohms £28 -N. Post 
600. 
1,000 VOLTS, 1,000 megohms £34-N. 
Post 60p. 
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ALL MAIL ORDERS, ALSO CALLERS AT 

57 BRIDGMAN ROAD, CHISWICK, 
LONDON, W4 5BB. Phone: 01- 995 1560 

Closed Saturdays. 

SERVICE TRADING CO. 
SHOWROOMS NOW OPEN 

AMPLE PARKING 

PERSONAL CALLERS' ONLY 

9 LITTLE NEWPORT STREET, 
LONDON, WC2H 7JJ. 

Tel.: 01 -437 0576. 
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SMITHS INDUSTRIES 

DIGIKELVO AC /DC 
DIGITAL MULTI - 
RANGE METER. 

made for 
.fi:EEl 

ADD 

10 %. 
VAT: 

TO ALL 

PRICES 

5mV)cm Sensitivity. 10ns/cm to 

2s/cm Timebase. Calibrated Sweep. 

Gated Trigger. 

SPECIAL PRICE FOR 

THIS MONTH ONLY £325 
Also Available: 

A UNITED QUANTITY OF 

CDV 120 
EADM OSCIILLOSCOPES 

OUR INCREDIBLE PRICE£27 5 

* With 4 independent inputs * 3 digits plus polarity * range switching without 
breaking current measuring 
circuit * High input impedance 
on voltage * low input 
impedance on current. 

Frequency Range 300Hz -500Hz on volts. 
Measures 0.01 mV -600VDC. 1 AA- 
999mA current. 
1mV- A00VAC,100nA -999mA 
NEW CONDITION IN MANUFAC- 
TURER'S ORIGINAL PACKING 

£49.50 

ComputQrs A AccQssoriQs 
80 COLUMN HAND PUNCHES 

Ideal for stock 
control, sales 
analysis, back -up 
in existing com- 
puter installations. 
DP training cen- 
tres. schools. etc. 
New low cost 
model £6930 plus 
carriage. 

DE LUXE 
MODEL 
Incorporating tabu- 
lating mechanism. 
£8450 plus carri- 
age. 

ELECTRIC HAND VERIFIER 
£9600 plus carriage. All 
machines supplied with 
numeric keytops and dust - 

cover and covered by our 
three month guarantee. 
Delivery -stock. Optional 
extras alpha keytops and 
chip tray. Send for free 
descriptive leaflet NOW! 

SAVE 75% OF LIST 
PRICE ON THIS DEC 
PDP SYSTEM 
DEC PDP8 4K 1.5 microsecond £1250. 
PDP8S 8K CPU plus Teletype £1395. 
POPS 4K CPU plus VDU P.OA. 
WIDE RANGE OF SPARES FOR 
THE FOLLOWING COMPUTERS ICL 

1500, ICL 1900, SYSTEM 4, 4100, 803, 
AMPEX, etc. 
COSSOR VISUAL DISPLAY DID400. Con- 
sisting of Keyboard & Display 402 stand alone 
capability for alphanumeric data entry. Available 
from £500. Please phone for details. 

BRAND 
NEW PDP8e SYSTEM 

1Rild11tl fI -1 W 

6625- 99-2Ç 190) 

Yours at 
a fraction of original cost. 

COSSOR CD1.1150/CT531 
(JOINT SERVICES 

NO.) 
RUGGEDISED DOUBLE BEAM SMV /cm Sensitivity DC to 35MHz. Delayed tmebase cascade- IMV /cm to 8MHz Fully transistorised 

OUR PRICE £375 
FULLY TESTED GUARANTEED 

TELETYPE PUNCH 
BRPE High -speed punch. Self- contained. consists of ,unch 
unit, base. motor unit. For use in many data communication 

systems. Operating speeds up to 100 
characters per second. 11100 words per 
minute). Available for punching 5 6. 7. 

p or 8, level codes. into P". i" tape Syn- 
chronous, parallel -wire input. f145 

81 i 

:g `s'° 

Delivered at the end of 1973 but never installed - 
the equipment is in fact in its originar manufac- 
turer's packing. The configuration is as follows: - 

PDP8e AF 8K Processor 
Additional 8K Memory MM8 EJ 

KP8E Power Fail 
M 18E Boot Strap 
KA8E Extl + VE Bus 
KD8E Data Break 
KE8E Arithmetic 
BE8A 2nd Omnibus Block 
H960 BC Option Cabinet with Power 

,Distribution 

The list price of this system is 16.730. 
Offered at a discount of 20 %. f5,384 

Limited number secondhand units -phone for prices 

WELMEC 7 & 8 HOLE 
ELECTRO -MECH- 
ANICAL PUNCHES 
& READER 

Models 5110 and R82C. 17 char. per sec. Rebuilt, available 
from stock. £45. 

ICT KEYBOARDS 
In original packing -Numerical from £450. 

ICT KEYBOARDS 
In original packing -Alpha- numeric. Prices from £15 -00. 

Magnetic Tape Transporters AMPEX TM4, TM2, TM7. FR300, 
IBM 7330. POTTER. ICL Magnetic Drums. From £7500. 

IBM PUNCH CARD EQUIPMENT 
FULLY GUARANTEED Prices trom 
024 Automatic alphanumerical keypunch £341100 
026 Automatic alphanumeric printing keypunch £820 -00 
056 Verifier features and operation same as 024, 026 £38900 
082 Sorter 500 cards per minute are sorted £74040 
Carriage extra. 

HEWLETT PACKARD DIGITAL 
RECORDER MODEL 565A 
Data Entry parallel to 11 columns. Print speed 5 lines per 
second. PRICE £8500. 

VERMONT & SPERRY MEMORY DRUMS 
AVAILABLE -PHONE FOR DETAILS. 

MINITRON 
K.G.M. Type 3015F 7 Segment display showing 
figures O-9 plus decimal point. Character pf 
9mm height. In 16 DIL case. 

NEW LOW PRICE £1.25 
SN7447N BCD 
Decoder Driver £1.00. 

PYE HIGH 
RESISTANCE 
OHMMETER 
MODEL 10B 
Range from O-3- 20.000 
Megohms in 4 ranges at 
500V. Used for the measure- 
ment of components or 
circuits having high parallel 
capacitance. PRICE £20.00 

r . 

um 
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LIMITED 

QUANTITY 

1E100 
IN 111E-ROGE 

OSCILLOSCOPES 
THE WORLD 

FAMOUS 
545 in 

the DC to 

30MH1 range. 

Can be used to 

operate with 

Tektronix 
letter series 
plug -in unit 

for yirtua0y 

any application . 

c,nrusc £175 IMein kame onNl 

£235 
Tektronix 545 complete 

with 

CA Double Beam Time Base. 

Also available. 

TEKTRONIX 
545c,Á With CA 

at19"1" £25 
TEKTRONIX 

535 with CA 

plug -in £1 75 

7 -TRACK DIGITAL 
MAGNETIC TAPE STORAGE 
DECK 

HIGHLY 
STABILISED 

POWER SUPPLIES. 
YOURS AT A FRACTION 

Of ORIGINAL COST 

¿ .r 

These modular units incor- 

porate overload protection on both INPUT and 

OUTPUT. Load regulation of 1% or better. Low 

ripple and fast response time. Input voltage 
120 -130 50 Hz. Available in the following types: 

6 Volt 6 Amp .. f12-00 
6 Volt 12 Amp .. í1700 
6 Volt 16 Any [2600 

12 Volt 4 Amp .. [2000 

12 Volt 12 Amp . [2200 
12 Voh 20 Amp .. [2400 
30 Volt 7 Amp . (1600 

PRECISION 
ELECTRONICALLY 

TUNED MICROWAVE 
SIGNAL SOURCES 

Hewlett Packard 
690 SWEEP 

OSCILLATORS 
3 7G to 8 3G 25Mc .:1F Sweep Width - comiruously adjustable from nano to approximately 10% of hequenty range. d F Width Accuracy ± 10% ± 4 3M Leveled Power 5Mw 

4 !i' 

d ?I 

ù.appp . I! 

£495 

Power Supplies 
/ 

28V 20A £39.50 
6V 25A £25 

VARIABLE VOLTAGE HIGH CURRENT 
HIGH STABILITY HIGH RELIABILITY 
These per 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. Core Transformer 

Manufacturers price probably in excess of f200. 

These machines, originally 
ex- computer. are multi- 
track recording units, 
ideal for data storage. 
Record and Replay Heads 
encased in one common 
unit. Low resistance 
heads. Frequency 
response approximately 
0 Kc/s to 50 Kc/s. Bit 
density 557 b.p.i. 1 in.. 
10; in. spools, 230 V to 
380V. Capstan motor 
speed 1.500 r.p.m. 48V 

DC rewind motors complete with vacuum assembly. Finished in 
brush aluminium and matt black. Size 27 in. X 26 in. X 8 in. 
Weight 90 lbs- Price £6350. 

WEE MEGGERS BY 
EVERSHED & VIGNOLE 

100 we 0020- 20MOSeris 3 Mk Ill 

£25 
250 volt 0.010- itMOSeriw 3 only 

£16 
250 voit 0010 --20MO Strias 3 only 

£18 

VENNER 3334 
Digital Frequency Meter 
0-1MHz £45.00. 

VENNER 3336 
Digital Counter Six Digit O- -1 MHz £5600. 
With 15 Meg Counter extension for above £65.00. 

PotQntiomQtQrs 
TEN TURN 3600° ROTATION 

/meanly 
Res Ohms Per cent Manufacturers Mode/ 
100 . 0.5 Beckman A.S. 
200 .... 0.5 ... Beckman A 
500 .... 0.1 .... Beckman S. 

500 . .. 1.0 ... Relcon HEL107 -10 
IK Relcon HEL0710 
2K .... 0'5 Beckman SÁ1101 
2K .... 025 . Beckman 7216 ... 
2K .... ... RHence GPM15 .. 
2K General Controls GPA15/4 
All .. .. Relcon 07 -10 .. 
5K . Colwm CLR2503 

0'1 . Beckman A. 

.. Colvern CLR2402 . 

i .... Heliput SAJ337 
0.05 . Beckman SA1244 
01 ... Beckman A.88 
03 .... Bedtime . SA1692 .... Reliance 0710 

073 
0.5 Beckman A. ... 
01 Beckman A. 

Coleem 2501 
298K 01 Beckman 8A3902 
300K 0i1 Beckman A. 

THREE TURN 780' ROTATION 
Beckman Type C E2.25 

100/100 .. Beckman Type C 1300 
300 Beckman 9303 E2ß5 
1K Fn PX2/H3 12-25 
lOK .03 Beckman Cos [245 
201020K . 0.1 Beckman CS (3-00 
10K/10K 0.1 . Beckman .. C. 13-00 
50K 0.5 .. Beckman C.S. £175 

FIFTEEN TURN 5400° ROTATION 
251Ú25K Beckman B 10 watts . 1650 
481146K Beckman B 10 watts £650 

101( 

15K 
25K . . 

29K 
30K 
30K 
50K 
50K 
50K 
100K 
100K 

V we 
f200 
E200 
f250 
f2ß5 
£2ß5 
0.00 
E300 
[200 
£200 
f250 
f3110 
E350 
(300 
E3-00 
[450 
E350 
E300 
E225 
E2.25 
E300 
f350 
12-25 
E3-50 
£350 

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 £1050 dimensions 283 X94X36mm. Weight 1.5 lbs. 

ALPHANUMERIC 

noix 
TH 

The AIPh3nu 
h BES 87971 

abdl merle NIXIE tuba has 
Al tyro display all thal the 

chararteet;;° 
iogletuhe.9etys al 

From the Sld "r r r' 
electrical nkoim et both readability and 
tube provides 

charade /In /es. the Alphanumen 
* 
characters 

roam unique benefits including 
NIXIE 

characters 
at don * Uniform, continuous 

c Memo 
eeual height line 

solid Mente 
will simple 

drive rcuits * Readability 
in 

highoambient light 200 foot:anthem 
brightness 

rig lite wither; 
fort brightness * Character henr 2 }ins 

Price only 99p 
each 

n1us lBpp&v 

WANDEL & GOLTERMANN 
Distortion Measuring Set VZM -1 for colour t.v. 625 lines PAL £750. 
Distortion Measuring Set VZM -2 556KHz- 12MHz. £250. 
Distortion Measuring Set VZM -83 52/304/556KHz comprises a 
generator and receiver used mainly to measure transmission distor- 
tion on FM radio link systems. £245. 
Voltage & Level Meter 10KHz -14MHz TFPM 43 measuring range 
8v -40uv 1 +20- 86dB1. £339. 
Selective Level Oscillator 10K Hz -14M Hz TFPS 42. £349. 

HEWLETT PACKARD 
Microwave Power 
Meter Type 430C 
Fast readings. Read power directly in 
mW and dam. Use 100- or 200 -ohm. 
positive or negative temperature 
coefficient bolometers. Read CVV and 
modulated power from 0.01 mW to 
10 mW or dBm -20 to +10 dam. 
£6500. 

TELE EQUIPMENT 
D43 OSCILLOSCOPE £89.50 

TEKTRONIX 
Spectrum Analyser 
10MHz -40GHz 
Type 491 
One only £1,250 

Stop Pross 
AVOMETERS -Few only available. 
These world -famous and much sought after AVOMETERS are 
fully guaranteed with 1 year free service included. 

Model 7 £2400 
Model 7X £26.00 
Cases, leads and batteries extra. 

Model 8 
Model 8X 

al 
otherwise 

psckirspM .rpe.srtraonditerrreursless ADD 10% VAT TO ALL PRICES 

LECTRONIC ÚRDKERS LIMITED 
49-53 Pancras Road, London N W 1 2QB. Telephone 01-8377781 PROMPTDESPATCH MAILORDER. CALLERS 

WELCOME MON-FRI9A.M.to 5.30P.M. 

WW115 FOR FURTHER DETAILS 

£3200 
£35.00 
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adia.p.".ApAida 
ALL ITEMS BRAND NEW AND 

PEN RECORDERS 
MINIATURE PEN RECORDER 

Provides permanent record of DC 

currents up to 1mA. Eminèntly suitable 
for use where space is limited. Separate 
time marker pen provided. Chart width 
BOmm. Chart length 40ft. Chart speeds: 
Slow 20.60 -180 mm /hour. Fast 600- 
1800 -5400 mm /hour. Dimensions 120x 
120x285mm. Weight 7.7 lbs. 13.5 Kg). 
Price complete with accessories 

10 CHANNEL EVENT RECORDER 
Designed for recording sequences of 
up to ten different operations. e.g. 
sequence of machine tool operation. 
switching sequences, etc. Record is 
presented in the form of square "pulses'. 
When energised. pen moves by approxi- 
mately 4mm. to the right of zero line. 
Response time 100 milliseconds. Chart 
width 110mm. Chan length 50h. 
Inv. capacity 72 hours. Chart speeds 
20 -60- 180 -600 -1800 -5400 mm /hour. 
Site 160x160x255mm. Weight 9 lbs. 
Price complete with accessories 

£52.00 

£39.00 

JUST OUT -NEW CATALOGUE ON FULL RANGE 
OF PEN RECORDERS. SEND READER'S 
CARD FOR FREE COPY (WW 117) 

PORTABLE AC /DC 
RECORDING VOLTAMMETER 

Fitted with separate zero -marking pen. 
Accuracy 1.5% DC. 2.5% AC. Measure- 
ments ranges - AC and DC: 5-15-150 - 
250-500mA 1.5 -5 Amps 5-15-50-150 - 

250-.500V. DC only 150mV. Frequency 
range 45 to 1000 chi. Chart width 
100mm. Chart speeds 20-60- 180 -600- 
1800 -5400 mm /hour. Weight 22 lbs. 
Price complete with accessories 

£78.00 

NEW HIGH SPEED PEN RECORDERS 3 MODELS AVAILABLE: 
SINGLE CHANNEL £180 THREE CHANNEL £310 : FIVE CHANNEL £420 
Frequency range OC to 100Hz Recording presented in curvilinear coordinates by meals of ink on 

paper. Built.in solid state amplifier lone per channel) provides 8 calibrated sensitivity steps. Two 
marker pens are provided: one of these can be connected to internal time marker oscilla or providing I second pulses. This pen can also be used as a process marker to mark a desired event en the chart. 

Second marker pen can be used as Terri (reference) line marker or as another event marker. Full 
range of chart speeds is immediately available by means of push bunon control. 

SPECIFICATION. Basic error 4 %. Frequency response from DC to 100Hz. 2 db. Calibrated sensitivity V /cm: 
0.02. 0.05. 0.1. 0.2, 0.5. 1. 2, 5. Width of each recording channel 40mm. Chart speeds mm /sec: I. 2. 5. 10, 25. 

50, 125, 250. Internal calibrating voltage. 40mV. Chan length: 50 meters. Voltage: 220/250. COMPLEMENT OF 

ACCESSORIES AVAILABLE. 

SINGLE PEN RECORDER 
A most versatile 
pen recorder produc- 
ing a trace on a 

curvilinear 3 in. strip 
chart. Two synchro- 
nous speeds: 1 in. 
and 6 in. per hodr. 

Fitted with high and 
low alarm contacts 
operated by the 
moving coil. Basic 
movement 1 rmh 
DC coil resistance 
400 ohms. Fitted 
with rectifier to allow 
operation on AC 
effective coil imped- 

ance at 50Hz .1.800 ohms. 

Power supply required: 230V 50Hz. 
Applications: Ideal for' recording relatively slow 
changing phenomena such as: 
Temperature: Gas or Liquid Flow Rates. Sound 
Levels. Speed variations. Power Demand. Rainfall. 
humidity. etc. 

PRICE £25.00 
Clockwork version also available £29.50 

MINIATURISED 
STRIP CHART RECORDER 

Indicates the magnitude of applied 
currents or voltages by a continuous 
distortion -free line on pressure sensitive 
paper. Moving coil movement. scale 
calibrated 0 -1 milliamp d.c. internal 
resistance 100 ohms. Chart drive motor 
240V 50Hz. Chart speed 1" per hour. 
Complete with handbook. 

Price £25.00 

TES EI1UIPMENi 

AM -FM GENERATOR Typa AF 1065 

Permits fast and accurate calibration of 
modern radio receivers. Suitable for 
calibration and testing in the laboratory. 
AM frequency range: from 140 KHz to 
46 MHz in 6 ranges expended range 
430 -530 KHz. FM frequency range: 
9.5-12 MHz: 85-110 MHz. Frequency 
accuracy: better than 1 %. RF output 
voltage: adjustable from 0.1 ply to 0.1v. 
Output impedance: 75 Ohm constant. 
Modulation: AM: FM: AM + FM. 
Amplitude modulation: 400 Hz: from 0- 
50% adjust. Frequency modulation: 
1000 Hz adjust. Deviation from 0 - +/ 
- 50 KHz. External modulation: AM: 
FM: from 30 Hz to 15 KHz. 

£259.00 

- 9! 

ill ::: ,.` 
Z_ r 

RCL BRIDGE Typo P 988 

For measurement of RCL and capacitor 
dissipation factor and inductors figure of 
merit G. Consists of a system of switch - 

able bridges. a 1 KHz generator. and a 

sensitive tuned detector. Particularly 
suitable for testing of small production 
batches and selection of component 
parameters. 
Measurement ranges: 
Resistance: from 0.1 Ohm to 11 MOhm. 
Capacitance: from 1 pF to 1100 pF. 
Inductance: from 10 pH to 1100 H. 
Accuracy: +1- 1 %. Dissipation factor 
D: from 1.10 -3 to 50. Quality Factor Q: 
from 0.02 to 1000. Internal oscillator: 
1 KHz. 

£245.00 

OBTAINABLE ONLY FROM ELECTRONIC BROKERS. 
SEND READER'S CARD FOR FREE CATALOGUE OF 
TEST EQUIPMENT (WW 1 8) 

TV SWEEP MARKER 
GENERATOR Type VU 167 

Suitable for alignment of tuned circuits 
in television sets. Incorporates a sweep 
generator. a market generator and a 

crystal -controlled oscillator operating at 
5.5 MHz. Sweep frequency range 1 -30 
MHz. 170 -260 MHz Fund. 470 -780 
MHz Harmonic. Marker frequency range 
2 -266 MHz. 480 -800 MHz. 

£259.00 
Many other 
models available 
Send for list 

P 

OUTPUT 
POWER 
METER 

TYPE M J 964. 

This instrument basically consists of a 

transistorized amplifier voltmeter which 
measures the voltage across a specified 
load. It is provided with 40 load 
values ranging from 2.50hm to 20KOhm. 
As the loads are purely resistive. their 
value keeps constant with varying 
frequency. A special negative feedback 
loop allows a nearly linear scale to be 
obtained. No damages to the instrtment 
result from errors in presetting the load 
values or the power ranges. 
Power measuring range 

lira 4 ranges) from I mW is IOW 
Level measuring range 

Ref. 1mW from -3d8 to +41I dB 

Frequency range from 20 Hz to 50KHz 

Accuracy Within 0.5 dB 

Load input resistances 40 Values 

Resistances accuracy better than 5% 

Instrument Calibration R.M.S. 

£129.00 
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UARILNIEED FOR 12 MONTHS 

Sole agents for' C.E 
THESE ACCESSORIES CAN BE USED IN 
CONJUNCTION WITH THE SUPERTESTER 
680R. ALSO IN MANY CASES WITH 
POPULAR MAKES OF TEST METERS. 

Amperclamp o. 
For measuring 
a.c. currents 
from 250mA to 
500 amps. 
£l1.95 

Gauss 
Meter 

I F 

meor asuring 
magnetic 
field 

I strengths. 

£1195 

OTHER ACCESSORIES AVAILABLE 
SHUNTS D.C. 25. 50 and 100 amps. £4.50 
each. 

CURRENT TRANSFORMERS A.C. 25 and 
100 amps. £7.00 each. 
E.H.T. PROBE Extends D.C. voltage to 

25.000v. £5.95. 

Signal L 

Injector ç 
Producing 
1 KHz and 
500 KHz 
signals for 
circuit testing f 

Phase Sequence 
Indicator To i 

the phase 
cate 

sequence of 
a 3 phase 
supply nag. 

Electronic Voltmeter 
Input resistance 
of 11 Mohacs 
for dc. and 
1 6Muhms 
shunted by 10pF 
for a c £18.00 

Transistor 
Tester 
For Iran 
sistors and 
diodes 
£11.00. 

FREE NEW CATALOGUE NOW AVAILABLE 
SEND READER'S CARD WW 119 

THE REVOLUTIONARY 
SUPERTESTER 680R 

.95 Temperature 
Probe 
Covering the 
range -50 to 
+200 °C £1195 

FOUR INTERNATIONAL PATENTS - SENSITIVITY 
20,000 Ohms per Volt 
10 FIELDS OF MEASUREMENT 

ANON RANGES. ACCURACY 1% D.C.2%in A.C. 
OUTSTANDING FEATURES: 
20.000 Ohm per Volt sensitivity Fully 
screened against extemal magnetic fields 
Scale width and small case dimensions (128 x 
95 x 32mm) Accuracy and stability (1% in 
D.C., 2% in A.C.) of indicated reading 
Simplicity and ease of use and readability Full ranges 
of accessories 1000 times overload Printed circuit 
board is removable without de- soldering More ranges 
than any other meter. VOLTS A.C.= 11 ranges: 2- 10- 50-250 -1000 -2500. Vats 
and 4-20- 100 -500 and 2000 Vale VOLTS DC. = 13 mopes: 100mV-.2V-10-50-200- 
500 -1000 Volts 200 mV- 4V- 20-100400 and 2000 VAIN AMP D.C. = 12 ranges: 
5011 -5000-5 mA -50 mA -500 mA -50 Amp and 100A-1 mA -10 mA -100 mA-1 Amp and 10 Amp. 
AMP. A.C. = 10 ranges: 250iÁ -2.5 mA -25 mA -250 mA -2.5 Amp and 500íA- 5mA -511atIgAA-500 mA -SAmp. rn 
OHMS REACTANCE = 6 ranges: d -d 61106e1006x0.000 and Law Ohs DETECTOR =1 rage: from 
0 to 10 Megaohms. FREQUENCY = granges from 0to500 and from 0to5000HzV .OUTPUTVOL -AGE =9 with 
ranges. 10 -50- 250- 1000 -2500 V and 20- 100 -500-2000 Volts. DECIBELS = 10 ranges: from -24 to 

+70 MI CAPACITY =13 ranges. from 0 to 50.000 and from Oto500.000pf using the mains anc fronnOto shockproof 
20. from 0 to 200, from 0 to 2.000 and from 0to 20, 000 Micro farad using Me incorporated 3Vots battery. CBSe 
BsMfiguresiuicem depress button, 

8.50 

ALL I.C.E. EQUIPMENT POST FREE 

MEIERS PROBES, ETC. 

AC /DC 
MULTI- 
M ETE R 

With taut band suspension movement 
Sensitivity 20.000 ohms per volt on DC 
and 4,000 ohms per volt on AC. 
Technical Data 
0.06- 0.6- 6- 60- 600mA -3 Amps DC. 
0.3- 3- 30-300mA 3 Amps AC. 0.6 -1.2- 
3-12-30-60- 120 -600 DC. 1200 Volts. 
3.6.15 -60.150.1300 -600 -900 Volts 
AC. 45 to 20,000 Hz. 
5001. 5.50 -600kÁ resistance. Decibel 
range - 10 to L. 12dB. Accuracy 1% of 
F.S.D.): -DC and resistance measure- 
ments a 2.5. Price with test leads. and 
storage case £8.00 POST FREE 

AM PE RTEST 
690 

NEW 
CLAMP 
TYPE 
AMMETER 
17th unique self-locking meter 
system retails meting until 
released, ensiling engineer to 
obtain accw*e results after 
testing inacaseìle places me 

Designed for use in one hand. measures 
without breaking the circuit. It has six 
current ranges from 3A to 600A f.s.d. 
with the first division at 100mA. a 10 -to. 1 

current rransformer supplied with the 
instrument provides ranges from 300mA 
to 60A f.s.d. with the first division at 
10mA. Two a.c. voltage ranges of 250V 
and 

6600V 

f.ss. d. are provided. 

£39.50 POST FREE 
inc. leather case 

MODEL 300 LOGIC PROBE 

`m-1._. r c 

A compact easy -to- operate logic probe. 
As a light- emitting diode is used the unit 
actuates with low power. It does not 
affect the circuit under test because of 
high input impedance Up to as high a 

frequency as 12 MHz. £ POST FREE 5.50 

MULTIMETER WITH FULLY 
AUTO CUT -OUT 

With laut suspension movement and full coverage 
of AC and DC cuvent and voltage ranges. The 
instrument incorporates all facilities needed for 
field and laboratory measurements. Knife edge 
pointer and 86mm long mirror scale allow the high 
inherent accuracy of the instrument to be 

utilized in full. The movements and circuits are 
fully protected by transistorized triggering 
circuit 
Scale length; 86mm O.C. current ranges: 50yA 
0.5. 1. 5, 10. 50. 250mA 1. 5 Amps. A.C. tertem 
ranges: 0.25. 05, 1. 5. 10, 50, 250m6. 1. 5 

Amps. D.C. vdtage ranges: I00mV, 0.5. 2.5, 
10. 25. 50. 100. 250, 500. 1000V. A.C. voltage 
ranges: 0.5. 2.5. 10. 25, 50. 100. 250. 500. 
10011/. Transmission level, -5 to + 101 
Resistance ranges 0.5. 200; mid -sole reading 13 

100 -3k0: mid -sole reading 2000, 1000, 
3040. mal -scale reading 20000, 110 -300k0 
mid -scale reading 2010. Accuracy, % of 

F.S.D.: D.C. ranges - 15 A.C. ranges - 2.5. 
Sensitivity. D.C. ranges. 20.0000N. A.C. ranges. 

4,0000N for all ranges except 2.5V and Ica. 
1000aN for 10V range 2000N for 2.5V range 
Batteries required: 2 dry cells 1.5V for automatic 
cut -out. 1 dry cell 1.5V for resatance range. 

Overall dimensions: 210 o 115 x 90mm. in 

carrying case. complete with test bads. 

CAA 
POST FREE £15.00 

FANTASTI C 
VALUE 

UNIQUE 
MULTI -'i 
METER / 
SIGNAL 
GENERATOR 
Taut suspension movemen . Simple millimeter combined with 
audidl.F. Test Oscillator Providing AC and DC Voltage ranges 
O.C. cuitent ranges and resistance ranges. 1kHr and 4651dHz 

oscillator output makes me instruments suitable for general 

tuning of reosers etc. 

Scale length: 65mm. D.0 voltage ranges 05, 25, 10. 55 
250. 500. 1000V. A.C. vdtage ranges: 2.5. 10. 15, 250, 500 
1005V. D.C. terrent ranges. 6.05, 0.5, 5. 50. 500mA. 
Sensitivity: 20.0000N. Resistance ranges: 5 -10000 mid -sole 
reading 500 500 101. mid -scale reeding 5000. 5000 - 
100k0; mid-scale reeding 5k0 5k0 -1ro0 mid -sole 
reading 50k0. 
Accuracy: 5% of F5.0 Internal battery: 3V dry cell. 
Oscillator output: 1k14 squarewave. 465kHz sinewwe 
modulated by 1kHz equarewave signal. Output voltage. 1V 

minimum. 

Overall dimensions: 160 x 97 x 40mm. in carrying case. 

complete with test leads. 

£7.00 POST FREE 

10 °lo`'VAT ALL `P ES 
Carriage and packing charge extra on ail items, unless otherwise sta e 

i Ji LECTRDNIC ROKERS LIMITED 
49-53 Pancras Road, London NW1 2QB. Telephone 01 -837 7781 

PROMPT DESPATCH MAIL ORDER. CALLERS WELCOME MON -FRI 9 A.M. to 5.30 P.M. 

WW -116 FOR FURTHER DETAILS 
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Canada Calls Mulió 
L i Million Contract signed against 

international competition. 

The Multitone Electric Company Limited have announced that their 
Canadian subsidiary, Multitone Electronics Limited of Toronto, have 
signed a contract with Bell Canada -one of the largest users of 
mobile communications equipment in Canada. This contract, worth 
approximately £ 1 million, is for digital selectively called communica- 
tions receivers and digital base station equipment. The contract has 
been won against considerable international competition. 

Most sophisticated equipment 
of its type in the world. 
The equipment will form part of an 
area -wide paging system, believed to 
be the largest and most sophisticated 
in use anywhere in the world, operating 
throughout Ontario and Quebec. 
About 60 transmitters are co-ordinated 
throughout the system by two central 
computers which store incoming 
calls, automatically decide which 
transmitters are to be used for each 
outgoing call and access the correct 
transmitters over the public telephone 
system. 

British technology 
to the fore 
The Multitone group Research and 
Development facility in London was 
responsible for the design of the re- 

ceivers and the associated digital 
equipment. Their unique expertise 
in designing low power- consumption 
RF circuitry, allied with high pack- 
aging density and rugged mechanical 
design has made possible the high 
performance receivers required by this 
contract. In fact, the whole package 
weighs only 5 ounces, including 
batteries and occupies a volume of 
7 cubic inches. 

Design Philosophy 
The receiver section consists of an 
internal antenna, and a double con- 
version high performance communi- 
cations receiver operating in the 150 
MHz band with 25 kHz channelling. 
Particular care has been taken to 

minimize spurious responses so that 
the performance is unaffected by 
interference in a crowded urban radio- 
communications environment. C -MOS 
technology is used to achieve the 
complex decoding and internal timing 
requirements with a minimum of 
power consumption. Battery power is 
also conserved by a system whereby 
the power supply is only switched 
on for short periods, during which 
time the receiver senses whether a 
signal is present or not. If it is, the 
receiver locks on until the signal 
ceases. 

High Speed - 
High Integrity 
The address code has been developed 
by Multitone specifically for selective 
calling purposes. It combines the high 
traffic rate of up to 4 calls per second 
with virtually complete freedom from 
false calling. In addition to addressing 
the individual receivers, the code 
contains additional data which allows 
the receiver to pass up to eight 
messages to the user to indicate, for 
example, the urgency or the origin of 
the call. Also the code permits the 
calling of receivers in groups in addi- 
tion to their being called individually. 
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one to the sound of 

Bell's intentions 
In the Bell system, the code is gener- 
ated by special code converter units 
designed by Multitone. They convert 
incoming data from the computer 
terminal to the receiver address code. 
These code converters form a part of 
the existing transmitter controllers, 
which in turn pass the address code to 
the transmitters. These controllers 
also receive data regarding the trans- 
mitter operating status for trans- 
mission back to the terminal. 

Plans for the future 
The British headquarters of Multi - 
tone are naturally delighted with the 
success, but a spokesman for the 
company expressed the view that this 
would only generate more pressure in 
terms of research and development. 
"As an expanding company, our atti- 
tude is one of ensuring that we arç 
always one step ahead. Naturally, this 
makes demands on our manpower 
resources, and doubtless with the 
confidence which has been shown in 
our products we shall be looking for 
more people to join us and apply their 
expertise to what is an ever -increasing 
market." 

From the 
Managing Director 
Reaffirming the point, I. H. Karten, 
Managing Director of Multitone 
Electric Company, stated, "The wide - 
area paging market opens up broad 
new horizons for our company both 
in sales growth and product sophisti- 
cation. Multitone will bring to the 
wide -area market, products which will 

extend to this field the leadership we 
have already established world -wide 
in on -site applications." 

Prospects 
All in all, it looks very much as though 
people, particularly engineers, will be 
warmly welcomed at Multitone. 
The world -wide explosion of the radio 

paging market and the universal 
acceptance of this form of data trans- 
mission as a prime communications 
aid is leading to unique technical 
developments. This is a new field 
waiting to be exploited both by those 
who enjoy the challenge of innovation, 
and those who find satisfaction in 
master -minding a well designed 
duct into large scale production. 

A NEW TECHNOLOGY 

pro- 

Today a new technology is being developed. From small beginnings has come 
the possibility of real personal communications -not communications with 
vehicles or buildings, but directly with people. 
Radio Selective Calling and Paging are being applied to a vast number of 
communication problems -for Public Safety, Business Efficiency, Hospital 
Administration etc. etc. 
To develop the potential of this new activity we need engineers with a flair 
for innovation, engineers with a flair for project adminit.tration, engineers 
whose experience has brought them into close contact with 
radiocommunications. 
Some of the tools of the trade which are making these developments 
possible are: 

* High performance radio receiver/ 
transmitter design 

* Frequencies from HF to UHF 
* Custom integrated circuit design 

* C /MOS technology 
* Thick film development 
* Ultra high density packaging 
* High speed data transmission 

If you have experience of the design or development of radio receivers, radio 
transmitters, or digital circuits why not get in touch with us? 

Salaries are good, ranging from £2000 to £4000 +, and so are the 
prospects, because Multitone is an expanding international group 
of companies- British owned. 
If you would like more information just ring our R & D manager - 
Peter Coles -on an informal basis. 

Multitone Electric Co. ltd. 
-28 Underwood Street, London N1 7JT. Tel : 01 253 7611 

3756 
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APPOINTMENTS VACANT 

DISPLAYED APPOINTMENTS VACANT: £11.88 per single col. inch. 
LINE advertisements (run -on): 66p per line (approx. 7 words). minimum two lines. 
BOX NUMBERS: 30p extra. (Replies should be addressed to the Box number in the advertisement. 
c/o Wireless World, Dorset House. Stamford Street, London, S.E.1. 9LU.) 
PHONE: Allan Petters on 01 -261 8508 
Classified .Advertisement Rates are currently zero rated for the purpose of VAT 

Advertisements accepted up to I2 
noon Tuesday, June 3rd for the 
June issue subject to space being 
available. 

t t DOLBY SYSTEM 

Noise Reduction in Recording and Communications 
Dolby Laboratories manufacture professional noise reduction equipment which has been accepted by all major 
recording companies in the world. The same techniques have been applied to consumer products which are 
being built in several countries by licensees, and are now widely available. 
We have vacancies in the engineering department for talented engineers to continue research and develop- 
ment in these fields. The department is expanding but is still small (a dozen people) in an organization of 100. 
We are situated in a modern building south of the river with excellent communications to the centre of London 
and main railway stations. 

Project Engineer This position is suited to an engineer inclined towards professional 
Professional Products audio. He will work on the design of new products aimed at the 
£3,000 -£4,000 recording, broadcasting and communications industry using 

appropriate Dolby system noise reduction techniques. He should be 
capable of and interested in following his design through to pro.otype 
models and later of advising the production department throughout 
the life of the product. 
The ideal candidate will probably be about 25 -35 with an honours 
degree in engineering or physics, and with experience in some o' the 
areas mentioned above, together with a personal interest in music 
and quality sound reproduction. 

Project Engineer The rapid increase in licensees (now over 40) of the Dolby B -type 
Licensed Product consumer noise reduction system has resulted in a corresponding 
Evaluation increase in our liaison activities. 
£2,500- £3.000 Part of the continuing licensing programme involves evaluation of 

a wide variety of consumer products incorporating our circuit. and 
we are looking for an engineer to be part of the team which performs 
these evaluations. He will be responsible for planning and executing 
the testing programme. which requires some familiarity with the 
design and construction of consumer products. He will be 25 -35 and 
have a degree, together with experience of and a high level of interest 
in quality tape recording and sound reproduction. 

Write with brief details in the first instance or telephone 

David Robinson, Chief Engineer 
Dolby Laboratories Inc, 346 Clapham Road, London SW9. Telephone: 01 -720 1111 

Dolby and 5 Are trad, marks of Dolbv Laboranni 
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Customer Engineers 
As one of the largest and most successful computer 
manufacturers, we place particular importance on the 
maintenance of a high level of customer service. Our 
equipment is among the most advanced in the world 
today. Highly sophisticated hardware used by top 
companies and organisations in commerce, industry, 
science and government. 

Our Customer Service organisation is, therefore, 
immensely important to us if we are to maintain the 
high standards we have set ourselves over the years, 
during which we have pioneered much of the advanced 
technology in use today throughout the industry. 

Were looking for Customer Engineers to carry 
out, to a high professional standard, all electronic and 
electro- mechanical work concerned with installation, 
modification, refurbishing, preventive and remedial 

maintenance on Sperry 
Univac equipment in the 
UK. 

We require men 
with a knowledge. of 
electronic or mechanical 

fault -finding techniques. In addition to technical 
competence, essential requirements are a pleasant 
personality and the ability to maintain a good relation- 
ship with customers. Full product training will be 
given. 

To Engineers looking for the best in salaries, 
vacancies exist in most parts of the country. Conditions 
and fringe benefits are what you would expect when 
you join á company within the international Sperry 
Rand organisation. Future career prospects in the 
computer field are excellent. 

For vacancies in London or the South write with 
full personal and career details to Personnel Manager, 
Ref. WW, Sperry Univac, Univac House, 160 Euston 
Road, London NW1. Telephone 01 -387 0911. For 
vacancies in the Midlands and North write with full 
personal and career details to Personnel Manager. 
Ref. WW, Sperry Univac, Lynnfield Hojse, Church Street, 
Altrincham, Cheshire. Telephone 061 -928 7731. 

SPE IRY JL UNI VAC r 
PROFIT FROM EXPERIENCE 

0733 
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RADIO 
OPERATORS 

JOIN THE 
POST OFFICE 
FROM AGE 19 

A job in the Post Office 
Maritime Service is the key to an 

interesting career, whether you 
have recently qualified and are 
looking for a shore -based job, or are 
seagoing and wish to swallow the 
anchor. A progressive future in the 
Post Office could be yours if you 
hold a General Certificate in 
Radiocommunication, issued by 
the Ministry of Posts and 
Telecommunications, or an 

equivalent certificate issued by a 

Commonwealth Administration or 
the Irish Republic. 

Starting pay at age 19 is 

£1,450ayear, including contributions 
to a compulsory pension scheme, 
with an additional allowance 
averaging £300 for shift duties. After 
two years, satisfactory service your 
pay becomes £1,890, rising to a 

maximum of £2,450 at age 26 years. 
If you are over 19 years of age your 
salary is dependent upon age 

at entry. 
There are opportunities for 

further promotion to positions with 
a basic salary of £3,475 and prospects 
for advancement into Senior 
Management. 

For further information, write 
to the Inspector of Wireless Tele- 
graphy (L523), MRSD /ET17. 1. 1. 3, 
Room 643, Armour House, 
St. Martins -le- Grand, London 
EC1A 1AR. 

POSt &Cie 
Telecommunications 
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Electronics Appointments Registe 

We know a lot of 
companies who would 

like to meet you. 

Even if you scour the Sits Vac columns you 
won't find all the good jobs to fit your qualifications. 
Because the best jobs aren't always ádvertised. 

More and more companies are using the 
Electronics Appointments Register to find qualified 
men and women. 

Join one of our Registers and soon you could 
be on a short list for a better job. Our confidential 
service costs you nothing. 

Send in the coupon -we'll mail you by return. 

G A R Graduate Appointments Register 

Please send me details of how to enrol on one or your 
Appoin ment Registers: 

Name 

Address 

Age limits 20 -45. VA/V8 

Post to G.A.R. 76 Dean Street London W 1- 01 -734 653b 
13682 

CIRCUIT DEVELOPMENT ENGINEERS 

TELEVISION SYSTEMS 

SALARY RANGE £7,000 (OPEN) 

The Grass Valley Group, Inc. (USA), a leading manufacturer 
of television line and terminal equipment, has immediate 
openings for highly qualified circuit development engineers. 
Specifically, we are looking for creative and resourceful 
people who are capable of carrying ideas through to com- 
pleted products. Applicants are expected to be familiar with 
the latest solid state devices and techniques, and preferably 
should have experience in the design of video switching sys- 

tems, video processing systems, and possibly digital video 
systems. Some experience in television studio operations and 

techniques is also desirable. Educational requirements are a 

C.E. or a B.Sc. in electronic engineering. A minimum of five 
years' design experience is required. 

If you are interested in a challenging and rewarding career 
with an expanding company, please airmail a resume of your 
educational and technical background, work experience, and 
personal history to William L. Rorden, Chief Engineer, The 
Grass Valley Group, Inc., P.O. Box 1114, Grass Valley, 
California 95945, USA. Resumes need not be formal; how 
ever, we are interested in learning as much about you and 
your experience as possible. Immediate consideration will be 

given and response made to suitable applicants, with a view 
toward arranging personal interviews in London in early 
1974. All resumes will be treated in confidence. References 
will be required at or prior to the time of interview. 

Grass Valley is a small town located in the foothills of the 
Sierra Nevada mountains in northern California, adjacent to 
summer resort and ski areas, and 2 -1/2 hours from San 
Francisco. 

THE GRASS VALLEY GROUP, INC AA, 
3671 
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FIELD 
SERVICE 
ENGINEERS 
The Computer Division of Redifon Electronic Systems 
Limited is a leader in the Key -Disc market in the United 
Kingdom, manufacturing and selling Key -Check and 
See -Check. 
We invite applications from experienced Field 
Engineers or competent factory-based System Test 
Engineers/Trouble Shooters, who desire a career in 
Field Service Engineering. 
Thorough training in our factory at Crawley will be 
given to successful applicants, who should reside in the 
Home Counties or Swansea area. 
We offer opportunities for overseas travel, excellent 
salaries, Life Assurance, Pension Scheme and other 
fringe benefits. 
Please apply, quoting reference number; Ref: WW /21, 
to: 
Tony Cox, Personnel Manager, 
Redifon Electronic Systems Limited, 
P.O. Box 2, Manor Royal, Crawley, Sussex. 

EDIfOÌ11 
A Member Company of the Rediffusion Organisation 

DESIGN 
ENGINEER 

An established Radio Company situated on the 
South side of Birmingham requires an enthu- 
siastic electronics engineer to join its design and 
development department. 

Applications are invited from engineers who 
have industrial experience in V.H.F. circuit design 
associated with communication equipment. 

The successful applicant will be involved from 
the initial design stage to production, this pro- 
viding an opportunity for considerable initiative. 

Please apply in writing in the first instance to 
The Employment Officer, Eddystone Radio 
Limited, Alvechurch Road, West Heath, 
Birmingham, B31 3PP. 

A member of Marconi Communication Systems 
Ltd. 

Eddystone Radio 
13739 
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Electronics 
Test 
Engineers 
Pye Telecommunications of Cambridge 
and Haverhill have immediate vacancies 
for Production Test Engineers. The work 
entails checking to an exacting 
specification VHF, UHF radio -telephone 
equipment before customer delivery; 
applicants must therefore have 
experience of fault finding and testing 
electronic equipment, preferably 
communications equipment. Formal 
qualifications, while desirable, are not as 
important as practical proficiency. 
Armed service experience of such work 
would be perfectly acceptable. 

Pye Telecommunications is the world's 
largest exporter of radio -telephone 
equipment and is engaged in a major 
expansion programme designed to double 
present turnover during the next five 
years. There are, therefore, excellent 
opportunities for promotion within the 
company. Pye also encourages its staff tar 

take higher technical and professional 
qualifications. 

These are genuine career opportunities 
in an expansionist company, 
so write or telephone without delay 
for an application form to: 

Mrs A E Darkin at 
Cambridge Works, Elizabeth Way, 
Cambridge CB4 1DW 
Telephone: Cambridge 58985 

or 
Mrs C Dawe at 
Colne Valley Road, Haverhill, 
Suffolk CB9 8DU 
Telephone : Haverhill 4422 

IN 
PyeTelecommunications Ltd 

3741 
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We are Siemens Limited, the UK company 
of the Worlds most diversified electronic and electrical 
engineering organisation. We are expanding rapidly 
and urgently require 

Customer Service Engineers for 
Scientific Instruments 
To work on analytical 
x -ray equipment, 
electron miscroscopes 
and chromatographs. 
Ideally applicants will 
be educated to HNC 
level in electronics or 
physics, but sufficient 
relevant experience 
would be favourably 
considered. If necessary 
training will be given to 

the successful 
candidates. This is a 

unique position in a 

large well established 
multi -national concern. 
Excellent salary and 
fringe benefits. Vacan- 
cies are based in London 
and Glasgow, interviews 
can be arranged at either 
centre. If you are interest- 
ed and feel you have the 

experience and 
necessary qualifications 
then write or phone for 
an application form to 
Roger Kingsley, 
Personnel Manager, 
Siemens Limited, 
Great West House, 
Great West Road, 
Brentford TW8 9DG, 
Middlesex. Telephone 
01 -568 8281 Ext. 34 

13680 

HAYDEN LABORATORIES LIMITED 
exclusive U.K. agents for NAGRA tape recorders and SENNHEISER microphones. 

A vacancy has arisen in our London Service Department for an engineer to carry out servicing work on the above products. 
We are seeking an enthusiastic and conscientious worker with a good understanding of microphones and tape recorders 
and a standard of workmanship consistent with the quality and reputation of these products. 
Good working conditions. Four weeks' annual holiday. Holiday arrangements will be honoured for this summer. Salary 
by negotiation. Interviews in London. Please apply in writing to 

Managing Director, HAYD EN LABORATORIES LTD., Hayden House, 17 Chesham Road, Amersham, Buckinghamshire 
[3748 

THE M.E.L SL75 
One of the most advanced Linear Accelerators for world users 

The M.E.L. Equipment Company Limited situated at Crawley, Sussex, is that part of the Philips Group involved in the development, 
manufacture and marketing of professional electronic equipment. 

The SL75 series is the latest of a long line of medical Linear Accelerators which have been used for the treatment of cancer in hospitals 
throughout the world for over twenty years. 

Further technological breakthroughs in this highly successful area of the Company's activities have created the following opportunities. 

Technical 
Support 
Engineers 

Sales Support Engineer 
(Export) 

An experienced Sales Support Engineer is required t. ei assist 
with the promotion of export sales of Linear Acceleratars and 

associated peripheral equipment to medical. industrial and 
scientific customers overseas with values of between 

£100.000 and £300,000. He will give specialist advice on 
the product to the National Sales Organisations of the 

International Philips Group. 

In view of the type of equipment and the markets 
concerned. a degree in Science and experience in 
electronic. scientific and electro- medical markets 

would be strong assets but the Company is 
predominantly seeking an engineer with experience 

of sales and export marketing. 

Applicants must be prepared to spend up toe total 
of six months a year overseas, mostly in short 

periods but with occasional trips up to two months. 

They will be required to work with a 

team based at Crawley, on the 
installation and technical support 
of the accelerator equipment both 
at home and abroad. Periods of up to 
3 months will be spent overseas. Applicants should have 
a technical qualification to at least ONC or equivalent 
and it is desirable that they have a knowledge of at least one 
of the following: Radiation Physics. Microwaves (High Power 
Radar). High Vacuum Techniques. Complex Mechanical 
Assemblies. 
Semi Conductor Circuitry experience is essential. 

The Company offers attractive salaries and fringe 
benefits for these positions including et least 

four weeks holiday a year and assistance towards 
moving to Sussex if required. 

00G 
Initially. applicants should write or telephone for 

an application form to:- Mr. M. A. Burns, Pervonnel 
Officer (DT/109). The M.E.L. Equipment Co.. Ltd., fvlanor 

Royal. Crawley. Sussex. Tel: Crawley 2.8787. 

13723 
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Installation Engineering with IAL 
up to X3,000 
Worldwide7ravel 

The chance for advancement is 

open to ENGINEERS AND 
TECHNICIANS looking for a UK 
based job with worldwide travel 
opportunities. 

As a member of our new 
installation team you may have 
your first job in Singapore or it 
could be in Dubai for IAL's 
contracts are in all parts of the 
world. For the most part your 
trips will be of around one 
month's duration but some may 
be extended depending 
on job requirement 
and complexity. 

We have positions for ENGINEERS 
to head the teams whose 
experience covers the installa- 
tion and commissioning of FDM 
in the VHF, UHF, and SHF spectra 
and /or radar and sophisticated 
ground based aeronautical navi- 
gational equipment. 

There are also interesting positions 
available for TECHNICIANS who 
will supervise projects. Here we 
require experience in the installa- 
tion and commissioning of 
single channel radio equipment 
in the HF and VHF spectras 
and with radio and telephone 
line communications equipment 
generally. A maintenance back- 

The positions offer real lob 
responsibility and satisfaction, 
generous overseas allowances will 
be paid. Other benefits include 
membership of a sound contri- 
butory pension and life insurance 
scheme and opportunities for 
holiday air travel at nominal rates 
worldwide. 

Please apply by phoning or 
writing to Mr Rodney Radcliffe, 
Personnel Officer (Ref : I E/WW), 
International Aeradio Limited, 
Aeradio House, Hayes Road, 
Southall, Middlesex. Tel : 01- 
574 2411. 

SONY® 
A Career with Sony 

A unique opportunity to join a world- famous 
Company, renowned for its product Quality 
and Reliability. 
We are looking for 6 young men aged 16 -17 

years, educated to between CSE Grade 4 and 
"0" level standard, preferably with Maths 
and Physics to become 

Apprentice Bench Service Engineers 
The four -year Apprenticeship, which leads to 
City and Guilds Certificate, commences in 
September with a 13 -week full -time course 
at Kingston College (Surrey). 
For full details of a Career with SONY tele- 

phone or write to: The Personnel Officer, 
SONY (UK) LIMITED. Pyrene House, 
Staines Rd. West, Sunbury on Thames, 
Middx. Telephone: Sunbury 87644. 

(3743 
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Electronics 
Engineers 
Do something 
completely different - 
become a Lecturer. 
We are looking for several Electronics Engineers 
whom we can train to teach the practicalities of 
computer servicing. 

You will be based at our training centre in 
Letchworth, Herts - the largest of its kind in 
Europe. Here, you will be given a comprehensive 
grounding in computer technology in general and 
ICL equipment in particular. You will also be 
taught how to teach and therefore be thoroughly 
prepared to train Engineers to the point where they 
will be capable of maintaining computers at the 
optimum operational specification. 

Ideally, you will have an HNC or Forces' 
training in electronic engineering. Any experience 
in digital electronics or computers, while not 
essential, will be useful. 

We'll start you as an Assistant Lecturer on a 
salary between £2200 and £2756. You'll be 
encouraged and expected to progress to the 
position of Senior Lecturer which carries a salary 
of up to £3840. Relocation expenses will be 
considered where appropriate. 

For an application form, write to 
A E Turner, quoting reference WW at 
International Computers Limited, 85/91 Upper 
Richmond Road, Putney, London SW 15 2TE. 

International Computers 
think computers -think ICL 

ICL 
13681 

RADIO OFFICERS 
Do you have PMG I, PMG II, MPT 2 years operatirig experience? 

Possession of one of these qualifies you for consideration for a Radio Officer post 
with composite signals organisation. 

On satisfactory completion of a 7month specialist training course, successful appli- 
cants are paid on a scale rising to E3,096 pa; commencing salary according to age-25 
years and over £2,245 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 appli- 
cation 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 /110S, Priors Road, Oakley, 

Cheltenham, Glos GLS2 5AJ 
Telephone Cheltenham 21491 Ext 2270 

[92 
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ELECTRONICS 

TECHNICIAN 

required to join a small team 
dealing with most aspects of 
medical electronics including 
safety, calibration, purchase, 
design and modifications. 

The technician appointed will 
be expected to gain ex- 
perience by working in various 
hospitals in South and Central 
Liverpool. 

Salary scale will be on the 
Medical Physics Technician 
Grade Ill (£719 £2,211). 

Applicants should have O.N.C. 
C & G Certificates or equi- 
valent and have experience in 
electronics. 

Application forms and job 
description obtainable from 
the District Administrator, 80 
Rodney Street, Liverpool, L1 
9AP, to be returned by the 4th 
June 1974. 

[3737 

RAILWAY SIGNAL ENGINEER 

required by a firm of Consulting Engineers 
on the South Coast. 

Applicants should be graduates and mem- 
bers of the Institution of Railway Signal 
Engineers and have had experience in a 

responsible position of the design and 
execution of modern railway signalling 
systems, train describers and automatic 
routing systems. Experience of signalling 
under 25kV a.c. traction conditions is 
desirable. 

Duties would include the preparation of 
signalling and train description specifica- 
tions from outline drafts, preparation of 
signalling schemes, analysis of tenders and 
technical supervision of signalling works. 

Salary will be according to qualifications 
and experience. 

Applications should be addressed to the 
Personnel Manager, Messrs. Preece Cardew 
& Rider, Paston House, 165 -167 Preston 
Road, Brighton, BN1 6AF, Sussex, quoting 
reference: GET /Pers /3080. 

[3689 
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OPPORTUNITIES 
FOR 

ELECTRONIC TECHNICIANS 

IN SOUTH AFRICA 

Uitenhage Municipality requires the 
services of a qualified electronic 
technician to work in the Test 
Section of the Electricity Depart- 
ment. Applicants should preferably 
be in possession of a H.N.C. and 
have had experience in digital 
supervisory systems as related to a 

distribution authority. 

Uitenhage is situated 30 km from 
Port Elizabeth in the Cape Province 
and has an excellent climate which 
is conducive to the many outdoor 
amenities provided. 

'Benefits of employment include 
pension and medical schemes, hous- 
ing loans at a reduced interest rate, 
annual bonus, six weeks annual leave 
and assisted passage and removal 
expenses for the successful applicant 
and family. It is expected the salary 
will be up to R6,498.00 per annum 
(R1= £0.61). 

Applicants shall, in the first instance, 
write to Mertz & McLellan, Carrier 
House, Warwick Row, London, 
SW1E SEN, giving age, marital 
status, qualifications and a career 
resume. Interviews will be held in 
London during June /July. 

[3703 

BIAS ELECTRONICS LTD. 
have recently moved to larger premises 
and to meet the demand for our inter- 
nationally acclaimed professional tape 
recorders require 

TEST ENGINEERS 
with experience on high quality audio 
and tape recording equipment; 

JUNIOR TEST ENGINEERS 
with plenty of enthusiasm and the 
desire to gain experience in profes- 
sional audio; 

ELECTRONIC WIRE 
MEN /ASSEMBLERS 

capable of working to high standards 
and with the opportunity to progress 
to test and inspection. 
Take this opportunity to join a dynamic 
expanding company where you will be 
regarded as one of the team and not 
just a number. Good rates of pay and 
profit sharing scheme. 

For further information write or phone 

BIAS ELECTRONICS LTD. 
572 KINGSTON ROAD 
LONDON, SW20 8DR 

01 -540 8808 or 01 -540 9818 
[3700 
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School leavers- 
learn while you earn 
at Pye Telecom 
You could train for a professional career, gain 
help in obtaining further qualifications - and earn 
good money at the same time. Pye Telecom is part 
of the Pye Group, leading manufacturers in the 
electronics industry. Joining will bring you 
extensive opportunity stemming from Pye Tele- 
com's vigorous growth. You can start as either of 
the following: 
Student Engineer 
'A' level Maths and Physics plus 3 '0' levels 
including English, or ONC /OND with credits, are 
essentials. You will embark on a 'thin sandwich' 
course (6 months' practical experience at Pye 
Telecom, Cambridge, alternating with 6 months at 
a college of your choice,) which will lead to a 
B.Sc, or HND in Electronic Engineering. After 
qualifying your career path could include Design 
Engineering, Systems Engineering, Production 
Engineering or Junior Management. If necessary, 
lodgings will be found for you during periods spent 
at Cambridge. 
Trainee Technician 
Entry qualifications : 'O' level English, Maths, 
Physics, plus another science -based subject, 
preferably Engineering Drawing, or alternatively 
good equivalent CSE passes. A 4 -year practical 
training course will combine with day release to 
take ONC /HNC or City & Guilds Telecommunica- 
tions Technicians courses. You could become a 
Test Engineer, Production Engineer, Production 
Planner, Draughtsman, Engineering Laboratory 
Technician or Service Engineer. There are some 
opportunities to progress as a Student. Engineer, 
and take a degree. 
For further information and your application form 
please write immediately to Mrs. Rowan Turnbull, 
Training Officer, 

11[1-; p Pyle Telecommunications Ltd 
Newmarket Road, Cambridge, CB5 8PD. 
Tel : Cambridge 61 222 

13715 

GLASGOW COLLEGE 
OF TECHNOLOGY 

DEGREE in ELECTRICAL AND ELECTRONIC ENGINEERING 

by PART -TIME STUDY 

Applications are invited from holders of a good H.N.C. in Electrical or 
Electronic Engineering to enrol for the course : 

B.Sc. in Electrical Engineering (CNAA) 
This four -year part -time degree course is the first of its type to be offered in 
Scotland, and a start is proposed for August 1974. 
Full details and application form from: 

The Academic Registrar, 
Glasgow College of Technology, 
North Hanover Place, Glasgow, G4OBA. 

The College is only a few minutes walk from the City Centre and Queen Street 
Station giving easy access from the West of Scotland and Edinburgh. 

[3744 
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I Grow with Pye 

I as a development 1 

Pye Limited 
Pye Audio Products, Caxton Way, Stevenage. 
Tel: Stevenage 50241 

engineer 
We at Pye Audio Products are making a 

whole new range of sophisticated audio 
products, at our modern Stevenage 
plant, including car radios, radiograms 
and stereo equipment. We now have 
an interesting and rewarding opportunity 
for a Development Engineer. 
Because of the continual demand for 
our equipment, and therefore expansion 
of our product range, we need someone 
to work in our laboratory, who is 
capable of self- motivation and possesses 
the ability to work on a complete project 
with the minimum of supervision. 
Ideally the person we are looking for 
will be qualified to a minimum of HNC 
in Electronic Engineering and have 
experience in design techniques for 
R.F. (A.M. and V.H.F. stereo reception) 

and A.F. (powers up to 20 watts) appli- 
cations. as applied to equipments for 
domestic markets. He will be dealing 
mainly in equipment for large volume 
production with costs playing an 
important part of the approach to a 

project. 
Salary level and benefits are commen- 
surate with a major company serving 
an international market. Are YOU 
looking for a position with good pros- 
pects and opportunity for career 
development? Come and grow with 
PYE. 
Write briefly to: Gillian Charter, Pye 
Limited, Audio Products Division, 
Caxton Way. Stevenage or telephone 
for an application form: 
Stevenage 50241. 

LIA Member of the Pye of Cambridge Group 

PI 

PI 

PR 

PR 
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PR 
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PR 
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agents 
CONTRACTS ENGINEERS - 
RADIO COMMUNICATIONS 
required by the CROWN AGENTS fortheir London (Westminster) Office. 
Candidates should preferably have had five year's experience as a Contracts Engineer 
in one or more of the areas of communications detailed below and possess ONC or 
equivalent in an appropriate discipline. Practical experience of the equipment desirable. 

(a) Sound Navigational Aids (Radar, ILS, VOR /DME, etc) 
(b) HF, VHF, UHF Communication Equipment. 
(c) Microwave Equipment and Systems. 

The duties include the checking of specifications, preparation of tender documents, 
technical and commercial correspondence connected with contracts. the evaluation 
of tenders and the placing of contracts. Candidates must be prepared to undertake 
occasional visits to works and to overseas principals. 
Commencing salary according to age, qualifications and experience up to £2.557 rising 
to £2,891. Non- contributory pension scheme. 

III II II I 
Write for further details and application form to the CROWN AGENTS, 
4 Millbank, London SW1P 3JD stating brief details of qualifications and 
experience and quoting reference number MIS/OFFICE VI (RADIO 
COMM) WF 3727 
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The AGRICULTURAL RESEARCH 
COUNCIL 
require a 

SCIENTIFIC 
OFFICER 

in the Electronics Section of their 
LETCOMBE LABORATORY. 
Duties will involve the repair and 
routine maintenance of a variety of 
laboratory instruments, in particular 
equipment for the measurement of 
radioactive tracers used in the re- 
search programme, and also assisting 
with the development of new equip- 
ment. The Laboratory is well equipped 
with both manual and automated 
modern instruments. 
Minimum qualifications: HNC, Pass 
degree or equivalent in Electronics or 
Applied Physics. 
Salary Scale EI,435- £2,329 according to 
qualifications and experience. Super- 
annuation Scheme with a non- pension- 
able allowance to offset contributions. 
Application forms and further particu- 
lars may be obtailsed from the Secre- 
tary, ref: 1/74, Agricultural Research 
Council, Letcombe Laboratory, Wan - 
tage, 0X12 9)T. The closing date for 
application is 12 June 1974. 

(3716 

UNIVERSITY COLLEGE CARDIFF 
Applications are Invited for the following oost: 

TECHNICIAN GRADE 3 

(ELECTRONICS) 
for C.C.T.V. and Audio Studio in the Centre for 
Educational Technology. 

Salary range: £1,650 -51,920. Duties include main- 
tenance and operation of T.V., Audio and Projec- 
tion Equipment: qualification standard O.N.C. or 
equivalent; interest in photography and Hi -FI 
desirable. Duties to commence as soon as possible. 
Closing date for applications is one week from 
insert. 

Applications. together with the names and 
addresses of two referees, should be forwarded to 
The Registrar, University College, P.O. Box 78. 
Cardiff, CF1 1 XL. Please quote 0555. 13725 

C.C.T.V. 
JUNIOR TECHNICIAN 
required to assist studio en- 
gineer in operation, mainte- 
nance and development of a 
3- camera colour CCTV system 
incorporating telecine and U- 
matic videocassette copying 
facilities. 
Basic knowledge of T.V. 
theory essential, experience 
in servicing VTR's and 
cameras an advantage. 
Day release available if re- 
quired. Salary c. £1,400 p.a. 
according to Age and experi- 
ence. Luncheon vouchers. 
Non-contributory pension, free 
life assurance. 
Phone: PETER MAKOSZ 
at (01) 499 0031, ext. 274. 
or write with details of experience 
to:- 

T.V. DEPT., 
HAMBRO LIFE ASSURANCE LTD., 
7 OLD PARK LANE, 
LONDON W1Y 3W- 

(3728 
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ELECTRONIC 

VACANCIES 
Engineers 

Draughtsmen Designers 

Service and Test Engineers 

Technicians Technical Authors 

Sales Engineers 

£1,600-£5 000 pa 
Permanent or Contract 

Phone MICHAEL NORTH 

E 01 -388 0918 

MALLA TECHNICAL 
STAFF LIMITED 

334 Euston Rd., London NW1 3BG 
195 

WIRELESS 
TECHNICIAN 

required for 
EDINBURGH CITY POLICE 

Salary Scale LI,644- L2.040 with placing ac- 
cording to qualifications and experience. 

Applicants should have knowledge of V.H.F. 
and U.H.F. apparatus, also be able to diagnose 
and repair faults on such apparatus. A current 
driving licence is also essential. Applications 
to the: Recruiting Officer, Edinburgh City 
Police, Recruiting Department, 7 Chambers 
Street, Edinburgh, EH1 IHR. 

[3711 

SENIOR 
VIDEO 

ENGINEER 
Senior Video Engineer wanted 
to operate and maintain tele- 
cine and video tape recording 
equipment for company in 

Basildon. A.C.T.T. rates 
honoured. 40-hour week. 18 -20 

working days holiday p.a. Re- 

location assistance given. For 
further particulars contact: 

THE E.V.R. PARTNERSHIP 
Christopher Martin Road, 
Basildon Industrial Estate, 

Basildon 
[3717 
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Find your place in British Gas 

TELECOMMUNICATIONS 
-Field Maintenance 

Eastern Gas are seeking to recruit Technicians for their Communication 
and Instrumentation Section based at Hertford. 
These posts will involve all aspects of maintenance on the Eastern Gas 

Integrated Communication System. 

Technician I I ( Communications /Instrumentation) 

Proven ability in Communications /Instrumentation is a prime 
requirement for this post. Previous experience with an appropriate 
equipment manufacturer or user would also be desirable. 

Technician I I (Message Switching) 

The person appointed would specialise in the repair and main- 

tenance of an extensive teleprinter network. He will also, on 

occasions, assist with the maintenance of the Communications 
equipment associated with this network. 

The salaries for both posts will be about £2,000 per annum depending on 

age and experience with excellent prospects for promotion to higher 

grades and salaries rising to approximately £2,500 per annum. A current 

driving licence is essential. 
Write or telephone for application forms quoting reference 3703/ 

4228 to Mr. H. A. Lloyd, Personnel Officer, Eastern Gas, 

Star House, Potters Bar, Herts., within ten days of this 
advertisement. 

EASTERN GAS 

r 
oin t -e EMI ServiceTeam cr Hayes 

EMI 

We urgently require 

Electronic Repair & 
Calibration Engineers 
required for the repair and calibration of a wide range of electronic 

The international music, instrumentation, including oscilloscopes, DVMs, pulse generators, 
electronics and power supplies etc. 
leisure Group. 

Applicants should be aged at least 18 years and should have had at 
least two years background in electronics. Further training will be 
given in appropriate cases. 

Close Circuit Television 
Engineers 
for the servicing and comm issioning of CCTV, VTRs etc. 

Applicants should be aged at least [9 years, and must have had some 
experience in television receiver servicing. 

For both of these positions, starting salary will be up to E2,3oo per 
annum according to age, experience and ability. 
371 hour week, plus paid overtime. 

Don't delay, for further details telephone or write to M. Ford, 
01 -573 3888 Ext. 2268, EMI Service, 254 Blyth Road, Hayes, 
Middlesex. 3'14 
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We're not absolutely certain that 
the men were looking for even exist. 

We are Racal -Mobilcal -a world - 
famous name in radio communications 
equipment. 

We are looking for seven outstanding 
men to take up new posts as our Technical 
Managers in seven Middle Eastern 
countries. 

And frankly, the qualities we consider 
necessary for these positions are so 
demanding, we know for a fact that there 
can only be very few men who could make 
it. Each man must be qualified technically 
in radio communications, because he will 
supervise the commissioning, installation 
and maintenance of mobile radio systems. 
He will liaise with the armed services and 
other Government agencies of his 
particular country. And train their local 
operatives. He must have the management 
ability and the diplomatic presence to be 
able to represent the Company in 
discussions at the highest level with the 
country's government and armed services. 

He will, in fact, be Racal -Mobilcal's 
front man, technical adviser and diplomat 
in residence. 

And therefore, ideally, he should have 
a command of Arabic. (But we'll settle for 
at least the ability and willingness to learn 
something of the language rapidly). 

That is what we're looking for - seven 
outstanding men to become Racal - 
Mobilcal in the Middle East. 

In return, this is what we're offering: 
An initial four year tour of duty, with 

generous leave arrangements. 
An excellent salary which lines up with 

the job. 
Full accommodation for each 

successful applicant and his family. 
And very good prospects for further 

promotion within the Racal Group after 
the initial four year tour. 

Joining Racal would be joining a 
world- famous Group which has achieved 
record profits for the last eighteen 

successive years. A world name in 
electronics. And a world leader in many 
product areas. 

Can you convince us that at least one 
of the seven men we're looking for does, 
in fact, exist? 

Write in strictest confidence, giving all 
relevant details, to David Elsbury, 
Managing Director, Racal -Mobilcal Ltd, 
464 Basingstoke Road, Reading, Berks, 
RG2 ORY, England. 

Preliminary interviews will be set up 
at convenient locations. 

OXON 
The Electronics Group 

13699 

FARINON 
ELECTRIC OF 

CANADA 
is a leading manufacturer of Microwave Radio and Multiplex 
equipment located outside Montreal. 
Openings presently exist in our Field Department for 
Commissioning Engineers. 

The job - Installation, alignment, testing and commissioning of 
Microwave radio and multiplex systems. - Involves extensive travel throughout Canada including the 
Northern Regions. 

The Applicant - Experienced in field system testing of solid state radio in 
the range 150 MHz to 12 GHz having baseband capabilities 
to 960 channels or video. - Fully conversant with state of the art tests and capable 
of evaluating results obtained. - Knowledgeable on Microwave propagation phenomenon 
such as multipath. - Be eligible for Canadian Landed Immigrant status and 
driver's licence. 

This is a responsible career position offering unusual benefits 
to the right person. 

Please send complete resume to:- 
Farinon Electric 
657 Orly Avenue 
Dorval, Quebec, 
H9P 1G1 

Canada 
Attention: Chas. Henry 

13690 

Computer Machinery Company Ltd 
require a 

Systems /Engineering Instructor 
Computer Machinery Company Ltd, the leading UK 
manufacturer of Key -to -disk data preparation equip- 
ment are expanding their Education and Training 
Department at their new Education Centre, located 
in Hemel Hempstead, Herts. 
The successful applicant will be required to assist the 
training team with existing courses, the development 
of new courses and modern training aids. 
Essential qualifications for the position include train- 
ing experience, preferably with electronic digital 
systems and an ability to absorb new system detail 
quickly and create new aids and methods to meet 
our training objectives. 
The position offers excellent career prospects and 
job satisfaction with some UK and Overseas travel. 
Salary will be negotiable according to relevant ex- 
perience and relocation expenses could be given 
where necessary. 

Apply in writing or telephone with personal career 
details to: 

Ken Abbott, 
Education and Training Manager, 

Computer Machinery Company Ltd., 
Maxted Close, 

Hemel Hempstead, Herts. 
Tel: Hemel Hempstead 61266 Ext. 284 

13704 
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South Africa 
TV Design/ 
Development 
A well -known international group requires a capable 
Design /Development Engineer for its new monochrome 
TV factory at Pietersburg. He will be responsible for:- 

managing the development laboratory; 

establishing production quality standards; 

ensuring that the model, designed in Europe, conforms 
to South African design specifications, and 

new components evaluation, including supplier 
assessment. 

Candidates, aged over 30, should have HNC Electronic 
Engineering with at least five years experience in modern 
TV development. Experience of solid -state techniques is 
highly desirable and a knowledge of German would be 
useful. Two to three months training in Europe will 
precede 'appointment to South Africa. Subsequent 
promotion to Chief Engineer is a possibility. 

Pietersburg is a pleasant town in an area of magnificent 
scenic beauty. At a height of 4,000 feet, it has a superb 
climate and every amenity. 

Please write with full details which will be sent direct to 
our client. Please list separately any company to whom 
your application should not be sent. 

R. Llewellyn, 
MSL ADVERTISING SERVICES LIMITED, 

17 Stratton Street, London, W1X 6DB. 
[3710 

TELEVISION ENGINEER 
required to join a small but enthusiastic team 

operating a 

TELEVISION UNIT 

FOR HORSERACING 
If you have an HNC, City and Guilds, or equivalent 
qualification and have experience in operating and 
maintaining outside broadcast television equipment 
and VTRs together with a willingness to travel and to 
work in a demanding field, then this Company offers 
you: 
1 the opportunity to join an organisation that is 

forward looking and is planning to develop and 
expand in the field of television and electronics; 

2 a job that is located in varied surroundings on 
British racecourses; 

3 a basic salary of between £2,700- £2,900 plus 
expenses when on location. 

If you are interested, please write or telephone for a 

Company form to:- 
Mr. F. T. Dixon, Racecourse Technical Services Ltd., 

88 Bushey Road, London, S.W.20 

Tel: 01 -947 3333 
[3712 
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TELEFUNkEN: soup AFRICA 

Television transmission will commence for the 
first time in South Africa at the end of 1975. 
Electra Television, the franchise Telefunken 
distributors in South Africa, will be marketing 
Telefunken Colour and Black and White 
receivers during 1975. Our Service Organisation 
is being vastly expanded, and we are recruiting 
the following key personnel:- 

SERVICE MANAGERS 

To be in charge of Service Branches in the 
major cities in South Africa. Thorough know- 
ledge of all service procedures such as budget- 
ing, costing and invoicing;, work progress, stock 
and staff control as wel'i as a good technical 
background with particular reference to semi- 
conductor colour receiver circuitry would be 
desirable. Salaries negotiable from £5,500 per 
annum. 

T.V. INSTRUCTORS 

To instruct technicians, apprentices, field 
service operators as well as trade staff, in the 
theory and practice of colour television instal- 
lations and repairs at their respective required 
levels. Salaries negotiable from £4,000 per 
annum. 

TELEVISION TECHNICIANS 

To take charge of all repairs of colour receivers 
in various centres throughout the Republic of 
South Africa and in some instances to take 
charge of a smaller branch or to supervise a 
group of learner technicians. 
Thorough knowledge of the PAL colour systems 
especially in respect of semi- conductor circuitry 
is required. Salaries negotiable from £3,500 per 
annum. 

As Telefunken will be a major brand in the 
South African Market, rapid expansion is 
expected, leading to p'omotion and increase in 
responsibilities. The company operates a 
Medical Aid Scheme, a Pension Fund and other 
fringe benefits. Removal and , immigration 
assistance will be provided. 

As interviews will be arranged in May and June, 
1974, your application should be addressed as 
soon as possible to:- 

Mr. R. B. Hartog, 
C/o Messina (Tvl.) Development Co. Ltd., 
29/30 St. James's Street, 
LONDON, SW1A 1HB. 

[3713 
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We want to meet Customer 
Engineers who understand 
people as well as machines 

Today, IBM Computers play a vital role in 
industry, science, government and corn - 
merce. Just as vital are the skilled Engineers 
who keep them running. Because of their 
close involvement with the customer, we 
call them Customer Engineers. This could 
be your first step to a highly rewarding future 
with one of the world's most successful 
companies. 

Your job as a Customer Engineer 
There are several avenues within IBM 
Customer Engineering. At present most of 
the opportunities lie with our General 
Systems Group. Here you will be responsible 
for the servicing and maintenance of 
medium and large scale ComputerSystems. 
You'll receive a first class training - initial 
and continuous. 
Qualifications 
Ideally you should be educated to ONC/ 

HNC or equivalent. Essential requirements 
are a logical mind, a good mechanical 
aptitude, and a knowledge of electronics 
and a current driving licence. A Service back- 
ground though not essential is desirable. 

Your Prospects 
Starting salaries are excellent. In addition 
IBM offer many fringe benefits such as a 
non -contributory Pension Scheme and free 
Life Assurance. It is also IBM policy to pro- 
mote from within. 

Write today 
Write with details of your age, qualifications 
and experience to: Anne Dare, IBM United 
Kingdom Limited, 
389 Chiswick High Road, IBM London 
quoting Ref. WW/92065. 

13684 

MARINE RADIO SERVICE ENGINEER 
As one of the world's leading companies in radio communications equipment and navigational aids, and 
one of Britain's biggest exporters in this field, we are constantly developing, constantly expanding. 
Due to this continual expansion we now require Service Engineers at our Tilbury and Grimsby depots 
and at our headquarters in Wandsworth to service our marine communications equipment. 
Formerly an experienced radio officer. you will have had at least three years experience at sea in the 
servicing and maintaining of all types of ship borne communications equipment. 
We offer an excellent salary and fringe benefits such u contributory pension scheme and sickneu benefits. 
Write or tel.phone giving details of career to date to: 

DAVID R. STILES 
Personnel & Training Officer 
Redifon Telecommunications Limited 
Broosnhill Road, Wandsworth, 
London SW18 4JQ 
Tel: 01- 374 7281 

13753 
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BRUNEL UNIVERSITY 

Dept. of Electrical Engineering 
and Electronics 

RESEARCH IN 

ELECTRONIC 

SYSTEMS DESIGN 
Applications are invited from recent graduates, 
preferably with some industrial experience, 
who hold good honours degrees in Mathematics, 
Electrical Engineering or Physics to undertake 
research leading to a higher degree in the 
following area: 

Computer Aided Design of Digital Systems 
Information Processing Systems 
Power Electronics Systems 
Control Systems Design 
Communication Systems 

Research studentships will be available for 
suitably qualified candidates. 

Please write to Professor Douglas Lewin, 
Dept. of Electrical Engineering and Electronics, 
Brunel University, Uxbridge, Middlesex. 

[3732 

PROJECT & COMMISSIONING 
ENGINEER 

SHOULD HAVE GOOD THEORETICAL 
TRAINING IN ELECTRONICS PLUS 
ACTUAL EXPERIENCE OF PROFES- 
SIONAL AUDIO EQUIPMENT IN 
BROADCASTING, RECORDING, OR 
WITH A SPECIALIST MANUFACTURER. 

Apply in writing to 

MR. R. SWETTENHAM 
HELIOS ELECTRONICS LTD. 

161 HIGH STREET, TEDDINGTON 
MIDDX., TW11 8HT 

[3701 

AN ENTHUSIASTIC 
Electronics Engineer is required 
for the servicing of a range of 
computer- assisted medical equip- 
ment. The candidate should have 
a sound electronic background 
with some basic knowledge of 
computer techniques and digital 
circuitry. Training will be given 
both in England and in the U.S.A. 
Preference will be given to appli- 
cants residing in the West London 
area. 

Please write for application form 
to: 

SIMONSEN & WEEL LTD., 
Hatherley House, 
Hatherley Road, 

Sidcup, 
Kent. 

3735 
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WORK IN CENTRAL AMERICA 

RADIO ENGINEERS AND 

TECHNICIANS NEEDED 

IN HONDURAS AND 

GUATEMALA 
The local Radio Stations in Guatemala and 
Honduras transmit classes in agriculture, adult 
literacy, and simple health topics, to the people 
in the rural areas-approximately 90% of the 
population. 

The training of local people to maintain the 
transmitters and to deal with the technical pro- 
duction of the programmes is being carried out 
by four British volunteers. We need people to 
replace them for a further two -year period. 

Information: Frances Chadwick, Over- 
seas Volunteers /CIIR, 41 Holland Park, 
London, W.11. Tel: 01 -727 3195. 
Visitors welcome. 

[3630 

ELECTRONICS 
TECHNICIAN - 

ENGINEER 
Young systems company seeks intelligent 
junior technician -engineer of HNC /ONC or 
equivalent standard. Suitable for 19 -24 year 
old having completed industrial training or 
equivalent in one of the services. 

Job involves commissioning /development on 

Mini- Computer based Data Communication 
systems. Some travel. Training in Mini -Com- 
puter hardware /software arranged. 

Salary range L1,750- L2,250. 
Write or telephone Steve Clifford or Peter 
Rogers for informal discussion. 

TASK TERMINALS LTD, 
117 Cleveland Street, 

London, W.1 
01 -637 4516 

[3714 

JOHN KING require 
NEW WORTHING SHOP 

Senior Technical Salesman for Hi -Fi, Tape 
Department. Terrific scope, superb facilities. 
Full details in confidence to 

JOHN KING 
71 East Street, Brighton. Tel: 25918/27674. 

[3688 

THE CONTINUALLY 
EXPANDING 

MILLBANK ELECTRONICS 
GROUP 

Bellbrook Estate, Uckfield, Sussex, 
TN22 1PS 

Tel: Uckfield (0825) 4166 

REQUIRES A 

TEST ENGINEER 
Must be experienced in the testing 
and servicing of audio power ampli- 
fiers, mixers and associated equip- 
ment. 
This is a Staff position and carries 
full benefits including membership 
of a private medical scheme. 
If you are Interested please apply 
In writing enclosing curriculum vitae 
to Mr Keith Goodsell, Production 
Manager. 

[3742 
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PROFESSIONAL AND 
TECHNOLOGY OFFICERS 
required by the Crown Agents to plan and control projects overseas. Candidates must be either 
M.I.E.E., or M.I.E.R.E., and must be prepared to serve abroad. 

1. P. & T.O.I. - 
(Telecommunications -Radio Transmission) 
Candidates must have had overseas experience of radio propagation, systems planning, high 

frequency microwave line of sight and tropospheric scatter systems. Experience of line carrier 

and cable systems traffic analysis and forecasting techniques and television requirements an 

advantage. 
REFERENCE -MIS /OFFICE Vl /I /WF 

2. P. & T.O.I. - 
(Telecommunications) 
Candidates must have had overseas experience in a senior position with a Telecommunications 
organisation or operating company. They should have a knowledge of telecommunications 
administration and traffic matters, telephone, telegraph and telex operations and a knowledge 

of switching, transmission or radio engineering. 
REFERENCE -MIS /OFFICE VI /2 /WF 

3. P. & T.O.I. - 
(Telecommunications) 
Candidates must have been responsible for the preparation of transmission network schemes 

and have a knowledge of some of the following: 
(a) Openwire line carrier systems; 
(b) Multiplex systems on coaxial cables or radio bearers; 
(c) Microwave engineering including propagation studies; 
(d) UHF or VHF radio systems suitable for public networks; 
(e) Telegraph transmission including automatic error correction; 
(f) HF radio systems including LINCOMPEX; 
(g) Data transmission 

REFERENCE -MIS /OFFICE V1/3 /WF 

4. P. & T.0.11.- 
(Telecommunications) 
Candidates must have had experience with a telecommunications administration or major 

manufacturer of telephone switching equipment. A knowledge of Common Control switching 
systems and of national and international systems is desirable. 

REFERENCE -MIS /OFFICE V1/4 /WF 

Current salary scales are as follows: 
P. & T.O.I.- £3,451 to £4,373 
P. & T.O.I1.- £2,891 to £3,451 

i ̀' i °' ` ;.,,, 
hc ..'.r:.N.:.. A 

Write for further details and application form to the Crown Agents, 4 Millbank, London 
SW1 P 3JD stating brief details of qualifications and experience and quoting the relevant 
reference number of the post in which you are interested. 3692 

. . ... <: .:..... .. 
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MARINE ELECTRONICS ENGINEER 
Are you experienced in installing and servicing marine electronic equipment 
such as Radar, Navigation Equipment, and radio telephones? We require 
such a man for a fascinating job travelling to luxury yachts, etc., all round 
the country. If you live near London and are able to drive, a good salary 
awaits you working in idyllic friendly atmosphere. 

Apply Telesonic Marine Ltd. Tel: 01 -387 7467 
3608 1 
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RADIO RENTALS AUSTRALIA NEEDS 
COLOUR TELEVISION TECHNICIANS. 

Colour television starts officially in Australia on 1st March, 1975, and 
Radio Rentals Pty. Ltd., Australia's largest television rental organisation, 
have an expansion programme which will create vacancies for suitably 
qualified technicians in Sydney, Melbourne, Brisbane and other centres. 
Radio Rentals Pty. Ltd. is a member of the Thorn Group of Companies 
and is associated with the British Radio Rentals organisation. 

The vacancies will be of interest to experienced colour television 
technicians holding the City and Guilds /R.T.E.E.B. Final Servicing 
Certificate with colour endorsement, or equivalent 
qualifications, who wish to settle and obtain 
permanent employment in Australia. All 
enquiries will be carefully considered and 
suitable applicants interviewed by an 
executive of the Company who will be 
visiting Britain in the near future. 
Successful applicants will be given firm 
offers of employment but will make their 
own arrangements for migration, possibly 
through the Australian Government Assisted Passage Scheme. 

forfurtherinformationshould include full details Q 
of personal status and qualifications and be addressed to:- 

Mr. H. D. Wallace, Technical Director, Radio Rentals Pty. Ltd., P.O. 
Box No. 395, Crows Nest, New South Wales 2065, Australia. 

13726 

TECHNICIANS AND ENGINEERS 
FOR ST. ALBANS AND LUTON 

QUALIFIED OR NOT! 
OPPORTUNITIES for challenging work on testing and 
calibrating valve and solid -state electronic measuring equip- 
ments embracing all frequencies up to u.h.f. in Production, 
Service and Calibration departments. 
APPLICATIONS are invited from people of all ages with 
experience or formal training in electronics and from Ex- 
Services technicians. 
HIGHLY COMPETITIVE SALARIES, negotiable and 
backed by valuable fringe benefits. Overtime normally 
available. 

GENEROUS RE- LOCATION EXPENSES available in 
most instances. 

CONDITIONS excellent; free life assurance, pension 
schemes, canteen, social club. 
37Z hour, 5 -day, working week. 
WRITE or phone for application forms quoting reference 
WW 

mi 
MARCONI INSTRUMENTS LTD, 
Longacres, St. Albans, Herts 
Tel : St. Albans 59292 
Luton Airport, Luton, Beds 
Tel : Luton 33866 
A GEC -Marconi Electronics Company 

94 
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OPPORTUNITIES 
in the 

ELECTRONICS FIELD 
Men with analogue or digital 
qualifications /experience seeking 
higher paid permanent posts in: 
TEST - SERVICE - DESIGN - SALES. 
Phone Roger Pearce, Ref WW4. 

NEWMAN 
APPOINTMENT'S 

360 Oxford St., W.1. 
01 -629 7306. 

3685 

ELECTRONIC 
TECHNICIAN 

required at 
NORTHWICK PARK HOSPITAL 

AND CLINICAL RESEARCH CENTRE 
To service and calibrate a wide range of 
equipment used for medical, surgical and 
engineering purposes. The successful applicant 
will work closely with medical and other 
professional staff. 
Salary-Grade 111- L1.845- L2,337. 
The hospital will have over 800 beds by 1975 
and is closely allied w :th the Clinical Research 
Centre. Good staff facilities and a pleasant 
working atmosphere. Active social club. 
Temporary single accommodation may be 
available. 
Further particulars and application forms, 
returnable by June 14th, from Personnel 
Department, Watford Road. Harrow. 
Middlesex, HAI 3UJ. Tel: 01 -864 5311. 

[3740 

DEVON AREA HEALTH AUTHORITY 
PLYMOUTH HEALTH DISTRICT 

ELECTRONICS 
TECHNICIAN 

required to work on a varied and in- 
teresting range of biomedical tasks in 
an expanding well -equipped mainte- 
nance and development laboratory at 
Freedom Fields Hospital, Plymouth. 
The person appointed will join a small 
team responsible (to the Chartered 
Electronics Engineer) for the success- 
ful operation of a wide range of 
patient -orientated equipment. Deve- 
lopment, construction and testing of 
special -purpose equipment is under- 
taken and safety and purchase decisions 
are made on new equipment. Some 
travel in South Devon and in Cornwall 
necessitates a current driving licence. 
Relevant experience is desirable and 
the minimum qualification is ONC 
(equivalent). The appointment will be 
in either of the following grades, de- 
pending on experience. (Salary scales 
are under review). 
Medical Physics Technician IV- £1,530- 
£ 1,953 

Medical Physics Technician III- £1,719- 
£2,211 
Further details of the work may be 
obtained from Mr. L. R. Jenkin, Tele- 
phone PLYMOUTH 68080, Ext. 369. 
Application forms from the Hospital 
Secretary, North Friary House, Green - 
bank Terrace, Plymouth PL4 8QQ. 

[3693 
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DMany which would suit you down to 
D 

< the ground - either in the U.K. or overseas - D 
n are never advertised. Yet it will cost you a < nothing whatever to give yourself the D 

>opportunity 
to be considered for them. a 

aJoin 
the Lansdowne Appointments Register 

D - used by hundreds of employers to select 
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QUANTEL LIMITED 
an expanding electronics company 

specialising in the APPLICATION OF 

DIGITAL TECHNIQUES TO 
TELEVISION requires a 

GROUP LEADER 
Applicants must have had at least five years' 
experience in the design of broadcast television 
equipment using both analogue and digital 
circuit techniques. 

The successful candidate will lead a team 
devoted to the development of large complex 
digital video processing equipment. 

Conditions of service and salary will be com- 
mensurate with the level of responsibility in- 
herent in this post. 

DEVELOPMENT ENGINEERS 
Qualified development engineers with appro- 
priate experience in the broadcast equipment 
field are also required to support the current 
programme of work. 

The company provides first class opportunities 
for career development in modern well - 
equipped laboratories situated in the céntre 
of Newbury, Berkshire. 

Please apply to: 

The Personnel Officer 
19 West Mills 
Newbury, Berkshire 

or telephone Newbury 5895 

(3702 

a113 APPOINTMENTS 

l l 
Opportunities in 

Telecommunications 
Men with a good telecommunications knowledge are required to be 

responsible for the telephone switching and transmission equipment 
on London Transport. 

The work involves shift duties and consists of maintaining, testing and 
fault finding on the following types of 8quipment:- 

(a) Automatic Telephone Exchanges and associated equipment. 

(b) Multi- channel Carrier Systems and associated equipment. 
A sound knowledge and experience of one of these categories of work 

is required. The possession of City and Guilds Certificates (or 
equivalent) in telecommunications subjects would be an 

added advantage. 
The rate of pay, including variable bonus, averages £35.00 for a 5 day 

(40 hour week). Additional payments are made for overtime, night work 
and rostered Saturday and Sunday duties. Current weekly earnings, 

including payment for rostered overtime at week -ends, average £45.00. 
(These rates of pay are currently under review). 

These positions offer valuable free travel on and off duty, certain 
privilege conditions for employees and dependants, and sick pay and 

pensions schemes. 
Please apply in writing to:- London Transport (Ref: ATL), 

Chief Signal Engineer's Department, 270 Bollo Lane, Acton, W.3. 
or Telephone: Mr. Crowder, 01 -748 9564. 

LONDON TRANSPORT 
3698 % / 

BBC requires resourceful and energetic Laboratory Technicians for Equipment 
Department, Power Road, Chiswick (within easy reach of Gunnersbury Station). 

The work is interesting and involves testing new electronic equipment made by the 

BBC for its colour television and stereo radio services. The work also covers 

analogue and digital techniques over a frequency range from d.c. to U.H.F. 

Salary in the range £1,575 to £1,989, rising to a maximum of £2,268 per annum. 

Good opportunities for promotion to Senior Technician (salary max. £2,565) and 

Engineering Technician (salary max. £2,940). 

Applicants lacking suitable experience may be placed initially on a training grade. 

Facilities available to obtain approved technical qualifications. 

Good club and canteen facilities. 3 weeks annual leave initially. Pensionable posts. 

Write for application form to: Engineering Recruitment Officer, BBC, Broadcasting 
House, London, W1A 1AA quoting reference 74E4028WW and enclosing 
addressed foolscap envelope. Closing date for completed application forms, 
10th June 1974. 

0 
3683 



APPOINTMENTS a114 

DIRECTOR- 

COMMUN ICATIONS 
BRANCH 

... to represent the Scottish Home and Health 
Department on Central Government Committees 
and to discuss telecommunication systems with 
police, fire, prison and other Services for which 
the Department is responsible. The successful 
candidate will manage a professional branch 
engaged in the examination of problems asso- 
ciated with the planning, design, progressing 
of installation and maintenance of such systems. 
These include mobile radio, message switching 
and telephone systems, and networks and ter- 
minals to interface with computer based data 
processing and command and control systems. 
R & D work in these fields is also involved. 

Candidates must be competent administrators 
with a wide knowledge of modern telecommuni- 
cations practice both radio and line, and have 
appropriate experience of systems planning. 
They must be corporate members of IEE or 
IERE (1962 Regulations), or have equivalent 
academic qualifications. A broad knowledge of 
computer systems and peripherals an advan- 
tage. 

Starting salary within the scale £6,300- £7,141. 
Non -contributory pension scheme. 

For full details and an application form (to be 
returned by 17 June 1974) write to 
Scottish Office, Room 213, Personnel Division, 
22/25 Queen Street, Edinburgh, EH2 1LY, 
quoting reference 1/8617. 

Scottish Home and Health Department 13719 

SITUATIONS VACANT 
CAN YOU WRITE CLEAR, concise technical 

handbooks? If you think you could, and have a 
thorough understanding in electronics, why not join 
us as a technical author. Obviously, previous experi- 
ence would be an advantage but is not necessary as 
full training would be given. We have vacancies in 
many parts of the country. Starting salaries are high 
with excellent prospects for advancement. Box No. 
WW 3414. 

¡LECTRONICS TECHNICIAN Grade 3 required u to assist in the construction, modification and 
maintenance of the electronic equipment in the 
Biophysics Department at Drury Lane, W.C.2. The 
work is varied and interesting and covers a wide 
range of analogue and digital techniques. O.N.C. 
or equivalent minimum qualification. Salary £1825 
on scale rising to (2075 per annum including Lon- 
don Weighting. Apply in writing giving full details 
of experience and qualifications to The Head Clerk 
IRef: WW 118324), King's College London, Strand, 
WC2R 2LS. [3425 

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 

MEDICAL Physics Technician Grade III or II 
required in a small electronics laboratory with 

an existing staff of three. The laboratory is respon- 
sible for the maintenance and modification of all 
types of measuring and recording equipment. Good 
opportunities exist for original work in this area. 
Salary scale £1,719 to £2,211 or £2,040 to £2,661 
p.a. plus £126 p.a. London Weighting. Application 
forms from: Mr. J. Norman, National Heart 
Hospital, Westmoreland Street, London, W1M SBA. 

[3687 

J XFORD University. Nuclear Physics Laboratory. ! Electronic Technician. A vacancy exists for a 
Technician in the Electronics workshop. Duties 
include servicing and maintaining a wide range of 
digital and analogue electronic equipment used in 
nucleár structure research, and the development and 
construction of new equipment. Applicants should 
possess a theoretical knowledge to about H.N.C. 
standard and a formal qualification would be an 
advantage. Proven practical ability in the field is 

considered essential. Salary will be within a range 
rising to £2,382, with eight weeks paid annual leave. 
Day release for relevant studies may be granted if 
appropriate. Applications giving full particulars of 
age, experience and qualifications should be sent 
to:- T. E. Green, Nuclear Physics Laboratory, 
Keble Road, Oxford. (Mention reference A.I5.) 

[3691, 

PIANO P.C.B.'s for W.W. Electronic pianos. 
Enquiries to Baldock Electronics, 23 Turpins 

Way, Baldock, Herts. Tel: Baldock 2559. [3670 

QEPTEMBER 74. Radio & Television Engineer, 7 with full C & G Certificate or HNC Electrical 
Engineering plus Teaching Qualification and indus- 
trial and teaching experience. Apply Principal, Ber- 
muda College Dept. of Commerce and Technology. 
Friswell's Hill, Devonshire, Bermuda 4-04. [3385 

YOUNG ELECTRONICS TECHNICIAN required 
for the construction, testing and servicing of 

electronic equipment at our works in N.W.1. Very 
varied work. Qualifications: ONC or C &G or ex- 
apprentice or similar desirable. Excellent opportunity 
for right person with a small expanding company. 
Please write for an application form to: Young 
Electronics Ltd., 54 Lawford Road.. London, NW5 
2LN. [3641 

ARTICLES FOR SALE 
AARVAK ELECTRONICS, 3- channel sound -light 

converters, from £18. Strobes, £25. Rainbow 
Strobes, £132. -12A Bruce Grove, N17 6RA. 01 -808 
9096. [23 

BUILD IT in a DEWBOX quality plastic cabinet 
2 in. a 21 in. x any length. D.E.W. Ltd. (W.), 

Ringwood Rd. Fernwood, Dorset. S.A.E. for leaflet,. 
Write now -Right now. [76 

AMPEX FR 1400 14-channel Instrumentation 
Tape Recorder, £375. Ekco M5024 ttl Timer - 

Counter, £27. Solartron CD1400 db Oscilloscope, 
£125. Friden 8 -hole paper tape punch & read units. 
£15 pair. Hewlett Packard Series 3900 12.5mm 
Tape Unit, £75. D.C. Amplifier, £4.50. Friden 
Flexowriter, programmatic, £125. Richard Totman. 
Gayefere, East Hill, Otford, Kent. Otford 3256. 

[3420 
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Service Engineer 
for Audio /Hi -Fi Department. 

Good practical knowledge of leading 
makes. Attractive employment terms. 

Write or telephone for appointment 
to : 

JOHN KING (FILMS), 
71 East Street, Brighton 

Tel: 25918/27674 
[ 3654 

Small but rapidly expanding small 
Marine Electronic Company based 
in the South West seeks two 
ex- Marine Radio Officers -for instal- 
lation and service work on small 
commercial craft and yachts. 
Brief resume to: 

BOX NUMBER W.W. 3707 

BACK 
NUMBERS from 1950 to 1962 of Wireless 

World, Practical Wireless and Radio Construc- 
tor for sale. Tel: 061 -973 2519 [3406 

ETHERMATIC 2 Automatic test equipment for 
production testing of audio equipment. consist- 

ing of 80 column card reader, Solartron 1426 
D.V.M., Hewlett Packard 565A print out. Oscillator 
units, psu, etc., complete or will separate. Tele- 
printers 7B, £12. buyer to collect. Denby, 104 Rooley 
Lane, Bradford. [3419 

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 6p for list. Ramar Constructor 
Services, 29 Shelbourne Road, Stratford on Avon, 
Warwks. [28 

FURZEHILL Spectrum Analyser. Type 14526 
3 -30 MHz. As new. Marconi Spectrum Analyser. 

Type OA1094. 0 -30 MHz with LF convertor. Good 
condition. 2- REDIFON GR4I0 SSB Tx /Rx with 
24 volt transistor PSU. Good condition. 1- 
TF885A /l Video Oscillator. 0-12 MHz. Good condi- 
tion. 1- TF1165 Counter. As new. 1- TF1246 
Oscillator. 40 KHz to 50 MHz. As new. I- 
RT264/UPX6 Tx /Rx. Good condition. Offers are 
invited for single items, or as one lot. Please reply 
to North West Electrics, 769 Stockport Road, 
Levenshulme, Manchester 19. Phone: 061 -224 4911. 
9.30 am-6 pm Tues -Fri. 9 am -5 pm Sat. Closed all 
day Mondays. [3718 

¡'IENEVAC EC /12/4/1 vacuum coating unit. Sub- v strate heater rotary work holder as new. Offers 
061 -428 3235. (3458 

LADDERS 8ft loin closed -21ft extended, £23.54, 
delivered. Home Sales Ladder Centre (WW2), 

Haldane (North) Halesfield (1) Telford, Shropshire. 
Tel: 0952- 586644. [23 

NIFFTY POWER SUPPLY -Ideal as a cassette 
recorder /radio battery eliminator- constructed 

in a neat plastic case, 10cm x 6cm x 5.5cm -con- 
sists of a mains transformer followed by a transistor 
regulator giving 8V. DC. at 225mA. This voltage 
could be adjusted by changing the zener in the 
regulator. Circuit and details supplied. A bargain at 
£1.50 including P. & P. Mail order only. Chris 
Harries, 2 Newlands Ave., Shirley, Southampton, 
SOI 5ER. [3417 

PRINTED Circuit Board in 6 widths: 2 in.. 24 in.. 
3 in., 31 in.. 4 in. and 5 in. x any length; 1/16 

in. single -sided fibreglass, 2p per 3 sq. in. Double- 
sided, 1p per sq. in. P & P 5p per order. SAE 
quotations for other sizes and quantity discounts.- 
J. Knopp, 11 Connaught Gardens, Braintree, Essex, 
CM7 6LY. Tel. Braintree 25254. [15 

RADIO TELEPHONE EQUIPMENT. Expand your 
radio telephone system. 121- kc. G.P.O. approved 

units. PYE, COSSOR, G.E.C., ULTRA- BURNDEPT, 
etc., High Band, Marine, Lowband AM and FM. 
Exports to Africa and Middle East. Spa -Radio, 3351 
337, High Road, Cheltenham, Glos. [3229 

SUPERB Instrument Cases by Bazelli, manufactured 
from heavy duty PVC faced steel, choice of 30 

types, send for free list, Baz,elli Instrument Cases, 
Dept, 22, St. Wilfrids, Foundry Lane, Halton, LA2 
6LT, near Lancaster. [3646 
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TELEQUIPMENT D53 with 2 Type A amplifiers 
plus 30 mhz amplifier. New condition. Offers 

over £100. Teleradio, 325 Fore St., N.9. 807 367109. 

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 

COLOUR, UHF and TV SPARES. Colour and 
UHF lists available on request. New Philips G6 

single 
16 controls, arcoils, 

convergence 
P B. switches. leads, etc. and 

circuit data £3.75, or with yoke £5.00, P/P 30p. New 
Colour 

eneScan oke and blue 
Mu Bard or 

lateral, 
Plessey 

pP /P 40. 
Mullard AT1025/05 Convergence Yoke, £2.50, P/P 
25p. Mullard or Plessey Blue Laterals, £1.25, P/P 
10p. BRC 3000 type Scan Coils, £4.00. P/P 40P. 
Delay Lines DL20, £3.50, DL1E, DLI. £1.50, P/P 
25p. Lum. Delay Lines, 50p, P/P 15p. EHT Colour 
Quadrupler for Bush Murphy CTV 25 111/174 series, 
£8.25, P/P 25p. EIlT Colour Tripler HT TH25 /1TH 
suitable most sets, £2.00, P/P 25p. KB CVC1 Dual 
Stand. convergence panels complete incl. 22 controls, 
£3.75, P/P 35p. CRT Base Panel, £1.75, P/P 1Sp. 
Makers Colour surplus /salvaged Philips G8 panels 
part complete: Decoder incl. I /C, £2.50, IF incl. 
5 modules, £2.50, T. Base, £1.00, P/P 25p. CRT 
base, 75p, P/P 15p. GEC 2040 panels, Decoder, 
£3.50, T. Base, £1.00, RGB and Sound, £1.00, P/P 
25p. Pye CT70 Colour LOFT assembly incl. EHT 
output and Focus Control, £3.50, P/P 35p. B9D 
valve bases 10p, P/P 6p. VARICAP TUNERS. UHF 
ELC 1043 NEW, £4.50, Philips VHF for Band 1 and 
3, £2.85 incl. data. Salvaged VHF and UHF Varicap 
tuners, £1.50, P/P 25p. UHF TUNERS NEW, Tran- 
sistorised, £2.85 or Md. slow motion drive, £3.85. 
4 position and 6 pos. push- button transistd., £4.95. 
UHF /VHF basic integrated tuners, £3.25, Cyldon 
UHF valve tunas. £1.50. All tuners P/P 30p. 
Transistd. UHF /VHF IF panels salvaged, £2.50 P/P 
25p. MURPHY 600 /700 series complete UHF Con- 
version Kits incl. tuner, drive assy., 625 IF amplifier, 
7 valves, accessories housed in cabinet plinth assembly. 
£7.50 P/P 50p. SOBELL /GEC 405 /625 Dual standard 
switchable IF amplifier and output chassis incl. cet., 
£1.50 P/P 35p. THORN 850 Dual standard time 
base panel, £1.00 P/P 35p. PHILIPS 625 IF amplifier 
panel incl. cet., £1.00 P/P 30p. VHF turret tuners 
AT7650 incl. valves for K.B. Featherlight, Philips 
19T0170, GEC 2010, etc., £2.50. PYE miniature in- 
cremental for 110 to 830, Pam and Invicta, £1.95. 
A.B miniature with UHF injection suitable K.B. 
Baird, Ferguson, 75p. New fireball tuners Ferguson, 
HMV, Marconi, £1.90 P/P all tuners 30p. Large 
selection LOPTs, Scan Coils, FOPTs available for 
most popular makes. PYE /LABGEAR transistd. Mast- 
head UHF Booster, £5.75, Power Unit, £4.65 PIP 
30p or Setback battery operated UHF Booster, £4.65 
PIP 30p. MANOR SUPPLIES. 172 WEST END 
LANE. LONDON, N.W.6 (No. 28, 59, 159 Buses or 
W. Hampstead Bakerloo and Brit. Rail). MAIL 
ORDER: 64 GOLDERS MANOR DRIVE. LONDON, 
N.W.11. Tel. 01 -794 8751. 

KHz MSF Rugby and 75 KHz Neuchatel Radio W Receivers. Signal and Audio outputs. Small, 
compact units. Two available versions £35 and £60. 
Toolex, Bristol Road, Sherborne (3211), Dorset. 

CASH AVAILABLE for surplus semiconductors 
and I.C. Phone 01-452 2583. [3195 

WANTED, 
all types of communications receivers 

and test equipment.- Details to R. T. & I. 
Electronics Ltd., Ashville Old Hall, Ashville Rd. 
London. É.11. Ley. 4986. [6 

PIANO P.C.B.'s for W.W. Electronic Piano. 
Enquiries to Baldock Electronics, 23 Turpins 

Way, Baldock, Herts. Tel. ,Baldock 2559. [3697 

SONY CRF 230 (World Zone) 13 band receiver. 
condition as new £200. Please telephone Kingston 

Blount 51801. [3746 

SUPERB INSTRUMENTS CASES by Bezelli. Manu- 
factured from heavy duty PVC faced steel. 

Choice of 70 types. Send for free lists. Bazelli instru- 
ment cases. Dept. 22. St. Wiifrids, Foundry Lane, 
Halton, Lancaster LA2 6LT. 13745 

Slx POWER AMPLIFIERS 1000 watts, good work- 
ing order. Price, less valves £195.00 the lot. 

Carriage extra. Valves available. Apply: 8 Millfield 
Road, Whickham. Newcastle Upon Tyne. Tel: 887351. 

VARIABLE mains transformers. Four rated three 
amp, £5 each, one rated fifteen amp, £12. 

Carriage extra. Box No. 3705 WW. 
VALVES FOR SALE. Valves, large stocks, 1930 

to 1974, many obsolete types. S.A.E. for quota- 
tion list 10p. Cox Radio, The Parade, East 
Wittering, Sussex. 13730 

BOOKS 
WORLD RADIO TV HANDBOOK 1974. £3.15 

inclusive. David McGarva, Agent for World 
Publications. P.O. Box 114X, Edinburgh. EHI 1HP. 
Ask about quantities, two and up! 112 

COURSES 
R4010 and Radar M.P.T. and C.G.L.I. Courses. 

Write: Principal, Nautical College, Fleetwood, 
FY7 8JZ [25 

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, 
SE l3 7PE. Tel. 01 -852 1706. [61 
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CLASSIFIED 

TRANSISTOR 
APPLICATIONS 

ENGINEER 
FERRANTI have a vacancy in the Applications Laboratory of their 

Electronic Components Division at Chaddertoli, Lancs., for an En- 

gineer to work on the application of R.F. Power Transistors at VHF 

and UHF frequencies. The work involves the design of appropriate 

circuits, customer liaison and general technical back -up to the market- 

ing and device development engineers. 

Candidates should possess a degree or H.N.C., have previous experi- 

ence in this field, and be able to work with the minimum of super- 

vision. 
Application forms may be obtained from T. J. Lunt, Staff Manager, 

Ferranti Limited, Hollinwood, Lancs. Please quote reference GH. 

FERRANTI 
13596 

ASSEMBLY, alignment and wiring work under- 
taken. Outworker can do up to 50 hours per 

week to a high standard. Collection and delivery by 
arrangement. Ian Bowden, 165 Lancaster Road, New 
Barnet, Herts. 01-440 2979. [3589 

BATCH 
Production Wiring and Assembly to 

sample or drawings. Deane Electricals, 19B 

Station Parade, Ealing Common, London, W.5. Tel: 
01 -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 

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. 129 

SMALL Batch Production, wiring, assembly, to 
sample or drawings. Specialist in printed circuit 

assemblies. D. & D. Electronics, 42 Bishopsfield. 
Harlow. Essex. Harlow 33018. [17 

NEW GRAM AND SOUND 
EUIPMENT 

GLASGOW.- Recorders bought, sold, exchanged; 
cameras, etc., exchanged for recorders or vice - 

versa.- Victor Morris, 343 Argyle St., Glasgow, C.2. 
[11 

RECEIVERS AND AMPLIFIERS - 
SURPLUS AND SECONDHAND 

IIAO Rids, 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 

ELECTRONIC test equipment repair service 
offered on Avometers, Signal Generators Pulse/ 

A.M. /F.M. /C.W. /A.F., Frequency Counters, 
D.V.M.s. P.S.U.s, Oscilloscopes. Production test 
problems? Why not try us. "Q" Services Electronic 
(Camberley) Ltd., 29 Lawford Crescent, Yateley. 
Camberley, Surrey. Yateley 871048. 113 

SCRATCHED 
TUBES. Our experienced polishing 

service can make your colour or monochrome 
tubes as new again for only £2.75, plus carriage 75p. 
With absolute confidence sent to Retube Ltd.. North 
Somercote, Louth, Lines, or 'phone 0507 -85 300. [27 

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. 164 

VALVES WANTED 

VVE buy new valves, transistors and clean new com- 
ponente, large or small quantities, all details, 

quotation by return.- Walton's, 55 Worcester 
Wolverhampton. 

SERVICE 8c REPAIRS 

ELECTRONICS 
ENGINEER. Mid- Suffolk area. 

Own test equipment offers service facilities any- 
thing considered. Box No. WW 3747. 

WIRELESS WORLD bound volumes 1947 -1963 
inclusive. Offers to 0722 29926. [3754 

SITUATIONS WANTED 

TI'WO 
Electronics Engineers wishing to start small 

1 business, initially in spare time, assembling printed 
circuit boards. Box No. WW 3450. 

TECHNICAL WRITER (ex RAF Radar) available 
1 for work on electronic and radar subjects on 
freelance bas , Write Box No. WW 3416 

TAPE RECORDING ETC. 

IF quality, durability matter, consult Britain's oldest 
transfer service. Quality records from your suitable 

tapes. (Excellent tax -free fund raisers for schools). 
Modern studio facilities with Steinway Grand. - 
Sound News, 18 Blenheim Road, London, W.4. 
01 -995 1661. [23 

ARTICLES WANTED 

HITACHI WH1160 -9 Cavendish Square, 
W.I. 01-636 7070. 

Hitachi WH1160 -9 Cavendish Square, 
W.I. 01-636 7070. 

[3731 

WANTED. To complete collection. Wireless World. 
August 1969 and January 1973 issues. Apply to 

B,.,x No. WW 3433. 

BOOKS. INSTRUCTIONS, ETC. 

COMMERCIAL RADIO INFORMATION Bulletin 
Packed with facts on the IBA local radio stations. 

Radio Luxembourg and the offshore stations. Send 
20p for sample copy or £1.50 for 10 issues to Com- 
mercial Radio News Agency. 67-69 Chancery Lane. 
London WC2A 1AF. 13443 
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B. BAMBER ELECTRONICS 
20 Wellington St., Littleport, Combs. Ely 

Phone (0353) 860185 (Tues, - Sat,) 

MARCONI PULSE GENERATOR Type 
TF675E 100 -50HKz £3500 
ADVANCE SIGNAL GENERATOR C2/H 
Push- button selectivity £3000 

ADVANCE AUDIO GENERATOR Model 
HI 15Hz -50HKz £2000 

MARCONI SIGNAL GENERATOR Type 
TF80IA 10 -30MHz £4000 

MARCONI VALVE VOLTMETER Type 
TF428C 0-300 volt D.0 £28.00 

AIRMEC SIGNAL GENERATOR Type 
201 30KHz -30MHz £7500 

WAYNE KERR VHF FREQUENCY STAN- 
DARD, 12 channel £2000 

WAYNE KERR A321 WAVEFORM ANA- 
LYSER, 1Hz- 1200Hz £3000 
PYE ELECTROSTATIC GALVANO- 
METER, 0 -20kV. mains £1500 

B RIT. PHYS. LABS. CZ9611 COMPONENT 
COMPARATOR £4000 

B RIT. PHYS. LABS. CZ45713 COMPONENT 
COMPARATOR, with Automotor UNIT 
CZU45712 £65 -00 

TEKTRONIX OSCILLOSCOPE Type 5240 
DC -10MHz £7000 
TEKTRONIX 524AD OSCILLOSCOPE 

£10000 
NAGARD DOUBLE -PULSE GENERATOR 
Type 5002A.O. 1Hz -1 MHz £8500 
AIRMEC MODULATION METER Type 
210 3- 300MHz £10000 
MARCONI SIGNAL GENERATOR Type 
TF144G 85KHz -25MHz £2500 
MARCONI SIGNAL GENERATOR Type 
TF867/2 15KHz-30MHz £100 .00 

AIRMEC SIGNAL GENERATOR, Type 
201A 30KHz -30MHz £12500 
AIRMEC 853 WAVE ANALYSER 30KHz- 
30MHz £50.80 

AIRMEC BRIDGE HETERODYNE DETEC- 
TOR Type 775 £6500 
HEWLETT -PACKARD UHF SIGNAL 
GENERATOR Type 614A 8002300MHz 

£17500 
MARCONI SIGNAL GENERATOR TF782B 
300-600MHz £5000 
MARCONI VIDEO OSCILLATOR TF8851A 
0 -12MHz £4590 

ROHDE L SCHWARZ DIAGRAPH BN3561 
30- 300MHz £308.00 

ADVANCE J2, AF SIGNAL GENERATOR, 
15Hz -50kHz £3000 

AIRMEC 252 SIGNAL GENERATOR, 30Hz- 
300kHz £3500 

FRIDEN FLEXOWRITER, good condition 
with tape reader £12000 

FRIDEN FLEXOWRITER, less tape reader, 
suitable as spares £8000 

GRESHAM LION WAVEFORM GENERA- 
TOR. 62511ne staircase £2500 

GRESHAM LION WAVEFORM GENERA- 
TOR, 405 line staircase £1500 

GRESHAM LION COMPOSITE WAVE- 
FORM GENERATOR, 40515251825 sine, 
square, pulse, bar £5000 

MARCONI TFIS73, 000000 STEP ATTENU- 
ATOR £20.00 

MARCONI TF12119, VSWR INDICATOR 
£5000 

MARCONI TF1237, NOISE GENERATOR 
£50.00 

BERCO MAINS VOLTAGE STABILISER 
Type CVS4 240 volt 32 amp £7500 

PYE MF TRANSMITTERS. 2 x 5B254Ms In 
final, VFO In 3401540kHz, 2 x SB254Ms In 
modulator, CWIMCW, units complete but no 
PSUs with circuits, brand new, carriage £1.20 

£20 -00 

RACK VENTILATION UNITS, 19 in., 
Incorporating mains blower, carriage 50p 

£5-SO 

SAVAGE 000watt PA amp., contains 12 x 
KT88s, no details, offers. 

PHILIPS MONITOR DECODER PANELS, 
Type EL6818150F, NTSC only carriage 50p 

£1500 
TWIN PSU, 191n. rack mount, 190 -280V 
preset at 500mA stab., plus 170 -280V preset, 
at 160mA stab., plus 6.3V at SA twice, plus 
8.3V at 3A twice, mains input, carriage £130 

£8.00 
PSU, as above but 190-280V at 500mA preset, 
stab., plus 8.3V at 5A twice, mains input, 
carriage £1.50 £5.00 

MAINS ISOLATING TRANSFORMERS, 
375VA, tapped primary, 240V output, new 
carriage 50p £500 

MAINS ISOLATING TRANSFORMERS, 
(ex equipment), in metal cases totally erciener 
tapo -d mains Input, 110 240V, etc. Output, 
240V at 3A +12V at 0.5A, carriage £t £1000 

AS ABOVE, Output 240V at 2A + 12V at 
3A + 22V at 2.5A, carriage £2.00. .. £2500 

RADIOSPARES SOGWATT AUTO TRANS- 
FORMERS 100- 110 -150. 200 -220 -240 -250V tap- 
ped Input and output, step up or step down 
familial, ex new equipment, carriage 50p. 

£500 

PHOTOMULTIPLIER TUBES, EMI 6994C, 
new Beses to fit (only supplied with tubes) 50p 

each £3000 

PYE MIKE INSERTS, 2.4Kohm Impedente, 
each 50p 

skirt and metal insert, 
50p 

25p 

50p 

50p 

20p 

40p 

KNOBS, black with 
skirt dia. 1 in. for 

BULGIN MAINS PLUGS, 3 pin each 

DIN PLUGS 5 pin 270 deg. 4 for 

DIN SOCKETS 5 pin 270 deg 4 tor 

22 WAY UECL sockets only 

25 WAY ISEP plug and socket set 

37 WAY ISEP plugs only 20p 

CANNON RIGHT ANGLED PLUGS, XLR 
LNR /5 each 75p 

PABST FANS, TYPE 1200, 110/127V, with 
suitable start capacitor carriage 50p.. £2 -00 

MULLARD TUBULAR CERAMIC CAPA- 
CITORS, 1 -18pF, new boxed, per 100, carriage 
SOp £1000 

NEWMARKET PC2 AUDIO AMP 
MODULES, 9V, output 15ohm at 400mWatts, 
input 1mV into 1Kohm, brand new, boxed, 
each £130 

MAINS TRANSFORMERS Ex Pye F27 
Base Station TX. 485V at 500mA. 8.3V at 8A. 
carriage 50p £500 
40V at 2A. carriage25p each 80p 

20-0-20V at 1.5A, 60p each carriage 30p 2 for £1 

13 -0-13V at100mA. 40p each, carriage30 
3 for £1 

HIGH QUALITY SPEAKERS 8 in. a 4 in. 
eliptical,2 in. deep 4 ohm, carriage 25p, (Kip 
each, 2for £1.70 
81 In. o 8 in. ellptical, 2 in. deep, 4 ohm recess 
magnet, rated up to 10W £130 each, 2 for £2.75 

DIN SPEAKER SOCKETS 2 pin (flat and and) carriage 20p 4 tor....... .... 30p 

SHEPHERD CASTORS, trolley fitting, 4 In. 
wheel, rubber tyred. Brand new carriage 50p 
per set of 4 £0.00 

VALVES 

QQVO3 20A (ex- equipment) £2.00 
DET 22 (ex- equipment) £1.00 
2C38A (ex- equipment) £1 .00 

4CX250B (ex- equipment) £2.00 
EZ01 new 25p 

EFEE new 25p 

EUCC (ex- equipment) 25p 

DEC (EC88 new) 2 for 50p 

Post á Packing £1.50 on all Teat 6 Large Equip- 
ment, 20p on small orders, unless stated. 

PLEASE ADD 10 % VAT 

CALLERS WELCOME BY 

APPOINTMENT. 

S.A.E. FOR ALL ENQUIRIES, 

PLEASE. 

TERMS OF BUSINESS: 
CASH WITH ORDER. 

13751 

BUILD OR BUY a 

MINIATURE 

TRANSMITTER 

Micro 0 
Miniature 
Transmitter 

0 

The smallest transmitter available in the UK. Only 
2" x 1 ". Fits in the palm of your hand. Can pick up and 
transmit voices and minute sounds. Receive on a VHF 
radio. Excellent range. Can be worn round the neck. 
held in the hand or operated on a shelf. Works almost 
anywhere. Uses PP3 battery (very Long Life). Simply 
switch on: no other connections. Completely self con- 
rained.. Transistorised. printed circuit. Used the world 
over. Manyapplicatìons. Fully g'teed. 
ASSEMBLED UNIT (15.50 
Kit with step -by -step assembly in- 

structions £11.50 
If required suitable radio for receiving 

transmitter £13.25 
Insurance /P. & P. 45p. 

MAIL ORDER (all items/. 
MULHALL ELECTRONICS (WW) 

Ardgless, Co. Down, UK, BT30 7SF 
DIRECT SALES (constructed items only)'. 

Peter Spencer (London Agent), 
39 Oxford Gardens, London, W10. 

Telephone: 969 3584. 
RAE licence required 

36 

S.W.G. 
ENAMELLED COPPER WIRE 

tilt Reel 416 Reel 
10-14 £1.40 /Op 
15-19 £1.40 OOp 
20-24 61.43 Up 
25-29 £t.52 Np 
30-34 £t -57 97p 
35-40 EIS! £1.04 
Please add 10% to all above prices to cover V.A.T. 
The above prices cover P. 8. P. in U.K. Supplied by 

INDUSTRIAL SUPPLIES 
162 Parrswood Road, Withington, Manchester 20 

Tel.: 001- 224 -3553 [85 

A BONANZA FOR CONSTRUCTORS - 
EX GPO SURPLUS 

Bumper boards Including transistors, reed relays, pot cores 
(our selection) from unused slightly damaged units. Long 
leads, mostly re- usable. £1.90 each (inc. p. á p.) 
Low -volt transformers, Prl. 240v Sec. 28v, 24v and 10v, £1.50 ea. 
(inc. p. & p.) (Ex GPO unused) 
4-core cords -curly approx. 5ft., straight approx. 7ft. 20p ea. 
(inc. p. 6 p.) (ex GPO) 
Send S.A.E. tor complete list, many Items selection varies 
every month. 

Money back guarantee. V.A.T. Inclusive. 
B.B. Supplies. 30 Ellerdal Street, London, S.E.13 

[3721 

SWITCHES! 
Don't be h- 
} million always 

eld 
in 
up 

stock. 
for 

Wathemfer, 

micro, toggle, push button, 
rocker, reed, slide, relay, mercury, lever, delay, 
thermostatic, pressure, combination, motorised, 
unisekctors, sequential, time, mat, digital, etc. 

Send for our latest list. J. Bull (Electrical) Ltd., 
7 Park Street, Croydon, CRO 1YD. [39 

CARBON FILM RESISTORS 
High Stab. 1W or kW 5%. 1p. (12p/100, £4.50/1000(2202 -2M2) E12 

RESISTOR KITS 100-1M E12 SERIES: 
10E12KIT. 10 of each value (Total of 610) £3.10 
25E12K1T. 25 of each value (Total of 1525) £7.20 

FREE CATALOGUE ON REQUEST 
Metal Film 1W 5%.1}p, £1.101100; £8.25 /1000 

15E12 Kit (1002 -1M) Total of 915 £8.00 
C.W.O. P. á P. 10p on orders under M. Overseas extra. 

BH COMPONENT FACTORS LTD. 
Dept. WW., 51 Cheddington Road, PITSTONE, 

Leighton Buzzard, Beds., LU7 9AQ. [32 

HI FIDELITY MODULES made and 
Linsley Hood, Class A 

tested. 
L7.25* 

Linsley Hood, D.C. coupled 75W C14.00* 
Linsley Hood, pre -amp (75W) L13.50 
Bailey Quilter, pre -amp L8.50 
Toshiba I.C. Stereo, pre -amp L12.00 

Excl. Heat Sinks. 
TELERADIO HIFI, 32S Fore St., London, N.9 OPE. 

01 -807 3719. (Closed Thursday.) [33 

8-TRACK STEREO DECK 
We have a few surplus 12 volt decks, unused 
and in original cartons. High grade Italian 
make-circuit diagrams for a complete player 
supplied with each deck. 
Price L1S Each -Money Back Guarantee 
C.w.o. to TRIMARAN, 210 Strand, London, 
W.C.2. 

[3708 

i 
Build a mixer to your own 
spec. using our easy to wire 

AUDIO MODULES 
For full details contact Richard Brown 

at Zero 88, 115 Hatfield Road, 
St. Albans, Herts, AL1 4JS Tel. 63727 

zero 88 

13691 

WIRED TELEVISION SPARES 
AMPLIFIER type TA 902 at L6.60 
AMPLIFIER type RA 211 at L5.50 
AMPLIFIER type RA 016 at L5.50 
SUBSCRIBERS Tap type REI51 -40, RE141 -28, 

REI61 -34. All at L1.10 
SPLITTERS type RD501, RD502, RDS03, 

RD504, RD505, RDI11. All at 88p each 
GREENPAR COAXIAL CONNECTORS type 

GE27517 -C3, GE27519 -C3, GE27574 -C15, 
GE27886. Alll at 22p each 

SEALECTRO SUB- MINIATURE CONNECTORS 
type 3000, 3002, 3003, 3005, 3014, 3024, 
3100, 3102, 3103, 3104, 3105, 3114, 3124, 
5775, All at 22p each 

TEXAS OP -AMPS type SN 72771 at L4 each 
PLESSEY DUAL COMPARITORS type SL717 

at 55p each 
DISC CERAMICS .01 of 50v.w., .02uf 50v.w., 

at 50p per 100 
MORGANITE BIPOLAR LADDER SWITCHES 

type 241 -2 at L15 each 
X BAND 5 mW GUNN DIODES at L3 each 
MORGANITE BINARY LADDER NETWORKS 

type 211 -All 5K at £5.50, type 211 -B12 
5K at L10 each, type 211 -Al2 10K at LS 
each, type 262B -100K at L8 each 

J. BIRKETT 
25 The Strait, Lincoln LN2 1JF 

Tel: 20767 
[38 

CONSTRUCTORS 
AMATEURS 

MANUFACTURERS 
American I.C.s, Transistors, etc., with no British 
equivalent, supplied speedily to order. One offs 

and quantities. 
T.M.P. ELECTRONIC SUPPLIES 

3 Bryn Clyd, Leeswood, Mold, CJ-17 4RU, 
N. Wales [ 3603 

JAN 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: 46377. 
[42 



 

ARTICLES FOR SALE 

PRECISION 
POLYCARBONATE CAPACITORS 
Close tolerance. High stability. Extremely low leakage. 
All 63V D.C. Plus or minus 1% tolerance: 0.470F -S1p; 
1.O0FJ6p; 220F -Np; 4.70E- E1.3S; 680F -EISM; 10.O0E- 
E2N;15uF -E2 75. Also available ±2% and ±5 %. ex. Stock. 
TANTALUM BEAD CAPACITORS: Values available: 
0.1, 0.22, 0.47, 1.0, 2.2, 4.7, 6.80F at 15v/25v or 35v. 10.011 at 
16/20v or 25v; 22.0 uF at 6í10v or 16v; 33Q uF at 6v or 10v; 
47.00F at 3v or 6v; 1000F at 3v. 
All at lip each; 10 for Op; 50 for G.M. 
TRANSISTORS: BC117, BChM, BCIN; all at Sp each; 
6 for S1p; 12 for 96p. May be mixed for quantity price. 
B C162 and BC212 at 11p each; AF17S at 211p each. All brand 
new and marked. Full spec. devices. 
POPULAR DIODES 1N914 --6p each; 8 for 1540; 18 for 
Op. IN916 -Sp each; 6 for 45p; 14 for Op. IS44 -Sp each; 
11 for Sip; 24 for E1. All brand new and marked. 
N EW LOW PRICE-41111 mW Zenon. Values available 
4.7, 5.6, 68, 73, 8.2, 9.1, 10, 11, 12, 133, 15V. Tol. ± 5% 
at 5 mA. All new and marked. Price 7p each; 6 for 39p; 
14 for 84p. Special offer 6 of each voltage (66 zonera) 
C315. 
RESISTORS. Carbon film 5 %. } W at 40°C, 113W at 70 °C. 
Range from 2253 to 2ßMí1 in E12 series, i.e. 10, 12, 15, 18, 
n, 27, 33, 39, 47, 56, 68, 82 and their decades. High stability, 
low noise. Ali at Ip each; Sp for 10 of any one value; 
71p for 100 of any one value. Special pack -10 of each value 
2 2C2 to 2ßM[3 (730 resistors) £5. 
441V A.C. CAPACITORS. 8.10F, size liin x tin, 49p; 
0ß50F, size I fin x lin, 55p; 0.47 and 0 5MF, size 1lln x fin, 
667; 1110F, size Sin x fin, Ssp; 2.S0F, size tin x lin, 
E1.1Sp each. 
SILICON PLASTIC RECTIFIERS 1.5 Amp. Brand 
new wire -ended D027, 100PIV at ip each or 4 for Sip; 
400PIV at Sp each or 4 for 31p; 800PIV at lip each or 4 for 
42p. 

7p post and packing on all orders below £500 
Export Orders -please add cost of an/sea mall 
PLEASE ADD 14% V.A.T. TO ALL ORDERS 

Send S.A.E. for lists of other ex -stock items, L.E.D's, 
disc capacitors, electrolytics etc. Wholesale price lists 
available to bona fide companies. 

MARCO TRADING 
Dept. D4, THE MALTINGS, STATION ROAD, WEM, 

SALOP. Tel: NANTWICH (CHESHIRE) 13281 
[87 

16mm SOUND S/H 
Fully guaranteed 
Bell Howell 631 

Projector 
2000 cap. 
750/1000 W 
Lamp 
Sound /Silent 
Speeds. 
Supplied 
C/W 
Transformer 
£120. 
Speaker 
Ex or 4. 

HILTON CINE 7 West Hill, 
DARTFORD 27566 41 

STOCK CLEARANCE BARGAINS 
all brand new and unused, to full spec. 

Plastic Transistor BC212 (PNP) £3.N per 50 
Plastic Transistor BC182 (NPN) £2.58 per 50 
Si. Diode 1N4148 £1.51 per 50 
I.C. Type 709P EOM per 10 
I.C. Type 7413N £2.611 per 10 
I.C. Type 7490 Np each 
I.C. Type 7492 Np each 
I.C. Type 7493 Op each 
I.C. Type MC1455 (equiv. 555 timer) 51p each 
Triac TAG 240-400 (5A 400V {sol.) Op each 
Unilunction Transistor 2n2646 E2.51 per 10 
Plastic Zeners 1W 5 %, 10V and 15V £1.66 per 10 
Zeners, 400mW 5 %, 3.3, 4.3, 5.1, 10, 24V £1.11 per 15 
Electrolytic Caps. (uFIV), 220110, 220/6, 150110, 

100)40 100116, 100/10, 68140, 47140, all at Sip per 20 
Min. Continental Relay, 2 C /O, 24V DC coil 

(HID Contacts, 3A 250V) 5117 each 
Open Relay, 24V DC coil, 2 CIO 10 A HID 

contacts Op each 
Min. Toggle Switch, SPDT, 3A 250V E1.N per 4 
Min. Transformer, 9-0-9V 100mA 51p each 
Terminal Block, high quality screw solder tag, 

12 -way Klippon ELM per 5 

Min. Jack Socket, Rendar R32300, Three term E1.11 per 10 
Penny & Giles LOCOST Servo -pot., 2K, type 

RP15 34102, 360° £5.11 each 

Minimum quantities as shown; add 10p p 6 p under £5; add 
10% VAT; CWO only. 

SHENNANTON ELECTRONICS LTD. 
Church St-, Kirkcowan, Wlglownshtre DOE NIB 

[3722 

25in. WIRED COLOUR TVs. 
Bush CTV25 (domestic chassis) with colour bars 
displayed, C45 +VAT; Non Workers Tube O.K., 
L35 +VAT: Non Workers Tube U.S., L20 +VAT. 
19in. G.E.C. 2028 available. Quantity discount 

over IO Sets, C.W.O. 
25in. AERIAL COLOUR TVs. Bush CTV25 Thorn 
2000 G.E.G. 2028, L90+VAT (displayed working). 

SECONDHAND COLOUR 
Lower Church Street, 

Stokenchurch, High Wycombe, Bucks. 
Tel: 024 026 (Radnage) 3321 

(2 miss. off M40 Motorway, West Wycombe 
turnoff.) (40 

al 17 

BELCO Signal Generator SG2030 250Hz to 
150MHz on 6 bands. 150MHz to 300MHz on 
harmonics. Accuracy ± 0.01 % with calibrator. 

KAISE Panel Meters, Multitesters and Test 
Instruments. 
MOTWANE Voltage Stabilisers, Variable 
Transformers, Insulation Testers. 

For full information write or telephone: 

F. HORSMAN & SON 
Imports & Exports, 52 Rounton Road, Church 

Crookham, Aldershot, Hants. GÚ13 OJH. 
Tel: Fleet 4424 Cables: HORSEPOWER 

Aldershot 13709 

B.TH 16mm 450 protector, sound, in 
good working order, £60. 
B.TH 16mm 452 projector, £75. 

MAGNAVOX TAPE DECKS 
These 3 -motor 3 -speed decks were 
used in a language lab and are in 
good oorxlition. Complete with pre - 
amp, £5 each. 
NEONS, miniature wire -ended long - 

life, 2p each or 100 for £1.30. 
CHOKES. 9uH small PUC wire -ended 
2A Chokes for motor suppression, 
etc. 2p each, 100 for £1.30. 
Light dimmers MK, standard plate 
flush fitting, £2.70, 
CASSETTES, blank C45, 10 for £1.50. 
6 pin din plugs, 8p each. 

ELECTRO DEVICES 
35 Roper Close, Rugby 

Warwickshire 
[3729 

TEKTRONIX SCOPES 

453A. Dual Beam Dc to 60 MHz £400. 

545 B with 1A2 plug in Dual Beam Dc to 33 
MHz transistorised £300. 

Box No. WW. 3755 

TAPE RECORDING 

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 Studies UK /OVERSEAS. SAE list. 

DEROY RECORDS 
PO Box 3, Hawk Street, Carnforth, Lancs. 

Tel. 2273 
[82 

CAPACITY AVAILABLE 

CAPACITY AVAILABLE 
General Sheet Metal Work including Fabrication of 
Chassis Panels. Boxes and Guards. Large and Small Runs 

at highly Competitive Rates. Let us quote you now 

ANGUS ASSOCIATES 
6 Sunny Place Sunny Garden Road 
London NW4 i RS Tel: 01 -203 482213597 

ELECTRONIC DESIGN ASSEMBLY 

Highest quality at competitive prices 

Contact : 

MULTIFORM ELECTRONICS LTD. 
27 Ferry Road, Teddington, Middlesex 

Tel. 01477 9389 
[3527 

CLASSIFIED 
SURPLUS BARGAINS 

KLEINSCHMIDT S.C.M. 
TELEPRINTER OUTFITS 

Comprising. Teletypewriter (page printer) type TT -27 t B /FG 
(known as Kleinschmidt 1601 Reperforator- Transmitter (tape 
printer) type 17- 272A/FG with table FN- 65 /FG. Both units 
are supplied with change wheels for 45 & 50 Bauds. the 
whole equipment operates on 115 or 230V 50cycles in very 
choice condition E 55. (can f 4). 
ELECTRONIC TIMER KITS 0.8 sec to 100 sec comprises 
A.E.I. Transetorised Module. Relay and all electrical 
components tor 1 15 or 240V AC operation f 1.75125p) VAT 
20p. Veeder root 4 -digit resettable counters 115V E 1.25 

(8p). Printed Circuit Kits. £1.25 125p) total with VAT f 1.65, 
AMPEX VIDEO TAPE 2 in. X 1670 NEW í9150p1. AVO 
CT38 Electronic Test Meters £18 IE1). FERRIC 
CHLORIDE 25p a Ib. (16p). 10 Ib E2.50 (paid). Kent Chart 
recorders 115V AC f20 11501. Multipoint Kent Chart 
recorders £30 If 1.50). TELEPRINTER Papers and Tape. 
81 in. rolls 3 -ply. carbon/buff manilla 60p per roll (32p). 
8} in. rolls 7 ply NCR no carbon required. white, £1 (32p1. 

in.. 2 in. core. white. E2 per box of 8 rolls (52p). 

i in.. 2 in. core. buff. f2 per box of 10 rolls (52p). 
Enden Tape f2 per box of 6 rolls (52p). Loads of surplus to 
clear. Large SAE for List. 

ALLPLUS VAT 10% 

CASEY BROS. 
233 -237, Boundary Road, St. Helens, Lancs. as 

ARTICLES WANTED 

TOP PRICES PAID 
for semiconductor and corn - 
poneni 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 

BOOKS 

ESSENTIAL 
BOOKS! 

MOBILE RADIOTELEPHONE EQUIPMENT HANDBOOK. Gives of uits 
data and illustrations plus some valuable modifications for amateur use for 
commercial radiotelephone equipment including PYE and other popular makes 
This impression price £475. p 

. 
35p. is at press. 

HOW TO MAKE 2 B 4 METRE CONVERTERS FOR AMATEUR USE. 
At press. 65p, p p 15p. 
HOW 

TO 
MALE WALKIE- TALKIES FOR LICENSED OPERATION. 40p. 

THE COVERNIMENT SURPLUS WIRELESS EQUIPMENT HANDBOOK 
Gives circuits. data and illustrations plus valuable information for Brinsh/USA 
receivers. transmitters. trans/receivers With modifications to sets and test 

equipment 0.29 including postage 
DIRECTORY OF GOVERNMENT SURPLUS WIRELESS EQUIPMENT 
DEALERS. Gives details of surplus wireless equipment stores and dealers 
including addresses plus equipment and spares that they are likely to have 
available. A valuable book. only 50e. p.p. 1 Op. 

GETTING THE BEST FROM YOUR COLOUR TV R Maude. T Eng (CFI). 
FSERT. AMRTS. Essential advice for colon, IV owners, engineers. Could 
save you pounds Sing" X 7" in true colour. Just published. 54. p.p 10p 
THE THEORY OF GUIDED ELECTROMAGNETIC WAVES. The most 
comprehensive book yet written about waveguides. transmission lines. 
cavity resonate.. Over 500 pages. Ideal for anyone interested in Radar and 
UHF. Pblished at El 150. Special offer of C4-50, p.p 35p 
Daps W. GERALD MYERS IP.alwr 8 Baainaiarl. Mai sedas r 
Wins u: 131 Cardigan Rd. Haadnely, Lads 0. Yadráin. BROW. 
Faro* mans wilsem. 

13750 
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CAVERN ELECTRONICS 
1974 COMPONENTS CATALOGUE 

30p plus 11 p Post and Packing 

30p refunded on your first order of £3 or over 

HUNDREDS OF COMPONENTS ILLUSTRATIONS DATA 

Details of our Credit Scheme included. 

Send Cheque or P.O. for 41 p to :- 
CAVERN ELECTRONICS 

94 Stratford Road, Wolverton 
MILTON KEYNES MK12 5LU 

Retail Counter open Monday to Saturday 
(Closed all day Wednesday) 

ELECTRONIC ORGAN KITS 
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- /t1111111111HII1111111111111, 

J_ 

ELVINS ELECTRONIC MUSICAL INSTRUMENTS 

There are 5 superb models in 
kit -form specially designed for 
the D -I -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, ECT, 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. 

Components suppliers to the music industry 
12 Brett Rd., Hackney, London E8 1JP. Tel: 01 -986 8455 

BEDFORD ELECTRONICS 7, PRBEDFORDEET, 

TELEPHONE 0234 51961 

CLOSING DOWN 

SALE 

SATURDAYS ONLY 

9 am -5 pm 

June 1st, June 8th, 
June 15th 

All stock must be cleared 

Wireless World, May 1974 

Thermistors 
F. J. Hyde, DSc, MSc, BSc 

"Provides a very comprehensive account of the properties and 
applications of both negative and positive temperature coefficient 
types of thermistors. An extremely useful reference work on this 
essential circuit component - thoroughly recommended as 
essential reading for all control engineers." 

Instrument and Control Engineering. 

0 592 02807 0 208 pages illustrated 1971 £3.20 
Available from leading booksellers or: 

The Butterworth Group 
88 Kingsway London WC2B 6AB 
Showrooms and Trade Counter 4-5 Bell Yard London WC2 

h 
W.H.M. 

20W AUDIO 
POWER 

AMPLIFIER 
involves radical departures in conception. 

* Class A performance with Class B economy. 
* T.H.D. <0.05% at all frequencies and power levels. 
* No crossover distortion. 
* Unsurpassed stability into reactive loads. 

£7.28 + VAT. £15 per stereo pair inc. 
Full spec. on written request. 

Sydney House, 35 Villiers Road, Watford 

For the amateur electronics Samplebest Ltd engineer 

3015 
9mm 

(£1.25 ea) 

We offer the Walter 
Scott Industries range 
of filamentary indicators 
on an ex -stock 
basis. 
The range now includes 
character height sizes: 

3016 
12mm 

(£1.25 ea) 

3017 
16mm 

(£2.00 ea) 

All sizes are available in 0-9, + 1 versions (F + G 

respectively). Displays are ideal for use in calculators, 
digital clocks, digital meters etc. 
All have life of 100,000 hrs, 4 -6 volts, 4-6 mA per 
segment operation. TTL compatible, DIL package. 

RESISTORS Carbon film (semi -precision) 
+ watt 5% tolerance. 2 0 -1 megohm 

Pack of assorted values. 
Pack of 500 -£5 

S Cash with order. Cheques made 

payable to SAM PLE BEST LTD 

Add 5p per unit P&P (min. 25p) and 10% VAT 

127CLAYTON RD.. 

CHESSINGTON, 
SURREY 

tel: 01 - 949 2430 

\V\\' I I7 FOR FI IRTHFR DFTAiLS 
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The items below are from the April Supplement to 
our 1974 Catalogue. You can receive this Catalogue 
end the next 12 supplements by sending 66p. 

THIS MONTH'S SNIP Cassette Tape Player 
Recorder. With dynamic microphone. First -class Jap- 
made tape recorder and player. Push -button operated 
and with automatic level control of recording. Standard 
cassettes clean jacks for microphone (which has motor 
stop /start switch) for recording from radio and for being 
powered by mains. A bargain at £5.95 plus 35p post etc. 
MM Unilex. The four Mallard modules -2 EP9000. 
1 EP9001. 1 EP9002. for £ 7.50 plus 30p post. The con- 
trol panel kit. with spun aluminium -faced knobs and silk - 
screened front plate cannot be reduced, but at least we 
will hold the price at £330 despite increases in prices. 
Spartan Portable Radio. Long and medium wave band. 
telescopic pull up aerial, leather carrying case. size approx. 
6" X 4" X 2 ". Seven transistors. ferrite rod aerial. Uses 
comparatively large speaker, so tone better than average. 
Brand new in original packing case. untested, only 
£1.96 each. Instant Start Fluorescent Lighting ber- 
gsins. Startedess control gear. resin filled. super -silent 
cool running. by very famous maker. 4ft 40w £1.50, 5h 
65w £1.60, 5h 80w £1.76, Eft 85w £195. These are 
about one -half of maker's current prices and can't be 
repeated once stocks are cleared: Add 20o per piece 
carriage. Mini Screwdriver. Only 3in long with plastic 
handle. Exceptionally good quality steel. Ideal to carry in 
your ticket pocket. Fits all terminal blocks etc. 5p each. 
10 for 45p. Well Mounting Thermostat. Kit containing 
neat ivory plastic caw. thermostat that will switch 15A 
at normal mains voltage and pointer knob. Price E1.25 
lot. Hooter Siren. Battery operated. Works from 
41V upwards. upwards. Useful for burglar alarm or personal alarm. 
Has its own battery holder. Price 30p. 50 ohm Wire 
Wound Control Colvern with standard in spindle for 
knob. 3w size. 30p each. Sensor Head for Smoke /Gas 
Detection. Ceramic semi- conductor which changes its 
resistance very rapidly when atmosphere becomes 
polluted by smoke. coal gas. natural gas. alcohol. exhaust 
fumes. paint vapour and fire damp etc. etc. Price E2.20 
each. Plug -in Base. For smoke detector head. Sp each. 
Remain Parcel of I.C.'s. Five brand new and perfect 
devices -all type coded and made by Plessey Semicon- 
ductors and supplied complete with technical data. Also 
thrown in for good measure three uncoded devices for 
experimenting etc. No data given on thew, Whole pack 
L1. Ultra Sensitive Relay. Single changeover contacts. 
24v at extremely low current as coil value is 5100 ohms. 
P.C.E. Mounting. Price 65p each. Synchronous Vibra- 
tor. Ref. X3318. 12v. Self starting eight pin to fit stand- 
ard octal holder. Ministry equipment. so this is obviously 
of high quality but is slightly storage soiled. Only SOp 
each. 3 Gang Turing Condenser. By Jackson Bros. 
50pf each section. 85p each. Heating Elements. Three 
more types to add to our considerable stock. (1) 230/240v 
1KW straight tn diameter tube nearly 6ft long. This is 
mineral filled. nickel alloy metal clad and can be moulded 
to almost any shape you like. Price £1.25 plus 25p post 
etc. (2) This ns the old type 1 KW spiral wire in clay refrac- 
tory, bowed and size approx. 11 in long 3in wide. Standard 
replacement in many old type radiant heat fires. Price 
85p plus 22p post. (3) 400w wire spirals in clay refrac- 
tories, held in metal jacket, overall size 18ín X 1tin. 
Probably a replacement for some old type Jackson 
cookers. Price 85p plus 22p post. Washing Machine 
Thermostat. Sometimes known as a mixer stat. Tedding- 
ton type TBF. The bellows, as it expands with the heat. 
operates first one and than another switch to give fine 
control of water temperature. Current rating 5A -380V. 
Price 75p each. Oven Thermostat. With calibrated con- 
trol knob and on indicator lamp. Made by famous Dia- 
mond H company. Makers Ref. No. 2TH 43C3-92. This is 
an expensive stat fitted to some Jackson and other good - 

class cookers. The temperature setting by the calibrated 
knob ranges front 150° to 550 °F. Price 11.75 each 
Infra -red Binocular.. Made for military purposes during 
and immediately after last war to enable snipers, vehicle 
drivers, etc. to see in the dark. The binoculars have to be 
fed from a high voltage source (5KV approx.) and provid- 
ing the objects are in the rays of an infra -red beam. then 
the binoculars will enable these objects to be seen. Each 
binocular eye tube contains a complete optical lens 
system as well as the infra-red cell. technical data on 
which is available. The binoculars are unused. believed to 
be in good working order. In fact they were never issued 
and are still in original cases. but since they were made a 
long time ago. they can hardly be called new. Sold with- 
out guarantee. Price L16.50 per set + f 1 carriage. Bulk 
head aerial lead out. Two cone-shaped porcelain insu- 
lators with conk wafer for waterproofing and OBA brass 
rod passing through centre. terminal heads top and 
bottom. Price 76p each. Message tapes. 250ft best 
quality PVC tape (USA made) on a 3m spool. Packed in 
small mailing box. 30p each. 3 for 75p. Timer end 
thermostat switch. For control of oil -fired boilers and 
process ovens, in fact any equipment where parts of it 
have to operate for short starting periods -but which will 
be switched off immediately should a high enough tem- 
perature be reached. The clockwork mechanism with 
jewelled escapement may be set for up to 4 min and oper- 
ates 15 amp changeover contacts. The thermostat can be 
set 70.-300°F and operates more switches directly the 
present temperature is reached. Made by Smith's Elec- 
trim: brand new and perfect. L1 -SO. Mains transformer 
12v-0-12v amp. Small construction for instruments. 
size approx. Tin cube. upright mounting with fixing lugs. 

. £1.54. Output Transformer. Ratio 140 -1 midget size 
1 in X fin X fin. Primary impedance 450 ohms, connec- 
tions by flying leads. upright mounting. 48p. Output 
Transformer. Ratio 80:1. small size. approx. 14in X 1in 
X tin. printed circuit board connection. 55p. Ught cell. 
Has almost no resistance in sunlight but increases to over 
200k in the dark. Size not much more than the top of a 
pencil with wire leads. 22p. Clock movement has hour 
and minute hands. Mains operated. has switches but 
are easy to remove. Movement by Smiths, reliable, L2. 

TERMS: Add 10% VAT. Send postage where quoted - 
other terms. post -free if order for these items is E6-00, 
otherwise add 20p. 

J. BULL(ELECTRICAL) LTD. 
(Dept. WW) 7 Park Street, 
Croydon CRO 1YD. Callers to: 
102/103 Tamworth Rd. Croydon 

Flatform Relay AZ 535 

1 changeover, 
high dielectric strength 
between coil and contact 
stack for reliable insulation 
between signal 
and heavy duty circuits. 
Contact material: Silver 
cadmium oxide, fine silver. 
Switching 3 A 
capability 240 V 50 Hz 

500 VA 

Operating 
power 
Coil voltage 
Surface area 
Height 

ca. 360 mW 
maximum 110 V 

32.5 x 20 mm 

11 mm 

Zettler UK Division 
Equitable House, 
Lyon Rd., Harrow, 
Middx. HA1 2DU 
Tel. (01) 8636329 
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PRINTED CIRCUITS 
Et ELECTRONIC EQUIPMENT 
II LARGE Et SMALL QUANTITIES 

FULL DESIGN h P.T.H. 
PROTOTYPE SERVICE 
ASSEMBLIES AT REASONABLE 
PRICES for /till details contact 

K. J. BENTLEY 
& PARTNERS 

P O APPROVED 

18 GREENACRES 
ROAD. OLDHAM 

Tel 061 624 0939 

WE PURCHASE ALL FORMS 
OF ELECTRONIC EQUIPMENT 

AND COMPONENTS, ETC. 
SPOT CASH 

('IIILTMEAD 1, "IIt. 
7. 9. II Arthur Road. Readin2. 
Reeks. Tel: 582 605 

a 11 

EXCLUSIVE OFFERS 
NEVER BEFORE OFFERED 

WORLD -WIDE RANGE 
COMPLETE TRANSPORTABLE H.P. COMMUNICA- 
TIONS CENTRE housed in Alr Conditioned 'I HAILER 
fitted two COLLINS KWT-8 600w 8.8.B. Trenamltter- 
Recelvere and one COLLINS Receiver all folly tuneable 
2 to 30 m/es digital readout syntheeleed frequency 
control, with line amplifiers and inputs, operating 
podUon and remote control facilities and anclll ary 
equipment. Power Input 115V or 230V A.C. Full details 
orsappplication. 
PBII,00 BC -160 POINT-TO-POW STRIP RADIO HP 
REOSIYK68 2130 m/ce. Ten rutty tuneable channels to 
0.6 kw with aynthedeers. Single and diversity reception 
on TSB, 088, 88B with 4 sub -Sande to each channel. 
Pull detalle and prices on application. 

HIGHEST QUALITY 19' RACK 
MOUNTING CABINETS & RACKS 

CABINETS 
Osa Hetpla 
Ref., in dale. 

13 -huh 
to incase 

Depth Rack Panel 
in tnc4e Spate it ins. trice 

CD 69 21 13 65 £10 00 
CL 30 80 38 42 £1250 
OR 89 30 20 £2400 
DM 70 20 28 138 £21 00 
FA 85 22 38 180 £22 00 

no rides 
PR 74 21 22 70 £18 00 
PC 52 25 22 47 £1700 
FD 40 22 24 72 £14 00 
FE 72 22 21 68 £18 00 
FO 11 19 18 10 £11 00 
FH 15 21 17 11 £12.00 
FJ 16 21 16 12 £12 00 
FN 70 24 20 68 £1700 
FL 84 22 17 80 £2100 
FM 70 72 27 120 £20 00 
PP 76 22 18 70 £18 00 

Also Capsules. twin and multi-way Cabinets. 
OPEN RACKS 

Ow Hsieh be Memel Rack Panel 
Sp. fardes Dap& Sped Baa, Price 
RF 86 3 79 15 £11.00 
AO 57 2 61 14 £9.00 

Full details of all above on request. 

We have a lute quantity of " bits and pieces" 
we cannot aa- please send as your requirements 
we can probably help --all enquiries answered. 

400 channel Pulse Height Spectrum Analyzers P.U. R. 
Racal SA Counters £30 00 
Airmec 246 L.F.150 watt Oscillators £30.00 
Solartron CD 1016 Oecilloacopee £40 00 
Eddystone Receiver Cabinets 512.00 
E.M.I. R.301 Tape Recorders £8500 
Ampex 362 Tape Recorder £95 00 
Solartroo 6/26000 eye. Oscillators £24 00 
Dawe 830 Plume Meters £22 50 
Southern met. 1800 F.M. Meters 524 00 
Belling Lm T.V. Relay Equipment P U.It 
Addo 5/8 track Tape Readers £48 00 
Tally 5/8 track Tape Readers £48 00 
80 column Card Hand Punches £40 00 
76 foot sectional self supporting Tourers £30000 
Auto Electric Carillon Chimes £250 00 
CV -167 Hoffman ISB /S8B Converter £96 -00 
30 foot Triangular Lattice Mast Sections 

8 inch sties £12 00 
Ditto 15 foot with 15 inch aides £2900 
Oseella lemon Electric Hygrometers £2400 
Racal MA -160 Synthesisers £95 00 
Racal MA -250 Decade Generators £12.5 00 
Racal RA-98 S.B.B. /D.S,B. Adaptors 57500 
Ave Geiger Counters, new £S 00 
Bervomes 2RVA Voltage Regulators £34.00 
Double Co.sslal Blowers 6 x 6 220 v. A.C. £s-00 
Ampex 8.5.10 Auto Degaumers £4.5 00 
Uniaelectons 10 bank 25 way toll wipe 53.00 
R.C.A. 5 element 420 m /ca Yagi Beams £8'00 
Haynes 600 watt 230 v. /115v. Isolation 

Mdrheado .888 Analysers 58000 
Laboratory Radio Interference Filters £2.00 
Pye Sealamp Gslvoe 514-00 
Cawkell Type 1471 Variable Filters 570-00 
54in. die. Meteorological Balloons 52.00 
Flans Microwave Attenuation 4)12 OMC 540.00 

FREE 
40 -page list of over 1,000 different items In stock 

available -keep one by nos. 

INSTRUMENTATION TAPE 
RECORDER -REPRODUCERS 

AMPEX 
FR, -100B 

1' 14 tracks 6 speeds 
FR -600 

1' and }' 14 and 7 
tracks 4 speeds Trans- 
istorised 

MINCOM 
CMP -100 
*e 4v l' 7 tracks 6 speeds 

E.M.I. 
TD -1 }' 4 tracks 7 speeds 
Several other smaller 

decks. 
Full details on request. 

Prices of above are 
from L100 to L400. 

COMPUTER HARDWARE 
CARD READER 80 col. 600 c.p.m. 

*PRINTER, High speed 1000 lines p.m. 
TAPE READER, High speed 6/8 track 

800 c.p.m. 
Prices on Application 

PLEASE ADD V.A.T. TO ABOVE 

P. HARRIS 
ORGANFORD - DORSET 

BH166ER 
BOURNEMOUTH -65051 
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WILMSLOW 
AUDIO 

The firm 
for 

speakers! 
Baker Group 25 3 8 or 15 ohm L775 
Baker Group 35, 3 8 or 15 ohm £850 
Baker Group 50/ 12 8ov 15 ohm LI2-50 
Baker Deluxe 12" d /cone E10-75 
Baker Major £850 
Baker Major Module LI0.55 
Baker Regent L7.75 
Baker Superb E1450 
Celestion PSTB (for Unilex) L255 
Celestion MFI000 horn LI 0.45 
Celestion HFI300 16 

EMI 13x8,38or15ohm L2.15 
EMI 13 x 8, 150 d/c 3, 8, IS ohm L235 
EMI 13 x 8, t /tw. 450, 3, 8, 15 ohm L360 
EMI 13 x 8 type 3508 or 15 ohm £825 
Fane Pop 100 watt 18" L22.50 
Fane Pop 60 watt 15" E13.00 
Fane Pop 50 watt 12" EI1.00 
Fane Pop 25/2 12" L640 
Fane Pop 15 watt 12" L4.40 
Fane Crescendo 18 L4750 
Fane Crescendo 15 L3600 
Fane Crescendo 12A or I2B L29.00 
Fane Crescendo 12BL E30.00 
Fane 807T 8" roll surr. 8 or 15 ohm L385 
Elac 59RM109 15 ohm, 59RM 114 8 ohm . L2.65 
Elac 61" d/c roll surr. 8 ohm E3.35 
Elac 4" tweeter TW4 L1.21 
Goodmans 8P 8 or 15 ohm L449 
Goodmans LOP 8 or 15 ohm L4.70 
Goodmans 12P 8 or 15 ohm El 1.65 

Goodmans I5P 8 or 15 ohm LI8.00 
Goodmans I 8 8 or 15 ohm EI3-00 
Goodmans I2PD 8 or 15 ohm EI5.25 
Goodmans I2PG 8 or 15 ohm E14-50 
Goodmans Audiomax 12AX L39-65 
Goodmans Audio 100 L950 
Goodmans Axent 100 E6-60 
Goodmans Axiom 401 LISI0 
Goodmans Twinaxiom 8 £6-79 
Goodmans Twinaxiom 10 £7.61 
Kef T27 1475 
Kef T15 1545 
Kef BI 10 L6.75 
Kef B200 L730 
Kef B139 £11.75 
Kef DNB E1.92 
Kef DNI2 G412 
Kef DNI3 £275 
Richard Allan CG8T 8" d/c 8 ohm E6-35 
Wharfedale Super 10 RS /DD E9-80 
Wharfedale Linton II kit (pair) LI925 
Wharfedale Glendale (pair) E34S0 
Wharfedale Dovedale (pair) E52-00 
Richard Allan Twinkit each L8.25 
Richard Allan Triple 8 each L1300 
Richard Allan Triple each E18.00 
Richard Allan Super Triple each £21-s0 
Goodmans DIN 20 each L8-75 
Fane Model 1 each L9.90 
Helme XLK25 (pair) L18.17 
Helme XLK50 (pair) E3718 
Kefkit II each £2350 
Kefkit III each L34.00 
STC 400IG Super Tweeter £619 

PRICES INCLUDE VAT 

Cabinets, for HiFI and PA., wadding, vynair etc. 

Send for free booklet -"Choosing a Speaker" 

FREE with orders over E7 -HiFI Loudspeaker 
enclosures book 

All units guaranteed new and perfect. 

Prompt despatch 

Carriage and insurance: Speakers 35p each, 
Kits 75p each (LI.50 pair) Tweeters and crossovers 
20p each. 

Telephone Wilmslow 29599 

(Discount HiFi /radio sales at 10 Swan Street 

WILMSLOW AUDIO, 
Dept WW, 

Swan Works, Bank Square, Wilmslow, 
Cheshire SK9 IHF. 

WW -119 FOR FURTHER DETAILS 

J. LINSLEY HOOD 
LOW DISTORTION AMPLIFIERS 

IN KIT FORM 
1. 10 Watt Class A £5.25 
2. 20 Watt Class B £20 (Incl. P.SU) 
3. 20 -75 Watt Direct coupled £11.80 

Also 'Texan' Amplifier Kits in pack form, 
Bailey, Texas, Toshiba and Sanken 
Systems. Send large SAE for detailed 
lists. 

TELERADIO HI FI 
325 Fore St., London N9 OPE 

01 -807 3719 (Closed Thursdays) 

Srampiani 

'SERIES 7' - Studio Monitor Version 
One of the worlds finest Amplifiers. 

GRAMPIAN REPRODUCERS LIMITED 

Hanworth Trading Estate. Feltham. Middlesex 

Telephone: 01 894 9141. 

Wireless World, May 1974 

SPECIAL NOTICE 
TO ALL MANUFACTURERS 

in the 
ELECTRONIC, RADIO, TELEVISION 

and ALLIED TRADES. 
Please note that we will purchase any 
redundant and surplus stocks which you 
may have available after stocktaking, or 
wishing to make space for more important 
items. We are particularly interested in large 
quantities of components, raw materials, etc. 

BROADFIELD & MAYCO 
DISPOSALS LTD. 

21 Lodge Lane, N. Finchley, 
London, N12 83G. 

Telephone : 

01-445 0749 01 -445 2713 01 -958 7624 

QUARTZ CRYSTAL 
UNITS from 

1.i8.8 MN2 

FAST DELIVERY 

HICH STABILITY 

TO DEF 6271,A 

TEL HYTHE 8961 
STD CODE 042 14 

*RI TE FOR 

LEAFLET AT -1 

YcKNIGHT 
CRYSTAL Co. 
HARDIES INDUSTRIAL 

ESTATE. HYTHE. 

SOUTHAMPTON SO4 62Y. 

DEIMOS LTD 

TAPE RECORDERS FOR 
RESEARCH, INDUSTRY AND 

PROFESSIONAL AUDIO 
single and multichannel 

SIMMONDS ROAD, WINCHEAP 
CANTERBURY, KENT 

0227 -68597 

HENGSTLER 
Manufacturers of counters and counting systems 

HENGSTLER GB LIMITED, 
NAZEING NEW ROAD, 
BROXBOURNE. HERTS. ENn06SX 
TELEPHONE: HODDESDOrl 68451 
TELEX. LONDON 263243 

WW -120 FOR FURTHER DETAILS 
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PEAK PROGRAM METERS TO BS4297 
elso 200KHz 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 £10.00 £9.50 £9.00 £8.50 
Built and aligned £14.00 £13.30 £12.80 £11.90 
ERNEST TURNER PPM meters, scalings 1/7 OR- 221 +4. Type 
642. 71 x 56mm £9.90: 643, 102 x 79mm £11.77 
Twin movement. scale 86 x 54mm £31.00 

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. The 5Hz shift used is imperceptible on 
both speech and music. 

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 
Input impedance 
Output impedance 
PRICE 

A 

200Kohm 
2Koh.e 
MUM 

e 
200Kahm 

20 or 800 ohm 
[SIM 

l OKohn BALANCED 
20 or 800 ohm BAL 

[04.00 

SHIFTER CIRCUIT BOARDS FOR WW July 1973 article 
Complete kit and board £21.00 Including psu and DESIGNER 
Board built and aligned £28.00 matesnansfonner APPROVED 

SURREY ELECTRONICS 
The Forge, Lucks Green, Cranleigh, 
Surrey GU6 7BG. (STD 04866) 5997 
CASH WITH ORDER, less 5% UK post free, add VAT 

3430 

a ONDON CENTRA 
RADIO STORES 

TELEPHONE CABLE. Plastic ccvered grey 4-con coloured 
coded. 75p per yd. 
RECORD STORAGE UNITS. Brand new. Anti -warp. 'Compact 
200' stores 200 records. 'Compact 100' .tons 100 records. 
Prices and leaflets available on request, s.a.e. 
ELECTRICITY BLOT METERS (5p In slot) for A.C. mains. Fixed 
tariff to your requirements. Suitable for hotels, etc. 2001250v. 
15 A. 27.42.20 A. £8 25. P.P. 75p. Other amperages available. 
Reconditioned as new. 2 years guarantee. 
MODERN DESK PHONES, red. green, blue or topaz, 2 tone grey 
or black, with internal bell and handset with 0 -1 dial 95.50. 
5-WAY PRESS-EDITOR INTER -00M TELEPHONES In Bake- 
lite case with junction box handset. Thoroughly overhauled, 
guaranteed. Price 95.25. Wiring diagram on request, send ace. 
10-way PRESS -EUSTON INTER-00M TELEPHONES in Bake- 
lite case with junction box handset. Thoroughly overhauled. 
Guaranteed. 96.75 per unit. Wiring' diagram on request, send 

20-WAT PRESS -EUSTON urns-eon TELEPHONES in Bake- 
lite case with junction box. Thoroughly overhauled. Guaranteed. 
97.75 per unit. Wiring diagram on request, Bend s.a.e- 
The "88" Bet. This transceiver, weigh. approx. by lb.. and 
measures 3 510. x 55in. x 94in. It is a 4 frequency channel set 
41 -44 me /e., Crystal Controlled and operates from a dry battery 
H.T. /L.T. 94/1. v. I.E. Ruben Mallory Type No. 1 and employe 
the following 14 valves. 3A4, 1 off; IIA 6 off; 1T4, 4 off; 186, 1 

off; 1A3, 2 of. 98.50 plus 701, P. A P. 
All prices subject to fluctuation 

23 LISLE ST. (29369) LONDON W.C.2 
Open all day Saturday 

ACCURATE 

RELIABLE 

Private enquiries send 5p in stamps for brochure 

HE QUARTZ CRYSTAL CO. LTD. 
Q.C.0 WORKS, WELLINGTON CRESCENT, 
NEW MALDEN, SURREY. o1 -942 -033482968 

THE LINEAR AND INTERFACE 

CIRCUITS DATA BOOK FOR 

DESIGN ENGINEERS 
by Texas Instruments Ltd. 

PRICE E2.25 
TELEPRINTER HANDBOOK 
by RSGB Price £5 25 

LOGICAL DESIGN OF SWITCHING 
CIRCUITS by D. Lewin Price E500 
ADVANCED INDUSTRIAL ELEC- 
TRONICS by N. Morris Price E3 SS 

INTEGRATED ELECTRONICS 
by Millman Price E4 20 

TEST EQUIPMENT FOR THE RADIO 
AMATEUR by H. L. Gibson Price £200 
THE MAZDA BOOK OF PAL 
RECEIVER SERVICING by D. J. Seal 

Price E4 00 

BASIC THEORY & APPLICATION 
OF TRANSISTORS by Dover Publica- 
tions Inc. Price LI.10 
IMPROVING YOUR HI -FI 
by J. Earl Price £3.20 

WORLD RADIO & TV HANDBOOK 
1974 by J. M. Frost Price £3-20 

SEMICONDUCTOR MEMORY 
DESIGN & APPLICATION 
by G. Luecke Price E9-SO 

*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. I p.m. 

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 

THE ONLY 
COMPREHENSIVE 

RANGE OF RECORD 

MAINTENANCE 
EQUIPMENT 

IN THE WORLD! 
Send P.O. 15p (plus 4p 
postage) for 48 page booklet 
providing all necessary informa- 
tion on Record Care. 

CECIL E. WATTS UMITED 
Darby House 

Sunbury-on- Thames, Middx. 

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 IP4 IJP 
Telephone 0473 52794 

8121 

EX- COMPUTER 

STABILISED POWER SUPPLIES 
RECOMDITIONED, TESTED AND 

GUARANTEED 
Ripple <10mV. Over -voltage protection 
on all except 24v. 7A. unit. 120 -130v. 50 c/s 
Input. Stepdown transformer to suit about 
£3. 

Post & Packing £1.50 
5-6v. 8A. £12 24v. 7A. £14 
5-8v. 12A. £14 30v. 7A. £14 
5-8v. 16A. £16 
PAPST FANS 41 x 4} x 21n. 100 cfm. 
£3.50 (30p). 
PAPST FANS Sin, dia. x 2-Nin. deep 
Type 7576 £5.00 (30p). 
WOODS FANS bin. Plastic rotor £6 -M 
(36p) 
ELECTROLYTICS 
400011 70v., 3,600p 40v., 10,000p 50v., 
4# x 2in. dia. 55p (14p) 
10,00011 351., 5,000p 35v., 40p (12p) 
2,000µ 30v., 1,000p 16v., wire ends 15p (6p) 
4,000µ 100v., 4# x 2# 55p (22p) 

EX- COMPUTER PC PANELS 2 x 41n., 
min. 35 transistors with data 50p (12p). 25 
boards for £1 (30p). 
PANELS WITH 4 POWER TRANSIS- 
TORS SIM 0C28 50p (10p). 
OH Bulbs, 12v. 55w. 50p (6p) 
250 Mixed Resistors SOp (9 #p) 
250 Mixed Capacitors 60P (9 }p) 
200 SI Planar Diodes 50P (7p) 
Microswitches 8 for 50p (9p) 
Min. Glass Neons 8 for 50p (6n) 
10-way Terminal Blocks 10 for 55p (15p) 

Postage and package shown in brackets 
Please add 10% VAT to TOTAL 

KEYTRONICS 
Mail Order only. 

44 EARLS COURT ROAD. LONDON, W.8 
01 -478 8499 

BRAND NEW FULL SPEC. DEVICES 

U.K. CUSTOMERS ADD 10% VAT TO TOTAL 
MICROCIRCUITS: 709 31p; 710 41p; 723 58p; 741 (14 pin) 
379; 748 41p; 5N76013 -07 £170. TRANSISTORS: 2N3053 
20p; 2N3055 Sip; AC126/7/8 1Sp; AF114I5(8(7 lap; BC107A 
16p; BC107B tip; BC103B 15p; BC109 14p; BC109B 15p; 
BC109C 16p; BFy50I51152 22p; 0C44(45170í71 14p; 0072181 
20p. ZENERS: BZY88 Series t1p. 

1 AMP RECTIFIERS: 50V 45p; 100V 5p; 200v Sip; 400V Sp; 
800V 61p; 1000V 7p. 14 pin IC SOCKETS 14p. SOLDER - 
CONS: fp per pin. DALO PC PEN Isp. 5W Carbon Film 
Resistors: 10 of one value per 7p. PANEL MOUNTING LED 
with data 22p. 

Pricas at 3rd April. Check our list. Discounts on SEMI- 
CONDUCTORS of ONE TYPE -10% for 10 +; 15% for 25 +; 
20% for 100 +. 

JEF ELECTRONICS (W.W.5) 
York House, 12 York Drive, Grappenhall, Warrington. 

WA! 2EJ. 

Mail Order Only. C.W.O. P. & P. IOp per order 
minimum, or at cost if more. 

LIST FREE 

Satisfaction or your money back. 

PROMPT SERVICE 

EXPRESS 
Prototype Printed Circuits 

Fastest in London Area 
Also medium production runs. call -offs, etc. 

Electronic & Mechanical 
Sub -Assembly Co. Ltd, 

Highbield House, West Kingsdown, 
Nr. Sevenoaks, Kent. 

Tel: West Kingsdown 2344 
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NEW LOW PRICED 12" DISPLAY UNITS 
12" DISPLAY UNIT 

COMPLETE WITH X +Y 
AMPLIFIERS AND SHIFT 

CONTROLS. BLANK SECTION 
FOR HOUSING YOUR OWN 

CIRCUITRY. 

12" DISPLAY UNIT WITH 
BUILT -IN WOBBULATOR 

(USING OUR WIDE 
RANGE WOBBULATOR). 

VERY BASIC 
12" DISPLAY UNIT, 
INPUT TERMINALS 

DIRECTLY LINKED TO 

SCAN COILS. 

ALL UNITS COMPLETELY CASED; TRANSISTORISED EHT, STANDARD 
MAINS OPERATION. S.A.E. FOR ALL DETAILS. 

=HI LTMEAO LT 
7 -9 ARTHUR ROAD, READING, BERKS. (rear Tech. College). Tel. Reading 582605 

INDEX TO ADVERTISERS 
Appointments Vacant Advertisements appear on pages 96 -117 
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Compare the new 
Bradley 200 with any 
100 MHz oscilloscope 

and see w is better value 

tä 

As you can see, the new Bradley 100 MHz 
oscilloscope is at least as good as the 
market leader. In fact, in several vital 
areas, the performance and specifications 
of the 200 are decidedly superior. 

But it costs a cool £200 less -only £595 
installed instead of £795. 

If you would like to learn more about the 

value- for -money Bradley 200, please 

telephone Jim Clarke on extersion 113 or 

send for a comprehensive illustrated 
brochure. 

Y AMPLIFIERS 
Bandwidth 
Plug -in facilities 
Sensitivity 

Y Accuracy 
Inversion facility 
Phase difference 

(X /Y plotting) 

TIM EBASES 
Timebase accuracy 
Input impedance 
Main and delaying 

timebases 
Mixed sweep 
Timebase ranges 

BRADLEY200 BRAND X 

100MHz 100MHz 
YES NO 
5mV /cm 5mV /cm- 
10V/cm 5V /cm 
(Cascaded (Cascaded 
500uV /cm 1 mV /cm 
calibrated with approximate, 
4 %accuracy.) uncalibrated.) 
+2% 13% 
Y1 +Y2 Y2 only 
1° DC to 50kHz 3° DC to 50kHz 

±3% 12% 
1 MQ into 18pF 1 MU into 20pF 
YES YES 

YES YES 

5ns /cm 5ns /cm- 
1.0s/cm 0.5s /cm 

Mixed trigger facilities YES, YES, but not 
independent of independent of 
shift controls shift controls 

Variable hold -off YES YES 

External trigger level 110V with ±20V with 
control range automatic manual 

attenuator attenuator 
Automatic trigger Preset level Manual level 

adjustment adjustment 

GENERAL 
CRT writing ability 

Secondary Emission 
Interference 

Calibrator Voltage 

Probes 

Price 

Time 
Current 

Test this yourself by viewing fast 

rise time pulses of low p.r.f. 

0.3mV, 30mV 0.3V(í1 %) 

and 3V 
( /0.5 %) 
1kHz (11%) Approx. 1kHz 
15mA(E1 %) 30mA(+2 %) 

£21 each Standard 
(200MHz BW) (100MHz BW) 
f595 £795 

WW-002 FOR FURTHER DETAILS 

G £r E BRADLEY LIMITED, 
Electral House, Neasden Lane, 
London, NW10 1 RR. 

Telephone : 01 -450 781 1 

Telex : 25583 
A Lucas Company 

BRADLEY 
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Multitore Solder preforms, 
a little something 

for automatic processes. 
Multicore Preforms. 

Multicore precision made solder 
preforms come in virtually any shape 
or size. Rings, washers, discs, pellets, 
and lengths of solder tape -in most 
soft solder alloys. Designed, with or 
without flux cores, to make the most 
of automatic soldering processes,a 
solder preform is simple and accurate 
touse.It's just positioned between 
the parts to be soldered and the 
temperature of the metal surfaces 
raised to about 50 °C above the 
melting temperature of the solder. 
The solder preform does the rest. 
Heating techniques can include gas 
flame. hot plate, oven conveyor. 
induction coils, resistance/electrode 
soldering. hot gas and infra -red. 

Multicore Solder Preforms just get 
on with the job. Automatically. 

Our Solder Creams, 
something else again... 

New Multicore Solder Creams are 
designed for electronics assembly 
where quality is vital.Like manufac- 
turing diodes, for instance,or making 
a tuner chassis, or soldering thick - 
film circuits. 

A finely graded solder alloy 
powder in a thixotropic organic 
vehicle.lt's often quicker. cheaper. 
easier and more reliable than other 
soldering techniques.lt's different. 
It doesn't spit or need stirring.lt can 
be applied by syringe, automatic 
dispenser or screen printing - giving 
instant soldering with good spread, 
strong joints with low contact angles. 
It can act as a temporary adhesive 
during assembly and the clear colour 
flux residue - without solder globules - simplifies inspection. 

There are three types of Multicore 
Solder Cream one of them maybe 
just what you've been looking for. 
Approved USA Federal Specification QQ- S -571E 
Multicore X\127730 NM 2729£i NM 27328 
Product Ref. 

Alloy Composition 6 '113612 SnIPlr'Ag h0/40 SnlPh 9914 Sn/Ag 
Melling Point 
or Liquidus °C 179 1811 227 

Recommended Flow 
Temperature °C.: 239 22(1 2111) 

'Fypìc,al Applic£tion Low Melting Point General purpose I ligher temperature 
Soldering of silver joints requiring resistant joints. 
and gold -plated high quality solder Lead Iree_Fligher join! 
surfaces cream strength than SnfPb 

FVl D.. T I C O R.+f 
4íl:: SOLDER CRE A 

. 

4,,3M RASED 04 
sotto sn1Pb 

CONTENTS +50 
ne is ft.(+ 

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 3 636. Telex: 82363. 


